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Major Advisor: Dr. Awadesh Pratap Singh
ABSTRACT

The present study was conducted on 123 crossbipdatavs of Bikaner, Jodhpur and Pali-Marwar diggiof Western Rajasthan to evaluate the status
of minerals, oxidative stress and energy in trémsiperiod. The blood samples taken from each animpre and post-partum periods were analyzed. The
subclinical ketosis was diagnosed on the basidashpa BHBA (> 1.2 mmol/L) and NEFA (> 0.7 mmol/lgvels during post-partum period. The overall
prevalence of subclinical ketosis was recorded2Bds cent. The prevalence was highest in Pali-Maudistrict (26.08 percent). Overall deficiencyGH, Pi,
Cu and Zn was 34.15, 40.65, 33.33 and 2.43 per oespectively in cows. The overall mean valuesxafiative stress parameters of GSH and MDA levels
were recorded as 2.423+0.071 and 2.811+0.109 npgidgm Hb (38.813+0.729 and 49.753+1.118 nmol/mlgre Hb) in healthy and subclinical ketotic
cows, respectively. The overall mean values ofmpéaglucose, BHBA, NEFA, total protein, BCS leveishiealthy and subclinical ketosis were 56.293+0.611
and 42.768+0.937 mg/dl; 0.753+0.030 and 1.289+01@4%l/l; 0.262+0.010 and 0.683+0.016 mmol/l; 6.8A846 and 7.221+0.071 g/dl; 3.392+0.029 and
2.982+0.044, respectively. Highly significant diface (R0.01) was observed for glucose, BHBA, NEFA, ch@edt triglyceride, total protein, AST, GGT,
GSH, MDA, BCS, Ca, Cu, milk production and sigraiit difference (§0.05) was observed for creatinine, globulin, patamslevels in healthy and SCK
dairy cows. Significant correlations were obseraetbng glucose, NEFA, BHBA, MDA, BCS, AST, GGT irbsiinical ketotic cows. Therapeutic trial was
conducted using Propylene glycol and choline inclnlzal ketotic cows. The result revealed highlgnificant increase in the value of glucose, milk
production and decrease NEFA and BHBA levels. I$ wancluded that dairy cows were in oxidative stiédsring transition period. Though negative energy
balance (NEB) is a physiologically normal process gxcessive NEB reflects poor adaptation and tesuladverse effects on health and productiorr afte
calving. Estimation of NEFA and BHBA for prevalenoksubclinical ketosis is expensive and practiceliallenging. It is useful with in herd level tiesf of
energy status. It can be broadly stated that Hresition cow adapted to provide minimal risk of meaand micro mineral metabolism including calciu@aj,
inorganic phosphorus (Pi), copper (Cu) and zing.(Bianges of AST and GGT enzymes were mainly cabgeSCK in postpartum period cows. The levels

of these liver enzymes were influenced by stageltv@nd energy status.
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Table 24: Analysis of Variance For Liver Enzymes ad Oxidative Stress Parameters Investigated Under

The Study.
S.No. EFFECT DF MEAN SQUARE
AST ALT GGT GSH MDA MILK BCS
PRODUCTION

1. DIST 2 450.828* 13.392NS 354.953% 0.886** 350.664* 21.635NS 0.773%
2. HLT 1 1445.894** 52.308NS 707.961** 4,553** 375153 899.544** 5.27**
3. PRT 1 6261.306* 560.784* |  1759.731**|  0.006NS 287005 0.043NS 0.133NS
4. STG 1 154.878NS 8.435NS 87.432NS 2.115NS 843.787*F O NS 6.934**
5. | DISTXHLT | 2 430.031* 366.027* 92.548NS 0.053NS 31904NS 5.948NS 0.254NS
6. | DISTXPRT 2 23.901NS 89.633NS 232.413% 1.8397 FBISS 20.157NS 0.014NS
7. DIST X STG 2 623.524** 20.25NS 53.429NS 0.016NS BZ8** O NS 0.021INS
8. HLT X PRT 1 7.028NS 71.588NS 2.715NS 1.791NS 7R 4 21.221NS 0.002NS
9. HLT X STG 1 270.709NS 25.316NS 0.281NS 0.615NS .eA* O NS 0.001INS
10.| PRT X STG 1 493.837* 5.184NS 30.659NS 0.092NS 488NS 0O NS 0.007NS
11.| REMAINDER 231 124.446 63.724 72.222 0.567 58.689 633. 0.092




12. ERROR

11.924

8.874

8.692

0.753

7.660

2.938

0.304

F statistic of corresponding effects as **= highlgnificant (< 0.01). *= significant (R0.05), NS = Non significant

(i)

Table 25: Analysis of Variance for Different Biochenical Parameters Investigated Under the Study

S.No EFFECT D MEAN SQUARE
F
GLUCOSE NEFA BHBA TOTAL ALBUMIN GLOBULIN AL/GL PUN CR CHOLESTEROL TRIGLYCERIDE
PROTEIN RATIO

1. DIST 2| 82607NS | 0.025N§  0.111%  4.195%|  1250N$ &7 | 0.478NS 12.574% 0.307* 627.906* 179.777%
2. HLT 1| 5734412% | 55417 | 5901 | 5134 | 0.008NS| #29* | 0.535NS 6.506NS 0.319* |  14223.79" 950.779*
3. PRT 1| 1781.667*| 1.775%| 12558 21.166™ | 8.052* | 2.543NS| 0.662NS|  256.883* |  2.102**|  1684.401* 333466
4. STG 1| 196.176* | 0.013N§  0.02IN$ ONS 2.4447 3.107* .986NS 2.00NS 0.080NS|  79.263NS 28.526 N$
5. | DISTXHLT | 2 | 275978 | 0.105™ | 0.202* | 0.376NS 086 | 0.119NS|  0.13NS 14,37 0.285* 524.558N$ 106.349*
6. | DISTXPRT | 2| 11545NS| 0.036N$ 0.033NS  0.24INS  INE6| 1.746NS| 0.519NS 1.842NS 0.075N 388.79NS 36.805N
7. | DISTXSTG | 2| 62226NS| 0.024N$  0.002NS  0.133NS  INGS| 2.418* | 0.523NS 3.988NS 0.28* 573.552N$ 18.999N$
8. | HLTXPRT | 1| 199.916* | 0.002NS 0.005N$  0.062NS 0.£26% 0.01INS | 0.002NS 2.462NS 0.039N$  553.242NS 26.831N
9. | HLT XSTG | 11 (go25NS | 0.184* | 0.861% |  4.404 0.388NS| 2.176NS  DANS 3.551NS 0.195NS| 354467+  8:232NS
10. | PRT XSTG | 1| 0669NS | 0002N$ 0.003NS  1.114% 0.503N.119NS|  ONS 0.321NS 0.158NS|  221.559NS 30.965NS
11. | REMAINDER 41.215 0.012 0.02 0.237 0.594 0.73p 0.31 2.61 0.073 190.224 21.233
12.| ERROR 6.41994 0.111 0.144 0.487 077092  0.8%8 5056  1.615 0.272 53.203 4.607




F statistic of corresponding effects as **= highlgnificant (< 0.01). *= significant (R0.05), NS = Non significant

Table 26: Analysis of Variance for Macro and MicroMinerals Investigated Under the Study

(ii)

S.No EFFECT DF MEAN SQUARE

Ca Pi Mg Na K Cu Fe Zn
1. DIST 2 3.017NS 0.393NS 0.26NS 29.028NS 0.548N5 2435 0.443NS 0.02NS
2. HLT 1 46.627** 3.213NS 0.081NS 8.434NS 6.237* ®AS 1.INS O NS
3. PRT 1 0.026NS 0.103NS 0.425NS 177.447N$ 0.442NS 01306IS 0.198NS 0.078*
4. STG 1 123.342** 32.264** 3.673* 530.654** 5.334* 0.546** 4.755** 1.55**
5. DIST X HLT 2 10.726** 1.706NS 0.316NS 201.273* 23NS 0.095* 0.421NS 0.037NS
6. DIST X PRT 2 2.624NS 1.272NS 0.048NS 78.607NS IND 0.035NS 0.624NS 0.031NS
7. DIST X STG 2 18.628** 5.651* 1.209NS 40.791NS 69NS 0.067NS 0.351NS 0.004NS
8. HLT X PRT 1 1.055NS 0.015NS 0.133NS 83.044NS 6916 | 0.021NS 0.221NS 0.035NS
9. HLT X STG 1 0.292NS 0.887NS 1.007NS 2.79NS 27103 ONS 1.485* 0.002NS
10. | PRT X STG 1 0.016NS 0.014NS 0.012NS 66.03NS N®75 | 0.034NS 0.788NS ONS
11. REMAINDER 1.008 0.977 0.518 60.698 0.987 0.022 2860. 0.013
12. ERROR 1.004 0.988 0.719 7.790 0.993 0.144 0.538 1150

F statistic of corresponding effects as **= highlgnificant (K 0.01). *= significant (R0.05), NS = Non significant
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History Sheet of Dairy Animal

Sample no. Date of sample:-

1. Name of the
farmer:
2. Address:

3. Total no. of animal(adult cow):-

4. Date of insemination/natural

service:-

5. Pregnancy status :- Pregnaagyatiis: Yes/No

6. Temp.:- Resp.:- Pulse

rate:-

7. Stage of
lactation:-

8. Previous Milk
yield:-

9. Previous disease

condition:-

10. Parturition

history:-

11. Feeding status during dry

period:-

A. What type of concentrate: - B.

Roughages:-
12. Aware about the production diseases:-
Yes/No:-

13. If yes what are the preventive measure are

taken:-
14. Period of this

occupation:-

15. Any regular test done by farmer for production

diseases:-

16. Managemental practice:-
A. Housing:- B. Ticks control:- C.

Mineral:-
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17. In case of production disease how much milk logsioc
approx.:-

18. Common diseases occur in
herd:-1. 2. 3. 4.

19. Cost of treatment in case of any production

disease:-

20. Season of production disease

occurrence:-

21. Meteorological data (Temp., Humidity and wind

velocity)

(iv)
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1. Introduction

Animal keeping is traditionally an integral paftindian rural economy. With 1,90904
thousands cattle and 1,08,702 thousands buffaldessfock census, 2012), India ranks first in
number of animals, and has earned distinction afgo¢éhe highest milk producer. With the
advancement of modern farming system the numbéaighf yielding animals are increasing and
over the past several decades, milk production fmgsbred cows has increased markedly.
Presently, in India, the main focus is towards srbseeding practices to produce high yielding
crossbred cows in order to meet the demand of ami@& milk products. India’s annual milk
production has increased to 127.9 million tonne20t1-2012 from 21 million tonnes in 1968
(AHPR, 2013). Similarly dairy animals in Rajasthamoduce 13.5 million tonnes of milk which
accounts for 13.56 per cent of total milk yieldlitia. Rajasthan is rank'®in India for milk
production and average milk production is 7.5 kgg/cand 3.5 kgs/day in crossbred and
indigenous cow respectively. Compositions of daiagtle population have changed gradually
from lower producers to higher producers. Propa#giof crossbred cows had shown increasing
trends over the year.

Dairy farming is a business that people engaderifinancial gain. Unfortunately, the
guest for optimal economic efficiency frequentlpges the dairy cow in a state of compromised
welfare or poor health. In both intensive and esiemn dairy production systems internationally
and nationally, the goals of economic efficiency aptimal dairy cow health are often in conflict.
The relatively recent developments in animal bnegdiave produced dairy cows with enormous
losses of body nutrients to support milk productiBnoduction diseases of the dairy cow are
associated with a level of production inconsisteith nutrient intake, provision of an unsuitable
diet, an inappropriate breeding policy or an urslé@ environment. Production diseases are
important for dairy cows as they constitute a majmportion of the common health problems
encountered on dairy farms and because they presispows to infectious diseases, infertility,
production losses and lameness; they compromisengiadth and welfare of dairy cows and
ultimately reduce the farmer profitability (Mulligeand Doherty, 2008).

In the emerging scenario due to free internatiomatket, it has now become important
to increase the production efficiency and qualitymalk. This calls for a system where use of
drugs is bare minimum, the diseases are prevenigthe nutritional and metabolic problems are
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predicted and corrected before any overt sicknesk setting up economic targets, such as,
productivity, fertility and health. This new systeim called ‘Herd Health and Productivity
Management (HHPM), which since 1980s has repldoedraditional curative services system in
developed countries (Blooét al., 1978). In order to implement such a system thee cor
requirement is real time animal performance recaydelated to production, breeding and health.
The data then is periodically analyzed to idengifgblem areas and herd performances assessed
by calculating few indices (Lissemore, 1989). Otice farm database is generated, it also
enables protocol-based health and productivityisesvby veterinarians. For example, the farm
activities can be scheduled as predicted by theggrprome. The system is focused on
identifying sub-clinical problems, finding out thassociated factors based on which
problem-solving strategy can be developed (Hendersas0).

Diseases in farm animals have a significant esondmpact on livestock production
and incur substantial costs for societies in batetbped and developing countries (FAO, 1962).
According to some estimates, India suffers a |6$83050 billion annually as a result of neglect in
disease prevention and control. Economic lossegsaldéeases occur in the form of both direct
and indirect losses. Direct losses occur on accourgduction in milk yield, quality and quantity
of meat, work capacity and growth. Indirect lossesur due to decrease in productivity, life span
of animal, decrease in fertility and decreased fesaversion efficiency. Among problems that
cause losses in the productivity of animals, mihdediciency remains at the top across states in
India. Though required in small quantities, mingrate essential for optimal body functions of
animals (Sharmat al, 2003). Poor animal performance and reprodugiradlems in livestock
are associated with micro-mineral deficiencies (&mgbod, 1977; Sharmet al.,2003).

The transition period for dairy cows generallyegxds from 3 weeks prior to parturition
through 3 weeks after parturition (Smith and Ri2605). During this period dairy cattle are at a
high risk for most of the metabolic diseases whgltcharacterized by marked changes in their
endocrine status that are much more dramatic thamy other time in the lactation—gestation
cycle and a reduction in feed intake when nutraarhand for the developing conceptus and the
impending lactogenesis are increasing (Grummer5199

Transition period is especially critical for htahnd subsequent performance of dairy
cows (Castilloet al, 2005). Dairy cattle are more susceptible to dewarof metabolic and
infectious diseases during the transition periothgared with peak lactation (Sordika al.,2007;
Sharmaet al., 2011). Physiological changes during transitioniquerassociated with rapid
differentiation of secretory parenchyma, intensenmary gland growth and the onset of copious
milk synthesis and secretion are accompanied bgtadnergy demand and an increased oxygen
requirement (Gittoet al., 2002). This increased oxygen demand augments rib@dugtion of
oxygen-derived reactants, collectively termed rigactoxygen species (ROS). Excessive
production of free radicals and concomitant danetgeellular and tissue levels are controlled by
cellular antioxidant defence systems. When ROSpaogluced faster than they can be safely
neutralized by antioxidant mechanisms, oxidativesst results (Trevisaet al.,2001). There are
growing evidences that oxidative stress is a thi@atansition period and an increase in its level
may lead to delivery/calving-related complicatiandoth man and animals (Orhanal, 2003;
Castilloet al.,2005; Dimriet al, 2010).

Despite the fact that the trace minerals are pteserbody tissues in very low
concentrations (Arinolat al, 2008), they are very critical for normal body ftioo as they
serve as components of metallo-enzymes and enzgfaetors, or as components of hormones of
the endocrine system (Speer, 1996). Complex imfationships exist between certain
micro-minerals, immune functions and disease @st® in cattle. Several micro-minerals have
been shown to influence immune responses. Theioesdtip between deficiencies of some
micronutrients and disease resistance is less. dimanune cells, like all other types of cells,
require an adequate supply of trace elements fosthucture and function of mentally-proteins
that participate in housekeeping processes sucbnagjy production and protection against
reactive oxygen species (Chew, 1995).

Trace minerals with an antioxidant function inclusienium (Se), copper (Cu), zinc
(zZn), manganese (Mn) and iron (Fe). While someients have a role in directly quenching free
radicals, these trace minerals have an indire&t imlwhich they are required components of a
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variety of antioxidant enzymes (Waldron, 2010). le@ample, enzymatic antioxidants such as
superoxide dismutase (SOD), glutathione peroxig@sH-Px) and catalase are considered to be
an important defense system against free radicalmaclation; superoxide dismutase converts
superoxide to hydrogen peroxide while GSH-Px ardlase convert hydrogen peroxide to water.
Superoxide dismutase is Cu, Mn and Zn dependent-B8&is Se dependent and catalase is Fe
dependent (Bowmaet al, 2008; McDowelkt al, 2007; Weiss, 2005).

Production diseases i.e. diseases associatedmyttoper nutrition or management are
common in dairy cows. Dairy cows suffer from negatenergy balance (NEB) during the first
week of lactation due to energy expenditure assegtisvith milk production and limited feed
intake, resulting in NEB, a high mobilization gbilils from body fat reserves, and hypoglycaemia
(Veenhuizenet al, 1991; Drackley, 1999; Bobet al, 2004; Djokovicet al, 2007, 2011).
Nutrition, age, heredity, body condition score (BC8®anagement and energy imbalance as
various risk factors are possible causes of NEBippdurient fatty liver and ketosis (Drackley,
1999; Bobeet al,, 2004).

Production diseases may be considered 'a man-praliem' resulting in 'a breakdown
of the various metabolic systems of the body unbdercombined strain of high production and
modern intensive husbandry' (Payne, 1972). Morentedefinitions of production disease have
been educated by the manipulate of high producimhmanagement on ‘factors such as animal
behaviour, immunity and gene expression’, thus,diifnition has been expanded to include not
only ‘metabolic and nutritional diseases’ but dsesaof an ‘infectious and genetic nature’ (Herdt,
2006). It is important to state that both produttamd environmental factors are equally implicit
in the onset of production diseases. Drackley (2@@&ted that ‘triggers for production disease
likely lie at the interface between environmenta¢ssors and productivity’. The common theme
of all these diseases is their association withagament and selection of animals for ‘efficient’
agricultural production (Herdt, 2006).

The importance of a particular (individual) protian disease of the transition cow
should not be considered in isolation as ketosfty fliver, clinical hypocalcaemia, retained
placenta, metritis and displacement of the abomaawmall aetiologically inter-related. For
example, over-conditioned dry cows are more likelguffer from ketosis and fatty liver, both of
which may suppress immunity directly or through extessive negative energy balance route
(Ingvartseret al, 2003). Immunosuppression is thought to be thie w@use of retained placenta
(Le Blanc, 2008). Over-conditioned dry cows areatwore likely to suffer from hypocalcaemia,
which exacerbates immunosuppression and may cassecéh and retained placenta (Haiel,
2001). Thus, ketosis and milk fever are both reldte each other and to retained placenta via
more than one aetiological pathway. Because ofeth@er-relationships, production diseases of
the transition cow regularly result in cascade affethat increase the incidence of infectious
disease or other production diseases, reduceitfertieduce milk production and increase
lameness. Therefore, prevention of production disgdas consequences for dairy cow welfare
and producer profitability long after the transitigperiod ends. Some examples of these
relationships include the observations that overd@mned dry cows are four times more likely
to experience milk fever (Houet al., 2001). Dairy cows with milk fever are eight time®re
likely to suffer from mastitis in the following lgation (Curtiset al., 1983). Dairy cows in
negative energy balance (NEB) in the pre-calvingogeare more likely to develop displacement
of the abomasum in the following lactation (Le Blagt al., 2005). Those cows that have
excessive NEB after calving or milk fever have reatl fertility performance (Borsberry and
Dobson, 1989; Bucklewt al., 2003) and those with ruminal acidosis are likeystffer from
immunosuppression, excessive NEB and laminitis iifar&, 2008). However, this improvement
comes at the cost of higher incidence and incrgatia risk of metabolic diseases, reproductive
problems and compromised immune status leadingriows disease conditions.

High producing crossbred cows need to mobilizelyboeserves to sustain milk
production and enter into a state of negative gnealpnce, loosing their condition markedly and
immune response of the animal is also compromiGedf @nd Horst, 1997).

Though clinical effects become evident in fewnaals, sub-clinical disturbances may
develop in larger proportion of animals. In generfatidence of sub-clinical disease is more
important than clinical disease because in sul@indisease clinical signs are not evident to
recognize the disease and animal continue to pedt@ markedly reduced rate resulting into
significant economic losses. Commonly acetonemiat €ow syndrome, sub-clinical
hypocalcemia, periparturient haemoglobinuria andpdbhosphetemia are the major disease
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states. Apart from the direct effect of these, éhae also indirect effects which make an animal
more prone to infections of udder and uterus, redoce rumen motility, decrease appetite and
hence decreased milk production (Randhawa and CRaid).

In order to monitor, detect and predict such dissa€ompton Metabolic Profile Test
(CMPT) was developed by Payee al, (1970). This CMPT is done by comparing the average
concentration of blood constituents viz. haemoglalbib), packed cell volume (PCV), glucose,
blood urea nitrogen (BUN), total plasma protein?F), albumin, calcium (Ca), inorganic
phosphorus (Pi), magnesium (Mg), potassium (K)jwadNa), copper (Cu), zinc (Zn) and iron
(Fe) of a group of cows to the defined mean comaénh values.

Animal response also can be useful for adjustraéepecific mineral nutrition. In late
gestation dairy cows, a low dietary cation-aniofiedénce (DCAD) decreases the risk of milk
fever in early lactation. Adjustment of DCAD by t#iey calculation is difficult because Na, K, ClI
and S contents of feedstuffs are usually unknow,aburinary pH around 6.5 is indicative of
effective anion addition (National Research Coyr&fi01).

Veterinary health delivery system in India pritharevolves around treatment of
individual animals, whereas, sickness identifiaatis largely based on owner’s perception and
presence of overt signs. The services largelyrictstto treating sick animals, Atrtificial
insemination, vaccination and worm treatment whdestation is evident. Most of the western
countries have abandoned the ‘fire brigade’ appgraacearly 1980s (Goodget al.,1982) and
have oriented their system to scientific system reime involvement of the veterinarian is
continuous, focused at meeting targets and deteofigproblems and performance inefficiencies
at early stage (Cannaet al., 1978). These countries have adopted a systemisthatgeted at
keeping the groups of animals healthy and prodediva level that is most efficient and provides
maximum economic returns to the animal owner (Solemiberger, 1979).

Ketosis, a disease of heavy lactating animalsumscduring peak milk yield causing a
great economic loss to the milk industry. Diagnasidhovine ketosis at an early (subclinical)
stage is a must to prevent the economic loss tdatimers in terms of reduced milk yield. Some
workers have considered the blood glucose (GupdaRam 1987, Vijay kumaet al 1987), others
the blood ketones (Geishauser et al. 1998) anddetive non-esterified fatty acids (Simeonovet
et al., 1977) to be associated with ketosis of cows. Naceded efforts have been directed to
correlate the blood biochemical parameters witlothlketones. Hence, the present research was
taken to estimate and correlate some of the apthaieranging biochemical parameters with the
blood ketone levels to find out a suitable markdriclv sub subsequently can be used as a
diagnostic test for impending subclinical ketosidactating dairy cows.

On the basis of published scientific literaturehdts been observed that as there is no
comprehensive data available in India for theseatiss, except few isolated studies reported
from some of the states (Sahetoal.,2009 and Thirunavukkarast al.,2010).

Studies on minerals, biomarkers of oxidative strasd energy status during transition
period in dairy cows was carried out with the fallng Objectives:-

1. To study minerals (Ca, P, Mg, Cu, Fe, Zn, Na andstdjus during transition period in
dairy cows

2. To study the levels of biomarkers of oxidative s¢r@iz. Malondialdehyde (MDA) and
reduced glutathione(GSH) during transition periodairy cows

3. To study the levels of energy by estimation of -esterified fatty acid (NEFA) and
beta hydroxy butyric acid (BHBA) during transitiperiod in dairy cows

4. To estimate glucose, cholesterol, triglyceridegaltgrotein, albumin and globulin,
gamma glutamyl transferase, blood urea nitrogenNBEnd creatinine levels during
transition period in dairy cows

5. To suggest suitable measures to reduce inciderttdoases due to production diseases
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(milk fever, ketosis and fatty liver syndrome) dyitransition period in dairy cows

3. MATERIALS AND METHODS

The following materials and methods were employadng the present studies on
mineral, biomarkers of oxidative stress and enestggus during transition period in crossbred
dairy cows.

3.1 Animals:

The study was conducted in 123 crossbred cows gltr@msition period which were in
3" parity and above (Multiparus) in arid region (Jpdh Bikaner and Pali-Marwar) of Rajasthan.
All the dairy animals were from private farms ofiy area. In every selected farm, crossbred
cows which were in their transition period wereesétd for the study. Detailed history about age,
milk yield, health status, body condition, any kiofl disease condition, present and previous
feeding history were collected for each animal. Bodndition score (BCS) assessment was done
as per the methods of Fergusaral. (1994). The study was carried out between Augk@s$s to
January 2015.

3.2 Clinical examination:

Clinical examination of each dairy cow was donepas the methods described by
Radostitset al. (2007). It includes temperature, respiration antsguate, feeding, watering
practices, defecation, examination of visible muecanembranes, eyes, skin and physical
condition. Auscultation of heart and lungs wer@alene each cattle. The date of service for each
(natural/artificial insemination) was recorded.

3.3 Blood Collection:

For the estimation of various biomarkers, bloakswollected from each cow selected
for the sampling. Blood (25 ml approx.) was cokettby jugular vein. 20 ml blood was
transferred into stopper mineral free heparinisedgyvials and remaining 5 ml was collected in
plastic vials containing disodium EDTA as anticoagti for oxidative biomarker and
haemoglobin estimation. To prevent haemolysis,ectdld blood samples were immediately
transported to laboratory on ice for analysis abpzeters.

3.4 Sample Collection:

A total of 123 crossbred dairy cows in transiticeripd were sampled during the study
period. The samples were processed for the alhpetexrs. From each animal blood samples were
collected twice during different stages of tramsitperiod, viz:

I. Stage-1- Between 21 and 3 days prior to expected cglvin
Il. Stage-2- Between 3 to 21 days after calving.

Three days before and after parturition were e>aduds these days are critical as most

of the endocrinological changes occur during tleisqal.
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The subclinical ketosis were diagnosed on the basis of plasma BHBA > 0.6 mmol/L and
NEFA> 0.4 mmol/L at the pre partum stage and > 1.2 mmol/L and >0.7 mmol/L in post partum,
respectively (Nielan et al., 1994; Whitaker, 1997 and Oetzel, 2004), along with the presence of
other signs such as decrease in milk yield and body condition score. Inappetence was not
observed in all subclinical ketotic animals. The sampling was carried out after approximately 4-5
hrs after feeding because after feeding BHBA increase.

3.5 Laboratory Analysis:

Blood samples were centrifuged at 3000 rpm for 2fAutes to separate the plasma
immediately after collection to prevent haemoly§ilasma samples were stored at -20°C in deep
freeze till further analysis.

3.5.1 BHBAAND NEFA:

Both BHBA and NEFA were estimated from the plasmmgles with the help of kits
provided by Elab Science Biotechnology Co., Ltdnaland Randox laboratories limited, U.K.
Assay Procedure for BHBA:

1. Add Sample and Biotinylated Detection Ab:Add 50 pl of standard, blank or sample
per well. The blank well is added with referenceandard and sample diluents.
Immediately add 50 pl of Biotinylated Detection Admrking solution to each well.
Cover with the plate sealer. Gently tap the platertsure thorough mixing. Incubate for
45 minutes at 37 (solutions are added to the bottbmicro ELISA plate well, avoiding
inside wall touching and foaming as possible.).

2. Wash: Aspirate each well and wash, repeating the process thresstimash by filling
each well with wash buffer (approximately 350 fter the last wash, remove any
remaining wash buffer by aspirating or decantimgett the plate and pat it against thick
clean absorbent paper.

3. HRP conjugate: Add 100 ul of HRP conjugate working solution to leaeell. Cover
with a new plate sealer. Incubate for 30 minute37atc.

4. Wash: Repeat the aspiration/wash process for five times.

5.  Substrate: Add 90 pul of substrate solution to each well. Cowéh a new plate sealer.
Incubate for about 15 minutes at 37 The reaction time can be shortened or extended
according to the actual colour change.

6. Stop: Add 50 pl of stop solution to each well. Colourrt to yellow immediately. The
adding order of stop solution should be as the sasrthe substrate solution.

7. OD Measurement: Determine the optical density (OD value) of eachl atonce,
using a microplate reader set at 450 nm

Calculation of results

Create a standard curve by plotting the mean ODevidr each standard on the y-axis
against the concentration on the X-axis and drdes fit curve through the point on the graph.
The concentration of samples calculated from thadsrd curve for each test.
ASSAY PROCEDURE FOR NEFA:

Wave length 550 nm

Cuvette: 1 cm light path

Temperature: 37°c

Measurement Against reagent blank
Pipette into Cuvette:

Reagent Blank Standard sample Sample blank

Distilled water 50 uL - - -

Standard - 50 pL - -

Sample - - 50 uL -

Solution R 1 1.0 ml 1.0 ml 1.0 ml 1.0 ml

Mix and incubate at 37c for 10 minutes.
Solution R 2 2.0 mi 2.0 mi 2.0 ml 2.0 ml
Sample - - - 50 uL

Read absorbance of samplesf,d and standard (Aandard @gainst the reagent blank at 550 nm.

NEFA (mmol /L) = AA SampleAA Standard
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3.6 Biochemistry:

Biochemical analyses of samples were done to eiplasma glucose, total protein,
albumin, globulin, SGOT (AST), SGPT (ALT), gammaitgimyl transferase (GGT), Plasma urea
nitrogen, creatinine, triglyceride, total cholesteand plasma calcium, inorganic phosphorus,
magnesium, sodium, potassium, zinc, copper and iron

3.6.1 Estimation of determination of plasma glucose:

Plasma glucose was estimated by enzymatic GOD - R@ihod as recommended by
Tietz (1976), with kits from Accurex Biomedical Piitd, Mumbai.

Principle:

Glucose was oxidized by glucose oxidase to Glucanid and hydrogen peroxidase. In
a subsequent peroxidase catalyzed reaction, thgeoxiberated was accepted by the Chromogen
system to give a red coloured quinoneamine compoiig red colour so developed was
measured at 505 nm and was directly proportiongltcose concentration. Reagents required,
procedure and precautions were used as per thetidé® of the manufacturer of the kit.
(Glucose oxidase)

1. Glucose + KD > Gluconic acid #H,0,
(Peroxidase)

2. H,0, + 4 amino antipyrine + phenol --------- > QuinondamComplex

Calculation:

Glucose concentration mg/dl =Ab of test/Ab of stamdX 100

3.6.2 Estimation of total protein in plasma:

Total protein in plasma was estimated as per nedliBiuret and Doumas method
(Doumaset al.,1981) with kits from Accurex Biomedical Pvt. Ltglumbai.

Principle:

Cupric ions of biuret reagent formed chelated whitn peptide bonds of proteins in an
alkaline medium to form a blue-purple complex. $odipotassium tartrate kept the cupric ions
in solution. The intensity of the blue-purple caldlus formed was proportional to the number of
peptide bonds, which, in turn, depended upon theuainof proteins in the specimen. Reagents
required, procedure and precautions were usedrab@directives of the manufacturer of the kit.

Calculation:
Plasma total protein in g/100ml = O.D. (test)/O(Btd.) X 6.0

3.6.3 Estimation of plasma albumin:

Plasma albumin was determined as per bromocresehg{BCG) dye binding method
(Doumaset al., 1971) with kits from Accurex Biomedical Pvt. Lt#jumbai. The reagents,
procedure and precautions were followed as peetftet supplied by the manufacturer.

Principle:

Binding of a protein to an indicator changed itéooo Among plasma proteins, only
albumin in plasma bounds itself with the dye bromeol green (BCG) at pH 4.2, to form a green
coloured complex, which was measured with spectitapheter. The pH was maintained during
the reaction using a buffer.

Calculation:
0O.D (test)
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Plasma albumin = - X 3.9
0.D (std.)

3.6.4 Estimation of plasma globulin:

Plasma globulin was estimated in g/100 mhbadifference between total protein and
albumin.
3.6.5 Estimation of plasma aspartate aminotranséefAST) and plasma glutamate
oxaloacetate transaminase (SGOT)

Plasma AST level was estimated using semi aoébyaer by 2, 4-DNPH method
(Reitman and Frankel, 1957) with kits from AccuBrmedical Pvt. Ltd, Mumbai.

Principle

Principle involves reaction of alpha-Ketatgrate and aspartate resulting in formation
of oxaloacetate by action of AST. Oxaloacetateasméd was coupled with 2, 4-dinitro- phenyl
hydrazine (2, 4-DNPH) to give the corresponding ragdne, which gave brown colour in
alkaline medium measurable semi auto-analyzer. &#agequired, procedure and precaution
were as per the directives of the manufacturenh@kit.

L- Asparate + alpha -Ketoglutarate GOT* (AST)* Oxaloacetate + L-Glutamate
Oxaloacetate + NADH + HVDH C-vialate +NAD
The conversion of NADH to NADis proportional to the concentration of GOT in piasand
measured at 340 nm as rate of decrease in absetbanc
*Abbreviations
GOT= Glutamate Oxaloacetate Transaminase
AST= Aspartate Transaminase

Calculation:

Activity of SGOT in IU/L = Abs /min X 3339
3.6.6 Estimation of Plasma alanine aminotransferag@\LT) or plasma  glutamate
pyruvate transaminase (SGPT)

Plasma ALT level was estimated semi auto analyyé, 4 DNPH method (Reitman and
Frankel, 1957) with kits from Accurex BiomedicaltPitd, Mumbai.

Principle

Principle involved reaction of alpha-ketdghate and L-alanine resulting in formation of
pyruvate by the action of ALT. Pyruvate so formedswcoupled with 2, 4 Dinitrophenyl
hydrazine (2, 4-DNPH) to give the corresponding ragdne, which gave brown colour in
alkaline medium measurable semi auto analyzer. &#agequired, procedure and precaution
were used as per the directives of the manufactirire Kit.

Calculation:

Activity of ALT in IU/L= Abs/min. X 2201
3.6.7 Estimation of Plasma Gamma- glutamyltransferse (GGT):

Gamma- glutamyltransferase (GGT) transfers theutaghyl group of L--glutamyl-3-
carboxy-4-nitroanillide to glycylglycine. The amdusf 5-amino-2-nitrobenzoate liberated at 405
nm is proportional to the activity of GGT in plas@aad is measured kinetically.

L--glutamyl-3- carboxy-4-nitrodlide to glycylglycine

L--glutamyl- glycylglycine + §-ano-2-nitr0benzoate
Calculation: Activity of GGT in IU/L= Abs/min. X 2201

3.6.8 Estimation of Plasma triglycerides:

Glycerol released from hydrolysis of triglycerid®glipoprotein lipase is converted by
glycerol kinase into glycerol-3- phosphate whichoiddised by glycerol phosphate oxidase to
dihydroxyacetone phosphate and hydrogen peroxidepresence of peroxidise, hydrogen
peroxide oxidizes phenolic chromogen to red coldw@mpound.

Triglycerides ~ *°% _fatty acids + glycerol

Glycerol + ATP __ =" ». glycerol-3- phosphate + ADP
Glycerol-3- phosphate +0  °*° ~ Dihydroxyacetone phosphate +®%
H,0, + phenolic chromogem——P®D* Red coloured conmgb
*Abbreviations: '
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LPL- lipoprotein lipase

GK- glycerol kinase

GPO- glycerol phosphate oxidase
POD-Peroxidase

Calculation:

1. With standard

cons. (mg %) =Absorbance of sample/ Absorbanatasfdard X 200

2. With factor for wavelength range : 500-510 nm

cons. (mg %) =745 X Absorbance of sample
3.6.9 Estimation of Plasma total cholesterol:

Cholesterol esterase hydrolyses cholesterolssiar free cholesterol and fatty acids.

In the second reaction cholesterol oxidase conventdesterol to cholest -4-en-3-one and
hydrogen peroxide. In presence of peroxidise, hyelno peroxide oxidatively couples with
4-aminoantipyridine and phenol to produce red guémmine dye which has absorbance
maximum at 510 nm (505-530 nm). The intensity &f tad colour is proportional to the amount
of total cholesterol in the specimen.

Cholesterol esterase ~ “"& Cholesterol+ fatty acids

Cholesterol + @ —CHOT H,O, + cholest -4-en-3-one
2H,0, + 4-aminoantipyridime®Phenol PP Red quinoneimine Dye H,0
*Abbreviations: _—>

CHE= Cholesterol esterase
CHO-= Cholesterol oxidase
POD= Peroxidase
Incubation:
Incubate the assay mixture for 5 minutes at 32®@minutes at room temperature
(25-30). After incubation measure the absorbancasefy mixture against blank at 510 nm. The
final colour is stable for two hour if not exposeddirect light
CALCULATION:
Total cholesterol in mg % = Absorbance of samplaxbance of standard X 200

3.6.10 Determination of plasma urea nitrogen

Urea nitrogen was determined by Diacetylmonoximethog (DAM method) as
recommended by Coulambe and Favrean (1965) with fkitm Accurex Biomedical Pvt.Ltd,
Mumbai.

Principle

Urea is hydrolysed to ammonia and carbon dioxiddypyrease. Ammonia produced
reacts with alpha ketoglutarate to form glutamatepresence of glutamate dehydrogenase.
NADH is oxidized to NAD in this reaction, which is measured as decreasgb@orbance at
340nm. The rate of decrease in absorbance at 340isnairectly proportional to BUN
concentration in the specimen.

Urea + HO 2NH; + Co,
2NH; + alpha ketoglutarate + NADH GLDH* Glutamate+ NAD
Abbreviations

GLDH= Glutamate dehydrogenase

Calculation

Calculate the change in absorbance Abs. of staratatdpecimen.
Factor = Concentration of standard /Abs. of stashdar

= 20/ Abs. of standard
Concentration of BUN in mg/dl= Abs of specimenactor

3.6.11 Determination of creatinine in plasma:

Creatinine was determined by alkaline picrate matbbToro and Ackermann (1975)
with kits from Accurex Biomedical Pvt. Ltd, Mumbai.
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Principle

Creatinine in a protein free solution reacted wdtkaline picrate and produced a red
coloured complex measurable spectrophotometer.

Calculation
Plasma creatinine in  mg/100 ml = O.D. test - Blank /O.D. Std - O.D. Blank X 2

3.7 Estimation of minerals:
3.7.1 Digestion procedure for mineral estimation oPlasma Samples:

Plasma sample was digested as per proceduralmbesby Kolmeret al. (1951). Three
ml of serum sample with equal volume of concenttat®dNO3 was mixed in the digestion tube.
The samples were kept overnight at room temperdtliceved by digestion on low heat (70-80)
using heat bench (digestion bench), until the velwfisamples was reduced to about 1 ml. To
this 3 ml of double acid mixture (3 part concer@tatHNG, and 1 part 70% HCIg) was added
and low heat digestion continued until the digestathples became watery clear and emitted
white fumes. As per need, the addition of 3 ml deutcid mixture followed by low heat
digestion was repeated couple of times. Furthetidgeavas continued to reduce the volume to
approximately 0.5 ml. Final volume of filtrate wasade up to 10 ml with triple distilled
deionized water after luke warming the solution.

3.7.2 Procedure for Atomic Absorption Spectrophotorater (AAS):

Atomic Absorption Spectrophotometer was develojpeshid 60s and is considered to
be one of the modern and precise techniques fomasbn of trace minerals in soils and
biological materials like plants and animals. In 3#he ground state atoms from sample absorbs
the light energy of a specific wavelength whileegimtg the excited state. As the number of atoms
in the light path increases, the amount of lightcabed also increases (i.e. Beer’s Law). By
measuring the amount of light absorbed, a quaivitatetermination of the amount of analyte can
be made. Estimation of specific individual elemerggquires special light source and careful
selection of the wavelength. AAS (PG  instrumemdsjted Kingdom) was used in present
study. Sample analysis was done by attached compung concentration of minerals was
expressed in parts per million (ppm). At leastandards of known concentration were used for
calibration and then the unknown test samples \mesdyzed. After sample analysis, sufficient
distilled water flush was done for at least 10 rtesu The results were calculated according to
formula given below. The standard working condisiari AAS for Cu, Zn and Fe estimation have
been given in table 1.

Calculation:
a) Element (ppm) in sample=0OD test /O D Std. X Conc. of Std. X Vol. made/ \Witsample
b) Element (ppm) in sample= Reading obtained (ppm) X Volume made/Wt. of sampl

Analysis by Atomic Absorption Spectrophotometer:

Atomic Absorption Spectrophotometer AAS (PG Insteumts, United Kingdom) was used for
the estimation of plasma calcium, magnesium, sodpotassium, zinc, copper and iron.

The instrument was set in order as per the spatidic of the AAS. Operating parameters for
above estimations were as follows:

Table 1. Operating different parameters by AAS:

Parameters Zinc Copper Iron Ca | Mg Na K
213.9nm 324.7nm| 2483nn 239.9nm 285.2nm 58%0| 766.5nm

Wavelength

Light source | Hollow Hollow Hollow Hollow Hollow Hollow Hollow
cathode cathode cathode cathode cathode cathode cathode
Lamp Lamp Lamp Lamp Lamp Lamp Lamp

Flame type Air- Air- Air- Air- Air- Air- Air-
acetylene acetylene | acetylene | acetylene | acetylene | acetylene | acetylene
flame flame flame flame flame flame flame
oxidising oxidising | oxidising | oxidising | oxidising | oxidising | oxidising
(lean, blue) (lean, (lean, (lean, (lean, (lean, (lean,

blue) blue) blue) blue) blue) blue)
Operating 5mA 5 mA 5mA 5 mA 5mA 5 mA 5 mA
current
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3.7.3 PREPARATION OF STANDARD SOLUTION FOR CALIBRAT ION OF AAS:
All the standards were prepared freshly evergtitaring estimation of micro-minerals
from samples.
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3.7.3.1 Standardisation Procedure foCalcium:

An amount of 0.2497 gm analytical grade CaCO3,nfQriple distilled water was
added. Then drop wise minimum volume of HCI (apprb® ml) was added to completely
dissolve CaCO3 The final volume was made up tom0@ give a concentration of 1000 ppm
(stock solution). This stock solution was usedftother dilutions.
3.7.3.2 Standardisation procedure for Magnesium:

An amount of 0.8362 gm analytical grade Mg®@as dissolved in triple distilled water
and the final volume of 100 ml was made to giveoacentration of 1000 ppm (Stock Solution).
This stock solution was used for further dilutions.
3.7.3.3 Standardisation procedure for Sodium:

Standard solution made up from stock solution @Qléhg/L. Dilution was carried out
in stages and acidified using nitric acid 7 % toidvprecipitation. From this working solution,
standards of 0, 0.50, 1.0, and 1.5 ppm were prdpayedilution in 100 ml of volumetric flask.
Standard curve was obtained against the readititeoAAS after setting the operating parameters
and calibration of the instrument (AAS) as mentababove.
3.7.3.4 Standardisation procedure for Potassium:

Standard solution made up from stock solutioh@30 mg/L. Dilution was carried out
in stages and acidified using nitric acid 7 % teidvprecipitation. From this working solution,
standards of 0, 0.75, 1.5, and 2.25 ppm were pedpay dilution in 100 ml of volumetric flask.
Standard curve was obtained against the readititeoAAS after setting the operating parameters
and calibration of the instrument (AAS) as menttbabove.

3.7.3.5 Standardisation procedure for zinc:

Hundred milligram of pure zinc metal was dissohedminimum amount of dilute
hydrochloric acid and made to 1 litre by adding laleuglass distilled water. This stock solution
contained 100 pg zinc /ml. In six different 100 flakks, aliquots were taken and standard of O,
0.5, 1.0, 1.5, 2.0 and 2.5-ppm zinc were obtair&dndard curve was prepared against the
reading of the AAS after setting the operating paaters and calibration of the instrument (AAS)
as mentioned above.

3.7.3.6 Standardisation procedure for copper:

A stock solution of 100 ppm copper was obtainedlisgolving exactly 100 mg of pure
AR grade metal in 5 ml of dilute (1: 1) HNO3 anddily diluting to 100 ml by adding double
glass distilled water. From this working solutiatandards of 0, 0.25, 0.5, 1.5, 2.0 and 2.5 ppm
were prepared by dilution in 100 ml of volumetriask. Standard curve was obtained against the
reading of the AAS after setting the operating paters and calibration of the instrument (AAS)
as mentioned above.

3.7.3.7 Standardisation procedure for iron:

To prepare stock solution, 100 mg of AR grade ipomvder was dissolve d in 5 ml of
dilute HNG; and made to 100 ml by adding double glass didtilfater. Standard s of 1, 2, 4, 6, 8
and 10 ppm were made in 100 ml volumetric flaskdilytion. Standard curve was obtained
against the reading of the AAS after setting theraping parameters and calibration of the
instrument (AAS) as mentioned above.
3.8 Estimation of Serum Inorganic Phosphorus:

The Serum inorganic phosphorus was estimated byn#étbod of Taussky and Shorr
(1953).

Phosphorus in the form of inorganic phosphate alsved to react with molybdic
acid, producing the phosphomolybdate complex. Thimplex was reduced to a blue-coloured
compound that is proportional to the phosphorusentration.

Reagents:

1. Trichloroacetic acid (TCA) 20%

2. Ammonium molybdate- 5%

3. Sodium sulfite - 20%.

4. Hydroquinone 0.5%

5. Working phosphorus standard - 0.01 mg phosphoius
Procedure:

In a centrifuge test tube 3.5 ml distilled watexs taken. Then 0.5 ml serum was added
and mixed well. To this 1 ml 20% trichloroacetiddagvas added, mixed well and kept for 10
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minutes. This test tube was centrifuged at 3000figrrd 0 minutes.
Then three test tubes were labelled Blank (bpt@b(C) and Test (T) and the reagents
were added as given below:

(B) (S) (M
Filtrate - - 2.5 ml
Distilled water 2ml 1ml -
Working phosphorus - 1ml _
standard
Trichloroacetic acid 05ml | 05ml | _
(20%)
Ammonium molybdate | 0.5ml | 0.5ml | 0.5 ml
(5%)
Sodium sulfite (20%) 0.5ml| 05mlf 05m
Hydroquinone (0.5%) 05ml| 05m| 05m

These were mixed well and allowed to stand for 30utes. The absorbance (A) of
standard(s) and Test (T) were measured againgt blaa spectrophotometer at 700 nm.
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Calculation:
Serum inorganic phosphorus in mg % = absorbangdé athsorbance of T x 4

3.9 Oxidative Stress Indices:

3.9.1 Estimation of Malondialdehyde:

Estimation of malondialdehyde was conducted by puiteveloped by Okhawet
al. (1979). Malondialdehyde (MDAA secondary product of lipid peroxidation, the tieac
of lipid peroxides with Thiobarbituric acid (TBA)elds red pigment which can be measured
on Colorimeter or Spectrophotometer at 532 nm. MIa& estimated in fresh blood samples
collected from jugular vein of crossbreed dairy cow

Freshly collected blood 0.2 ml was taken in a tiglsé; 1.8 ml of 1.15% potassium
chloride added to it and from this test tube 0.2rak transferred to other test tube. A blank
containing 0.2 ml of potassium chloride (1.15%) \aés0 prepared in other test tube. After
that 0.2 ml Sodium dodecyl sulphate solution (8,1%d ml -20% Acetic Acid (pH adjusted
3.5 by NaOH), 1.5 ml -2 thiobarbituric acid (0.8%juaous solution) were added |,
respectively to the test tube. The contents weweotighly mixed and volume was made 4.0
ml with deionised distilled water, test tubes weapped with aluminum foil.

These test tubes were kept in water bath for 6Qutaim After that test tube were
cooled under tape water immediately. One ml ofiliéidt water was added to each test tube.
After it each tubes were added 5 ml of n-butanakpbyridine (15:1 v/v) and shaken the
tubes vigorously and centrifuged at 4000 rpm forriButes. Upper organic pink colour layer
was collected from each test tube and absorbanseaad at 532 nm against blank.

Solution of 5, 10, 15, 20, 25, 30 n moles / mlaeifamethoxy propane (TMP) were
prepared by diluting it to 1.15% of potassium cludersolution. The calibration curve was
prepared by taking 0.2 ml of this solution. Staddaurve is depicted in figure 1.

0.35

0.3

0.25
0.2
0.15 /
0.1 /
0.05
0 / . . . . . . |

4] 5 10 15 20 25 30 35

0.D.

Malondialdehyde (nmol/ml)
Fig. 1: Malondialdehyde standard curve
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Calculation:
Concentration = (Ab. Sample/Ab. Standard) X Cortian&ard.

3.9.2 Estimation of Reduced glutathione in blood:

Estimation of reduced glutathione was done by neketieveloped by Beutlest al
(1971). In a test tube 0.2 ml blood was added &onil. distilled water and after it, 3 ml of
precipitating solution was added and mixed. Thetunéwas allowed to stand for 5 minutes.
The mixture was filtered through course graderfitigper and 1 ml of clear filtrate was added
to4 mlof 0.3 M  NgHPO, and optical density was read at 412 nm. A standarde was
obtained by using 0.2ml reduced glutathione satuti®, 20,40,60,80,100,120 mg percent.
Standard curve is depicted in figure 2.
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Fig.2: Reduced glutathione standard curve
Percipitating Solution:
Glacial Metaphosphoric acid -1.67 gm, Disodium BBT 0.20, Sodium Chloride- 30.0 gm,
Distilled water- 100 ml.
DTNB reagent: 5, 5 Dithiobis- 20.00 mg, Sodium &i¢- 1.00 gm, Distilled water-100 ml.
Calculation: (Ab. Sample/Ab. Standard) X Concn8tad.

3.10 Therapeutic Trials:

In the third phase, therapeutic trial was condudteé group of animals in farmer
dairies of Bikaner district. For this purpose prglplatic trial was conducted in crossbred cows to
evaluate the efficacy of propylene glycol in tragticows affected with subclinical ketosis. Six
cows which were diagnosed with subclinical ketdiised on results of biochemical test and on
the reduced milk yield were selected for the presardy. Cows were fed with Propylene glycol
(PG) was fed to each cow with concentrate @ 20@eniday and parental choline biocarbonate
100 mg by I/M for 5 days. The results of the thestje trial were evaluated. Milk yield was
recorded as per milk record register.

3.11 Statistical Analysis:

The main parameters of the present investigatiore vadasma analyte in crossbred
cows. The main effects were classified as ovefdle subsets of were districts, health, stage and
parity. For subset data were expressed as mean + SE

Mixed model least square and maximum likelihocoimputer programme PC-I
(Copyright, 1987, Walter R. Harvey) were used ttedwine analyses of variance to test the
significance of effects. The changes in the meaersewmeasured by using multiple mean
comparison procedure. For this Duncon's new meltiphge (Duncan, 1955 and Steel and Torrie,
1980) and paired T tests was used to estimatefis@gnée at different level of significance. The
correlation was estimated by Microsoft excel.
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4. RESULTS AND DISCUSSION

Negative energy balance (NEB) is a hormal occugeénadairy cattle as they transition
from late gestation to early lactation. This tréinsi period is often considered to occur from 3
weeks pre-partum to 3 weeks post-partum as duhiiggtime frame homeorhetic regulation of
metabolic function is necessary in order to acconat® parturition and lactogenesis. For these
reasons, the transition from late gestation toydadtation is a dynamic period for dairy cattle,
during which most infectious and metabolic diseaseslikely to occur. Cows unable to adapt to
this challenging time are more prone to negatiessquent events. The economic impacts of
maladaptation are important and include increassk of metabolic disease, reduce milk
production, early removal from the herd and popraductive performance. Keeping in view the
importance of this transition period, the study wemnned to establish the base line values for
different parameters in high yielding crossbredndabws during transition period. These base
values will serve as a reference values in theréutor diagnosis of various metabolic diseases so
that the cows calve down uneventfully and enteddhtation stage safely. The subclinical ketosis
was diagnosed on the basis of plasma concent@tBA > 0.6 mmol/L ;NEFA > 0.4 mmol/L at
the pre-partum transition period and > 1.2 mmgl& 0.7 mmol/L at post-partum transition
period (within 3 weeks of parturition), respectiwgNielan et al, 1994; Whitaker, 1997 and
Oetzel, 2004), along with the presence of othemssguch as decrease in milk yield, appetite and
body condition score (BCS). In this study total E2imals were studied, out of which 94 animals
were healthy and 29 were affected by subcliniceddis according to standard value of NEFA and
BHBA as mentioned earlier. This objective was acglished by conducting a base line study
from private organized dairy farms having high giet crossbred dairy cows from three districts
of Western Rajasthan. The ANOVA of liver enzymesdative stress, minerals and biochemical
parameters have been presented in appendix TabBinp@5 and 26.

119



4.1 Prevalence:

Based on the results of different biomarker (NEffA&l BHBA values) of negative energy
balance, prevalence for the subclinical ketosis egdsulated. Out of the total 123 crossbred cows
sampled during the study period, 29 animals wetmdopositive with an overall prevalence of
23.57 per cent (Table 2).

Table 2 Prevalence rate of subclinical ketosis in crosdtwows in different district of Western

Rajasthan.
Districts No. of cows sampled | No. of SCK (Prevalence)
Bikaner 59 15 (25.42 %)
Jodhpur 41 8 (19.51 %)
Pali -Marwar 23 6 (26.08 %)
Total 123 29 (23.57 %)

The chi square statistics was 0.5681. The P-vadu®.9665. No significant difference in
prevalence of SCK was observed between differestticlis.

4.1.1 Subclinical Ketosis (SCK):

District wise: The prevalence of subclinical ketosis in dairyvsoof Bikaner, Jodhpur and
Pali-Marwar districts was 25.42 (15/59), 19.51 {8/dnd 26.08 (6/23) per cent, respectively.

Parity-wise prevalence of subclinical ketosis Waghest in above'Sparity (32.35 per cent),
followed by 3% to 5" parity (20.22 per cent). The incidence of SCK éased with age in present
study. The results of the present investigationewgmilar to Bihani (2002) and Sharma (2006).
Kumar (2011) reported 13.9 % and 3.4 %, prevaleotesubclinical and clinical ketosis,
respectively in dairy cows and significant diffecerfound between region not in parity wise. The
mean daily peak milk yield for clinical ketosis b&linical ketosis and healthy cows in study were
28, 35 and 45 kg, respectively, suggesting a dectamging from 22 to 38 %, compared to the
healthy cows (Samieit al.,2013). Satet al. (2005) reported 34.7% SCK in Japan and 57.7 % in
Lithuania (Zilaitiset al, 2007).

SCK occurred at 5 days in milk (DIM), when 22.3%cofvs had their first SCK-positive
test. Peak prevalence of SCK occurred at 5 daysilix (DIM), when 28.9% of cows had a
SCK-positive test (McAret al, 2012a).

Marjan and Saman (2011) reported 7.2 % incideneafisubclinical ketosis (per cent
of cows with at least one positive test) in eamdgtation (0-78 day) period and the peak
prevalence of subclinical ketosis occurred durlmg fourth week of lactation in Fars Province of
Iran. The overall prevalence of subclinical ketas#s 6.9 per cent to 14.1 per cent in the first two
months of lactation (Andersson and Emanuelson, 1NRienet al, 1994; Duffieldet al.,1997).

The overall prevalence of ketosis was 9.38 pet itenows and 2.92 per cent in buffaloes,
observed in Tamil Nadu. They further observed loavplence of ketosis in cows of Erode and
Coimbatore districts of Tamil Nadu (Thirunavukkaras al, 2010b). It was due the improved
feeding practices.

Garroet al. (2013) and Suthaat al. (2013) reported overall prevalence of 21.8 and per3
cent, respectively in the dairy cows, using a thoés of >1.2 mmol/L for blood BHBA. However
our studies having higher prevalence rate as cogdptr above mentioned study. The major
cause of higher prevalence may be non scientifidifey and management practices adopted in
the study area.

Duffield et al. (1998) reported an incidence of SCK 59.00 per eent 43.00 per cent
using a cutoff threshold for BHBA concentration 8200 and 1400 mmol/L, respectively.
Similarly Asl et al. (2011) observed a prevalence of 63.00, 68.00 ar@05%r cent during the
week 29, 4" and &' post-partum, out of which 30.00 per cent of covese found positive in
all of the 2, 4 and 6 weeks post-partum.

McArt et al. (2012b) reported a prevalence of SCK 28.70 pet, @5.30 per cent and
40.80 per cent in cows with parity 1, 2 and aboyee8pectively. Higher prevalence reported in
their study was due to the bi- weekly sampling (Mcét al. 2012b and Ospinat al. 2010)
during the first two months, which resulted in ie&se in the detection rate of SCK, as the median
time from first SCK positive BHBA test to first tes1.2 mmol/L was 5 days, (McAst al.,
2012b) which helped them in detecting more numib&GK cases.

Highest prevalence of subclinical ketosis was foimdows from greater thari"Sarity
in comparison to "8 - 5" parity. Possible reason for that might be thevacthaemostatic
mechanisms in the young dairy animal to cope upn Wit negative energy balance during the
early lactation period. Similar to the present firg$, number of research workers recorded that
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the prevalence of ketosis increases with the agepaak prevalence was observed betwé®n 3
5™ Jactation (Overbyet al., 1974; Erb and Martin, 1978; Dohoo and Martin, 188¢l Grohret
al., 1989).

4.2 Minerals status:
The ANOVA of minerals parameters have been ptesen appendix Table no. 26.
4.2.1 Calcium:
4.2.1.1 Interaction (between districts and health;districts and stage) affecting calcium
level:

The overall mean of all the cows across variousidis, stages, parity and healthy/SCK
groups for calcium in plasma was 9.486+0.085 mgltlle differences among subclass means
were non significant across districts (9.619+0.188/dl in Bikaner, 9.194+0.143 mg/dl in
Jodhpur and 9.643+0.175 mg/dl in Pali-Marwar). Hyghignificant difference was observed
(P<0.01) in healthy/SCK groups (10.095+0.095 in heatthd 8.876+0.146 mg/dl SCK) and non
significant in parity groups (10.455+0.119 mg/d6®3-parity and 8.558+0.119 mg/dl abov& 5
parity). The effect of pre (10.582+0.102 mg/dl) aubt-partum (8.834+0.112 mg/dl) stages were
highly significant (R0.01)in pooled data. There were effects of twodaatteraction indicating
that difference among districts. Whereas, theraution between districts and health status was
highly significant. The trend is depicted in Fig.This shows that the calcium level was lower in
post- partum across all districts. The decreaseCa level was significantly higher in
(10.858+0.135 to 8.229+0.156 mg /dl) Jodhpur distrand lowest (10.161+0.139 to
9.182+0.145mg/dl) in Bikaner districts. The intdrac between districts and stage was also
highly significant (R0.01). The trend is depicted in Fig. 4. This shdalat calcium level was
lower in SCK across all districts. The rise in tHewvel was significantly higher in (10.832+0.212
to 8.454+0.298 mg/dl) in Pali-Marwar district armiviest (9.760+0.121 to 9.479+0.229 mg/dl) in
Bikaner district.
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Fig. 3: Interaction between districts and health wisedifg calcium level.
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Table 3: Overall
eriod.

macro and micro

minerals status incrossbred cows during transition

Parameters Periods Over all
Healthy SCK Over all
(n=94) (n=29) (123)

Ca (mg/dl) Pre- Partum. 10.783+0.116 9.931+0.168 .58%#0.102**
Post- Partum 9.003+0.127 8.287+0.206 8.834+0.112**
Over all 10.095+0.095 | 8.876x0.146 9.486+0.085

Pi (mg/dl) Pre- Partum. 5.287+0.117 5.156+0.163 561.097
Post -Partum 4.501+0.106 4.100+0.087 4.407+0.085
Over all 4.930+0.094 4.610+0.144 4.770+0.083

Mg (mg/dl) Pre -Partum. 3.361+0.083 3.333+0.045 531%).064**
Post -Partum 3.457+0.085 3.743+0.033 3.525+0.066**
Over all 3.475+0.068 3.526+0.105 3.500+0.061

Na (mmol/l) Pre- Partum. 119.415+0.911  118.000+8.50119.081+0.781**
Post- Partum 115.191+0.704 114.586+1.432  115.0438%*
Over all 116.566+0.741| 117.085+1.13V  116.825+0.661

K (mmol/l) Pre- Partum. 4.873+0.084 | 4.251+0.19% | 4.726+0.089*
Post- Partum 4.439+0.0898 [ 5.436+0.264" | 4.674+0.104*
Over all 4.483+0.094 | 4.929+0.145% 4.706+0.084

Cu (ppm) Pre- Partum. 0.886+0.022 0.718+0.028 840019**
Post- Partum 0.738+0.018 0.587+0.023 0.702+0.016**
Over all 0.754+0.01% | 0.633+0.021 0.694+0.012

Fe (ppm) Pre- Partum. 2.253+0.073 | 2.348+0.068 | 2.2760.058**
Post- Partum 1.748+0.052 | 2.166+0.05% | 1.846+0.045**
Over all 2.027+0.051 2.214+0.078 2.121+0.045

Zn (ppm) Pre -Partum. 1.188+0.013 1.192+0.020 HO]W 1**
Post- Partum 0.988+0.013 0.974+0.020 0.985+0.011**
Over all 1.067+0.011 1.069+0.016 1.068+0.009

NOTE: 1. Value

bearing different superscript (a,cb,d) in a row depict highly significant

(P<0.01). 2. Value bearing same superscript (a, & mow depict significant (€0.05). 3. No
superscript means non significant within a row elumn. 4. **= highly significant (R0.01), *=
significant (<0.05) between the column.

4.2.1.2 Calcium (Ca) concentration in healthy daircows:

In the present study, overall mean plasma cala@antentration from various districts was
10.783+0.116 mg/dl during the pre-partum period @u3+0.127 mg/dl during the post- partum
transition period (Table 3), which was within thermal range i.e. 8.09-10.62 mg/dl as stated by
Radostitset al. (2000). Highly significant (R0.01) decrease was observed from the pre to
post-partum transition period. Non significant eifince in Ca level was observed in between

different districts.
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Fig. 6: Mean (+SE) plasma calcium values in healthy a@& Srossbred cows.

However, the overall mean plasma Ca concentratiomealthy cows were highly
significant (<0.01) higher in dairy cow in comparison to SCK. @fas in Ca metabolism
induced by lactation are more significant. The lopiasma Ca level in lactating cattle might be
observed due to high demand of absorbed Ca pemlfitmilk produced (approx. 50 g per day).
Before calving, the approximate daily requirement@a is only 30 g, comprising 15 g for fecal
and urinary losses and 15 g for fetal growth. Tdésnand for Ca may only be satisfied by
increasing absorption from the rumen or intestire@®] increasing mobilization from tissue,
especially bone reserves of Ca, as circulatingdIiGa reserves are limited. As per NRC (2001)
lactating cattle needs 1.37 gm of Ca/kg of milkdareed in addition to maintenance requirement.
This is probably because calcium requirement depgndn the level of productivity and the
physiological status (McDowell, 1992). This mayaalse attributed to dietary imbalances of
calcium and phosphorus, higher requirement durimggmancy (3-8 months) and dietary
interaction with other minerals, especially higtake of iron that results in formation of insoluble
phosphate in acidic pH of abomasum affecting tloavailability of phosphorus. This unavailable

124



phosphorus not only affects phosphorus, but alsiizatton of calcium by precipitation at
intestinal level, thus preventing its absorptiorafiardet al, 1979).

District wise: The mean plasma Ca concentrations was 10.1602,0116128+0.120 and
11.728+ 0.254 mg/dl during the pre-partum perio®10+0.178, 8.414+0.175, 9.612+ 0.329
mg/dl during the post-partum period in crossbredscof the Bikaner, Jodhpur and Pali-Marwar
dairy farms respectively (Table 4 and Fig. 6). Lowa&lues were observed in the cows of Jodhpur
district as compared to the dairy cows from Bikamerd Pali-Marwar dairy farm during
post-partum transition period. It was observed tlmamineral supplementation in Jodhpur district.
Districts wise health status and stage wise highdpificant (0.01) differences were observed
in calcium values.
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Table 4 Districts wise macro and micro minerals statwv@gtigated in crossbred cows during transitionqueim Western Rajasthan.

Parameters|  Periods Bikaner Jodhpur Pali-Marwar
Healthy SCK Over all Healthy SCK Over all Healthy SCK Over all
(n=44) (n=15) (59) (n=33) (n=8) (41) (n=17) (n=6) (23)

Ca Pr-e 10.160+ 0.162 10.162+ 0.284| 10.161+0.139** 11.128+0.12 9.744+0.212| 10.858+0.135** 11.728+ 0.254 9.603+0.237| 11.173+0.279**
(mg/dl) Partum.

Post- 9.210+0.178 9.099+ 0.234|  9.182+0.145** 8.414+0.175 7.469+ 0.186 8.229+0.156*1 9.612+0.329 7.348+0.131| 9.021+0.323**

Partum

Over all 9.760+0.121 9.4790.22% 9.619+0.135 9.694+0.136 8.695+0.255 9.194+0.143 10.832+0.217 8.454+0.298 9.643+0.175
Pi Pre- 4.921+0.156 5.165+ 0.264| 4.983+0.134** 5.759+ 0.196 4.807+0.143| 5.573+0.170** 5.315+ 0.275 5.598+ 0.348 5.389+0.221**
(mg/dl) Partum.

Post- 4.552+0.163 4,409+ 0.119| 4.516+0.125** 4.203+ 0.159 3.765+0.069| 4.117+0.131** 4.949+ 0.234 3.773+0.023|  4.642+0.205**

Partum

Over all 4.710+0.120 4.731+0.226 4.721+0.133 5.06034 4.353+0.251 4.702+0.140 5.029+0.209 4.74% 2 4.887+0.173
Mg Pre- 3.302+ 0.106 3.373+0.038 3.320+0.080 3.555+0.174 3.381+0.109 3.521+0.141 3.135+ 0.134 3.167+0.123 3.143+0.103
(mg/dl) Partum.

Post- 3.286+0.124 3.737+0.040 3.401+0.096 3.536+0.144 3.787+0.081 3.585+0.117 3.747 £ 0.18p 3.700+ 0.073 3.735+0.138

Partum

Over all 3.341+0.087 3.575+0.164 3.458+0.007 3.60338 3.569+0.183 3.586+0.102 3.481+0.152 3.4340 2 3.458+0.125
Na Pre- 118.932+ 1.217| 116.933+2.092]  118.424+1.049 121.030+1.719 117.625+3.273] 120.366+1.521 117.529+ 2.080 121.167+2.880, 118.478%1.712
(mmol/l) Partum.

Post- 115.636+1.013] 113.733+1.989] 115.153+0.907 116.848+ 1.159 114.875+3.182] 116.463+1.107 110.824+ 1.423 116.333%2.813] 112.261+1.350

Partum

Over all 117.684+0.946| 114.700+1.781 116.192+1.050 118.400+1.061 116.962+1.981 117.681+1.109 113.615+1.65 119.593+2.318 116.604+1.363]
K Pre- 4.806+0.123 4.323+0.311 4.683+0.123 5.203+0.161 3.943+0.426 4.957+0.171 4.405% 0.227 4.485+0.111 4.426+0.169
(mmol/l) Partum.

Post- 4.613+0.139 5.221+ 0.347 4.767+0.139 4.435+0.172 5.383+0.543 4.620+0.180 3.998+ 0.206 6.043+ 0.626 4.531+0.287

Partum

Over all 4.644+0.12(0 5.028+0.227 4.836+0.133 4.70735 4.603+0.252 4.655+0.141 4.099+0.210 5.1568 2 4.627+0.173
Cu Pre- 0.962+ 0.026 0.737+0.042 0.905+0.026 0.923+ 0.03% 0.793+ 0.034 0.898+0.030 0.619+ 0.023 0.570+ 0.023 0.607+0.018
(ppm) Partum.

Post- 0.832+ 0.025 0.593+ 0.038 0.771+0.025 0.711+ 0.025 0.639+ 0.023 0.697+0.021 0.546+ 0.015 0.503+ 0.022 0.535+0.013

Partum

Over all 0.878+0.018 0.656+0.03% 0.767+0.020 0.795+0.020 0.720+0.038 0.758+0.021 0.589+0.031 0.524+0.044 0.556+0.026
Fe Pre- 2.500+ 0.111 2.343+0.101 2.460+0.087 1.961+ 0.100 2.310+0.098 2.029+0.085 2.182+0.159 2.410+0.169 2.242+0.125
(ppm) Partum.

Post- 1.855 +0.075 2.197+0.078 1.942+0.062 1.591+ 0.090 2.094+ 0.085 1.689+0.081 1.776+ 0.111 2.183+0.117 1.883+0.094

Partum

Over all 2.161+0.065 2.183+0.123 2.172+0.0[72 1.820%3 2.198+0.136 2.009+0.076 2.101+0.114 2.2650 1 2.181+0.094
Zn Pre- 1.235+0.021 1.209+ 0.025 1.228+0.017 1.157+0.016 1.194+0.031 1.164+0.015 1.128+ 0.024 1.150+ 0.062 1.134+0.023
(ppm) Partum.

Post- 1.019 +0.021 0.993+ 0.031 1.012+0.018 0.983+ 0.01% 0.947+ 0.022 0.976+0.013 0.916+ 0.025 0.962+ 0.054 0.928+0.023

Partum

Over all 1.115+0.014 1.058+0.026 1.087+0.0[L5 1.07015 1.07540.029 1.076+0.016 1.009+0.024 1.07440.0 1.041+0.020

NOTE: 1. Value bearing different superscript (achd) in a row depict highly significant£{P.01). 2. Value bearing same superscript (a, a)row depict significant @.05). 3. No superscript mean non
significant with in row or column. 4. **= highly gnificant (<0.01), *= significant (R0.05) between the column.
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Mean Ca concentration was 10.765+0.135 and 9.008¥0mg/dl; 10.841+0.234 and
8.987+0.310 mg/dl in"3-5" parity and above"sparity respectively during pre and post- partum
transition period (Table 5). Overall non signifitatifferences were observed in districts and
parity wise. Horset al. (2005) also observed a decrease in the plasma@zewtration in the
older cows and opined that one of the reason magdmeeased number of receptors for 1,
25-dihydroxy Vitamin-D in the intestine resulting decreased absorption of Ca. Ozukum (2011)
also reported lower plasma Ca level in the cows »f%6 years of age. Most of the earlier studies
have also indicated a slight decline in plasma @a advancing age (McAdam and O’Dell, 1982
and Shrikhandet al.,1997). Our studies were not similar to the abdtedcauthor because most
of the animals (71) belong t¢"3o0 5" parity and only 23 animals were aboV&frity. There is
no effect of parity in healthy dairy cows becaulbel@ry cows were in healthy condition.

4.2.1.3 Calcium (Ca) concentration irS5CK dairy cow:

Overall mean plasma Ca concentration observededalthy and SCK affected cows was
found to be 10.783+0.116, 9.931+0.168 mg/dl durprg-partum; 9.003+0.127, 8.287+0.206
mg/dl during post-partum period. A significant demse was observed in the overall mean plasma
Ca in pre to post-partum period, though values weithin the normal physiological range
(8.09-10.62 mg/dl) as stated by Radostital. (2000). Reduction in the concentrations of Ca and
P observed in SCK cows could be due to decreasedp@Gke because of any illness such as
ketosis which might affect the appetite and de@d@sabsorption from the intestine (Hove, 1978;
Moore, 1997) and increased loss of base in theddrcompensate for the acidosis (Radostitis
al., 2007). Kumar (2011) also reported hypocalcaeémieetosis and suspected that the lowering
of blood calcium was due to reduced feed intakehuliz (1971) recorded hypoglycemia
accompanied with hypocalcaemia similar to that oleskin present investigation. Additionally,
Ca level can also be reduced due to increasedolobase in the urine to compensate for the
acidosis in cows with ketosis (Radosstsal., 2000). In present study showed that there was a
problem of marginal Ca deficiency. In all threetdits calcium level declined in stages levels; it
was due to inadequate nutritional supplementatiod &eeding. Payne, (1972) reported
hypocalcaemia is often associated with infertilifisappointing milk yield and ketosis.
Sometimes it might be due to unbalanced maintendieteor wrong choice of production ration.
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Table 5 Macro and micro minerals investigated in crosghmews depending upon parity wise in
transition period (Meant S.E.)

Periods 3" - 5" parity >5"parity
Parameters Healthy (n=71) SCK (18) Over all Healthy (n=23) SCK(n=11) Over all
(89) (34)
Ca Pre Partum. 10.765+0.135 10.166+0.233 10.643+0/120 10.841+0.234 9.546+0.182 10.422+0.1p8
(Mg/dl) Post-partum 9.008+0.13f 8.639+0.266 8.933+0.122 873:0.310 7.710+0.25( 8.574+0.245
Over all 10.017+0.089 9.026+0.212 10.455+0.119 140t0.167 8.808+0.22] 8.558+0.119
Pi Pre Partum. 5.281+0.12p 5.178+0.2110 5.260+0.106 03%3.304 5.119+0.271 5.244+0.222
(mg/dl) Post-partum 4.503+0.13] 4.234+0.128 4.449+0.108 97:a.160 3.880+0.053 4.297+0.120
Over all 4.949+0.087 4.618+0.208 5.241+0.117 4.91164 4.535+0.217 4.2660.11]7
Mg Pre Partum. 3.306+0.09p 3.328+0.047 3.310+0.076 3035.169 3.341+0.093 3.469+0.118
(mg/dl) Post-partum 3.411+0.094 3.73120.042 3.476+0.077 003:6.192 3.764+0.056 3.653+0.131
Over all 3.380+0.064 3.498+0.152 3.341+0.085 3.56910 3.554+0.159 3.660+0.085
Na Pre Partum. 110.887+1.044  118.389+2.007  119.58240|9 117.957+1.873  117.364+2.348  117.765+1.458
(mmol/l) | Post-partum 114.761+0.774  115.611+1.994  114.933%0|7 116.522+1.609  112.909+1.904  115.353+1.267
Over all 116.984+0.693 119.165+1.647 118.742+0.926116.148+1.297 115.005+1.721 114.909+0.926
K Pre Partum. 4.964+0.10B 4.023+0.249 4.7730.104 9346.210 4.625+0.311 4.603+0.171
(mmol/1) Post-partum 4.501+0.116 5.266+0.329 4.656+0.117 474Q.179 5.714+0.449 4.721+0.220
Over all 4.661+0.088]  4.627+0.21b 4.514+0.118 4.306+0.189  5.232+0.21% 4.898+0.118
Cu Pre Partum. 0.904+0.02)7 0.734+0.042 0.870+0.024 318:8.035 0.690+0.024 0.785+0.047
(ppm) Post-partum 0.745+0.022 0.584+0.084 0.712+0.020 1630.034 0.591+0.021 0.676+0.026
Over all 0.778+0.013 0.631+0.03]1 0.755+0.017 0.73024 0.636+0.033 0.632+0.017
Fe Pre Partum. 2.197+0.08p 2.342+0.095 2.226+0.072 262@.127 2.358+0.086 2.404+0.090
(ppm) Post-partum 1.761+0.06B 2.192+0.069 1.848+0.055 09:0.092 2.123+0.077 1.843+0.075
Over all 1.942+0.047 2.216+0.113 2.302+0.064 2401239 2.213+0.118 1.939+0.064
Zn Pre Partum. 1.193+0.01p 1.221+0.025 1.198+0.013 76%0.029 1.145+0.02§ 1.166+0.021
(ppm) Post-partum 0.989+0.015 1.007+0.098 0.99340.013 8330.024 0.921+0.02( 0.963+0.018
Over all 1.076+0.010 1.112+0.024 1.171+0.018 1.058+0.019 1.025+0.025  0.964+0.013
NOTE: 1. Value bearing different superscript (a, b,)dnca row depict highly significant £9.01).

2. Value bearing same superscript (a, a) in adepict significant (R0.05).
3. No superscript mean non significant with in remcolumn.
4. **= highly significant (K0.01), *= significant (R0.05) between the column.
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District wise: The mean level of Ca was 10.162+ 0.284, 9.74412).9.603+ 0.237 in
pre-partum and 9.099+ 0.234, 7.469+0.186, 7.34&1.Inh post-partum period in Bikaner,
Jodhpur and Pali-Marwar districts, respectively.hifghly significant (R0.01) decrease was
observed in the mean plasma Ca from the pre tegaostm transition period in the cows of all
districts. However, the rate of decrease from pr@dst-partum stage was more prominent in
districts with lower Ca level in pre-partum stagis suggested that pre-partum feeding must be
supplemented to avoid sharp decrease in Ca afrurpian. Non significant changes occur
between the districts during pre-partum periodsilavhon significant changes were observed
between the districts in post-partum periods. Heweeows from Jodhpur and Pali-Marwar
district showed marginal deficiency in the meanspla Ca (7.469+0.186, 7.348+0.131 mg/dl)
level during the post-partum period (Table 4). Retllevel of plasma calcium recorded in
the cows of Jodhpur and Pali-Marwar district suffgrfrom SCK during the post-partum period,
might be due to the reduced dry matter intake aedtgr nutrient output in milk which reduces
blood Ca concentration and increases lipomobitiza{Ribeiroet al.,2013). Similarly, Martinez
et al. (2012) also observed reduced Ca level in cows alighated NEFA and BHBA during the
post-partum period.

4.2.2 Inorganic phosphorus (Pi):
4.2.2.1 Interaction between districts and stagesfefting inorganic phosphorus level:

The overall mean of all the cows across variougridis, stages, parity and healthy/SCK
groups for Inorganic Phosphorus in plasma was 40083 mg/dl. The differences among
subclass means were non significant across ds{dc?21+0.133 mg/dl in Bikaner, 4.702+0.140
mg/dl in Jodhpur and 4.887+0.173 mg/dl in Pali-Mar)y non significant in healthy/SCK groups
(4.9304£0.094 in healthy and 4.610+0.144 mg/dl S@KH non significant in parity groups
(5.241+0.117 mg/dl 3%parity and 4.266+0.117 mg/dl abovd' Barity). The effect of pre
(5.256%0.097 mg/dl) and post-partum (4.407+0.08%dhgtages were highly significant<{8.01)
in pooled data. There were effects of two factdenaction indicating that difference among
districts. Highly significant (P0.01) interaction was observed between districtsfaalth status.
The trend is depicted in Fig. 7. This showed that ihorganic Phosphorus level was lower in
post-partum across all districts. Rise in phospsideuel was significantly higher in (5.573+0.170
to 4.117+0.131 mg/dl) Jodhpur district and lowe4t983+0.134 to 4.516+0.125 mg/dl) in
Bikaner districts.
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Fig. 7: Interaction between districts and stage affeditiigganic phosphorus level.
4.2.2.2 Inorganic phosphorus (Pi) in healthy cow:

The overall mean value of plasma inorganic phogghdPi) in healthy cows was
5.287+0.117 mg/dl during pre-partum period and 2480106 mg/dl during post-partum period.
Non significant differences were found in all theete districts and health. Highly significant
(P<0.01) difference was observed in the overall mdasrpa Pi level from the pre to post-partum
transition period (Table 3). The mean plasma Pellshowed similar pattern in all the districts,
where it decreased from pre to post-partum tramsitieriod.
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Fig. 8 Overall mean (+SE) plasma inorganic phosphorligegain healthy and SCK crossbred
cows.

Larsenet al. (2001) also reported decrease in the plasma RBllgkto that of plasma Ca
with approaching parturition. The decrease in pkadPn around parturition might be due to
phosphorus mobilization across the placenta forgitesvth and development of fetal skeleton.
Similar to our results, Kozlowskat al. (1981) recorded a decrease in plasma Pi and Cé leve
during the periparturient period. Although P corications are not as tightly regulated as Ca, both
are closely related with plasma P&ncentrations regulated directly by 1, 25(GB} and
indirectly by the PTH/Ca negative feedback loop f{GD999). In cattle, there is evidence that a
pre-calving diet high in P can have a negative thmam Ca homeostasis (Julieh al, 1977;
Kichura et al, 1982; Bartoret al, 1987). During late gestation fetal skeletal depment can
withdraw up to 10 g P/day from the maternal P pdblesuse and Bell, 1993). About 0.3 g P is
incorporated into each kg of body tissue (muscééhed during growth of the animal. Production
of milk removes about 1 g P from the extra cellylaol /kg of milk produced. Salivary secretions
remove between 30 to 90 g P from the extra cellBlgool each day. Factors affecting salivary
phosphate secretion include the time spent rummiggithewing activity) and the PTH status of
the animal. PTH stimulates parotid salivary P d@mme(Wright et al, 1984) and can increase
salivary phosphate concentrations 2-3 fold. Sajiva@rosphate secretions help buffer the rumen
and supply rumen microbes with a readily availaderce of P, which appears necessary for
cellulose digestion.

Post-parturient haemoglobinuria characterizedrntgavascular haemolisis, anaemia,
and haemoglobinuria is occasionally reported dutivggfirst 6 weeks of lactation. Many, but not
all, cows developing this syndrome are hypophosphat Severe hypophosphatemia is
postulated to depress the ability of erythrocyteprioduce ATP, as a key enzyme in glycolysis,
glyceraldehyde-3-phosphate dehydrogenase, reguioeganic phosphate as a cofactor. Without
sufficient ATP to power sodium pumps the intradellusodium concentration rises, the cells
become more rigid, and as a result, rupture asghsy through the capillary beds (Kanekal,
1997).

District wise: The mean plasma Pi level showed highly signifiq@s0.01) difference
in their mean values between the different digtriitring the pre to post-partum transition period.
Highly significant difference (#0.01) was observed in the mean plasma Pi level dezivihe
cows of Bikaner, Jodhpur and Pali-Marwar farms nigithe pre and post-partum transition period
(4.921+ 0.156, 4.552+ 0.163 in Bikaner, 5.759+ 6,149.203+ 0.159 in Jodhpur and 5.315+ 0.275,
4,949+ 0.236 in Pali- Marwar mg/dl) (Table 4 and.[).
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Fig. 9: Mean (xSE) plasma inorganic phosphorus valué®aithy and SCK crossbred
cows.

There are several contributing factors to lowecdticentration in post-partum transition
period. This post-partum decrease in plasma Pi lglygerved in the present study might be due
to the fact that a large amount of Pi was draimedhfthe blood for milk production and higher
PTH level, induced by low plasma Ca, increasedanyinoss and less excreted with faeces of
phosphorus (Vallet al., 2002). Moreover, lower feed intake in pre- partuows reduced the
amount of P absorbed from the intestinal tract @¢oand Bell, 1993).

Wilson et al. (1977) and Sahukar (1984) observed fall in phogph concentration

during early lactation and on the day of partunfionight be due to enhanced carbohydrate
metabolism and requirement of phosphorus for calastsynthesis, which is known to be rich in
phosphorus, (Rook and Thomas, 1983). Hypophospletesrcommon in high yielding cows
grazing on pasture proposed by Payne (1972). Iseptestudy, the dairy animals were on stall
feeding and no extra concentration (feed) werergiaring pre- partum transition periods; only
few animals got the feed if lactating animals did @at it than put to the advance pregnant cows.

The decrease of phosphorus level coincided withahtined by Stockham and Scott (2002)
and Ziogaset al. (2007). Insufficient phosphorus supply in the digtolonged anorexia, and
increased urinary phosphorus excretion due to Ipgvathyroidism could explain presence of
hypophosphatemia in this condition. The primarg sit P absorption is the small intestine (Care,
1994). Sancheet al. (1994) study indicated that P uptake was reducambivs under heat stress
conditions. The primary route of P excretion isaleHibbs and Conrad, 1983; Mors¢ al,
1992). Plasma P concentration is normally betwe@nahd 2.6 mmol/L and 4 and 8 mg/dl.
(Radostits, 2000).

High plasma Pi level was observed in cows from ito 3" parity and non significant
decrease was observed in all the two groups ofypfadm pre- partum to post- partum transition
period. Similar to our results, Lamt al. (1968) also reported a negative correlation of &k
phosphorus (Table 5).
4.2.2.3 Inorganic phosphorus (Pi) in SCK dairy cow:

The overall mean plasma Pi level in healthy andK Sfffected cows were 5.287+0.117,
5.156+0.163 mg/dl during pre-partum period; 4.501868, 4.100+0.087 mg/dl during
post-partum period transition period, respectiv@ligble 3). Non Significant differences were
observed between the healthy and SCK affected c@ianget al. (2009) also reported non
significant differences in Pi level in healthy aB@K affected cows.

The mean value of pre-partum and post-partum Rillev Bikaner, Jodhpur and Pali
—Marwar were 5.165+ 0.264, 4.807+ 0.143, 5.59848.8nd 4.409+ 0.119, 3.765+0.069, 3.773+
0.023 mg/dI, respectively.
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Significantly lower mean plasma Pi was in the cdwsn Jodhpur and Pali-Marwar
(3.76510.069, 3.773+ 0.023 mg/dl) district duringsppartum period as compared to those from
Bikaner (4.409+ 0.119 mg/dI) district (Table 5).

Ketz and Bergman (1966) reported low level of serphosphorus due to lowered
metabolic rate resulting from reduced feed intakéetotic animals. This could have been the
reason for increase in mean serum phosphorus ieville ketotic cows. In present study the
levels of phosphorus differed non significantly amgothe healthy and subclinical ketosis.
Radostitset al. (1997) and Kachhawaha and Tanwar (2010) obserwedlood Pi in cases of
parturient paresis and downer cow syndrome andtetkethese changes for the development of
clinical signs.

4.2.3 Magnesium (Mg):

Interaction was not observed in magnesium levétansition periods of cross bred cow. The
overall mean of all the cows across various distristages, parity and healthy/SCK groups for
Magnesium in plasma was 3.500+0.061 mg/dl. Theedifices among subclass means were non
significant across districts (3.458+0.097 mg/dIBikaner, 3.586+0.102 mg/dl in Jodhpur and
3.458+0.125 mg/dl in Pali-Marwar), non significaint healthy/SCK groups (3.475+0.068 in
healthy and 3.526+0.105 mg/dl in SCK) and non siggmt in parity groups (3.341+0.085 mg/dI
3-5"parity and 3.660+0.085 mg/dl abov& ffarity). The effect of pre (3.354+0.064 mg/dl) and
post-partum (3.525+0.066 mg/dl) stages were higlgyificant in pooled data. There were no
effects of two factor interaction indicating thaffefence among districts.

4.2.3.1 Magnesium (Mg) concentration in healthy day cow:

The overall mean plasma magnesium (Mg) conceatraiin crossbred cows from the
various districts is presented in Table 3. The alVanean plasma magnesium concentration
observed was 3.361+0.083 mg/dl during the pre-paneriod; 3.457+0.085 mg/dl during the
post-partum period, which was in accordance withdtudies of Littlediket al. (1969), Phillipo
et al.(1994) and Radostitt al.(1997).

The average value of plasma magnesium in all plogical groups of bovine was within
the normal range. This may be attributed to adeqleatel of magnesium in soil and fodder. The
concentration of magnesium in milk from cows in nndlate lactation was affected by dietary
magnesium intake and the effect depended on thesgiam level. The concentration potassium
level will be low when the magnesium intake washhilgut potassium level was high when the
magnesium intake was low.

District wise: The mean plasma Mg concentration was 3.302+0.1065530.174,
3.135+0.134 mg/dl during the pre-partum period 8m2i86+0.124, 3.536+0.144, 3.747+0.186
mg/dl during the post-partum period in the cowshaf Bikaner, Jodhpur and Pali-Marwar dairy
farms, respectively. There was no significant défece in the cows of different districts during
the pre and post-partum transition period. Plasngacbhcentration did not reflect any pattern in
relation to parturition. However, general trendircfrease was observed in all two districts. The
elevated plasma Mg in cows along with the reducialgium level observed in our study might
be due to a combination of greater Mg mobilizatimm bone reduced Mg uptake by the cells
and due to reduced urinary Mg loss as stated bga{ai 2000.
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Fig. 10 Mean (£SE) plasma magnesium values in healthyS@id crossbred cows.

No changes in Mg level were observed in cows bt 3"and above 8 parity. Singh
(2013) recorded age related difference with sigaiitly lower values recorded in group Ill (> 6
years) in buffaloes as compared to group | (<3g)eand group Il (3-6 years). Randhawa (1999)
and Singhet al. (2005) also detected decline in Mg level with athiag age. On the contrary,
Carvalho (2013) reported non significant differemgethe Mg level in the two age groups.

A transient increase in mean plasma Mg level wamdoafter calving. This has also
been recorded in other studies (Greterl.,1981 and Goff and Horst 1997). Results of Gaff
al. (2002) and Thilsing-Hanseat al. (2002) indicated that the increase in plasma Mg rebted
to the decrease in plasma Ca level after calvitng rBason for this has been suggested to be the
elevated renal threshold for Ca with parathyroidniane being excreted as a response to the
decrease in plasma Ca level resulting in a siniilarease in the renal threshold for Mg (Goff
2008 and Tayloet al. 2008). Krongvist (2011) reported that the peak ig Mvel occurring at
calving might depend on movements of Mg between ititeacellular and extra cellular
compartments rather than on decreased excretiometty, Verdaris and Evans (1976) and Rerat
et al. (2009) reported decrease in mean plasma Mg caomatiemt after calving. Mg is especially
critical for ruminants, while non-ruminants absdflg primarily from small intestine, ruminants
are able to absorb much of their Mg requiremeninfirmmen via a Na-K-ATPase dependent
process (Dua and Care, 1995). In fact, the retiaudimd rumen can account for up to 80% of the
Mg absorption along the entire digestive tract (Rechet al, 1996). Green plants are an
excellent dietary source of mg for animals becanighe presence of Mgin chlorophyil.
4.2.3.2 Magnesium (Mg) concentration in subclinicaketosis:

Overall mean plasma Mg concentrations observe@ ®e61+0.083, 3.457+0.085 mg/dl in
healthy cows and 3.333+0.045 and 3.743+0.033 nig/8ICK cows during pre and post-partum
period, respectively. The differences were highigngicant (P<0.01) between pre and
post-partum periods. District wise, mean plasmal&¥g! did not show any clear trend.

133



mg/dl

m-EE FARTIM
m=0sT PARTUM

Healthw SCE

Maonesiim

Fig. 11 Overall mean (+SE) plasma magnesium values itttheand SCK crossbred cows.

Significant increased level of magnesium recordad subclinical ketotic cows in
post-partum period might be due to the shift of nemjum from the intracellular to the extra
cellular compartment which might have caused terishcrease in the Mg level. It could also be
attributed to the increased tubular re absorptibmagnesium due to the increased effect of
serum PTH on kidneys (Rioret al., 1995). Maynarcet al, (1979) showed that Mg influenced
the absorption of Ca and P and during high eneeguirement, Mg requirement enhanced
manifold.

4.2.4 Sodium (Na):
4.2.4.1 Interaction between districts and health &tcting sodium level:

The overall mean of all the cows across variougridis, stages, parity and healthy/SCK
groups for sodium in plasma was 116.825+0.661 nmimie differences among subclass means
were non significant across districts (116.192+0.6%nol/l in Bikaner, 117.681+1.109 mmol/l in
Jodhpur and 116.604+1.363 mmol/l in Pali-Marwam@nrsignificant in healthy/SCK groups
(116.566+0.741 in healthy and 117.085+1.137 mn&®UK) and non significant in parity groups
(118.742+0.926 mmol/l 3"5parity and 114.909+0.926 mmol/l abov® @arity). The effect of pre
(119.081+0.781 mg/dl) and post-partum (115.049+B.68nol/l) stages were highly significant
(P<0.01) in pooled data. There were effects of twddainteraction indicating that difference
among districts. The interaction between distraotsl health status was significant. The trend is
depicted in Fig. 12. This showed that the sodiuvellevas higher in healthy groups across all
districts. The rise in their level was significanthigher in (119.593+2.318 t0113.615+1.650
mmol/l) Pali-Marwar district and lowest (118.400@81 to 116.962+1.981 mmol/l) in Jodhpur
districts.

122.00
119.59

120.00 11840
B __1-1-9%’/
118.00

~l

=
£ 116.00 13476 A
£ \113-52 —4—HEALTHY
114.00 —
—m-5CK

112.00
110.00

BIKANER | JODHPUR PALI-

MARWAR

Sodium

134



Fig. 12: Interaction between districts and health wise &ifigcsodium level

4.2.4.2 Sodium concentration in healthy dairy cow:

The overall mean plasma sodium (Na) concentrafioncrossbred dairy cows was
119.41540.911 and 115.191+0.704 mmol/l during thee and post-partum transition period. The
overall mean plasma Na concentration was lower thamormal range (132-152 mmol/l) and a
significant decrease was recorded from the preosd-gartum period.
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Fig. 13 Overall mean (+SE) plasma sodium values in hgaltid SCK crossbred cows.
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Fig. 14 Mean (xSE) plasma sodium values in healthy and 8©ssbred cows.

District wise: The mean plasma Na concentrations from variostsiclis were 118.931+
1.217, 121.030+£1.718, 117.529+2.079 mmol/l durihg pre-partum period; 115.636+1.013,
116.848+1.158, 110.823+1.422 mmol/l during postypartransition period in the cows of the
Bikaner, Jodhpur and Pali-Marwar dairy farms, retigely. The mean plasma Na concentrations
was no significantly different across districtslflea4).

Parity wise, mean plasma sodium level was less tttmormal range in the two groups
and non significant decrease was recordedno35" and above Bparity groups from pre to
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post-partum transition period (Table 5). Non siguifit changes occurred between the groups.

Rowlandset al. (1975), Underwood (1981) and Deshpaedeal. (1998) also recorded a
progressive decrease in the plasma sodium levet fede pregnancy to early lactation. They
concluded that the most likely reason for the deseevas due to the drainage of sodium in milk
during early lactation.

4.2.4.3 Sodium (Na) concentration in subclinical kesis:

Overall mean plasma Na level recorded in boththgahnd SCK affected cows were
119.415+0.911, 118.000+1.508 mmol/l during pre4part period and 115.191+0.704,
114.586+1.432 mmol/l during post-partum period, eihiwere lower than the normal
physiological range (132-152 mmol/l) (Radost#s al., 2000). Significant difference was
observed in healthy and subclinical ketotic daioyvs in districts. A highly significant ¢9.01)
decrease was noticed in the mean plasma Na levstineen the pre to post-partum transition
period (Table 3). District wise analysis revealetba significant decrease in the mean plasma Na
level from the pre to the post-partum period in sdwt between the districts non significant level
was recorded. Zhangt al. (2011) reported no significant effect on plasmal®eel in cows with
sub clinical ketosis.

4.2.5 Potassium (K):
4.2.5.1 Interaction (between health and parity; hdéh and stage) affecting potassium
level:

The overall mean of all the cows across varioufidis, stages, parity and healthy/SCK
groups for potassium in plasma was 4.706+0.084 whnidie differences among subclass means
were non significant across districts (4.836+0.18&0l/l in Bikaner, 4.655+0.141 mmol/l in
Jodhpur and 4.627+0.173 mmol/l in Pali-Marwar) ndigant in healthy/SCK groups
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Fig. 15: Interaction between health and stage afifgeting potassium level.
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Fig. 16: Interaction between health and parity veiffecting K level
(4.4831£0.094 in healthy and 4.929+0.145 mmol/l SGKY non significant in parity groups
(4.514+0.118 3-8 parity and 4.898+0.118 mmol/l above™ Parity). The effect of pre
(4.726+0.089 mg/dl) and post-partum (4.674+0.104oMinstages were significant €8.05) in
pooled data. There were no effects of two factéeraction indicating that difference among
districts. Whereas the interaction between heaithstage group was highly significan(P01).
The trend is depicted in Fig. 15. This showed tihat potassium level was lower in healthy
groups. The chances of SCK to ketosis will be memmd animals were in dehydration due to
excess loss of sodium and accumulation of K in ¢hloausing depletion. In stage and health wise
interaction, in pre- partum stage almost equal @ost-partum stage high level of K level in SCK
dairy cow. The interaction between parity and Heats also highly significant §8.01). The
trend is depicted in Fig. 16. This showed the sites level was higher in subclinical ketosis
dairy cows of above'sparity.
4.2.5.2 Healthy dairy cow potassium (K):

The overall mean plasma K concentration recordess w.873+0.094 mmol/l during
pre-partum period; 4.439+0.098 mmol/l during pgsrtum period, which was well within the
normal physiological range (3.9-5.8 mmol/l) for tkkews. However a significant £B.05)
decrease was recorded in the overall mean plasieaef from the pre to post-partum transition
period (Table 3).
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Fig. 17: Overall mean (xSE) plasma potassium vailuégalthy and SCK crossbred cows.

District wise: Mean plasma K concentration were 4.806+0.123,%:20161, 4.405+ 0.227
mmol/l during pre-partum period; 4.613+ 0.139, 4430.172, 3.998+ 0.206 mmol/l during
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post-partum period in cows from Bikaner, Jodhpud &ali-Marwar dairy farms, respectively.
Non significantly lower mean K concentration wasamled in dairy farms during the pre to
post-partum period (Table 4).
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Fig. 18: Mean (+SE) plasma potassium valudsemithy and SCK crossbred cows.

Overall Mean plasma K level recorded lower in caws3® -5" parity (4.514+0.118
mmol/l) in comparison to above"S5parity cows (4.898+0.118 mmol/l) and there was no
significant difference in parity wise in K leveldile 5). Parity wise, highly significant<B.01)
differences were recorded in healthy and subclirietotic dairy cows and stage wise (Pre to
post-partum transition periods).

Plasma K level did not show any definite patterrriry different parity; while a
decrease was noticed after calving in farms dutirgearly milking period. Different workers
have proposed several hypotheses for these vapaltierns. Some workers have concluded that
the decrease in K level might be due to increasstster of this cation into the milk (Jacebal.,
2011). Similar results were reported by variouseothuthors viz. Jacob (2000) in crosshred
heifers and Sivaramaet al. (2003) in Jersey crossbred cows, Padodsral. (2012) in triple
crossbred cattle. Certain workers (Taintugeal., 1984, Deshpandet al. 1998 and Dodamarsit
al., 2009) found non significant differences in serurteitel during different stages of pregnancy.
However, the increase in K concentration was remw@fter pregnancy might be due to the fact
that K is located mostly within the cells and i®ded for maintenance of acid-base balance in the
body and for normal tissue protein synthesis, Qaeddent big K channel (Bk (ca) channel) in
protein depleted animals during the advanced pregnavhich helps in the uterine relaxation at
the time of labor (Choudhumt al.,2011).
4.2.5.3 Potassium (K) concentration in subclinicétetosis dairy cow:

Overall mean plasma K concentrations recordecaaithy and SCK cows were 4.873+0.094,
4.25140.199 mmol/l during pre-partum period; 4.43@88, 5.436+0.264 mmol/l during
post-partum period, respectively. The differencesMeen the healthy and sub clinical ketotic
animal in pre-partum and post-partum transitioniqaerwere significant. District wise, no
significant variation was noticed in K concentratio cows from the entire district from the pre
and post-partum period (Table 3). Findings of Zhatgal. (2011) revealed non significant
differences in the plasma K level between healtity 8CK affected cows.

The higher concentration of ketone bodies in bloadsed metabolic acidosis and thus,
resulted in urinary loss of sodium and accumulatidrpotassium in plasma causing further
dehydration. To compensate the loss of bicarbotfaite normally occurs during metabolic
acidosis, the excess of chloride ions got shifteninfintracellular fluid (ICF) to extra cellular
fluid (ECF) and, hence, its level increased in $heum of sub-clinical ketotic animals (Carison,
1997; Sharma and Kumar, 2001).

4.2.6 Copper (Cu):
4.2.6.1 Interaction between districts and health &cting copper level:

The overall mean of all the cows across variougridis, stages, parity and healthy/SCK

groups for copper in plasma was 0.694+0.012 ppma. difierences among subclass means were
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highly significant (R0.01) across districts (0.767+0.020 ppm in Bikaer58+0.021 ppm in
Jodhpur and 0.556+0.026 ppm in Pali-Marwar), higlsignificant in healthy/SCK groups
(0.75440.014 in healthy and 0.633+0.021 ppm SCKJ &on significant in parity groups
(0.755+0.017 ppm 3% parity and 0.632+0.017 ppm abové' Parity). The effect of pre
(0.847+0.019 mg/dl) and post-partum (0.702+0.01@)pptages were highly significant{®01)

in pooled data. There were no effects of two fadatteraction indicating that difference among
districts. Whereas the interaction between distréetd health status was significant@®5). The
trend is depicted in Fig. 19. It shows that the @odevel was lower in healthy groups across all
districts but the rise in their level was signifitig higher in (0.878+0.018 to 0.656+0.034 ppm)
Bikaner district and lowest (0.589+0.031 to 0.524#43@ ppm) in Pali-Marwar district.
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Fig. 19: Interaction between districts and healtbevaffecting Cu level.
4.2.6.2 Copper (Cu) concentration in healthy daincow:

The overall mean plasma copper (Cu) concentradoorded was 0.886+0.022 ppm during
pre-partum; 0.738+0.018 ppm during post-partumsitaon period which was within the normal
physiological range 0.60-1.50 ppm as stated by Me&lo(1992). However, a highly significant
(P<0.01) decrease was recorded in Cu concentratiohgeba pre to post-partum transition
period (Table 3).
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Fig.20: Overall mean (+SE) plasma copper valudsegithy and SCK crossbred cows.

From the findings of Gooneratmt al. (1986a and 1986b), it appears that Cu is actively
transported across the placenta from the dam tdaieis and storage of Cu by the growing
foetus proceeds even when the dam is fed a Cuieleffidiet, at the expense of maternal Cu
reserves. The gradual reduction in plasma Cu cdrat@n from 7-month of gestation period
might have been due to increased foetal accumnlaticCu and the homeostatic mechanisms of
the dam operating to maintain the dam plasma Cwerdration at a reasonable level and
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conserved much needed Cu by minimizing losses W during that time. The variations in
plasma Cu concentrations under the present diffestaige (pre and post transition period) are a
reflection of the net result of foetal demand andiotation. Thus the plasma Cu concentrations
in pregnant cattle observed in the present studyiwagreement with those reported by Sraart
al. (1986) and Gooneratnet al. (2013). The intra-ruminal complexing of the coppméth
insoluble sulphide and thiomolybdate leads to leepper availability in connection with
development of rumen function (Suttle, 1975). Therage value (ppm) of serum copper of cattle
ranged from 0.58-0.67 ppm as against the criticait lof 0.65 ppm (McDowell, 1987). Similar
finding was also reported by Das al. (2003), Sharmat al. (2003b), Hussain (2006), Kumar
(2006), Das (2007), Kumaat al. (2008), Sharmat al. (2009), Turkar (2010) and Bhat al.,
(2011) in hill zone of West Bengal, Haryana, Vidiaregion of Maharastra, Tripura, Himachal
Pradesh, Uttar Pradesh, Madhya Pradesh and Gahdeghmn of Kashmir, respectively.

District wise: The mean plasma Cu concentration recorded wa0.0®26, 923+0.035,
0.619+0.022 ppm during pre-partum period and 0.83225, 0.711+0.025 and 0.546+0.015 ppm
during post-partum transition period from the vadofarms of the Bikaner, Jodhpur and
Pali-Marwar dairy farm. District wise significant({?<0.05) lower values were recorded in all the
district but in Pali-Marwar dairy cows copper lewghs low during the pre and post-partum
period as compared to the cows from the otheridist(Jodhpur and Bikaner) (Table 4). Non
significant differences were observed betweeniattidts during pre and post- partum transition
period.
Mean plasma Cu level was highest in cows'd35" parity (0.755+ 0.017 ppm) and a
non significant decrease was observed in cows fimrto post-partum transition period with the
lowest (0.632+ 0.017 ppm) level being observeddws above Bparity during the post-partum

period (Table 5).
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Fig. 21 Mean (£SE) plasma copper values in healthy and &Gssbred cows.

The importance of Cu as an essential trace elelrebeen recognized for over 70 years,
with the early discovery that Cu was necessarynimmal haemoglobin synthesis in young
rabbits and rats. Since that time, the importanteCw for normal growth, production and
reproductive performance has been established.bidiegical role of Cu is exerted through a
number of Cu-containing proteins including cerusgphin and superoxide dismutase (SOD)
(Prohaska, 1991). The high serum Cu level in pregaaimals could be related to increased Cu
in the form of ceruloplasmin enzyme in responséntmeased blood estrogen or progesterone
(Sato and Henkin, 1973; Yokus and Cakir, 2006) deerease in serum Cu concentration during
lactation because of being secreted out with ntilikderwood, 1971) and being stored in the liver
before being secreted into milk (Adelstein and &gaJI1962). Pathaét al. (1986) also reported
that an increase in Cu concentration from the 1@stlays of gestation towards parturition was a
requirement to trigger on the endocrine glandgedl#o the physiology of initiation of labor pain
and process of parturition. One hypothesis for dherease in Cu level during early lactation
might be due to the decrease in albumin level dueisrly pregnancy as albumin was required for
the transport of Cu in the form of low-moleculariglg complexes (histidine) to target tissues,
particularly the liver (Kaneket al, 2008). Noaman (2013) concluded that reduced eval |
observed in his study may be due to the higherefel which caused inhibition of the intestinal
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Cu absorption, which is similar to our study.
4.2.6.3 Copper (Cu) concentration in subclinical k®sis dairy cow:

Overall mean plasma Cu concentration was 0.88@2).00.718+0.028 ppm during
pre-partum period and 0.738+0.018, 0.587+0.023 gpnng post-partum period in healthy and
SCK cows, respectively. Highly Significant{®.01) differences across two stages were recorded
in plasma Cu values between healthy and SCK cows.

Highly significant (R0.01) variation was recorded in mean plasma Cuemnation from
pre to post-partum period in cows from Bikaner 87% 0.042 and 0.593+ 0.038), Jodhpur
(0.793% 0.034 and 0.639+ 0.023 ppm) and Pali Mar(@570+ 0.023 and 0.503+ 0.022 ppm)
district (Table 4), respectively. Contrary to theegent findings, Zhangt al. (2010) did not
observe any effect of subclinical ketosis on theamplasma Cu level in the healthy and SCK
affected cows. Puis (1994) reported that margingber deficiency causes reduced growth rates
and reduced feed efficiency, fertility and incrahsecidence of retained placenta and chronic
diarrhoea in buffalo calves ( Kachhawaha, 2011)illipt et al. (1987) showed reduced
conception rates and disrupted estrus activityaitlee suffering from a primary copper deficiency.
Similarly in Pali district farmer reported repeakeéder and abortion in pregnant animal and
chronic diarrhoea in young calf.

4.2.7 Iron (Fe):
4.2.7.1 Interaction between health and stage afféng iron level:

The overall mean of all the cows across varioufridis, stages, parity and healthy/SCK
groups for iron in plasma was 2.121+0.045 ppm. differences among subclass means were non
significant across districts (2.172+0.072 ppm irkadier, 2.009+0.076 ppm in Jodhpur and
2.181+0.094 ppm in Pali-Marwar), non significant lrealthy/SCK groups (2.027+0.051 in
healthy and 2.214+0.078 ppm SCK) and non signifidaparity groups (2.302+0.064 ppm %-5
parity and 1.939+0.064 ppm abovd' parity). The effect of pre (2.276+0.058 ppm) and
post-partum (1.846+0.045 ppm) stages were highdpificant in pooled data. There were no
effects of two factor interaction indicating thaffekence among districts. Whereas the interaction
between health and stage was significartO(B5). The trend is depicted in Fig. 22, which
showed that the iron level was significantly highehealthy group in comparison to SCK.
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Fig. 22 Interaction between health and stage wise affgdton level.
4.2.7.2 Iron (Fe) concentration in healthy dairy cu:

The overall mean plasma iron (Fe) concentratieonsed was 2.253+0.073 ppm during the
pre-partum period and 1.748+0.052 ppm during pastdyon transition period. Highly significant
decrease was noticed in the mean plasma Fe leraltfie pre-partum period to the post-partum
period in the overall mean values. The overall mesdues were higher than normal physiological
range of 1-2 ppm (Radosti&t al., 2000). Pregnancy stimulates increased iron ahisorfitom
gastrointestinal tract to meet the requirementoetds thus increasing serum iron. However, as
pregnancy advances foetal demands overtake th@fatesorption and thus decreased value of
serum and also due to increase in plasma volumdtirgs in decrease in haemoglobin and
consequently iron concentration (Soliman and Amirod®65). Hb level decrease during
pregnancy due to transfer of Hb across the placamiahaemodilution (Singét al, 1992).This
might be because of utilization of iron by mammatgand. Azab and Maksoud (1999) also
reported similar findings in Baladi goat. The meptasma iron concentration differed
significantly (<0.05) among different groups.
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Fig. 23: Overall mean (£SE) plasma iron valueséalthy and SCK crossbred cows.

District wise: Mean plasma Fe level recorded from the farmshefBikaner, Jodhpur
and Pali Marwar district dairy farm were 2.500+10.11.961+ 0.100, 2.182+ 0.159 ppm during
pre-partum period and1.855 +0.075, 1.591+ 0.0907/6+ 0.111 ppm during post-partum
transition period respectively. Non significantfdience was recorded in the plasma Fe level in
the cows of all district dairy cows from during tpee and post-partum period. However, the
mean plasma Fe level were above the normal phygealbrange and it did not follow any clear
trend along with parturition (Table 4).
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Fig. 24 Mean (xSE) plasma iron values in healthy and S@6sbred cows.

Mean plasma Fe level was recorded in cows fht8 5" parity (2.197+0.086,
1.761+0.063 ppm) and in cows aboV arity (2.426+0.127 and 1.709+0.092 ppm) in prd an
post-partum transition period which were non sigaifit in parity, healthy and stage wise.
However, Singhet al. (2003) recorded comparatively lower mean valueadult cattle of 3-6
years of age groups (117.924880l/l) than cattle of >6 years age groups (127.88%imol/l)
and young cattle of <3 years of age (127.67+%4r5d/1).

Iron plays an important role in many biochemicalat®ons such as anti-oxidant defense
system, energy and protein metabolism, as a haespiragry carrier, oxidation-reduction
reactions and in electron transport system (Andr2@08). Thus, it may be expected to have
indirect effects on the animals during peripartorigoeriod. The present findings closely
corroborated with the reports of Bostexttal. (1974) and Rupdet al. (1993). The high Iron
concentration during the late pregnancy and lowinguearly lactation might be due to the
increased transfer of this nutrient across theegpltec and haemodilution during late pregnancy
and at calving, together with the initiation of dea follicular activity postpartum, leading to
high circulatory estrogen which stimulated the Irigdof iron with the proteins in liver and,
thereby, increased concentration in plasma (Mebeak,2002; Jacolet al.,2003).
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However, Akhtaret al. (2009) reported a decrease in the mean Fe coatientwith approaching
parturition and cited the possible reason for therélase due to the utilization of Fe by mammary
gland.

4.2.7.3 Iron (Fe) concentration in subclinical kettc dairy cow:

Overall mean plasma Fe concentrations in healthy 8&€K affected cows were
2.253+0.073, 2.348+0.066 ppm during pre-partumagaerl.748+0.052, 2.166+0.051 ppm during
post-partum transition period, respectively. Sigaifit differences were recorded between healthy
and SCK and different stages.

District wise, mean value were 2.343+ 0.101, 2.190%8; 2.310+ 0.098, 2.094+ 0.085
and 2.410+ 0.169, 2.183+ 0.117 in pre and postdpattansition period in Bikaner, Jodhpur and
Pali —Marwar, respectively. Non significant deceeagms observed in the mean plasma Fe level
from pre to post-partum period in cows in the &@tricts. (Table 4).

4.2.8 Zinc (Zn):

There was no interaction recorded in zinc leveramsition periods of cross bred cow. The
overall mean of all the cows across various distyistages, parity and healthy/SCK groups for
zinc in plasma was 1.068+0.009 ppm. The differenae®ong subclass means were non
significant across districts (1.087+0.015 ppm irkadier, 1.076+0.016 ppm in Jodhpur and
1.041+0.020 ppm in Pali-Marwar), non significant lrealthy/SCK groups (1.067+0.011 in
healthy and 1.069+0.016 ppm in SCK) and signifidargarity groups (1.171+0.013 ppm in 3-5
parity and 0.964+0.013 ppm in abov& Barity). The effect of pre (1.189+0.011 ppm) and
post-partum (0.985+0.011 ppm) stages were highdpificant (<0.01) in pooled data. There
were no effects of two factor interaction indicgttifference among districts.
4.2.8.1 Zinc (Zn) concentration in healthy dairy cw:

The overall mean plasma zinc (Zn) level recordedewl.188+0.013 and 0.988+0.013 ppm
during pre and post-partum period. Highly signifitgP<0.01) decrease was recorded in the
overall mean Zn concentration from the pre-partweriqal to the post-partum transition period
(Table 3).

In post-partum cows lower plasma zinc values weoenmded as compared to pre-partum
groups. This may be due to positive correlationzioic of milk to dietary intake in case of
neonatal feeding (Underwood, 1981).
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Fig. 25: Overall mean (+SE) plasma zinc valuesdalthy and SCK crossbred cows.

District wise: The mean plasma Zn concentration was 1.235+ 0.02157+0.016,
1.128+0.024 ppm during the pre-partum period; 1#00921, 0.983+0.015, 0.916+0.025 ppm
during the post-partum period in the cows Bikankdhpur and Pali-Marwar dairy farms,
respectively. No significant difference was obsdnacross the district during the pre and
post-partum period a (Table 4 and Fig. 26).
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Fig. 26: Mean (£SE) plasma zinc values in healtiy SCK crossbred cows.

Overall parity wise significant difference was oeded in pre and post-partum transition
period. Mean plasma Zn level were 1.193+ 0.0158®t90.015 in % to 5" parity and 1.176+
0.029 and 0.983+ 0.024 in aboV8 jBarity in pre to post transition period. No sigzaht changes
were observed in Zn level in healthy and SCK days during transition period in different
parity.

Reduced mean plasma Zn concentration around thgap@m might be due to the fact
that during the late term fetuses accumulate znrate of about 12mg/day (House and Bell, 1993)
and also during early lactation Zn was requiredtiercolostrum synthesis (Kincaid and Cronrath
1992), in addition glucocorticoids reduced Zn aption combined with various stressors to
stimulate metallothionoein synthesis, which pulled into cells. Zinc is primarily involved in
protein synthesis, carbohydrate and nucleic acidabwdism. The role in reproduction is
pronounced in males. Reduced level of Zn in digthtnalso be the factor for reduced Zn level
in plasma. Similarly, Alonset al. (2000) suggested copper induced inhibition of Zmstinal
absorption for the inverse relationship observetivben plasma concentrations of Zn and Cu in
cows during the late pregnancy period. In our stidyh the micro minerals (Zn and Cu) were
low in post-partum transition periods and they hadnverse relationship.
4.2.8.2 Zinc (Zn) concentration in subclinical ketsis:

Overall mean plasma Zn level in healthy and SCKeaffd cows were
1.188+0.0131.192+0.020 and 0.988+0.013, 0.974+0.@%0n, respectively from pre to
post-partum period (Table 3). Non significant diffeces were observed between both groups.
However, Zhanget al. (2010) reported a significant decrease in the npd@gma Zn level in SCK
cows as compared to the healthy cows. A non sigmifi decrease was observed in the mean
plasma Zn level from the pre-partum to the postyparperiod in both the groups (healthy and
SCK cows), as it has been reported that decreaseditentration influenced the generation and
metabolism of BHBA, by affecting the secretion n$ilin in dairy cows with subclinical ketosis
(Hayirli, 2006). However, a non significant effagas seen in all the cows from various districts
in between pre and post-partum period (Table 4).

4.2.9 Prevalence of deficiencies status of varioogacro and micro mineral:

Mineral deficiency is a common problem in livestotarming affecting the animal
productivity and thereby the economy of dairy farsné&everal studies have been carried out in
different regions of the country revealed deficienoof either one or more minerals (Shareha
al., 2006; Sharma and Joshi, 2004; Shaemal, 2003b; Kumar, 2006; Prasad (1998), Hussain,
2006, Turkar, 2010; Sarkat al, 2004; Ramanat al, 2000; Chaudhari and Gupta, 1983; Bas
al., 1997, Baruah and Baruah, 1997; Gatrgl, 2000; Yatoo, 2011). From available literaturis it
evident that no such study has been carried drajasthan.

Based on the results of analysis, prevalence frdtficiencies for various minerals in
crossbred cows was calculated in Bikaner, JodhpdiPali-Marwar districts of Western Raja.
4.2.9.1 Calcium:

The overall prevalence of Ca deficiency in cowsvafious districts was 34.15 per cent
(42/123); which were marginally deficient (Ca= 58.15 mg/dl) (Table 6 and Fig. 27). Ribeab
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al. (2013) reported a prevalence of 43.30 per censtitclinical hypocalcaemia in cows during
the first 10 days postpartum. However, overall icahcdeficiency (34.15%) was higher than that
for plasma phosphorus (31.70%) in the dairy cowdiffierent district of western Rajasthan.
Similarly, Sharmaet al. (2006), Ozukum (2011), Siddique (2011) and Sindgbil®) reported an
overall prevalence of calcium deficiency of 22.80,12, 22.45 and 16.60 per cent respectively in
dairy animals. While Houet al (2001) reviewed several studies that recordetheidence rate
for subclinical hypocalcaemia between 23 and 398w Ca diets fed pre-partum are commonly
used as a control strategy for milk fever. Calcinmake limited to less than 30 g of total Ca/ day
(Sorenseret al, 2002). The mean plasma calcium level of all gatg dairy cow were close to
the normal physiological range (8-10.5 mg/dl).

District wise: Analysis of results revealed that highest deficjewas shown by the animals

of Jodhpur district with a deficiency of 43.90 pent (18/41), and all the animals were marginally
deficient in the Ca. Cows from the Bikaner distshbwed an overall deficiency of 25.42 per cent
(15/59), which were marginally deficient. Similaity Pali Marwar out of 23 cows, 14 animals
(60.87 %) showed normal calcium level (>8.15 mgédiyl 9 animals (39.13%) were marginal
deficient in calcium (Table 6).

Parity wise: Maximal deficiency was observed in cows aboVe parity, with a
prevalence of 50 per cent (17 out of 34), follovegccows in ' to 5" parity with a prevalence of
28.09 per cent (25/89). However, Ozukum (2011) &imgh (2013) reported highest deficiency in
dairy animals of 3-6 years age group followed byyeérs age group (Table 7).

4.2.9.2 Inorganic phosphorus (Pi) :

The overall prevalence of hypophosphataemia irctives from all the districts was found to
be 40.65 per cent (50/123) (Table 6 and Fig. 2¥}hé present study, among the major elements,
the prevalence of plasma calcium and phosphorusietlefy was more in post-partum dairy cow
as compared to pre-partum. This is probably dughto requirement of these minerals for
productivity and the physiological status (Mcdow&®92). This may also be attributed to dietary
imbalances of calcium and phosphorus, higher reqments due to production and dietary
interaction with other minerals, especially higlake of iron resulted in formation of insoluble
phosphate in acidic pH of abomasum affecting the-availability of phosphorus. This
unavailable phosphorus not only affected phosphdsus also utilization of calcium by
precipitation at intestinal level, thus preventitsgabsorption (Maynardt al.,1979).

Similar to the present findings, Singhal (2005), Sharmat al. (2006), Siddique (2011)
and Singh (2013) reported phosphorus deficien@ri8, 22.07, 29.8 and 27.12 per cent in cows,
respectively. However, Randhawa (1993) had recordemhparatively lesser incidence of
hypophosphataemia (9.58%).

District wise: Highest deficiency was shown by the cows of Jodhpdistrict with a
prevalence of 56.09 per cent (23/41), followed lbyvs from Pali-Marwar district showing a
prevalence of 39.13 per cent, with 9 out of 23 ctwasing Pi level < 4 mg/dl. Similarly cows
from the Bikaner district showed a hypophosphataesh30.51 per cent (Table 6).

Parity wise: Cows from the above"SBparity showed maximal deficiency with a prevalence
of 55.88 per cent (19/34), followed by cows in 8f&-5" parity, with a prevalence of 34.83 per
cent, respectively. However, contrary to our resu@zukum (2011) and Singh (2013) reported
age related fall in plasma Pi level in cattle, vdzy, Randhawat al. (2006) detected non-
significant fall in the mean plasma Pi level witheang (Table7 ). Regarding blood minerals,
higher phosphorus concentrations in young cows weperted by McAdam and O’Dell (1982).
This increase has been related to higher growtmboe activity, promoting intestinal phosphate
absorption and renal phosphate re-absorption (MayeHarvey, 2004).
4.2.9.3 Magnesium (Mg):

The average values of plasma magnesium in alliplogscal groups of dairy cow were
within the normal range. This may be attributeddequate level of magnesium in soil and fodder.
Similar finding was also reported by Sharetaal. (2003a) in dairy animals of Kumaon hills,
Hussain (2006) in Vidharba region of Maharastras [007) in Tripura and Turkar (2010) in
Madhya Pradesh and Blettal. (2011) in Kashmir. Randhavet al (2009) and Dast al (2009)
reported no significant deficiency of Mg in buffaof Punjab and cattle of high rainfall area of
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Tripura.
4.2.9.4 COPPER (Cu):

The overall prevalence of copper deficiency insstimed cows from various districts was
found to be 33.33 per cent (41/123), with 29 out28 cows (23.57 %) marginally deficient (Cu -
0.5-0.6 ppm) and 12 out of 123 cows (9.76 %) wexeirty copper levels lower than <0.5 ppm
(Table 6 and Fig. 27). The overall prevalence réedrin the present study was comparable to
those recorded in previous studies by various werks 34.6 per cent by Randhawa (1999) and
46.9 and 40.4 per cent in summer and winter seaspectively by Chhabra (2006). The overall
prevalence of Cu deficiency in bovines of westerahisrashtra was 33.77%. Kumar (2006)
reported 44.37% prevalence of Cu deficiency in besiof Bihar while Hussain (2006) revealed
36.20% prevalence of Cu deficiency in bovines afavbha. However Noaman (2013), reported
Cu deficiency in 69.00 per cent in the animalsredan the industrial area of Iran. Molybdenum
is geochemically in excess in soils and is aburgaaken up by legume crops causing its
toxicity and conditioned copper deficiency (Undeodcand Suttle, 1999). Besides, interactions
of copper with molybdenum and sulphur interferehwts absorption resulting in its deficiency.
Copper deficiency has been not reported earlieV@stern Rajasthan. Perhaps it could due to
excessive legume feeding which were reported duhiagsampling of dairy cows.

District wise: The prevalence of copper deficiency was highestaw of Pali-Marwar
district with a  82.60 per cent (19/23), with 12 @f 23 cows (52.17 %) having marginal Cu
deficiency and 7 out of 23 (30.43%) cows having I€el less than the <0.5 ppm. Similarly,
cows from the Bikaner district showed a deficienéy20.33 per cent (12/59); 8 cows (13.55%)
having marginal Cu deficiency and 4 out of 59 (6%dBcows having Cu level less than <0.5 ppm.
Cows from the Jodhpur district revealed a deficgeat 24.29 per cent (10/41), with 9 cows
showing marginal Cu deficiency and 1 cows showingl€vel less than <0.5 ppm (Table 6).
During the sampling period owner reported reprogednefficiency characterized by depressed
expression of oestrus behavior in cows and bufaléeministration of Cu orally or by injection
has led to rapid improvement in breeding perforreaotthe animals (Mahadevan and Zubery,
1993).

Parity wise: Highest deficiency was recorded in the cows'it@®5" parity, with a prevalence of
33.70 per cent (30/89), followed by in aboV&grity cows, with a prevalence of 32.35 per cent
(11/34). However in recent studies, Ozukum (201 &ingh (2013) reported highest deficiency
in animals of in the age group of <3 years (TaBle 7

4.2.9.5 IRON (Fe):

Iron deficiency was not found in cows of all dists (Table 6).Iron deficiency in adult
cattle is very rare because of their reduced reqménts and the ubiquitous availability of Fe in
nature and soil contamination of forages that erssthie fulfillment of Fe requirements of cattle
(Underwood, 1981). Also the majority of Fe incorgid in tissues is effectively recovered and
recycled thereby reducing the maintenance requinefioe Fe (NRC, 2001). The higher plasma
Fe concentrations in bovines of Western Maharashight be attributed to adequate Fe content
in soils and fodder. Negligible deficiency of Felavines has been reported by Kumar (2006) in
Bihar (4.06%), Hussain (2006) in Vidarbha (7.9%#. ¢oncentration was reported adequate in
cattle and buffaloes of Haryana, Delhi, Uttar Peidand Uttaranchal (Sharrea al, 2003b, c;
2005; Sharma and Joshi, 2004a, b).
4.2.9.6 ZINC (Zn):

Overall prevalence of Zn deficiency recorded im tlows from all the districts were 2.43 per
cent (3/123) which showing marginal deficiency (0.8 ppm) (Table 6 and Fig. 27). The Zn
content of milk is about 4 mg/kg and so lactatioreduirement of Zn may be very large in
lactating animals compared to non-lactating bovii@siset al, 1972; Schwarz and Kirchgessner,
1975). NRC (1984) suggested that the recommendetdrdilevel of 30 ppm with a range of
20-40 ppm commonly to be adopted to alleviate the deficiency in animals. According to Puls
(1994), improved zinc status also improves feytitity reducing lameness, resulting in cows more
willing to show heat. Zinc in the form of Zinc oxd Zinc carbonate, Zinc sulphate or Zinc
methionine in the diet has proved to be successfufjood supplementation for cattle (Corah,
1996).

District wise: Highest prevalence of Zn deficiency was seen in dtawssbred cows of
Bikaner district with a prevalence of 3.39 per c&169), which showed marginal deficiency.
Similarly cows from the Jodhpur districts showepravalence of 2.50 % per cent Zn deficiency
which showed marginal Zn deficiency. (Table 6).

Parity wise: Highest prevalence of deficiency was shown by thescabove 8 parity with
a prevalence of 5.88 per cent (2/34), followed by in the & to 5" parity with a prevalence of
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1.13 per cent, which showed marginal Zn deficiefi@ble 7).
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Fig. 27: Overall deficiency status of macro and mio minerals
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Table 6: Status of Ca, Mg, Pi, Cu, Fe and Zn defiencies from three districts of Western
Rajasthan (n=123)

Plasma minerals Status Bikaner Jodhpur Pali-Marwar Overall
(n=59) (n=41) (n=23) (n=123)
Ca Normal 44 (74.57 %) 23 (56.09% 14 (60.87%0) 81 (65.85%0 )
(mg/dl) (>8.15mg/dI)
Marginal 15 (25.42 %) 18(43.90% 9 (39.13%) 42 (34.15% )
(5.17-8.15 mg/dl)
Low 0 0 0 0
(<5.17 mg/dl)
Deficiency (%) 25.42 % 43.90% 39.13¢9 34.15%90
Mg Normal 59 41 23 123
(mg/dl) (>1.8 mg/dl)
Low 0 0 0 0
(<1.8 mg/dl)
Deficiency (%) 0 0 0 0
Pi Normal (>4.0) 41 (69.49%) 18 (43.90% 14(60.87%) 73 (59.34% )
(mg/dl)
Low (<4.0) 18 (30.51% ) 23 (56.09% 9 (39.13%) 50 (40.65p0)
Deficiency (%) 30.51 % 56.09% 39.13¢9 40.65%6
Cu Normal 47 31 4 82
(ppm) (>0.6ppm) (79.66%) (75.61%) (17.39%) (66.66%)
Marginal 8 9 12 29
(0.5-0.6ppm) (13.55%) (21.95%) (52.17%) (23.57%)
Low 4 1 7 12
(<0.5 ppm) (6.78%) (2.43%) (30.43%) (9.75% )
Deficiency (%) 20.33% 24.299 82.609 33.33%
Fe Normal 59 41 23 123
(ppm) (>1.0 ppm)
Low 0 0 0 0
(<1.0 ppm)
Deficiency (%) 0 0 0 0
Zn Normal 57 40 23 120
(ppm) (>0.8 ppm) (96.61% ) (97.56% ) ( 100%) (97.56% )
Marginal 2 1 0 3
(0.6-0.8 ppm) (3.39%) (2.43% ) (2.43%)
Low 0 0 0 0
(<0.6 ppm)
Deficiency (%) 3.39% 2.50% q 2.43Y

Classification suggested as per Radostitsl.,2007.
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Table 7: Parity wise prevalence rate of Ca, Mg, PiCu, Fe and Zn deficiencies among
crossbred cows.

Plasma Status 37 - 5" parity >5" parity (n=34) | Overall (n=123)
minerals (n=89)
Ca Normal 64(71.91%) 17 (50% 81(65.85%)
mg/dl (>8.15mg/dl)
Marginal 25 (28.09%) 17 (50% 42(34.15%)
(5.17-8.15 mg/dI)
Low 0 0 0
(<5.17 mg/dl)
Deficiency (%) 28.09% 50% 34.15%
Pi Normal 58 (65.16%) 15(44.11% 73 (59.34%)
(mg/dI) (>4.0)
Low 31(34.83%) 19(55.88% 50 (40.65 %)
(<4.0)
Deficiency (%) 34.83% 55.88% 40.65%
Mg Normal 89 34 123
(mg/dl) (>1.8 mg/dl)
Low 0 0 0
(<1.8 mg/dl)
Deficiency (%) 0 0 0
Cu Normal 59(66.29%) 23(67.64% 82(66.67%)
(Ppm) (>0.6ppm)
Marginal 19(21.34%) 10(29.41% 29(23.57%)
(0.5-0.6ppm)
Low 11(12.36%) 1(2.95% 12(9.76%)
(<0.5 ppm)
Deficiency (%) 33.70% 32.35% 33.33%
Fe Normal 89 34 123
(Ppm) (>1.0 ppm)
Low 0 0 0
(<1.0 ppm)
Deficiency (%) 0 0 0
Zn Normal 88(98.87%) 32(94.11% 120(97.56%)
(ppm) (>0.8 ppm)
Marginal 1(1.13%) 2(5.88% 3(2.44%)
(0.6-0.8 ppm)
Low 0 0 0
(<0.6 ppm)
Deficiency (%) 1.13% 5.88% 2.44%

4.3 OXIDATIVE STRESS INDICES:

The ANOVA of oxidative stress parameters have hresented in appendix Table no.

24,

4.3.1 Reduced glutathione:
4.3.1.1 Interaction between districts and parity wse affected GSH level:
The overall mean of all the cows across varioufridis, stages, parity and healthy/SCK
groups for GSH in plasma was 2.617+0.063 mg/digmerHb. The differences among subclass
means were highly significant €B.01) across districts (2.411+0.101 in Bikaner32#D.107 in
Jodhpur and 3.000+0.131 mg/dl per gm Hb in Paliwva), highly significant in healthy/SCK
groups (2.423+0.071 in healthy and 2.811+0.109 ingéd gm Hb in SCK), non significant in
stage wise (2.456+0.072 in pre-partum and 2.24981@g/dl per gm Hb in post-partum) and
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non significant parity groups (2.751+0.089 1U/L3rB" parity and 2.483+0.089 IU/L in abov& 5
parity). The effect of pre and post-partum stagesewon significant in pooled data. There was
significant effect of two factor interaction indtogg that difference among districts and stage in
reduced glutathione level. Values in healthy/SCKugis or stage groups remain unchanged,
whereas the interaction between districts andpat#tus was significant §0.05). The trend is
depicted in Fig. 28.
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Fig. 28: Interaction between districts and paritganaffecting reduced GSH level.
4.3.1.2 Reduced glutathione (GSH) levels in healtlyyossbred cows:

GSH present in reduced and oxidised form in theyb®te oxidized form is very unstable.
So we used reduced glutathione to measure the lefvadtress in whole blood. Reduced
glutathione is GSH in its reduced form.

The overall mean GSH level recorded in cows fr@mowus districts was 2.333+0.085 mg/dl
per gram Hb during pre parturient period and 2.18090 mg/dl per gram during post parturient
period. Highly significant (R0.01) differences were observed in overall headthgl subclinical
ketotic dairy cows (Table 8 and Fig. 29).
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Fig. 29: Overall mean (xSE ) plasma reduce glutethivalues in healthy and SCK crossbred
cows.
Table 8: Overall mean of oxidative stress biomaskevestigated under study during
transition period.

Parameters | Periods Over all Total no. of dairy cows
Healthy (n=94) SCK (h=29) (n=123)
GSH Pre-partum. | 2.333+0.085 2.853+0.103 2.456+0.072
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(mg/dl per | Post-partum| 2.181+0.090 2.4680.129 2.249+0.076
gm Hb) Over all 2.423+0.071 2.811+0.109 2.617+0.063
MDA Pre-partum. | 36.211+0.917 44.533+1.699 38.173+0.865**
(nmol/ml Post-partum| 40.451+0.712 53.384+1.239 43.500+0.791**
per gm Hb) | Over all 38.813+0.729 49.753+1.118 44.283+0.650

NOTE: 1. Value bearing different superscript (agh,in a row depict highly significant £©.01).
2. Value bearing same superscript (a, a) in a repial significant (R0.05). 3. No superscript
mean non significant with in row or column. 4. *Highly significant (R0.01), *= significant

(P<0.05) between the column.

The mean GSH level recorded from various digriatas 2.152+0.136, 2.278+0.130,
2.911+0.092 mg/dl per gram Hb during pre parturipatiod and 2.036+0.160, 2.131+0.122,
2.654+0.083 mg/dl per gram Hb during post partdriperiod in the dairy cows of Bikaner,
Jodhpur and Pali Marwar dairy farm. Lower valuesreveecorded in the cows of Bikaner

post-partum period.
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Table 9: District wise oxidative stress investigabmder study during transition period in WestegjaRthan.

NOTE: 1. Value bearing different superscripb(@d) in a row depict highly significant<{p.01).
2. Value bearing same superscript (a, a) in adepict significant (g0.05).
Parameters Periods Bikaner Jodhpur Pali-Marwar
Healthy SCK Over all Healthy SCK Over all Healthy (n=17) SCK Over all
(n=44) (n=15) (59) (n=33) (n=8) (41) (n=6) (23)
GSH Pre 2.152+0.136 | 2.686+0.113 | 2.287+0.110 2.278+0.13p 278.208 | 2.385%0.117 2.911+0.092 3.307+0.254  3.0089
(mg/dl per gm Hb) Partum.
Post-part | 2.036£0.160 | 2.316+0.186 | 2.107+0.128 2.131+0.12p 7(x0.243 | 2.177%0.109 2.654+0.083 2.977+0.17: 2.03m80
um
Overall | 2.259:0.091 | 2.564:0.172 2.411+0201] 2.2360.102 | 2.641+0.191 | 2.439:0.107 | 2.77420.159 3.227+0.224 |  3.000£0.131
MDA Pre 34.244+1.304 | 44.321+2.655  36.806+1.30 35.813+1.5089.248+1.751 | 36.483t1.271| 42.077+1.893 52.1082.011 44.694+1.746
(nmol/ml per gm Hb) Partum.
Post-part | 41.186+1.244 | 53.529+1.552]  44.324%1.22 40.596+1.0050.300+1.790 | 42.489+1.060| 38.269+1.115 57.133:#3.6543.190+2.139
um
Overall | 38.406:0.930| 48751+1.75]  43.578+1703p 38.336:1.043 | 45.106+1.948  41.721+109] 39.699+1.622 55.404:2.279  47.551+1.34

3. No superscript mean non significarith in row or column.
4. **= highly significant (K0.01), *= significant (R0.05) between the column.
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Fig. 30: Mean (+SE) plasma reduce glutathione sinéealthy and SCK crossbred cows.
4.3.1.3 Reduced glutathione (GSH) level in SCK crebred cows:

The overall mean GSH level recorded in subclinkegbtic cows from various districts was
2.853+0.103 mg/dl during pre-partum period and 806129 mg/dl during post-partum period.
A non significant increase was noticed in the oer@an GSH level in between the pre-partum
and post-partum period.

District wise: The mean whole blood GSH concentration recordec: \2e686+0.113,
2.827+0.208, 3.307+0.254 mg/dl per gram Hb durirrg-gpartum period and 2.316+0.186,
2.370+0.243, 2.977+0.173 mg/dl per gram Hb duringtgpartum period from the various farms
of the Bikaner, Jodhpur and Pali-Marwar dairy faNon significant differences were observed in
healthy and subclinical ketotic dairy cows in thubstricts. Lower values were observed in the
Bikaner dairy cows during the pre and post-partuamdition period as compared to the cows
from the other districts (Jodhpur and Pali-Marw@gble 9).

Reduced glutathione (GSH) plays a key role in segivey t-butyl hydro peroxide, an
agent which induces lipid peroxidation (Trota al, 1982). Reduced Glutathione is a major
endogenous antioxidant produced by the cells, gpating directly in the neutralization of free
radicals and reactive oxygen compounds, as watha@staining exogenous antioxidants such as
vitamins C and E in their reduced (active) formsh@zet al.,1989). Reduced level of GSH was
observed in the present study, which might be du¢hé decreased production or increased
depletion. The activity of this enzymes increasefole calving as an indirect compensatory
response of cells to increased oxidant challengeiratr calving (Bernabucat al, 2005) to
maintain homeostatic control system of cows. Reduadivity of these enzymes after calving
may be due to reduction in availability of coppzinc and iron in early postpartum period or
reduction in antioxidant enzymes due to suscefitibiio the oxidative reactive molecules
(Bernabucciet al, 2005). Similarly Kincaid (2000); Lohrket al (2005b) and Sharmet al.
(2011) also recorded a significant depletion in tleod GSH level due to the increased
production of ROM during the early lactation as pamed to the advanced pregnancy, along with
a significant positive correlation between the G&ttl LPO (MDA) during the early lactation
period. Bernabuccet al. (2002; 2005) reported highest levels of SH grodpsing the late
pregnancy in comparison to the mid pregnancy amly &ectation. Hogaret al, 1993 found the
GPx-P activity increased in cows towards partunitiodicating more oxidative stress at the time
of parturition in 2 different groups. Oxidative &ta of dairy cows was related to energy status.
This indicated that post-partum energy status weaged than pre-partum. So dairy cows were
more stress during post-partum. Various earlierkexs have used reduce glutathione activity as
an indicator to assess oxidative stress in anifiédsariaet al, 2010, Joshi, 2012 and Panday,
2012).

4.3.2 Malondialdehyde (MDA):
4.3.2.1 Interaction between districts and stages phartum affecting MDA level:

The overall mean of all the cows across variougridis, stages, parity and healthy/SCK

groups for MDA in plasma was 44.283+0.650 nmol/ner gm Hb. The differences among
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subclass means were highly significank@®1) across districts (43.578+1.032 in Bikaner,
41.721+£1.091 in Jodhpur and 47.551+1.340 nmol/mi gm Hb in Pali-Marwar), highly
significant in healthy/SCK groups (38.813+0.72%althy and 49.753+1.118 nmol/ml per gm
Hb in SCK), highly significant in stage wise (383%#D.865 pre-partum and 43.500+0.791
nmol/ml per gm Hb post-partum ) and non significanparity groups (41.867+0.910 nmol/ml
per gm Hb 3-8 parity and 46.700+0.910 nmol/ml per gm Hb abo\g)@&rity ). The effect of "3
-5™ and above B parity were non significant in pooled data. Theras effect of two factor
interaction indicating that difference among digi Where in the interaction between districts
and stage was highly significant<{®01). The trend is depicted in Fig. 31. The intdom
between health and stage wise was significant. $havs that the MDA level was higher in
post-partum groups across all districts but the ifistheir level was highly significantly €8.01).

In the pre-partum stage of Pali-Marwar dairy cowesevmore stressful condition due deficiency
of Cu. The Cu level was low in Pali-Marwar in cormipan to Jodhpur and Bikaner. The sampling
of Pali-Marwar was taken in extreme hot seasonsummer season animal were under more
stress full condition in comparison to other season
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Fig. 31: Interaction between districts and stageewaffecting MDA level
4.3.2.2 Malondialdehyde (MDA) level in healthy crosbred cows:

The overall mean erythrocyic Malondialdehyde leredasured during different stages of
transition period was 36.211+0.917 and 40.451+0.@@®l/ml per gram Hb during pre and
post-partum period respectively. A highly signifita(P<0.01) increase was recorded in the
overall mean malondialdehyde level from the prpdst-partum period (Table 8, Fig. 32).
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Fig. 32: Overall mean (+SE) plasma MDA values ialttey and SCK crossbred cows.
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District wise: The mean erythrocyic malondialdehyde level in Bia Jodhpur and
Pali-Marwar dairy farm were 34.244+1.304, 35.81368. and 42.077+1.892 nmol/ml per gram
Hb during pre-partum period; 41.186+1.244, 40.596@1, 38.269+1.115 nmol/ml per gram Hb
during post parturient period, respectively. Sigaifitly (P<0.05) higher value was noted in the
cows of Pali-Marwar district as compared to the sofvBikaner and Jodhpur during pre and post
parturient period whereas, significantly<(R05) higher values were observed in the cows of
Bikaner district during the post-partum transitfmeriod (Table 9 and Fig. 33).
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Fig. 33: Mean (+SE) plasma MDA values in healthg &CK crossbred cows.
4.3.2.3Malondialdehyde (MDA) level in subclinical ketoticcrossbred cows:

The overall mean Malondialdehyde level recordedubclinical ketotic cows from various
districts was 44.533+£1.699 nmol/ml per gram Hb wgrpre-partum period and 53.384+1.239
nmol/ml per gram Hb during post-partum period. Hygkignificant (<0.01) increase was
noticed in the overall mean Malondialdehyde lewedlistricts, healthy and SCK and between the
pre-partum and post-partum period.

District wise: The mean whole blood Malondialdehyde concentratienorded was
44.321+2.655, 39.248+1.751, 52.108+2.019 nmol/mlgram Hb during pre-partum period and
53.529+1.552, 50.300+1.790, 57.133+£3.651 nmol/mi geam Hb during post-partum period
from the various farms of the Bikaner, Jodhpur dPai-Marwar dairy farm. Significant
differences (R0.05) were observed in healthy and subclinical tietdairy cows and stage wise.
Lower values were observed in the Jodhpur dairyscdwing the pre and post-partum transition
period as compared to the cows from other dist(Rilsaner and Pali-Marwar).

4.3.2.4 Oxidative stress parity wise in crossbreduws:
Mean value of GSH and Malondialdehyde level acpasgies was non significant.

Periods 3. 5" parity >5"parity
Paramete Healthy SCK (18) Over all Healthy (n=23) SCK (11) Over all
rs (n=71) (89) (34)
GSH Pre 226640100 | 2.841+0.136 | 2.383+0.088  2.540+0.149 73:8.165 | 2.648+0.116
(mg/dl Partum.
per gm Post 2.089+0.102 2.451+0.180 | 2.162+0.090  2.465+0.179 9®:@.178 | 2.475+0.132
Hb) Partum
Overall | 2293%0.067 | ) gy5:0159 | 2.751:0.089  2.553+0.128  2.69620.166 82+.089
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MDA
(nmol/ml
per gm

Hb)

Pre
Partum.

Post
Partum

Over all 38.500+0.681 | 51.059+1.620 41.867+0.910  39.127+1.275 48.448+1.69%.700+£0.910

Table 10 Oxidative stress profile in crossbred cows dependipon parity during transition
periods (Meanz S.E.)

Lipid peroxidation is a non-enzymatic chain reattidpased on oxidation of mainly
unsaturated fatty acids and is associated withptheence of reactive oxygen species (ROS). It
leads to the creation of lipid peroxides and otheermediates. These intermediates may
influence the properties of cell membranes andr tplisiological functions (Halliwell and
Gutteridge, 1985). The most common of these intdiates are malondialdehyde (MDA) and
4-hydroxynonenal (Comporti, 1989). Malondialdehy#DA) is widely preferred for detection
of free oxygen radicals in various pathological ditions (Lazzarincet al., 1994), it is a stable
by-product of cell membrane’s lipid peroxidationdais an indicator of cell membrane damage
(Otamiri, 1988) caused by oxidative stress. Blamgels of MDA were found significantly higher
in lactating (post-partum transition period) daggws in comparison to pre-partum transition
period indicating higher levels of oxidative strésdactating dairy cows. Singét al 2013 also
reported significant high level of MDA in pregnargmel in comparison to non pregnant and non
lactating camels. Results of the present study lstvesvn the pregnancy and lactation, both are
associated with generation of free radicals andlta® oxidative stress in dairy cows. Pregnancy
mostly because of the mitochondria rich placenta isondition that favours oxidative stress.
Transitional metals, especially iron, which aretigatarly abundant in the placenta, are important
in the production of free radicals (Casanueva atitériy 2003). Lactating animals undergo
substantial metabolic and physiological adaptatidosing the transition from pregnancy to
lactation that contribute to dysfunctional hostlamimatory responses (Sordillo, 2005).
Physiological stresses associated with rapid diffeation of secretory parenchyma, intense
mammary gland growth and the onset of copious sytkthesis and secretion are accompanied
by a high energy demand and an increased oxygerireetent. This increased oxygen demand
augments the production of oxygen derived reactartBectively termed as reactive oxygen
species (ROS). Accumulation of ROS can cause odlitigsue injury and can lead to a condition
of oxidant stress (Sordillo and Aitken, 2009). Argatie biomarkers malondialdehyde level in
lactating animals were high and reduced glutathigeee significantly low in lactating dairy cow,
it shows that antioxidant defenses (Reduced glista¢) exhausts earlier than the rise in level of
lipid peroxidation (Malondialdehyde). As a reselkcess accumulation of ROS can cause cell and
tissue injury and lead to a condition referred sooaidative stress in periparturient dairy cows.
Oxidative stress is thought to be a significant arfying factor leading to dysfunctional host
immune and inflammatory responses particularly myriimes of increased metabolic stress.
Indeed, several studies support the concept thdate stress can increase the susceptibility of
periparturient dairy cattle to a variety of healtborders (Sordillo and Aitken, 2009).

Higher level of MDA in cows might be explained biglher level of glucocorticoids and
adrenaline-induced pathways of aerobic energy mtimu associated with parturition which
generated reactive oxygen metabolites and lipidpéeation. The findings of the present study
are in corroboration with the results of Castékoal. (2003), Salefet al. (2007) and Sharmet al.
(2011); they also used lipid peroxidation as a e oxidative stress in cattle and found an
increase in the LPO level after calving, as lipidsre most susceptible to peroxidative damage
due to the presence of unsaturated bonds. Thefisagmi increase in the lipid peroxidation
especially after calving could be due to the insegimetabolic demands imposed on the cow by
colostrum production and the onset of lactatiort fha exceeded the demands of the fetus. The
metabolic adaptations to lactation were initiatedaite pregnancy, especially during the near to
parturition period. Also the highest LPO level atveel in cows from the Pali-Marwar district
might be linked to the decreased Cu and Zn lewalsgheir deficiency can reduce the activity of
Cu-Zn SOD enzyme resulting in increased lipid pafation (Kanekeet al.,2008). It might also
reduce synthesis of metallothionoein, a metal migdirotein that scavenge hydroxide radicals
(Prasackt al.,2004).

Significantly higher level of MDA and reduced l¢w# reduced glutathione in whole blood
observed in the present study, indicated decremaatioxidant defense and oxidative damage in
subclinical ketotic animals. Both zinc and coppes assential components of the antioxidant
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35.607+1.071 44.492+2.372 37.404+1.045  38.078+1.7/4614.599+2.377| 40.188+1.48

40.476+0.844 54.582+1.726 43.329+0.966  40.375+1.32461.424+1.555| 43.950+1.35




enzyme. Thus, over utilization or sequestration zdfic and copper to neutralize the
overproduction of reactive oxygen species (ROShirig responsible for their lower erythrocyte
concentrations in mineral deficient animals. It nh@ypossible that multimineral deficiency might
have reduced protective macromolecules (ceruloptdatbhumin) or have created imbalances in
transition metals (Ct/Fe™) and zinc leading to membrane damage from freeatdvia Fenton
reaction and subsequent oxidative stress and midipid peroxidation. Similarly, Sharmet al.
(2011) studied significantly reduced activity oflueed glutathione in dairy cow in periparturient
stage.
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4.4 Biochemical parameters:

The ANOVA of biochemical parameters have bemsented in appendix Table no. 25.
4.4.1 Total protein:
4.4.1.1 Interaction between (districts health wiseand stage wise; parity and stage)

affecting total protein

The overall mean of all the cows across three idistrstages, parity and healthy/SCK
groups for total protein in plasma was 7.019+0.64dl. The differences among subclass means
were highly significant (R0.01) across districts (6.999+0.065 in Bikaner1640.069 in Jodhpur
and 7.347+0.085 g/dl in Pali-Marwar), highly sigoént in healthy/SCK groups (6.816+0.046 in
healthy and 7.221+0.071 g/dl in SCK), non significen stage wise (7.211+0.060 pre-partum and
6.557+0.040 g/dl post-partum) and highly significam parity groups (7.016+0.056 g/dl, 85
parity and 7.021+0.066, g/dl abov® garity). The effect of pre and post-partum stagesewion
significant in pooled data. There was no effectvad factor interaction indicating that difference
among districts.Where as interaction between hesifttus and stage wise highly significant and
significant in parity and stage. In the post-partstage of % to 5" parity group were low levels
of total protein in comparison to abov® parity group. It shows that after the parturitgoung
animals (%' -5" parity) require more protein for production of knind cope-out the negative
energy balance.
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Fig. 34: Interaction between parity wise and staige affecting total protein level.
4.4.1.2 Total plasma proteins level in healthy dajyr cows:
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Table 11: Overall Plasma energy biomarkers andheiogcal profile investigated in healthy and
subclinical ketosis crossbred cows of three distiit Western Rajasthan during transition period.

NOTE: 1. Value bearing different superscript (agh,in a row depict highly significant £©.01).
2. Value bearing same superscript (a, a) in a repiad significant (R0.05). No superscript mean
non significant with in row or column. 4. **= highkignificant (F0.01), *= significant (R0.05)

between the column.
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Parameters Periods Over all
Healthy (n=94) SCK (n=29) Over all(123)
GLUCOSE | Pre-partum. 60.2330.731 45.612+1.323  56.786+0.950*
(mgy/dl) Post-partum 53.641+0.608 39.167+1.349  50.228+0.790*
Over all 56.293+0.6F1]  42.768+0.937| 49.530+0.545
TOTAL Pre-partum. 7.045+0.029 7.750+0.162 7.211+0.060
PROTEIN | Post-partum 6.534+0.042 6.633+0.098" 6.557+0.040
(g/dl) Over all 6.816+0.046 7.221+0.071 7.019+0.041
AL Pre-partum. 3.091+0.099 3.129+0.1p2  3.100+0.0B1*
(g/dl) Post-partum 2.616+0.074 2.524+0.001  2.594+0.0p0*
Over all 2.78420.073 2.800+0.112 2.792+0.065
GL Pre-partum. 3.954+0.108 4.621+0.2p7  4.111+0.099*
(g/dl) Post-partum 3.919+0.078 4.109+0.1p9  3.963+0.0p1*
Over all 4.032+0.08’1 4.420+0.125 4.22620.072
AL/GL Pre-partum. 0.960+0.08P 0.744%0.060 0.909+0.065
Post-partum 0.73020.0411 0.640+0.040 0.709+0.p33
Over all 0.807+0.053 0.677+0.0§2 0.742+0.047
PUN Pre-partum. 9.464+0.18P 9.210+0.3[16 9.404+0.158
(mgy/dlI) Post-partum 11.994+0.155 12.245+0.354  12.0530(144
Over all 10.598+0.153 11.053+0.235  10.826x0.137
CR Pre-partum. 1.236+0.031 1.372+0.0B65 1.269+0.029
(mgy/dl) Post-partum 1.070+0.024 1.081+0.052 1.073+0.022
Over all 1.136+0.025 1.237+0.039 1.187+0.023
NEFA Pre-partum. 0.189+0.008 | 0.518+0.02%+ 0.267+0.015
(mmol/1) Post-partum 0.333+0.075 0.797+0.024** 0.442+0.022
Over all 0.262+0.010 0.6830.016 0.47320.009
BHBA Pre-partum. 0.49820.0%2 | 0.795+0.024** 0.568+0.016
(mmol/1) Post-partum 0.947+0.020 1.526+0.026** 1.084+0.027
Over all 0.7430.013 1.177+0.021 0.960+0.012
CHOL Pre-partum. 97.250+1.2%2 | 82.541+1.589* | 93.782+1.164
(mgy/dl) Post-partum 101.168+2.118 68.390+1.686  93.440+2/087
Over all 05.543+1.3F3]  74.241+2.013]| 84.892+1.171
TRIG Pre-partum. 9.506+0.299 14.478+0.849  10.6780.357
(mgy/dl) Post-partum 13.401+0.622 17.159+1.071  14.287+0/555
Over all 11.591+0.438 17.098+0.672| 14.345+0.391]



The overall mean total plasma proteins (TPP) lémethe healthy cows from three
districts of Western Rajasthan was 7.045+0.049 gldting the pre-partum period and
6.534+0.042 g/dl during the post-partum transifg@miods, respectively (Table 11), which were
well within the normal physiological range (5.7-&/l) as stated by Radostésal. (2007). Non
significant decrease was observed in the overadrmEPP level from the pre-partum period to
post-partum transition period.

Kelly (1984) reported normal protein values pparently healthy cattle to be 7.1 (6.7-7.5)
g/dl. The blood biochemical like total protein demsed with approaching parturition due to their
requirement for foetal development and colostrumsthesis (Rai, 1995). The total plasma
concentration of total protein decreased from teeipartum to first week post-partum with
decreased concentration of globulins largely resiide for the decline in total protein
concentrations.

District wise: The mean TPP level were 7.052+0.034, 6.885+0.07338#0.195 g/dl
during the pre-partum period and 6.568+0.050, 601%9, 6.671+0.150 g/dl during the
post-partum transition period from the cows of Bikg Jodhpur and Pali- Marwar dairy farms,
respectively (Table 12 and Fig. 36). A non siguwifitdifference was noted in the mean TPP level
in cows in district wise and stage wise.

In cows, the total proteins level begins to incesas2 months before parturition, reach maximum
values at 1 month, and then rapidly decline towsadurition (Larson and Kendall, 1957), due to
the transport of immunoglobulin from serum to thammary gland that begins several weeks
before parturition, reaching a peak 1 to 3 daysieelirth of the calf (Pathait al.,1986; Weaver

et al.,2000). The low level of total plasma proteins reeat in early pregnancy might also be due
to the fact that plasma proteins in the late trieesf pregnancy was needed for the optimum
secretion of gonadotropin releasing factors and brarmmof other hormones needed in the
culmination of pregnancy, and are also requiredtfar increased foetal growth, and for the
development of fetal muscles (Antunoeital.,2002), as well as for gluconeogenesis (Lenel.,
2003). Similarly, Paquagt al. (1972) also reported decrease in plasma protesntheacow loses
37 pound of body proteins during the first two week lactation in order to provide amino acid
and glucose required for milk production. Similasults were observed by Beit al. (2000),
Roubieset al. (2006) and Mohriet al. (2007) in their respective studies as they alssenked
decrease in plasma proteins from late pregnancgatty lactation as compared to the mid
lactation reflecting the maternal requirement aftpins for the onset of milking and providing
immunoglobulin. Similar finding on total proteinshawving decreasing trend with the
advancement of parturition was reported in non digiscows (Mehtaet al.,1989) and Jersey and
HF crossbred cows (Ghoshal.,1991 and Sivaramagt al.,2003).
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Table 12 Energy biomarkers and biochemical profile invegdan healthy and subclinical ketosis crossbregiscof three districts of Western Rajasthan dutiagsition period.

Parameters | Periods Bikaner Jodhpur Pali-Marwar
Healthy (n=44) SCK (n=15) Over all (59) Healthy(n=33) SCK(n=8) Over all (41) Healthy (n=17) SCK (n=6) Over all (23)
GLUCOSE | Pre-partum. 59.415+1.079 45.837+2.012 55.963+1.223 | 62.503+1.204 43.650+2.184 58.824+1.579 57.941+1.552 47.667+2.871 55.261+1.646
(mg/dl) Post-partum 54.605+0.807 39.577+1.820 50.784+1.141 | 55.109+1.002 36.775+3.062 51.532+1.512 48.294+1.124 41.333+2.459 46.478+1.209
Over all 57.248+0.779 44.948+1.468 51.098+0.865 58.873+0.874 39.530+1.632 49.202+0.914 52.757+1.360 43.825+1.910 | 48.291+1.123
TOTAL Pre-partum. 7.052+0.034 7.877+0.205 7.262+0.074 85938.076 7.179+0.334 6.942+0.089 7.338+0.195 8.09%@5 7.562+0.176
PROTEIN Post-partum 6.568+0.050 6.533+0.078 6.559+0.042 195:@.059 6.416+0.117 6.418+0.052 6.671+0.150 7.07343 6.802+0.146
(g/d1) Over all 6.790+0.059 7.209+0.111 6.999+0.065 6.01266 6.807+0.124 6.710+0.069 7.047+0.103 7.646MD.1 | 7.347+0.085
AL Pre-partum. 2.883+0.148 3.237+0.138 2.973+0.117 332.146 2.775+0.231 3.305+0.132 2.966+0.243 3.63%2 3.061+0.201
(g/dI) Post-partum 2.553+0.127 2.407+0.106 2.516+0.099 5(6.109 2.533+0.179 2.546+0.094 2.906+0.102 2.805 2.880+0.097
Over all 2.565+0.093 2.646+0.176 2.605+0.103 2.96585 2.651+0.196 2.808+0.109 2.823+0.163 3.10849.2 | 2.964+0.134
GL Pre-partum. 4.169+0.148 4.639+0.232 4.288+0.127* 452+0.163 4.404+0.508 3.637+0.172* 4.372+0.260 386524 4.500+0.234*
(g/dI) Post-partum 4.015+0.121 4.126+0.117 4.043+0.095* 86%&+0.104 3.884+0.198 3.872+0.091* 3.765+0.152 A+B6352 3.922+0.151*
Over all 4.224+0.104 4.563+0.196 4.394+0215 3.646+0.116 4.155+0.218 3.9010.122 4.224+0.181 4.541+0.255 4.383+0.150
AL/GL Pre-partum. 0.843+0.113 0.729+0.053 0.814+0.085 7210.136 0.743+0.154 1.088+0.116 0.852+0.220 0.0886 0.835+0.167
Post-partum 0.721+0.073 0.600+0.045 0.690+0.056 0330.058 0.684+0.093 0.700+0.050 0.803+0.055 0.68m7 0.771+0.049
Over all 0.711+0.068 0.554+0.129 0.632+0.076 0.948#6 0.709+0.143 0.829+0.080 0.763+0.119 0.76&#.1 | 0.766+0.098
PUN Pre-partum. 9.625+0.273 8.537+0.255 9.348+0.222 0(®0.277 9.205+0.629 8.960+0.251 10.141+0.420 130843 10.339+0.377
(mg/dl) Post-partum 12.200+0.207 11.473+0.338 12.016+0.180 | 11.745+0.286 12.797+0.722 11.951+0.273 11.941+0.370 13.437+0.980 12.331+0.388
Over all 10.758+0.196 9.988+0.369 10.373+0.217 10.290+0.220 10.947+0.410 10.61820.230 10.746+0.342 12.22420.480 | 11.485+0.282
CR Pre-partum. 1.237+0.044 1.421+0.109 1.284+0.044* 189+0.057 1.180+0.067 1.187+0.047* 1.327+0.065 150087 1.374+0.055*
(mg/dl) Post-partum 1.128+0.038 1.115+0.061 1.125+0.032* 083+0.032 0.916+0.035 1.051+0.029* 0.895+0.039 1+P1184 0.979+0.061*
Over all 1.198+0.033 1.263+0.062 1.230+0.038 1.063+0.069 1.125+0.037 1.094+0.038 1.086+0.057 1.386+0.080 1.236+0.047
TRIG Pre-partum. 8.868+0.346 12.019+0.878 9.669+0.382 .0183:0.602 16.169+1.388 11.219+0.669 10.161+0.713 8.372+1.920 12.303+1.041
(mg/dl) Post-partum 12.143+0.576 14.542+1.279 12.753+0.550 | 15.145+1.499 18.900+1.425 15.878+1.254 13.274+0.890 21.378+2.832 15.388+1.215
Over all 10.870+0.559 13.121+1.053 11.996+0.621 12.271+0.627 17.941+1.171 15.106+0.656 11.632+0.976 20.233+1.371 | 15.933+0.806
NEFA Pre-partum. 0.220+0.012 0.467+0.029 0.283+0.018 72x0.013 0.541+0.033 0.244+0.026 0.145+0.017 0.615:8 0.267+0.046
(mmolfl) Post-partum 0.354+0.025 0.748+0.036 0.454+0.030 8832.021 0.814+0.020 0.390+0.037 0.363+0.028 0.89%44 0.502+0.055
Over all 0.297+0.013 0.6160.025 0.456+0.014 0.248+0.015 0.669+0.028 0.459+0.015 0.242+0.023 0.764+0.033 0.503+0.019
BHBA Pre-partum. 0.474+0.020 0.725+0.022 0.538+0.021 276.020 0.784+0.029 0.577+0.023 0.501+0.024 0.98¥15 0.628+0.049
(mmolfl) Post-partum 0.874+0.035 1.603+0.024 1.059+0.050 06t0.019 1.345+0.014 1.072+0.026 1.025+0.027 1.8785 1.168+0.056
Over all 0.693+0.01%7 1.183+0.032 0.938+0.01% 0.782+0.019% 1.0580.036 0.9200.02b 0.753+0.030 1.2890.042 1.021+0.025
CHOL Pre-partum. 101.241+1.810 82.927+2.232 96.585+1.793 | 96.276+2.051 83.363+3.033 93.756+1.918 88.81281.81 80.483+3.898 86.639+1.811
(mg/dl) Post-partum 111.130£3.167 68.773+2.805 100.36183.44 | 92.848+2.971 69.437+2.277 88.280+2.831 91.53543.1 66.033+£3.268 84.883+£3.414
Over all 103.313+1.674 74.785+3.153 89.049+13859 93.027+1.878 76.171+3.507 84.599+1.964 90.288+2.921 71.768+4.104 81.028+2.41

NOTE: 1. Value bearing different superscript (agd),dn a row depict highly significant £0.01). 2. Value bearing same

(P<0.05). No superscript mean non significant witlhaw or column. 4. **= highly significant (£0.01), *= significant (R0.05) between the column.
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4.4.1.3 Total plasma proteins level in subclinicdtetosis:

The overall mean TPP level was in SCK cow 7.75082.4/dl during pre-partum period
and 6.633+0.098 g/dl during post-partum transipeniod. A highly significant (R0.01) decrease
was observed in healthy and subclinical ketosisydaw from the pre to post-partum transition
in the overall mean plasma proteins values andifgigntly higher value was observed as
compared to the healthy cows during the pre-pattansition period (Table 11).
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Fig. 35: Overall mean (+SE) total plasma proteiluga in healthy and SCK crossbred cows.
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Fig. 36: Mean (xSE) total plasma proteins valuelsdalthy and SCK crossbred cows.

District wise: Mean total protein values were 7.877+0.205, 7.07334, 8.197+0.265
g/dl and 6.533+0.078, 6.416+0.117, 7.172+0.343 dioling pre and post-partum period. Though
the mean TPP values were within the normal rangengludifferent periods, but a highly
significant (0.01) difference was observed from healthy and $i@ky cow in two different
stage.

In relation to parity, mean TPP level were (7.08660, 6.545+0.043 g/dl) in"3-5"
parity and above "Sparity (6.919+0.069, 6.501+0.110 g/dl) in healtows. Mean TPP level in
SCK cows were 7.893+0.202, 6.469+0.075 g/dI"th&' parity and 7.516+0.266, 6.902+0.210 in
above ¥ parity from pre to post-partum period. Signific§R£0.05) decrease was observed in
the cows from all parity group from pre to posttpar transition period (Table 13). Overall
highly significant (R0.01) differences were observed in two parity group

Between districts, no significant difference wassatved in the mean total plasma
protein values (Table 12). Similar observationsenaliso recorded by Zhabalanko (1976), Singh
(1994), Gupta (1999), Youssef al.(2010), Ghanerat al. (2010) and Elitolet al. (2010). On the

162



other hand Simenovet al. (1984) observed low concentration of total seruwigin in ketotic
cows. Our finding is similar to above mentionedhautbecause significant decrease of total
protein from pre-partum to post-partum transitioaripd in subclinical ketotic dairy cow.
Hyperproteinemia along with increased albumin atebyin accompanied by hypoglycemia
might be due to energy deficient and protein rigtion given to the high yielders, though such a
ration could provide enough energy and protein ireguo the low yielding cows (Schultz, 1968).
According to Hibbit (1979) high protein intake wersan energy deficit because of energy losses
resulting from its metabolism and excretion. Thigrgy deficit was responsible for development
of ketosis.
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Table 13:Plasma energy biomarkers and biochemical profitéypaise investigated in healthy and subclinical
Ketosis crossbred cows of three districts of WesRajasthan during transition period.

2. Value bearing same superscript (a, a) in a repiad significant (R0.05).
3. No superscript mean non significant with in remcolumn.
4. **= highly significant (K0.01), *= significant (R0.05) between the column.
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Parameters Periods 39 _ 5" parity >5"parity
Healthy (n=71) SCK (18) Over all (89) Healthy (n=23) SCK (11) Over all (34)
GLUCOSE Pre-partum. 59.931%0.855 44.642+1.798 56.830+1.009 61.165:1.418 47.2001.877 56.647+1.595
(mg/di) Post-partum 53.560:0.701 37.425+1.587 50.30420.947 53.8611.251 42.018+2.263 50.029:1.462
Over all 56.270+0.571 20.165+1.357 48.217+0.743|  356:1.069 45.370+1.418 50.843+0.875
TOTAL PROTEIN Pre-partum. 7.086+0.060 7.893+0.202 7.249+0.071 19::0.069 7.516+0.266 7.112+0.107
(g/dl) Post-partum 6.545:0.043 6.469:0.075 6.5200.038 | _ 0186.110 6.902%0.210 6.631:0.104
Over all 6.836+0.043 7.195+0.103 7.016+0.056 6.706a1 7.247+0.107 7.021+0.066
AL Pre-partum. 3.203£0.105 3.230£0.155 3.2080.080 | 4720.231 2.96520.198 2.817:0.168
(g/dl) Post-partum 2.691+0.090 2.535£0.110 2.66020.075 |  8226.111 2.506+0.166 2.422+0.092
Over all 2.963+0.068 2.915+0.163 2.939+0.089 2.60528 2.686%0.170 2.646+0.105
GL Pre-partum. 3.883:0.116 4.66320.277 4.041z0.113 | 72£0.255 4.552+0.318 4.29520.201
(g/dl) Post-partum 3.853+0.083 3.934+0.138 3.870+0.071 |  20%0.146 4.395+0.146 4.209+0.110
Over all 3.872+0.076 4.280%0.181 4.372+0.102 4. 10142 4.560+0.189 4.079+0.102
ALIGL Pre-partum. 0.990+0.092 0.766+0.082 0.045:0.076 | _ 68%8.181 0.708x0.088 0.81620.125
Post-partum 0.768+0.051 0.677+0.058 0.749+0.042 | 13%6.049 0.579+0.046 0.602+0.036
Over all 0.87920.050 0.757%0.119 0.825:0.067 0.73634 0.59620.124 0.660£0.067
PUN Pre-partum. 9.635+0.228 8.611+0.234 9.428+0.193 | 3®0.211 10.191+0.656 9.341%0.270
(mg/dI) Post-partum 12.075:0.174 12.182+0.375 12.097+0.157 11.743+0.335 12.348+0.731 11.9390.324
Over all 10.876:0.143 11.046:0.341 10.96120.187| _ 318:0.269 11.061:0.356 10.6900.220
CR Pre-partum. 1.258+0.035 1.399+0.096 1.286+0.034 | 71£0.065 1.328+0.074 1.222+0.051
(mg/dl) Post-partum 1.0480.026 1.133£0.077 1.065:0.026 | 4(Q.049 0.99620.049 1.0940.038
Over all 1.146:0.024 1.2830.057 1.215:0.031 1.12645 1.1910.060 1.159:0.037
NEFA Pre-partum. 0.180+0.009 0.493+0.027 0.243+0.016 1820.020 0.560+0.030 0.329+0.032
(mmolll) Post-partum 0.320£0.017 0.768:0.032 0.41020.024 | 7438.032 0.84520.031 0.52520.045
Over all 0.248+0.009 0.676+0.023 0.462+0.012 0.070%8 0.689+0.024 0.483+0.015
BHBA Pre-partum. 0.491+0.013 0.748+0.027 0.5430.016 | _ 20%6.030 0.873%0.033 0.634=0.036
(mmolll) Post-partum 0.925:0.024 1.5610.031 1.054:0.034 | 16:0.024 1.4680.040 1.1620.042
Over all 0.723+0.012 1.170+0.030 0.946+0.016 0.76624 1.184+0.031 0.974+0.019
CHOL Pre-partum. 98.277+1.386 81.572+1.968 94.800+1.37] 94.078+2.679 84.127+2.732 90.859+2.151
(mg/dl) Post-partum 103.810£2.557 68.580:2.412 06.6872.579 93.013%3.047 68.064+2.186 84.941+2.964
Over all 98.523+1.227 72.930+2.917 85.727+1.597|  56@2.296 75.552+3.046 84.057+1.880
TRIG Pre-partum. 9.327+0.320 13.519+1.042 10.175:0.373 0.08B20.722 16.047+1.379 11.996:0.812
(mg/dI) Post-partum 13.497+0.741 17.006+1.410 14.207+0.670 13.106+1.138 17.400+1.711 14.498+0.997
Overall 11.619+0.409 18.072+0.974 14.845+0.533|  583:0.767 16.125+1.017 13.844+0.628
NOTE: 1. Value bearing different superscript (@), in a row depict highly significant£B.01).




4.4.2 Albumin (Al) :
4.4.2.1 Interaction between health wise and paritwise affecting albumin level:

The overall mean of all the cows across variougridis, stages, parity and healthy/SCK
groups for albumin in plasma was 2.792+0.065 g/tie differences among subclass means were
non significant across districts (2.605+0.103 ikdier, 2.808+0.109 in Jodhpur and 2.964+0.134
g/dl in Pali-Marwar), non significant in healthy/&Cgroups (2.784+0.073 in healthy and
2.800£0.112 g/dl in SCK), significant in stage w{8100+0.081 in pre-partum and 2.594+0.060
g/dl in post-partum) and highly significant in ggrigroups (2.939+0.089 g/dl 3"5parity and
2.646+0.105 g/dl above™parity). The effect of health status was not sigaiit in pooled data.
There was no effect of two factor interaction irading that difference among districts. Where as
in parity wise, albumin level was more in SCK daggw in comparison to healthy cows. The
trend is depicted in Fig. 37. Perhaps it could be tb more consumption of leguminous feed
after parturition.
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Fig. 37: Interaction between parity and health veiecting albumin in healthy and SCK
crossbred cows.
4.4.1.2 Albumin level in healthy dairy cows:

The overall mean plasma albumin value recordechénhealthy crossbred cows was
3.091+0.099 g/dl during the pre-partum and 2.616#0.g/dl during the post-partum period. A
significant (<0.05) decrease was observed in the overall meammétbvalues between pre to
post-partum transition period (Table 11).
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Fig. 38: Overall mean (+SE) plasma albumin valmelsgalthy and SCK crossbred cows.
Districts wise The mean albumin values recorded were 2.883+0.34833+0.146,
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2.966+0.243 g/dl during the pre-partum period ar&b2+0.127, 2.550+0.109, 2.906+0.102 g/dI
during the post-partum transition period from thewvs of Bikaner, Jodhpur and Pali-Marwar
dairy farms, respectively (Table 12). Non signifitaifference was recorded in district wise in
pre and post-partum period. A higher mean plastmanain value was recorded in the cows from
Jodhpur dairy cows as compared to other distriatind the pre-partum and Pali —Marwar in
post-partum transition period cows.
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Fig. 39: Mean (+SE) plasma albumin level in heaking SCK crossbred cows.

Due to the inability of the cows to consume siifit dietary proteins to meet mammary and
extra-mammary amino acid requirements, including significant demand for hepatic
gluconeogenesis, resulting in substantial, progressobilization of tissue proteins during the
periparturient period. Along with the existing esdae situation of the periparturient cow, major
reductions in plasma levels of insulin and inslike- growth factor-1 together with insulin
resistance in peripheral tissues, resulted in railimation of amino acids leading to decreased
levels of plasma proteins and albumin (Bestllal., 2000). Significant decreasing trend in serum
albumin with advancing pregnancy had been reponiéutdigenous cows by Kumat al. (2001),
in Jersey crossbred cattle by Logteal. (2003) and Sivaramaet al. (2003). However, Tainturier
et al. (1984) reported no change in the serum albuminl léweng pregnancy. The fall in serum
albumin towards the end of pregnancy might be dué increasing nutrient requirement of the
growing fetus (Loneet al.,2003) and/or due to inadequate nourishment dwath@g@nce stages of
pregnancy (Sivaramaet al., 2003). Mordak and Nicpon (2006) also observed loalbumin
concentrations in the post-partum period. Loweunalim concentrations might also be due to gut
malabsorption, malnutrition, dehydration, agammhbglimaemia, glomerulonephritis as well as
liver diseases (Stevens, 1975; Kupczynski and Chardrozdowska, 2001).

4.4.2.3 Albumin level in subclinical ketosis:

The overall mean plasma albumin recorded in cresslbows from three districts was
found to be within the normal range (2.1-3.6 g/h) proposed by Radostis$ al. (2007), but
overall significant decrease was noticed from thee-gmartum-period to post-partum
(3.12940.122 and 2.524+0.091 g/dl) transition pericespectively, and a non significant
difference was noted in comparison to the healthg &CK dairy animals but stage wise
significant difference were observed (Table 11jniirly, non significant decrease was noticed
for the Bikaner (3.237+0.138 and 2.407+0.106 gf#tydhpur (2.775+0.231 and 2.533+0.179 g/dl)
and Pali-Marwar (3.332+0.352 and 2.805+0.251 dfdin pre to post-partum period (Table 12).

Overall parity wise highly significant €®.01) differences were observed in dairy
animal and also significant decrease occurred fpoento post-partum period. Overall albumin
levels were recorded in"3-5" (3.203+0.105 and 2.691+0.090 g/dl) and aboVe parity
(2.747+0.231 and 2.382+0.111 g/dl) in healthy gramp &' -5" (3.230+0.155 and 2.535+0.110
g/dl) and above % parity (2.965+0.198 and 2.506+0.166) in SCK grougealth wise, highly
significant (<0.01) difference was observed in 2 different pagityups (Table 13).

Plasma level of total protein and albumin are iattic of hepatic function and decrease
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in their concentration may indicate the fat inéition into the liver. Infiltration of fat have
deleterious effects on the metabolism in dairy emdt adversely affects milk production (Badte
al., 2004; Djokovicet al, 2011; Piccionet al, 2011, 2012a, 2102b; Cincowt al, 2012). Since
albumin is indicative of the liver’'s synthetic fummn (West, 1990), the reduction in total protein
and albumin in our study is an indicator for hepé&ai infiltration/dysfunction/ injury. Likewise,
hypoalbuminemia is a common finding in chronic fivisease, occurring when the functional
hepatic mass has been reduced to 20% or less (Etaaln 2005). Djokovicet al. (2013) also
reported a significant decrease in total plasmaeprs and a non significant decrease in albumin
level during early pregnancy in cows suffering freabclinical ketosis. Similarly, Gonzalesal.
(2011) also observed a decrease in plasma albutmial proteins and urea in cows with
subclinical ketosis.

4.4.3 Globulin (GL) :

4.4.3.1 Interaction between districts and stage wasaffecting Globulin level:

The overall mean of all the cows across variougridis, stages, parity and healthy/SCK
groups for globulin in plasma was 4.226+0.072 dItle differences among subclass means were
highly significant across districts (4.394+0.115 Bikaner, 3.901+0.122 in Jodhpur and
4.383+0.150 g/dl in Pali-Marwar), significant indty/SCK groups (4.032+0.081 in healthy and
4.4204£0.125 g/dl in SCK), significant in stage wige111+0.099 pre-partum and 3.963+0.061
g/dl post-partum) and non significant in parity gpe (4.372+0.102 g/dl 35 parity and
4.079+0.102 g/dl above™parity). The effect of different parity groups waten significant in
pooled data. There was effect of two factor inteoacindicating that difference among districts.
Districts and stage wise significant difference aveecorded in globulin. Globulin level was
higher in pre-partum stage in Pali-Marwar dairy cdwe trend is depicted in Fig. 40. The
difference between pre to post-partum was high@ailitMarwar and lower in Jodhpur.
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Fig. 40: Interaction between districts wise andistaise affecting globulin level.
4.4.3.2 Plasma globulin level in healthy dairy cows

The overall mean plasma globulin value in healtbw evas 3.954+0.108 g/dl during the
pre-partum period and 3.919+0.073 g/dl during tlestfpartum transition period. The normal
ranges for globulin to be 3.1-5.6 g/dl in cattlea(iRstitset al., 2000). Overall highly significant
(P<0.01) difference was observed in districts wiseigal The overall significant differences were
observed in healthy and in stage wise globulinlleif@ble 11).
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Fig. 41: Overall mean (+SE) plasma globulin valuééalthy and SCK crossbred cows.

Districts wise The mean globulin values recorded were 4.169R).13452+0.163,
4.372+0.260 g/dl during the pre-partum period ar@l8+0.121, 3.869+0.104, 3.765+0.152 g/dI
during the post-partum transition period in cowsBikaner, Jodhpur and Pali-Marwar dairy
farms, respectively (Tablel2 and Fig. 42). Sigaificdifferences was observed district wise in
pre and post-partum period. Higher mean plasmaujlolvalue was observed in the cows from
Pali-Marwar dairy cows as compared to other distrituring the pre-partum and Jodhpur in
post-partum transition period cows.
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Fig. 42: Mean (+SE) plasma values of globulin ialtley and SCK crossbred cows.

4.4.3.3 Plasma globulin level in subclinical ketosi
The overall mean plasma globulin recorded in cnesbloows from various districts was

found to be within the normal range (3.1-5.6 g/at) reported by Radostitt al. (2007), but
overall significant (R0.05) decrease was noticed from the pre-partumogetd post-partum
(4.621+0.207 and 4.109+0.109 g/dl) transition paricespectively and a significant difference
was noted in between the healthy and SCK dairy alsinfTable 11). Similarly, significant
decrease was noticed for the Bikaner (4.639+0.218P4a126+0.117 g/dl), Jodhpur (4.404+0.508
and 3.884+0.198 g/dl) and Pali-Marwar (4.865+0.5@4d 4.367+0.352 g/dl) from pre to
post-partum period (Table 12).

Mean values of globulin were 3.883+0.116; 3.85888 in 3° -5" and 4.172+0.255;
4.120+0.146 above"5parity in healthy pre and post-partum in crossilitairy animal. Globulin
level were in SCK cows from®-5" parity (4.663+0.277; 3.934+0.138 g/dl) and in ab&l
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parity (4.552+0.318; 4.395+0.146 g/dl) in pre teppartum periods (Table 13). Non significant
difference was observed in overall mean value albglin in parity wise.

During gestation, albumin decreases and globuloneises. In cows, the total plasma
protein, globulin begin to increase at 2 monthobeterm, reach maximum at 1 month and then
rapidly decline toward term (Larson and Kendall, 579 The data indicated that the
immunoglobulin rapidly leave the plasma during thst month of gestation when colostrum is
being formed in the mammary gland. Lactation imgosgther stresses on protein reserves and
metabolism and changes similar to pregnancy alsaroc

In all animals, there was a general increase &l fwbtein, a decrease in albumin and an
increase in globulins with advancing age (Forsth®68; Tumblesort al, 1972); and at very
old, the total protein again decline.

The plasma proteins are sensitive to nutritionflué@nces but the changes are often
subtle and difficult to detect and interpret. Digtgrotein deficiency results in a decreased
turnover of serum albumin. Immunoglobulins are efe only on severe protein restriction
(Bendittet al, 1949), but the effects are reversible on pratepietion (Wissleet al, 1946). The
stress causes a decrease in total protein, dedreatbeimin and often an increase in globulin.

High serum globulins are common in cattle with cficoinfection (mastitis, cellulitis,
liver abscesses, etc.) and high serum globulink lawer the A/G ratio (Russell and Russell,
2007). None of the cows sampled had evidence afndtiinfection which would result in high
serum globulins.

4.4.4 Albumin/ Globulin (A/G) ratio:
4.4.4.1 Plasma A/ G ratio in healthy dairy cows:

The overall mean plasma A/G ratio was recorde@8@:0.082 during the pre-partum period
and 0.730+0.041 during the post-partum in healthirydcow. Overall mean A/G ratio were
within normal range 0.84-0.94 in dairy cows. Nognsiicant effect was noted on the plasma A/G
ratio with respect to transition period in healtimd SCK dairy cows (Tablel1).
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Fig. 43: Overall mean (xSE) Albumin/ Globulin ratioheath and stage wise in cross  bred
dairy cows

District wise: The mean A/G ratio recorded were 0.843+0.113,2t07 36, 0.852+0.220
mg/dl during the pre-partum period and 0.721+0.@7303+0.058, 0.803+0.055 mg/dl during the
post-partum transition period from the dairy coishe Bikaner, Jodhpur and Pali-Marwar dairy
farms respectively. Non significant changes werseoked in district, stage and health wise.
(Table 12).
4.4.4.2 Plasma A/ G ratio in subclinical ketosis:

The overall mean plasma A/G ratio in SCK dairy somere 0.744+0.060 and 0.640+0.040
in pre and post-partum periods which were non it in health (healthy and SCK) and stage
wise (pre and post-partum).

Overall parity wise non significant differences wabserved in dairy animal from pre to
post-partum period. Overall A/G ratio were recorded® -5" (0.990+0.092 and 0.768+0.051
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g/dl) and above ' parity (0.868+0.181 and 0.613+0.049 g/dl) in healgroup and % -5"
(0.766+0.082 and 0.677+0.058 g/dl) and abole&rity (0.708+0.088 and 0.579+0.046) in SCK
groups. Health wise, non significant differencesemebserved in 2 different parity group (Table
13).

Simple dehydration with water loss is essentialig nly instance when a simple
hyperproteinemia without change in profile or A:dBcurs. In our study, all protein fractions
increased proportionally, including albumin becawsdy water has been removed from the
system and without any change on A/G ratio.
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4.4.5 Plasma urea nitrogen:
4.4.5.1 Interaction between districts and health &cting PUN level:

The overall mean of all the cows across variougridis, stages, parity and healthy/SCK
groups for PUN in plasma was 10.826+0.137 mg/dé dlifferences among subclass mean values
were highly significant (B0.01) across districts (10.373+0.217 in Bikaner,618+0.230 in
Jodhpur and 11.485+0.282 mg/dl in Pali-Marwar), ngignificant in healthy/SCK groups
(10.598+0.153 in healthy and 11.053+0.235 mg/dIS@K), non significant in stage wise
(9.404+0.158 pre-partum and 12.053+0.144 mg/dl-pastum) and highly significant in parity
groups (10.961+0.187 mg/dl 3arity and 10.690+0.220 mg/dl abovefrity). The effect of
pre and post-partum stages and healthy/SCK weresignificant in pooled data. There was
effect of two factor interaction indicating thaffdrence among districts. Where as the interaction
between districts and health status was highlyifsigmt. The trend is depicted in Fig. 44, which
shows that the PUN level was lower in healthy gragmss all districts but the rise in their level
was significantly higher in (10.746+0.342 to 12.2a4180 mg/dl) Pali-Marwar district and
lowest (10.290+0.220 to 10.947+0.410 mg/dl) in Jagdhdistricts. The level of PUN in SCK
dairy cow was high in Pali-Marwar. It was due te thore protein metabolism in negative energy
balance animal in comparison to other districtshitwed that Pali-Marwar dairy cows were more
in negative energy balance.
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Fig. 44: Interaction between districts and healtbevaffecting PUN level in cross bred
COWS.
4.4.5.2 Plasma urea nitrogen (PUN) level in healthyairy cows:

The overall mean plasma urea nitrogen (PUN) vatubeialthy cows was 9.464+0.182
mg/dl during the pre-partum period and 11.994+0.&%5dl during the post-partum transition
period. The normal range for blood urea nitroge6-&7 mg/dl in cattle (Radosti&t al., 2000).
Overall highly significant (R0.01) difference was observed in districts wise aod significant
difference in stage wise in PUN level (Table 11).

District wise: The mean PUN values were 9.625+0.273, 8.900+0.2i07 19.141+0.420
mg/dl during the pre-partum and 12.200+0.207, 13t04286 and 11.941+0.370 mg/dl during the
post-partum transition period in crossbred cowsnfiBikaner, Jodhpur and Pali-Marwar dairy
cows, respectively (Fig. 45). Highly significant<@®01) PUN levels were observed in healthy
and subclinical ketosis dairy cows. Higher valueswedserved in Pali-Marwar (10.141+0.420)
dairy cows in comparison to the cows from Bikaned alodhpur dairy farms during the
pre-partum and post-partum in Bikaner (12.200+0)Z0&ble 12).
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Fig. 45: Mean (+SE) PUN values in healthy and S@ssbred cows.

Mean PUN level was significantly affected duringe tdifferent physiological phases.
The PUN (an end product of protein catabolism) eotrations are influenced by a wide variety
of interrelated factors including dietary protemtake, rumen degradability, dietary amino acid
composition, protein intake relative to requiremeliver/kidney function, muscle tissue
breakdown, dietary carbohydrate amount and rumgradability (Roubie®t al.,2006). Greater
urea concentration in lactating animals could besalt of muscle protein catabolism when large
amounts of body reserves are mobilized for medtieglactation demands (Caldegtal.,2007
and Sreedhaet al., 2013). Shwartzt al. (2009) and Feknet al. (1989) reported that stressed
cows had increased BUN level as compared to cantmwhich could be due to the higher
utilization of amino acids as energy source. Alsolate gestation, glucose availability for
oxidation is supplemented by increased cataboli§ranoino acids at the expense of protein
synthesis, thus increasing urea production. Sityjl&ulkarni et al. (2010) reported an increase
in BUN level during the early lactation period. $f@ urea nitrogen concentration are metabolic
breakdown constituients and will be elevated, ddpenon the severity of dehydration and
decrease in circulating blood volume.
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4.4.5.3 Plasma urea nitrogen (PUN) level in subciical ketotic cow:

The overall mean plasma PUN level in cows from éhdistricts was found to be
9.210+0.316 during pre-partum period; 12.245+0.8%dl during post-partum transition period
in SCK cows.
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Fig. 46: Overall mean (xSE) plasma PUN values @thg and SCK crossbred cows.

The mean PUN level was 8.537+0.255, 9.205+0.62900D+0.843 mg/d! in pre-partum and
11.473+0.338, 12.797+0.722, 13.437+0.980 mg/dl astgartum transition period in Bikaner,
Jodhpur and Pali-Marwar district respectively. HygtSignificant (<0.01) difference was
observed between the healthy and SCK affected dmiarad a non significant increase was
observed in the overall mean plasma PUN value®ih the groups (healthy and SCK) from the
pre-partum period to the post-partum transitioriquerDjokovic et al. (2013) also reported non
significant decrease in urea level during earlygpeacy in cows suffering from subclinical
ketosis. District wise, highly significant€B.01) increase was recorded in the mean plasma PUN
values in the dairy cows of all district (Table 1&pnzalest al. (2011) also observed a decrease
urea in cows with subclinical ketosis.

Highly significant (R0.01) increase was noticed in the overall mean RNl between
two different parity group. Mean value were 9.63288, 12.075+0.174 and 8.935+0.211,
11.743+0.335 in 8-5" and above % parity in healthy pre and post-partum dairy animal

PUN level in SCK cows were froni*35"™ parity (8.611+0.234 and 12.182+0.375 g/dl) and
above ¥ parity (10.191+0.656 and 12.348+0.731 g/dl) in for@ost-partum periods. (Table 13).

Higher plasma urea showed the increased actifityepatocyte in synthesizing urea as
observed in the results of present investigatiamndypost-partum. Production stress extreme in
transition period can influence the urea cyclegpdtocyte (Wotton, 1971).

PUN level might increase due to water deprivattbirst, diarrhoea, urinary diseases, and
acidosis, which were not applicable in case of cofyzresent study. However, individual
differences in plasma concentrations among cowsatel that PUN varied from one cow to
another, as they are also reflective of the bodiabadism, amount of milk yield and the level of
food consumption. Although the differences werdistiaally non significant in healthy and
subclinical ketotic cow, as they were within normrege.

4.4.6 Creatinine (Cr):
4.4.6.1 Interaction between (districts and health ige; districts and stage wise) affecting

Creatinine level:

The overall mean of all the cows across variougridis, stages, parity and healthy/SCK
groups for creatinine in plasma was 1.187+0.023ding/he differences among subclass means
were significant (R0.05) across districts (1.230+0.036 in Bikaner,9240.038 in Jodhpur and
1.236+0.047 mg/dl in Pali-Marwar), significant iedithy/SCK groups (1.136+0.025 in healthy
and 1.237+0.039 mg/dl in SCK), non significant tage wise (1.269+0.029 in pre-partum and
1.073+0.022 mg/dl in post-partum) and highly sigmaifit (<0.01) parity groups (1.215+0.031
mg/dl in 3-8" parity and 1.159+0.037 mg/dl in aboVBfgarity). The effect of pre and post-partum
stages were non significant in pooled data. Themewffects of two factor interaction indicating
difference among districts. The interaction betwekstiricts and health status was significant
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(P<0.05). The trend is depicted in Fig. 47, which shdhat the creatinine level was lower in
healthy groups across all districts but the risethmir level was significantly higher in
(1.086+0.057 to 1.386+0.080 g/dl) Pali-Marwar dettand lower (1.125+0.037 to 1.063+0.069
g/dl) in Bikaner districts. In Pali- Marwar dairpw creatinine level were due to high protein
metabolism and fetal load of excretion in compariso Bikaner and Jodhpur. High level of
creatinine was observed in Pali-Marwar due to npygein metabolism in health wise in SCK
cow in comparison to other district. It showed tefiect of negative energy balance high in dairy
cows of Pali-Marwar.
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Fig. 47: Interaction between districts and stageewiffecting creatinine level in cross bred
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Fig. 48: Interaction between districts and healtbevaffecting creatinine level in cross bred
COWS.
4.4.6.2 Creatinine (Cr) level in healthy dairy cows
The overall mean plasma creatinine level recordede 1.236+0.031 mg/dl during the
pre-partum period and 1.070+0.024 mg/dl during gwst-partum in healthy dairy cows.
Significant effect was noted on the plasma crea¢inioncentrations with respect to transition
period in healthy and SCK dairy cows (Table11).
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District wise: The mean creatinine level recorded were 1.237#4).04189+0.057,
1.327+0.065 mg/dl during the pre-partum period 4nt28+0.038, 1.083+0.032, 0.895+0.039
mg/dl during the post-partum transition period frtime dairy cows of the Bikaner, Jodhpur and
Pali-Marwar dairy farms, respectively. Significd®<0.05) differences were observed in district
and health wise. Higher mean value of creatinins wbserved in the cows of Pali- Marwar
(1.327+0.065) dairy farms as compared to the cawm fthe other districts in pre-partum and

Bikaner dairy farm during the post-partum transitieriod (Table 12).
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Fig. 50: Mean (+SE) plasma creatinine values ifthgand SCK crossbred cows.

Mean values of creatinine were 1.258+0.035; 1.04&26 and 1.171+0.065; 1.140+0.049 in

3.5 and above Bparity in healthy pre and post-partum dairy ansnal
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Creatinine level in SCK cows was iff 35" parity (1.399+0.096; 1.133+0.077 g/dl) and
above ¥ parity (1.328+0.074; 0.996+0.049 g/dl) in pre wsppartum periods (Table 13). Overall
mean revealed highly significant{@.01) difference, parity wise.

In domestic species, CK is mainly used as a spenifirker of skeletal muscle injury
(Hoffmann and Solter, 2008). No previous studiegeheeported on the effect of parity on CK
activity of cattle. In horses, CK tends to be higimeyounger and untrained animals (Hagisal.,
1998). The increase in CK observed in young coWst¢3E" parity) (Table 13) could derive from
the physical stress caused by the competitive pressvhen they are mixed with more
experienced cows (Val-Laillegt al, 2009). Multiparous cows are generally dominawero
primiparous ones and frequently show their sociamittiance through aggressive behaviors
addressed toward subordinate cattle (Hatrisl, 2007).

The mean creatinine level in our study showed &t patterns during pregnancy and
lactation in districts and stage wise. The quarntftgreatinine formed generally depends upon the
total body content of creatine which in turn depead dietary intake, rate of synthesis of creatine
and muscle mass. Usually, the dry period has bemight to be necessary for replenishment of
body reserves, regeneration of mammary tissue andmiaximal benefits from lactogenic
endocrine events (Annegt al., 2004) which normally depends upon the mobilizatidramino
acids from the protein breakdown in skeletal muschkthough skin, uterine involution and
myometral protein degradation may also have sonmtribation (Bell et al., 2000). It is well
recognized that during the late gestation, the smpthssumes the load of organic waste of the
newborn for the foetal maternal circulation (Fdrréb91). So the increase in serum creatinine
level observed in some farms could be attributethéodevelopment of the foetal musculature
which is well documented in sheep and ewes too fRasiet al., 2006). In dairy cows, plasma
creatinine and muscle diameter start to decrease éme week before calving upto four weeks
after calving. Moorbyet al. (2002) also reported a decrease in longissimus darscle diameter
before calving and reached a minimum between 4vteédk of lactation. Similarly, Doornenbei
al. (1988) found decreased serum creatinine concemraturing lactation which increased
during post weaning.

However, some researchers (Yokus and Cakir, 2086Gamgozeet al.,2009) found no
relationship between the serum creatinine levelrapdoductive status in cattle and sheep.
4.4.6.3 Creatinine (CR) level in subclinical ketosidairy cow:

The overall mean plasma creatinine level recordedhe healthy and SCK cows were
1.236+0.031; 1.372+0.065 mg/dl during pre-partumiqek and 1.070+£0.024 and 1.081+0.052
mg/dl during post-partum transition period, respety. Significantly higher creatinine level
were observed in SCK affected cows during pre asd-partum transition period in comparison
to healthy cows and a non significant decrease otmerved from pre-partum period to the
post-partum period in both the groups (healthy 86«) (Table 11).

The mean plasma creatinine values recorded wd2140.109, 1.180+0.067, 1.507+0.087
mg/dl during pre-partum period; 1.115+0.061, 0.91.685, 1.217+0.184 mg/dl during
post-partum period from the SCK affected cows déaBier, Jodhpur and Pali-Marwar districts,
respectively. District wise, significant differerscevere observed in cows from three districts
during different periods (stage). &t al. (2011) recorded a decrease in the renal functicodows
with subclinical ketosis.

The normal values of blood constituents can bectdfl by age of the animals (Gottatral,
2005). Metabolic status of the animals is reflectsd the level of creatinine. Most of the
creatinine excreted originates from endogenoustioealhe amino acids arginine and glycine
combine to form guanidinoacetate in the pancre@nely and small intestine. In the liver,
methionine provides a methyl group for conversidngoanidinoacetate to creatine; creatine
circulates in plasma and is taken up by muscle, ravhie stores energy in the form of
phosphocreatine. This undergoes spontaneous digatiain with the loss of inorganic phosphate
to form creatinine. Creatinine undergoes no catabaaction other than decomposition to
creatinine (Finco, 1999). Although creatinine estiion is not conventional component of hepatic
function test but it is important to note that dtyabf creatinine formed each day depends also
upon the rate of synthesis of creatine by the Ifi@nekoet al, 1999).

4.4.7 Glucose:
4.4.7.1 Interaction between (districts and healthhealth and parity wise) affecting glucose
level:

The overall mean of all the cows across variousidis, stages, parity and healthy/SCK
groups for glucose in plasma was 49.530+0.545 mghié differences among subclass means
were non significant across districts (51.098+0.&63ikaner, 49.202+0.914 in Jodhpur and
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48.291+1.123 mg/dl in Pali-Marwar), highly signdiot (<0.01) in healthy/SCK groups
(56.293+0.611 in healthy and 42.768+0.937 mg/dB{DK), significant (R0.05) in stage wise
(56.786+0.850 in pre-partum and 50.228+0.790 mg/ddost-partum) and highly significant in
parity groups (48.217+0.743 mg/dl in 8-Barity and 50.843+0.875 mg/dl in aboV8 rity).
The effect of districts was non significant in pedldata. There was effect of two factor
interaction indicating that difference among digsi Where as the interaction between districts
and health status was highly significant@f01). The trend is depicted in Fig. 51, which sadw
that the glucose level was high in healthy groupess all districts but the decrease in their level
in SCK dairy cow which was significantly higher {%8.873+£0.874 to 39.530%1.632mg/dl)
Jodhpur district and lowest (52.757+1.360 to 43182810 mg/dl) in Pali-Marwar district. The
glucose level was low in Jodhpur district in SCKrdaow. It showed that dairy cows were more
on negative energy balance during post-partumitrangeriod in Pali-Marwar in comparison to
Bikaner and Jodhpur. In parity wise, low level ddapse in SCK dairy cow in"3-5" parity in
comparison above™parity.
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Fig. 51: Interaction between districts and healttsewaffecting the glucose level in
crosshred cows.
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Fig. 52: Interaction between health and parity vimseross bred cows.
4.4.7.2 Glucose level in healthy dairy cow:

The overall mean plasma glucose level was 60.2334#0mg/dl during the pre-partum
period and 53.641+0.608 mg/dl during the post-partuansition period (Table 11). A highly
significant (X0.01) difference was observed in the overall melaicoge level in healthy and
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SCK dairy cows. Stage wise significant differencesre found from the pre-partum to the
post-partum transition period (Table 11).
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Fig. 53: Overall mean (xSE) plasma glucose valodsealthy and SCK crossbred cows.

District wise: The mean glucose level was 59.415+1.079, 62.5084]1.27.941+1.552
mg/dl during the pre-partum period and 54.605+0,&%/109+1.002, 48.294+1.124 mg/dl during
the post-partum transition period from the dairyvsaof the Bikaner, Jodhpur and Pali-Marwar
dairy farms, respectively. District wise highly sificant (P<0.01) differences were observed in
healthy and SCK dairy cow. Higher values were olestfor Jodhpur cows as compared to cows
from Bikaner and Pali-Marwar dairy farm during @red post-partum transition period similarly,
lower value was noted for cows from Pali-Marwar .@81+1.552) district as compared to the
cows from Jodhpur and Bikaner dairy farm during-paetum transition period (Table 12 and Fig.
54) which was non significant .
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Fig. 54: Mean (xSE) plasma glucose values in hgaltid SCK crossbred cows.

Glucose plays a fundamental role in energy metabwliln the last weeks of fetal
development, the fetus uses around 46 per centadérmal glucose taken up by the uterus.
Additionally, a cow producing 30 kg of milk per dayes at least 2 kg of blood glucose to
synthesize lactose for milk. Thus, the end of paegy and the beginning of lactation, represents
a time when there is a massive increase in gluecegeirement. This poses an enormous
challenge for the liver that has to synthesizeofthis glucose from propionate and amino acids
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as well as a challenge for other tissues and orgatshave to adapt to a reduction of glucose
utilization (Tabriziet al.,2007). Plasma glucose level increased beforergaland then declined
to a minimum value between 11 and 22 days postHparFirst lactation heifer had higher blood
glucose level than cows in second or third lactaflbappelet al, 1984). In the present study, the
plasma glucose concentration showed decreasengtdirtim the pre-partum to the post-partum
transition period which could be associated witlalfedevelopment and mobilization of maternal
glucose to fetal blood circulation (Jacob and Vad@] 2001) during advanced pregnancy and a
high demand for lactose synthesis and/or insufiicigluconeogenesis during early lactation
(Pambu-Gollahet al., 2000). Blood glucose level was significantly desed as the cow
approached parturition as reported by Baird (19B2gpelet al. (2002) and Bulengt al. (2006).
4.4.7.3 Glucose level in subclinical ketosis daigow:

The overall mean plasma glucose values recordétkihealthy and SCK affected cows
were 60.233+0.731, 45.612+1.323 mg/dl during prdgma period and 53.641+0.608,
39.167+1.349 mg/dl during post-partum transitiorrigig respectively. Highly significantly
(P<0.01) lower mean value was observed in the SCKetgftecows in comparison to the healthy
cows during the pre and post-partum transitionguerSimilarly, a significant (£0.05) decrease
was observed from the pre to post-partum transipieriod in the overall mean plasma glucose
value in the SCK affected cows, and the mean watrless than the lower normal range during
post-partum period in SCK dairy cows (Radosital.,2000) (Table 11 and Fig. 53).

District wise: The mean plasma glucose values recorded were 422882, 43.650+2.184,
47.667+2.871 mg/dl during pre-partum period; 39887820, 36.775+3.062, 41.333+2.459 mg/dl
during post-partum period from the SCK affected saw¥ Bikaner, Jodhpur and Pali-Marwar
districts, respectively. A highly significant{B.01) difference was observed in the mean plasma
glucose value in health wise, in all the threeritits. Similar findings were recorded by several
workers including Sharmat al. (2001), Dokovicet al. (2003), Sharma (2006), Radostitisal.
(2007), Nazifiet al. (2008), Youssett al. (2010), Sarkaet al. (2011) and Kumar (2011) in
clinical ketosis and healthy dairy cow.

Overall mean level of glucose was 59.931+0.855563t0.701 and 61.165+1.418;
53.861+1.251 in "8 — 5" parity and above"5parity in pre and post-partum period in healthwso
In SCK cows glucose level was 44.642+1.798; 37.42%37 and 47.200+£1.877; 42.018+2.263 in
3 — 58" parity and above"5parity in pre and post-partum period. Significaifferences were
observed parity wise in healthy and SCK cows ircgée level.

Lowest mean glucose level was observed in cowseaB8v5" parity as compared to
the cows from the other parity groups (abo¥® &nd a non significant decrease was observed in
the cows in both parity groups from pre to postyrartransition period (Table 13). Health wise,
significant differences were observed in healthg anb clinical ketosis dairy cows in both parity
groups.

Glucose, a fundamental nutrient required for ndrbrain function in addition to use by
other tissues, is under tight homeostatic contnobrider to allow for basic functioning of the
animal. In ruminants, ingested carbohydrates amadated to short-chain fatty acids by rumen
microbes and thus most glucose must be synthesiyetie liver (Reynoldst al., 1988). As
lactose is a major component in milk, gluconeogsnissclosely linked to lactogenesis as the
amount of available glucose will determine the ditgiof milk produced (Mepham, 1993).

After parturition, there is a decrease in insulinduction by the pancreas (Dracklety
al., 2001) which results in decreased glucose utitimaby insulin sensitive organs (e.g. adipose
tissue and muscle). Coupled with a transient stditénsulin resistance, associated with an
increase in adipose tissue sensitivity to catechiola and an exuberant lipolytic response (Herdt,
2000; Holteniuset al., 2003), these mechanisms allow the mammary glartthte additional
glucose for milk production (Komatst al.,2005). Thus alternative fuel sources are needed fo
certain tissues in the body to maintain normal fiemc during this period of increased milk
production.

Carbohydrate being a major source of energy artdreduced in subclinical ketotic in
lactating animals, as it is excreted in the formaatose thus, the glucose become deficient with
increasing milk yield. Increased ketogenesis isagbvassociated with the increased rate of
gluconeogenesis, which in turn depletes the oxalade and further reduces the gluconeogenesis
due to vicious cycle as indicated by the elevagals of the pyruvate and lactate in subclinical
ketotic animals (Asmaret al.,1997).The monosaccharide glucose is used as agyessurce in
body tissue and also during lactation as a basiprfiducing lactose (i.e., milk sugar). The blood
concentration of glucose is strictly regulated tlglo homeostasis (Bauman & Currie, 1980).
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Glucose concentrations decreases at parturition igridwer in the first weeks of lactation
(Ingvartsenet al., 2003). Hypoglycemia could develop in ketotic covexduse of disorder of
carbohydrate metabolism. Hypoglycemia in clinicabes are attributed to the large amount of
glucose removed by mammary glands to make lactospled with insufficient food intake to
replenish the supply of glucose (Baird, 1982) analynbe due to the high productive and
reproductive status of the animal (Rados#tisl.,2007). Schwalm and Schultz (1976) and Hove
(1978) studied the relationship of insulin concatiém of blood to occurrence of ketosis in dairy
cows. They reported that insulin concentrationlobd first rises in response to hyperketonaemia
and than falls once more as hypoglycemia becomeblesied. Bairdet al. (1968) reported
reduction in hepatic oxaloacetate levels in ketotigvs. Decrease of dry matter intake around
parturition, increased demand for glucose and fitseift propionate production during the early
postpartum period (Kronfeld (1971; Drackley 199%a&kley and Dann 2005).

Gluconeogenesis is decreased significantly duretgdis (Mill et al, 1986) and this is
because of lack of gluco-corticoid hormone fromesmdit insufficiency (Shaw, 1956) or decreased
level of propionate or amino acids which are preots of oxaloacetate.

According to Bergman (1996), dietary carbohydraises fermented in the rumen to form
volatile fatty acids (VFAS). Acetic acid, propiorécids and butyric acid are the most important
VFAs, but propionic acid is the only VFA that cam bonverted in to glucose. In subclinical
ketosis, less amount of propionic acid is produdechormal condition about 70 per cent glucose
formation is from propionic acid but in reduced efife condition it is about zero, so in absence
of this there is less formation of glucose resgltin hypoglycemia. The hypoglycemia in cows
with SCK was ascribed to the decreased gluconesgeif€off and Horst 1997). It has been
recorded that decrease in glucose output by tlee livSCK cows causes lowered blood glucose
concentrations and decreased insulin secretionchyhin turn, leads to increased lipid
mobilization from adipose tissue and increased oftieepatic fatty acid uptake and ketogenesis
(Grummer, 1993). The results of the present stuesevin accordance with the number of similar
studies (Oikawa and Oetzel, 2006 and Taleizl.,2007), where the authors reported a decrease
in blood glucose in cows with subclinical ketosis.

4.4.8 Beta hydroxy butyric acid (BHBA):
4.4.8.1 Interaction between (districts and healthhealth and stage wise) affecting BHBA
level:

The overall mean of all the cows across varioufridis, stages, parity and healthy/SCK
groups for BHBA in plasma was 0.960+0.012 mmolheTdifferences among subclass means
were highly significant (R0.01) across districts (0.938+0.019 in Bikaner20:40.020 in Jodhpur
and 1.021+0.025 mmol/l in Pali-Marwar), highly sifigant in healthy/SCK groups (0.743+0.013
in healthy and 1.177+0.021 mmol/l in SCK), non digant in stage wise (0.568+0.016
pre-partum and 1.084+0.027 mmol/l post-partum) dmighly significant in parity groups
(0.946+0.016 mmol/l in 3*&parity and 0.974+0.019 mmol/l in aboV8Earity). The effect of pre
and post-partum stages were non significant ingubdlata. There were no effects of two factor
interaction indicating that difference among digsi The interaction between districts and health
status was highly significant £8.01). The trend is depicted in Fig. 55. This shdwileat the
BHBA level was lower in healthy groups across @kritts. Its level was significantly highest in
(0.7534£0.030 101.289+0.042 mmol/l) Pali-Marwar dcdit and lowest (0.782+0.019 to
1.058+0.036 mmol/l) in Jodhpur districts. The réesghowed that fat mobilization was higher in
Pali-Marwar in comparison to Bikaner and Jodhpur.
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4.4.8.2 Beta hydroxy butyric acid (BHBA) in healthycows:

The overall mean plasma beta hydroxy butyric aBHEA) level recorded during the
pre-partum period was 0.498+0.012 and 0.947+0.02@lt during the post-partum period.
Highly Significant (X0.01) difference was observed in the overall me&BAR values in the
districts (Table 11). The level of BHBA increasedm pre-partum to post-partum period.
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Fig. 57: Overall mean (xSE) plasma BHBA valueséalthy and SCK crossbred cows.

District wise: The mean plasma BHBA values were 0.474+0.020, 76220,
0.501+0.024 mmol/l during the pre-partum and 0.8¥@35, 1.006+0.019, 1.025+0.027 mmol/l
during the post-partum transition period from thairgl cows of the Bikaner, Jodhpur and
Pali-Marwar dairy farms, respectively (Table 12 d&id. 58). Highly Significant difference was
observed in heath and stage wise in dairy cowshetigzalues of BHBA were observed in
Jodhpur dairy cows as compared to cows Bikaner Rald Marwar in pre-partum transition
period. Perhaps it could be no concentrate feeidindgy period.
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Fig. 58: Mean (£SE) plasma BHBA values in healthg CK crossbred cows.
4.4.8.3 Beta hydroxy butyric acid (BHBA) in subclincal ketosis:

The overall mean plasma BHBA concentration in tealthy and SCK affected cows
was 0.498+0.012, 0.795+0.024 mmol/l during preyoart0.947+0.020, 1.526+0.026 mmol/l
during post-partum period. Highly significant<®05) mean plasma BHBA value was recorded
in SCK affected cows as compared to the healthyscduring different stages. Similarly, a
significant increase was also recorded in the pdaBIABA value in all the affected cows of the
three districts (0.725+0.022, 1.603+0.024 mmol/lr fBikaner; 0.784+0.029, 1.345+0.014
mmol/L for Jodhpur and 0.987+0.015, 1.575+0.035 Wimfor Pali-Marwar) between pre and
post-partum transition period, respectively (Taliteand Fig. 58).

Overall mean level was recorded as 0.491+0.013253@.024 and 0.520+0.030;
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1.016+0.024 in 8 — 5" parity and above"5parity in pre and post-partum period in healthwso
In SCK cows mean value of BHBA was 0.748+0.027;6149).031 and 0.873+0.033;
1.468+0.040 in ¥ — 5" parity and above "5 parity in pre and post-partum period. Highly
significant (<0.01) differences were observed in parity wise riossbred dairy cows. Highest
mean plasma BHBA level was recorded in cows of ab8V parity (0.873+0.033 mmol/L) in
SCK cows during pre-partum period (Table 13). Distwise no effect of parity was observed in
pre and post-partum period.

Blood BHBA is generally regarded as gold standast for diagnosis of subclinical
ketosis in cows and buffaloes in post-partum pefmatly lactation) because BHBA are being
more stable ketone body than acetone or acetoacétatumber of studies (Oetzel 2004; Tabrizi
et al., 2007; McArtet al.,2012a; McArtet al. 2012b ; Ribeircet al.,2013) have also reported
results similar to the present findings where tbiagsified a cow affected with SCK on the basis
of blood BHBA level above 1.2 mmol/L in post-party@riod.

Near parturition feed intake is reduced and aftetysition the demand for energy is
progressively increased by the initiation of laictat Concentrations of EFA increased after
parturition and peaked at two week post-partum I(Be&d80; Baird, 1982; Blunet al., 1983;
Kunz et al.,1985) and reflected mobilization of body fat. le ttase of excessive fat mobilization,
associated with marked formation of acetyl-coenzyimethe tricarboxylic acid cycle (TCA)
cannot fully metabolize fatty acids. As a consegeenacetyl coenzyme A is converted to
acetoacetate which is then reduced to BHBA by BH8&hydrogenase or spontaneously
decarboxylized to acetone (Baird, 1982; Brundiyal., 1975). Hence, the presence of ketone
bodies in body fluid is normal to a certain degnebereas high concentrations of ketone bodies
indicate that adaptability of metabolism is excekdee. that whole body homeostasis cannot be
maintained (Aeberharet al., 2001 and Baird, 1982). BHBA concentration increlasdter
parturition and peaked at four weeks postpartumr [Htan that of NEFA which indicated that
NEFA provide the substrate for BHBA synthesis. é@ased BHBA concentration reveals
incomplete oxidation of NEFA in TCA during negatigaergy balance (Grummer, 1993; Doepel
et al.,2002).

Cows can also have an excess of circulating kebodées without obvious clinical signs
(SCK) (Andersson, 1988). The term hyperketonemia. (blood BHBA 1.2 mmol/l) used
throughout this to include animals with SCK. lingportant to note that SCK and clinical ketosis
are not different diseases, just variations in ggvef a single disorder (BHBA). The distinction
between SCK and clinical ketosis can either be dasbjectively on clinical assessment or more
objectively through measurement of BHBA. Clinicatdsis is generally associated with higher
BHBA concentrations than SCK. Oetzel (2004) statedt cows with clinical disease generally
had blood BHBA concentrations 3.0 mmol/L which isiah higher than the BHBA threshold
generally used to determine SCK.

Proportions of NEFA and BHBA outside reference emgvere used to evaluate energy
balance or to find subclinical ketosis at the hiencel (Oetzel, 2004). The reference ranges for
NEFA in pre-partum period is <0.4 mmol/L and BHBA post-partum is <1.2 mmol/l,
respectively. Determination of BHBA is recommendedfind herds with subclinical ketosis
(Oetzel, 2004).

4.4.9 Non esterified fatty acid (NEFA)
4.4.9.1 Interaction between (districts and healthhealth and stage wise) affecting NEFA
level:

The overall mean of all the cows across three idistrstages, parity and healthy/SCK
groups for NEFA in plasma was 0.473+0.009 mmolhe Tdifferences among subclass means
were non significant across districts (0.456+0.044Bikaner, 0.459+0.015 in Jodhpur and
0.503£0.019 mmol/l in Pali-Marwar), highly signiint (”0.01) in healthy/SCK groups
(0.26240.010 in healthy and 0.683+0.016 mmol/l i€K$, non significant in stage wise
(0.2674£0.015 pre-partum and 0.442+0.022 mmol/l 4qp@stum) and highly significant parity
groups (0.462+0.012 mmol/l in 3"5parity and 0.483+0.015 mmol/l in abov& Barity). The
effect of pre and post-partum stages were nonfsigni in pooled data. There was effect of two
factor interaction indicating that difference amadigtricts. Where as the interaction between
districts and health status was highly significé®t0.01). The trend is depicted in Fig. 59. This
showed that the NEFA level was lower in healthyupsacross all districts. The level of NEFA
level was significantly higher in (0.242+0.023 t&®4+0.033 mmol/l) Pali-Marwar and lowest
(0.29740.013 to 0.616+0.025 mmol/l) in Bikaner digs.It indicate that lipid mobilization was
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higher in Pali-Marwar in comparison to Jodhpur &ikhner.
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Fig. 60: Interaction between health and stage affseting NEFA level in crossbred cows.
4.4.9.2 Non esterified fatty acid (NEFA) in healthydairy cow:

The overall mean plasma non esterified fatty d&l&FA) values in the crossbred dairy
cows from the different districts are shown in Ealill. The overall mean plasma NEFA value
was 0.189+0.008 mmol/L during pre-partum and 0.3883%5 mmol/l during post-partum period.
A highly significant difference #.01) was observed in the mean plasma NEFA valoes i
healthy and SCK dairy cow during transition period.
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Fig. 61: Overall mean (+SE) plasma NEFA valuesdalthy and SCK crossbred cows.

District wise: The mean plasma NEFA values from the three distiere 0.220+0.012,
0.172+0.013, 0.145+0.017 mmol/L during pre-partuerigd and 0.354+0.025, 0.288+0.021,
0.363+0.028 mmol/L during the post-partum periothia dairy cows of the Bikaner, Jodhpur and
Pali-Marwar dairy farm, respectively (Table 12)ghly Significant (R0.01) level was observed
in district wise healthy and SCK dairy cow. Highadues were observed for the Bikaner dairy
cows during the pre-partum and Pali- Marwar in gstum period as compared to the cows
from other districts (Table 12 and Fig. 62).
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Fig. 62: Mean (£SE) plasma NEFA values in healthg 8CK crossbred cows.

4.4.9.3 Non esterified fatty acid (NEFA) in subcliical ketosis:

The overall mean plasma values for NEFA in healdmd SCK affected cows were
0.189+0.008, 0.518+0.021 mmol/l during pre-partueniqud; 0.333+£0.015, 0.797+0.024 mmol/Il
during post-partum period. A highly significant iease (R0.01) was observed for the mean
NEFA value in SCK affected cows and healthy daows.

Energy status of dairy cows is variable duringgkepartum period. It is generally based on
the balance of energy intake and energy requiresn@idick, 1999; Rukkwamsuét al., 1999).
During the transition period, the energy requiretaenf the cow are compensated by intensive
lipolysis i.e. break down of adipose tissue, legdin release of fatty acids, reversibly bound to
albumin in the blood (Herdt,1997). In NEB, glucdeeel were decrease and increase in lipolysis
releases non-esterified fatty acids (NEFAs), whialculate throughout the body in the blood
(McNamara, 1991; Bertiost al.,1992; Herdt, 2000). NEFAs can be used directly absource
by various tissues such as muscle, used for nilkyilathesis by the mammary gland and taken up
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by the liver (Palmquiset al., 1969; Bell, 1995 and Drackley, 1999; Herdt, 200®tone bodies
released by the liver act as an alternate fuelcgofaor tissues such as the brain and heart (Herdt,
2000; Drackley and Andersen, 2006). The elevatadmpa NEFA and BHBA level are indicators
of negative energy balance (NEB) in postpartumydaiattle (Bell, 1995). Other indicators of
NEB are decreased plasma glucose, insulin andlindste growth factor-1 (IGF-1)
concentration (Gruret al.,1996; Butleret al.,2003) and a decreased body condition score (BCS)
(Wildmanet al.,1982 and Oldick, 1999). Thus, a certain concemmatif NEFAs and BHBA in

the blood is a part of normal adaptation to NERanly lactation. The liver removes 15-20% of
NEFAs from the blood (Drackley and Andersen, 2008)ich were completely oxidized. Excess
production of NEFA partially oxidized to producetéme bodies (acetone, acetoacetic acid, and
beta-hydroxybutyric acid (BHBA), converted intoaitylglycerol (TAGs) and packaged into very
low density lipoproteins (VLDL)for transport back the adipose tissue or stored as TAG (Spain
and Scheer, 2001) . However, excessive concenigatibNEFAs or BHBA indicate an excess of
NEB which is associated with detrimental to immdimection (Hammoret al., 2006; Contreras

et al., 2010; Steret al., 2012) and decrease appetite (Deleal., 1979). The latter may be the
result of food intake being controlled by signatsfi the liver to the brain (Alleat al.,2009) and
production outcomes.

NEFA in excess may become toxic (Herdt, 1988; Bratral., 1992 and Overtowt al.,
1998) as the bovine liver has a very limited cafyaid metabolize NEFA into TAG. However,
when the threshold is crossed, the TAG accumuiatéise liver and acetyl CoA (resulting from
oxidation of fatty acids) that is not utilized ihet tricarboxylic acid cycle (TCA) and hence is
converted into ketone bodies, such as acetonepammttte and beta-hydroxy butyrate (BHBA)
(Nelson and Cox 2005). Excessive accumulation d&TA the liver impairs its normal function
(Vandenet al., 1996; Heuert al., 2000; Rukkwamsulet al., 2000 and Jorritsmat al., 2001).
Therefore, cows with lipolysis are at high riskdevelop fatty liver syndrome (Grummer, 1993;
Vanden 1995 and Bryers 1999). In addition, develapnof fatty liver has been found to impair
the gluconeogenic activity of liver tissue, whiatwers blood glucose and decreases insulin
secretion. This, in turn, support greater lipid iination and increased rate of fatty acid uptake
by the liver and increased ketogenesis (GrummeB13hen ketones are produced in excess of
peripheral tissue's capacity to use them, theyraatate in the blood stream, thus appearing in
the blood, milk and urine; the resultant conditlteeing referred to as ketosis (Goff and Horst,
1997). Ketosis is a major disease associated métiative energy balance. Increased energy
demand because of lactation and/or fetal developmed decreased energy intake because of
depressed appetite before the disease resultsdsiket result in quick blood glucose draw down
and body fat mobilization (Xet al.,2008). Therefore, blood NEFA concentration is sgosatly
increased. The liver is the most active metaboligan for cows (Melendeet al, 2006).
Therefore, metabolism of blood NEFA, in the liveray be very important for NEB diseases such
as ketosis. However, how metabolism of high conegiohs of NEFA occurs in liver is not clear
and little reported. Esterification and exportatafiNEFA as VLDL in the liver can be enhanced
through additional dietary ruminally-protected céhe| but the storage of fat in liver was not
relieved and ketosis was not prevented (Kristeresgsh Raun, 2007; Grummer, 2008). When
ketosis occurred, synthesis and secretion of VLbthe liver was also decreased (Oikawa, 1997;
Yamamotoet al.,2001).

District wise (subclinical): Mean plasma NEFA values in cows from the pre-parto
post-partum stage were 0.467+0.029, 0.748+0.036 Ifthfinom Bikaner district; 0.541+0.033,
0.814+0.020 mmol/L from Jodhpur district and 0.60%48, 0.897+0.044 mmol/l from
Pali-Marwar district, respectively. Significantlyigher mean NEFA level was noted in
Pali-Marwar in dairy cows (Table 11 and Fig. 62).

Overall mean level of NEFA was recorded as 0.1803® 0.320+0.017 and 0.218+0.020;
0.372+0.032 mmol/L in "8 — 5" parity and above "5parity in pre and post-partum period in
healthy cows. In SCK cows NEFA values were 0.49320; 0.768+0.032 and 0.560+0.030;
0.845+0.031 mmol/L in"8— 5" parity and above"™parity in pre and post-partum period.

Mean plasma NEFA values were highest in cows frbova 3" parity in comparison to
3" -5" parity and a non significant increase was obseimetie plasma NEFA values from the
pre to the post-partum transition period in cowmnfr3® — 5" parity in both healthy and SCK
dairy cow (Table 13).

This increase in NEFA and BHBA in cows with SCKdaincreased fat mobilization from
the adipose tissue during the early lactation jget@support the negative energy balance, when
blood glucose level was low due to the initiatioh milk production, resulting in increased
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production of acetyl-CoA, which resulted in incredgproduction of ketone bodies (Wielaetd
al., 1964). In multiparous cows, postpartum NEFA conitins greater than about 0.7 mEq/L
and BHBA concentrations greater than about 10 mg/dte associated with lower predicted milk
yield.

Excessively high circulating NEFA and BHBA in tsition dairy cattle are associated with
increased risk of clinical diseases, less milk patihn and reduced reproductive performance.
The loss due to ketosis was estimated by Thiruneanalsuet al, 2010b, who reported that Rs.
577.09 per affected cow, which included the cosmmefdicines (Rs. 262.99, 45.57 per cent),
Veterinarian’s fee including additional labour cfBs. 224.98, 38.99 per cent) and expenses on
feed supplements (Rs. 89.12, 15.44 per cent). Hexeegardless of the accuracy of these
estimates, when metabolic disease is considerdwedierd level, it is considerably more costly
than most clinical diseases, since subclinicalatisds far more frequent. Cow-level risk factors
are parity and body condition score. Herd variatiodistrict for this disease problem is wide and
herd level risk factors are poorly described. Hosvewerd level risk factors most likely involve
combinations of management, feed quality and momdd programs, cow comfort, environment,
and other variables that influence dry matter ietaRRoutine monitoring programme for
subclinical ketosis is beneficial on many dairies.

4.4.10 Total cholesterol:
4.4.10.1 Interaction between health and stage wiséfecting cholesterol level:

The overall mean of all the cows across variousidis, stages, parity and healthy/SCK
groups for cholesterol in plasma was 84.892+1.1gMdnThe differences among subclass means
were significant across districts (89.049+1.859 Bikaner, 84.599+1.964 in Jodhpur and
81.028+£2.413 mg/dl in Pali-Marwar), highly signdiat (F<0.01) in healthy/SCK groups
(95.543+1.313 in healthy and 74.241+2.013 mg/dl $@Kd highly significant parity groups
(85.727+1.597 mg/dl 3'%parity and 84.057+1.880 mg/dl abov® parity). The effect of pre
(93.782+1.164 mg/dl) and post (93.440+2.087 mgfjtum stages were non significant in
pooled data. There was no effect of two factorraatBon indicating difference among districts.
Whereas the interaction between health and statugogwas highly significant @0.01). The
trend is depicted in Fig. 63. This showed that ¢helesterol level was almost equal in healthy
and SCK groups across pre-partum stage. Rise iim tbeel was significantly higher in
post-partum stage the level decreases in SCK dainyin comparison to healthy. In subclinical
ketosis fat mobilization occur in liver and chotgsi was not produced in sufficient quantity by
the liver and their level decrease in the blood.
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Fig. 63: Interaction between stage and health affgeting cholesterol level in crossbred
COws.
4.4.10.2 Total cholesterol in healthy dairy cow:

The overall mean plasma cholesterol level recordad 97.250+1.242 mg/dl during the
pre-partum period and 101.168+2.118 mg/dl durirgy lost-partum transition period. A highly
significant (0.01) difference was observed in the overall mdwiesterol level in healthy and
SCK dairy cow (Table 11).

District wise: The mean cholesterol level was 101.241+1.810,274%2.051 and
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88.812+1.815 mg/dl during the pre-partum period ab#ll.130+3.167, 92.848+2.971,
91.535+3.146 mg/dl during the post-partum transifi@riod from the dairy cows of the Bikaner,
Jodhpur and Pali- Marwar dairy farms, respectiv@igtrict wise non significant differences were
observed in health, stage and parity wise.
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Fig. 64: Mean (xSE) plasma cholesterol values aithg and SCK crossbred cows.
4.4.10.3 Total cholesterol in subclinical ketosis:

The overall mean plasma cholesterol concentratiothé healthy and SCK affected
cows was 97.250+1.242, 82.541+1.589 mmol/L duringe-gartum and 101.168+2.118,
68.390+1.686 mmol/L during post-partum period. Sigantly low mean plasma cholesterol
value was recorded in SCK affected cows as compartte healthy cows during different stage.
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Fig. 65: Overall mean (+SE) plasma cholesterol eslim healthy and SCK crossbred cows.

Similarly, a significant decrease was also recoridettie plasma cholesterol value in all
the affected cows of the three districts (82.92Z32, 68.773+2.805 mmol/L for Bikaner;
83.363+3.033, 69.437+2.277 mmol/L for Jodhpur afd483+3.898, 66.033+3.268 mmol/L for
Pali-Marwar) between pre and post-partum transpieriod, respectively (Table 12 and Fig. 64).

Higher cholesterol level was reported by Setty Baddan (1966) due to the gonadal steroid
which have correlation with cholesterol metabolisme produced in much greater amount during
periparturient stages. Prakash and Tandon (197®)dfancreased level of serum cholesterol,
which were due to the mechanism by which estrogédfested the complex interrelationship of
pituitary-thyroid-adrenal function. The estrogerdten effect on the carbohydrate metabolism
that in turn caused increased production of chetestn endocrine gland tissue from acetate The
increased level of free cholesterol was of pardicuhterest in the lactating animals for transport
of free fatty acids to be incorporated in milk fAhantwar and Singh, 1993). In present study, the
value of cholesterol was high in pre-partum stadechv was similar as reported by the above
mention author.

Overall Mean plasma cholesterol values revealetyigignificant (*0.01) difference
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in 2 parity group but district and stage wise nffedence were observed in this study. Level of
cholesterol was high in cows fronff' 35" parity and a non significant increase was obseiwed
the plasma cholesterol values from the pre-partpriotthe post-partum period in cows froff+-3
5" and above parity in healthy dairy cow (Table 13).

Cholesterol level showed a significant decreasesubclinical ketotic dairy cow
compared with normal ones. These results were ainlprevious report of Ghanem and El-deeb
(2010) in buffalo. This could be attributed to milger function which causes reduction in
cholesterol formation in the liver (Grummer, 199%)owever, Anantwar and Singh (1993)
reported that there was an increase in cholesltevel in ketotic buffalo. Marcost al. (1990)
reported decrease in serum cholesterol in liveurieg and fatty liver syndrome in cows.
HDL-cholesterol level showed a significant decreasesubclinical ketotic dairy cow in
comparison to healthy groups. These results cadneiith those of Nasri and Baradaran (2004)
and Turket al. (2008). These results may be attributed to modematersible changes in liver
(Steatosis), which causes reduction in cholesterall. In the contrast, there was non-significant
decrease in LDL-cholesterol levels in subclinicatdtic cow in comparison to the normal ones.
Similar finding in cows was recorded by Van den €pl. (2005).

Serum cholesterol was increased due to lipolystsiwing in adipose tissues of ketotic
animals which in turn was responsible for elevdésgls of free fatty acids in plasma along with
other lipids (Brockman, 1979). This could have beke reason of increase in mean serum
cholesterol level in ketotic cows.

The results were in agreement with the observatidrearlier workers for the high plasma
cholesterol. Some contradictory results were alsdlected from the literature. These
discrepancies could be due to variation in age ggoand season of collection of samples as
growth and different age groups can affect the b@dia status as per the need of the body. High
level of cholesterol in females could be due toogmn which promotes cholesterol synthesis
(Singhet al,, 1994).

4.4.11 Triglycerides:
4.4.11.1 Interaction between districts and health ise affecting triglyceride level:

The overall mean of all the cows across variousidis, stages, parity and healthy/SCK
groups for triglycerides in plasma was 14.345+0mB88/Ml. The differences among subclass
means were significant across districts (11.996xD.8g/dl in Bikaner, 15.106+0.656 mg/dl in
Jodhpur and 15.933+0.806 mg/dl in Pali-Marwar),hhjgsignificant (<0.01) in healthy/SCK
groups (11.591+0.438 in healthy and 17.098+0.642dmSCK) and highly significant in
parity groups (14.845+0.533 mg/dl $-parity and 13.844+0.628 mg/dl abov& @arity). The
effect of pre (10.678+0.357 mg/dl) and post-part(td.287+0.555 mg/dl) stages were non
significant in pooled data. There were no effectstwo factor interaction indicating that
difference among districts. The interaction betwadstricts and health status was highly
significant (<0.01). The trend is depicted in Fig. 66. This shoket the triglyceride level was
lower in healthy groups across all districts. Ristheir level was significantly higher in (11.63 t
20.23 mg/dl) Pali-Marwar district and lower (10.87 13.12) in Bikaner districts. It means fat
mobilization in Pali-Marwar dairy cow was more iangparison to other districts. It also confers
with the level of NEFA and BHBA, which were high Pali-Marwar dairy cow. These values
were associated with fat mobilization.
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Fig. 66: Interaction between districts and healtbevaffecting triglyceride level in crossbred
Cow.
4.4.11.2 Total triglyceride level in healthy cows:

The overall mean plasma triglyceride values in ¢hessbred cows from the different
districts are shown in Table 11. The overall me&smpa triglyceride value was 9.506+0.299
mg/dl during pre-partum and 13.401+0.622 mg/dl mlypost-partum. Highly significant increase
(P<0.01) was observed in the mean plasma triglyceralees in healthy and SCK dairy cows.
Overall highly significant (R0.01) differences were observed in the districts.
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Fig. 67: Overall mean (+SE) health wise and staige wiglyceride level in crossbred cows.
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District wise: The mean plasma triglyceride values from the waridlistricts were
8.868+0.346, 10.018+0.602 and 10.161+0.713 mg/dindupre-partum period; 12.143+0.576,
15.145+1.499 and 13.274+0.890 mg/dl during postymarperiod in the dairy cows of the
Bikaner, Jodhpur and Pali-Marwar dairy farm, resipety (Table 12). Significantly higher
(P<0.05) values were observed for the Pali-Marwar ydaiows during the pre-partum and
Jodhpur in post-partum as compared to the cowshef alistricts (Table 12 and Fig. 68).
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Fig. 68: Mean (+SE) plasma triglyceride valueséalthy and SCK crosshred cows.

4.4.11.3 Total triglyceride level in subclinical keosis:
Overall mean plasma triglyceride concentrationsev@®b606+0.299, 14.478+0.849 mg/d|

during pre-partum period and 13.401+0.622, 17.159&1 mg/dl during post-partum transition
period. Highly significant (R0.01) differences were observed in the mean plasigigceride
values between healthy and SCK cows.

No significant variation was observed in mean pkagnglyceride concentration from
pre-partum to the post-partum transition period dows from Bikaner (12.019+0.878,
14.542+1.279 mg/dl), Jodhpur (16.169+1.388, 18.90025 mg/dl) and Pali-Marwar

(18.372+1.920, 21.378+2.832 mg/dI) district, resiedty.
Overall mean level was recorded 9.327+0.320; 13@941 and 10.058+0.722;

13.106+1.138 in'8 — 5" parity and above"5parity in pre and post-partum period in healthwso
In SCK cows were 13.519+1.042; 17.006+1.410 and®4/6:1.379; 17.409+1.711 in®3- 5"
parity and above"5parity in pre and post-partum period. Overall mp&sma triglyceride level
was highest significantly €®.01) in dairy cows (Table 13).
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Low triglycerides may be attributed to an influx foée fatty acids from adipose tissue
near the time of parturition and a low output @olprotein by liver. The rapid increase in the
triglycerides during lactation may be due to inseshdemand of the udder for fatty acid synthesis
for milk fat, and also to lowest level of circulagcestrogen and thyroxin profile which influence
the lipid metabolism (Tainturiest al.,1984).

Nazifi et al. (2008) and Arya (2008) observed highly signific@at< 0.01) increase in
serum triglycerides level in ketotic cows. Loet al (2007) also recorded increase serum
triglyceride and decrease serum glucose level dudad ketosis in dairy cattle. In subclinical
ketosis, triglycerides accumulate in liver cell, emhthere is a disturbance in the lipoprotein
synthesis and ultimately animal develop fatty liver

The study revealed that excessive lipid mobilizatéue to negative energy balance,
dairy animal turn to increased triglyceride levelsiubclinical ketotic cows compared to normal
healthy cows. Negative energy balance in dairy cowsost-partum transition period is mainly
due to production stress and inappetence, whichtygieal during the peripartum period, are
prerequisites for the onset of ketosis soon aféetupition (Drackley and Dann, 2005). Ketosis is
closely associated with liver lipidosis. Despitevaigces made over the last decades to understand
the pathology and etiology of liver lipidosis andtdsis in dairy cattle, the molecular events
associated with these diseases remain largely wrkniéetosis and liver lipidosis develops when
the hepatic uptake of nonesterified fatty acids FNEexceeds their oxidation and secretion as
triacylglycerol (TAG) in very-low-density lipoproites (VLDL) by the liver. It occurs primarily
during the first 4 wk postpartum. This disorderassociated with decreased health status,
well-being, productivity, and reproductive perfommsa of cows (Looet al, 2007).

4.5 Enzymatic status in transition period:

The ANOVA of liver enzymes have been presenteabipendix Table no. 24.

The mean AST (Aspartate aminotransferase), ALTaile aminotrans-ferase) and GGT
(gamma-glutamyl transferase) were considered irmpbgiarameters for assessing liver efficiency.
Results are presented in Table 14.
4.5.1Aspartate aminotransferas®ST):
4.5.1.1 Interaction between (districts and health;district and stage; parity and stage)

affecting AST level:

The overall mean of all the cows across variousidis, stages, parity and healthy/SCK
groups plasma AST level was 56.789+0.947 IU/L. Tifeerences among subclass means were
significant (0.05) across districts (56.958+1.504 IU/L in Bikan60.004+1.589 |U/L in
Jodhpur and 53.405+1.952 IU/L in Pali-Marwar), higlsignificant (~0.01) in healthy/SCK
groups (53.393+1.062 IU/L in healthy and 60.18528.8J/L SCK), non significant in stage wise
(48.897+1.015 IU/L pre-partum and 60.590+1.216 Ikst-partum ) and highly significant in
parity groups (AST level was lower in healthy grewgzross all districts but the rise in their level
was 55.622+1.292 1U/l 3%parity and 57.956+1.520 1U/l in abov® parity ).

There was significant two factor interaction inding that difference among districts.
The interaction between (districts and health stgparity and stage) was significant and highly
significant between (districts and stage). Thedrisrdepicted in Fig. 69 and 70, which shows that
the AST level was lower in healthy groups acrosdliatricts but the rise in their level to reach
significantly higher difference in (50.430x£1.354 &3.485+2.550 IU/L) Bikaner district and
lowest difference (58.986+1.519 to 61.021+2.837 )it Jodhpur. It means AST enzyme was
highly increased in subclinical ketosis animal @fidpur and hepatocyte more metabolized the fat.
The AST level interaction with districts and stagess highly significant (B0.01) and raise their
level in Pali-Marwar was higher. It indicates thiptd mobilization is more in Pali-Marwar dairy
cows in comparison to Jodhpur and Bikaner. In panise, interaction shows that the liver
enzymes are increases in old age group dairy cow.
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Fig. 71: Interaction between parity and stage wisespect to plasma AST activity.
4.5.1.2 AST enzyme level in healthy dairy cows:

Overall mean plasma AST concentration from varidglistricts was recorded to be
47.41041.149 and 58.197+1.432 mg/dl during pre post-partum transition period respectively
(Table 14). A highly significant (f0.01) increase was observed in different distriicm pre to
post-partum period. The high plasma AST level tdting cattle (post parturient) might be due
to excess metabolism of fat and ultimately depositf fat globule in the hepatocyte and leakage
of enzyme in the blood circulation.

Table 14: Overall (MeanzSE) liver enzymes activitydairy cows during transition period.
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Parameters | Periods Over all Total no. of
Healthy (n=94) | SCK (n=29) dairy cows
(n=123)
AST Pre-partum. | 47.410£1.149 53.718+1.930 48.897+1.015
(ufl) Post-partum | 58.197+1.432 68.347+1.556 60.590+1.216
Over all 53.393+1.062 | 60.185+1.628b| 56.789+0.947
ALT Pre-partum. | 23.229+0.904 23.099+1.243 23.198+0.748
(u/l) Post-partum | 26.283+0.866 27.673+1.444 26.611+0.743
Over all 24.160+0.760 25.452+1.165 24.806+0.6[77
GGT Pre-partum. 22.594+0.889 27.771+1.455% 23.814+0.784
(u/l) Post-partum | 29.611+0.947 35.155+1.550 30.918+0.835
Over all 26.480+0.809 | 31.232+1.24D | 28.856x0.721 |

NOTE: 1. Value bearing different superscript (agh,in a row depict highly significant £©.01).
2. Value bearing same superscript (a, a) in adepict significant (R0.05). 3. No superscript
mean non significant with in row or column. 4. *Highly significant (R0.01), *= significant
P<0.05) between the column.
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Fig.72: Overall Mean (xSE) plasma AST values inltieand SCK crossbred cows.

District wise: The mean plasma AST concentrations were 46.5738152.211+2.353,
40.256+2.123 IU/L during the pre-partum period 82d855+1.988, 65.150+2.148, 58.528+3.172
IU/L during the post-partum transition period irossbred dairy cows of the Bikaner, Jodhpur and
Pali-Marwar dairy farms (Table 15 and Fig. 73).
4.5.1.3 AST enzyme level in SCK animal:

The overall mean plasma AST concentration in soloell ketotic crossbred cows was
53.718+1.930 IU/L and 68.347+1.556 IU/L during pe post-partum transition period. The
overall mean plasma AST level increased from the-gartum period to the post-partum
transition period, the increase was highly sigaific(P<0.01).

District wise: The mean plasma AST concentrations from varioisdricts were
57.113+2.907, 51.556+2.976, 48.113+3.435 |U/L dyrthe pre-partum period; 68.465+1.992,
70.582+3.859, 65.072+2.543 IU/L during post-partnamsition period in the cows of the Bikaner,
Jodhpur and Pali- Marwar dairy farms, respectivElye mean plasma AST concentrations were
significantly higher in post-partum cows of Bikardairy farms as compared to the cows from
other districts because lipid mobilization was mioreomparison to other districts. (Table 15).
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Table 15: Districts wise liver enzymes investigateder study during transition period in dairy cawVestern Rajasthan.

Parameters | Periods Bikaner Jodhpur Pali-Marwar
Healthy SCK Over all Healthy SCK Over all Healthy SCK Over all
(n=44) (n=15) (59) (n=33) (n=8) (41) (n=17) (n=6) (23)
AST Pre 46.573+1.218 57.113+2.907 49.253+1.305** 52.211%3.3 51.556+2.976 52.083+1.967** 40.256+2.123 48.131335 42.306+1.914**
(u/l) Partum.
Post 52.855+1.988 68.465+1.992 56.823+1.796** 65.15048.1 70.582+3.859 66.210+1.896** 58.528+3.172 65.07243 60.235+2.483**
Partum
Over all | 50.430+1.354 63.485+2.550 56.958+1.502% 58.986+1.519 61.021+2.837 60.004+1.589 50.763+2.363 56.047+3.319 53.405+1.952
ALT Pre 21.862+0.909 24.647+1.822 22.570+0.828 27.038+1.782 19.798+1.881 25.625+1.540 19.375+2.282 23.630#2.79 | 20.485+1.849
(u/l) Partu.
Post 25.077+1.172 28.093+1.707 25.844+0.984 29.367+1.564 23.905+2.261 28.301+1.366 23.417+1.775 31.647861.41 | 25.564+1.856
Partum
Over all | 23.435+0.969 27.452+1.82% 25.443+1.076 21.949+2.030 27.321+1.087 24.635+1.137 21.723+1.691 26.954+2.375 24.339+1.397
GGT Pre 23.219+1.338 28.227+2.088 24.492+1.157 20.499+1.587 22.880+2.066 20.964+1.338 25.043+1.475 33.153£2.56 | 27.159+1.461
(ufl) Partum
Post 31.562+1.454 35.451+2.377 32.551+1.251 27.172+1.601f 31.931+2.555 28.101+1.401 29.295+1.674 38.715#2.81 | 31.753%1.659
Partum
Overall | 26.914+1.031 31.360+1.943 29.137+1%145 25.024+1.157 26.676+2.161 25.850+1.210 27.503+1.800 35.661+2.528 31.582+1.487
NOTE: 1. Value bearing different superscript (a,b,c,dy iow depict highly significant ¢9.01).

2. Value bearing same superscript (a, a) in adepict significant (§0.05).
3. No superscript mean non significant with i column.

4. **= highly significant (K0.01), *= significant (R0.05) between the column.
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Fig. 73: Mean (xSE) plasma AST values in healthy 8&K crossbred cows.
4.5.1.4 AST level in different parity:
Overall AST level in SCK dairy cow districts wef8.316+2.360 and 69.383+2.022;
54.377+3.453 and 66.652+2.456 |U/L iff & 5" and above & parity respectively, which were
highly significant (R0.01) AST level in different parity groups.
. Mean plasma AST level in healthy dairy cows wdEe966+1.214, 58.187+1.610 and
51.869+2.672, 58.227+3.158 IU/L during pre and gmstum transition period in"3to 5" and
above ¥ parityrespectively (Table 16).
Significantly increased AST activity was recordedtidg early lactation (<3 weeks) in
our study in comparison to pre-partum transitiomiqee Although AST is non-specific liver
enzyme (Radostitet al., 2007), estimation of its activity in dairy cowsnsst often associated
with fatty liver syndrome (Cebret al, 1997). AST has been found to greatly increadestntic
cows compared with healthy ones (Stetral, 1997). The infiltration of hepatic cells withtfa
increases cell membrane permeability with subsdguedease of AST enzyme that serves as a
good tool for metabolic diseases finding (Karasad é&chefar, 1984). Consequently, in the
present study, the elevated serum AST in subclimifacted and healthy could be due to negative
energy balance. Tainturet al (1984) found that AST activity in dairy cow chasgirregularly
during pregnancy and lactation, but that these gbsmvere not statistically significant. EI-Ghoul
et al. (2000) established a significant increase in ASTivily 6 weeks before parturition.

Kauppinen (1984) and Kanela al (1997) mention the value of AST activity in cogmeater

than the values in comparison to our study. Stojet/al. (2005); Mordak and Nikpon (2006) and
value of AST increased igantly from dry to early

Ping Liu et al. (2012), reported that
lactation period, which was similar to our study.

Table 16 : Mean (£S.E.) value of liver enzyme geoiin crossbred cows under different parity
during transition periods

Periods 3 - 5" parity >5"parity
Parameters Healthy SCK Over all Healthy SCK Over all
(n=71) (18) (89) (n=23) (11) (34)
AST Pre Partum.| 45.966+1.214  53.316+2.360 47.452+1*19*51.869+2.672 54.377+3.453 52.680+2.105*
(u/t) Post Partum| 58.187+1.61 69.383+2.022  60.452+1%27*58.227+3.158 | 66.652+2.456 60.952+2.358*
Over all 51.984+0.992| 59.260+2.35p 55.622+1%292| 54.802+1.857 61.110+2.464] 57.956+1.520
ALT Pre Partum.| 23.498+1.053 22.411+1.8Y1  23.278+0.918 22.400+1.788 | 24.224+1.205 22.990+1.267
(u/l) Post Partum|  26.499+0.984 28.092+1.577  26.821+0.847 25.617+£1.845 | 26.986+2.900 26.060+1.540
Over all 24.659+0.710| 24.408+1.688  24.534+0%924| 23.660+1.329 26.496+1.763] 25.078+1.088
GGT Pre Partum.| 22.494+0.955 27.588+1.742  23.524+0.863 22.903+2.163 | 28.071+2.679 24.575+1.729
(ufl) Post Partum| 29.203+1.111  34.316+2.089  30.237+0.997 30.870+1.805 | 36.528+2.420| 32.700+1.502
Over all 25.754+0.756| 30.205+1.79F  27.980+0%084| 27.206+1.415 | 32.259+1.877| 29.733+1158
NOTE: 1. Value bearing different superscript (a,b,c,d) in a row depict highly significant (P<0.01).

2. Value bearing same superscript (a, a) in a row depict significant (P<0.05).
3. No superscript mean non significant with in row or column.
4, **= highly significant (P<0.01), *= significant (P<0.01) between the column.

In ketotic animals permeability of hepatic celigrieases due to which leakage of liver
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specific enzymes more is in circulation (Agarwetlal., 2002). Aspartate aminotransferase may
also be high in cattle with hepatic lipidosis, passsenous congestion and diseases that cause
distension of the fore stomach and abomasum (Md®@@7; Kramer and Haffmann, 1997).

AST in liver, skeletal muscle and heart of cowsensitive (Sattler and Furll, 2004) and
increases of serum AST activities is an indicatbsaft tissue damage, probably due to liver
damage. Hoedemarket al. (2004) indicated that increase of AST activity iastpartum is
related to extensive muscle breakdown and increaseo acid catabolism.

4.5.2 Alanine aminotransferase (ALT):
4.5.2.1 Interaction between districts and health vge affecting ALT level:

The overall mean of all the cows across variousidis, stages, parity and healthy/SCK
groups for ALT in plasma was 24.806+0.677 IU/L. Tdifferences among subclass means were
non significant across districts (25.443+1.076 |WnIBikaner, 24.635+1.137 IU/L in Jodhpur and
24.339+1.397 IU/L in Pali-Marwar), non significaint healthy/SCK groups (24.160+0.760 IU/L
in healthy and 25.452+1.165 IU/L in SCK), non sfgant in stage wise (23.198+0.748 IU/L
pre-partum and 26.611+0.743 IU/L post-partum) aighlly significant (0.01)in parity groups
(24.534+0.924 |U/L 3-8 parity and 25.078+1.088 IU/L abové parity). The effect of pre and
post-partum stages and healthy/SCK groups weresigmificant in pooled data.

There were significant effects of two factor intgian indicating that difference among
districts. Whereas the interaction between distrighd health status was highly significant
(P<0.01). The trend is depicted in Fig. 74. It showkat the ALT level was lower in healthy
groups across all districts but the rise in theirel was significantly lower in (23.435+0.969 to
27.452+1.825 IU/L) Bikaner district and higher (221+1.087 to 21.949+2.030 IU/L) in Jodhpur
district.

30. 00
29. 00
28. 00 A o7 5 ce
-2 ;
27. 00 =
S 26. 00
= 25,00 +—HEALTHY
o4, 00 23. 44 == 5CKE
.\
23,00
VI‘QB 21, 7
22. 00 o
21. 00
BIEANER ‘ JODHFPUR ‘ PALT-MARWAR
ALT

Fig. 74: The Interaction between districts and theaise with respect to ALT activity.
4.5.2.2 ALT enzyme level in healthy animal:

Overall mean + SE values of ALT have been presemeéethble 14. The overall ALT
mean values were recorded to be 23.229+0.904, 262866 U/l during pre to post-partum
transition period, respectively. The statisticaslgses of the data of plasma ALT revealed non
significant changes in pre to post-partum transiperiod.
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Fig. 75: Overall Mean (xSE) plasma ALT values imltiey and SCK crossbred cows.

The mean ALT level recorded from various distrietsre 21.862+0.909, 27.038+1.782,
19.375+2.282 IU/L during pre-partum and 25.077+2,129.367+1.564, 23.417+1.775 IU/L
during post-partum period in the dairy cows of Bikg Jodhpur and Pali- Marwar dairy farm.
Non significant higher values were observed indbess of Jodhpur district as compared to the
cows from Bikaner and Pali-Marwar district duritng tpost-partum period (Table 15).
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Fig. 76: Mean (+SE) plasma ALT values in healthg &CK crossbred cows.

4.5.2.3 ALT enzyme level in SCK dairy cow:

The overall mean plasma ALT concentration recorges 23.099+1.243 IU/L during
pre-partum period; 27.673+1.444 |U/L during posttpan transition period. A non significant
increase was observed in the overall mean plasnialétel from the pre to post-partum period
which was well within the normal physiological ranfpr the cows (Table 14).

District wise: Mean plasma ALT concentration were 24.647+1.829,798+1.881,
23.630+2.791 IU/L during pre-partum period and 28£1.707, 23.905+2.261, 31.647+4.416
IU/L during post-partum period in cows from Bikandodhpur and Pali-Marwar dairy farms,
respectively. Non significantly difference was alysl in districts and stage wise (Table 15).
4.5.2.4 ALT level in different parity:

Mean plasma ALT level in healthy dairy cows was428+1.053 and 22.400+1.788 IU/L
and 26.498+0.985, 25.617+1.740 IU/L during pre aodt-partum transition period if3o 5"
and above '8 parity, respectively (Table 16).

The mean plasma values observed in subclinicakiettairy cow in these groups were
22.411+1.871, 24.224+1.205 IU/L during pre-partund £8.092+1.577, 26.986+2.900 IU/L
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during post-partum transition period iff 30 5" and above than"5parity respectively. Overall
highly significant differences were noticed in thiesma ALT value across the parity but there
were no effect of health and stage.

ALT activity in cows differs during certain productipariods. The highest ALT activity was
measured during early lactation (post-partum ttarsperiod). Similarly, ALT has been found to
increase in liver and bile duct malfunctions (Ste¢ral, 1997). Consequently, in the present
study, high AST and ALT support the occurrence @bdtic damage in subclinical ketotic dairy
COW.

ALT activity indicated a statistically significaiicrease from the 5-7 weeks of lactation
and activity in the 7week postpartum periods significantly reached ®pbkak (Stojeviet al.,
2005; Ping Liuet al.,2012). In the dry period enzyme activity was lowean early lactation, but
it was still statistically much higher than Kaupgin 1984 and Kaneket al, 1997 values (17.82
+11.51 U/L). In our finding the role of ALT in edicting liver damage in subclinical ketosis was
significant. Tainturieret al (1984) in their study presented information tHdiT activity
decreased in the™7and &' months of pregnancy and that it remained stabté tie end of
pregnancy, and in the first month of lactation. @asults confirm this only partially because in
the period of pre-partum transition, we measuredidiver concentrations of ALT in comparison
to post-partum transition period.

The ALT activity in cattle is not specific for thiéver in order to have a diagnostic
significance (Kramer and Hoffman, 1997). Howevepur study, we found that ALT increase in
the plasma was significant from pre to post-partuamsition period. Tainturieet al. (1984)
reported that ALT changes significantly in cows thre parturition period and ALT activity
decreases in the last trimester and increases afiermonth of lactation period. The highest
activity of ALT was found in the third period ofd&tion (Stojevicet al, 2005).

4.5.3 Gamma glutamyl transference (GGT)
4.5.3.1 Interaction between districts and parity decting GGT level:

The overall mean of all the cows across variougridis, stages, parity and healthy/SCK
groups for GGT in plasma was 28.856+0.721 IU/L. Tifeerences among subclass means were
highly significant (R0.01) across districts (29.137+1.145 |U/L in Bikgrizgh.850£1.210 IU/L in
Jodhpur and 31.582+1.487 IU/L in Pali-Marwar), Higlsignificant in healthy/SCK groups
(26.480+0.809 IU/L in healthy and 31.232+1.240 IUACK), non significant in stage wise
(23.814+0.784 IU/L pre-partum and 30.918+0.835 Iyhst-partum) and highly significant in
parity groups (27.980+0.984 IU/L 3"5parity and 29.733+1.158 IU/L abové parity ). There
was significant (R0.05) effect of two factor interaction indicatirttat difference among districts.
Whereas the interaction between districts andypauits significant. The trend is depicted in Fig.
77.
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Fig. 77: Interaction between districts and paritgenaffecting the level of GGT
4.5.3.2 GGT enzyme level in healthy animal:
The overall mean GGT level measured during differstages of transition period were
22.594+0.889 and 29.611+0.947 1U/I during pre aostypartum period respectively (Table 14).
District wise: The mean GGT level in Bikaner, Jodhpur and Palivikéa dairy farms
were 23.218+1.294, 20.499+1.494, 25.042+2.082 Itliking pre-partum period; 31.562+1.294,
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27.172+1.494, 29.295+2.082 IU/L during post-partperiod, respectively. Non Significantly
higher value was noted in the cows of Bikaner itisiis compared to the cows of Jodhpur and
Pali-Marwar during pre and post-partum period (€alB and Fig. 79).
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Fig. 78: Overall mean (xSE) plasma GGT values mthg and SCK crossbred cows.
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Fig. 79: Mean (+SE) plasma GGT values in healthy 86K crossbred cows.

4.5.3.3 GGT enzyme level in SCK dairy cow:

The overall mean plasma GGT concentration recondad 27.771+1.455 IU/L during
pre-partum period and 35.155+1.550 IU/L during guesttum period which was higher than the
normal physiological range 14-26 IU/L as stated NdgDowell (1992). A highly significant
(P<0.01) increase was observed in GGT concentratiehsden healthy and SCK dairy cows in
transition period (Table 14).

District wise: The mean plasma GGT concentration recorded wer@2282.088,
22.880+2.066, 33.153+£2.560 IU/L during pre-partusripd and 35.451+2.377, 31.931+2.555,
38.715+2.814 IU/L during post-partum period frore trarious farms of the Bikaner, Jodhpur and
Pali-Marwar dairy farm. Non Significant changesamted in districts and stage wise in GGT
level (Table 15).
4.5.3.4 GGT level in different parity:

Mean plasma GGT level in healthy dairy cow were492+0.955, 29.203+1.111 and
22.903+2.163, 30.870+1.805 during pre and postipattansition period in'3to 5" and above
5™ parityrespectively (Table 16).

The mean plasma GGT values recorded in subclikiEalsis dairy cows in these groups
were 27.588+1.742 and 28.071+2.679 and IU/L durprg-partum and 34.316+2.039 and
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36.528+2.420 IU/L during post-partum transition ipdrin 3% to 5" and above than"5parity
respectively. Districts wise significant differescevere observed in parity but health and stage
wise no differences were observed (Table 16).

Higher values for Gamma-glutamyltransferase dgtivwere measured in post-partum
transition period in comparison to the pre-partugnigrl. EI-Ghoulet al (2000) and Ping Liet
al. (2012) found that GGT activity in late pregnansyniuch lower than early lactation (1 to 9
weeks). The GGT level measured in present studyhigder than Kauppinen (1984) and Kaneko
et al (1997) and was low in comparison to Kataria aradakia (2012). Increased GGT value in
ketogenic cows (Steen, 2001) pointed towards astrkliver as its activity is relatively high in
liver (Tenant, 1997).

It could be related to negative energy status afhhyielders particularly in late
pregnancy, in the first weeks of lactation and wigiilisease (Cebet al.,1997) as energy status
have an influence on GGT values (Stojestal.,2005).

The results showing with parity effects were mordess in agreement with earlier reports.
Plasma liver enzyme activity is known to be conedriwith metabolic process like mineral
deposition in bones. Increase in the liver enzyam#vity in more than % parity mediated by
somatomedins in liver, which help in accelerating dsteoblastic activity for growth.

4.6 Body Score Condition and Milk Production:

The ANOVA of BCS and milk production have been préed in appendix Table no. 24.
4.6.1 Body condition score (BCS):

The overall mean of all the cows across variousidis, stages, parity and healthy/SCK
groups for BCS in plasma was 3.187+0.025. The mtiffees among subclass means were highly
significant (0.01) across districts (3.288+0.041 in Bikaner,43£0.043 in Jodhpur and
3.228+0.053 in Pali-Marwar), highly significant irealthy/SCK groups (3.392+0.029 in healthy
and 2.982+0.044 in SCK), highly significant in stagvise (3.486+0.034 pre-partum and
3.067+0.031 post-partum) and non significant iritgaroups (3.406+0.036 1U/L 3'5parity and
2.968+0.036 IU/L above "5parity). There was no effect of two factor intefact indicating
difference among districts.
4.6.1.1 BCS in cross bred healthy cows:

The overall BCS was 3.486+0.034 and 3.067+0.03Jprm and post-partum transition
periods. A highly significant #0.01) difference was observed in stage wise BC3escbhe
mean BCS was 3.569+0.039 and 3.154+0.033 in prienpaaind post-partum in crossbred healthy
dairy cows.

The overall mean BCS changes in healthy and SCKsceowere 3.569+0.039,
3.154+0.033 and 3.216+0.042, 2.784+0.042 in prpast-partum transition period, respectively.
There was highly significant difference in healdayd SCK dairy cows in pre and post-partum
transition period.

The overall mean BCS recorded from different paiity healthy dairy cow was
3.362+0.027 in the "3 to 5" parity cows, 3.422+0.050 in abové' Barity cows. BCS was
recorded in the cows from the pre to post-partiandition period, as 3.547+0.043, 3.153+0.043
in 39 to 5" parity and 3.620+0.090 , 3.174+0.087 in aboVep&rity in two parity groups, there
was no significant difference in BCS changes irhtibe parity group in healthy condition in two
different stages but district wise, highly signéfit (<0.01) difference were observed.
Bernabucckt al. (2005) showed reduction in the BCS during earBgpancy, as compared to the
late pregnancy, and also the cows with higher BR@ved higher reduction in BCS from late
pregnancy to first 30 days in milk, then the cowthviow BCS and medium BCS. The result
showed that loss of BCS in transition period isated to the nutritional management. It will
increase the occurrence of production diseases.
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Fig. 81: Mean (+SE) body score condition in healing SCK crossbred cows.

The mean BCS in"8-5" and above % parity was 3.22+0.05; 2.79+0.05 and 3.20+ 0.07;
2.7740.07 in SCK dairy cow, respectively (Table.19p significant difference was recorded in
two parity groups.

The BCS in cows suffering from SCK was lower durthg post-partum period in both
the groups, and both were lower than healthy dainys.There was a reduction in milkdyield in
cows suffering from SCK; the average being 15.69620 litres per day in cows froni’35"
parity cows, while it was 16.493+0.649 litres perydn cows from above'Sparity. The result
shows that more reduction in BCS was associated leiter production of milk. Generally, body
condition reflects the amount of sub cutaneous Hatlpf cows (Fergusoet al.,1994) and BCS
is usually done during dry and early lactation pés, because of the links with subsequent
performance.

Table 17: Overall BCS and milk production (MP) istigated under study during transition
period.

Parameters Periods Over all Total no. of dairy cowg
Healthy (n=94) SCK (n=29) (n=123)
BCS Pre-partum. 3.569+0.039 3.216+0.042 3.486+0.034*
(1-5)
Post-partum 3.154+0.033 2.784+0.042 3.067+0.031**
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Over all 3.392+0.029 2.982+0.044 3.187+0.025

MP Post-partum 21.450+0.375 16.093+0.583 20.228+0.342
(kg)

NOTE: 1. Value bearing different superscript (adh),én a row depict highly significant {9.01).
2. Value bearing same superscript (a, a) in a repiad significant (R0.05).
3. No superscript mean non significant within rawcolumn.
4. **= highly significant (0.01), *= significant (R0.01) between the column.

Studer (1998) reported that cows with BCS <2.5 teefmlving were had increased risk
of developing ketosis. In our study, in SCK dainpws had mean BCS 3.25 and healthy cows.
More BCS in pre parturient had more loss of BCPast parturient transition period in both the
stages. In SCK cows loss of BCS was more in corapario healthy cow. Similar to the present
study, Ribeircet al. (2013) observed that cows with subclinical dise@ag higher BCS at first 7
days of calving, but looses more BCS during thé& @8ys in milk.

The BCS changes during the pre to post-partum itramsperiods in our study was
consistent with previous reports (Rueggal, 1992; Walteret al, 1993, Pedroret al, 1993;
Ruegg and Milton, 1995). The BCS changes were momubclinical ketosis as compared to
healthy animals. It showed more body condition losslairy cows which suffered to energy
deficit from pre to post parturient transition peti More changes in BCS indicate that more
quantity of fatty acids were metabolized in liveafter certain limit fatty acids are not
metabolizing and ultimately hepatocytes are filith fat and animal will develop fatty liver so
that essential processes such as gluconeogenetigjfidation of ammonia and stimulation of
appetite etc remain at a sub-optimal rate. Poodifge and management, high energy
requirements in the post-partum period, lack ofese, and housing conditions could explain it.

4.6.2 Milk production:

The overall mean of all the cows across variousidis, stages, parity and healthy/SCK
groups for milk production was 20.228+0.342 kg/dake differences among subclass means
were non significant across districts (19.864+0.%8%day in Bikaner, 20.415+0.519 kg/day in
Jodhpur and 20.826+0.772 kg/day in Pali-Marwar@hhi significant (R0.01) in healthy/SCK
groups (21.450+0.375 kg/day in healthy and 16.098® kg/day in SCK), non significant in
parity groups (20.584+0.416 kgs/day B-arity and 19.294+0.567 IU/L abové' parity). The
effect of pre and post-partum stages, parity wene significant in pooled data. There was no
effect of two factor interaction indicating thatfdrence among districts.
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Table 18: Districts wise BCS and milk productionfMnvestigated under study during transition prioWestern Rajasthan.

O

Parameters| Periods Bikaner Jodhpur Pali-Marwar
Healthy SCK Over all Healthy SCK Over all Healthy SCK Over all
(n=44) (n=15) (59) (n=33) (n=8) (41) (n=17) (n=6) (123)
BCS Pre
(1-5) Partum. | 3.636+0.047 3.283+0.059 3.547+0.048 3.379+0.067 56¢0.094 3.335+0.058 3.765+0.092 3.125+0.056 3.5
Post
Partum | 3.256+0.044 2.850+0.059 3.153+0.048 2.962+0.0562 87+6.103 2.909+0.049 3.265+0.066 2.750+0.000 3.03188
Over all
3.469+0.037 | 3.107+0.069 3.288+0.041| 3.179+0.041 2.914+0.077 3.047+0.6848 3.530+0.064 2.926+0.090 3.228+0.65
MP Post
(kg) Partum | 21.431+0.451| 15.266+0.774| 19.864+0.539| 21.333+0.521| 16.625+1.059| 20.415+0.519| 22.176+0.727| 17.000+1.223| 20.826+0.772
NOTE: 1. Value bearing different superscript (@4b), in a row depict highly significant B.01).

2. Value bearing same superscript (a, a) in a repiad significant (R0.05).
3. No superscript mean non significant within remcolumn.
4. **= highly significant (R0.01), *= significant (R0.05) between the column.
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Table 19: Body condition score and milk yield nogsbred cows from various parity

(Meant S.E))
Periods 39- 5" parity >5"parity
Parameters Healthy SCK (18) Over all Healthy SCK Over all
(n=71) (89) (n=23) (11) (34)

Pre Partum.
?1c55) re Fartum 3.553+0.043 3.22240.053|  3.486+0.038  3.620:0.090 O0RQ.074 | 3.485:0.073
Post-partum 3.1480.034 2.792t0.058  3.07610.083 7430087 | 2.773t0.071|  3.044%0.07C
Over all 3.3620.027 294410064  3.406:0.036 340080 | 3.02130.067 |  2.968%0.036
Milk (kg) | Post-partum 21.873t0373 | 15.500%0.513 5880416 | 204780616  16.818+0.796  19.294+05
21.873t0.373 | 15500%0513  20.584%0.416  20.478+0.6166.818+0.796| 19.294+0.56]
21.88910.261 | 1569220621  18.77120.349 _ 21.010%0.4896.4930.649 | 18.771%0.344

NOTE:

1. Value bearing different superscript @), in a row depict highly significant£8.01).

2. Value bearing same superscript (a, a) in a repvad significant (R0.05).
3. No superscript mean non significant within romcolumn.
4. **= highly significant (0.01), *= significant (R0.05) between the column.

4.6.2.1 Milk yield:
The average milk yield recorded from the healtbws was 21.889+0.261 l/day from thé 3
to 5" parity and 21.010+0.489 l/day from above farity; which was almost similar in both the
parity in healthy groups. In subclinical ketosiswsoaverage milk production were 15.692+0.621
and 16.493+0.648day in 3 to 5" parity and more than"5parity (Table 19). A significant
association between subclinical ketosis and deeceaslk production (R0.01) was recorded in
dairy cows. Wondifravet al. (2013) observed highest milk yield in cows from ab&" parity
roups and lowest in cows fror farity groups in healthy dairy cow.
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Decreased milk yield observed in early lactatiaghmbe due to the hypoglycemia observed
in SCK which caused drop in lactose synthesis ardtd reduced milk production (Simensgn
al., 1990). Noticeable milk yield loss prior to actuahghosis of clinical ketosis is a strong
support for negative and unrealized impact of solwal ketosis on milk production. Ketosis can
cause economic losses through decreased milk pioduand association with pre parturient
diseases (Ardvan Nowrooet al, 2011).

4.7 Correlation:
4.7.1 Healthy dairy cow:

In healthy crossbred cows, no significant correlai of glucose level was observed
with plasma albumin, AST, ALT, cholesterol level,DM, reduced GSH, Na, Fe and milk
production, globulin and A:G ratio in healthy animiaHowever, Total plasma protein, BUN,
Creatinine, NEFA, BHBA, GGT, Ca, K, Cu and Zn levehowed significant 9.01) correlation
with glucose level, while plasma triglycerides,RlaMg also had significant £P.05) correlation
with glucose level.

Total plasma (TPP) protein had no significant datien with cholesterol, reduced
glutathione, Mg, K, Cu and A: G ration. Howevesignificant (<0.01) correlation between TPP
and albumin, BUN, BHBA, AST, plasma triglyceride DM, Ca, Fe, Zn, globulin and BCS were
present. Significant 0.05) correlation between TPP and creatinine, ARGT, P, Na and milk
production were also evident in healthy crossbiemsisc
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The plasma albumin concentration was significarff’¢0.01) correlated with BUN,
NEFA, BHBA, Ca, P, Zn, globulin, A:G ratio and miliroduction. However, no significant
correlation was evident with creatinine, AST, ALBGGT, Cholesterol, triglycerides, reduced
glutathione, MDA, Mg, Na, K, Fe and BCS.

PUN had significant (£0.01) correlation with creatinine, NEFA, BHBA, ASGGT,
triglyceride, MDA, Ca, P, Cu, Zn, A:G ratio and BASkewise, Na, K and Fe also had positive
correlation (R0.05) with BUN. But, other biochemical parameteid bt reveal any significant
correlation with PUN.

Positive correlation (F0.01) of creatinine with BHBA, AST and Zn was reded.
However, ALT, GGT, cholesterol, reduced glutathiokA, P, Na, K, Cu, Fe, A: G ratio, milk
production and BCS had no significant correlatigthwreatinine.

NEFA had significant positive correlation with BHBAST, Ca, P, Zn, milk production,
BCS (0.01), GGT, cholesterol, triglyceride, MDA, Mg, NBe and A:G ratio (£0.05). No
significant correlation of NEFA with ALT, reducedugathione, K and globulin were evident.

BHB level had significant (B0.01) correlation with AST, ALT, GGT, triglycerid®DA,
Ca, P, Na, K, Cu, Fe, Zn, milk production and B@&jle no significant correlation was evident
with reduced glutathione, globulin and A:G ratio.

AST activity was significantly (0.01) correlated with ALT, triglyceride, Ca, P,
and BCS. However, no significant correlation of lelsterol, reduced glutathione, MDA, Na, K,
Cu, globulin, A: G ratio and milk production wagoeded.

ALT activity had significant correlation with Fe {B.01), Ca and BCS £9.05); while
no significant correlation was evident with GGTofasterol, triglyceride, reduced glutathione,
MDA, P, Mg, Na, K, Cu, Zn, globulin, A:G ratio amdilk production.

GGT level was positively correlated<{®.01) with Ca, P, K and Zn concentrations, But,
triglycerides, reduced glutathione, MDA, Mg, Naglglilin, A: G ratio, milk production and BCS
had no significant correlation with GGT.

Cholesterol level had significant correlation<(P05) with reduced glutathione, Cu, P,
milk production and BCS. But, Triglyceride, MDA, ClIg, Na, K, Fe, Zn, globulin and A: G
ratio were not correlated with cholesterol level.

Plasma triglyceride was significantly<{@.05) correlated with Ca, P, Fe and Zn. On the
other hand, MDA, reduced glutathione, Mg, Na, K, Glebulin, A: G ratio, milk production and
BCS had no significant correlation with plasmaljrgride.

Reduced glutathione was significantly correlatethwWwDA, Cu and milk production
(P<0.01), Ca, Na and K (®.05). However, no significant correlation was aled between
reduced glutathione and P, Mg, Fe, Zn, globulinGAratio and BCS.

MDA was significantly (R0.01) correlated with Ca, P, Cu, Zn and BCS. Howene
significant correlation was evident with P, Mg, N, Fe, globulin, A:G ratio and milk
production.

Ca level was significantly correlated with P, K, Z&, BCS (R0.01), milk production
and A: G ratio (R0.05). But, Mg, Na, Cu and globulin had no sigrifit correlation with Ca.

Pi concentration had significant<{@.05) correlation with Zn, globulin, A: G ratio and
BCS. However, Mg, Na, K, Cu, Fe and milk producti@d no significant correlation with P.

Mg concentration was significantly €B.05) correlated with Zn and BCS. However, Na,
K, Cu, Fe, globulin, A: G ratio and milk productibad no significant correlation with Mg.

Na was significantly correlated with Cu®.01) and Zn (R0.05). But, K, Fe, globulin,
A:G ratio, milk production and BCS had no significaorrelation with Na.

K was significantly (R0.01) correlated with Cu, Zn, milk production andC®
However, Fe, globulin and A: G ratio had no siggdfit correlation.

Copper level was significantly £0.05) correlated with Fe, Zn, A: G ratio, milk
production and BCS. Globulin concentration wassighificantly correlated with Cu.

Fe had significant (#0.05) correlation with Zn, BCS and globulin. Butlkmproduction
and A: G ratio was not significantly correlated wite.

Zn was significantly (R0.01) correlated with A: G ratio and BCS. Howeverilk
production and globulin concentration did not ctate significantly.

Milk production had significant 80.05) correlation with BCS and A: G ratio. But,
globulin level did not significantly correlate withilk production.

BCS did not have any significant correlation witblglin and A: G ratio. Globulin level
was significantly (R0.01) correlated with A: G ratio.
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Table 20: Correlation among various minerals, bidmes of oxidative stress, energy and biochemiashmeters investigated among all the healthy

credstows (n=188).

GLU | TPP | AL PUN | CR NEF | BHBA | AST ALT GGT CHOL | TRIG RGS | MDA CA P MG NA K CU FE ZN MP BCS GB ALGB
TRAITS 8 X
GLU 1 0197 | 009 | 037 | 0.23 | -0.39 | -0.426 | -0.092 | -0.083 | -0.184 | -0.116 | -0.135 | -0.01 | -0.077 | 0.226 | 0.16 0.125 | 0.096 | 0.217 | 0.249 | 0.06 0273 | 0011 | 0.146 | 0.02 0.055
TPP = 1 ?)._27 2029 | 0.157 g-o_.e.s 0464 | -0298 | -0.16 0.149 | 0.013 | -0.305 3.1 0166 | 0.405 | 0.147 | -0.079 | 0.127 | 0.054 0.025 | 0212 | 0354 | 0.126 | 0319 | 0.306 | 0.06
AL NS > i f-so_.zs 0.07 -ZOA; 0241 | -0.117 | -0.085 | -0.047| 0008| -0.088 -00p  -0.11p 0.204 | 0.251 | -0.083 | 0.104 | 0044 | 0.137 | -0.013 | 0.266 | 0.197 | 0.096 | -0.834 | 0.883
PUN o o o % ?o_.zz @3 05 0287 | 0.001 | 0251 | 0.091 | 0178 | 0.007 | 0.233 | -0.388 | -0.231 | 0.067 | -0.137 | -0.136 | -0.213 | -0.141 | -0.426| 0.021 | -0.229 | 0.086 | -0.176
CR = * NS G 2 0.16 | -0.284 | -0.307 | -0.053 | -0.049 | 0.029 | -0.134 | 0.029 | -0.001 | 0.153 | 0.123 | -0.128 | 0.116 | -0.001 | 0.019 0.061 | _ 0.202] -0.059 | 0.085 | 0.164 | -0.068
NEFA o = > w* * i 0592 | 0167 | 0.095 | 0.145 -0.136 | 0.124 0117 | 0.145 | -0.424 | -0.161 | 015 0.137| -0.12 0226 | 0158 | -031 | -0.277 | -0.342 | -0.007 | -0.151
BHBA = > - = o F 1 0368 | 0.194 | 0295 | -0.145 | 0.343 | 0.124 | 0.187 | -0478 | -0.227 | 0.139 | -0.166| -0.253 | -0.374 | -0.351 | -0.529 | -0.219 | -0.477 | -0.028 | -0.123
AST NS & NS > > - > 1 0.21 0148 | 0 0223 | -0.05 | 0031 | -0.336 | -0.223 | 0.146 | -0.115 | 0.055 -0.092 | -0.26 0.308 | 0.073 | -0.209 | -0.056 | -0.047
ALT NS * NS NS NS NS = > 1 0.044 | -0.067 | 0.102 3o.oo7 0.052 -0.15 20.043 | 0.042 0.109| o0.114 0.0 | -0.216 | -0.088 | -0.039 | -0.151 | -0.007 | -0.056
GGT o * NS o NS * o * NS 1 0.158 | 0.049 20.00 | -0.005 | -0.253 | -0.203 | -0.041 | -0.102 | -0.173 | -0.143 | -0.131 | 023 | 0.008 | -0.116| -0.039| 0.042
CHOL NS NS NS NS NS * * NS NS * 1 0.037 iﬁt 10.086 | -0.008 | -0.16 0108 | -0.082| 0103 | 0.364 | 0.046 0.064 | 0.268 | 0.216 | -0.001 | 0.015
TRIG * o NS = * * o o NS NS NS 1 ‘-50.00 0.088 | -0.146 | -0.149 | -0.052 | -0.039| 0.045 -0.118| -0.174 | -0.258 | -0.002 | -0.076 | -0.088 | -0.023
RGSX NS NS NS NS NS NS NS NS NS NS o NS Z 0167 | 0.138 | 0.043 0.098 | 0.148 | -0.162 | _-0.296 | 0.004 008 | 0314 | -0.05 | 0.117 -0.047
MDA NS > NS o NS * o NS NS NS NS NS o 1 021 | -0.118 | -0.003 | 0.002| -0.036| -0.36 ©0.065 | -0.296 | -0.08 | -0.342 | 0.019 -0.089
CA o o o o * = * z * NG * * " 1 0546 | -0.117 | 0027 | 0481 | 0121 | 021 0342 | 0.165 | 0515 | 0.031 | 0.126
P * * wx o NS > = wx NS = S NS o 1 0.068 0.031 | 0.076 0.08 0.039| 0.225 | 0.085 | 0.144 | -0.164 | _0.234
MG * NS NS NS * * * * NS NS NS NS NS NS NS NS | 1 0.011 | 0.031 0.108 | -0.106| -0.139 | 0.008 | -0.144 | 0.036 -0.065
NA NS * NS * NS * > NS NS NS NS NS * NS NS NS NS 1 10.011 | 0229 | 0.051 | 0.147 | -0.069 | -0.076| -0.029| 0.078
K w* NS NS * NS NS > NS NS > NS NS * NS - NS NS NS 1 0234 | 0022 | 0257 | 02 0.167 | -0.013 | 0.026
CU o NS * o NS o o NS NS * o NS o = NS NS NS o o 1 0261 | 0384 | 0157 | 0279 | -0.122 | 0.136
FE NS o NS * NS * o o = * NS o NS NS o NS NS NS NS o 1 0239 | -0.084 | 0.298 | 0.134 | -0.037
7N = = = = e = - n S " S T NG = = = T = = = = 1 001l | 0438 | 006 | oio
MP NS * o NS NS o o NS NS NS > NS o NS * NS NS NS o * NS NS 1 019 | -0.123 | 0.152
BCS = = NS = NS = = = = NS = NS NS = = n n NS o = = = = 1 0.088 0105
GB NS > > NS * NS NS NS NS NS NS NS NS NS NS * NS | NS NS NS * NS NS NS 1 -0.839
ALGB NS NS > - NS * NS NS NS NS NS NS NS NS * > NS NS NS * NS > * NS - 1

The estimates of correlation coefficien0.125 are s
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Table 21: Correlation among various minerals, bides of oxidative stress, energy and biochemiashmeters investigated among SCK crossbred covi3jn=

TRAIT NEF BHB

S GLU TPP AL PUN CR A A AST ALT GGT CHOL TRIG RGSX MDA CA P MG NA K CuU FE ZN MP BCS GB ALGB

0.36 0.26 -0.25 0.21 -0.35 -0.27 -0.07
GLU 1 4 7 7 3 7 -0.355 8 9 -0.22 0.188 0.004] 0.168 -0.08R 0.302 0.278 -0.421( 0.169 0.004 0.159 0.00! 0.141 -0.068 0.371 0.171 0.084
034 | -039| 030] -039 043 | -0.03| -0.25
TPP il 1 4 7 4 8 -0.53 5 1 1 0.277 -0.076 0.156 -0.198 0.42 0.368 -0.435 0.282 -0.175 0.149 0.32 0.414 0.029 0.503 0.746 -0.197
-0.23 0.27 -0.25 -0.15 -0.07

AL * *x 1 2 3 -0.31 -0.428 1 0.034 9 0.279 -0.004 0.229 -0.27 0.285 0.261 -0.414 4 -0.243 0.135 0.121 0.328 0.043 0.364 -0.368 0.809
-0.11

PUN * *x NS 1 -0.23 0.646 0.64 0.238 0.167| 0.436 -0.47 0.322 -0.02 0.587 -0.532 -0.363 0.348 8 0.329 -0.331 -0.111 -0.439 0.08 -0.517 -0.23 -0.041

-0.27 -0.22 -0.24 -0.13

CR NS * * NS 1 9 -0.354 5 6 7 0.288 0.031 0.174 -0.126 0.401 0.313 -0.387 0.25 -0.256 0.06 0.258 0.37 0.104 0.36 0.108 0.135
-0.14

NEFA i *x * *x * 1 0.749 0.375 0.224 0.246 -0.429 0.284 -0.278 0.344] -0.599 -0.415 0.551 3 0.475 -0.389 -0.102 -0.509 0.289 -0.536 -0.175 -0.132
-0.17

BHBA il i i i i * 1 0.536 0.331 0.475 -0.617 0.252 -0.257 0.523] -0.565 -0.514 0.622 4 0.416 -0.545 -0.192 -0.656 0.025 -0.633 -0.221 -0.189
-0.13

AST * ok * NS NS *x il 1 0.304 0.139 -0.345 0.135 -0.377 0.143 -0.333 -0.477 0.465 6 0.153 -0.333 -0.235 -0.482 0.159 -0.414 -0.253 -0.092
-0.08

ALT NS NS NS NS NS NS il * 1 0.181 -0.126 -0.05 -0.11 0.266 -0.262 -0.262 0.262 9 0.195 -0.181 0.025 -0.461 -0.154 -0.301 -0.054 -0.066

GGT NS i NS i NS NS i NS NS 1 -0.167 0.004 0.137 0.479 -0.234 -0.265 0.21 0.027 0.21] -0.339 -0.03 -0.302 0.008 -0.241 -0.136 -0.0446

CHOL NS i * i * *x il *x S NS -0.15 0.182 -0.427 0.534 0.371 -0.348 0.091 -0.32 0.258 0.236 0.333 -0.156 0.311 0.076 0.124

TRIG NS NS NS * NS * * NS NS NS NS 1 0.192 0.177 -0.306 -0.292 0.053 0.215 -0.095) -0.05! -0.099 -0.35 0.232 -0.264 -0.072 0.069

RGSX NS NS NS NS NS * * ki NS NS NS NS 1 0.134 0.047 0.216| -0.413 0.055 -0.08 0.125 -0.121 0.104 -0.113 0.082 -0.008 0.185

MDA NS NS * *k NS ok *x NS * il *x NS NS 1 -0.355 -0.209 0.217 0.065 0.28 -0.38 -0.069 -0.35 0.025 -0.294 -0.005 -0.21

CA il ok * ok *x il * * S * * NIS * 1 0.61 -0.431 0.055 -0.567 0.216 0.325 0.528 -0.221 0.612 0.214 0.068
-0.07

P * *x * i * *x i [ A* * NS NS * 1 -0.527 1 -0.333 0.334 0.195 0.531 -0.13 0.414 0.18 0.12
-0.31

MG il ok ok o ok [* * *E * NS * NS * NB * * 1 7 0.372 -0.273 -0.006 -0.448 0.045 -0.44 -0.136 -0.203

NA NS * NS NS * NS NS NS NS NS NS NS NS NS NS NS * 1 -0.139 0.022 0.084 0.05! 0.1p 02 0.332 -0.157

K NS NS NS i * *x il NS NS NS * NS NS * il il *x N S 1 -0.193 -0.153 -0.193 0.01! -0.322 -0.001 -0.155

CU NS NS NS i NS i *x *x NS *x * NS NS i NS *x * NS NS 1 0.027 0.243 -0.135) 0.278 0.052 0.115

FE NS * NS NS * NS NS NS NS NS NS NS NS NS i NS NS NS NS NS 1 0.273 0.181 0.355 0.231 -0.013

ZN NS *x *x b *x *x * * * * *4 N *3 i il * * NS NS NS * 1 0.063 0.639 0.178 0.211

MP NS NS NS NS NS * NS NS NS NS NS NS NS NS NS NS S N NS NS NS NS NS 1 0.17 -0.002 0.062

BCS o | o N N o " e R Ns 4 . s 4 . . e NS . . - o NS | o2ar| ous

GB NS *x ** NS NS NS NS * NS NS NS NS NS NS NS NS SN il NS NS NS NS NS NS 1 -0.769

ALGB NS NS ki NS NS NS NS NS NS NS NS NS NS NS NS SN NS NS NS NS NS NS NS NS il 1

The estimates of correlation coefficien0.250 are significant at £0.05), < 0.325 are highly significant at{f.01) and < 0.250 are non significant.
NOTE: **= highly significant (& 0.01). *= significant (R0.05), NS = Non significant
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4.7.2 Subclinical ketosis:

Total plasma protein, NEFA, BHBA, AST, GGT, chokrsil, reduced glutathione, Ca, P, Mg,
BCS and globulin were significantly €B.01) correlated with glucose level. Albumin , BUNST, Pi
concentration were also significantly {®05) correlated with glucose. However, no sigaific
correlation were observed between CR, ALT, GGT |adterol, triglyceride, reduce glutathione MDA,
Na, K, Fe, Cu, Zn milk production, globulin and Ar&io with glucose concentration.

Total plasma protein concentration was signifigacbrrelated with CR, Na, Fe. Moreover,
glucose, Al, PUN, NEFA, BHBA, GGT, AST, Cholester@a, Pi, Mg, Zn BCS, globulin were also
correlated (RO.01) with total plasma protein. However, no sigait correlation was observed
between ALT, A/G ratio, MDA, Ca, K, reduce glutathe, triglyceride and milk production with total
plasma protein.

Albumin concentration had strong correlatiox@®1) with TPP TPP, BHBA, Ca, P, Mg, Zn,
BCS, globulin and A/G ratio. No significant corriéten was observed between BUN, GGT, ALT,
triglyceride, Na, Fe and milk production. Howeveiucose, CR, Na, Fe, also had positiveq®5)
correlation with albumin.

BUN had strong significant §9.01) correlation with TPP, creatinine, NEFA, BHBG&GT,
cholesterol, MDA, Ca, P, Mg, K, Cu, Zn and BCStBAIl, CR, reduced glutathione, Na, Fe, milk
production, globulin and A: G ratio had no sigrafit correlation with BUN.

Creatinine concentration was strongly correlafe(01) with BHBA, Ca, P, Mg, Zn and BCS.
But, no significant correlation was observed betwereatinine and triglyceride, Cu, milk production
and glucose, PUN, AST, ALT, GGT, reduce glutathidd®A, globulin concentration.

NEFA was significantly (R0.01) correlated with glucose, TPP, PUN, BHBA, ASHiplesterol,
MDA, Ca, P, Mg, Na, K, Cu, Zn, and BCS. However,Hagl no significant correlation with NEFA.

BHBA had strong significant correlation{@.01) with glucose, TPP, AL, PUN, CR, NEFA, AST,
ALT, GGT, cholesterol, MDA, Ca, P, Mg, K, Cu, ZmdBCS. However, milk production, Fe, Na,
Globulin, Al/Gl ratio had no significant correlatiavith BHBA.

AST activity was significantly (£0.01) correlated with TPP, NEFA, BHBA, cholesterelduced
glutathione, Ca, P, Mg, Cu, Fe, Zn, BCS and glucAte ALT, globulin also had significant £9.05)
correlation with AST. However, A: G ration had rigrsficant correlation with AST.

ALT activity was strongly (R0.01) correlated with BHBA, Zn . However, cholesteand
milk production also had significant£{B.05) correlation with ALT.

GGT activity in subclinical ketotic cows had sificént (P<0.01) correlation with TPP, PUN,
BHBA and zZn. MDA, Ca, Pi, Mg concentrations wereowing significant (R0.05) with GGT
activity. But, triglyceride, cholesterol, Na, K, Cie, A: G ratio and milk production did not shomya
significant correlation with GGT activity.

Cholesterol level had strong signification cortiela (P<0.01) with TPP, PUN, NEFA, BHBA,
AST, reduced glutathione, MDA, Ca, P, Mg and ZnwLbut significant correlation &.05) of
cholesterol was also present with Al, CR, K, Pi, However, Na, glublulin and A: G ratio had no
significant correlation with cholesterol.

Triglyceride concentration had strong significét0.01) correlation with MDA, Ca, P, Mg, Zn.
No significant correlation was recorded between Mg, Cu, Fe, globulin and A: G ratio with
triglyceride.

Reduced glutathione level was significantly catetl with AST, Mg, (R0.01), BHBA, NEFA
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(P<0.05). However, no significant correlation of redd@lutathione with Ca, Na, K, Fe, Zn, BCS and
globulin was present in the present study.

MDA level had strong significant §®.01) correlation with PUN, NEFA, BHBA, Cholesterol
GGT, Cu, Zn, Ca. However, no significant correlatiwvas present between MDA level and Na, Fe,
globulin and milk production.

Pi concentration was strongly significan&@01) correlation with TPP, PUN, NEFA, BHBA,
AST, Cholesterol, Ca, Mg, K, Cu,Zn, BCS and Siigaint with (*0.05) glucose, Al, CR, ALT, GGT
and triglyceride.

Ca concentration in present study had strong sagmif (*<0.01) correlation with glucose,
TPP, PUN, CR, NEFA, BHBA, AST, Cholesterol, MDA, Rig, K, Fe, Zn and BCS. But, Na and A:
G ratio had no significant correlation with Ca centation.

Mg level was strongly significantly §9.01)correlated with glucose, TPP, AL, PUN, CR,
NEFA, BHBA, AST, Cholesterol, Ca, Pi, K, Zn, BCSoWever, Fe and milk production had no
significant correlation with Mg concentration.

Na concentration was significantly correlated withP, CR, Mg, Globulin (£0.05). K level
had significant (R0.05) correlation with PUN, CR, NEFA, BHBA, Cholesil, MDA,Ca, Pi, Mg,
Globulin concentration had no significant corredativith K.

Cu concentration had no significant correlation hwke, glucose, TPP, AL, CR, ALT,
Triglyceride, reduce glutathione, Ca, Na, K, Fe,RPInGb and AL/GB ratio. But correlation of Zn, kil
production, MDA, GGT, AST, NEFA, BHBA, PUN and BG&th Cu were statistically significant
(P<0.05).

Fe level had strong significant £8.01) correlation with TPP, CR, Ca, Zn, BCS. Zn
concentration had significant correlation with BG8humin and A: G ratio. Milk production had
significant (<0.01) correlation with BCS, while BCS was also etated significantly (R0.01) with
globulin.

In present study blood glucose concentration eviddrhigh correlation with NEFA, BHBA,
TPP and body condition score. The high correlatibglucose with NEFA may be due to the fact that
NEFA level increases during negative energy baldRezaeisabeet al 2011). The NEFA levels in
blood increases close to parturition and moves/&g,land can cause ketosis, abomasum displacement,
metritis and fatty liver after parturition (Geelamd Wensing, 2006). However, it returns to normal
values in healthy lactating cattle under the infleee of positive energy balance (Rezaeisatieal,
2011). BHBA level is also a sensitive indicatorsofbclinical ketosis in dairy cattle (de Roefsal,
2007).

In present study, high degree of positive corretabetween NEFA and BHBA were observed.
Results of the present study was in corroboratidth whe findings of Rezaeisaber and coworkers
(2013), who after a abattoir based study reachembmelusion that elevating NEFA serum values, the
LDH and BHBA values also increase in cattle. Likesvia significant negative correlation between
BHBA and blood glucose concentration and lactasitalge was recorded by Sangeial. (2013). They
further observed significant negative correlatietizen blood BHBA and peak milk yield.

In a study on non-pregnant ewes BHBA and urea wasd to have significant effects £
0.001) on the glucose concentration. Moreover, gatiee correlation between glucose and urea
concentrations and positive correlation between BHBd urea concentrations, while no correlation
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was observed between BHBA and glucose concentratiere also recorded (Ramat al, 2005).

Likewise in present study, we also recorded sigaift correlation between BHBA and glucose, total
plasma protein and NEFA.

Bogin et al (1988) reported a highly significant<{®.01) negative correlation between the
degree of fatty change in the liver and the comegionh of serum albumin.
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In present study AST had high significant correlatwith TPP and NEFA. Likewise in a
study on sheep high significant correlation betwd@&T activity and energy metabolism indicators
were recorded (Taghipowt al., 2010). As observed in our study, authors also roEmb significant
correlation between NEFA and BHBA and glucose.

Bobeet al. (2004) and Xuet al. (1998) point out a correlation between elevated AStivity
and postpartum NEFA accumulation into liver. Thghar ALP activity observed in primiparous cows
can be associated with the increased osteoblagtigty that occurs in young growing cattle (Meyer
and Harvey, 2004).

In present study we observed high significant dati@n of blood Ca, Pi with TPP, NEFA and
BHBA. Nozadet al (2012) recorded significant correlation betwetrotd macrominerals, like Ca and
P with milk yield and milk in lactating cows.

4.8 Therapeutic trial:

A therapeutic trial was conducted at Bikaner distrio evaluate the efficacy of propylene
glycol (PG) and choline in treating cows affecteithveubclinical ketosis. Nine cows were selected on
the basis of BHBA and NEFA value for subclinicatdss. Cows were fed with PG @ 200 ml per day
along with the concentrate ration and molasses defdarately from the forages and choline
biocarbonate 100 mg I/M for 5 days. The resulttheftherapeutic trial were evaluated.

In present study, highly significant{B.01) difference were observed in glucose, BHBAFNE
GGT, reduced glutathione, MDA and milk productiddignificant differences were observed in
cholesterol and Ca.

A highly significant (R0.01) increased mean value of glucose and milk yoiioh from pre to
post treatment (40.961+2.143, 56.222+2.147 mg/dli d5.000+0.471, 15.611+0.469 litre/day),
respectively after feeding of propylene glycol. Samty, highly significant decrease was noticedhe
mean plasma BHBA (1.615+0.035 to 0.602+0.060 mmad#thd NEFA (0.768+0.015 to 0.238+0.026
mmol/L) level after the PG feeding, whereas no ifiggmt change was recorded for other parameters
viz. total protein, albumin, PUN, creatinine, ASALT and triglyceride ) after the PG feeding (Table
22).

A highly significant (R0.01) increase mean value of reduced glutathioree atecrease
malondialdehyde from pre to post treatment (1.852%0, 1.931+0.211 mg/dl per gm Hb and
51.435+2.099, 49.551+1.774 nmol/ml per gm Hb), eespely. Similarly, highly significant (#0.01)
decreased GGT value 32.127+3.078 to 27.426+2.14D #dd significant increase cholesterol level
68.666+4.091 to 74.973+2.139 mg/dl in pre to poeatinent. Calcium level was increase significantly
from pre to post treatment (9.396+0.266 and 10.08155 mg/dl) of respectively, whereas all the other
minerals (Pi, Mg, Na, K, Fe, Zn, Cu) did not shomy &hange in their pre and post feeding values
(Table 23).
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Table 22: Mean (xSE) value of biochemical paranseséudies in therapeutic trial of
propylene glycol and choline in subclinical ketdsiglairy cows (n=9).

Sr. Parameters Pre treatment Post treatment

1 Glucose (mg/dl) 40.961+2.1%43 56.222+2.147

2 Total protein (g/dl) 6.621+0.105 6.857+0.163

3 Albumin (g/dl) 2.452+0.167 2.701+0.135

4 Plasma urea nitrogen (mg/dl) 11.755+0.281 11.87247

5 Creatinine (mg/dl) 1.121+0.060 1.136+0.025

6 NEFA (mmol/l) 0.768+0.015 0.238+0.028

7 BHBA (mmol/l) 1.615+0.03% 0.602+0.06D

8 AST (U/l) 67.867+2.966 64.753+1.630

9 ALT (U/) 28.122+1.937 28.455+1.297

10 GGT(U/) 32.127+3.078 27.426+2.14b

11 Cholesterol (mg/dl) 68.666+4.091 74.973+2.13%

12 Triglyceride (mg/dI) 16.473+1.799 15.782+1.408

13 Reduced glutathione (mg/dl per 1.852+0.194 1.931+0.211%
gm Hb)

14 Malondialdehyde (nmol/ml per g 51.435+2.099 49.551+1.772
Hb)

Note: 1. Value bearing different superscript (ginba row depict highly significant §9.01).

2. Value bearing same (a, a) in a row depict sicguift (P<0.05).
3. No superscript mean non significant within row.
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Table 23: Mean (£SE) value of macro and micro natsestudies in therapeutic trial of

propylene glycol and choline in subclinical ketdsiglairy cows (n=9).

Sr. Parameters Pre treatment Post treatment

L | ca(mgidi) 9.396+0.266 10.181+0.15%

2 Pi (mg/dl) 4.618+0.138 4.353+0.272

3 | Mg (mg/di) 3.744+0.062 3.531+0.118

4. Na (mmol/l) 114.444+2.533 115.000+1.518
5| K (mmoln) 5.07140.420 4.523+0.314

. Cu (ppm) 0.618+0.059 0.640+0.047

£ Fe (ppm) 2.300+0.106 2.250+0.077

8. Zn (ppm) 0.980+0.040 1.029+0.048

9. Milk production (kgs/day) 15.000+0.471 15.611+0.469

Note: 1. Value bearing different superscript (ainbd row depict highly significant 9.01).
2. Value bearing same (a, a) in a row depict sicgmift (”<0.05).
3. No superscript mean non significant within row.

Similar to the present finding, Cows fed a dietamented with oral PG had significantly
elevated plasma glucose concentration. Grunehat. (1994), Myoshiet al. (2001) and Juchemt al
(2004) found that cows fed with PG in the transitigeriod exhibited significantly increased plasma
glucose concentration. Stokes and Goff (2006) tepothat milk yield of cows on dairy farm was
increased by administration of PG on the first 2 past-partum.

In present study, non significant effects of vasicaepatic enzymes were observed except
GGT. GGT enzyme is specific to the ruminant. TheTGlével decrease due to sufficient glucose
precursor is available and burden of metabolismo@heogenesis) in liver is less in comparison to
before treatment in subclinical ketotic cow. Thiayrbe due to the fact that these cows developed
varying degree of fatty infiltration after partuoib. Thus after parturition the mobilization of fateven
more intense due to lactation demands as was eviden biochemical parameters.

The palatability of PG was poor. Thus we employ& mixed with molasses and concentrate.
Propylene glycol is rapidly absorbed and metabdlibg cows. In the rumen, PG is converted to
propionic acid (Grummeet al, 1994), then transported to the liver and metakdliinto glucose
through glyconeogenesis. PG rapidly supplies endigy improved the degree of negative energy
balance, resulting in decreased body fat catabodieth plasma NEFA levels (Miyoskt al, 2001).
When degraded body fat releases large amounts BANE&s the quantity of NEFA exceeds the liver
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burden or sufficient glucose is unavailable, NES&®nverted to ketone bodies. In ketosis oxalo&zeta
level is decrease in metabolism and not sufficamtyl-CoA (co-enzyme A) produce in TCA cycle or
ultimately ketogenesis (Krebet al., 1966 and Baircet al., 1968 and 1972). When we supplemented
propylene glycol, it helps to increasing oxidatiohacetyl-CoA in TCA cycle by providing pyruvate
and propionate. Propionate is major end produ&@fMost of the glucose synthesis from propionate.
Thus, it helps to increasing the supply of gluceisegluconeogenesis. The increased production of
glucose might have stimulated insulin secretionmfriie pancreas, which decreased mobilization of
fatty acids from adipose tissues and hence, subdtvahepatic ketogenesis (Brockman and Laarveld,
1986). Similar to the present study, Chung (200%d @bserved a decrease in the plasma BHBA
concentration and subsequent decreased inciderseolinical ketosis (SCK) from 39.00 to 13.00 per
cent, and also the percentage of cows that experiemultiple episodes of subclinical ketosis wae al
reduced from 53.00 to 14.00 per cent during ttst 8rweeks of lactation after the feeding of prepg
glycol (PG).

Similar to our study, Dufvat al (1983) and Ruegsegger and Schultz (1986) recomheaen
feeding of choline and niacin to prevent the ketdsir high producing dairy cows. Niacin help in
control fat metabolism, increase milk productiord atimulate microbial protein synthesis. Thus the
supplementation of niacin reduced the incidenckebdsis in lactating dairy cows because niacin is a
component of two important co-enzymes namely meotiide adenine dinucleotide and nicotinamide
adenine phosphate. These co-enzymes combine wittodpn during degradation of food substrates
and are essential for bacterial metabolism.

The present study parental choline was used inydemws. The net effect of choline
supplementation was satisfactory in term of prangnitetosis. This might be due to the fact thatanaj
portion of choline is absorb by the parental ro@holine is used for phosphatidylcholine syntheais,
major phospholipid required for cell maintenancel aaplication. Phosphatidylcholine can also be
synthesized from trans-methylation of Phosphatidylelamine by methyl donors such as methionine.
In monogastric animals, choline deficiency has b&lsown to result in hepatic lipidosis. Choline can
work as a methyl donor and spare methionine whenaacids supply is inadequate. Because choline
is an integral component of the phospholipid phasiplglcholine, it becomes a critical component for
hepatic lipid metabolism. Phosphatidylcholine igaed for synthesis of very low density lipoprotein
(VLDL), the lipoprotein responsible for export afacylglycerol from hepatocyte.

Suitable measure for prevention of production diseses:

Prevention of ketosis is directed towards maxingzémergy intake and providing adequate
glucose precursors. It is suggested to feed wédnoad ration and avoiding excessive fattening teefo
calving. Avoid abrupt changes in the feeding pragra calving time should be avoided, therefore,
increase in concentrate intake should be done ratzlgrin the late dry period but as rapidly after
calving as possible and maintain intake. Providsgadte amounts (one third of the dry matter) ofdgoo
quality roughage. Improving dry matter intake dgriast 3 weeks before and 3 weeks after calving
should be the top priority. In addition, specifeefl additives like choline may be added in feed to
prevent ketosis/ fatty liver. Trial of propyleneygbl administration of present study has provethé¢o
effective in prevention of fatty liver and subctial ketosis in dairy cows. Care must be taken to
provide the pre-partum dairy animals with a stfess environment.

All the herd studied in present investigation fatcium level in pre-partum period showed
marginal deficiency, which may be a cause for rfélker and can be prevented by restricted Ca feeding
to less than 0.5% of the diet during dry periodo$ihorus intake must Negative energy balance in
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bovines be less be less than 0.35 per cent ofigtaldring late pregnancy. Calcium deficient died f
for at least 7-10 days before calving greatly redute risk of milk fever.
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2. REVIEW OF LITERATURE

2.1 Prevalence:

Jonsson and Simesen (1973) noted that parturieesigehad never been reported in first calf
heifers. Its incidence increases with parity uatdeast 5-6" calving. No specific seasonal occurrence
or relationship to weather conditions was showrse}es were more susceptible than other breeds. The
morbidity rate was about 50 per cent higher in casiich had the disease previously.

Marquardtet al (1977) reported that the incidence of parturganesis in the young and aged
cows were 0 (0/10) and 30 per cent (3/10), respapti

Vlakhos and Tsaklof (1977) observed that the numilzércases of paresis at the time of
parturition were five times higher and further theyported that in the non- parturient paresis;eher
were smaller decrease in serum Ca and P, and simalleases in serum Mg, than in parturient paresis

Leengoed (1979) noted parturient paresis in 7 davesherd of 95 cows that was attributable
to hypocalcaemia and hypomagnesaemia.

Kauppinen (1983) recorded a prevalence of 1pst for clinical ketosis and a prevalence
of 34 per cent for subclinical ketosis in Finnisiirghire and Holstein cattle using blood acetoaeetat
levels.

Dohoo and Martin (1984) showed a prevalence of Her cent of ketolactia in Holstein
cows in the first 65 days of lactation. The peakvaience of hyperketonemia occurred in the thid an
fourth week of lactation and its herd prevalencecdns from 0 to 65 days in milk varied from 0
percent to 33.9 percent.

Markusfeld (1985) reported an 18 per cent rateketbnuria in Israeli Holstein cows
examined 7124 days after calving.

Andersson and Emanuelson (1985), in a study @8 3Wwedish dairy cows with ketonemia
from 126 herds, reported prevalence of 8.9, 4.d,1ah per cent respectively, at the first three tiign
production tests using a milk-acetone test. A §icgmt influence on milk acetone was found for herd
mean production, breed, herd, lactation number,, ce@ek of lactation, season and the interaction
between lactation number and week of lactation. Fighest individual milk yield and highest
individual acetone values were significantly pagty correlated. Significant correlation was also
found between the prevalence of hyperketonaemighardi means of the intervals from calving to first
and last service.

Elevated NEFA concentration during the last 7sdbgfore calving were associated with
greater incidence of ketosis, displaced abomasuahsetained fetal membrane but not with milk fever
(Dyk et al.1995).

Duffield et al. (1998), in his study on 507 untreated cows fronH2&stein dairy farms over
the first 9 weeks of lactation, reported the curtivdaincidence of subclinical ketosis as 59 pertcen
and 43 per cent using cut off threshold beta hygimxtyrate (BHBA) concentrations of 1200 and 1400
umol/L and also the peak prevalence of hyperketoae(BHBA concentration of > 1.2 mmol/L)
occured at 1 week post-partum, respectively.

Geishauseet al.(1998) reported a prevalence of 7-41 per centdbcknical ketosis and it
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increased from primiparous to multiparous cows, avas highest during"2 and 3" week post
parturition.

Jorritsmaet al. (1998) studied 190 lactating cows and found that beta-hydroxy butyric
acid concentration of 1.2 mmol/L in blood, the @kwnce of ketosis was 14 per cent.

Al-Rawashdeh (1999) studied bovine ketonemia ayridrb5 dairy cows in various stages of
lactation and parity on 25 Jordanian dairy herasl showed that serum concentrationfdiydroxy
butyrate (BHBA) <0.9 mmol/L between 0.9 and 1.7 nifthcand >1.7 mmol/L were considered to
indicate normal, mild and severe ketonemia, resgayt The point prevalence of mild and severe
ketonemia were 22 and 3.8 per cent, respectivety the prevalence of ketonemia decreased with
increasing herd size. Further, a non significargoeistion was found between the prevalence of
ketonemia and parity, stage of lactation, metrisismatic-cell count (SCC) and serum cholesterol
levels.

Duffield (2000) reported that the early lactatibmcidence of subclinical ketosis was found
to affect 40 to 60 per cent of cows in herds undieig repeated testing and was much higher than 2-15
per cent incidence found with clinical ketosis.

Enjalbertet al. (2001) reported a prevalence of 19.2 per centdbclnical ketosis from the
125 samples using a cut off of >1.2 mmol/L.

Bihani et al (2002) studied 504 post-parturient cows and tegoran overall
prevalence of ketosis to be 9.90 percent in anduratoBikaner. It was more during the
second to fifth parity, during first and second mhomost partum, in cows in the age group 7-
8 and 8-9 years and during month of November toaian

Akamatsiet al.(2007) recorded the highest prevalence of SCK ofd@ws during the first
two months after calving.

Chenget al. (2007) evaluated the effect of hypoglycemia on geeturient metabolism and
lactation performance in 24 multiparous Holsteimnvsprevealed that the incidence of hypoglycemia
was higher in pre partum than that of post part8&3¥4 vs. 50%) and there was no effect on feed intake
before and after calving. With the increase in pasum feed intake, incidence of hypoglycemia
decreased rapidly, even disappeared at 28 daysstpartum. Hypoglycemia had no impact on pre
partum body weight (BW), but BW in hypoglycemic gpwas lower than that of nhormoglycemic
cows at 1 day and 14 days of postpartiwiiik yield was not affected by hypoglycemia. Howeve
cows in hypoglycemic group had higher plasma NEBAcentrations than cows in normoglycemic
group. It reached a peak (1.4 mmol/L vs.1.052 minjodt day 1 of postpartum; similarly, plasma
BHBA concentration of cows in hypoglycemic groupswiigher than that in normoglycemic group,
which reached a peak (2.01 mmol/L vs.1.34 mmolfl)4adays of postpartum.

Yameogoet al. (2008), in a study to establish the relationshigween ketosis, milk
production and biochemical blood metabolites; obes@rincidence of 33.57 per cent for subclinical
ketosis and 6.43 per cent for clinical ketosis. €avith subclinical ketosis had a decrease of 18d} a
15.6 per cent in milk yield respectively for Monlibed and Holstein, whereas, cows with clinical
ketosis had a decrease of 18.6 and 26 per cenheim second month of milking. There was
significantly lower average levels of blood glucas®d significantly higher average levels of blood
urea than cows with normal blood beta-hydroxy batiyrlevels in ketogenic cows (subclinical and
clinical). Also significant difference was recordadith concentration of total proteins and globulins
calcium and magnesium from one farm to another.
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LeBlanc (2010) showed that approximately 75 et of diseases in dairy cattle occurred in
the first month postpartum and 50 per cent of damitle suffered from metabolic and infectious
diseases in the transition period.

Ospinaet al. (2010) reported a prevalence of 40 per cent indhardvhich more than 15 per
cent of sampled cows had increased post-partum BetBwentrations of > 1.2 mmol/L, and the herds
had an increased time to preghancy and producednd& compared to herds with fewer animals
above the threshold.

Asl et al(2011), in a study on the 100 clinically healthyltiparous Holstein cows from 16
dairy herds around Kazerun, Fars Province, Irandahat during the 2, 4 and 6 weeks post parturitio
63, 68 and 59 per cent of the tested cows werechnioally ketotic. Overall, 97 per cent of tested
cows (97/100) were sub-clinically ketotic in atdeane sample period. Thirty percent of tested cows
(30/100) were found suffering from subclinical k&gin all of the 2, 4 and 6 weeks postpartum gerio

Borchardtet al. (2012) found an overall prevalence of 30.7, 1918 43.6 per cent, as
determined by use of BHBA threshold concentratioh&,000, 1,200, and 1,4Q0nol/L, respectively
in pooled serum samples for herd-based detectiosub€linical ketosis (SCK) in dairy cows after
calving.

Chapinaket al.(2012) in a study on 55 dairy herds in US and Caneetorded a prevalence
of 15 per cent in herds in which >25 per cent ahgled cows had increased post-partum BHBA
concentrations of >1.4 mmol/L within a week posttpan.

McArt et al. (2012) in a study on 1717 cows on four large totaded ration (TMR) fed free
stall dairies in New York and Wisconsin, USA, foutldt the peak incidence and prevalence of SCK
(BHBA concentration of 1.2—2.9 mmol/L) were fourddccur at 5 DIM after intensive, three times per
week monitoring .

Mir and Malik (2002) recorded 4.22 percent preveéenof Kketosis in bovine.
Highest prevalence was recorded in the age grouB-8f years (47.36 percent), in the third
lactation (45.10 percent) and during 1-2 monthsli@percent) post-partum.

Singh (2002) described ketosis as a common metabdibease of high producing
animals occurring during the first 10-60 days afterturition.

Pourjafar and Heidari (2003) recorded the prevaemé sub-clinical ketosis to be
38 percent in dairy Holstein cows.

Sakhaet al. £007) determined the frequency of sub clinical &istoin a dairy farm
of Kerman (lran) by measuring BHBA in blood durir®}6 weeks postpartum in 90 cows.
Thirteen (14.4 percent) and five cows (5.55 peicesitowed ketonemia with BHB level at
>1.2 and >1.7 mmol/l, respectively.

Chakrabarti (2006) reported higher prevalence ofodie in high milk yielding cows
generally within a month after calving. He also efved the occurrence of ketosis at any
time during the lactation period, sometimes duritede pregnancy and more common in
cows in their third lactation or following that.

Sharma (2006) reported the prevalence of ketosiscaows to be 10.20 percent
among the suspected clinical cases.

Arya (2008) studied clinical cases of ketosis amgported that the prevalence was
9.85 percent in and around Bikaner.

Thirunavukkaraset al ( 2010a) revealed that a total 3774 cows in finik shed districts of
the State of Tamil Nadu, 516 (13.67 percent) wéfected by milk fever; while 42 out of 342 buffabe
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(11.99 percent) suffered with milk fever. The agerdoss per animal due to the treatment of millefev
was higher in cow (Rs. 618) than a buffalo (Rs.)488l the overall average loss was Rs. 608.

Thirunavukkaraset al (2010b) recorded overall prevalence of ketosis &&88 percent in
cows and 2.92 percent in buffaloes, in Tamil Naduttie year 2008. They, further observed low
prevalence of ketosis in cows of Erode and Coinreadiistricts of Tamil Nadu that could be attributed
to the relatively better feeding management inghdistricts. The loss due to ketosis was estimReed
577.09 per affected cow, which included the cost noédicines (Rs. 262.99, 45.57 percent),
Veterinarian’s fee including additional labour cdBs. 224.98, 38.99 percent) and expenses on feed
supplements (Rs. 89.12, 15.44 percent). Howevelos per affected buffalo was slightly lesseéRsat
510.80 of which Rs. 240.80 (47.14 percent), Rs.3@736.71 percent) and Rs. 82.50 (16.15 per cent)
were contributed by medicine cost, veterinariaa& fincluding additional labour cost) and costesfd
supplements, respectively.

Kumar (2011) studies clinical cases of ketosis, orgggl that the prevalence was
11.42 percent in and around Bikaner.

Thirunavukkarasu et al. (2011) reported that the prevalence of Kketosis was
significantly higher in cattle (9.38 percent) asmpared to buffalo (2.92 percent). They
further reported that the prevalence rate of ksetdsi higher in rainy and summer season than
winter. They recorded 37.01, 37.25 and 28.24 pérgeavalence rate of ketosis in summer,
rainy and winter season, respectively.

Samieiet al. (2013) reported prevalence of SCK and clinicabkit were 13.9 and 3.4%,
and significant between regions, but not paritye thean daily peak milk yield for clinical ketosis,
subclinical ketosis and healthy cows in study wa8e35 and 45 kg, respectively, suggesting a declin
ranging from 22 to 38 %, compared to the healthysco

2.2 Minerals:

The mineral requirements of animals vary dependjpgn many factors (Soetan al.,2010).
However, concentration of these essential elemmanit be maintained within quite narrow limits et
functional and structural integrity of the tissum® to be safeguarded and the growth, health and
productivity of the animal are to remain unimpair€@bntinued ingestion of diets that are deficient,
imbalanced or excessively high in a mineral indwtesnges in the form or concentration of that naher
in the body tissues and fluids, so that it fallbleor rises above the tolerable limits (Prasad @od/da,
2005).

Despite the fact that the trace minerals are ptasdmody tissues in very low concentrations
(Arinola, 2008), they are very critical for normal body ftions. They serve as components of
metallo-enzymes and enzyme cofactors, or as conm®oéhormones secreted by the endocrine system
(Speer, 1996). Complex inter-relationships existieen certain micro-minerals, immune functions and
disease resistance in cattle. Several micro-misd@le been shown to influence the immune responses
The relationship between deficiencies of some mighdents and disease resistance is less clear.
Immune cells, like all other types of cells, requam adequate supply of trace elements for the alorm
structure and function of metallo-proteins thattiggrate in housekeeping processes such as energy
production and protection against reactive oxygeces (Chew, 1995).

Intensification of production and increase of myfleld of cows requires full coverage and
appropriate balancing of the mineral elements. Alisnfeeds and fodder often do not include all the
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requisite minerals and therefore, need to be supgiéed. Increasingly, dairy farmers across the tgun
recognize the benefits of supplements and arerfigedicommended mineral mixtures with a marked
improvement in milk production and breeding effieidy. Even within a state, feeds and fodder in
different agro-climatic zones show variations imaral content. National Dairy Development Board
(NDDB) has undertaken a mineral profile mappingdavelop area- specific mineral mixtures. Area
specific mineral mixtures are more effective andreamical in combating deficiencies. NDDB has
found that while magnesium, potassium, iron, maagancobalt and selenium are more than sufficient
in most areas of India, calcium, phosphorus, sulpdadium, copper and zinc levels vary greatly imith
states (Hosnedlawt al.,2007).

The mineral composition of grasses and browse asstand in India is highly variable due to
seasonal variation in the maturity and chemical position of forage, erosion of the soil etc. The
common sources of minerals for the farm animalsvarerals from the feedstuff, drinking water, inlso
and mineral supplements. The leguminous foddeesbigrseem, lucern and cowpea contain adequate
amounts of Cu, Fe, Mn, and Zn. However, a wideatam in the content of these elements exists not
only from area to area but also even in the foddéithe same area. Many feeds and fodders of the
western tract of Thar Desert of Rajasthan also hdeficient mineral levels, leading to primary
nutritional mineral deficiency in cattle (Singh,89).

Macrominerals calcium (Ca), phosphorus (P), matas (K), magnesium (Mg), sodium (Na),
chloride (CI) and sulfur (S) are of largest int¢@sto their status relative to their role in niéker, alert
downer cows and weak cow syndrome. Blood concéntrabf these minerals are strictly regulated in
the body through a variety of homeostatic procedsmsce it does not reflect their dietary statugmvh
the homeostatic system is functioning properly. ldeer, for phosphorus, K, Mg and S, blood
concentrations are somewhat sensitive to dietaaken(Herdeet al, 2000).

Sodium and chloride concentrations are alterecerwhenal or digestive function is
compromised or in extreme dietary deficiency stafesessment of Ca concentrations around calving
time is a useful indicator of how well the Ca regaly system is working and potential for clinical
subclinical hypocalcaemia problems. It is perceitreat other than the 2 weeks prior to and following
calving, blood Ca is not a very diagnostic valueaagsult of the intact regulatory system. Thewrefor
macro mineral blood concentrations need to casefaterpret in light of whether or not the homedista
system is in proper operation (Oetzel, 2004).

Rowlandset al. (1975), in a study on 172 dairy cows in a herd,Various parameters of
CMPT revealed that the most significant changegwenfined to the periods up to 3 months either sid
of calving and the greatest changes occurred forwich increased during late pregnancy and for
albumin which decreased at or near calving. Mebuarain, urea and glucose concentrations were lowest
during the first month of lactation, whereas thebgilin concentrations showed the reverse trend.
Haemoglobin concentration decreased during latgnamecy and early lactation and was lowest in the
period 30—120 days post- partum. Calcium conceatratecreased during late pregnancy and increased
during early lactation; whereas, sodium concertraincreased during late pregnancy. However, with
increasing milk yield, haemoglobin and K concemtrag decreased and Mg concentrations increased.
2.2.1.Macro Minerals:
2.2.1.1 Calcium (Ca) :

Calcium is the most abundant mineral in the anioealy. About 99% calcium in the body is
present in the bones, which not only provide argtfbame for supporting and protecting delicateaosy
but also serves as a large reservoir of calciumtter body. Most of the remaining Ca (0.9%) is
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sequestered in the plasma membrane and endoplasticiclum of cells. Extracellular fluid contains
0.1% of the body's Ca mass, with total Ca concéintmaof about 2.5 mmol/litre (Brown, 1994).
Approximately 50% of the extracellular Ca is in tbaized form, which is the biologically active for

of the Ca. Calcium functions in cell equilibriumedrtbeat and muscle contraction, and blood
coagulation (Hurwitz, 1996). Leguminous speciesgarad source of calcium than grasses. The calcium
content of temperate and tropical legumes has mehicated as 14.2 and 10.1 g per kg of dry matter,
whereas in corresponding grass it has been indics.7 g per kg of dry matter (Minson, 1990).

Calcium is absorbed from food in the gastro-itas tract, with the greatest absorption
occurring in the duodenum (McDowell, 1992). In nafranimals an equivalent amount of Ca is excreted
primarily in urine, with small losses in sweat antestinal secretion. The Ca released from bone by
osteoclastic bone resorption and deposited in b®herefore, intestinal Ca absorption is the major
determinant of the amount of ca excreted in th@euin adult animals. Two hormones, namely
parathyroid hormone (PTH) and 1, 25- dihydroxychaleiferol (Vit. D3), control the absorption.
Parathyroid hormone is the principal hormone inedlin the fine regulation of blood Ca. When ion& C
concentration in ECF fluid decreases, the parattdygtand will release PTH (Brown, 1994) and this
activates vit. D3, which is hydroxylated in thedito 25-OH-D3 and further to two compounds in the
kidney, namely 24,25-(OH) 2 or 1,25-(OH)2D3 whigheas Ca channel and facilitates Ca uptake and
transfer with the help of Ca binding proteins cadiin (Hurwitz, 1996).

Calcium is the most important macro-mineral inmg of relative requirement and the
diversity of functions in the body. Around 98 pemt of body Ca is located in the skeleton, which
provides structural strength and hardness to bdRemaining Ca is mainly found in extracellular
compartment. Important functions of Ca in animatdude formation of skeletal tissue, transmissibn o
nerve impulses, excitation of skeletal and cardiascle contraction, blood clotting, and as a corepbn
of milk. Deficiency of Ca in young animals is chetexized by failure to mineralize new bones with
development of rickets and retardation of growtkfi€ency in older animals and high yielding cows
forces to withdraw Ca from bones which in persigtileficiency lead to osteoporosis and osteomalacia
making bones more prone to spontaneous fractuefici@ncy of Ca is a sporadic problem occurring in
particular group of animals rather than specifiographic area (Radostitt al, 2000). It is of two
categories viz., metabolic deficiency due to sud@ariosses in high milking dairy cows, also catked
milk fever and other is nutritional deficiency asisted with long term dietary deficiency of Ca. €Gaim
within mineral supplement is generally more bioikakde for absorption than Ca in forages and common
feedstuffs (Hansardt al, 1957). The absorption efficiency for Ca in anisndecreases with the age
(Horstet al, 1978). As per NRC (2001), the availability oét#iry Ca for absorption in cattle is around
50-60%. The normal blood plasma concentration ofnrdzovines is 9-10 mg/dl. Requirement of Ca is
greatly increases during the last trimester of paegy for calcification of fetal skeleton, and ahgri
lactation. Deficiency of Ca may occur in animals@amdeficient diet or in high producing dairy anisna
due to heavy drainage of Ca in milk. Verificatidrtroie nutritional Ca deficiency requires analysi€a
in bones from suspected group of animals as plameoncentrations are maintained by homeostatic
mechanisms through bone resorption in animals oddflaient diets.

Mullick and Pal (1943) studied the blood minetahcentrations in 32 Haryana cows. The
mean values for all the groups (lactating, lactaind pregnant and dry pregnant) included in theyst
were 4.32 mg %, 11.4 mg %, 2.54 mg % in respettarfjanic phosphorus (P), serum calcium (Ca) and
serum magnesium (Mg), respectively.
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Moodie (1960) proposed that a loss of calcium thtothe milk secretion is a necessary
prerequisite for the lowering of blood Ca leveldheTessential cause of the hypocalcaemia must,
however, be attributed to a deficiency of availatd&cium in the bones, to impairment of absorptibn
Ca from the digestive tract or to a combinatiomhefse factors.

Cakala and Albrycht (1976) observed sigaiit decrease in serum calcium and magnesium
levels and increase in serum phosphorus level dstizrvation in cattle.

Pandiyaet al (1977) recorded the values of Ca and inorganasphorus (mg/100 ml) in 83
healthy crossbred cows of dairy herd of College€eterinary and Animal Science, Bikaner to be 1&32
0.106 and 5.70 £ 0.867, respectively.

Bostedtet al (1979) estimated serum Ca, Pi and Mg of 314 parttiparetic cows. In 165
cases, serum Ca and Pi were lower, while Mg walsenithan controls. Ca, Pi and Mg were within the
normal limits in 21 cows; whereas in 128 cows Caaml /or Mg were low. Activities of aspartate
amino-transferase, creatine kinase and isocitretgdtogenase were high in all groups of pareticscow

Bartonet al (1981) found that in paretic aged cows, sevepobglcaemia (5 mg/100 ml) and
hypophosphataemia (3 mg/100 ml) developed on the afacalving; whereas hypocalcaemia and
hypophosphataemia were transient in nonparetic agdd/oung cows at this stage.

Kulkarni et al. (1983) reported normal values of some biochengoaktituents of blood in 6
crossbred lactating cows during the first three therof lactation. The mean values (Mt S.E.) and
ranges of concentration were: Ca (mg %) 9.19 + (07485-10.65) and P (mg %) 5.36 + 0.15 (5.03-5.86).

Kelly (1984) reported normal biochemical valuesapparently healthy cattle to be calcium
2.3-3.0 mmol/l, inorganic phosphorus 1.0-2.5 mmaliid magnesium 0.8-1.2 mmol/I.

Waage (1984) recorded hypocalcaemia in cows, nfashizh had just calved, although a few
had calved several weeks before.

Hejlasz (1985) observed reduction in Na, Ca anthBiease in Mg along with reduction in total
protein (77.9 to 65 g/l) and albumin (36.9 to 26¢@% in cows with clinical parturient paresis.

Singh (1985) reported normal serum calcium valoegpparently healthy Rathi cattle to be 10.8
+ 0.23 mg/dl, which ranged between 10.8-12.4 mg/dI.

Prasadet al (1987) studied haemato-biochemical profile ofrtmal crossbred cows in 3
physiological states (dry, above 8 months pregaadtrecently calved) for prediction of downer cow
syndrome. In recently calved cows, total proteia, Bi and Mg were low. The values obtained in dry,
advanced pregnant and recently calved cows (me&ai 2} were Ca (mg/dl) 12.28 £ 0.82, 10.57 + 0.43,
13.65 + 8.79, Pi (mg/dl) 7.41 + 0.50, 6.50 + 0.B47 £ 0.27 and Mg (mg/dl) 5.01 + 0.39, 4.8 + 0.29,
3.44 + 0.18, respectively.

Pandey and Dwivedi (1988) observed a significactetese in serum Ca from 10.05 + 0.11 to
3.10 £ 0.31 mg/dl and Pi from 6.11 + 0.56 to 4.32.31 mg/dl during experimental hypocalcaemia in
calves. No significant change was observed in #iees of total serum protein and blood glucose. The
study also indicated that clinical hypocalcaemiarng occurs if serum Ca declines below the lev&.6f
mg/dl.

Pandey and Parai (1988) observed that occurrenpeodiiction disease was comparatively
more in winter during December to March, when tivaate was cold and dry. High milk yielder in their
third or higher lactations suffered from the digeakhey further conducted clinico-biochemical sésdi
in 30 crossbred cows suffering from atypical forfrpooduction disease having a combined effect of
parturient paresis and ketosis. The mean + S.Hesgalf clinically ill cows for serum Ca (mg %), (Rig
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%) and Mg (mg %) were 5.19 + 0.06, 3.10 £ 0.07 2198 + 0.08, respectively. The mean + S.E. values
of normal control cows were 8.87 + 0.08, 4.45 #10ahd 3.09 * 0.06, respectively.

Reinhardet al. (1988) described that aging and nutrition can cedihe ability of intestine,
bones and kidneys to respond rapidly to the hornsigneals responsible for calcium (Ca), phosphorus
(P) and magnesium (Mg) homeostasis in ruminantmduapid increase in demand for these minerals.

Caple (1989) reported that complex disorders avideen the calcium and magnesium
requirements are not met during pregnancy andtiantaHypocalcaemia and hypomagnesaemia occur
when the losses of Ca and Mg in milk cannot be Beghfrom the diet or mobilized from body reserves.
Older cows and ewes, which cannot mobilize enougterals from bone or body fluids, are particularly
susceptible when there is reduced absorption cdri@gaMg from the gut. This may arise simply from
inadequate intakes, or as a result of complexantems that decrease Ca and Mg absorption from the
rumen.

Mishra (1991) recorded mean serum calcium 11.6dimgy apparently healthy normal
indigenous calves in and around Bikaner.

House and Bell (1993) showed that the amountapfRCand Mg needed for synthesis of 15 kg
of Colostrum were 3.3, 2.5 and 7.5 folds highez@spared to the amount of nutrients transferreteo
late term fetus.

Horstet al (1994) noticed that most dairy cows experienaaesdegree of hypocalcaemia
during the peri-parturient period. There is, howewsesubgroup of dairy cows that experience a
breakdown in its ability to maintain plasma calciuand consequently suffers from severe
hypocalcaemia.

Parturient paresis is a metabolic disease oecgummost commonly at about the time of
parturition in adult females and is characterized Hypocalcaemia, general muscular weakness,
circulatory collapse and depression of conscious(iRadostitet al, 1994).

Rajora and Pachauri (1994) concluded that sethoran, Mg, Ca and P ratio did not differ
significantly in pre-parturient, post-parturienteoand in milk fever. In milk fever, serum totabjgins,
globulins, iron and zinc increased and blood glacgsrum copper, A : G and Ca : Mg ratios decreased
when compared with pre-parturient cows.

Juneja (1996) reported biochemical values inthgarossbred cattle in and around Bikaner.
The values were: serum Ca 10.14+0.36 mg/dl (rang@-82.19 mg/dl), Pi 5.64+0.23 mg/dl (range
4.10-6.60 mg/dl) and magnesium 2.76+0.33mg/dl (@ah§-4.8 mg/dl).

Joyceet al.(1997) revealed that one of the reasons for loesllof calcium in older cows is
decreased number of receptors for 1, 25-dihydroigrivin-D in the intestine resulting in decreased
absorption of Ca.

Kamgarpouet al.(1999) observed episodes of subclinical hypocal@aénthe first 6 weeks
after calving in 6 out of 12 multiparous Friesiaws calved in the winter season and 7 out of 2&rugl
in the summer season. There was a significant deerén mean plasma calcium concentration
(<2.0mmol/L) on days 6, 27 and 36 after calving #meke cows had a significantly higher mean body
weight and higher mean milk production than noralc@emic cows.

Gupta (1999) recorded serum calcium (mg/dl), inaig phosphorus (mg/dl) and magnesium
(mg/dl) of 10 normal healthy crossbred lactatingtlesand indigenous Rathi lactating cattle in and
around Bikaner area to be 10.25 + 0.32 (8.23-11af@) 9.77 + 0.37 (7.82 - 12.12); 5.29 + 0.22
(4.23-6.23) and 5.36 + 0.26 (4.04-6.84) and 2.7330 (1.6-4.6) and 2.68 + 0.25 (1.8-4.0), respetyiv
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Radostitet al (2000) reported normal ranges in cattle for se@anPi and Mg to be 9.7-12.4

mg/dl, 5.6-6.5 mg/dl and 1.8-2.3 mg/dI, respectivel

Jacolet al.(2002), in their study to evaluate the serum peddil certain macroelements, such
as Ca, Pi, Mg of healthy crossbred heifers in Ketadfore and after conception at different stades o
pregnancy and during early lactation, revealed thatmean serum Ca concentration (5.57 mg/dI)
decreased significantly during second trimestempignancy in crossbred heifers as compared to
controls and it again increased during the nintmtin@f pregnancy; whereas the mean serum Pi level
(8.29 mg/dl) was significantly higher during th&Hi month of pregnancy as compared to controls and
then it decreased by thd 9nonth of pregnancy. Further, the serum Mg leveiwsid a significant
increase (2.55 mg/dl) by the 9th month of pregnaasgompared to the control.

Rocheet al. (2002) in a study on subclinical hypocalcemia inrydaows recorded an
incidence rate of 30—40 per cent on the day ofieglfor grazing New Zealand dairy cattle.

Oetzel (2003) studied low blood calcium conceidgra(< 2.0 mmol/L), immediately post
calving as a risk indicator for subclinical hypazemia. Blood urea nitrogen (BUN) and urine pH have
also been advocated as potential indicators foesassy herd protein status and anionic salt
responsiveness, respectively. These two valuebe@valuated by using means of individuals.

Goff (2004) revealed that four macrominerals Caylg,and K have the distinction of being
involved in the downer cow syndrome, which was unfioately, often associated with parturition in
cows. He indicated that inadequate concentratibtizese minerals could cause a cow to lose théyabil
to rise on her feet as these minerals were negefsanerve and muscle function; whereas, lessreeve
disturbances of these minerals in blood could casdeced feed intake, poor rumen and intestine
motility, poor productivity, and increased suschftity to other metabolic and infectious diseases.

Van Saun (2004 a, b) studied that macro-mineradsg/@ Pi) decreased up to parturition. Na
decreased while K increased with approaching p#dny whereas the levels of both electrolytes
decreased with the ongoing lactation.

Calcium demand is tremendous immediately aftetupion and monitoring serum calcium
in cows less than a week following calving may hswme utility, but it is useless before or beydnd t
time period. Recently, low serum calcium concerdret (subclinical hypocalcemia) have been linked
with increased risk of early lactation culling (Biafd et al, 2005).

Yokus and Cakir (2006) revealed that physiologieariations resulted in changes in
cholesterol, calcium, LDH, and total proteins carications; whereas ALP, copper, magnesium, and
potassium concentrations changed with physiological seasonal conditions. Phosphorus varied only
with seasonal but not physiological changes; thpeoconcentration was found to increase through th
pregnancy and neither the seasonal nor the phgsiol@riations affected zinc, iron, sodium, chlexin
calcium, urea, creatinine, albumin, and globulifuea in both groups in all periods.

Kimuraet al.(2006) observed that 47 per cent of all cows iiir $econd lactation had varying
degrees of subclinical hypocalcemia which in soases was severe enough to alter physiological and
immune functions.

Kachhawaha and Tanwar (2010) observed significdotv values (P < 0.05) of calcium,
phosphorus and potassium in downer cows. These rafBnevere associated with parturition.
Hypokalemia occur due to rapid urinary excretiod diminished alimentary absorption of potassium
associated with reduced feed intake. Downer covd®yme generally occurred within a month after
parturition.
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Reinhardet al.(2011), in dairy cows (n= 1462) within 48 hourgpafturition and reported a
prevalence of subclinical hypocalcaemia to be 2548, 51, 54, and 42 per cent 6" lactation cows.
Furthermore, a significant decline serum calciumcemtrations declined significantly as the lactatio
number increased froni'to 4" and the cows with serum calcium >2.0 mmol/l hagidoserum NEFA
concentrations postpartum then cows with seruniwal&2.0 mmol/l.In early lactation, synthesis and
secretion of colostrum depresses systemic condemisaof Ca, which often results in reduced
availability of ionized Ca (C4) for cellular metabolism. Surveys in the US indécaéhat 25 % of
primiparous and more than 41 % of multiparous casessub clinically hypocalcaemic (Ca < 8.0 mg/dL)
in the first 48 h after calving.

Pal and Bhatta (2013), observed glucose, BUNgtitti@e, AST, ALT, total serum proteins
and albumin levels close to standard referenceegaldowever, mineral profiles, particularly calcium
(6.76+£0.20mg/dl) and inorganic phosphorus (3.03&0nY/dl) levels were significantly low in HF cow.

Jordan and Lager (2013) reported that seasofegtefvere present for Ca, Pi, Mg, albumin,
BUN, glucose, cholesterol, NEFA, K and ClI levelsr Eholesterol, glucose, albumin, BUN, there was
lactation by week by season interactions. In additio the seasonal changes, significant breed
differences were noted between Holsteins and Jefseya, Pi, Mg, Na, K, albumin, BUN, cholesterol
and NEFA; whereas no statistical differences betwe®eds were noted for BHBA, glucose or Na.
Furthermore, lactation by week by breed effecttegigor Pi, aloumin, BUN, glucose, cholesterol and
NEFA.

2.2.1.2 Phosphorous (P):

Phosphorous has a multitude of functions in alima& primary role is the integrity and
development of the skeletal system. Approximat80835% of the total P in cattle is in the bones and
teeth (Horst, 1986). Phosphorus is also involvath egllular energy transfer via the ADP, ATP system
Lipid metabolism is dependent on P, which is a congmt of phospholipids. Phosphorus is involved in a
number of enzyme systems and is a constituentighsa he absorption of P in the dairy cow is afést
by a number of factors (Horst, 1986; Miller, 197Bhe primary site of P absorption is the smallstites
(Care, 1994). One report indicated that P uptake meauced in cows under heat stress conditions
(Sanche=zt al.,1994). The primary route of P excretion is fecabf$ and Conrad, 1983; Morseal,
1992). Plasma P concentration is normally betwe®8r2L6 mmol/L or 4 -8 mg/dI.

During late gestation fetal skeletal developmeam withdraw up to 10 g P/day from the
maternal P pools (House and Bell, 1993). AboutdB is incorporated into each kg of body tissue
(muscle) gained during growth of the animal. Prdiduc of milk removes about 1 g P from the
extracellular pool /kg of milk produced. Salivamcsetions remove between 30 and 90 g P from the
extracellular P pool each day. Factors affectiniyas phosphate secretion include the time spent
ruminating (chewing activity) and the PTH statustieé animal. PTH stimulates parotid salivary P
secretion (Wrightet al., 1984) and can increase salivary phosphate contiensa2-3 fold. Salivary
phosphate secretions help buffer the rumen andysuppen microbes with a readily available sourte o
P, which appears necessary for cellulose digestion.

Phosphorous deficiency is the most prevalent ralrgeficiency in bovines across the globe
(Wikse et al, 1992). It has highest known biological functiammmpared to other essential minerals.
Around 80% of total body P is present in bonestaerth. Every cell of body constitutes P and alratist
transactions of energy engage formation or breasdriggh-energy bonds that link oxides of phosphate
to carbon or to carbon nitrogen compounds (ATPhe®imajor roles of P in the body include acid-base
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buffer system, cell differentiation, as componehtell contents like phospholipids, phosphoproteins
and nucleic acids. Ruminal microbes need P fordtiige of cellulose (Burrougtet al, 1951) as well as
for synthesis of microbial proteins (Breves, anchrSder, 1991). Effect of increasing dietary
concentration of P on the growth and productiocatfie has been extensively reviewed, which redkale
increasing dietary P up to certain level have pasieffects on growth and production parameters of
cattle, but above which no increase in the perfoiceavas observed (Tedt al, 1982; Milleret al,
1987; Wu and Satter, 2000; Vet al, 2000). Deficiency of P is common in animals gngan forages

on soils low in P or excessively mature foragediwitv P content. Chronic deficiency is charactetize
by non-specific signs like unthriftiness, inappegmoor growth, and lactational performance atagel
poor fertility. These signs are often accompanigdcbincidental deficiencies of other nutrients like
protein or energy. Severe deficiency of P in catiden cause infertility or reduced reproductive
performance (Alderman, 1963; McClure, 1994). Dunimgpilization of 10 ions of Ca from bone, 6 ions
of P are also released in to the blood and thisrpéisn of bone P appeared to occur merely as a
consequence of greater demand for Ca in peripantuperiod. Generally mineral stores in bone were
mobilized in late pregnancy or early lactationegpective of rate of P absorption. Significanc€af P
dietary ratio in nutritional diet formulation hasdn reduced over a time due to the fact that effiies

of absorption of Ca and P vary greatly as per thece of element in the diet. Plasma inorganic
phosphorus aids in the diagnosis of P deficienayaitie. Dietary P or response to supplementatian i
better indicator compared to tissue P concentrgtionless severe deficiency is present.

Yokuset al.(2004), in a study to evaluate the effect of seasand physiological variations
on the serum major and trace element levels ingshEeserved that magnesium concentration in serum
varied with seasonal variation but not physiolobisariations; whereas, iron and potassium
concentrations in serum varied only with physiotadivariations. Copper concentration changed not
only with pregnancy, but also with some hormonaarges not caused by pregnancy. Calcium,
phosphorus and selenium concentrations variedlvadth physiologic and seasonal variations; whereas
zinc, sodium and chloride was almost identicaldoth groups and altered depending on neither season
of the year nor the physiologic status.

Van Saun (2005) showed that cows with serum @aeamtration < 2.0 mmol/l pre and post
partum were at greater risk for mastitis (OR= 6tnitis (OR=6), ketosis (OR=9), retained placenta
(OR=9.9) and udder edema (OR=8.5); whereas cowspaitt partum Mg concentration <0.925 mmol/|
were at increased risk of metritis (OR=8.4). Simjlacows with pre partum Cl concentration <101
mmol/l and pre partum K concentration >4.8 mmoHrevat increased risk of ketosis (OR=6) and udder
edema (OR=5.5).

Enjalbertet al.(2006), in a study on 2080 dairy and beef cow her@wvaluate the relationship
between trace-element status and production, reptimth and health in cows and their calves, revkale
that inadequate copper status was not associatkéaelilt disorders, but was an important risk fafiio
poor calf performance and health. However, zinafficiency was strongly associated with low milk
production, impaired locomotion in dairy herds; aligrhoea and poor growth in calves.

Goff (2006) stated that in dairy cows plasma gamic phosphorus (Pi) concentration
routinely falls below the normal range at partoritin dairy cows and in cows with milk fever, plas®i
concentrations remains often below 0.8 mmol/l.

2.2.1.3 Magnesium (Mg):
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Magnesium is the fourth most prevalent cationtie body and essential micronutrient
required for all animals. Mg functions at threedbiemical levels, as a cofactor at the enzymatiel Jet
the structural level in the assembly of ribosonae®] at the whole cell level as a stabilizing foirce
membranes (Gunther, 1986). Mg acts as a co-fact@nactivator of many critical enzymes for the
reactions involving ATP that energize all major atmilic pathways (Haeton, 1990). Extracellular Mg is
vital to normal nerve conduction, muscle functiow &one mineral formation. It is very importanttie
central nervous system because it competes witliucalin the excitation-secretion coupling process.
This role is directly related to the most commomptoms of grass tetany, tetanic contraction of the
muscle. The principal role of Mg is that it actscatcium channel blocking agent and regulate et
skeletal muscle function. Mg is especially critidal ruminants. While non-ruminants absorb Mg
primarily from small intestine, ruminants are atdeabsorb much of their Mg requirement from rumen
via a Na-K-ATPase dependent process (Dua and @86H). In fact, the reticulum and rumen can
account for up to 80% of the Mg absorption alorgyehtire digestive tract (Remoatlal, 1996). Green
plants are an excellent dietary source of Mg fomafs because of the presence ofMg chlorophyll.

Van de Braalet al.(1987) revealed that blood magnesium concentrééow 0.65 mmol/L
in the periparturient cow was associated with iase&l susceptibility to hypocalcaemia and milk fever

Saleh (1990) observaw significant change in serum magnesium levehatdting and dry
cows.

2.2.1.4 Sodium (Na) and potassium (K):

According to Kelly (1984) approximately 50 per cefithe total sodium in the body is in the
extracellular fluid. The major portion of the réspresent in bone from where it is not readily itipéd.
The amount of sodium in the body is influenced Btaty intake and excretion which is mainly via
urine, sweat, gastrointestinal secretions and raitki, in horses and cattle there may be consideledse
in faeces. The major proportion of the body potassis located in the intracellular fluid so thaé th
serum level does not reflect the overall statushisfcation. The serum sodium and potassium values
apparently healthy cattle range between 135-150Iharal 3.9-5.6 mmol/l, respectively.

According to Pattanaik (1998) the dietary deficign€ sodium is most likely to occur in milch
animals fed predominantly low sodium, cereal badiets; under very hot environmental conditions; in
animals engaged in intense physical work and imals grazing pastures on sandy soils heavily
fertilized with potash which depress forage sodiewels. The symptoms of deficiency in dairy animals
include a marked polyuria, polydipsia, salt hungéra, drinking urine, loss of appetite and weighd a
fall in milk production. Whereas, the potassiumdkated physiologically with sodium for maintenance
of acid-base relationships and proper osmotic loalaBesides, it plays important roles in the
transmission of nerve impulses, contractility ofstles and as co factor in several enzyme systems.
Ruminants develop K deficiency as a consequenegaassive loss of K through milk. Reduced appetite
is one of the first sign of K deficiency. Lower tiiey concentration in conjunction with reduced feed
consumption seems to be best indicator of K status.

Radostitset al. (2000) reported normal ranges for serum sodiudhs@num potassium in cattle
to be 132-152 mEg/l and 3.9-5.8 mEq/l, respectivElyrther the low levels of sodium occur in early
lactation in cows grazing on summer pastures witlsopplementation with salt. Levels down to 135
mmol/l may be associated with depraved appetitd, polydipsia and polyuria. The potassium levels
have been difficult to interpret because the legéthe electrolyte in serum are not necessardjcitive
of potassium deficiency. Its normal serum conceiatnais such more variable than sodium and its
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average concentration in roughages of all kinadeé&ly in excess of requirements; any abnormalities
usually in the direction of excess.

Kulcu and Yur (2003), in a study found signifitatifferences for K and Zn concentrations
before and during pregnancy, and the lactatiorogdar cows (p<0.05). In sheep significant differesic
was also observed between before pregnancy ardatation period for serum Cu concentrations, and
before pregnancy and during pregnancy for serunoicentrations; also pregnancy and the lactation
period for serum Mg concentrations.

The significant associations between serum elgté® (Na, Cl, and K) and periparturient disease
suggest that acid-base status or fluid dynamics prey a role in periparturient disease pathogenesis
Further work is needed to validate the relationskdfentified in this preliminary study (Van Saeiral,
2004; 2005; 20064, b).

The K requirement increases under heat stress.cbvwy diets will almost never need
supplemental K, however, excess K is a substaiddlem in practical diets. For dry cows, incregdih
linearly increases the risk of milk fever (Leainal, 2006).

2.2.2 Trace mineral/ micromineral

Micro-minerals are mainly found as componentarfyé number of proteins and enzymes
involved in body metabolism, growth, immunity, prmtion, and reproduction of animals (Kincaid,
1999). Micro-minerals like Fe (in catalase), Cu, ¥im (in superoxide dismutase) and Se in glutathion
peroxidase are essential to the structure anditumof these antioxidant enzymes (Kleczkowskal.,
2004). Micro-minerals are required for the diffdiation, activation, and for performing various
functions of immune cells. Directly or indirectlyate mineral supplementation has role in reducing
infectious disease morbidity (Failla, 2003). Majpace minerals involved in the development of
immunocompetence are Fe, Zn, Cu, and Se. Microalideficiencies involves several minerals as well
as conditioning factors where deficiency symptorhsree micro-mineral may predominate and affect
the performance of animal (Hidiroglou, 1979). Deficcies of trace minerals like Cu, Zn, Co, Mn, Fe,
Mo and Se have been implicated as risk factorsripaired production and health in cattle (Radcsstiti
al., 2000; Enjalberet al.,2006). Different micro-minerals can influence reguotive performance of
livestock animals. Reproductive problems or repotide failures may be induced by single or
combined micro-mineral deficiencies or imbalandeéiglifoglou, 1979).
2.2.2.1 Copper (Cu):

Copper is an important trace mineral in livestodalth and production. It is a chief
constituent of several enzyme systems of the bddy dytochrome oxidase, which is required for
electron transport during aerobic respiration; lgsdase which catalyzes formation of desmosinssr
links in collagen and elastin to strengthen bones$ eonnective tissues. It is also a component of
enzymes like ceruloplasmin, which has a role im iabbsorption; tyrosinase, required for productién o
melanin pigment from tyrosine; and Cu-Zn superoxddenutase (SOD) which protects the cells from
toxic damage due to reactive oxygen species.

Copper is an important trace mineral. It is reegifor normal cellular homeostasis and
structure and function of skeleton, cardiovascuknvous and immune system (Minagtlal, 2001).
Copper is an essential component of several impbdaazymes including fero-oxidase, cytochrome
oxidase and super oxide dismutase (Bremner, 188®ymes involved in protection from oxidative
stress, pigmentation of hair. Connective tissuétmgis also requires copper for biological functibis
essential for haemoglobin formation and iron tramspCopper is the rate limiting element in the

230



synthesis of ceruloplasmin, an enzyme necessaiéooxidation of iron and permitting it to bindttvi
iron transport protein transferring (NRC, 2001).r@eplasmin acts as an antioxidant defence by
removing free ion and free radicles (Saeekal, 1994). Copper also plays an important role & th
immune system through the following ways: energgdpiction, neutrophil production and activity,
antioxidant enzyme production, development of antibs and lymphocyte replication (Niedermetn
al., 1994; Nockels, 1994). The importance of coppenfaintaining the functions of the immune system
has been demonstrated in several studies. Viralbaotkrial challenges have been shown to increase
serum ceruloplasmin and plasma copper in coppdetighcattle indicating a major protective role of
copper in infectious diseases (Stadiehl, 1993). Low copper status has resulted in deecehamoral
and cell-mediated immunity (Jones and Suttle, 1381th1981b; Xiret al, 1991 and Genglebaeh al,
1997), as well as decreased neutrophil bactericiajgdbility in steers.

Copper absorption in ruminants is lower (<1.08%). than non-ruminants (Underwood and
Suttle, 1999). The low absorption of copper in nuanits is largely due to complex interactions tliatio
in the rumen environment. Before development ofuactional rumen, copper absorption is high
(70-85%) in milk-fed lambs, but decreases to <1@# aveaning (Suttle, 1975). It is well documented
that copper requirements vary greatly in ruminagépending on concentrations of other dietary
components, especially sulfur and molybdenum. Adhway interaction between copper, molybdenum
and sulfur has been recognized (Dick, 1953). Thigraction can occur with concentrations of
molybdenum and sulfur that are present naturalfgéustuffs and have shown to be responsible #or th
formation of thiomolybdates in the rumen (Gooneganal., 1989; Suttle, 1991). Thiomolybdates are
formed by molybdate reacting with sulfide, whiclpi®duced by rumen microorganisms via reduction
of sulfate and also degradation of sulfur aminalsciThiomolybdates associated with solid rumen
digesta (bacteria, protozoa and undigested feditlea) form insoluble complexes with copper that d
not release copper even under acidic conditiontefAand Gawthorne, 1987). Systemic effects on
copper metabolism that are attributed to absorptibthiomolybdates include 1) increased biliary
excretion of copper from liver stores; 2) strongding of copper to plasma albumin, which results in
reduced transport of available copper for biochemprocesses; and 3) removal of copper from
metalloenzymes (Suttle, 1991). Independent fromoits in the molybdenum-copper interaction, sulfur
reduces copper bioavailability. Increasing dietalfur in the inorganic (sulphate) or organic
(methionine) form from 1.0 to 4.0 g of sulfur/kgdi&t reduced copper bioavailability in hypocupremi
ewes fed low-molybdenum diets by 30-56% (Suttl&@4)9 Sulfur in the form of sulfide is believed to
reduce copper bioavailability via formation of ihdale copper sulfide in the gut. Increasing dietary
sulfur from 0.8 to 2.5 g of sulfur/kg of diet redutomasal flow of soluble copper by 50% in sheepl(B
1970).

According to Bushet al (1956) copper entering the blood plasma fromdimall intestine
becomes loosely bound to serum albumin to formsthall direct reacting pool of plasma copper, in
which form it is distributed widely to the tissuasd can pass readily into the erythrocytes.

Vankoetsveld and Boogaerdt (1960) reported meapearogontent 76.8 + 12.2 pg/dl in whole
blood, 89.1+18.2 in plasma and 54.2+20.2 in erytites from 100 clinically healthy dairy cows. Vatue
below 60 were regarded as deficient. They statadpitegnancy had no influence on plasma copper but
the levels were high after calving.

Hartmans (1962) studied hypocupraemia in Friesattlecon 39 farms during two grazing
seasons. He found that hypocupraemia was associdtediepigmentation of black hair (particularly
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around the eyes), a staring coat on the withersynih diarrhoea and lameness with swelling of
epiphysis.

Claessens (1964) suggested that the optimum ClLdétlee blood serum of cow was about 68
pa/dl. At higher levels Cu was eliminated by absiorpin the hairs.

Ammerman (1970) commented that copper deficiencyuminants under natural grazing
condition occur in many countries including AusaaNew Zealand, United States, Great Britain and
Netherlands. He further stated that copper metsilmois influenced by many dietary factors, some of
which include sulphates, sulphur, molybdenum, zimmtein level and protein source. He further
mentioned that dietary deficiency of copper mayth®efactor to cause deficiency leading to anaemia.
The severely cobalt deficient areas were preseNein England and lower Atlantic coastal planes and
moderately deficient areas at Northern New YorkitNern Michigan and part of central plains in Udite
States of America. He also pointed out cobalt dsficy areas in countries including Australia, New
Zealand, East Africa and Norway.

According to Claypooét al. (1975), plasma copper levels between 19 pg/dbadndg/dl (3 and
9 pumol/lit), in general represent marginal deficigrand levels below 19 pg/dl (3 pmol/lit) represent
functional deficiency or hypocuprosis. Plasma Gaelg of 49.9 pg/dl (7.85 pmol/l) or low are indivat
of low liver copper levels. Plasma Cu levels ab80e pg/dl (14.2 pmol/l) are usually associatedwit
liver levels above 38.1 mg/kg (0.6 m mol/kg) dryttea

Copper is the component of enzyme superoxidendiase. The copper levels were slightly
higher in the buffaloes on the day of calving tltming prepartum phase (Durand and Kawashima,
1979).

In Bikaner, Rajasthan Dwarkanath and Ghosal (18&i9rted the blood copper to be 117.8 +
11.0 pg/dl in Nagori cows and 67.38 + 8.74 pg/dRathi dairy cows. In four Rathi cows, blood levels
were lower than 50.0 pg/dl.

Kelly (1984) reported normal levels in blood in apgntly healthy cattle to be iron 26.5-35.0
pmol/l and copper 11.02-26.75 pmol/l, respectively.

Kappelet al. (1984) observed that the plasma Cu concentratiozr® within the normal
laboratory limits and plasma Cu values increasedrad the time of calving, with the maximum level
occurring on postpartum day 11. Moreover, meannma€u concentration was significantly higher in
the summer-calving cows and it was inversely reléemilk production level.

Sanders and Sanders (1985) reported that coppieretiely is common in livestock under a
wide range of soil and climatic conditions and@m part of world, it occurs as a dual deficiendthw
cobalt. They further reported copper-molybdenunpisul inter-relationship which reduces the copper
availability to animal. Anaemia has been descriae manifestation of copper deficiency with other
signs of deficiency.

Jain (1986) classified nutritional deficiency andgnas anaemia caused by (a) low dietary
protein (b) mineral deficiency of iron, copper ambalt and (c) vitamin deficiency of vitamin B, folic
acid, niacin, pyridoxine, thiamine and riboflavin.

Phillippo et al (1987) reported a negative interaction of copgpemolybdenum and iron by
their experiment on cattle. Both molybdenum and fiexl calves developed copper deficiency.

Chugh et al. (1987) observed in ketosis, copper and/or selendeficiency and poor
antioxidant status were the factors that along whiyipophosphatemia precipitated post parturient
haemoglobinuria.
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Major changes in copper metabolism occur in damindupregnancy, which is aimed at
increasing copper by absorption and preventingelby excretory pathways in order to accommodate
the high demand of fetus (Goonera¢eal, 1989).

Kleczkowski et al (1990) studied copper deficient bulls and rembriecreased acid
phosphatase activity and lactate and succinateddeggnase distributed on the periphery of the kedul
of the liver.

Nazki and Rattan (1990) reported varying blood iaod copper in different seasons in sheep
with corresponding increased and decreased eryitesis. They reported blood iron range as 60.0 to
300.0 pg percent and blood copper between 106.B61®6 g percent of blood in different seasons of
a year.

Rajora and Pachauri (1994) showed that theme igriation in copper levels in cows during
one week pre- and post-partum period; but, in figller cases the levels were lower than normal cows.
They also observed beneficial effects of suppleatent of copper during dry period on mastitis itrga
Cows.

Copper, a part of superoxide dismutase, playslain cellular fight against infection by
helping to protect the cell damage when harmfuldaris are produced during the process of
phagocytosis (Frank, 1999).

Spear (2000) studied inter-relationship existeen certain micronutrients, immune function
and disease resistance in cattle. Several micrientdr have been shown to influence the immune
response. The relationship between deficienciesoafe micronutrients and disease resistance is less
clear. A number of studies have indicated that @ptementation may improve cell-mediated and
humoral immune response as well as resistancaspara¢ory infections in stressed cattle. Deficiesaf
Cu, Se, vitamin E and Co in cattle reduce the tgloli isolated neutrophils to kill yeast and/or teai@.

Cu deficiency reduces antibody production, but-pedldiated immunity is generally not altered.
However, Cu deficiency appears to reduce the promluof interferon and tumour necrosis factor by
mononuclear cells. Numerous studies have linked lgtamin E and/or Se status to increased
susceptibility of dairy cows to intramammary infecss. In contrast to findings in laboratory animals
marginal Zn deficiency does not appear to impaiibany production or lymphocyte responsiveness to
mitogen stimulation in ruminants. Co deficiency bagn associated with reduced resistance to parasit
infections. It is well documented that vitamin Afideent animals are more susceptible to variougs$yp
of infections B-carotene, possibly via its antioxidant propertieay affect immune function and disease
resistance independent of its role as a precufsgtammin A.

2.2.2.2 Zinc (Zn):

There are about two hundred zinc-dependent ergymall the major biochemical pathways
in the body (Sharma and Joshi, 2005; Hosneddaed, 2007). Zinc dependent enzymes are involved in
macronutrient metabolism and cell replication (Ataet al, 2008). Zinc is an essential component of
both DNA and RNA polymerase enzymes involved intg@ro biosynthesis and transfer of genetic
information (Underwood, 1977). Zinc plays a struatuole in the formation of the so-called zinc
fingers. Zinc fingers are exploited by transcriptfactors for interacting with DNA and regulatiriget
activity of genes. Another structural role of ziiscin the maintenance of the integrity of biolodica
membranes resulting in their protection againstlatve injury (Bray and Bettger, 1990). Zinc may
influence membrane structure by its ability to 8iab thiol groups and phospholipids. It may also
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occupy sites that might otherwise contain redokaanetals such as iron. These effects may protect
membranes against oxidative damage. Zinc also deegpthe structure of copper/zinc-superoxide
dismutase (Cu/Zn-SOD) (Markiewiczt al, 2005). Zinc may also have antioxidant activity vis
association with the copper-binding protein metailanein. It is vital to the activity of a varietyf
hormones including glucagon, insulin, growth hormoand the sex hormones. Zinc is important for
production of keratin, which lines the inside oé tfeat duct and helps to keep out microorganisats th
can cause mastitis. Kruczynska (2004) reportedipesiorrelation between zinc and epidermal health.
Zinc is required for a number of immune functiomgluding T-lymphocyte activity (Cossack, 1989).
Some of these effects may be accounted for byszme'mbrane-stabilization effect. This could affect
signalling processes involved in cell-mediated imityu Kinal (2005) reported increase in serum
immunoglobulins by supplementing zinc. Zinc is kmote be involved in such signalling processes.
Zinc may also influence gene expression by strattstabilization of different immunological
transcription factors. Zinc ions can induce blastnfation of human peripheral blood monocytes
(PBMCs). In PBMCs, zinc induces cytokines, inclglimterleukin (IL)-1, IL-6 and tumor necrosis
factor (TNF)-alpha. The stimulation of T-lymphocgtey zinc appears to occur via monocyte released
IL-1 and cell-cell contact. High zinc concentrasdnhibit T-lymphocyte proliferation by blockingeh
IL-1 type 1 receptor-associated kinase (Ibs andRI003). Recent Studies of zinc deficiency (ZDyda
demonstrated that nutritional imbalances can rgaaddluce programmed cell death (PCD) or apoptosis
in a variety of cells (Fraker, 2005). Research cabtedd by Carlsoet al (1998) and Hillet al. (2000)
showed that feeding 3,000 ppm zinc, added as ziitepenhances growth and health of nursery pigs.
Zinc status influences several aspects of vitamimetabolism, including its absorption, transpont] a
utilization. Two common mechanisms postulated tolan this dependence relate to 1) the regulatory
role of zinc in vitamin A transport mediated thrbygrotein synthesis, and 2) the oxidative conversio
retinol to retinal that requires the action of aczdependent retinol dehydrogenase enzyme (Christia
and West, 1998).

In ruminants, normal plasma Zn level is 0.8 to u@ml. Concentration of Zn in plasma
fluctuates with age, stress and infections. Zneuatdf colostrum and milk is 14 and 4 ppm, respebyi
(NRC, 2001). At parturition, due to increased ctimgenesis, there is diversion of Zn from plasmal po
towards mammary gland. Drop in serum Zn level dtiog is also associated with an acute phase
response due to inflammatory reaction in uterugsStat calving induces synthesis of metallothioreei
protein associated with Zn distribution. As a rgszih is redistributed from blood pool to otheisties
such as liver (Megliat al, 2001). During day 190 up to end of gestation, fietus and uterus of cow
retain about 12 mg Zn/day (NRC, 2001). Plasma ¥ellef 0.90 pg/ml at 15 days prepartum decreased
to 0.64 pg/ml on the day of parturition in dairyflaioes, which increased to normal values at 15day
postpartum (Panda, 2003). Plasma Zn level of 1d#tnjat 5 days prepartum decreased to 1.09pug/ml on
the day of parturition in cross bred cows (Charadrd Aggarwal, 2010).

Dufty et al. (1977) revealed that following conception, the pilaszinc levels remained
relatively constant until late pregnancy. A markiettline was noticed during the periparturient prio
although the trend observed differed between asimaimally calved and dystocia affected ones. The
samples obtained from calves approximately 24 hafies delivery contained zinc at concentrations of
more than double to that recorded for their dammmiDet al (1988) reported clinical cases of Zn
deficiency in a cattle of Western Sudan after dhldughe animals showed general weakness, stunted
growth, infertility, parakeratosis and achromoti&chThere was macrocytic hypochromic anaemia.
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Ghosal and Mathur (1988) revealed a significarfedéihce between the serum zinc levels of
farm cattle and that of village cattle. Higher zwalues in the farm was apparently due to the bette
management and nutrition. The farm and village meaare 71.77 and 52.42 pg/100 ml of serum,
respectively. There was no difference in the mearthe two seasons. The overall mean of zinc was
64.50 pg/100 ml of serum.

Singhet al (1994) studied a primary nutritional zinc defiodg in and around Bikaner under
famine conditions. The overall blood serum zinelevas 58.4 + 34.89 (range 14.9-183.7) pg/100 ml.
118 of 230 cattle tested were classified as eisludr-clinically (n=66) or clinically deficient (n=%2
animals. Clinical, primary nutritional zinc deficiey showed poor body condition, dull appearance,
lowered appetite, low production and low reproduttiln addition to these signs, there was alopecia,
parakeratosis and hyperkeratosis of skin. Haengittdb parameters recorded in deficient animals
before treatment did not significantly change affter animals were treated.

Pattanaik (1998) reported that deficiency of ziocws in cattle and other ruminants and causes
severe inappetance, growth depression, impairedeproductive performance, unthriftiness and
parakeratosis, alopecia, abnormal hoof growth antehess.

Radostitset al (2000) reported poor growth, stiff gait, drooliogpious amount of saliva when
ruminating, parakeratosis around eyes, nose, fegtsarotum, shedding of hooves, dystrophy and
shedding of wool in zinc deficiency in ruminantsirfRer, normal levels in blood serum range between
80-120 pg/dl in sheep and cattle. Calves and lasnbdeficient diets have levels as low as 18 pgydl i
serum.

Singh and Pachauri (2001) studied use of zinc apger supplementation in the prevention of
bovine mastitis in cows. The supplementation witlt had beneficial effect in controlling mastitisca
further recommended that the periodical monitoahgerum minerals should be undertaken to evaluate
the immune status of animals of mastitis prone siemd supplementation of immuno-compromised
cows may prove as a breakthrough in control of igst

2.2.2.3 Iron (Fe):

Iron is the most abundant trace mineral in thdyband its value as dietary constituent has
been recognized for over 200 years. Approximatety-thirds of body iron is present in hemoglobin in
red blood cells and myoglobin in muscle, 20% igbile forms in liver, spleen and other tissuedlite
remainder in unavailable forms in tissues such gssin and actomyosin and in metalloenzymes. In
hemoglobin, which contains 0.34% iron, an atom exfdus iron in the center of a porphyrin ring
connects heme, the prosthetic group, with glolie,protein. The iron in hemoglobin is essentialtifier
proper function of every organ and tissue of théybdron also plays a role in other enzymes invadlire
oxygen transport and the oxidative process, inolydiatalase, peroxidases, flavoprotein enzymes and
cytochromes (Sharmet al, 2005). Iron in blood plasma is bound in theifestate (Fe+++) to a specific
protein called transferrin. Transferrin is the @arof iron in the blood and is saturated normaltyy to
30-60% of it iron-binding capacity. The duodenunthis main site of iron absorption (Kane&bal,
1997). Iron is very low in the milk of cows, goatsd sows. It varies from 0.5 to 1.0 ppm. Since pigs
depend heavily on mother’'s milk during the firstotwo three weeks of life, they need iron
supplementation because their body Fe stores arsuatly low. This magnitude of growth rate imposes
a greater demand on iron needs than occurs withgrauminants (Radostitt al, 2000). There is little
evidence of an iron deficiency occurring in calviesnbs and kids raised under grazing conditions,
except when blood loss or disturbance in iron maisim occurs because of parasitic infection or
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disease. This is because they start early to edt dher than mother’'s milk. Iron supplementatisn i
needed, however, when young ruminants are fed exittusive whole milk diet. Young nursing calves
and lambs receiving no supplemental source of lireare responded to intra-musculature injections of
iron-dextran by improved hemoglobin levels and dgtorate.

Maynard and Loosli (1969) mentioned that all ovee tvorld certain soils do not provide
adequate amount of iron to plants. Such plant foddtl@ving low iron contents are liable to induce
anaemia in farm animals.

Iron in blood is present mainly as haemoglobin)(Hkerythrocytes and as transferrin in the blood
plasma. Pregnancy stimulates increased iron albigorgtom gastrointestinal tract to meet the
requirement of fetus, thus increasing serum irart, Bs pregnancy advances fetal demands overtake th
rate of absorption and thus decreased level ohs@an coupled with increase in plasma volume rssul
into decrease in haemoglobin and consequently dootentration (Soliman and Amrousi, 1965). Hb
levels decrease during pregnancy due to transfdbafcross the placenta and haemodilution (Singh an
Fahim, 1992).

Underwood (1971) opined that the iron deficiencsutts in hypochromic microcytic anaemia
with subnormal serum iron level in all species.relgorted serum iron and TIBC to be 146 pg/dl (range
89-253) and 553 (383-724), respectively, in norowals with mean saturation of 26 per cent.

Whitelock et al (1974) reported that dairy cows over 9 year-aid 2-3 year-old were more
prone to anaemia and prevalence reported were.dAp&Bcent and 12.9 per cent, respectively, @i tot
cows (7075) screened. The higher prevalence ofnaiaai@ 15.9 per cent cows giving more than 16 kg
milk was recorded as compared to those giving kg @®&r less than 7 kg milk, where prevalence of
anaemia was 9.8 per cent and 4.4 per cent, regplcti

Ghosalet al (1976) reported mean serum iron values for céwep and camel as 213.15 +
14.08, 141.32 + 8.26 and 101.32 + 4.60 pg/100 edpectively, in the north western deserts of
Rajasthan.

Ghosal and Mathur (1992) suggested that serumainohcopper levels are influenced by age,
nutritional status, parasitism and reproductivéestd the animal. They recorded 5 % animals having
serum iron values less than 40 pg/ml indicatingBoical deficiency in Bikaner area of Rajasthan.

Gautam (1994) recorded serum iron values of noimalthy crossbred cattle in and around
Bikaner to be 142.40 (127.0-158.0) pg%.

Rajoraet al (1995) found anorexia in cows suffering from migytic hypochromic anaemia.
The requirement of iron increases during gestatamration and active growth of animals and andecect
animals often suffer from iron deficiency anaemia tb poor availability of iron at the intestindksand
found significantly lower serum iron values in irdeficient anaemic cows as 12.38+0.25 mmol/l as
compared to healthy control 30.74 £ 0.30.

Samanteet al (1995b) recorded prevalence of anaemia in cattlalluvial zone of Nadia
District, West Bengal. Out of 712 grazing cattl®04(58.98 per cent) were found to be anaemic
irrespective of the cause in natural grazing camakét No relation of anaemia with season was folmd.
relation to age group, higher prevalence of ana&®ié1 per cent was recorded in 2-3 year old gattle
followed by 24.28 per cent in 6 months to 1 ye&:.23 per cent in 1 to 2 years and 22.23 per cent in
above 3 years old cattle. The higher prevalen@3ryear’s old cattle was attributed to extra loathe
process of first calving and lactation with insciiéint feed supply. According to breed, the higher
prevalence of anaemia was recorded in crossbréd (@1.5 per cent) than indigenous cattle (4889 p
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cent). They also reported sex variation (F:M) ievalence as 3.05: 0.95. The higher prevalence in
female was due to the stress of production anddetion.

Dhaliwal (1996) reported anaemia due to copperakt@mnd iron deficiency in crossbred cows
in Bikaner, Rajasthan. The values for healthy edtil serum copper 32.91+1.43 (11.04-55.52) pg/dl,
cobalt 10.18+0.39 (6.09-18.28) pg/dl and iron 82202 (44.44-141.17) pg/dl. Whereas, these values
for healthy cattle to be serum copper 82.06 + Z177/0-290) pg/dl, cobalt 22.45+1.56 (10.28-29.60)
pg/dl and iron 214+12.67 (170-290) pg/dl.

Sarkaret al (1996) reported low levels of serum copper inemnig cattle in which cobalt
deficiency caused decreased uptake of copper ibltad. Further the cobalt deficiency in soil was
cause of cobalt deficiency in the cattle, whichevanaemic in West Bengal. Further, lower serum iron
copper and cobalt values in anaemic cattle wered8#27.22 g %, 69.44+4/81 ug % and 12.60 = 3.01
Mg % respectively as compared to healthy contrtlecawhere these values were 504.61+31.04,
110.79+6.80 and 31.40+4.17 pg %, respectively.
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2.3 Minerals and oxidative damage:

Disturbance of the balance between the produatibmeactive oxygen species such as
superoxide, hydrogen peroxide, hypochlorous acidlrdxyl, and peroxyl radicals and antioxidant
defences against them produces oxidative damagief@dge, 1995). The antioxidant defence system
in most cells is composed of two components, th#oxddant enzymes component which includes
enzymes such as superoxide dismutase (Cu, Zn,ddtglase (Fe) and glutathione peroxidise (Se), and
the low molecular weight antioxidants component theludes vitamins A and E, ascorbate, glutathione
and thioredoxin. These substances are the bodyisataefense against endogenous generated ROS and
other free radicals, as well as ROS generated tayread environmental factors. Oxidative stress ogcu
when the production of ROS exceeds the bodys ratunoxidant defence mechanisms, causing
damage to biomolecules such as lipids, proteindéd (Borek, 1997).

Zinc deficiency causes oxidative DNA damage (Oteizal, 2000) and chromosome breaks
have been reported in animals fed a zinc-defid@it(Hainaut and Milner, 1993). The offspring afz
deficient rhesus monkeys also have increased ctsome breaks (Oliet al, 1993). The chromosome
breaks might be due to increased oxidative damagealloss of activity of Cu/Zn superoxide dismetas
or the zinc-containing DNA-repair enzyme, Fapy glygase, which repairs oxidized guanine
(O’Connoret al, 1993).

Oxidative stress has been postulated to con&ibutthe pathology associated with dietary
copper deficiency. In vivo erythrocytes are probkatdrgets of oxidative damage because they are
exposed to high concentrations of oxygen and com@ine iron that can autoxidize’ which resultshia t
formation of superoxide anions. Activity of the iorpant antioxidant enzyme ‘copper zinc superoxide
dismutase’ decreases markedly in erythrocytes duropper deficiency (Sukalskt al, 1997). In a
study Piccoet al. (2001) reported that DNA and chromosome damagebeaassessed by the Comet
assay as a consequence of the higher oxidativessttdgfered by hypocupremic animals.

2.4 Oxidative stress:

The role of intracellular SOD is to scavenge speroxide (+O) that is produced by a
number of reaction mechanisms, including severalyme systems, as a part of normal cellular
functions (Feest al, 1975).

Trottaet al (1982) reported that lipid peroxidation and haglobin degradation were the
two extremes of a spectrum of oxidative damageeth cells exposed to t-butyl hydroperoxide. The
exact position in this spectrum depended on thdlability of glucose and the ligand state of
haemoglobin. Lipid peroxidation was not dependenthe rate or completion of t-butyl hydroperoxide
consumption but rather on the route of consumptldpid peroxidation appears to depend on the
balance between the presence of initiators of lipidroxidation (oxyhaemoglobin and low
concentrations of methaemoglobin) and terminatbifpim peroxidation (glutathione, ascorbate, high
concentrations of methaemoglobin).

Miller (1992) reported direct effects include g@eidative changes in membranes and other
cellular components. Indirectly, competitive congtion of reducing equivalents can interfere with
important metabolic functions and divert glucosarirother pathways by inducing the monophosphate
shunt. Finally, peroxidative chain reactions iné@h by reactive species that escaped enzymatic
degradation are terminated by chain-breaking aitt@ois, including water-soluble ascorbate,
glutathione, and urate and lipid-soluble vitamin &hiquinone, andp-carotene. To optimize
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performance, oxidative stress in high producing £owust be controlled by supplying all known
antioxidant nutrients and by minimizing effects efibstances that stimulate reactive oxygen
metabolites.

Cheeseman and Slater (1993) described thatdrbeals are chemical species possessing an
unpaired electron that can be considered as fragm&hmolecules and which are generally very
reactive. They are produced continuously in cellisee as accidental by-products of metabolism or
deliberately during, for example, phagocytosis. Tim®st important reactants in free radical
biochemistry in aerobic cells are oxygen and itiaa derivatives (superoxide and hydroxyl radical)
hydrogen peroxide and transition metals.

Glutathione peroxidase is selenium dependent enamddt has also antioxidant property. It
converts hydrogen peroxide to water. The proteatifbered to cellular membrane by Vit E may spare
the requirement of GPx by oxidizing free radical$h® membrane, thereby preventing leakage of free
radicals into cytosol and maintaining activity efls at a high level thereby decreasing mastitisgéh
et al, 1993).

Brezenskat al. (1994) observed that GPx tended to be higher ife\dupplemented than Se
offered or control animals (5.3, 5.0 and 5.1 U/ml).

Lactation is essential for survival of mammals agpresents a substantial transfer of energy
from mother to offspring. This transfer is facitéd by numerous endocrine and cellular adaptations.
The transition from pregnancy to lactation is cstly important for the health, subsequent produncti
and reproduction in dairy cows. High reproductivel groductive efficiency in dairy cow requires a
disease free transition period. Both innate andiiaed defense mechanisms are suppressed during
pregnancy which gets aggravated during periparteriog and further during early postpartum (€si
al., 1994).

Fridovich (1995) described thaf@xidizes the [4Fe-4S] clusters of dehydratasesh sis
aconitase, causing-inactivation and release otllrenhich may then reduce J, to OH-. Superoxide
dismutase (SOD) inhibits such OH-. Production bgvenging &, but Cu-Zn SODs, by virtue of a
nonspecific peroxidase activity, may per oxidizengpapping agents and thus give the appearance of
catalyzing OH- production from ..

Antioxidant defences are diverse, can be eslgathesizedn vivo or derived from the diet,
and are localized transiently throughout tissuekdifierent cell types. The various antioxidantetefe
mechanisms also can be classified on the basisvefral criteria, such as on their solubility inidip
and water or on their chemical and physical chargstics (i.e., enzymatic or non-enzymatic) (Mates
and Sanchez-Jimenez, 1999).

McCall et al (1999) reported that endogenous oxidative damageroteins, lipids, and
DNA is thought to be an important etiologic factoraging and the development of chronic diseases
such as cancer, atherosclerosis, and cataracttiorma@he pathology associated with these diseises
likely to occur only after the production of reaetioxygen species has exceeded the bodies or cell's
capacity to protect itself and effectively repaiidative damage.

Mates (2000) described that reactive oxygen sge@iROS) are produced during normal
cellular function. ROS include hydroxyl radicalspgroxide anion, hydrogen peroxide and nitric oxide
They are very transient species due to their higgmical reactivity that leads to lipid peroxidatiand
oxidation of DNA and proteins. Under normal coralis, antioxidant systems of the cell minimize the
perturbations caused by ROS. When ROS generatiancisased to an extent that overcomes the
cellular antioxidants, the result is oxidative sfelt is now clear that several biological molesyl
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which are involved in cell signalling and gene rdagion systems, are very sensitive to redox stafue
the cell.

Oxidative stress can contribute and/od leathe onset of health disorders in cattle. They
observed that during the transition period cowsegrerience oxidative stress which may contribote t
periparturient disorders, and may be associateu métabolic diseases. The transition period igcefit
for the health of dairy cattle. They also reportieat oxidative stress leads to peroxidative dantdge
lipids and other macromolecules with consequerdration of cell membranes and other cellular
components (Milleret al, 1993; Brezezinska-Slebodzinskt al, 1994; Drackley, 1999; Toyokuni,
1999).

Oxidative stress can contribute and/or lead ¢ootfiset of health disorders in cattle and during
the transition period cows can experience oxidastress which may contribute to periparturient
disorders, and may be associated with metaboleadiss (Ronclt al, 2000).

Spear (2000) studied inter-relationships thastelketween certain micronutrients, immune
function and disease resistance in cattle. Defiég=nof Cu, Se, vitamin E and Co in cattle redinee t
ability of isolated neutrophils to kill yeast andkmacteria. Cu deficiency reduces antibody producti
but cell-mediated immunity is generally not alterddowever, Cu deficiency appears to reduce
production of interferon and tumour necrosis fadigrmononuclear cells. In contrast to findings in
laboratory animals, marginal Zn deficiency does apipear to impair antibody production or
lymphocyte responsiveness to mitogen stimulatioruminants. It is well documented that vitamin A
deficient animals are more susceptible to varigpes of infections.

Oxidative stress resulting from increased productimf freeradicals andreactive
oxygen species, and a decrease aintioxidantdefence, leads to damage of biological
macromolecules and disruptioh normal metabolism and physiology (Trevisanal. 2007).

Gitto et al. (2002) reported that an imbalance between in@@&gsoduction of ROS
and reduced availability of antioxidant defencesaméhe time of parturition increases
oxidative stress and may contribute to periparnrigdisorders in dairy cows.

Bernabuccet al.(2002) carried out a study to assess whether asbseaffected the oxidative
status of transition dairy cows and found that,dbes exposed to moderate heat stress showed higher
erythrocyte superoxide dismutase (SOD), erythrogidéathione peroxidase (GSH-Px-E), intracellular
thiols (SH), and thio-barbituric acid reactive dsalpees (TBARS) compared with spring cows,
indicating a condition of oxidative stress in sumitnansition dairy cows.

Kirschvink et al (2002) reported that oxidant/antioxidant imbatkame favour of oxidants
has been identified as playing a decisive rolehi@ pathogenesis of chronic inflammatory airway
diseases. Nutritional antioxidant supplementatiaghtnreduce oxidative damage by enhancement of
the antioxidant defence, thereby modulating inflatony processes. In a placebo-controlled, blind
study, it was tested whether a dietary antioxidaupplement administered for 4 weeks would improve
lung function and reduce airway inflammation in Vesaffected horses.

Health problems during transition period can resulpotential losses in subsequent peak
yield and postpartum fertility. Impairment of themmune status during Peripartum period in cow
increases the risk of uterine infections. Periparperiod is the most vulnerable period for the caws
terms of increased immunosuppression and susdégttbiinfection (Drackleyet al, 2001; Sheldoet
al., 2002).

They suggested that when Se in the diet was atee@Rppm), its supplementation had no
effect on GPx concentration. Plasma glutathion@xidase is considered as an indicator of oxidative
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stress (Tuzuet al, 2002).

Castillo et al. (2003), in a study to establish the values for piadipid hydroperoxides
(LOOH) and total antioxidant status (TAS) in hegltbows and its relationship with milk yield,
showed that the animals with a high milk yield greed higher levels of NEFA, triglycerides, AST,
TAS, albumin and total proteins without any sigrafit difference except for LOOH and urea which
showed significant differences from lower produciogws. On the contrary, a higher level was
observed for glucose and cholesterol in the lowdpeing cows as compared to the high producing
Cows.

Wallace (2005) reported that radical group ineluditric oxide (NO-), superoxide (O2-) and
hydroxyl radical (OH-). Oxidative stress can beied as an excessive bioavailability of ROS, which
is the net result of an imbalance between prodnctind destruction of ROS. It is proposed that
electrons leaking from the electron transport ci{&hC) produce ROS and that these molecules can
then damage ETC components and mitochondrial DeAdihg to further increases in intracellular
ROS levels and a decline in mitochondrial function.

Bernabuccet al. (2005) further recorded that before calving, colsvged an increase in the
plasma levels of SH, SOD, GSH-Px, and a decreasenyithrocyte GSH-Px and plasma reactive
oxygen metabolite (ROM). However, after calving soshowed a decrease in plasma and erythrocyte
SH and SOD accompanied by an increase in ROM, TBARSplasma GSH-Px. It was also observed
that cows which showed higher BCS at the beginaimdjgreater loss of BCS after calving, had higher
plasma ROM, TBARS and SH, and lower SOD and ergiteoSH in the postpartum period. Similarly
cows with higher BHBA and NEFA showed higher ROMdamBARS plus lower levels of
antioxidants.

Castilloet al. (2005), in a study on oxidative stress during faegnancy and early lactation
in dairy cows, revealed that the mean MDA level$ ot differ significantly between pregnant cows
(P) and late lactation (LL) cows at any stage, amther, it did not showed any clear trend within
P-cow group. Similarly, mean TAS did not differ wificantly between P cows and LL cows at any
stage, but showed a clear and statistically sicgnifi increasing trend within the P-cow group, pegki
one week after calving, and then possibly declining

Lohrkeet al. (2005a) reported that metabolic activity increadasng the transition period,
especially in the liver and mammary gland, the aigimetabolic activity is accompanied by higher
oxygen radical production which may cause greatercentrations of oxidative damage products if
antioxidant status is inadequate.

Castilloet al. (2006) evaluated oxidative status in healthy cowsng lactation using two
parameters: (I) Plasma levels of malondialdehyd®&y and (ll) Total antioxidant status (TAS).
Results show that nutrition can influence the ctimréstic metabolic changes occurring between
lactation onset and peak lactation. The most reatdekfact was the great inter-individual variations
observed in MDA. When the animal reaches peak tiactametabolic status is stabilized, and this is
reflected by antioxidant status with mean values 28.87+/-5.33 microm/L for MDA and
0.154+/-0.002 mmol/L for TAS values.

Pinteaet al. (2006) carried out to assess the activity of addi@nt enzymes, the level of lipid
peroxidation at the level of serum antioxidantsotenoids and uric acid. GPX activity in cows was
situated around 129 U/g Hb in the first week aftarturition, and then increased to reach 166 U/dgHb
the sixth week after parturition, value comparakbin that of cows in late lactation (160 U/g Hbhel
maximum level of lipid peroxidation was observedtire first week after parturition (6g2mol/l),
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comparing with the level of MDA in the cows in ldtectation (35umol/l). In the second week after
parturition the level of MDA decreased significanthnd remained at approximately same values during
the experiment. The high level of MDA in the fivg¢ek after parturition correlated with a low adijof
antioxidant enzymes (SOD, GPX and catalase) and/delvel of antioxidants.

Dairy cattle are more susceptible to a variety efabolic and infectious diseases during the
transition period. Increased incidence of diseasing the periparturient period is related diredtly
numerous genetic, physiological, and environmerftadtors that can compromise the cow's
immunological defenses ((Drackley, 1999; Sordi#l605; Goff, 2006).

A relationship between the physiological changssociated with parturition and a loss in
overall antioxidant potential was established irthbbumans and dairy cows. The possibility that
oxidative stress during the transition period mayamajor underlying cause of inflammatory and
immune dysfunction in dairy cattle is supportedbloyhin vivo andin vitro studies (Gitteet al, 2002;
Bernabucckt al, 2005; Stefanost al, 2005; Castilleet al, 2005; Sordillcet al, 2007).

ROS production during oxygen metabolism has rs#tzg¢ed the development of antioxidant
defenses that can effectively trap reactive inteliates before causing oxidation to macromolecutes o
to reduce biomolecules that already have been zeddiAs such, antioxidants can be broadly defined
as any substance that delays, prevents or remoidgtive damage to a target molecule (Halliwell and
Gutteridege, 2007).

Kanna (2007) reported that after calving, HBCS cdwsl more lipid mobilization as
indicated by higher NEFA levels and more pronounakdration in oxidative status indicative
of higher oxidative stress in HBCS cows. SOD attivias 4152.27 + 71.19 and 4326.83 + 81.85
(Units /g Hb/min) in medium BCS and high BCS covespectively.

Salehet al. (2007) have reported reduction in antioxidant\étgtiand increase in oxidative
stress during periparturient periods.

Sathyaet al. (2007) reported that MDA, the end product of ligi@roxidation in an
important marker of oxidative stress.

Andrieu (2008) reported trace elements have aifgpeole in free radical control at the
cellular level and influence the anti-oxidant/fresdical balance. Dietary trace elements must be
available for absorption throughout the digestivecpss until they reach the final site of absorptio
the small intestine. Negative interactions betwesgmerals can occur and, as the intestinal envirgrime
lowers the absorption of ionic minerals, chelatiechnology has been developed to increase mineral
bioavailability. Organic trace elements have beewduin dairy cow experiments, resulting in
significant improvements in udder health, lamersgsreproductive performance.
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Oxidative stress is associated with various diseasglitions in animals. Blood level of
catalase, superoxide dismutase; malondialdehyderedidced glutathione are the commonly used
biomarkers of oxidative stresss (Cengtlal.,2005; Esmest al. 2008).

Spears and Weiss (2008) studied the severitynofunosuppression which is exacerbated by
factors such as negative energy balance (NEB), dalpaemia and increased circulating levels of
cortisol for prolonged periods around calving. ldiion, it has been established that dairy cattle
subjected to the demands of late pregnancy, potuer peak lactation may be subjected to oxidativ
stress or the production of reactive oxygen mettdsol Immune cells are sensitive to oxidativesstre
as their membranes contain high concentrationsobfupsaturated fatty acids that are vulnerable to
lipid peroxidation and they produce large quargitié reactive oxygen metabolites when stimulated.

Sordillo and Aitken (2009) reported oxidation ahd production of free radicals are an
integral part of aerobic metabolism. A variety eactive oxygen species (ROS) are produced by normal
metabolic processes and by certain leukocyte ptipakduring defense against disease. Unfortunately
considerably less is known about how oxidativesstigan affect veterinary health and well-being,
particularly during times of high metabolic actiiThe performance of high producing dairy catde c
be optimized to a certain extent by supplementietsdvith optimal levels of micronutrients with
antioxidant capabilities. However, oxidative stresatinues to be a problem in transition cows.
Innovative approaches are needed to enhance tiogidant defense mechanisms of dairy cattle during
times of increased metabolic demands.

Chandra and Aggarwal (2010) found that cows supefged vitamin E @1000 1U/day have
higher glucose level in comparison to non suppleéatnows during the transition period.

Dimri et al.(2010) studied the alterations in serum cortisal erythrocyte lipid peroxides and
superoxide dismutase activities in 28 preghant maiéaloes supplemented with antioxidant nutrients
Vitamin E and selenium. Results suggested thatnamegy is associated with oxidative stress and
supplementation of vitamin E and selenium may beefieial by alleviating oxidative stress in water
buffaloes.

Oxidative stress resulting from increased productf free radicals and reactive oxygen species
(ROS), and/or a decrease in antioxidant defencagslein impairment of DNA, enzymes and
membranes and induces changes in the activity efittmune system and in the structure of basic
biopolymers which, in turn, may be related to vasitiealth disorders (Trevisahal, 2001; Abd Ellah,
2010).

Pedernerat al. (2010) evaluated the effect of diet, energy balaamwe milk production on
oxidative stress in early lactation dairy cows abderved that high producing dairy animals hadeeto
degree of negative energy balance and also dietfovasl to have a indirect effect on the level of
oxidative stress and the factors found to be resiptenfor high level of oxidative stress were sever
negative energy balance and lower levels of midpction.

Waldron (2010) reported that immune function eakened and dairy cows have a decreased
capacity to fight disease. Factors suggested t@ebponsible for this immunosuppression include
oxidative stress, nonesterified fatty acids, ketomed negative energy balance and calcium status
during the transition period, approximately 3 wepksr to calving until 3 weeks post-calving.
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Sharmaet al. (2011) studied on oxidative stress and antioxidgtatus during transition
period in dairy cows considering plasma level oflanglaldehyde (MDA) as an indicator of lipid
peroxidation and superoxide dismutase (SOD), csgtalglutathione(GSH) and glutathione peroxidise
(GSHPx) as antioxidants. The lipid peroxidation vegnificantly (p<0.001) higher in cows during
early lactation as compared to the cows in advamrednancy. A significant positive correlation (r
=+0.831, p<0.01) was found between MDA and catalasearly lactating cows. In early lactating
cows, blood glutathione was significantly lowerritia advanced pregnant cows.

Zhanget al. (2011) found that in cows with subclinical ketosserum BHBA and NEFA
concentrations were significantly higher, and gkecaconcentrations were significantly lower as
compared to the values in healthy cows and no figgnt difference was observed in serum SOD,
MDA, GSH-Px, catalase and TAS between the subélirketotic and healthy cows.

Festilaet al. (2012) reported that both the average values dfatiflione peroxidase and
Superoxide Dismutase (SOD) were lowest during tidydactation in comparison to the advanced
pregnancy and mid pregnancy concluding that daivyscwere under oxidative stress as the antioxidant
defense capacity was reduced during postpartunogennd during lactation than during advanced
pregnancy.

Abueloet al. (2013) observed an oxidative stress index (OSi asmbined measurement
through a ratio between pro-oxidants and antioxisléhroughout the transition period in dairy farims
field condition. Serum samples of high-yielding rgacows were taken, and markers of oxidative
damage and antioxidant capacity were measured. tétfoint evaluation through the OSi, differences
were found that were not present with the sepagastuation of pro-oxidants or antioxidants, thus
supporting our hypothesis that the OSi indicatesena@curately the oxidative status of the animals.
was also confirmed that dairy cows undergo OS aféeturition, and that antioxidant supplementation
from 1 month before parturition until the peak aéthtion may be needed to reduce the risk of OS.

The degree of lipid peroxidation is often used masnalicator of ROS mediated damage and
concentration of malondialdehyde (MDA) in blood dis$ue are generally used as biomarker of lipid
peroxidation. The mechanism of action of most dafired products and chemical drugs is done through
the antioxidant properties of these drugs by rewudhe lipid peroxidation and stimulation of
enzymatic and non enzymatic antioxidant systemiwitiie organism ( Sabry and El-bahr, 2013).

Mauryaet al. (2014) conducted the effect of vitamin E and zamc oxidative stress and
antioxidant enzymes during transition period in &aiFries cows. The activity of plasma superoxide
dismutase, catalase and glutathione peroxidase signéicantly lower in treatment as compared to
control cows. Plasma Zn was significantly highetrgatment group than control group. Plasma Znlleve
decreased at the time of parturition. The resulticated that supplementation of antioxidants like
vitamin E and zinc have beneficial effects in impng the antioxidant activity and decrease oxidativ
stress to animals.

244



2.5 Biomarkers:

Paterson (1959) observed an increase in bloodog&uand 17-hydroxy corticoids before
calving and later two third of animals showed dezlin blood glucose levels two to four weeks after
calving.

Mylrea and Healy (1968) determined the serum pmoteincentration of 25 cows by Biuret
method and SGOT by Reitman and Frankel method. ridrenal values + 2 S.D. of total protein
(gm/100 ml), Albumin (gm/100 ml), Globulin (gm/108l), A/G ratio and SGOT (umoles/lI/min) were
7.9+0.64,3.2+£0.43,4.7 £1.01, 0.68 and 728 lrespectively.

Treacher and Sansom (1969) recorded a variablérriptasma SGOT activity in cows one
week after calving.

Payneet al. (1970) designed the Compton Metabolic Profile T&MPT) first time for
primarily to assist in the diagnosis of clinicaloptems in dairy herds by comparing the blood
composition of specifically chosen groups of ansnedbmprised of seven non lactating cows, seven
cows giving maximum yields and seven cows givingrage Yyields of milk on the day of the test. The
test thus assesses the adequacy of both mainteaadcproduction rations by associating levels of
blood composition with milk yields. The componentsasured in the blood samples were packed cell
volume (PCV), haemoglobin (Hb), urea nitrogen, icedt; inorganic phosphorus, glucose, albumin,
total protein, magnesium, potassium, sodium, cqoppen, and globulin (measured as the difference
between total protein and albumin).

Underwood (1971) reported that copper is requicedHe utilization of iron in haemoglobin
formation.

Ghosal and Dwarkanath (1971) determined normal nsettansaminase activities in
domestic animals of Bikaner. Serum GOT and GPisgtof 30 lactating Rathi cows was 52.87 and
34.07 U/ml, respectively.

Hewettet al (1975) observed in an experiment with three gsoofpcows receiving protein
equivalent to 75, 100 and 125 % of Swedish feeditagmdard that the urea-N values were directly
affected by protein level. They concluded that semrea-N gives exact reflection of protein intake
when energy and roughage remained constant.

Manstonet al (1975) in an experiment compared three dietsatointy 200, 133 and 82 %
of recommended requirements for digestible crudetepm and found mean serum urea
concentration above, within and below the standanits of Compton metabolic profile test,
respectively.

Rowlandset al (1975) reported that the globulin concentrati@fobe calving in a herd of
dairy cows was 4.22 g/100 ml and it increased %3 4/100 ml (normal value) within two weeks of
parturition. Urea concentration decreased from héga/dl before calving to 14.7 mg /dl after calving
The fall was most pronounced in summer month whemal urea-N concentration was higher due to
grazing summer pasture. In winter, the fall durtadying was not significant.

The concentration of albumin is affected by nuiriil inadequacies, gut mal-absorption,
dehydration or liver impairment (Stevens, 1975).

Kitchenham and Rowlands (1976) observed a downtvardi of urea-N with increasing edge.
They also found a breed difference in urea-N commagan.

Zhabolenko (1976) found low concentration of bl@odar, albumin and high concentration of
total lipids, ketone bodies and total protein ipbgalcaemic cattle.
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Rashid (1977) found a significant relationshigween the mineral content, ketone bodies
and glucose levels in blood. Similarly, significgmasitive relationship was found between the tirhe o
lactation, pregnancy and serum glucose and negaéiation with ketone bodies. However, no
correlation was observed between milk productiosh ketone bodies.

Copenhaveet al (1978) reported that lipids form a diverse gradfgompounds (including
fats, phospholipids, glycolipids and sterols) whigk generally insoluble in water. Fats, which aont
fatty acids linked to glycerol, are generally stbwgthin cells in droplets of varying size. Certéipids,
particularly phospholipids and cholesterol, formportant components of cell membranes. The steroid
hormones are structurally very similar to the meanler component cholesterol and one of their
important effects is to alter the permeability bé tcell membrane. Cell lipids, called glycolipidse
found in combination with sugar molecules e.g. beysides and gangliosides which are also utilized
in the construction of the cell membrane. The lipaponents form a major part of the membrane
itself and the carbohydrate component constitutase hydrophilic coat of the membrane.

According to Benjamin (1979) creatinine is formedlie metabolism of muscle creatine and
phosphocreatine which is not affected by dietaptein, protein catabolism, age, sex or exercis&erAf
being filtered by the glomerulus it is excretedhia urine. The normal values range between 1-2Img/d
The creatinine value increases in primary renaalie, pre-renal and post-renal uraemia. The normal
BUN values range between 10-30 mg/dl in cattle.

Harasztiet al (1979) determined the metabolic profile in 20hhigelding cows from 8-10
days before to 8-10 days after calving. The sixsdwat developed paresis had increased ALT, AST
and LDH activities, and decreased serum Ca ancc&\nhg.

Hayashiet al (1979) found significantly increased plasma lsvef Mg and significantly
lowered plasma levels of Ca and K in cows affecsdth milk fever, as compared with normal
post-partum cows. The mean values for 50 cows miitk fever and 13 control cows were : Ca (mg/dl)
42+09and 7.2+1.0; P(mg/dl) 4.3 +1.8 ami51.7; Mg (mg/dl) 1.9 £ 0.48 and 1.6 = 0.3; GOT
(U/ml) 105.3 + 67.3 and 93.9 + 33.9; GPT (U/ml)4.2.4.6 and 19.8 + 7.4, respectively.

Morrowet al. (1979) reported higher total protein and albunatue and below 40mg/100ml
glucose level in animals with fat cow syndrome.

The monosaccharide glucose is used as an energyesoubody tissue, and also during lactation
as a basis for producing lactose (i.e., milk sug@he blood concentration of glucose is strictly
regulated through homeostasis, Glucose conceniratiblood can undergo short-term fluctuations in
response to stress hormones as well as displayadivariation (Bauman & Currie, 1980).

Murtuza et al (1980) obtained the normal values of SGOT, SGRd aerum protein
components under various physiological states imafe Haryana cattle. SGOT and SGPT activities
were highest in early lactating cows as comparelts pregnant cows, empty dry cows and heifers.
No statistically significant differences were obhset in the relative concentrations of albumin fiact
and albumin: globulin ratio in different physiologi states.

Blood glucose concentrations was related to therggwof fatty liver in periparturient cows
and observed a low urea concentration in cows aéikiing and stated that it could be a reflectién o
the reduced anabolism of proteins due to fattytiafion of liver (Reidet al. 1979, Reid, 1980) .

Roussekt al (1982) conducted metabolic profile testing ins@r cows and suggested that
total protein is usually used as an appraisal efrttritive status of an animal reflecting intaked a
metabolism. They found that total protein increasdth age due to increased protein utilization
efficiency with maturity.
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Doxey (1983) reported that elevated levels arecatidie of renal damage which is not
apparently manifested in large animals.

Gaalet al. (1983) stated that measurement of beta hydroxyriowacid is of little value in the
diagnosis of fatty liver.

Kulkarni et al. (1983) reported normal values of some biochentoaktituents of blood in 6
crossbred lactating cows during the first three therof lactation. Mean values (+SE) and ranges of
concentration were: Total proteins (g%) 6.53 + (®41-6.63), Albumin (g%) 2.89 + 0.29 (2.85-2.91),
Globulin (g%) 3.46 = 0.03 (2.96-3.68) and A:G 0.8010 (0.78-0.83).

Reid et al. (1983) reported that activities of AST and NEFAfatied significantly between
moderate fatty liver and mild fatty liver.

Kelly (1984) reported that creatinine is the endduct of muscle metabolism of creatine and
phosphocreatine. Its concentration in the blood @itk of animals is neither significantly influestt
by the diet, nor by catabolic factors such as fete@emia, infection and drug administration.sltai
non threshold substance for the kidney, hencdtexdd freely by the glomeruli and neither excreted
nor reabsorbed by the tubules. When there is seesia@ damage, a rise in blood creatinine occurs.
The normal serum creatinine values between 88.481j7éol/l and protein values of total protein 7.1
(6.7-7.5) g/dl, albumin 3.4 g/dl, A: G ratio 1.0.961.1) urea nitrogen 1.6 - 3.4 mmol/l and glucose
2.11- 3.33 mmol/l (38-60 mg/dI) in apparently hbgltattle respectively.

Bogin et al. (1984) reported a highly significant negative clatien between the degree of
fatty change in the liver and the concentratioserfim albumin.

Gerloff and Herdt (1984) stated that AST activitgsathe only laboratory finding that was
consistently correlated with hepatic fat infiltati due to a considerable lipid infiltration in thriscle
as well as the liver.

Kappel et al. (1984) reported first lactation animals had higbkrcose concentrations than
cows in second or later lactations. Plasma glutmssd increased before calving and then declinea to
minimum value between 11 and 22 days post partum.

Kelly (1984) reported normal Haematological valiespparently healthy lactating cattle to
be AST 20-26 U/I, ALT 4-20 U/l and alkaline phosfdse 2-48 U/l, respectively.

Tainturieret al. (1984), in a study on dairy cows during pregnaneg after calving period,
recorded that serum iron decreased at the enceghpncy while serum creatinine increased during the
last six months. While there was decrease in blgladose, cholesterol and alanine aminotransferase
concentrations at the end of pregnancy; the tregiges increased rapidly after drying-off and serum
urea increased in the first month after calving.

Waage (1984) reported that the serum activitie\8T, ALT and CK were lower in the
healthy cows than at first treatment in cows suffprfrom milk fever. At second and subsequent
treatments, serum AST and ALT were higher in thexwhich failed to recover.

Hejlasz (1985) observed reduction in Na, Ca andif?i increased Mg. There was a reduction
in total protein (77.9 to 65 g/l), and albumin @60 26.95 g/l) in cows with clinical parturientrpais.

Singh (1985) reported normal total serum proteiluesin apparently healthy Rathi cattle to
be 6.9 + 0.37 g/dl which ranged between 5.8 anadjgIR

Ghergariuet al (1986) found an increase in urea-N in summerl(26g/100 ml) than winter
(16.9 mg/100 ml).

Cows with moderate and severe hepatic lipidbaige lower serum insulin concentrations, a
high circulating NEFA and increased BHBA concentra{Gerloffet al. 1986).
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Jain (1986) mentioned that good quality proteird astrong positive nitrogen balance is
necessary to produce new haemoglobin and plasntaiso

Prasadet al (1987) studied haemato-biochemical profile ofrtmal crossbred cows in 3
physiological states (dry, above 8 months pregaadtrecently calved) for prediction of downer cow
syndrome. In recently calved cows, total proteinsviaw. The values obtained in dry, advanced
pregnant and recently calved cows (mean+SE) wéaé pootein (g/dl) 8.56 + 0.30, 8.37 + 0.34, 6.28
0.08, respectively.

Bogin et al. (1988) observed significant increase in serunvities of AST in cows with
severe fatty liver. But there was no correlatiotwaen the degree of fatty changes in the liver and
serum AST activity.

Gnanprakasam (1988) observed normal range df iASa group of 15 apparently healthy
Friesian lactating cows to be 12 - 60 U/l

Pandey and Parai (1988) conducted clinico-biochalmstudies in 30 crossbred cows
suffering from atypical form of production diseds®ving a combined effect of parturient paresis and
ketosis. The mean * SE value of clinically ill cofes serum total serum protein (g%) was 7.56 + 0.12
and the mean = SE value of normal control cows&a8 + 0.12 mg %.

Pandey and Parai (1989) studied physiological ghann metabolic profile of cows at
calving. The change in the blood metabolic prafileows approaching calving appears to be related t
the large turnover of fluids, salts and solubleamig materials. Earlier reports also indicated that
hormonal stimulation in cows at parturition wasstmng that it resulted into a serious drain on the
metabolites’ reserve.

As a consequence of the extensive mobilizatioadifose tissue in early lactation there is a
manifold rise in plasma concentration of NEFA. Nesterified fatty acids (NEFA) are one of the
most sensitive metabolites to environmental str@$® increased NEFA concentration during
early lactation in cows suggests mobilization a&difatty acids (NEFA) from adipose tissue due
to negative energy balance to meet energy requinésn@ullenet al.,, 1989).

West (1989) found that the plasma AST activiilieows after calving were significantly
higher when compared with non pregnant non lagatows.

Holtenius and Hjort (1990) in their study revehtbat excessively high non-esterefied fatty acid
(NEFA) concentrations due to negative energy ba&aesulted in fatty infiltration of the liver, whic
was associated with higher incidence of peripahirmetabolic diseases.

West (1990) stated the value of AST as a diagnastiicator was doubtful because some of
the increase in AST would have been caused by maschage. The plasma glucose concentration was
found to be a reliable indicator to grade the sgvef hepatic damage in fat cow syndrome.

Adipose tissue in the cow is oriented towards nigdion of NEFA in early lactation rather
than lipid deposition. Stressors and poor nutraglomanagement causing decreases in voluntary DMI
(Dry matter intake) will result in large increaseNEFA immediately after calving (McNamara, 1991;
Ingvartsen and Andersen, 2000).

Glucose levels decreased in cows with lipid¢Risidet al.,1979 and Andrewst al, 1991).

Andrewset al. (1991) observed insulin, elevated BHBA and NEFAamtration in early
lactation.

Mishra (1991) recorded mean total serum protein ¢7dl in apparently healthy normal
indigenous calves in and around Bikaner.

Bahga and Gangwar (1992) reported that seas@alofng also influence blood levels
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of free fatty acids. NEFA levels were significanthygher in animals parturated in summer
compared to those parturated in winter during &Todays of lactation. Highest values were
obtained on day 8 postpartum in both summer andexiseasons (55.38 and 33.81 mg/100ml)
which declined consistently with number of daysboth the seasons.

Berticset al. (1992) found that plasma NEFA concentration aiglyceride concentration in
the liver are positively correlated. Non esteriffatty acid concentrations were high after calving
decreased as lactation progressed.

Argenzio (1993) reported that most of the dietaay & in the form of water-insoluble
triglycerides, and these are emulsified by theoactif bile salt. Large fat globules are releaseavis!
into the duodenum because of feedback inhibitiogastric emptying by lipids in the duodenum. Lipid
digestion in the intestinal lumen requires theipgration of both pancreatic and salivary secretitime
fatty acids and monoglycerides are re-esterifiettitfycerides inside the epithelium. The triglyickers
are then associated with cholesterol, cholestest@re, phospholipids and small amount of protein to
form chylomicron which is analogous to the watelubte micelle facilitates the transport of water
insoluble triglyceride. Without the protein coadt fs unable to leave the cell.

The gradualincreasein plasma NEFA concentrations from wki® wk-1 has been
suggested as a feedtake effectwhile the rapidincreasein the immediate precaiwg period
may be hormonally regulated (Grummer,1993

Gautam (1994) recorded serum glucose values of aldngalthy lactating crossbred cattle in
and around Bikaner to be 59.60 + 2.07 mg/dl ands#tiees ranged between 48.0-66.0 mg/dl.

Glucose concentration found maximum at calvthg peak at calving may be related to the
release of glucocorticoids immediately before aadvi that stimulate glycogenolysis and
gluconeogenesis. The decreased glucose concengatastpartum are probably related to low DMI,
and the concomitant reduction in propionate abgmptlong with an increased glucose requirement
for milk synthesis (Vazquez-Anaat al, 1994).

Bell(1995) estimated than the immediate postpartuperiod, approximately 50% of
circulaing NEFA are either oxidizedr incorporatedinto milk fat. The liver plays an important
role in fat metabolism, removing NEFA from the bidodn early lactating cows, about 50% of NEFA
are oxidized to ketone bodies or re esterifiedrigglycerides in the liver. The daily demands fotafe
and placental growth in the last 3 wk of gestatiom 360 g of metabolizable protein and 3 to 5 Mdal
net energy.
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The concentration of plasma insulin continually loes in the transition period until
calving and that of somatotropin increases rapiijween the end of gestation and the initiation of
lactation. Concentration of plasma progesteronéchwis high in gestation, rapidly falls at calviagd
there is a transitory elevation in estrogens angagorticoids in the periparturient period. These
hormonal changes not only contribute to the dedhineMI, but also coordinate the metabolic changes
that favour, if not force, the mobilization of bodst reserves from adipocytes. Resulting from this
mobilization of lipids, he observed an increasecamcentration of plasma non-esterified fatty acids
(Grummer, 1995).

Rai (1995) studied on the metabolic profile ofrgatattle with particular reference to
production diseases by using CMPT, revealed deededsemoglobin and PCV with approaching
parturition. Blood glucose decreased up to parturiindicating extra energy drain by the developing
foetus. Blood biochemical viz total protein (TP)pwmin, globulin and blood urea nitrogen (BUN)
decreased with approaching parturition due to ttegjuirement for foetal development and colostrums
synthesis, but the values increased during lactafigpartate aminotransferase (AST) increased aue t
increased metabolism as the animal approached ripariuand increased with lactation, whereas
alanine aminotransferase (ALT) decreased with gestand increased during lactation.

Samantat al (1995a) reported lower total serum protein vafue anaemic cattle as 7.94 +
0.58 gm % as compared to healthy control in whitghrespective value was 8.24 + 0.17 gm %.

Juneja (1996) reported biochemical values in hgaithssbred cattle in and around Bikaner.
The values were: Total protein 7.61 +0.25 g/dl ¢ear5.93-8.48), albumin 3.57+0.16 g/dl (range
2.80-4.52), globulin 4.04+0.19 g/dl (range 3.138).aGnd A: G ratio 0.89+0.06 (range 0.67-1.27). His
studies on hypocalcaemia reported that serum CAlltimin and A: G ratio decreased and serum Mg,
ALT and AST activity increased. Serum total proteind globulin were not affected significantly.
Further, he recorded the biochemical values for A2T.7+3.96 U/ml) and AST (56.2+5.12 U/ml) in
healthy crossbred cattle in and around Bikaner.

Pal (1996) reported plasma levels of NEFA to beuartb534 to 299 mol/l up to day
19 of lactation and declined gradually till day &#lactation in buffaloes to 256 mol/l.

Dairy cows undergo tremendous changes dutiegtriansition from late gestation to early
lactation. Metabolic adaptations are mediated bgxayuisite pattern of hormonal shifts and changes i
tissue responsiveness to those hormones. For egampmiwth hormone (GH) is increased around
parturition and in early lactation. This increasesponsiveness of adipose tissue to lipolytic $gyna
such as nor-epinephrine. The resulting increadeERA from adipose tissue is used as alternate fuels
for much of the rest of the body (Grwehal, 1996).

Aspartate aminotransferase (AST) is an enzthmaeis released in blood with hepatic cell
damage and may be elevated in cows with fatty ldisease. Although there have been associations
between AST and subsequent occurrence of displalsethasums, the test lacks both sensitivity and
specificity (Geishauseat al, 1997).

Goff and Horst (1997) described first two weekdagtation as the most susceptible period
for the occurrence of most of the metabolic dissasech as milk fever, ketosis, retained placenta,
displacement of abomasum and infectious diseasésasimastitis.

Kaneko et al. (1997) reported the creatinine; a waste productrehtine is distributed

throughout the body. Conversion of creatine to timége depends upon its total body content, which i
turn depends on its dietary intake, muscle masstarsynthesis from arginine, glycine and methienin
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ltoh et al (1997) found an increase in plasma glucose cdratém in cold exposed®)
cows. Plasma glucose concentrations were diffdretwreen the hot (79.4 mg/dl) and cold (90.5 mg/dl)
environments.

Whitaker (1997) described cut-off points for bgtlasma NEFA and BHBA at the end of
pregnancy as 0.4 mmol/L and 0.6 mmol/L, respectieeld for lactating cows in early lactation as 0.7
mmol/L and 1.0 mmol/L, and the glucose concentratiabove 3.0 mmol/L for transition cows.

Blood BHBA originates from either the liver (dueiteomplete oxidation of fatty acids) or
from absorption of ruminal butyrate, which is epsibnverted to BHBA. Blood BHBA concentrations
typically increase after feeding because of BHB&tttame from the rumen. Consistent sampling at 4
to 5 hours after the start of feeding has beenestgd in order to capture peak BHBA concentrations
(Eicheret al., 1998).

Sevincet al. (1998) have showed that cows with fatty liver égher level of GGT and AST
and decreased levels of cholesterol, triglycemfigcose, calcium, albumin and inorganic phosphorus.

Mobilization of body fat is a normal process @lhienables the cow to augment the energy
supply as the mobilized body fat avails energy rfalk production to the cow. However, excessive
mobilization of body fat elevates plasma non-efeetifatty acid (NEFA) concentration and increases
its uptake by the liver, thereby leading to fattyet syndrome and ketosis (Drackley, 1999).

Gupta (1999) recorded serum glucose (mg/dl) of d@nal healthy crossbred lactating cattle
and indigenous Rathi lactating cattle in and aroBikéner to be 58.88 + 1.03 (53.50-65.32) and 55.05
+1.43 (49.19 - 61.77), respectively. ALT (U/l), ASU/l) and alkaline phosphatase (U/l) recordediOn
healthy crossbred lactating and indigenous lagatimttle of Bikaner area to be 24.9 + 2.13 (17-39)
and 21.8 + 1.93 (12-32); 53.8 + 4.53 (29-72) and¥ 484.46 (28-75) and 15.4 + 1.79 (8-25) and 18.5 +
1.29 (11-25), respectively.

Radostitset al. (2000) reported that the plasma urea nitrogennaegabolic breakdown
constituents and will be elevated, depending orstwerity of dehydration and decrease in circugatin
blood volume. The normal ranges for blood ureaogin, creatinine, serum glucose, ALT, AST and
alkaline phosphatase values to be 6-27 mg/dl, Ig&imn47-75 mg/dl, 11-40, 78-132, and 0-500 U/
respectively in cattle.

The measured concentrations of non-esterified fatigs (NEFA) andg-hydroxybutyrate
(BHBA) the success of adaptation to negative endyghance. NEFA reflects the magnitude of
mobilization of fat from storage. BHBA indicatesetbompleteness of oxidization (“Burning”) of fat in
the liver. Ketone bodies (BHBA, acetone and acedtzde) are intermediate metabolites of oxidation of
fatty acids; as the supply of NEFA to the liver eads the ability of liver to completely oxidize tladty
acids to supply energy, the amount of ketone badyurtion increases. Ketone bodies can be used by
muscle as an alternative fuel source to glucos®jrap glucose for milk production (Herdt, 2000a).

Herdt (2000b) reported that glucose is the prymmaetabolic fuel and is absolutely required
for vital organ function, foetal growth and milkgatuction. In dairy cows, the massive energy demand
to support milk production is largely met througlnapneogenesis. Glucose concentrations are under
tight homeostatic control. Therefore, although gkes has a central role in metabolism, it is a poor
analyte for monitoring or investigating herd probke

Glucose production in liver is controlled by theadability of substrates for glucose, the
metabolic capacity of the primary cells of the tiyelepatocyte) that synthesize glucose and hormonal
status of the animal particularly insulin and gigea. Controlled studies have demonstrated that fat
infiltration in liver cells impairs their abilityot synthesize glucose and to detoxify ammonia (@hai,
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2000).

Bhuvnesh Kumar and Pachauri (2001) recorded plageetinine levels in 120 crossbred
dairy cattle under different physiological stagés Won pregnant heifers in the age of 12-15 manths
pregnant heifers under 4-6 months of preghancy,terdpy cows in the age group of 5-8 years,
pregnant lactating cows under 4-6 months of pregpanearly lactating cows between 4-8 weeks of
lactation yielding 8-12 litres milk/day and earactating cows between 4-8 weeks of lactation yigldi
13-18 litres milk/day. The samples were taken duiMay-June and December-January. All the groups
showed significant seasonal variations in plasneatarine and the values being higher in summer.
This study indicated that physiological status ninsals as well as season, influence the creatinine
levels.

Ruminal and hindgut fermentation result in productbdf volatile fatty acids (VFA), with
propionate being the major gluconeogenic precuBapionate contributes an estimated maximum of
32 to 73% to hepatic gluconeogenesis, whilst angioidls from dietary intake and skeletal protein
mobilization contribute 10 to 30%. However, pro@ta supply during the transition period is limited
(Seal and Reynolds, 1993; Dracklgtyal, 2001).

Jorritsmaet al. (2001) studied in 218 dairy cows in nine dairy dseto find out the
prevalence of post-partum fatty infiltration in theer and its relationship to subsequent body
condition scores, blood variables and milk produttiThe prevalence of fatty liver was 54.1%. Serum
non-esterified fatty acids, urea and blood glucomecentrations appeared to be significant indisator
of hepatic lipidosis between 6 and 17 days postupar(R 0.33). High milk production and large
losses of body condition score (BCS) in early lotawere significant indicators of hepatic lipid®s
from a retrospective point of view {R0.22). It was concluded that fatty liver seemsb fairly
common in early lactating dairy cows.TAG in theelithan combined measurements of blood glucose,
serum urea and NEFA concentrations or the observaif milk production and BCS loss. This is
probably useful as the first approach for diagngdiatty liver herds in practice. Biopsy is more
accurate, but also more invasive and effectivedgaosing high TAG concentrations in the liver.

Serum bile acid, GGT, AST and albumin concentrati@re helpful for liver function test in
cows with fatty liver (Sevinet al, 2001).

Singh (2001) observed correlation of albumin withstpartum disease and hence can be
used to predict disease risk in close-up and figstiods (Fresh cows that could maintain serum
albumin concentrations 35 g/l were less likely to have postpartum diseaSerum albumin
concentrations< 32.5 g/l in close-up dry cows resulted in a thiad- greater risk for postpartum
disease. In spite of concerns about variables cmliog albumin interpretation, it seems to be adgoo
disease risk indicator, possibly reflecting avallgbof amino acids from the labile protein pool.

Advancement in the field of genetics and breedfog maximizing milk production
completely ignored the fundamental laws of phygigloand animals are considered to possess
unlimited production potentials. There is always thanger of crossing the barriers of physiological
limits in an animal in most upgrading activitiesedlth and performance management systems for dairy
animals focus on the early identification and sgoeat prevention of production diseases by either
treating the affected animals or by improving tleedhdiet (Enjalberet al, 2001; Ingvartseet al,
2003).

Buckleyet al. (2003) reported that only 30% of cows with a B@S3.@5 at calving lost more
than 0.5 units of BCS in early-lactation, while 5@¥%cows with a BCS of 3.5 at calving lost 0.5 anit
of BCS or more in early lactation. Therefore, tlighkr the BCS at calving, the more BCS will be lost
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in early-lactation. It is important to remembertthi@is BCS loss means that the liver is presentigd w
large quantities of nonesterified fatty acids fagtabolism and the liver of the dairy cow is notalalp
of metabolising large quantities of fat.

Ingvartsenet al. (2003) observed that over-conditioned dry cows ramge likely to suffer
from ketosis and fatty liver, both of which may pogss immunity directly or through an excessive
negative energy balance route. Glucose concemnigtecrease at parturition and are lower in tt fir
weeks of lactation than before calving or latelartation.

Kida (2003) reported that an increase in NEFA catregion directly indicated a negative
energy balance and on the other hand, no signffiedationship between NEFA and total digestible
nutrients was observed in the milking cows.

Kim and Suh (2003) investigated the effect of batydition loss from the dry to near
calving periods on the subsequent body conditioangk, the occurrence of postpartum diseases
(including abomasal displacement, milk fever, kislosCows were categorized based on body
condition loss from the dry to near calving periaats two groups. The triglyceride, glucose, andaur
nitrogen concentrations did not differ (P > 0.0&)nfi the dry period to month 4 of lactation between
the two groups.

Osbome (2003) evaluated 136 transition cowh&@#iBHBA concentrations 1400umol/L
of serum in the first week post-calving (17.6%).efidrwas a significant association between NEFA
concentration in the week prior to calving and BHB@ncentration in the first week post-calving. A
nearly 5-fold increased risk of subclinical ketosis noted when the NEFA concentrations in the week
before calving were greater than 0.7 mmolllRE4.8,P=0.04).

Towards lactation the negative energy balancalresady initiated due to a decline in dry
matter intake together with an increased energyameinof the fetus. Leptin levels reflect the energy
balance of the cow. Adipose lipogenesis is esdgnsiaut down, and the sensitivity to lipolytic sigs
(epinephrine and norepinephrine) is greatly enhdindecrease in blood NEFA in response to an
intravenous epinephrine challenge was significagtiyater in early lactation compared to any other
stages in lactation (Hayiréit al, 2002; Lieferset al, 2003; Theilgaardt al, 2002; Underwooet al,
2003).

Bobe et al (2004) opined that diagnosis of fatty liver isspible only by minor surgery.
Ultrasonic techniques offer a potential non-invastaol to detect fatty liver. Future gene-array and
proteomic studies may provide means to detect eaolgcular events in the pathogenesis of fattyr live
plus their connection with immune function and ceprctive performance so that more effective
treatment and preventative measures for fatty beerbe developed. Such advances hopefully willemak
the fatty liver, a problem of the past.

Carrieret al. (2004) evaluate the performance of 3 cowside distin tests for detection of
subclinical ketosis, defined as a serfirhydroxybutyrate (BHBA) concentrationl400 zmol/L. On
average, use of the Ketostix at the “small” cutqudint or the KetoTest at 1Q6nol/L would result in
no more than 3 or 4 false positives per 100 cowsesed, with prevalence levels ranging from 5 to
30%, whereas the number of false negatives woulgerdrom one false negative at 5% prevalence to 7
or 8 false negatives at 30% prevalence. Finallyemitheir relative imprecision, use of any of these
individual cowside tests to estimate herd prevatemeist be done cautiously, especially when only a
small number of animals are sampled.

Duffield (2004) revealed that elevated pre freshnasterified fatty acids (NEFA)
concentration X 0.4 mEq/L) and post fresp-hydroxybutyrate (BHB) concentratiorr14.4 mg/dl)
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were recognized risk factors for ketosis and lefplhcement of abomasum.

Nielsen and Ingvartsen (2004) reported propylengcal (PG) increases insulin by
200-400% within 30 min after drenching, indicatihgt PG is absorbed rather quickly. Allocation of
PG also increases plasma glucose, although thensspis limited, probably because of the large
increase in insulin. PG decreases plasma conciemsabf non-esterified fatty acids (NEFA) and
beta-hydroxybutyrate (BHB), especially in earlytéaing cows with relatively high levels of NEFA.
PG also reduces the triacylglycerol (TG) contenthefliver and the concentrations of ketone boities
milk and hence, has anti-ketogenic properties.

Oetzel (2004) studied 18 to 35% of cows have NEBAt mmol/l in the last week before
calving. He suggested an “alarm” threshold of 10%valence of subclinical ketosis, based on serum
BHB. Prevalence of subclinical ketosis was founduad 15% studied in Canada in comparison to
average prevalence of 20%. Adjusting for cow-sidet tperformance, a threshold of 10% true
prevalence of subclinical ketosis corresponds t@parent prevalence (proportion of tests that are
positive) of 25% when using the Keto-Test with & 16nol/l cut-point, or 11% at the 20@mol/l
cut-point.

Van saun (2004a), in a study to establish diaimoelationship between prepartum blood
metabolite concentrations and postpartum healttustaevealed that all the sick cows had lower
albumin, BUN, glucose and cholesterol and highel ABHBA and NEFA compared to healthy cows
in the fresh period. Cows, with close up (CU) péradbumin concentrations < 3.25 g/dl and fresh (FR)
period < 3.30 g/dl were 1.46 and 1.79 times mdtelyi to experience a disease event. Within fresh
cows, cholesterol concentrations increased witheesing albumin concentrations. Similarly, the cows
in which NEFA values were >0.4 mEqg/l in either CURR samples, were 1.57 and 1.47 times more
likely to have a disease event, respectively amddisease risk was greater if NEFA concentration
was >0.6 mEg/l at CU and FR periods.

Van Saun (2004b) studidd-hydroxybutyrate (BHB) concentration is most comigomsed
for ketosis. Concentrations of BHB < 26 mg/dl and4:5 mg/dl represent animals with subclinical
ketosis. The concentratiorss 26 mg/dl are defined with clinical ketosis. Pritr calving, BHB
concentrations generally do not exceed 6-8 mgfikss the animal is in negative energy balance or
consuming ketogenic silage. Following calving, BHBncentrations can become greatly elevated.
Cows with BHB concentrations above 10 or 14 mg/idi 8.2 and 4.3 times at greater risk for
postpartum disease.

Castilloet al. (2005), in a study on dairy cows during late premyaand early lactation in
healthy cows revealed that four parameters (Seduooge, NEFA, albumin and alkaline phosphatase)
did not differ significantly between late lactatighL) and pregnant (P) at any stage, and remained
roughly constant in the P-cows group. Mean serigiytreride content showed an apparent increase in
the P-cows group in the week before calving, arappled after calving, whereas cholesterol levels
showed an apparent declining trend between six svbelfore calving and one week after calving.
Mean serum urea content dropped significantly tweeks before calving and the mean serum
creatinine content was most of the time signifibahigher in P cows than in LL cows; Mean serum
AST level showed an increasing trend in P cowsh witlues at one and two weeks after calving being
significantly higher than previous values and/@ th value.

The ketone bodies i.e., BHB, acetoacetate, and&cetre formed by incomplete oxidation of
NEFA in the liver. Another source of BHB in bloosliuminal butyrate that is oxidized to BHB in the
rumen wall. Ketogenesis is part of the normal epergetabolism in ruminants. If glucose
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concentrations are low, more ketone bodies areyzextiin the liver to meet the energy needs of body
tissues. Concentrations of BHB increase pp and pedlkweeks pp (Cavestanyal, 2005; Ingvartsen
et al, 2003).

Dannet al. (2005), determined the effect of pre partum intgkestpartum induction of
ketosis, and periparturient disorders on metabstlitus in dairy cows whereby they found that pre
partum intake did not affect postpartum metabdldus or milk yield. However cows in which ketosis
was induced, had lower intake, milk yield, and seiglucose concentration but higher concentrations
of non esterified fatty acids afidhydroxy butyrate in serum and total lipid and ayilglycerol in liver
in comparison to control cows.

Kokkonen et al. (2005) reported increased level of NEFA in laatgticows as
compared to non-lactating cows. Plasma NEFA comegioins were in the range of 100 to
2000 peg/litre in cows and were low in low produgicows.

High level of NEFA >0.4 mmol/L in the last 7-8@ys before expected calving is associated
with 2-4 times increased risk of left displacemeftabomasum, 2 times increased risk of retained
placenta, 2 times increased risk of culling bef@®alays in milk and 1.5 times increased risk ofilcgl
over the whole lactation (Leblaet al, 2005).

The increase in NEFA is part of the physiologiesponse necessary to meet higher energy
demands at the onset of lactation, but excess Nfeientrations are detrimental; for example, high
NEFA concentration is toxic to peripheral tissuel aregative affects fertility (Adewuyat al, 2005;
Leroyet al, 2005).

Stojevicet al. (2005) examined the activities of aspartate amamsferase (AST), alanine
aminotrans-ferase (ALT) and gamma-glutamyltranser@GT) in the plasma of 120 dairy HF cows.
Animals were divided in 4 groups. The first, secotimird and fourth group consisted of animals from
the 10" - 45", 46" 90", 91%day of lactation until the end of milk producticBows in the dry period
comprised the fourth group. The highest activitA&T was determined in the first production period,
while enzyme activities in the second and thirdqus were higher than in the dry period. ALT adtivi
showed a statistically significant increase frore #8" day of lactation until the dry period, and
activity in the second and third periods were statlly higher than in the dry period. GGT actjvii
the first production period and in the dry periodswstatistically higher in comparison with the seto
and third periods.

The serum creatinine level was also significanffected by the physiological phase and
showed the higher levels during the late pregnamal/early lactation. It is recognized that durihg t
late gestation, the mother, for the foetal matecia@ulation, assumes the load of organic wastthef
newborn. So, the increase in serum creatinine deselld be attributed to development of the foetal
musculature, which is well documented in sheepeamets too (Roubiest al, 2006).

Mordak and Nikpon (2006) compared the values afctet blood parameters in 30 clinical
healthy cows in periparturient period that did dewelop any pathological signs of disturbance just
before, during or after calving. They found sigeuiint differences in the value of total bilirubirGST,
inorganic phosphorus, calcium and chloride beforé after calving. However, large differences were
observed in the values of total proteins, glucasé, creatiningvithout any significant difference.

Kalaitzakiset al. (2006) observed a strong correlation between se®T activity and
triglyceride and total lipid concentration, seruitetacids, total bilirubin in cows with fatty livemlhe
authors also stated that there were no changesumsALP activity.

Blood concentrations of NEFA, beta-hydroxybutgra(BHB), glucose, insulin, and
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cholesterol have been associated with energy mitabo dairy cows and may be used as indicators
of NEB (Macraeet al, 2006; Oetzel, 2004; Agenas al, 2003; Ingvartseet al., 2003; Kim & Suh,
2003; Kronfeld, 1972).

LeBlanc et al. (2006) reported elevated prefresh nonesterifiety facids (NEFA)
concentration X 0.4 mmol/L) and post fresp-hydroxybutyrate (BHB) concentratiorrl200-1400
umol/L) are recognized risk factors for ketosis deftldisplaced abomasums.

Kalaitzakiset al. (2007) found that the serum biochemical variablasehrelatively high
negative predictive value, since the enzyme agtivitas low positive predictive value.

Kanna (2007) reported glucose levels were sicpnifily (P<0.1) higher in high BCS than
medium BCS cows (54.03 + 3.02 vs 43.88 + 2.33 mg/dI

Radostitset al. (2007) mentioned a mini metabolic profile test ethimeasures levels of
blood glucose, serum urea nitrogen and albumimwsdetween 4 and 10 weeks after calving that can
serve as a sufficient test to assess the adequdianeayy and protein intake. The sampling were done
at intervals of 4-6 weeks. The time of sampling a#fact the results. The values will change wité th
season and stage of lactation.

Valde et al. (2007) found that cows in a fatter condition atwing lost moreBW and
body condition over a longer period of time tharwsdén a thinner condition at calving.

Glucose uptake in cells is mediated by glucosedpanters. Glucose uptake in skeletal
muscle, adipose tissue, and cardiac muscle is dbp#ron insulin, but in the udder, glucose
uptake occurs independently of insulin (Zhao & Kegt 2007a; Zhao & Keating, 2007b; Joost
& Thorens, 2001).

Cholesterol is secreted into the blood stream aBLlVland low concentrations of cholesterol
may impair the transport of TAG from the liver. Gdsterol concentrations are low at calving and
increase slowly over the first weeks after calvi@gvestanyet al, 2005; Van Knegsalt al, 2007).

Kaneko et al. (2008) studied glutamate dehydrogenase (GD), arynemzpresent in
hepatocyte mitochondria, is necessary for ureahsgg in the conversion of glutamate to alpha
ketoglutarate. In cattle, GD is liver specific ansed to detect liver cell damage. When there ik cel
damage or necrosis of fat infiltrated hepatocyttes.enzyme can leak into the blood stream

and increased serum activity of GD may be detedtenleased GD concentration has been associated
with hepatic lipidosis.

The metabolic diseases of the dairy cows are festation of the cow’s inability to cope
with the metabolic demands of high production dred/tcontinue to be a cause of economic loss to the
dairy industry and an animal welfare concern (Myah and Doherty, 2008).

Stengardet al. (2008) conducted metabolic profiling in five higheducing Swedish dairy
herds having history of abomasal displacement aetbsis and found that all herds had over
conditioned dry cows that lose body condition sabtally during the first 4—6 weeks postpartum, two
herds had elevated levels of NEFA prepartum aneetirerds had elevated levels postpartum, while
one herd had low levels of insulin prepartum amnd llevels of cholesterol postpartum.

Djokovic et al. (2009) reported that glucose levels were signifiigalower (P<0.01) in the
puerperal cows than in the cows examined duringrthgimum lactation period (90-100 days), which
suggested a decreased gluconeogenesis in the Significantly lower blood levels of total protein
(P<0.01), albumin (P<0.01), urea (P<0.01) and ytcgtide (P< 0.05) were recorded in the puerperal
cows, which suggested the reduced synthetic cgpeafditver cells during early lactation in cows.ddd
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bilirubin levels in the puerperal cows were sigeafitly higher (P<0.05), which clearly indicated the
reduced excretory capacity of the liver. Signifitgincreased (P<0.01) AST, GGT and LDH activities
in the blood in the puerperal cows suggested ttendied morphological and functional integrity ioér
cells and the release of these intracellular enzyimte the blood. Duffie@t al (2009) reported
subclinical ketosis (BHB > 1200 to 1400 pmol/l)tive first or second week after calving is assodiate
with 3 to 8 times increased risk of left displacemef abomasums (LDA), 3 times greater risk of
metritis when serum BHB in week 1 was > 1200, 46t¢éimes increased risk of clinical ketosis
increased probability of subclinical endometritisveeek 4 postpartum and increased duration and
severity of mastitis but not with the incidencentdstitis. Milk yield at first test was reduced h9 kgs
/day when BHB was >1400 pmol/l in week 1 and byk8 /day when BHB was >2000 mol/l in week
2. Cows with serum BHB >1800 pumol/l in week 1 h&D6& kgs lower projected production for the
whole lactation.

Hammonet al. (2009) studied the elevated liver fat content ighhyielding dairy cows
during the transition period. They observed thghtiat mobilization, high liver fat content, and/see
NEB in high-yielding dairy cows may not always beansequence of impaired farm management, but
might be a consequence of individual cow factoeg tannot be easily alleviated by the farmer when
using feeding management. Individual cow factorsreweesponsible for differences in energy
metabolism during the transition period.

Iwersen et al. (2009) determined the diagnostic performance of @lectronic
B-hydroxybutyrate (BHBA) hand-held meter (Precisi¥tra) for ketosis in dairy cattle. Specific
objectives were to compare the electronic BHBA meti¢h serum BHBA concentrations determined
photometrically and 2 commonly used chemical code diests (Ketostix, Ketolac) and to evaluate
accuracy. The Precision Xtra test is a useful coavgietone test for detection of subclinical ketasis
postpartum dairy cows. Using whole blood and adfuizalue of>1,400umol of BHBA/L of blood,
the Precision Xtra test achieved excellent testagttaristics and a higher diagnostic performanea th
2 chemical dipsticks.

Quiroz-Rochaet al. (2009), in a study to establish the reference $iroiftlaboratory analytes in
normal transition cows, revealed that all biochehamalytes (BHBA, fatty acids, glucose, choledtero
urea, calcium and phosphorus) were statisticaffemint between pre calving and post calving groups
However the hematological analytes were not sigaifily different except for eosinophils.

Oxidative stress resulting from increased productid free radicals and reactive oxygen
species (ROS), and/or a decrease in antioxidamindef leads in impairment of DNA, enzymes and
membranes and induces changes in the activity efittmune system and in the structure of basic
biopolymers which, in turn, may be related to vasitvealth disorders (Trevisahal, 2001; Abd Ellah,
2010).

Djokovic et al. (2010) reported significantly lower (P<0.05) bldegtels of triglyceride, total
protein, albumin and urea in the puerperal cowdclvBuggested the decreased synthetic capacity of
liver cells. Blood bilirubin levels were significiy higher (P<0.01) in the puerperal cows tharhimlate
pregnant cows clearly indicating the decreased etey capacity of the liver. Blood calcium,
phosphorus and magnesium levels in the postpartws evere lower (P>0.05), suggesting a reduced
supply of these minerals from alimentary source@rincreased utilization by the mammary gland.

Serum cholesterol concentration was significanégrdased in cattle with moderate and
severe fatty liver compared to the healthy cows @nals with mild fatty liver. The serum cholesterol
concentration was inversely related to NEFA conegions means decreased serum cholesterol, higher
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NEFA, and higher NEFA/cholesterol ratio were reeatdn cows with fatty liver (Holtenius, 1989;
Kalaitzakiset al, 2010).

LeBlance (2010) observed high NEFA (> 0.4 mmoli the last 7 to 10 days before
expected calving is associated with increased ofskisplaced abomasum (DA), retained placenta,
culling before 60 days in milk, and less milk protion in the first 4 months of lactation. Subclialic
ketosis (Serum BHB > 1200 to 14Qfol/l) in the first or second week after calvingassociated with
increased risk of DA, metritis, clinical ketosisndmmetritis, prolonged postpartum anovulation,
increased severity of mastitis, and lower milk pretibn in early lactation. There are several vaéda
and practical tools for cow-side measurement afdist

Ospinaet al. (2010) elevated concentrations of NEFA and BHBAl®e transition period
predicted clinical disease in dairy cow. The staddalue of NEFA concentrations 9.3 mEg/L for
cattle, 14 to 2 day pre partum and NEFA conceminat0.6 mEg/L and BHBA10 mg/dL for cattle 3
to 14 day postpartum. Both pre- and postpartum NE&dt#centrations and BHBA concentrations above
these critical thresholds were associated witheiased risk for subsequent disease (e.g., DA, CKT ME
or RP).

Ketosis commonly results either from the lacksofficient glucose precursors available for
energy production or from a reduced gluconeogeajzacity by the liver and it is characterized by
elevated concentrations of the ketone bodies acetai®, acetone afidhydroxybutyrate in the blood,
milk and urine. SerunB-hydroxybutyrate concentrations are typically dichmized to distinguish
between normal and hyper ketonemic cattle, witguently recommended cut points of 1.000 to 1.400
umol/L (Rollin et al, 2010).

Stengarde (2010) studied the cows with displacemeabomasum displayed blood profiles
indicating a severely altered energy metabolismRAIEBHB, insulin, cholesterol, RQUICKI), liver
cell damage (AST, GD) and inflammatory responsegtffglobin). At the herd level, energy markers
(NEFA, insulin, glucose, cholesterol, RQUICKI) icdied altered metabolism in cows in
high-incidence herds compared with cows in lowdecice herds. The markers of liver cell damage
and inflammation were not different between higll dmw-incidence herds. Among high-incidence
herds, BCS and change in BCS, and one metabolikem@MEFA) were found most useful to pin point
herd problems. Large herd size, high individualkngfoduction level, keeping all dry cows in one
group, and not cleaning the feeding platform dailgre found to be risk factors for a high incidente
DA or ketosis at the herd level.

In a study, Tripathiet al. (2010) observed that serum total cholesterol, Hibblesterol,
triglycerides, phospholipids increased from eaolyrtid stage of lactation and then decreased froth mi
to late stage of lactation, while LDL cholesteratrieased with advancing stage of lactation. Serum
NEFA differs significantly with decreased level ohg mid lactation. The correlation between serum
lipid profile with milk fat per cent was non-sigr@ént during all stages of lactation.

Zhanget al. (2010) found significantly high BHBA and NEFA legehnd lowered glucose
levels in cows affected with subclinical ketosianthhealthy dairy cows. Likewise, significantly
decreased serum concentrations of Zn was obsernvelhiry cows with subclinical ketosis and no
significant difference was observed for serum Cucemtration between healthy and sub clinically
ketotic dairy cows.

Asl et al. (2011), in their study to determine the cut off mofor NEFA and glucose
concentrations for diagnosis of sub clinical ketpgound that the optimal cut off point of >0.26
mmol/L for NEFA, and <2.26 mmol/L for glucose witlorresponding 82.54 per cent sensitivity and
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91.89 per cent specificity for NEFA and 44.44 pentcsensitivity and 78.38 per cent specificity for
glucose.

Cozziet al. (2011) measured concentrations of a variety obdlbased markers in 740
Holstein cows in 33 dairy herds. They reported ificemt herd variance components for albumin as
well as parity and season of production effectsotal protein and globulin; however detailed study
diets or management practices was not conductégeinsurvey.

Davasaztabrizi (2011) revealed that NEFA, glucosel &holesterol serum value in
anoestrous cows were 0.8+0.185 mmol/l,36.21+4.2&lha;d 167.13+15.42 mg/dl and in cyclic cows
were 0.726+0.15 mmol/l, 38.43+4.47 mg/dl,162.53823ng/dl respectively.  The T-test at the 95%
confidence level demonstrated that there were mgmifeant difference between anoestrous and cyclic
cows in NEFA, Glucose and Cholesterol serum values.

The values of AST were statistically higher (P<(Q.0bearly lactation in cows than in late
pregnant cows and no significant difference (P>Dv&s observed between GGT activities in the two
groups. Given that AST activity higher than 100 slindicative of hepatic lesions, 2 early lactatio
cows (13.3%) in the study suffered from some degfdepatic lesions, probably due to fat infiltoeti
These animals included 2 out of 7 cows consideydmttketotic and had blood NEFA values above 0.70
mmol/L. Meanwhile, none of the late pregnant coad AST values higher than 100 U/L. A positive
correlation between AST activity and lipomobilizati(NEFA values) was observed by the significance
coefficient (r = 0.34, P<0.05). In this study, theta regarding liver enzymes suggested that theepsoof
lipomobilization was sufficient to cause liver less in 13.3% of the early lactating cows (Gonzaez
al., 2011).

Piccioneet al. (2011) measured serum protein fractions in cowinduthe late pre partum
and early postpartum periods and determined thraiséotal protein concentrations decreased from
the pre partum period to wk 1 postpartum, with dased concentrations of globulins largely
responsible for the decline in total protein coricaions.

Rezaeisabeet al. (2011) evaluated fatty liver syndrome in dairytleatin Tabriz by
measurement of NEFA and TG serum values. TAG agdicagin liver in last month of pregnancy had
occupied more than 5% liver cells and amount of NEFs more than 900 meq/lit, being nonspecific
and some other reasons.The results showed that NgBAa direct relationship with TG. Thus, with
elevation of NEFA serum values, TG also increases.

Chapinalet al. (2012) sampled 45 herds and found that herds irctwhi 30 per cent of
multiparous sampled animals had pre-partum NEFAeotrations > 0.5 mEg/L produced 3.0 kg less
milk per day per cow and when > 50 per cent of ipafbus cows had pre-partum NEFA concentrations
>0.5 mEq/L, the odds of pregnancy to first insermioradecreased by 50 per cent. In addition, when
post-partum NEFA concentrations were > 1.0 mEqg/t BO per cent of cows, the odds of preghancy to
first insemination decreased by 40 per cent.

Kataria and Kataria (2012) reported that serummrga glutamyl transferase enzyme as a
biomarker of stress and metabolic dysfunctionRathicattle of arid tract in India. The normal range
in healthy animals was from 12 to 34 U/L. In afegtigroup an average 23.69 times rise in the value
was observed from that of healthy group.

Piccioneet al. (2012) carried out experimental on five clinicadfigalthy dairy cows (HF) on
the basis of their pregnancy and lactation staBlsod samples were collected two days before the
expected parturition (Late gestation), during tostgpartum, in early lactation, during th¥ =" and
15" week after parturition, at the end of lactatiom @t the dry period. On each serum sample urea,
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creatinine, total proteins, albumin, total cholestetriglycerides, NEFAB-hydroxybutyrate, total and
indirect bilirubin, calcium, phosphorus and magunesiwere determined. A significant effect of the
physiological phase was observed on urea, creatinigtal proteins, total cholesterol, triglycerides
NEFA, B-hydroxybutyrate, calcium and phosphorus. It isateded that the lactation period is the more
sensible, by a metabolic point of view, for thehhfiroduction dairy cow.

Ping Liu et al. (2012) reported the effects of post partum enzymegabolic status in
Holstein cows on 1 week pre partum (week 1), daslsvery (week 0) and 1- 9 weeks postpartum
(week 1-9). They were analyzed for Aspartate amimsferase (AST), Alanine Aminotransferase
(ALT), Gamma-Glutamyltransferase (GGT) and AlkaliRbosphatase (ALP) activities. The results
showed a higher activity of AST in cows during th& weeks than others. ALT activity indicated a
statistically significant increase from the 5-7 weef lactation and activity in thé"week postpartum
periods significantly reached to the peak. GGTvégtin the ante partum 1 week until delivery day
was significantly lower in comparison to the fitstreach the ‘9 weeks postpartum. ALP activity in the
delivery day and 6-8 weeks were significantly higfiénerefore, the activities of AST, ALT, GGT and
ALP could be significantly change in the blood ptasof Holstein cows.

Robertset al (2012); study the elevated serum NEFA or BHBAaamirations and lower
serum calcium concentrations from 1 wk before cgio 2 wk after calving were associated with an
increased risk of being culled within the first BOM (DAY IN MILK). When all metabolites were
analyzed together, serum NEFA and calcium concéoi®in wk —1 and serum NEFA concentration
in wk +1 remained in the models. Measuring the eotration of selected metabolites around
parturition may help to develop monitoring and iaéntion strategies to prevent early culling in
transition dairy cows. Serum NEFA and calcium

concentrations in the week before calving in coratbon were associated with an increased risk of
culling.

Saberet al. (2012) measured NEFA, APO-A, Ammoniac, TSH andall&ilirubin serum
values in fatty liver syndrome. The results showhdt NEFA has a positive relationship with
ammoniac and total Bilirubin serum values and rexeelationship with APO-A and TSH. Thus, with
elevation of NEFA serum values, ammoniac and ®iiaubin also increased and on the contrary, TSH
and APO-A diminished.

Steret al. (2012) indicated that the increase in circulatingRd impairs PBMC functions.
The Peripheral blood mononuclear cells (PMNL) otiidaburst seemed less sensitive to NEFA, but
may be affected by very high levels. Therefore, ag@ment approaches that decrease the negative
energy balance and the increase in NEFA at thenhegj of lactation, such as shortening the dry-off
period, improving the diet during the transitiorripd, or limiting milk production in the first daysf
lactation will likely improve resistance to infemti. Several immune cell functions appear affected b
the NEFA concentration. Therefore, strategies iavent increases in blood NEFA during the
transition period may limit post partum immunoswggsion.

Zhanget al. (2012) observed that Ketosis is a common metaldifiorder frequently in
dairy cows during the early lactation period. Itisaracterized by increased levels of ketone bddies
the blood, urine, and milk. Subclinical ketosis KJGn dairy cattle is an excess level of circulatin
ketone bodies in the absence of clinical signsetbsis. Usually, detection of SCK is carried out by
testing the ketone concentrations in blood, uramg milk. The Ketolac BHBA test strip (with a cuf-o
threshold of 200 mM of BHBA in milk) is potentiallyseful tools for the routine monitoring of SCK in
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early postpartum dairy cows.

Djokovicet al.(2013) reported that Cows in early lactation haphigicantly higher levels of
serum BHB and NEFA, and lower glycaemia compared the late pregnant cows. High
lipomobilization (NEFA>0.4 mmol/L) was detected8n(40%) of early lactation cows but in none of
the late pregnant cows, while subclinical ketoBiIB>1.2 mmol/L) was detected in 14 (94.4%) of the
early lactation cows and 4 (26.6%) of the late peag cows. AST activities above 100 U/L were
detected in 2 early lactation cows and in nonéheflate pregnant cows. TG levels below 0.12 mmol/L
and glucose below 2.5 mmol/L were found in 7 (4486) 10 (66.6%) of the early lactation cows,
respectively, and in none of the late pregnant cdwesly lactation cows were found to have lower
blood serum levels of TG, albumin urea and GTTvéas and higher concentrations of total bilirubin
TP and AST activities compared to the late pregonants. The results of blood serum levels of glucose
TG, BHB, NEFA and AST in early lactation cows susfgeetabolic disorders associated with ketosis,
and some degree of hepatic lesions, probably dts tofiltration.

llic et al. (2013) evaluated the metabolic status of early endHlactation in dairy cows
through changes in blood biochemical indicatorsoodl samples were collected to measure
betahydroxybutyrate (BHB), non-esterified fatty dsi(NEFA), triglycerides (TG), glucose and the
activity of aspartate transaminase (AST). Earlydton cows had significantly higher (P<0.05) value
of blood BHB and NEFA, and lower glycemia (P<0.@B) TG (P>0.05) values compared to mid
lactation cows. High lipomobilization (NEFA > 0.4nmmol/l) and subclinical ketosis (BHB > 1.2 mmol/l)
were detected in 6 (40%) and 14 (94.4%) early tetacows, respectively, and in none of the mid
lactation cows. AST activities above 100 U/l wdegected in 2 early lactation cows and none offrilte
lactation cows. TG concentrations below 0.12 mmedte found in 7 (44%) early lactation cows and 2
(13.3%) mid lactation cows. Glucose levels werete?.5 mmol/l in 10 (66.6%) early lactation cows
and 5 (33.3%) mid lactation cows. Blood serum valioe glucose, TG, BHB, NEFA and AST showed
that early lactation cows suffered from metabolgtudbances, which were associated with ketosi$, an
some degree of hepatic lesions, probably due tmfédtration. They suggested that NEFA was useful
indicators of the metabolic status of dairy cowsrtyilactation.

Rezaeisabeet al. (2013) measured the NEFA, LDH and BHBA serum valire®arly
lactation in hepatic lipidosis. In this inspecticaage, body condition score and Pregnancy status of
animals was investigated. At the time of testirgraswere defrosted and NEFA levels in serum by
Randox kit and Auto analyzer were measured. Ingtidy, levels of LDH and BHBA were measured by
Pars test kits and by spectrophotometric methoduleshowed that based on Pearson’s Correlation
index there is a direct correlation between NEFA &DH and BHBA serum values. This index
indicates a direct effect of NEFA on LDH and BHB#&s8m values. Thus, with elevating of NEFA serum
values, the LDH and BHBA values also increased.

Wilson and Goodell (2013) measured Beta-hydrakgtate (BHB) in blood or milk of dairy
cattle after calving for detection of ketosis. Resshow that the BHB test methods agreed welhfost
non-ketotic cows, but tests did not agree welllassification of ketotic cows. Calibration improvents
are a priority for improved Fossomatic testing &fEBin milk.
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5. Summary and Conclusions

The present study was undertaken to assess thes sthininerals, biomarkers of oxidative

stress and energy status during transition perfodiay cows in Bikaner, Jodhpur and Pali-Marwar

districts of western Rajasthan. A total 123 cowsramsition period were sampled during the study

period. Out of 123 dairy cows 94 were found healthg 29 in subclinical ketotic. The energy status

was assessed by estimating like NEFA, BHBA andagac Minerals viz. Ca, Pi, Mg, Na, K, Cu, Fe,

Zn and oxidative stress in term of reduced glutathj malondialdehyde and other biochemical

changes were also estimated. A field therapeutad was conducted to determine the effect of

propylene glycol (PG) in subclinical ketosis daiws.

>

The overall prevalence of subclinical ketosis w8$552 percent with a highest 26.08 percent in
Pali-Marwar district followed by Bikaner and Jodhp®verall deficiency of Ca, Pi, Cu and Zn in
cows were 34.15, 40.65, 33.33 and 2.43 per cespectively.

The overall mean level of plasma glucose, BHBA, WEfotal protein, BCS recorded were
56.293+0.611 and 42.768+0.937 mg/dl; 0.753+0.030 h&289+0.042 mmol/l; 0.262+0.010 and
0.683+0.016 mmol/l; 6.816+0.046 and 7.221+0.071l;gR1392+0.029 and 2.982+0.044 in
healthy and subclinical ketotic cows, respectively.

The overall mean plasma cholesterol, triglyceritleels were recorded as 95.543+1.313 and
4.241+2.013 mg/dl; 11.591+0.438 and 17.098+0.672dimmp healthy and subclinical ketotic
cows, respectively.

The overall mean plasma AST and GGT levels wer@%31.062 and 60.185+1.628 IU/L;
26.480+0.809 and 31.232+1.240 IU/L in healthy amloictinical ketotic cows, respectively.

The overall mean of GSH, MDA levels were recor@sd2.423+0.071 and 2.811+0.109 mg/dl
per gm Hb and 38.813+0.729 and 49.753+1.118 nmgdenlgm Hb in healthy and subclinical
ketotic cows, respectively.

The average milk yield among the healthy cows Wh873+0.372 litre/day from the®to 5"
parity and 20.478+0.615 litre/day from aboV&gErity; which is almost similar in both the parity
in healthy groups. In subclinical ketosis cows ager milk production were less to the extent of
15.50+0.51 and 16.818+0.%8e/day in 3° to 5" parity and more tharSparity, respectively.

The overall mineral plasma calcium and copper cotmadon were 10.095+0.095 and
8.876+0.146 mg/dl; 0.754+£0.014 and 0.633+0.021 ppm healthy and subclinical ketosis
cows, respectively.

A highly significant (0.01) difference was observed in the overall mean glac@BHBA,
NEFA, cholesterol, triglyceride, total protein, ASGGT, GSH, MDA, BCS, Ca, Cu and milk
production and significant difference®05) was observed in creatinine, globulin, potassium
levels of healthy and SCK dairy cows .

Circulating concentrations of energy-related meligds(BHBA, NEFA and Glucose) were highly
associated with postpartum outcomes related t@sésand milk production in dairy cows. NEFA
concentrations in plasma can provide additionaghisnto transition management opportunities.
The results suggested that, a cut-off point of400nmol/L for NEFA and BHBA > 0.6 mmol/L
concentrations can be used during early lactatioa partum) for diagnosis of subclinical ketosis
and making management decisions for preventionteatment. Glucose may not be a good
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criterion for diagnosis of SCK. Reference rangesN\BFA and BHBA need to be established for
Western Rajasthan conditions.

» Highly Significantly (0.01) lower plasma glucose and total protein agtidi BHBA, NEFA,
AST and GGT levels were observed in cows suffefiogn SCK as compared to healthy cows.

» Marginal deficiency of Ca, P, Cu and Zn was recdritedairy cows. However, no deficiency of
Fe, Mg, Na and K was recorded in transition period.

»  Significant correlations were observed among glacbdFA, BHBA, MDA, BCS, AST, GGT in
subclinical ketotic cows.

» Our findings suggested that elevated concentratibidomarkers related to stress (MDA) during
the transition period were also associated withrefsed milk yield in post partum transition
period (early lactation).

»  Propylene glycol @200 ml/ day given orally for S5ydavas effective in decreasing plasma NEFA
and BHBA levels, indicating its effectiveness fagatment of subclinical ketosis.

In general, BHBA was found to be a better prexdicf negative downstream outcomes, easy
and comparative inexpensive to measure accurately-side if the appropriate test is chosen.
Therefore, BHBA should be used as the primary nooinigy tool.

It is suggested that in conjunction with BHBA NEFA monitoring, it is necessary to
continuously evaluate other herd-level factors timtrease the risk of excessive NEB, such as
overcrowding, lack of heat abatement, excessivemewes, excessive energy in dry cow diets, and
unbalanced dietary protein.

Nevertheless the transition cow should be adafieorovide minimal risk of macro and
micro mineral metabolism including Ca, Pi, Cu amd Z

As the number of animals in the present study stasstically sufficient therefore the mean
value of healthy group can be used as referenaeefal AST, ALT, GGT in crossbred dairy cows to
interpret the variations of AST and GGT in subdaliketosis. From the practical point of view AST
and GGT activity were easy to measure which magfteetively used as a valuable diagnostic test for
hepatic and metabolic disorders in the crossbrag daws.

It was concluded that dairy cows were in oxidatsiress during transition period. This was
based on the altered status of the free radicalesggers in the whole blood. The effect was more
pronounced in post partum transition period in carigopn to pre partum period. Extent of depletion
was not pronounced in parity groups. The evaluatibthe extent of oxidative stress in the form of
values can be useful to redefine the role of oiidadtress in different physiological condition acah
be used for health management in dairy cows. It lmarrecommended that dairy cows should be
supplemented with high quality mineral mixture {amidant) during transition period. Although
antioxidants an in erythrocytes have been repddedhange under certain pathological conditionirthe
use as early biomarkers of oxidative stress appesmising. Free radical scavengers are consideyed a
non invasive peripheral markers of oxidative stréss a part holistic approach, it is important to
observe changes in the blood. For this purposerfidical scavengers were determined in the whole
blood. The present investigation has tried to paious scavengers like reduced glutathione and
malondialdehyde at one place for the purpose afysrtion of physiological reference data to be used
in transition period. The paucity of literature dhis aspect in crossbred cows underlined the
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importance of generation of appropriate physiolabicaseline values. This could help in realistic
evaluation of the management practices includinpgidant supplementation and diagnosis of disease
conditions. All the parameters investigated in 8tigdy belonged to the class whose level in thedlo
can be used diagnostically to determine the damaglysfunction of the body at cellular level. This
study elaborated signify the role of antioxidanpmementation prior to parturition for proper
immunity development for the upcoming productiosedises after parturition and proper growth of
foetus. The data generated will be helpful in lgyihe foundation of physiological norms of enzymes
for crossbred cows in future research in the fidldeterinary clinical medicine.
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