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mm<JDU C'J!ION 

From times immemorial it is universally knolii!l 

to all strata o! peop1e that mjJk and its products are 

highly nutritious food items, mch before the nutritional 

merits of m1Jk were estab11shed scientifically. Researches 

conducted in the fie1d of nutrition during the 1ast few 

decades. have revealed the presence of severa1 nutrients 

of high qu.ali ty in milk which explained i ta many hea1 th 

giving properties. 

Milk• the natural food ot young mallJilals contains 

very high quality proteins and calcium that meet their 

essential. nutritional requirements. Milk prate.ill 

occnpies a pivotal position in human nutrition • . Milk 

in addition provides considerab1e quantities of various 

other essential nutrients such as cal.ciu.m. phosphorus, 

certain vitamins of J3-group and vitamin A. 

Indian vegetarian diets are highly deficient in 

good quality animal proteinse ~y adding certain amount 

of' milk to the diet this deficiency can be met considerably, 

but its per capita availability in India is very low. 

Generally, total production of' milk in India is 

about 2' million tonnes per years Out of' which 44.~ 

1s consumed as fluid milk. '3"'1 1s converted into ghee, 

"' to butter, 8'I> to cu.rd, 5% to khoa, ~ to cream, 

1~ to other products. 



Ghee .is the most important dairy product in India 

because it possesses a good taste and very attractive 

aroma. So naturall.y it 1e extensively used in diet 

preparations tor imparting good taste alld imparting 

aroma. It is widely used in religious ceremonies 

also 1n India. It is a rich source of energy, fat 

solubl.e vitamins, some amount of essentia1 fatty 

acids and has sufficiently long shelf 1.ife ant room 

"hemperaiure • 

. \then milk is converted into different products 

'\hrough ~ious processes, some by-products are naturally 

produced which contain a large propo:r'tion of one or more 

of the original consti1nents. Generally many of these 

bJ"-products are allowed to go as waste. Not much 

interest 1s taken for their utilisation. It proper 

steps are taken to utilise them, 77'5 million kgs of 

milk solids could become available for suppl.ement.ing 

-the diet of the people it given at the rate of about 

'O gm/day/heaii (i.e. 10.5 kg/head/year) will help 1n 

reducing the deficiency of diets of about 71 million 

peopl.e per year. Pourtean percent of "the total. solids 

of milk is utilised tor the manufacture of common 

indigenous produc"ts. fbe solids of the milk get 

distributed .tn products and by-products. Qui "'8 a 

large portion ot these eo1ids goes to ihe by-products 

which is mostly being wasted unutllised. 



.. 

Serious steps are therefore called for to utilise 

the by-products as these are nutritious and can be used 

to supplement the poor Indian vegetarian diet. This 

will lead to the improvement of heal th, well being 

and reduce cases of protein deficiency. From the 

dairy industry in the country, large quantities of 

skim milk, butter milk, cheese-whey, ghee residue and 

other by-products are available • 

.Among these by-products in this country, the 

solids residue obtained in ghee making is more amendable 

to further exploitation, since by virtue of ite physical 

character, its easy collection and centralised handling 

it can be taken up further processing for possible 

useful utilisation. 

Ghee residue is the solid that remains at the 

bottom of t.he pan as a brown sediment during cJ.arification 

process and this sediment on filtration and max1nmm 

possible extraction of fat, is ghee residue. It 

contains caramelised milk sugar, heat affected milk 

proteins, varying amount of milk fat ani minerals. 

It has been reported that ghee residue contains about 

23'/>-protein, '5~ fat and fll,. ash etc. 

Relwani (1978) had tried minor supplementation 

with small quantity of lysine to improve the nutritive 

3 



quality of ghee residue protein but couJ.d find litt1e 

improvement, in the nutritional response of the anima1s 

probably due to inadequate lysine dose. 

In 1979 Grewal observing some amount of supplementary 

effect of lysme assumed that probably a larger dose of 

lysine could show better nutritional per£ormance of rats 

and took up studies with 4~ and a'J, dose of lysine in 

place of o. r;J,, dose used by Relwani. She also used 

some other essential amino acids individually to 

study their effect. if any, on the improvement of the 

ghee residue protein. She got encouraging response 

by employing higher doses of lysine supplementation, 

whereas with other essential amino acids namely 

methionine, tryptophan she observed slight improvement, 

as compared to that produced by lysine incorporation 

in the diet. 

Further to study the effect of another essential 

amino ac!cl, threonine and also the combined effect 

of those amino acids used in earlier study, the 

present study was undertaken. In addition, effort 

has also been made to study the amino acid make-up 

of ghee residue protein. !rhe results are delineated 

in this thesis. 
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REVIEW OF LITERATURE 

Heat treatment is an important and indispensable 

step milk has got to be subjected before its consumption. 

The heat induced changes, as a result of heat treatment 

on milk proteins are of great importance in the manufacture 

of mi.lk products. Knowledge of the heat mduced changes 

on proteins of milk is very important, since it acts as 

a guide to fo:rmu1ate the suitable time-temperature 

combination for manufacturing mi]k products of certain 

desirable qualities~ Many investigators have made 

concentrated efforts to elucidate the heat induced 

changes in the constituents of milk• These changes are 

mostly irreversible. Al though heat treatments bring 

about changes in the constituents of milk resu1 ting 

in phenomena lilce cooked fiavour, development of 

antioxygenic properties, prolongation of rennet clotting 

time, inhibition of gelation of evaporated milk on 

sterilisation and finally in the heat stability of milk. 

Al though heat stablli ty is a complex phenomena, 1 ts 

study is made more complex as a resu1 t of the interplq 

of a number of reactions taking place during heat 

treatments. 

?Ulk proteins are the most important constituents 

as far as heat stability of milk is concerned. A number 

of changes namely, ag~egation, denaturation, coagulation 



and interaction between various proteins takes place 

as a resu1t of heat treatments• 

Effect of Heat Treatment on Distribution of li itrogeB 

7 

As a result of heat treatment especially at temperature 

higher than 65°C, considerable changes take place in the 

distribution of nitrogen in the various proteins of milk. 

Rowland (1934) ascertained the extent of heat denaturation 

of al blmin and globulin in cow's milk at various temperatures 

:t.rom 63 to ao0 c for periods ranging f r om 2t to 60 minutes. 

Later Rowland (1937) studied the heat denaturation of 

al.bum.ill ani globulin in cow's milk at temperatures va:rying 

from 75°C to 120°c. The denaturation of albumin and 

globulin was rapid in sampl es of milk heated at a 

temperature of 75°0 and above. 

Hetrick and Tracy ( 1950) studied the effect of 

high temperature short time treatment on the distribution 

of nitrogen in milk. These investigators did not observe 

any denaturation of albumin and globulin when milk was 

heated to min1nn1m temperature for inactivation of 

phosphatase enzyme. 

Lyster et al. (1971) investigated the effect of 

direct and indirect m<::thod of u1 tra-high tempera·ture 

treatment on the distribution of nitrogen. These results 

indicated considerable increase in casein nitrogen and 

slight decrease in proteoae-peptone nitrogen (PPN ). 



Santha and Narayanan (1972) studied the effect 

of temperature and period of heating during the 

clarification of cream/ creamary butter to ghee on the 

nitrogenous constituents of ghe e residue. The soluble 

nitrogen content of ghee residues ob tained by heating 

cream and creamary butter to 120°c was o.s2% and o.s~ 

respectively which was fou.nd to decrease as the period 

of heating increased. The average non-protein nitrogen 

content of creamary butter gb.ee-residue was 0.81% 

Effect of Heat Treatment on Milk Proteins 

According to Farah, ( 1979) during the UHT treatment 

of milk, an interaction occured between casein and whey 

protein, leading to the formation of a complex of the 

two proteins. 

Srinivasan and Gopalan (1971) observed that when 

buffalo milk protein was heated at 110°c for an hour 

there was a decrease of (2. 51') in most of the amino 

acids, but when heating was continued for 24 hrs at 

110°c, the loss was 5<JI,. If the protein extracted 

from milk was treated with 0.02% of hydrogen peroxide 

(H o ) and heated at 110°c for an hour, the loss was 
2 2 

1<>%.. This loss was 67% when milk was preheated with 

0.1~ hydrogen peroxide. 

Ou.t of the heat labile amino acids only lysine 

was observed to be affected by various heat treatments 

(Hodson, 1952, Mauron et al., 1955). 



Tylkin and Tsaberyabaya ( 1976) reported that 

UHT C140°c for 4 sec.) treatment reduced total amino 

acids by 9.'3~ with fllrther losses of 1. n during storage 

tor 5 to 10 days. Essential amino acids content/100 gm 

of protein was 56.2 gm in raw milk, 53.8 gm after um 

treatment and 53.1 gm after 5 days storage. MaxiIID1m 

losses were observed in lysine 16.3~, cystine 16.~, 

glutamic acid 14.~· and methionine 13.1~. A 1~ loss 

of tryptophan was found by Menden and Cremer (1956) 

by sterilisation of milk. Twenty minutes heating at 

100°0 - 125°0 resulted in a progressive loss of lysine 

(Schober and Prinz, 1956). 

:B:mel et al. (1972) used one batch of liquid skim 

milk heated at 61°c for 20 sec. to prepare four samples 

of spray processed powder under different heating 

conditions - viz 72°C for 15 sec., 95°c for '30 sec., 

75°c for '30 min. and ao0 c for 30 min. They also prepared 

two samples of roller processed powder from the same 

batch, one of normal appearance and the other slightly 

scorched. They found that lysine content was affected 

only in the second roller dried skim milk sample and 

i te content in the protein was redu..ded to 77'1> of the 

original amount present in the untreated m11 k• They 

fu.rther demonstrated that the availability of lysine 

was lower in both the normal and scorched roller driea. 



samples, being 86 and 64~ respectively. In experiments 

conducted on rats they found that by feeding both the 

dried skim milk in combination with gluten in order 

to introduce lysine as the Ist limiting amino acid, 

both normal and scorched samples of roller dried skim 

miJ.k yielded lower figure for biological. value. 

Improvements resu1 ted by adding o.2% to 0.3% lysine 

respectively to their diets. They concluded that 

various preheating conditions during processing of 

spray dried skim milk had no deleterious infiuence on 

the nutritive value of pro t ein. 

Dworschak (1973) observed that the lysine and 

tryptophan in dried skim milk po'N(ler, showed tha t the 

decomposition of lysine followed a 4th order reaction, 

while that of tryptophan was of the Ist order. He 

fUrther found that heating at 100°c for 4 hrs there 

was a 2'JI,, reduction in the relati~ nutritive value 

as the tryptophan and lysine became limiting. 

Ford and Porter (1961) studied the changes found 

in the· availability of amino acids in dried skim milk 

powder, whole meat meal and fishmeal after dry heating 

at 105°0 for Oe5, 1, 2 and 5 hrs. They found that 

heating reduced the contents of available lysine, 

methionine and tryptophan in the materials but the loss 

of available lysine was relatively much greater 1n the 

q 
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heated skim milk powder. Similar view was expressed 

by Carpenter et al. (1963) who showed by rat feeding 

test that the effect of heating mixture of bu~ fal.o 

casein and glucose of high moisture content resu1 ted i n 

reduction of available lysine, rather than that of 

methionine. 

10 

Dehaas et al. (1978) studied the effect of processing 

on lysine avallabili ty in milk products. They found 

that lysine in freeze dried evaporated skim milk and 

whey was slightly less available than that in instantized 

dried skim milk. !he total lysine of milk product was 

similar but that of dried skim milk was decreased by 

56~ by autoclaving at 121°c for 2 - 5 minutes. He 

:Olrther stated that commercial processing of milk 

products resu1 ts in minimal reduction in lysine 

avallabili ty. 

Huss ( 1974) explained that at 130°F lose of 

available lysine after two months storage was 31~ to 

'4~ and at '50°C it was about 7f3'/, after 7 months. 

Hodson ( 1972_) observed that there was no loss of 

amino acids in evaporated milk after one year's storage 

at 400F (5°c) but measurable losses o:f tryptophan, 

lysine, histidine, arginine occured ~er one year's 

storage at 100°F (,a0 c). A:f'ter 2 yrs storage, no losses 



of amino acids were observed at room temperature. At 
0 

100 F, 1Z' of tryptophan, 29/> lysine, 2~ histidine 

and ~1 of arginine were lost. Evaporated milk stored 

for 27 months at 40°F ( 5° C), proved markedly superior 

for rats than that stored at 100°F, for the same 

period:• Samples of evaporated milk stored at 1oo°F 
!or 2 years had markedly deteriorated in appearance 

and palatability. 

Rose and Krampitz (1960) studied protein breakdown 

in spray dried skim milk by giving fu:r-ther heat treatments 

using various temperatures and time combinations from 

hal.f an hour to 3 hrs. Arginine was most, lysine 

moderately and histidine was the least affected by 

heat treatment"". 

Holsinginer (197J) demonstrated that the excessive 

or prolonged exposure to heat, during manufacture of 

dehydrated products from cheese whey and cheese whey 

protein concentrate was chiefly responsible for 

decreasing the lysine content of these products. :Eoth 

total and available lysine were higher in spr~ dried 

/ I 

~ey powder of the lysine ori8inally available in the 

protein of cheese whey. ~ remained available in the 

experimental dehydrated high protein isolate, unf'ractionated 

foam spray dried cottage cheese whey power retained 9$ 

of original available lysine. 

11 



13alden (1951) obs~rved that much of the loss 

caused in nutritive value was due to destruction of 

amino acids particularly lysine or arginine. The 

animal experiment showed that autoclaved casein with 

glucose, arginine, lysine, methionine, histidine and 

threonine were unable to help growth. He showed that 

casein autoclaved with glucose at 121°c for 18 minutes 

bound the carbohydrate through its free amino acid 

groups-; Further heating produced binding of carbohydrate 

by condensation around the carbohydrate already bound 

by amino groups. 13y increasing the water content of 

casein glucose mixture this reaction was inhibited to 

some extent, whereas increasing the temperature of 

processing had an adverse effect on protein particularly 

in short time processing. 

Mauron and Moltu (1958) verified the specific 

measurement of the free amino groups of lysine in milk 

protein. He found that fresh milk contains 8.3~ lysine, 

where lysine ~vallabllity in eneymic form was 8.3~ and 

with FDNB was a.~ but roller dried m1Jk contained 6.~ 

lysine and lysine avallabili ty in enzymic .form was 2. 3~ 

and with F.DlIB wus 4.o%. 

Effect of Heat Treatment on Biological. Valu! 

Fairbank and Mitchell ( 193 5) found a de crease of 

about 8'I> nutritive value of the protein in roller 



processed powers than in preheated spray processed 

powders-. For raw and evaporated milk the biological 

values were 85.0 and 84.6 ~ respectively, after heating 

but there was slight change in digestibility. 

Further, they stated that as the drying temperature 

(roller process) increased from low to the scorching 

temperature, the digestibility of proteins was lowered 

from 92' to 81~ and the E. v. from 8~ to 7'JI,. In B. V. 

test the low temperature products were improved by the 

13 

ad.di tion of cystine but in the slightly scorched products, 

lysine appeared to have been destroyed indicating that 

these latter products were of little value in supplementing 

the cereals. Even with "tale extreme scorching, the net 

energy value was not affected. 

Smith et al. (1953) demonstrated that digestibility 

of autoclaved milk and milk powder was almost the same 

as that of unheated milk but that o·:r evaporated m:Slk 

was slightly higher. :B. v. showed littie variation, 

,..part from a slight decrease in samples autoclaved in 

the laboratory, evaporated and frozen milk led to the 

greatest nutritive indices, the former from its 

digestibility and the latter :trom its unexpectedly high 

:B. v. It was oo.ncluded that commercial processing had 

no deleteriOllS effect on the protein of mSJk. 
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Lawrence et al.. (1953) reported that there was no 

decrease in :B. v. or D.c., when raw milk, evaporated milk 

and whole milk powders were fed to "the animals. Simulation 

of processing condition by autoclavLrig raw milk produced 

no observable nutritive damage. 

Sterilisation of evaporated milk at 115°c to 116°c 

for 15 m.illutes caused slight decrease in PER and at 

130°0 to 140°0 there was decrease in D. c. of casein and 

fall in growth rate of rats; but when lysine was fed 

with casein the grovrth was partially restored and when 

. histidine was added it caused additional boost. The 

growth rate of both heated and unheated lactalbumin 

improved by supplementing with amino acids like valine, 

leuc~e, threonine, methionine and arginine. 

Kraft and Morgan (1951) reported that decrease 

in :a. v. was chiefly due to loss of lysine and due to 

destruction or reaction of free amino groups with 

aldehyde formation of this and other unnatural linkage 

not susoeptable to normal enzymatic digestion. They 

observed the effect when m1Jk sample was autoclaved for 

15 to 25 minutes at 120°0 and fed at 1Z' pro t ein level 

to groups of rats alone and supplemented by lysine, 

methionine, valine or al1 other amino acids at 1~ level. 

Milk autoclaved for 15 minutes lost from t to 2/"3 of its 



growth e.t.t1c1ency but this was largely restored by 

lysine or lysine, methionine, and valine supplement. 

The samples autoclaved for 25 minutes did not support 

the growth except when lysine supplemented. 

Ki~za (191') reported that progressively increasing 

destru.ction of methionine and leas markedly cystine with 

increase 1n severity of time and temperature combination. 

The avail.ability of amino acids of milk protein is 

influenced by the heat treatment. that it undergoes. 

Kon and Anon ( 1962) demonstrated only marginal effect 

of heat treatment on ll. v. of raw mUk 84~, roller dried 

83~, evaporated 8~, by comparing the different methods 

for observing the availability of lysine. 

Vgious Mechanisms of Reactions Involved in Heat Treatment 
of irotein 

lljarnason and Carpenter (1969, 1970) examined the 

effect ef heat treatment and reported that the malllard 

reaction between sugar aldehyde group and the free amino 

group and the tree amino acids of proteins \laS responsible 

tor mu.ch of the heat damage to protein when sugar was 

present. Protein also suffered heat damage in -the 

presence of suga:r or any oxidizing fat which migb:t 

provide carbonyl groups for a malllard type reaction. 

lljarnason (1970) foum that heating of protein under 

severe processing conditions in industry ~ e a 



marked loss of eystine and a smaller loss of tyros:ine 

md lysine. 

~e epsilon-amino group of lysine apparently 

reacted with the amide group of asparagine and glutamine 

to make the lysine indigestible. Howat (1970) proved 

that the presence of carbohydrate increased the loss of 

lysine and caused the loss of arginine even at a 

temperatnre around 100°c. 

IG 

Accordmg to Patton, 1955 and Ellis, 1959 that milk 

acquires a bro1Al colour of varying intena i ty when subjected 

to high temperature as in the manUfacture of sterilized 

milk and condensed milk. When condensed and dried 

products were stored under adverse conditions, this 

discolouration was due ma:iJlly to the interaction of 

lysine and to a lesser extent of arginine and histidine 

from casein with lactose to exhibit the mail.lard reaction. 

The reaction leading to the formation of the brown 

pigment melano1d1n was autocatalytic and was accelerated 

by high temperature and bnmidi ty. Du.tra et al. ( 1959) 

observed that 1n addition to 1aie maillard reaction there 

m18ht be direct ca.ramelization of lactose, though this 

was only of minor significance. 

The mail.lard reaction was activated by phosphates, 

metals and o'X;fgen as well as by the decomposed products 

of lactose like fUrfUral etc. On the other hand , this 



reaction was inhibited by sul.pbydryl compounds whicll 

were produced when milk was subjected to high temperature 

(Lea et al., 1943). They also found that fluorescent 

substance was also formed during the decomposition of 

lactose'. 

Storrs (1942) observed that heating of milk for 

30 minutes above 105°c prolonged the heat stability. 

Gr1mbley (1954) reparted that browning occured at ao 0 o 

and that heating at 90°c and 100°0 for 2 hrs, resulted 

in pronounced denaturation of protein with an increase 

1n number of free amino groups which reacted w1 th lactose 

and caused the formation of cooked fiavour. 

17 

Pal.ton and Flipse (1953) observed ihat part of the 

heat-produced-complex was unstable to heat which u1tima.tely 

gave rise to the browning effect due to appearance ot a 

number of decomposition products of lactose. The complex 

also acted as a catalyst for the fUrther thermal deoom­

position of lactose • 

.Andrin (1975) noticed that heating altered the 

stru.ctural composition of casein, by heating, the lysine 

being unavailable due to complex formation with lactose 

known as mail.lard reaction. Thµ phenomenon was highest 

in milk powders and least 1n liquid milk because water 

J,nh1bits mail.lard reaction. 



l!'rangne et al. (1973) reported that when purified 

animal and vegetable proteins were subjected to mail.lard 

reaction under standard condi tiona. The percentage of 

lysine destroyed was proportional. to its percentage in 

the protein and ranged from 4~ 1n a1bumin and in some 

globul.ins to 1°" 1n the gelatin and cerea1s proteins. 

High lysine proteins therefore demanded caretul. heat 

trea'tmenta. Sensitivity of milk product was attributed 

to high lactose and lysine content. The nature of Uie 

protein al.so affected reactivity' of sugars; sucrose 

caused a loss of 5~ lysine from lactalbumin and 'JI, 

from eoyabean globulin. No absolute classification of 

sugars and proteins with regard to their reactivity in 

maillard reaction was possible but intensity of reaction 

depended on sugar protein association. 

Trials on 8 purified- proteins indicated that each 

protem contained a definite proportion of lysine which 

could be destroyed by the malllard reaction. Ovalbumin 

and gl.utenin heated for 20 hrs at 120°c lost 68'1> and 

4~ lysine respectively after approximately 10 hrs vith 

no :tUrther loss oooir.ing. When previous heating had 

already destroyed part of lysine, lasses were due to 

maillard reaction alone. A direct proportion&liV 11as 

also found between lysine losses due to malllard reaction 

and the rate of lysine liberation by enQ'lllio by r ol.yais 

I~ 



(pepsin, trypsin). The most malllard sensitive 

proteins are most easily hydrolysed. fhese resu1 ts 

are attribu.tted to the presence of labile 1ys1ne 

.traction 1n the protein determining its reactivity. 

Studies on the ghee res 1due has already be en 

conducted on various aspects. Santha (19~) has studied 

its various fraction of lipids·. Relwani in 1978 

estimated the proximate principles of ghee residue at 

110°c - 120°0. She had also tried some minor supplemen­

tation with small quantity of lysine to improve nutritive 

quality of ghee residue protein. There was onl.y slight 

improvement in the nutritional. response of the animal. 

probably due to the very inadequate lysine dose. 

Grewal (1979) after observing the slight 

improvement of lysine supplem4mtation in Relwani' s 

work assumed that probably by increasing lysine dose, 

some better result might be obtained and she supplemented 

the ghee residue with 4~ and~ dose of lysine in place 

of o.~ dose used by Relwani. She used some other 

essential amino acids also individually to study their 

effect if any on the improvement of ghee residue protein. 

She got very gratifying results by higher dose of lysine 

supplementation, whereas other amino acids namely 

methionine and tryptophan showed some improvement but 

not of mch importance. 

/9 



The present study has been planned to study 

fU.rther the combined effect of the previous three 

combined amino acids (lysine, tryptophan, methionine) 

and as well as effect another essential amino acid 

threonine. The analysis of amino acids setup of ghee 

residue protein has also been taken up to unvail its 

exact amino acid composition. 

~o 
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MATERIALS AND METHODS 

Samples of ghee residue at 100°c were specially 

prepared to see the effect if any of lower tempera1ure 

ghee preparation on the quality of protein of ghee 

residue at ~e Experimental Dairy of National. Dairy 

Research Institute, Xarnal and collected from there in 

wide mouth large bottles with air tight caps to avoid 

bacterial con-fjamination. The samples were preserved in 

the deep-freezer. 

Method of Production of Ghee Residue at 100°c from 
Qi;emnery ~utter 

The loose butter used for tm ghee residue was 

obtained from the same Experimental. Dairy (Dairy 

Technology Division). The same was manufactured from 

sweet pasteurized mixed cream (cow and buffalo). The 

percent butter fat and curd content of the butter was 

82.85 and o.a to 1.2 respectively. ~e butter was 

stored at 5°c for 10 - 12 hrs before conversion into 

gb.ee. It was heated in a steam jacketed kettle or vat 
0 and converted to ghee at 100 c. As soon as the temperature 
0 

of melted butter came to 100 C, the time was noted and 

the same tem:pera1ure was maintained for 15 - 20 minutes. 

The ghee attar settlillg was decanted and the residue 

left was collected in beakers. It was then hanged in 

muslin cloth in an oven maintained at 50 - 6o0 c tor 

~ I 



half an hr. and then s queezed properly to extract max1uum 

fat. After proper draining, the residue in 1:he cloth 

was pressed between "t'".."o flat sheets under heavy pressure 

to remove maxim1m extractable rat. 

Determination of 11ois1nre 

Ko is ture was determined according to the method 

as given ill Dairy Industry Foundation Laboratory, 

Manual (1949) for cheese. 

Determination of Protein 

The protein con tent of the samples was determined 

by using the conventional micro-kjeldahl digestion 

and distillation method as given in A. o.A. c. (1975). 

Esjimation of' Lactose 

Lactose content in different samples were determined 

according to the method described by Folin and Wu (1920). 

w11h some modifieations. This modification is at the 

~tep of precipitation o:f' the proteins from the samples. 

Reagents: 

(a) Alkaline copper reagent. 

(b) Phosphomolybd ie acid• 

Cc) Sod.mm 'blngstate 1~. 

(d) H~04 2}-, N. 



Proced™: 

b-ee gm of ghee residue sample was ground in 

pea tle and mortar and made 1n to a solution with 20 ml. 

of bolled water-. The protein was precipitated by 

adding 20 ml of 1~1 sodium tungstate and 20 ml of 2/3 N 

· H~o4 to the solution and was fll tered. Ou.t of the 

60 ~ solution, 2 ml was taken in Folin WU sugar tube 

and estimation was continued as per the method-mentioned. 

Determ.J.nation of Ash 

!his was estimated according to 'the method 

prescribed in I.s.I. ]uJ.letin 1165 - 67 for cheese. 

Determtnation of Fat 

Fat of ghee residue was determined by the Rose 

and Gottileb method (I.s-.I. :Bulletin 3507 (1966) II 

tor cheese. 

ltptein Efficiengy Ratio by Depletion Technique 

~e e~erimen t was conducted en 40 weaning ra 1s 

~ I 

abo ut 2S de.ya old, between the weight range of 30 - 40 gms. 

On 1he Is" dq animals were weighed in the morning vi th 

empty stomach and fed protein free die The anima:l.s 

were then regularly weighed twice a week 1n the morning 

till completion of ten dqs. !lhe protein f'.ree diet vaa 

fed tor 10 dB18• On the 11-t.h dq the animal.a were weighed 



· again and randomly allotted in five groups.-9 Groupvise 

they were fed the following experimental diets: 

Grou.p I - Skim milk diet i.e. protein supplied 

thro\18h spray dried skim milk poW.er(SMP ). 

Group II - Ghee residue diet at 110°c 1.e. protein 

at 1~ level from gb.ee residue prepared 

at 1108 0 (G.R. - I). 

Group III Ghee residue at 100°c 1.e. protein at 

1~ level from ghee residue prepared 

at 100°c (G.R. - II). 

Group IV - Diet containing ghee residue - I + f3'1, 

total lysine + 2. ~ methionme + 1.4~ 

tr.Jptophan. 

Grou.J> T - Ghee residue - I + 4~ threonine. 

!!he protein content was maintained at 1a,C level 

including amino acids. Urine and faeces for all animals 

were collected separately by using special method. A.t 

the end of 10th dq of test protein diet feeding period, 

the animals were sacrificed, the liver and blood were 

collected. Protein was estimated by micro-kjeldahl 

digestion • distillation me1hod. in urine, faeces and 

liver. 

Cal qiJ.a tioll: 

wt of rats at the -end 
of• 1o 4'18 test protein 

feeding period 
- wt. of rats at 

the end of the 
depletion period 

total protein ingestion 



'J!ABII - A 

fl~"·~~iil gg;u;u;ud.~i~ g' ~1 ~11~1 u~1'1 1D flBD 

Ingredient Protein S.M.P. G .B.. G.R. G.R. 
~~e~ diet diet diet diet + 

(loJ' C .P.) at 11o<>c at ioo<t Amino acids 
{lo% protein) (l.()% C .P.) diet (10% C .P.) 

S.M.P. - 27.80 - - -
G.R. - - 46.39 38.31 44.53 
Lysine - - - - o.so 
lleth1on1ne - - - - 0.25 
'?rypto~ - - - - 0.14 
'?hreon e - - - - -Fat orig 1nal - - 9.74 s.53 9.35 
Fat added l2.oo ll.50 2.26 3.47 2.65 
V 1 tam1n1sed o.so 0.50 0.50 o.5o o.so 

fat 
Suctose 9.00 4.00 4.oo 4.00 4.00 
V 1 t. Mixture l.OO l.Oo l.oo l.oo 1.00 
Mineral Mixture 3.oo 3.00 3.00 3.00 a.oo 
Cellulose 4.00 4.00 4.00 4.00 4.00 
Starch 70.00 48.20 29.11 37.ll 29.78 

Skim milk pc:Mder contains 35.97% crude protein. 
Ghee residue at llOCC contains 21.55% crude protein.and 2~ fat. 
Ghee residue at lOOCC contains 25.75% crude protein and 2~ fat. 

G.R. 
+ 

Threonine 
diet {lqC C .P.) 

-45.16 ---o.4o 
9.48 
2.52 
o.so 

4.00 
1.00 
3.00 
4.00 

29.;94 



Prepcg:ation of Diets: 

The composition of each diet for each group has 

been shown in Table A. 

131olog1oal Assay of Protein Qu.al.1tv with Animals: 

In the present study the assays used were : 

1. To find the digestibility co-efficient (D.c.) 

of the respective proteins. 

2, To find the biological value (13. V.) of the prote:!n. 

3. To find the net protein utilisa·~ion (N.p.u-. ). 

Estimation of Available L:mine 

Thia was followed accord.mg to 1:he method of 

Carpenter ( 1960), which is as follow: 

Reagents: 

(a) Sodium bicarbonate - £3'1,. 

(b) .FDN.B - was prepared fresh, daily for every sample. 

Approximately 0.3 ml of fluor~dinitrobenzene (pipetted 

after warming the bottle) dissolved m 12 ml ol 

ethanol was used. 

(c) Standard HCl - 8.1 N. 

(d) Standard Hal - 1 N. 

(e) S.odium hydroxide solution - 2 N. 

(t) Phenolphthalein solution - 1~, in 7f11, et.byl alcohol. 

(g) Buffer· solution - 19 parts of ~ sodium bicarbonate 

+ 1 part of sf,, sodium carbonate. The pH was adjusted 

to a.5 with add ition of a little acid or alkali. 

(h) Methyl cbl oroforma te. 



(i) Diethyl ether - free from peroxide. 

(j) Standard DNP-lysine hydrocbl.oride monohydrate -

25 mg of DNP-lysine hydrochloride monohydrate was 

weighed accurately and dissolved in 500 ml of 1 N 

HCl. acid solution (so that 2 ml of this solution 

contained 39.85 mi~ogram of available lysine). 

Procedure: 

!J!he procedure was followed ill duplicate away from 

direct or strongly reflected light. 

(1) 0.75 1!J1J. of sample was weighed acmrately into a 

100 ml round bottom .flask and shaken gently with 

8 ml sodium bicarbonate solution for 10 minutes. 

!lhen FDNB solution was added and shaken gently 

continuously for two hours. The ethanol was 

evaporated off on bolling water bath. !!hen 24 ml 

of a.1 N HCJ. was added and refl.wced gently for 

16 hours. After 16 hours the solution was cooled 

suitably for easy fll tration Jn ice-water for 2 hrs 

and the contents were fll tered with water washings 

into 200 ml volu.metrio flask and later the volume 

was made up to the mark• 

(2) 'O ml aliquot of the fll. trate was transferred in 

50 ml volumetric flask and made up to the mark with 

1 B HCl. 



('3) 2 ml of the dil.u ted fil. trate was transferred to 

a glass stoppered tube and extracted with 5 ml. of 

diethyl ether each time untill the !mal ether 

layer was clear. The 1 ast ether layer was sucked 

with a pas teur pipette and finally removed by 

keeping the tube in bolling water bath. 

(4) After evaporation of .ether the volume of the tube 

was made to 10 ml with 1 N HCl. and later extinction 

was read at 4'35 mu. 

(5) For the blank a second aliquot of 2 ml diluted 

filtrate was taken in a tube (see No. 2) and 

extracted with ether as before. Also a '3rd aliquot 

of 2 ml was taken in a conical flask for a dlllJIDY 

titration. Diluted and added phenolphthelin as 

indicator and titrated with the 2 N NaOH in burette. 

!ehe volume of NaOH solution needed was noted and 

the f'lask was discarded'. The same volume of NaOH 

was added to the seoond tu.be and then 2 ml of bu:f'ter 

solution of pH a~.5 was added (this stage was 

continu.ed without pause as DNP-oompounds are less 

stable at this pH). 

(6) 0'; 05 ml of methyl chloroformte was added to the 

second 1ube. Shaken anl allowed to stand ~or 5 to 

. 10 minutes. !lhan o. 75 ml concentrated hydrochloric 

acid wa8 addecl cautiously to the solution to avoid 

excessive effervescence• This was again extracted 



with 5 ml portion of d !ethyl ether twice. The 

extracted ether was removed 1n a different tu.be. 

All residual ether was evaporated rut and the volume 

was made upto 10 ml with water. The extinction of 

the tube was read at 435 mu.. 

7. !l!he experiment was to be completed through (point 

No. 3-6) with standard DNP-lys.tne also. But the 

available standard with ,_,iuch thJB wa to be attempted 

was not found in order, as it cou1d not be dissolved 

and so the estimation unfortunately could not be 

canpleted. Fresh a tandard could not be pro cnred 

inspite of making mum efforts to obtain it from 

many parts of the country. 

Calculation 

Available lysine gm/100 g of cru.de protein 

= 
x,-~ 
S1-S2 

Wb.ere X1 = 
~ -
s1 = 
s2 = 

w = 

• = 

p = 

39.85 50 200 100 100 
% 1000000 x 2 x 30 J: W(100-l!fX-p 

Absorptioneter reading w1 th unlmOlil!l 

'Elank Absorptiometer read with unknown 

Absorptiometer reading with std. 
:Blank Absorptiometer reading with Std. 

wt. in gm of tb3 material taken. 

MoJBture '1 by wt. 1n the material • 

Crude protem (on dry basis '/, by wt. 



' 
Amino Acid Analysis 

Protein hydrolysate was prepared by acid hydrolysis. 

100 mg of defatted material was taken in a vial. To 

this 5 ml of 6 N HCl was added and tben hydrolysed 

for 18 hrs at 110°0 in a sealed vial. After hydrolysis 

the seal. was broken and volume was made upto 10 ml and 

fil. tered. From the fll tra te 2. 5 ml was taken and 

dried tr\ eo0 o under vaccwn. This dried material was 

' dissolved in 2 ml of buffer solution. .From this 250 

microli t. of the solution was injected in the automatic 

amino acid analyser for the analysis of amino acids. 

Determjnation of TryptophS\ 

~tophan was determined by the colorimetric 

method of _Spies and Chamber (1949)• 

Reageiits 

1. · 19 N H~04 
2. 0-.04~. Sodium Nitrite solution. 

:s. Para dimethyl amino benzaldehyde. 

Procedyre 

50 mg of the defatted sample, containing (20 - 100 

ug of tryptophan) ·was taken in three 50 ml conical flask. 

each marked A, ! and O. To the flask A and :B, 30 mg 

of p•dimethyl axnino benzaldebyde were added whilst the 

nask marked c serve as blank. To all the flasks 10 ml 

19 
N H

2904 
were add ed and the fl.asks were put in the 



dark at 30°c for 18 hours. The flasks were then 

removed 0.1 ml of sodium nitrite solution was added 

and the solution shaken gently. The transmittance 

o! the samples were read at 590 nm. The tryptophan 

content in the sample was found by reference to a 

standard curve prepared by taking known concentration 

from 20 - 100 ug of tryptophan after making necessary 

corrections of blank. 

( 

3l 
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RESULT AND DIS ross ION 

Ghee residue is kno14! to be a source of animal 

protem. Work has been done to study the nutritional 

qu.ality of ghee residue protein. In present investi­

gation attempts have been made to study further the 

nutritional quality of ghee residue protein and also 

to see the affect of temperature of preparation. 

Qpmposition of Oreama.ry 'Butter Ghee Residue 

It was seen from Table 1 and 2 that the average 

protein content of ghee residue obtained at 110°0 

(G.R. II) was more as compared to that obtamed at 

100°0 (G.R. I). On the other hand the fat, lactose 

and moisture contents were more 1n G.R. I as compare 

to G.R. II. The values of G.R. II obtained with 

respect to all chemical comonents 1.e. moisture, fat, 

ash, lactose and protein were found to be s mil.a;r 

to that observed by Relwani (1978) and Grewal. (1979). 

A comparison of composition of G.R. II in last three 

studies is in Table 3. 

The lower protein content of G.R. I can be partly 

explained on the basis of lower processing temperature 

which resulted in partly higher moisture and mu.oh 

higher lactose content. Lactose content was higher 

mq be because butter obtained was not properly 

washed. 



,. 
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!rABLE 1 

ChemioaJ . oomposi~on of ~=:f) butter 
ghee residue at 1 oc C ~ G 

S.No. Moisture 

"' 
Fat 

"' 
Protem Lactose 

% 
"' 

1. 24.86 3a.02 19.10 14.95 

2. 23.76 36.42 1;.35 18.85 

3. 24.76 37.18 18.88 15.05 

4. 25.07 -,4.65 20.41 16.09 

5. 24.2:1 ;a.40 18.37 15.90 

6. 23.19 35.45 17.86 20.01 

7. 26.0 :58.46 20.92 19.99 

a. 30.56 37.91 15.82 18.4 

Ash 

"' 
4.07 

3.52 

4.54 

3.78 

3.72 

4.02 

3.15 

3.19 

-..,-----------------------------------.-.-------..-------.------
K. V.= 25.'30 '37.06 18.58 17.40 3.74 

s..E.= ,!0•841 ,!0.510 ,!0.619 ;!0.773 !1.395 

M. V. = 11.ean Value 

s. E. = Standard Error 



,9lemical composition of creamary butter 
gliee residue at 1100C (C,~,G.R,). 

S,No. Mois1nre Fat Protein Lactose 

~ "' "' 
,, 

1. 22.00 35.00 25.64 12,84 

2. 24.20 '.53,89 26,00 11.20 

'· 25.30 34,49 25-,eo 0,94 

4, 22.90 33,95 24,70 12,84 

Ash 

"' 
4.52 

4,69 

5.27 

5.52 

~-..-------...,_..--.----.-....~---------~--------------------

M, ,= 2'.62 34,33 25.5' 11.45 5.00 

S.,E, = :10.120 ,i0.'.555 1().501 ,i0.817 ,i0.236 

TA:BIE 3 

~=arison betgan the average comi>osition of 
-~ residue s ied by various worke~. 

-
Workers Moisture Fat Protein Lactose Ash ,, 

"' "' "' "' 
Relvani 

(1978) 
22.58 35.14 23.90 11.13 6,46 

Grewal. 25,80 35.69 23.21 11.61 5.21 
(1979) 

Present 25.62 ,4,33 25.5' 11.45 5,00 

study (1960) 



P~otein Efficiency Ratio b:y Depletion Method(P!IBn) 

In order to determine the protein quality of 

G.R. studies were conducted to find its growth 

promoting capability and effect on "the internal. organ 

weight, using protein depleted albmo rats as experimental. 

animals• Previously this experiment was conducted with 

G.R. and G.R. + individual amino acid sup::f>lementation. 

In present study those amino acids were used together 

for see.mg the combille effect of their supplementation. 

As seen f:rom the data Table 4 that PERn for anima1s 

!ed G.R.II + the aJnino acids was higher than 1ihe 

other groups receiving ghee residue diets and also 

with control group. 

· .AnJmals receiving s.M.P. diet were found to be 

higher PERn va1ue than G.R. II + Threonine. PERn 

value for G.R. I is slightly higher than G.R. II. 

!rhough these values are high but these are more or 

less similar value. Probably due to lesser adverse 

effect due to low temperaiure. 

A amino acids with G.R. II exhibited signii"icant 

improveman t with respect to the other groups receiving 

G .R. II diet alone. The PERD value was hi8he1' as 

compare to the previous workers. This observed 

differences could be due to that the partiOllar G.R. 

sample used might be better in nutrition quality . 



~LE 4 

Protein efficiency ratio by depletion method(~) 

Diets No.of Av.gain Av.Protein Av.PER.n 
anjma] s 1n wt. intake 

S..M.P. (M.V.) 7 31.92 a.a5 3.590 
(S .• E.) -t-0.087 -

G.R.at (K. v.) 8 22.75 10.09 2.235 
110°0 ca.E.) ~.069 

G.R.et CM. v.) 8 19.33 1.90 2.264 
100 c (s.E.) -t0.083 -

G.R. + CM. v.) 8 37.33 9.19 4.106 
Amino (s.E.) -t() 528 

acids - . 
G.R. + (M. v.) 8 16.5 6.67 2.456 
Threonine (S.E.) ,!0.516 
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WIE 4 a. 

AnaJys1s of Variance fiRn 

F F 1! Source of 
Variation 

Degrees 
of 

Freedom 

Sum of 
Squares 

Mean sum 
of 

Squares 
Value TabuJ.ated TabUl.ated 

at 5% at l$ 

TBEA'fMEN'? 

EBBOR 

TOTAL 

4 

34 

38 

23.336 

l.4195 

24.777 

5.834 139.904* 2.65 

0.041 

0.652 

• Highly significant at 5'1' and ~ level. 

Critical Difference 7 observations = 0.2644 

Critical Difference 8 observations = 0.2473 

N.B. Statistically there is a significant differences be'tNJeen 
s.M.P. diet, G.R. + t.be amino acids and other diets, so 

1 t has significant effect on PEBo, 
statistically there is a significant differences beween 

s .M.P. and G .R. + the amino acids diet on PERo 

G .R. at i1o<t and G .R. at ioo<t has no significant 

differences so these have the same effect. 

S1milarlY there is a non-significant difference 

between both ghee residue diets and G .R. + Threonine. 

3.93 



~iological Value and D igestiblli ty Coefficient 

To study intrinsic nutritive value of G.R. alone, 

B. v. and D. c. was derived from above experiment. Data 

given in Table 4 showed that :B. v. of G.R. II + the 

amino acids was significantly higher than G.R. I, 

G.R.II and G.R. II + Threonine, slightly higher to 

S.M.P. also. G.R. II + Threonine was found to be some 

what h~er with respect to :B. V. in comparison to 

G.R. I and G.R. II. :B.V. for G.R. I and G.R. II were 

found to be more or less the same (8'3. 5<JI, /84. 6($ ). 

It is well known that B. V. of protein is af'fe cted 

by the proportion of essential amino acid present it. 

Al though heat treatment of milk affects the lysine. 

The losses during heating the milk in the limiting 

sulplm.r amino acid are of greater concern, than the 

loss of' lysine, f'or milk has an abundance of lysine 

that a considerable proportion may be inactivated 

without a corresponding reduction in :B.v. (Rolls 

and Porter, 197'3). 

Maillard reaction does not cause reduction in 
-

:a. v. Milk acquires a brown cblour when subjected 

to high temperature. This discolouration was due 

mainly to the interaction of lysine and to a lesser 



~iological value 

Treatments No.of Av.total Av. AV. ~. v. 
animals N 

ifrtake 
(Fn-Fe) (Un-Ue) 

(mg) (mg) (mg) (~) 

S.M.P. (M. V.) 7 1387.14 130.94 90.75 92.171 
(s.E.) i0.418 -

G.R. at (M. V.) 8 1577.375 188.84 197.14 83.595 

110°0 (S..E.) +1.028 -
G.R.at Q,~. v.) 8 1237 .oo 179.61 157.25 84.600 

100°0 (S.E.) .:!:;1. 420 

G.R. + CM. v.) 8 1439. 75 108.63 78.40 93.836 
Amino {S.E.) .!().865 
acids 

G_R. + (M. V.) 8 1044.50 163.34 139. 51 86.212 

Threonme(s.E.) !().839 

Fn = Faecal N on test protein diet. 
2 

Fe m Faecal N on nitrogen free diet. 
2 

Un = Urinary N 
2 

on test protein diet. 

Ue a 
Urinary N

2 
on nitrogen free diet. 



TABLE 5 a. 

AnalYSie of Variance B.y. 

Source of Degrees Sum of Mean sum p 
Variation of Squares of Value 

heed om Squares 

mEATMEN~ 4 762.959 190. 739 29.544* 

ERROR '34 219.528 6.456 

TOTAL '38 982.487 25.854 

• Highly significant at 'JI, and ~ level. 

Critical Difference 7 observations = 2.716 

Critical Difference 8 observations = 2.548 

F T 
Tabulated Tabulated 
at 'JI, at 1~ 

2.65 '3. 9'3 

N.B. Statistically there 1s a significant differences between 
G.R. + the amino acids, s.M.P. and other diets so it has 
significant effect on B. V. 

Statistical. ly G.R. + the amino acids, s.M.P. diet ha.q 

non-significant difference (between these two only). 

G.R. diet at 100°0 and G.R. at 110°c has non-significant 

differences. 



T.A:BLE 6 

~gestibilittncoeffcient 
.c.} 

~A:1n2arent} 

h-eatment No.of Av. total Av.total D.c. 
animals N2 N2 <%) 

intake voided in 
(mg) faooes(mg) 

... 

S.M.P. (M. V.) 7 1387.14 177.28 87.16 

(Si.E.) +1. 169 -
G.R. at Ovr. v.) 7 1619.14 264.91 84.75 

110°0 (S.E.) ,±1.852 

G.R. at (M.V.) 7 1284.14 212.00 84.16 

100°0 (S.E.) -+0.036 -
G.R. + (M. V.) 7 1450.71 205.05 86.24 

'1 
Amino (S .• E.) ,±1.581 
acids 

G.R. + (M.V.) 7 1061.42 139.64 86.91 

Tbreonine(s.E.) ,±1.030 



WLE 6 a. 

Anal.ye is of Variance D. c. 

Source of Degrees Sum of 
Variation of Squares 

Mean sum F 
of Value 

Freedom Squares 

4 11.610 2.910 0.913 

ERROR 441.750 14.725 

'34 13.334 

Non-significant at ~ and 1~ level. 

F F 
Tabulated Tabu­
at 5'1 lated 

at 1~ 

2.69 



extent of arginme and histidine from casein with 

lactose to exhibit the maillard reaction <Patton, 

1951 : Ellis, . 1959). The reaction leading to the 

formation of the brown pigment melanoidin was 

au.tocatalytic and was accelerated by high temperature 

and humidity. 

As regards digestibility co-efficient silllilar 

trend was observed with D. c. for ghee residue, being 

close to that observed for skim mi]k protein and G.R. II 

+ the ammo acids. 

Net Protein Utilization 

With help of :B.V. and n.c., N.P.U. was arrived 

at by calculation. The data for N .P .u. was shol#l Jn 

Table 7 and 7a. 

It can be observed that :B.V., n.c. and N.P.U. 

for G.R. II and G.R. I diet was low as compare to 

s.M.P. with the supplementation of G.R. II with combine 

amino acid, N.P.U. was similar as that of S.M.P. and 

with supplemented G.R. II + Threonine there was 

slight improvement in N.P.U. Significant differences 

on N.P.u. obtained with S.li.P. diet, G.R. II + the 

amino acid were found as compare to G.R. values. ~oth 

G.R. II and G.R. I diets has same effect on N.P.u. 
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TA:BLE 7 

Net protein utilisation (N,P.u.) 

Trea1ments 

S.M..P. (M. v.) 
(~.E.) 

G.R.at CM. v.) 
110°0 (S.',E•) 

G.R. at (M. v.) 
10.0°c (S,. E.) 

G,R. + (M.V.) 
Amino (S·,E.) 
acids 

G.R. + (M.V.) 
~eonine (S,E, ) 

No, of 
animals 

7 

7 

7 

7 

7 

Biological Digesti-
value bility 

coeffi­
cient 

(~ ) (%) 

92.17 87,16 

82.41 84.75 

84.91 84,16 

94.24 86,24 

85.81 86.91 

ao.40 
.;!:1.178 

69.72 
,!1.765 

71.08 
,!1.543 

80,64 
,!1.944 

74.58 
+1.166 -



TABLE 7 a. 

Analysis of Variance li,P~ 

----------------~------·--------~~~~~ -~---
Source of Degrees Sum of Mean sum F F F 
Variation of Squares of Yalue Tabulated Tabu-

a t 5% lateq Freedom Squares 
a t 1% 

TREATMENT 4 725.810 181.452 11.660* 2.69 

ERROR 30 466.830 15.561 

TOTAL 34 1192.640 ;5.077 

*Significant at 5"' and 1~ level. 

Critical difference = 4.3057 

N.~. Statistically there is a significance difference between 

s.:M.P, and other G,R. die ts so it has significant eff ect an 

N.P,U. 

Statistically G.R. + the amino acids. s.r.t.P. diet has no 
significant difference so these have same effect or 
non-significant effect on N.P.U. (between these two) 

G,R, diet at 100°0 and G.R. diet at 110°0 has non-significant 

effect on N .P .u. 

i 
I\ 

•• 



The results obtained from the addition of amino 

acids have revealed that the supplementation of 

amino acid :increase the nutritive value of ghee 

residue protein. 

Regeneration of Liver 

Data on the change in weight of the liver was 

observed on feed.mg different diets such as s.M.P. 

diet, G.R. II diet, G.R. I diet, G.R.II + the amino 

acids diets, G.R.II + Threonine diet. It was seen 

that restoration of weights of different groups was 

more or less proportional: to the PEHn value of the 

diet. Non-significant difference on liver weight on 

a.M.P. and G.R. II + the amino acids diet. ~ut S.M.P. 

diet and other ghee residue diets have si8nificant 

differences on weight. 

Restoration of the liver protein with G.R. II 

+ the amino acids found to be highest followed next 

by values of s.M.P., G.R. II + Threonine, G.R. I and 

G.R. II. 

Amino Acid 

n>.e amino acid set up· of G. R. was studied and 

results are sho\ltll :in Table 9. 

giemioal. Conmosition of Ka.lagn_g 

Kal.akand was es timated to find out what is the 



treatment 

S.M.P. 

G.B. at 
uoct 

G.R. at 
lOOCC 

G.R. + 
Amino 
Acids 

G.R. + 

'?4BLE 8 

Begenarat@d '?issue Weight y1th MelQ 

Value and Staruiarti Error• 

(M.V •) 
(S.E.) 

(M.V.) 
(S.E.) 

(M.V.) 
(S.E.) 

(M.V.) 
(S.E.) 

(H.V .) 

No. of 
animals 

1 

8 

8 

8 

8 

Liver 
weight 

(gm) 

3.090 
+0.104 -
2.166 
,±0.159 

2.226 
.±().155 

3.938 
,±0.261 

2.246 
'lhre onine (S .E • ) .t0.256 

Liver 
protein 

(%) 

20.26 
.±0. 719 

18.42 
.±().470 

18.77 
.±().805 

20.51 
z.o.259 

19.33 
,%0.574 



hABIE 8 a 

Analysis of variance - Regeneration of Liyer 

Source of Degrees Sum of Mean F F F 
Variation Of ~quares sum of Value Tabu- Tabulated 

Freedom Squares lated at 1% 
at 5% 

TREATMENTS 4 16.484 4.121 12.280* 2.65 2.39 

ERRCiR 34 11.460 o.337 

TCTAL 38 27.944 o.735 

* B1gn1f1cant at both levels (5% and J.%) 

T4BIB 8 b 

Analysis of Variance - l1egeneration of Liyer Protein 

Source of Degrees Sum of Mean It' F F 

Variation of Squares sum of Value Tabu- Tabulated 
Freedom Squares lated at~ 

at 5% 

TREATHENTS 4 23.935 5.983 l.754 2.65 2.93 

ERROR 34 115.933 3.4097 

TOTAL 38 139.868 3.680 

Non significant at 5% a.nd ~ level. 



composition and what price 1e paid because we have 

an idea of preparing recipe from ghee residue. Samples of 

Kalakand from different shops were collected and 

analysed, specially to know the amount of protein 

present in this product for 'Which every where 

peop1e have to pay quite a high price for purchas.ing 

such a little quantity of protein. It was postulated 

that the high protein content of ghee residue as is 

present in Kalakand can possibly be provided to the 

people at a highly reduced cost, say at about 40% 

of the price of Kalakand after removing the deficiency 

of gb.ee residue protein. 



TARI& 0 

Amino Acid Composition of Ghee Residue at 110gt. 

Name of Acid Percentage 

Lysine 2.25 

Histidine 2.99 

Methionine 1.77 

Leuc1ne 1.85 

Isoleucine 1.99 

Tyrosine 2.15 

Phenylalanine 3.32 

Valine 4.00 

Cyst1ne 5.64 

Alanine 1.72 

Pro line 4.59 

Glutam1c acid 9.90 

Serine 2.77 

Threonine 2.74 

As pal"a tic ac1d 4.25 

Arginine 4.26 

Tryptophan I .q 2-

GJ.ycille N11 



SJ 

gi.emical composition of kalak~ 

s.No. Moisture Fat Protein Lactose 

1. 26.70 13.32 10.40 17.50 

2. 22.60 9.25 11.13 17.50 

·3. 18.72 8.91 10.99 17.50 

4. 25.42 8.72 10.99 15.00 

5. 27.30 0.62 10.20 17.50 _____ ...._ _____________________________________________ 

M.V. - 24.15 9.76 10.75 17.00 -
.. 

S.E. = ,±1. 579 -t0.867 ,i0.156 ,i0.499 -
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SUMMARY 

It 1s universally lmo\141 that there is shortage 

of good quality protein in the India and specially 

of animal protein. Ghee residue contains good amount 

of animal protein. So it was planned to study the 

nutritive value of ghee residue protein and its amino 

acids composition, so that it can be utilised as human 

food and as a cheaper source of an.imal. protein for the 

people. Samples of ghee residue were prepared specially 

at the Experimental Dairy, N.D.R. I. ,Kamal, at 100°c 

to study the affect of temperature on its protein. 

Samples of ghee residue prepared at 100°c (G.R. I) and 

also at 110°0 (G.R. II) were collected from Experimental 

Dairy, N.D.R.I. and were analysed to compare their 

chemical composition. 

~e constituents in G.R.II and G.R.I were protein 

25.53~ .:!: 0.335 and 18.~ .:!: o.619, moisture 23.6~ ! 

0.720 and 25.3~, .:!: 0.041. fat 34.33~ .:!: 0.335 and 37.06~ 

+ o.510, lactose 11.4~ .:!: o.817 and 17.~ .:!: 0.773; -
ash 5. ~ .:!: 0• 236 and 3. 7 4~ .:!: 1. 3 95 respect! vely. 

From the above figures 1 t can be se Ell that protein 

and ash con ten ts in G .R. II were more than G .R. I. :But 

other constituents are higher in G.R. I than 1n G.R. II9 



Arter studying comparative composition biological 

trial.a were conducted with G.R. diets (containing 1°" 

crude protein). Five grou.ps were taken and fed the 

following diets - S.M.P. diet, G.R. at 110°c (G.R. II) 

diet, G.R. at 100°e (G.R. I) diet, G.R. II + the amino 

acids (l.ys1ne. methionine and tryptophan) diet, G. R. II 

+ Threonine diet to the respective groups i.e. 1, 2, 3, 

4 and 5. On 21st day the rats were sacrificed and 

liver was taken to see the effect of differ ent diets 

on regeneration of the liver. 

In this experiment it was found that PERn value 

was highest in Gr. 4 i.e. 4.106, fol l owed by Gr.I 

i.e. J.593. Gr.5 1.e. 2.456, Gr. 3 i.e. 2.264 and last 

one is Gr. 2 1.e. 2.235. 

13. v., D. c., N.P.U. values of the diets were 

calcuJ.ated. The biological values wer e 92.17~, 83. 5~, 

84.6°"19 93.a3i, 88.2~ for Gr. 1, 2, 3, 4,and 5 

respectively. PE!1>t E.V., D.c., N.P.U. of G.R.II vas 

low as compared to s.M.P. but when G.R. was supplemented 

with · combined amino acids there was striking increase 

in these values in relation to that of G. R. and slightly 

better even m relation to the value of the control 

group (indicating thereby probably some of the amino 

acids are partially affected in s.M.P • preparation). 



Which were statisticall.y highly significant in 

rel.ation to G.R. values. 13ut when G.R. II was 

supplemented with threoIU.ne there was slight increase 

1n this value Cnon-si8nificant). 

To study further the qu.al.ities of ghee residue 

protein its amino acid spectrum was also studied, 

which have been presented inside, showing lysine to be 

2.2~ which is less as compare to fresh milk protem. 

It is seen that the particW.ar ghee residue sampl.e 

used in this study was probably of a littl.e better 

quality as compared to the usual ghee residue sampl.es 

used earl.ier. 

The higher values of PERD, 13. V. , D. c. , H.P. U. of 

this sample of G.R. as compared to the figures fowid 

in earlier a-Ql.dies, tend to suggest the above inference 

having no other al temative. 
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