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INTRCDUCTION




INTRODUCTION

Amongy éifferent dalry products, cheoese is
one of those ancient foud items known to human
civilization, Records of its use go beyond 40C0
years back when it was made and eaten in biblical
period (Kon, 1972), iiyriad studies carried ocut
since then, have established this product to be
semisclid, delactosed, dewatered form of milk with
a casein and para-casein matrix embedded with other
milk constituents especially, fat, calcium and wheye.
Cheese consumption has increascd immensely
during the past decade, The ch ege production
showed a remarkable increase from 7,731,808 metric
tons in 1569-71 to 10,483,713 metric tons in 1978
(FA0, 1978). In United States alone, cheese production
showed a remarkable increase from 0,68 billicn kg in
the year 1960 ©o 1,2 billicn kg in 1873 (Nelson, 1975).
Likewise, in Hungery during the same period, cheese
producticn almost doubled to 28,000 tons, Viability
of cheese industry in most western countries is
further evident from the increase in per capita
consunption of cheese. In the United States, total
consumption steadily rose from 5.1 kg per year to
9.9 kg during a span of over two decades (Clson,1981).



Cheese 1s recognised as the food of high
nutritive value by virtue of its richness in good
quality proteins as well as several other mutrients,
It is also acclaimed to be an ideal source of vitamin
A, riboflavin, calcium and phosphorus. Thus, consum=
ption of an ounce of cheege fulfills 3.8 percent of
calorie, 12,7 percent of protein, 7.8 percent of
vitaminA, 7.8 percent of vitamin 2y and 25 percent
¢f calcium requirements, of an adult human subject
(Robinson, 1977). Such atiributes, however, cannot
be solely ascribed tc mere concentration of nutrients
during curd-setting., Lactic startsr cultures further
significantiy modify prcteing, lipids and lactcse in
such cultured dairy products, thereby, producing
desirable qualities, However, several other
biochemical changes such as synthesis of antibiotics,
vitanins and certain emzymes by lactic microflora
which, hitherto, remaincd overlocked, have come into
prominance in recent time, Besides this, removal
of most of the lactose in whey during curd separation
and elabcraticn of an snzyme lactase by certaim lactic
cultures during ripening, further endorse unique
position of checse in the diet of lactose intolerant
subjects (sellars, 1981).

Cheese, like other fermented milk products,
possesses one distinct advantage, in that, it helps



in achieving an excellent public health record.

The presence of natural inhibitory substances

arising from lactic acid fermentation, suppress

the proliferatiocn of pathogenic bacteria, The

safety factor is greater in the ripened checse because
of low moisture, lack of air, intermediate products
of ripening and high salt concentraticn (Kosikowsky,
1966) .

From the scientific point of view, cheddar
cheese making can be categorised into following
steps viz.,, (i) coagulation of milk by rennet, (ii)
syneresis of the coagulum and (iii) curing under
controlled temperature and humidity conditions,

Conventionally ripening of cheddar checse
usually takes about 3 to 12 months., While such
longevity may be a valuable attribute of cheese
when it is used in its natural form, the cost of
storing until it acquires an acceptable flavour and
consistency, adds substantially to the capital cost
of cheese making plants as well as to its running
cost, According to an estimate, the storage cost
contributes near about 8,44 percent of the total
cost of cheese production (Singh and Kalra, 1979).
This underscores the pressing need to cut down the
production cost of cheese so that it could remove
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constraints and eventually become more popular in
countries like India, This proampted several inves-
tigations to modify the conventicnal method of
cheese making to accelerate the ripealng of process,
These included addition of certain proteclytic and
lipolytic enzymes, increased proportions of starter,
ripening at elevated temparature, use ci lactose
hydrolysed milk etec, (Fosikowski and Iwasaki, 1975;
Sutherlzsnd, 19753 Thoupson and Brower, 19767 Scod
and Kosikowski, 197° and Law ané higrore, 1982)., However,
thesze techniques egually pose problems in marketing
product as there was every chance of product getting
overripeneds Since the means to ariest ripening
changes were not readily available. 7o certain
extent this could be achieved by ccoling cheese.
But in that case, the cost of refrigeration would
as well ocutweight the saving gains of acceleration,

A process has been developed by which a liguid
cheese product of characteristic cheddar flavour
can be cbtained from fresh curd in five to seven days.
Basically the process involves blending 2 part of
cne day old salted unpressed cheddar curd with 1 part
of 5,2 parcent sterile sodiun chloride solutlion and
storage of homogenous slurry =t 30°C. The slurry
contains 40«41 percent total selids, amd its pH



ranges from 5,15 = 5,30 (Kristoffersen et al., 1967).
This process was found to be economical because it
by passes subsequent refrigeraticn, otherwise required,
to control cver-ripening,.

Several biochemical reactions including partial
degradaticn of proteins, fats and carbohycrates as
well as synthesis of certain vitamins of B-group,
take place during ripening of cheese, that profoundly
alter the nutritional characteristics of milk, as
mentioned earlier, contrcolled acceleration of ripening
of cheddar cheese adopted in this investigaticn depends
on several factors such as moisture level, tempcrature
and salt concentration which markedly differ from
those required for conventicnal ripening, All these
factors would undoubtdly influence the metabolic
course of starter cultures and in turn, further
influence the nutriticnal value of the product. In
view of the ultimate difference in pericds for ripening
by two different procedurej, it becomes highly esseantial
to understand the nutritional value of cheese made by
using this processe.

A study was, therefore, undertaken to study
the proximate compesition of cheese samples prepared
by using either conventional or accelerated processe.
Attempts have also been made to find the changes in



the level of certain vitamins of B group during
accelerated ripening. Conventicnally, checse is
consumed in #£s processed form, Studies were,
therefore, further extended to compare the proximate
compesiticn as well as protein gualities of cheese
proteins obtalned using these processes, Results
obtained are presented in this report.
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REVIEW OF LITERATURE

During ancient periods, cheese making was
primarily considered as a means to preserve milk
in a safe and palatable mamner, DLespite this, in
the subsequent period, cheese has gained enormous
popularity in most of European countries as well as
regions where milk production has becn in abundance,
With such continuously growing popularity, chcocese
mamufacture had become the capital intensive industry
benefiting from a high turnover rate. =Running cost
alongwith substantial interest charges invclved in
cheese storage has been shown to represent a significant
proportion to the total cost of procduction of cheese.
In order to cut down overall cost of production,
accelerated ripening has been the field of intensive
research during the past couple of decades. The
reduction in the ripening pericd can be attained
in several ways. Large number of studies conducted
on these lines and alsc investigations undertaken to
probe biochemical changes occurring during cheese
ripening, have been reviewed in this section and
are presented under following threc subtopics viz.
(i) Methods for acceleration of ripening of cheese
(1i) Biochemical changes during ripening of cheese
(1i1) Nutritive value of cheese
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1. £ eration of ri of cheese

Ripening of curd is an important step in
che-se making which imparts desirable flavour and
texture to the end prodict, lHowever, conventional
ripening requires fairly long period for its proper
accomplishment, It is known to depend on several
factors as
(n) starter cultures

In early days, the function of lactic aciad
bPacteria was thought primarily to produce lactic acid
toc establish the pH of the cheese (Evans gt al.,1914;
Evans, 1918; Kelly, 1932 and sherwocd and whitehead,
1934), However, subseguently it became apparent that
the production of lactic acid is not the only function
of a starter culture, These organisms, used as starter
cultures, are extremely important in hydrolysing
proteins and fat, thereby, contributing to the
development of characteristic flavour (Kelly, 1932;
Allan and Fnowles, 1933347 cherwood and whitehead,
1934; Dahlberg and Kesikowsky, 1947p Zielinska and
discox, 1954; Bmucns et al., 1960y Perry, 1961 and
Rieter ot al., 1967).
{a) ZIncreased rate of cultures

While during conventionsal preparation cof
cheese, starter cultures are added at the rate of
0e5 percent (Davis, 1976). Menshikov (1966) cbserved
that the rate of ripening can be significantly



accelerated when lactic streptocceccil starter
culture was usedat 6 percent concentration,
Law et al., (1976), on the other hand, failad to
£ind out any influence of incrcased starter proteinase
and peptidase activities on the flavour production,
Cn the contrary, Lowrie gt al. (1974) reported
bitterness in cheecse as the rate of starter culture
was increased.
(b) Imutant straing

Dilanyan et al. (1975) studied the
possibility of increasing the bicchemical activity
of lactic acid bacteria during cheese production
by using highly active X=-ray induced mutant of
the lactic acid bacteria, 7The use of X-ray
mutant (having proteolytic activity upto 60 percent
highcr than that of parent strains) significantly
shortened the ripening stage by about 25 percent
and yielding cheese of similar or perhaps of
better cualitye.

Armyansk cheese containing the mutants was
reported to be ripened more gquickly than control
cheese and mature flavour developed in 45 days
instead of 60 days (nuanyan ané Sarkisyen, 1970).

Dulley et al. (1978) used mutants of Strepto-
coccug lactis C, which did not produce acid from
lactose, to increase (by approximately 2X) the
number of starter bacteria im cheddar curd,
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(c) ZIreatment for starter cells
Various treatments are known to be
gliven to starter cells for accelerating the

ripeninc of cheese,

(i) Heat ghocked starter celils
Sublethal heat treatment at 59°C and

69°C substantially has b-en re-orted to delay
lactic acid production of mixed strain mesophilic
starter cultures or thermophilic streptococci and
lactobacilli while only reducing their proteoclytic
activity by 10«30 percent and the race of proteclysis
increased in Swedish Houshold cheese containing hezat
shocked cells equivalent to 4=5 times the normal
starter populaticn (Petterson and Sjostrom, 1975).
(ii) Solvent treated cells

Extarkate (1979) reported that treatment
of starter cells suspension with organic sclvents
resulted in the activation of some membrane bound
proteolytic enzymes, After further development of
this work, it is now possible to produce cells
which do not produce acid but have peptidase
activities upto 10 times greater than the normal
cells, It was considered possible that the increased
proteolysis and flavour intensity can be induced in
Gouda cheese by using washed solvent treated start rs
to the acid producing starter inoculum,
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(111)Hydrolysed bacterial cells

rlexeev (196€) reported the rate of
ripening to be approximately 1,5 timeg hicher in
experimental chcase using hydrolysed bacterial
cells due to active development of microbioclogiczl
and biochemical processes, ihe duration of
ripening for cheese manufacture with hydrolysed
bacterial starter may therefore, be shortened by
15«20 days without affecting the guality of the
product,
(@) Use of modified starter
Allen and Knowles (1933-34) showed that

the effect of & vigorous starter in inducing
subsequent proteolysis is very marked as compared
to that of a weak starter, It was concluded that
the effect of a mixture of starter organisms induced
greater proteclysis than the action of the species,
in another study, slurries of excellent and intense
Feta flavour were cbtained from curd which was
manufasctured with a culture of S.lactis C;, or a
1:1 mixture of this culture and Lactcbacillus casei,
when the slurries were stored at 30°C for 8 - 9 days
(Zerfiridis and Kristoffersen, 1970).

Shaligina et al.(1974) cbsecrved the shortimiag
of ripening period of hard cheecse from usual 1,5 to
6 months to 30 - 40 days by using special "Bukovinska®
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cheese startcer (consisting of 50 percent Strepto-
coccus cremoris and 50 percent Streptococcusg
diacetilactis) and selecting optimum temveratire
corditions for scalding the cura (32° - 35%),

Use of a disintegrated frozen bacterial cell
concentrate (DFCC), its cruds cell free extract
{CFE) or the cell debris (CD) as a supplament to
the normal starter in order to ac.elerate cheddar
cheese ripening was investigated by Davide and
Foicy (1979). A higher retention of the supplement
was achieved by incorvorating in the curd rather
than in the milk. Supplementaticn with CFE, CD or
DFCC increased protein breakdown in the cheese,
liberating small peptides and amino acids which
increased during ripening.

(B) Use of enzvmes to accelerate cheese ripening
Studies have becen reported on the
aczeleration of cheaese ripening by the addition
of various enzymes. Arsenova and Chebotarev (1972)
used purified pancreacin in the manufacture of
Roseiisgkii checse and cbtained pronounced flavour
in 45 to 50 days. The degree cf ripening was found
to be directly proporticnal to the amount of
pancreatin added to the milk,

Nakanishi and Itoh (1974) added a mocld
protease prepared from Aspergillus oryzae to
Gouda cheese before ripening at 13° - 15%, 1t
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was observed that after 30 days, the index

nurber of the cheese was 30.5. The characteristic
£lavour of the dme::s§ was retained altihough amino
acid pattern was different from that of commercial
Gouda cheese,

liofal and Abou~Dawood (1975) repcrted that
the addition of pepsin at a rate of 1.8 g/20kg
milk, accelerated the ripening of Domaiti cheese.

Sullivian and Infantino (1975) cbserved that
ripening time of cheddar cheesse was accelerated
significantly by spraying a solution containing
adenosine 3'=5' cyclic monophosphate at concentration
of Ce2 = 200 mg/1lb curd, over salted curd particles
before £illing the curd intc cheese hoops,

Free volatile acids, soluble proteins and
flavour production were found to be accelerated in
young ripened cheddar cheese by adding wvariocus
combinations of proteolytic and lipolytic commercial
enzyma preparations with salt to curd before pressing
(Kosikowski and Iwasaki, 1975).

AbdeEleSalam et al, (1979) studied the effect
of added gastric lipases on the ripening and flavour
development in Ras cheese and found the enzyme to
accelerate the development of flavour, particularly
when capalase K was used., In the subsequent year,
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the same workers found that cheese with large
quantities of added enzymes ( < 4g/10kg curd)
developed sharp flavour intensity after 45 days

of storage, however, flavour defects developed

cn advanced storage., The addition of small amount
of the enzymes improved the guality of cheese with
little or no flavour defects,

Marschke et al. (1980) described that the
addition of ‘Maxilact’ (a commercially available
Begalactosidase extract of the yeast Kluyveromyces
lactis) to checse milk resulted in shortening of
the ripening time of cheddar checse,

Addition of various fungal and mold proteases,
peptidases and lipases have been repcrted to
accelerate the ripening ofcheddar checse (Socd
and Kosikowski, 1979; Kalinowski et al., 1979;
Malkki and Mattson, 1981; Law and wigmore, 1582).
(C) Pre-treatment of cheese milk

Many workers have reported acceleration
in cheese ripening by pre-treatment of milk., Hofi
et al,(1973) reported that the addition of 0.5
percent of casein acid hydrolyzate to chesse milk
prior to its making shortens the ripening period
to 60 days.

Thompson and Brower (1976) reported that by
using milk which has 65 « 80 percent of its lactose
hydrolysed by lactase, cheddar cheese can be
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manufactured which after 3 - 4 months showed the
flavour, body and texture of characteristics of
6 - 8 months old checse,

weaver (1977) compared the hydrolysed lactose
cheddar cheese made by a new process involving
a prehydrolysis of lactose with lactase, with
control chedcar cheese made by traditional methods.
The increase in proteolysis resulted in a more
rapid texture improvement in the hydrclysed lactose
checge so0 that at 3 months, it was eguivalent to
a conventional cheddar cheese ripened for 6=9 months,

Benraddt et al. (1973) alsc reported a decrease
in ripening time of Grama cheese made from a milk
hydrolysed with lactase, Anon (1977) have described
accelerated cheese manufacturing process based on
lactose hydrolysis (at least 60%) with lactase
from Sacchromyces lactis.

Labuschagne and Nieuwoudt (1978) sug. ested
that the addition of Betawgalactosidase at the
rate of 0.3 g/lt milk at 30°C and left for 30 min
before the addition of starter, accelerated the
ripening of cheddar cheese,

Marschke and Dulley (1978) studied the effects
of varying the hydrolysis conditions on the quality
of cheddar cheese and found that 30°C for 1 hr was
more effective than 4°C for 18 hr.
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Hefi et al. (1979) reported that the additicn
of filtrates from a 2 drys o0ld culture of Bacillus
circulans to cheese milk before renneting, increased
lipolysis and proteolysis during ripening of Ras
cheese, Further, the filtrates from S5-days
culture of B.pumilus and B.cereus did not accele-
rate the ripening processe

Magdoub et al. (1980) reported that the
addition of cell=fres filtrates from 2-days old
milk culture of Bacillus cirulans (NRRL B=4284)
to checse milk prior tc renneting caused a highly
significant increase in counts cf total bacteria,
lactic acid bacteria and lactobacilli during
ripening, thereby, accelerating the ripening,

(D) Use of mincrals

Besides modifications of macromolacules,
addition of certain minerals to enhance ripening
of cheess: has becn attempted by several workerse

Hunter (1950) recommended the use of potassium
and manganese ions to enhance the growth of lactobacilli
and thus, to improve the flavour quality of cheddar
cheese, Furthermore, potassium counteracts inhibitory
action of higher concentration of sodium ions on the
growth of lactobacilli., Similar observations were
made by Peters (1960) and Demon and Galesloot (1962)
who showed that the addition of manganese to milk
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had a stimulatory effect on betacocci (Leuc.
cremoris) and enhanced citric acid fermentaticn,.
Hofi et ale. (1973) studied the ef’ect of
addition of trace elements on the ripening of
Ras cheese using two mix of several tr:ce elements
such as Mix-I (B, Mn, Cu, 4n, I, Be, Ti, su, Co,
Si and Ni) and Mix=-2 (Fe, Mn, Cu, Zn, Co and I).
Such additions accelerated lipolysis and proteolysis
and further hastened the ripening. Subsequently,
they studied the effect of various dilutions of
Mix=1l and Mix-2 added to milk at threc different
levels 1:500, 1:5000 and 1310000, It was seem that
1:500 dilution decreased the develomment of acidity,
lipolysis and protein degradation and resultant
cheese had inferior properties, The 135000 and
1:10000 ratio accelerated cheese ripening and the
development of typical flavour in koth of the two
mixture was superior to the control, Mix-2 was
found to be more effective than iiix-l in this
respect,
It would, thus, appear that trace elements
act as activaters or inhibitors of enzymes

responsible for cheese ripening.
() U £1 t

The level of moisture in the curd has
been shown to influence the ripening process while
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Sammis (1923) observed enhanced ripening of
cheddar cheese when the moisture content was
highe Van Slyke and Hart (1903) observed more
proteolysis at hicher moisture level in chzese
than at lower levels, On the basis of such
observations, Kristoffersen (1967) developed a
method for accelerating development of flavour
in cheddar cheese by raising the moisture lcevel
to 60 percent and further incubating at elevated
temperature of 30°C, Such treatment produced
stroeng £lavour in abocut 5 to 7 days instead of
3-!%nonths period required curing conventiocnal
ripening,

Singh and Kristoffersen (1969) applied the
accelerated curd ripening process to Swiss cheese
made from pasteurized milk, Slurries which contained
40 percent curd sclids, 1,61 percent :aCl and 1,3
parceat culture of propilonic acid bacteria, developed
full flavour after 4 to 6 days of storage. The
addition of glutathione (100 ppm) developed flavour
much faster, approximately 1 day earlier than
slurries without it,

In the subseguent year, Singh and Kristoffersen
{1970), reported a new methed in which conventicnal
starter and salt concentration of 3 percent as well
as high ripening temperature of 30 to 35°C were
useds The cheese ripened in 5 to 7 days.
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Shanley and sSutherland (1975) reported
slurries with 40 percent total solids with 3,2
percent saltse A mild ched’ar cheese £flavour was
obtained when slurry was stored for 12 - 17 days
at 25°%.

Dulley (1976) used slurried curd to accelerate
cheese ripening. The nommally mamuiactured chedcar
curd was blended with 5 percent sodium chleride and
3 percent sorbate. This was stored at 30°C and
incorporated into cheese by adding it to the curd
before cheddaring.

(F) Microencapsulation of cheese ripening system

Besides the use ©of ripening enzymes as
additives, attempts have been made to encapsulate
them, Wwhen the solutions of enzymes were added to
cheese milk, the distribution of enzymes was
homogenous, though it resulted in a considerable
loess of enzymes in whey., Law et al. (1975) reported
loss of 60 percent enzymes in whey which becomes
economically unfeasible,

Kosikowski and Iwasaki (1975) added enzymes
in powder form using salt as a carrier and reported
that there was approximately S-times less enzyme
requirement, However, a heterogencus enzyme
distribution may become a difficulty in practice.
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Enzyme microencapsulation provides another
possible means of accelerating cheese ripening.
Magee gt 2l. (1979) reported the encapsulation
in milk fat of a cell free extract of Streptococcus
diacetilactis together with substrates and cofactors
required for diacetyl production, This method was
found to have a great potential im accelerating the
cheese ripening process.

Other devicss/apcroaches

Klimovskii (1954) described a method by wirich
the bicchemical processes in cheese are speeded up
so that product can be used for the manufacture of
processaed cheese after 15«20 days of ripening.
Pasteurized milk is coagulated at 36°C within
15«18 min. by the addition of lar_e amounts of
starter culture (2-4i), the usual guantity of rennet,
the ccagulum cut and the curd scalded at 48°c for
50=-6C min, After draining cff whey, the curd is
helé for 30=60 min, till the pH falls to 5.1 = 5,3,
it is, then, ripened at 20°C for 15 - 20 days,

Von Bochlemann and Loidin (1974) nade some
experimants in which emulsified ripened cheese of
good quality was usad as & "sourdough" additive in
cheese makinge.

Govaryutkina et al. (1975) described a method
for accelerating the ripening of Sovetsky cheese,
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In this process, cheecse was ripened at 10-12°C
for 35-40 days and then, at 20-25°C during the
subsequent 20 days which stimulated the growth of
propionic acid bacteria.

Kalmikova and Prodanski (1976) suggested the
use of buttermilk for accelerating the ripening in
Dutch type hard cheese, Cheese, made with 30 percent
butter milk added to skim milk, had higher percentage
of soluble nitrogen than control che:se and was
ready for processed cheese in 30 days. Addition of
1:2 mixture of NayHPO, + NaH,’0, and sodium citrate
in cheese grains, especially cheddar curd, accelerated
ripening and eliminated the use of emulsifying salts
in subsequent processing.
Biochemical changes

The ripening of cheese is a complex phencmenon.
The physical state and concentration of the original
milk constituents as they exist in cheese, the
enzyme systems involved (both intra and extracellular)
alongwith additives such as sodium chloride and the
physical environment in which cheese is placed, all
influence the ripening process. The problem of
elucidating changes occuring during ripening is
further complicated because milk constituents are
changed by enzymatic action and by other chemical
reactions.
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Later

Water is necessary in cheese for the activities
of biological agents of ripening, ‘hecreas part of
it gradually evaporates during rirening, considerable
pertion becomes more intimately associated with the
proteins as ripening progresses (Van Slyke and Price,
1952), Such assoclaticn is either physiczl or
chemical in nature.

Proteins

Proteins underge proteclysis resulting in peptones
and peptides which on further decorpositicn may vield
theindivisual amino acids,

&8 the proteolysis progresses in checzse, the
insoluble constituents ars to some extent changed
toc soluble formse In early researches, ths rate
and extent of proteolysis was investigated extensively
as a measure of ripening, Van Slyke and Hart (1903)
found that during one year ripening period, the water
scluble nitrogen comprised 44.7 percent, amino nitrogen
28,4 percent and ammonia nitrogen 5.4 percent of the
total nitrogen.

Kosikowsky (1951) studied the role of production
of free amino acids, amides and amines in American
cheddar cheese from the date of manufacture over a
ripéning period of 180 days at 60°F. The appearance
of many free amino acids was very rapid in both raw
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and pasteurized milk cheese, At the end of two
days incubation at 60°F, 40 pervent of the number
of free amino acids that were found in the fully
ripened cheese had appeared.

Jacquet and Lencir (1954) determined nitrogen
distribution of Camembert cheese at different
intervals during ripening and reported the proportion
of sclu:le nitrogen as peptide increased while that
as proteose-peptone decreased, Ammonia was first
detected at the 18th dayv and rapidly increased to
25 percent of soluble nitrogen after a month.

Cremer (1974) found that in all the cheese
varisties examined, 5--t'.::«xse,j.u was cdegracded more
quickly than beta-casein by the milk ccagulation
enzyme used in the manufacture, Degradation of
baeta~-casein was significant in the {irst month of
ripening only in Gouda checse but almost all betaw
casein in 3 year ¢ld cheddar cheese wag degraded.

Lee (1974) studied cheddar cheese at varicus
stages of ripening and found that water scluble
proteins increased by 6,07, 4.73, B.24, 16,80 and
25,34 porcent respectively at Ist, 2nd, 7th, 30th
and 90th day of ripening,

A number of studies have been conducted on the
relationship between products of proteclytic charae
ctaristic and the flaveour of cheese, Harper and
swanson (1949) concluded that amino acids definitely



contributed to the typical cheddar flavour,
However, it is now generally accepted that amino
acids do not contribute directly to typical cheese
flavour, Kosikowsky (1951) found 16 amino acids
in cheddar cheese. The number varied to a certain
extent with the age of the cheese, yet for aged
checse the concentration of the major amino acids
differed betweesn various lots of cheese,

Varicus amines such as histamine, tryptamine
and tyramine are produced as a result of the action
of bacterial decarboxylase on amino acids such as
histidine, tryptophan and tyrosine, It was observed
that their presence in cheese varieties was responsible
to cause some toxic efiects in individuals who were
unable to metabolise these amines. Doeglas et al.
(1967) reported the presence of 85 mg histamine in
Gouda cheese variety. Sen (1967) reported the
presence of l-2 mg/g of tyramine, in cheddar,

. Mycella, Boursault and Blue Stilton cheese. Eitemmiller
énd /Koehler (1974) reported the presence of 71.0 mg/
100g of histamine in 3 samples of cheese ocut of 156
samples examined.

Voigt et al. (1974) reported that the highest
amount of tyramine and histamine in cheddar cheese
samples were 0,7 mg/g and 1.3 mg/g respectively.,
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Tryptamine was uniformly low or completely absent
in cheddar cheese.
Fat

Some degree of lipolysis and formation of free
fatty acids is important in almost all varieties of
ripened cheese, In scme varieties, lipclysis plays
an overriding role in typical cheese flavour and in
others such as cheddar, lipolysis is less predominant,
Cbviocusly, cheddar cheese made from skim milk does
not develop characteristic cheese flavour (Chren and
Tuchley, 1965).

Peterson and Johnson (1949) reported that in
beth raw and pasteurized milk cheese during the first
30 days of ripening, caperic, caprylic and capronic
acid were absent while n-butyric acid was present
at slightly lower levels than those of scme cheese
at 420 days. Acetic acid levels for both types of
cheese are approximately cne half than that of the
same cheese at 420 dayse.

sSheuring and Tuckey (1947) made a study of the
changes occurring in the fat constant values of
checse fat during the ripening of cheddar cheese.

The RM values were found to be higher at the conclusion
of study than at the beginning, indicating an increase
in water soluble volatile fatty acids during aging,
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The saponification number also tended to increase,
The Polanskf values, on the other hand, decreased
during the same pericd showing that water soluble
volatile acids were being reduced, The percentage
of soluble acids increased and the percentage of
inscluble acid tended to decrease, giving further
evidence of hydrolysis of the cheese fat,

The total free fatty acidsresulting from the
lipolysis have been shown to increase, although
erratically, in the contrcl cheese, These fatty
acids may combine with ethanol, known to be present
in cheese to formm esters or they may be enzymatically
oxidized to ketones, Such reactions may explain the
declining trends in respect of free fatty acids
(Jensen gt al., 1975).

Lactose

During ripening of cheese, residual lactose
retained in the curd is metabolised by starter
cultures resulting in the production of lactic acid,.

Kristoffersen and Falls (1965) reported lactic
acid concentration ranging from 1.1 to 2,0 percent
and an average concentraticn of 1,7 percent in
commercial samples of ripened cheddar cheese with
no apparent relationship between the acid content,
the age and the quality of the cheese.
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singh (1968) reported that initial lactic
acid concentration in cheddar curd slurries (0,56
to 0.,79%) were dependent upon the acidity at
milling,
Hutritional value of checse

Per capita consumption of cheecse has been
reported to increase from 5,1 kg in 1955 to 9.9 kg
in 1978 (Clson, 1981).

The nutriticnal importance of cheese in
comparison with other animal foods is presented
in the following table (MeA.FeFe, 1959):

Food item Quantity Protein Calcium Vit. A Riboflavi
(g) (mg) (I.U.) (mg)
Cheese 2 oz 14,2 460 738 0.28
Milk 7 oz 6e3 238 224 0.35
Egg 1(No.) 7.0 34 568 0.22
Fish(white) 6 oz 27.0 42 0 0.24
Meat 3 oz 14,4 o 42 0.21

It is evident that cheese is highly effective
in providing certain nutrients, as compared toc other
products, It was evident that 2 oz of cheese fulfills
requirement of protein, calcium,vitamin A and ribeoflavin
more effectively as compared with 7 oz milk, 1 egg and
3 0z of meat. A reasonable serving of cheese (approx.
2 oz) would provide a moderately active man, over half
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his daily requirement for calcium, nearly a third
of vitamin A and about a sixth of those for protein
and riboflavin, The importance of cheese in the
diet depends on its contribution towards dietary
proteins, calcium and vitaminA as these valuable
constituents of milk are retained in the curd
(Nilson et al., 1965).

Protein content in different varieties of
cheese has been reported to exhibit wide range
from 17.5 percent in Camembert and 36 percent in
Parmesan, The protein content in cheddar cheese was
found to be 25 percent (Anonymus, 1973). Kosikowski
(1965) repcrted 8 percent protein in cream type and
25 percent in cheddar cheese, Moderate variations
were observed within a single type of cheese as
evident from 16,5 percent for Camembert cheese
(Anonymus, 1973) to 20.9 percent as reported by
Eckhof-Stork (1976). In general, the protein content
in cheese appears to depend on the factors, mainly
the gquality of raw material used in respect of SNF
content and the moisture content in cheese.

Despite an extensive consumption of cheese,
there are only limited number of observaticns on
the protein quality of cheese.
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In 1933, Beadles reported that digestibility
of proteins in cheddar, Gruyere, Umbueger and
Roquefort cheese was identical as that of milk
proteins, The biclogical value appeared to be
unchanged in Gruyere cheese and slightly decreased
in the case of Umbueger., Reports of the 'University
of Readinc' (1941) further confirmed that digestibility
and biclogical value of proteins remained same as
those present in milk from which cheese had ieen
manufactured, On the contrary, Mitchell (1948)
showed that the maximum biclogical value of Gruyere
cheese to be 73 percent as compared to 90 percent
for milk proteins,

Dearden et al. (1945) reported biclogical value
of 72 percent, digestibility coefficient 98 percent
and protein efficiency ratio 3.3 for cheddar cheese,

Henry and Kon (1946) reported biclougical value
of 76 and digestibility of the order of 98 percent
when cheddar cheese was fed at 8 percent level to
ratse

Steen and Eggum (1968) reported that biological
value and net protein utilization for diiferent
types of cheese ranged from 64.8 to 77.2 and 64.9
to 75.7 percent respectively, The difference in
biclogical value could not be ascribed to amino acid
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composition, PFurther, the degrees of protein or
fat decomposition did not influence the protein
value,

Poznanski and Siudak (1971) cbserved net
protein utilization to vary between 53 to 64 percent
for hard, semihard and mold ripened varieties of
cheese and betwecn 60 « 76 percent for tdam, Rorepal
and mold ripened cheese, It may further be cbserved
that net protein utilizaticn values were lower than
those for skim milk powder. As regards digestibility
coefficient, the range between 90 - 95 percent was
observed in different varieties, It was seen that
the digestibility of checse was neither influenced
by technoclogy nor by the duration of ripening or
direction of technoclogye. Sehgal (1982) reported the
biclogical value 83,72 percent, digestibility
coefficient 87,91 percent, PER, 3e42 and N.P.Us 60,33
percent, The proximity of biclogical values cbserved
in various studies clearly suggested that near
uniformity in casein to fat ratio in starting
material, difference in technology adopted during
various kinds of cheese preparation did not influence
the biclogical value of milk proteins, Relatively
higher values reported by Sehgal (1982), however,
pose a question about the influence of other
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experimental factors such as the age of the animal
as well as the extent of depletion of protein
reserves,

Apparently, there is slicht decrease in respect
of both these parameters compared with the values
reported for milk, It may be pocinted at this stage
that though checse proteins are essentially milk
proteins in a broad sense, these are distinctly
devoid of whey protein, known to exhibit excellent
amino acid make up, The change in the protein
gquality cannot, thus, be solely attributed to the
effect of fermentation treatment during ripening
{Pozananski and siudak, 1971).

Fat

Fat content in the cheese is known to depend
on thekind of milk used in its preparation (Arsenova
and Chebotarev, 1972), It was observed that fat
content in cheese exhibited wide varlaticns amcng
different varieties of cheese as is evident from
22 percent in Camembert, 26 percent in Japanese,

28 percent in Swiss, 29 percent in Gauda and 30 - 32
percent in cheddar che:se. Wong gt al. (1577) reported
31,5 percent fat in cheddar checse, It could be

seen from the data given on fat coantent that the

kind of cheese whether soft, semi hard or hard

showed same degree of relationship with fat content,
Thus, cheese varieties either semi hard or hard were
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found to have relatively higher £at content than
other varieties, Close similarities in the fat content
for any given variety of che se is well understcod
in the light of near uniformity in casein to fat ratio
universally adopted, As regards another nmutritionlly
important factor namely, free and total cholesterol,
their content respectively, were repcrted to be 2,07
ard 247 mg/100¢ of hard cheese (Ismail and Ahmad, 1978).
Carbchycrate

Most of the lactose present in milk is lost in the
whey during milk ccagulaticn, Lactose content in cheese
was reportad to vary between 0,01 to 0,48 percent by
Frater et al. (1977). Kosikowski (1966), however,
reported very hig¢h values of lactose (2¥). Although,
the small amount of carbchydrate in cheese may not have
nmatritional significance but their products are available
and more directly concerned in the nutritional well being
of human subjects (Kosikowski, 196¢). The low lactose
centent in cheese further renders it suitable in the
autrition of lactose intolerantse.
Mipersls

Cheese is an excellent scurce of certain
minerals, particularly calcium and phosphoruse In
the chedlar checse, 80 percent of milk calcium and
70 percent of milk phosphorus are retained and
concentrated, Water soluble salts of potassium,
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acid, 144=2946 ng; biotin, 0,84=5,7 ng; folic acid
6e4 = 12,0 ug (shahani et al.,1962); vitamin B,,
0401 = 0,955 mg (Anagama and Knaya, 1968); Berger-
Grove, 1966; vitamin Byge 1448 = 4,26 pg (Hartman and
Dryden, 1965; Rasic and Panic, 1961) have been reported
per 100g of various varieties of cheecse, Besides the
inter-varietal differences, the variation within

the same variety could alsc be seen in respect of
several vitamins such as vitamin Bye 04012 - 0,55 mgs
folic acid, 5 - 17 ug (Hartman and Lryden, 1965)

Ege 04043 - 0,129 mg (Polanske and Tarpfer, 1965) and
Bge 0¢3 = 0,9 mg (Kon, 1972) per 100g of chedcar
cheese, 5Such a difference could be explained on the
basis of duration of ripening,

The contents of certain vitamins are known to
change during cheese ripening., Nilson et al. (1965)
reported a decrease in vitamin By, content during the
initial period of ripening then, an increase, while
folic acid has been observed to increase rapidly
during the first week of ripening and decrease
rapidly for next 6 weeks followed by a further
decrease though at a slower rate, for the remaining
period of ripening. Niacin and vitamin Bg were
further reported to increase during the initial
pericd of ripening which may be related to lactose
metabolism in cheddar cheese.
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hs regards vitamin By, De rdon et al. (1945)
reported no changes during the curing of cheddar
cheese, Uthexsnoted with cheddar cheese an initial
decrease in By that changed to a gradual increase
sc that the values at the end of six month were
same as in the begining (Irvine et al., 1945), In
the ripening of Gruyere cheese, riboflavin was
reported to destroy. rapidly during the first
month, fcllowing which the values stabilized
(Randoin and Causeret, 1953), In twiss cheese,
the content of the vitamin increased slightly from
third to sixth month (Hietaranta and Antila, 1953).
Some disappearance of vitamin was alsc noted in
the curing of Stilton cheese (Dearden ct al., 1945).
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ATERIALS AND METHODS

This study was conducted to assess the
nutritional cuality of accelcrated ripened processed
cheese and see changes during ripening of cheddar
cheese by this process.

Collection of samples

Five batches of processed checse made from
conventicnally ripened cheddar cheese and accelerated
ripened cheddar cheese were cbtained from the Division
of Dairy Technology of the Institute,

Manufacture of conventicnally ripened cheddar cheese
E acgeraged ripened dar cheese

The cheddar curd was manufactured by the standard

procedure (Davis, 1976). In the case of accelerated
ripened cheddar checese, after milling (at 0.5 percent
lactic acid) and salting, the curd was left in the
cheese vat overnight for the campletion of lactic
acid fermentation.

Following day the curd was shredded in cheese
shredder used for grinding natural cheese during
processing, Two parts of shredded curd were mixed
with one part of 5.2 percent sterile sodium chloride
sclution at 45°C ana ground in a micropulverizer,

The slurries were incubated at 30°C in 20 litres
‘aluminium cans. Slurry were agitated alternate day
to ensure proper aeration and to permit representative

sampling for analysis.
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Manufacture of groccgs“d‘cheeso

For the manufacture of pmcesficheeae.
procedure cutlined by Kosikowski (1966) was
followed, After about 8th day of storage at
30°C. cheddar curd slurry was procesced, Processing
was done by blending of slurry with normally 9 month
old ripened cheddar cheese, Sodium citrate (2.5%)
was added as an emulsifier, In case of accelerated
ripened processed cheese, 75 percent of ripened
slurry was mixed with 25 percent of 9 months old
cheddar cheese on total solid basis. In the case
of conventionally ripened processed cheese 60 percent
of young cheese was mixed with 40 percent of cld
cheese (2 month onwards).

Determination of proximate princivles

The following constituents namely, protein,
lactose, fat, moisture and total ash were determined
from checse samples as described below:
Determination of protein

The protein centent in the sample was determined
by using conventional microkjeldahl digestion and
distillation procedure as described in AQAC (1980),

Cheese sample (1 g) was digested with 10 ml of
conc. HySC, with the aid of a pinch of digesticn
mixture (xzso‘. Cus0,.5H,0 and Se0, in the ratio
of 40 3§ 8 ¢+ 1), The digested sample was suitably
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diluteds Five ml aliquot of the diluted digest

was taken for distillation and amvonia was liberated
by adding 5 ml NaCiH (80%) and collected in 25 ml of
boric acid (3%). This was further determined by
titrating against 0,028 HCl with 2 drops of mixed
indicator (0¢3 g Methyl red and 0O.lg methylene blue
dissolved in 100 ml ethyl alcchol).

Det.rmination of tctal ash

Total ash content 0f the sample was determined
according tc procedure described in ISI bulletin
(1267) .

About 3 g of sample was accurately weiched in
a silica crucible and heated initially on a low
£flame, followed by subsequent heating in a muffle
furnace at 550°C for three hours.

Determination of mcisture

Moisture content was determined according to
the method described in ACAC (1980).

Weighed quantity of cheese samples (3 g) was
taken in duplicate in a flat aluminium dish and
uniformly spread. It was heated in an oven maintained
at 100°¢ + 1°C, till the constant weight was cbtained.
Determination of fat

Fat was estimated following Gerber method
described in British Standards (1969).
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Three g of cheese sample was taken in
duplicate in cheese cups and inserted in cheese
butyrometer, 70 this was ad’ed 10 ml Cerber acid
(Spegr.1+80), 1 ml amyl alcchol and water to adjust
the volume, Having mixed thoroughly, butyrometer
was centrifuged for 5 minutes and the fat levezl
was recorded on the butyromcter scale, The
fat percentage was calculated using the following
formulas

Butyrometer reading x 3

Fat % =
Wte Of the sample

Determination of lactose

Lactose was estimated according to the method
of Acton (1977).

Two g of cheese sample was suspended in 10 ml
of 0,5 M NaOHe On mixing thoroughly, the volume was
adjusted to 100 ml with water, Further, 10 ml of
ZnsO, solution (10%) was added and the suspension
was made to 200 ml, The protein precipitate was
removed by filtration through Vhatman filter paper
Noe.l. In duplicate, 1 ml of filtrate was mixed with
1 ml of 5 percent phencl sclution in 150 x 25 mm
test tubes, To this 5.0 ml of concentrated H,S0,
was rapidly added. Tubes were heated at 100°C in
a water bath for 10 minutes. Cn cocling to room

temperature, the coloured complex formed, was read
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at 490 nm in a Klett Summerson photoelectric
colorimeter, Lactcse content was calculated by
extrapolating from standard curve, prepared in
the range of 0 - 100 ug lactose mononydrate/ml.
Determinatioﬁghinercls

The procedure for the estimation of phosphorus
was used as described by shovocova and Odavic (1969).
The chezse sample (1 g) was divested with 15 ml of
triacid mixture (HNCj, conc.HySU, and HClO, tzken
in the ratio of 9 : 3 : 1), The digest was suitably
diluted with water to give the final concentration
of 10 ug/ml of phousphorus. ~liquots of diluted
samples containing 1 ug - 10 ug phosphorus were
taken in different tubes and the volume was made
to 4,0 ml with glass distilled water, Cne ml of
colour reagent ( made by dissolving 3.5 g sodium
molybdate, 200 mg hydrazine sulphate and 50 ml of
conce HpSO4 in a total velume of 50U ml) was added
to all the tubese. ©On heating tubes in the boiling
water bath for 30 minutes, the intensity of blue
colour of phosphomolybdic acid produced was measured
in a Klet: Summerson photoelectric colorimeter at 640 nm,
Calcium
Calcium was estimated according to the method
described by Davies and hhite (1962),.
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One g sample was digested with 15 ml of triacid
mixture and the digest was suitably diluted with
watere TO 2,5 ml of digest, 0.5 ml of ammonium
oxlate (4%) was added with a drop of methyl red.

The solution was made alkaline by ad ing NacH (20%),
till a pale yellow colour was attained, HCl (1N) was
added till the colour further changed to pink. The
precipitate formed was allowed to settle at room
temperature for 4 hours and centrifuged at 1400 rpm
for 10 min, and saved, It was dissolved in 0,5 ml
of 1 N HCl and quantitatively taken for titration
after mixing with one ml of 0,05 M ethylene diamine
tetra acetic acid and 1 ml of NH, OH=H,Cl (pH 10)
against 0,015 M magnesium acetate using two drops of
Erichrome black T indicator (0.5 g erichrome T and
4.5 g hydroxylamine hydrochloride in 100 ml alcchol)
till the colour changed from blue to violet.

E ticn i

Vitamin A

Vitamin A was estimated according to the method
described by Carr and Price (1926).

Ten g cheese sample was saponified with 50 ml
of ethanol and 7 ml KoH (50%) for 40 minutes, On
cooling, it was extracted with 50 ml of diethyl
ether. The agqueous layer was repeatedly extracted
three times each time with 50 ml aliquots of diethyl
ether. The ethereal extracts were collected, nooled
and washed with water until free from alkali. On
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passing through anhydrous sodium sulphate, the
ethereal layer was evaporated on a water-bath. 7he
residue was dissolved in 5 ml chlorofomm,

Alicuots of the extract containing 20 - 100 ug
of vitamin A were taken and volume was made to 1 ml
with chloroform, On adding 4 ml of saturated Sbc13
solution in chloroform, the intensity of colour
produced was measured in Klett Summerson photoele-
ctric colorimeter at 620 nm,
Riboflavin

Riboflavin content in cheese samples was determined
microbiclogically using Lactobacillus casei (ATCC 7469)
as the test organism according to the method descro-ed
by Snell and Strong (1939),
Preparation of samples

Five g of cheese sample was defatted according
to the procedure described by Rose Gottlieb (1959),
by extracting it with 30 ml mixture of petroleum
ether and solvent ether (taken in a ratio of 1:3),

The defatted sample was further hydrolysed with
30 ml of 0,1 N HC1l and 5 ml of 2,5 M sodium acetate by
autoclaving at 15 1lbs pressure for 15 min. On cooling,
the pH was adjusted to 4.5 and hydrolysate was filtered.
The pH of the filtrate was further adjusted to 6.8,
It was suitably diluted so that the content of riboflavin
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was 0.1 ug per ml and used for assay., After 72 hrs
of incubation, the growth respcnse was measured
titrimetrically with 0,1 N NaCH using bromothymol
blue (0,04%) as indicator,

Folic acid

Folic acid was determined microbiclogically using
Streptococcus faecalis (ATCC 8043) as the test organism
as described by Freed (1966),

Preparation of sample:

Two g cheese sample was defatted accerding to
Rose Gottlieb method (1959) as described earlier.

The vitamin was liberated enzymatically by the
action of pepsin fcllowéd by the action of trypsin,
Defatted sample was suspended in 10 ml, of 0,1 N
HC1 and the pH was adjusted to 2, To this, 30 mg
pepsin (1:3000, SD's Lab Chemical Industry) was added
and the system was incubated at 37°%c for 2 hrs,

After incubation, 50 mg c:aCJI.2 was added and pH was
adjusted to 7,2 and 30 ml water was added, This was
further incubated at 37°C for 2 hours with 32 mg trypsin
(2000 units/g, HMerck). The pH of the sample was adjusted
to 4.6, filtered and the pH of filtrate was finally
adjusted to 6.8 and was made to volume to get the
concentration of 2 ug folic acid per ml, and used

in the assay.
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The growth response was measured titrimetrically
with 0.1 N NaOH using bromothymol blue as indicator.
Determination of frec fatty acids

Free fatty acid content was determined
according to method of Rao et al. (1972).

The fat from che:-se sample was extracted by
Mojonrier's mcethod. Five g of checse was made into
a slurry with distilled water, It was dicested with
5 ml of conc. HC1 for 5 minutes at 60°C. The contents
were transferred to Mojonuicr tube, and extracted
three times with a mixture of ethyl alcohol (95%),
solvent ether and diethyl ether (1:2:2), The
extract was washed with distilled water to make it
acid fre and dried in an oven at 100°C., The
residue was dissclved in 5 ml of ethanol and
titrated against sodium hydroxide (0,02 N) using
phenolphthalein as indicator.

Free fatty acid was expressed as cleic acid
and calculated by formula V X N x 28,8 where
V is the titre (ml) and N is the ncrmality of
alkali solution.

on e t utilization

Net protein utilization value for different

cheese preparations was determmined according to the

procedure described by Miller and Bender (1955).
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Twenty four young female albino rats weighing
between 50-55 gms obtained from the Small Animal House
of the Instituce were used in this study, Animals
were divided randomly into three group: with eight
rats in each, The average weight of animals in each
group was 52,5 ge They were housed individually in
anodized aluminium cages. Respective groups of
animals, identical in body weight, were given either
protein-frec diet or test protein dict providing
10 percent protein for 10 days., The composition of
the diet is given in Table I, Animals were fed
ad libitum and had frec access to water, At the
end of experimental period, the animals were sacrificed,
Incisions were made in the skull, thoracic region and
the carcass was dried in the oven at 105°C, till a
constant weight was attained, The dried carcass was
powdered to uniform finenesse.

Cne g of powdered carcass was taken for the
estimation of nitrogen as described earlier,

Eody nitrogen - Body nitrogen + N consumed
of test group of protein by protein

free group fre: group
NPU = X 100

Nitrogen intake

ati biol e
Biclogical value was determined according to the
procedure described by Mitchell (1924).



IABLE - I

Composition of test protein and protein
free diet per kg.

Ingredients Accelerated Conventional <Casein Protein

ripened ripened diet free

processed  processed diet *

cheese cheese
Product 199,2* 191,9* 133,33 -
Sucrose 70.0 70.0 70,0 70,0
Fat (oil) - - 80,0 80.0
Cellulose 10,0 10.0 10,0 10,0
Vitamin mix*-" 10.0 10,0 10,0 10,0
Salt mix** 40,0 40,0 40,0 40,0
Starch 670.8 67847 65847 730,0

* Frecze-dried samples were used for the
preparaticn of diet,

" Composition as given by Eggum and Jacobsenf19764

. Composition as in A0AC (1980).
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Sixteen female albino rats welghing between
40-45 g were obtained from the Small Animal House
of the Institute, Animals were divided randomly
in two groups of eight rats each and housed individually
in metabolic cages made of anodized aluminium, The
average weicht of animals in each group was 45 ge
Animals were maintained on 2 protein fre- diet for
a period of 10 days and then on a test protein diet
providing 10 percent protein for following periocd
of 10 days. Animals were fed ad libitum and had free
access to water, Durinc both dietary regime of 10
days, first three days were for adaptation, Urine
and faeces were collected separately and individually
durin; the next seven days. Frood intakes were
recorded daily. The urine was collected under few
millitres of toluene and 2 N HCl., Faeces were
collected during the observation period of 7 days.
These were pooled individually and the nitrogen was
determined using micro-Kjeldahl digesticn and
distillation procedure described ecarlier, Biological
value was calculated using the following formula:

Nitrogen digested - Nitrogen loss
in metabolism
BeVe = X 100

Nitrcgen digested

Nitrogen digested = I - (ra - r.)
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In = Nitrogen intake

Pn = lNitrogen in faeces of test group

F = Nitrcgen in faeces of protein free group
Nitrogen lost in metabolism = Un - Ue

vwhere:
U, = |litrogen in urine of test group

U, = litrogen in urine of protein free group

- (F_ =-F) = (U «-U_)
‘1‘hus.!3.\r'.= In - s - 2 X 100

In- (Fn = Fe)

On the basis of cbservaticns made on the nitrogen

intake and faecal nitrogen during biclogical value
experiment, digestibility coefficient was determined
according to Mitchell (1924) as follows:

Nitrogen intake = (Faecal nitrogen -
Endogencus N )
DCe = X 100
Nitrogen intke

From the data on protein intakes and gains in
body weight obtained during the determination biological
value, modified protein efficiency ratioc (PER.) was
calculated as given by Venkata hao (1964).

Gain in body weight -~ Loss during protein
repleticn based on 10 days

P © Protein intake (g)
Protein Efficiency Ratlo

protein efficiency ratio was determined according
to the procedure described in AOAC (1980).
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Weanling albino rats of either sex weighing
30 - 40 g cbtained from the animal house of the
institute were divided in the groups with eight
rats in each., The average body weight of rats in a
group was 35,0g.

The animals were housed individually in anodised
aluminium cages and fed ad libitum test protein diet
providing 10 percent protein for a period of 28 days.

A group of eight animals identical in body
weights with the test group was maintained on a protein
free diet (Eggum ané Jacobsen, 1976), to calculate net
protein ratio (Bender and Doell, 1957).

Gain in body wte + Loss in body wte. of
of test group protein free group

Protein intake (g)

Statistical analysis

The data obtalned were subjected to statistical
analysis to verify the trends that were cbserved from
results and to ascertain if the difference between
two types of cheese is significant. This was done
according teo the method suggested by Snedecor and
Cochron (1967).

One way classification of analysis of variance
was used to study the significance of the difference
between the effect of two types of rennets used for

NPR =
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the purpose of study,
The mocdel used was:
Y“ = u + °Ci e Eij

13 = The observaticn corresponding to it'h

treatment (rencet) for jth replicates

(animals)
u = The overall mean
*1 = The effect of 1th treatment

EU = The random error

The analysis of variance tables were tabulated
and the influence of effect was tested for statistical
significance by F test.

Further, the means for each treatment and for
each character, under study, werc calculated with
respective standard errors and are presented.
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RESULTS AND DISCUSSION

It was seen in the earlier section that
sizable informaticon exists ca the nutriticnal
characteristics of conventionally ripened cheddar
cheese. However, relatively little is known about
an accelerated ripened product, +hereas several
biochemical reactions are known to ensue during
conventional ripeninj, the extent of changes that
could be seen in the end product cepends considerably
on the pericd for which starter cultures act, A8
mentioned earlier, the process of ripening is
accelerated so as to attain the desired organcleptic
characteristics within a shorter periocd in ccntrast
to prolong period of three to six months required
for conventional ripening, This factor, comprised
of variations in respect of moisture, temperature
as well as other additives, could distinctly distinctly
influence the nutritional character of the resultant
product.

Data obtained on these lines are presented
in this section.

Proximate composition

Data on the proximate composition of two types
of cheese samples are given in Table 1 and its stati.

stical analysis in Table 1A and 1B, Samples from



TABLE 1, Proximate composition*of conventionally ripened (Type A) and
accelerated ripened (Type B) cheddar cheese,

Product Bateh Moisture Drymatter Protein Fat Lactose Total P i F
Ne ash (on §¥§ matter sis)

I 37.49 62.51 25,00 33,0 0,14 3,38 39,88 52,79
11 39,00 61,00 25,36 32,0 0,19 3.36 41,57 52,46
Type A I 39,06 60,94 24,29 3345 00,11 2,36 39,86 54,97
Iv 37,56 62,44 25,90 33,0 0012 2.54 41,16 52,85
\% 35,00 65,00 26,26 33,0 0,20 3,86 40,50 50677
Mean 37.62 62,38 25,36 32,9 0,15 3.15 40,62 52,77
+ EL.E, + 0,73 + 0,73 + 0,34 + 0,24 +0,02 40429 + 0,33 + 0,67
I 60,00 40,00 14,29 20,0 0,21 4,00 35,72 50,00
IX 60,46 39,54 14,64 19,0 0024 3.88 37.02 48,05
Type B I11 59,67 40,33 15,72 20,0 0,20 3.20 38,98 49,59
iv 63,67 36,33 14,11 18,0 0.25% 2,00 38,83 49,54
\'4 61,66 38,34 15,18 19,0 0,26 3.40 39,59 49,55
Mean 61,09 38,91 14,78 19,20 0,29 277 38,03 49,35
4 S.E. + 0,72 * 0,72 + 0,29 + 0,37 10,10 +0,13 + 0,72 + 0,33
CeDe 2,98 3,00 1,50 1,42 0,04 NeBe 1,99 1,92

* Expressed as g/100g, except stated, otherwise,
CeDe = Critical difference
HeSe = leM. significant



TABLE 1A,

Analysis of variance for proximate principles

source of da.f.

MeSalie
variation Moisture Drymatter Protein Fat Lactose Ash Prote Fat
(en Efigatter‘baa s )
?m 3 580,.8 581.4 141.3 197.5 0.046 0,243 60,7 50.4
our
types of
cheese
samples
within cone
type of
checsge
Error 12 2,39 2.42 0,60 054 0.0005 0,279 1,07 0.99

Total 19




&

TAEBLE 1B, Analysis of variance for proximate principles

Source of
variation

F yvalue

Moisture Dry matter Protein Fat

Lactose Ash Protein Fat  F tab.

(on dry matter basis)

Betvieen
four
types of
cheese

Between
samples

within cone

type of
cheesge

242,3%% 239,3** 235,4** 361.,9%% 79 1%* O.87NS $6,7%* 50,6*" Fo.°1=5.95

F0.05-3.49

0083 0083 0036 2.49 1.30 1.21 2.29 FO.G1-5041

30.05'3.96

** gSignificant at 1% level

NS Non significant
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five different batches of che se preparatiocn were
taken for this study in order to eliminate possible
batch to batch variations, It was found that batch
to batch variations in respect of all parameters
studied were non-significant,

Although the protein and fat contenis were
markedly low in case of type B chcese, mcisture
and lactose content were significantly higher ( P £ 0,01).
On the other hand, total ash content did not vary
significantly, However, when data were expressed on
dry matier basis, these differences in respect of fat
and protein contents were cobliterated, Higher values
observed for lactose content in Type B cheese despite

of shorter ripening period, could possibly be the
reflection of its less utilization by starter cultures.

It was further cbserved that values for different
constituents obtained in the present study and expressed
cn wet weight basis, compared well with thosge reported
earlier by different workers (Kosikowski, 1%667 Ancnymus,
19733 Eckhof, Stork, 1976 wong et al., 1977 and

Sehgal, 1982).
such similarities, particularly in respect of

protein and fat content, are understandable in view
of the near uniformity in the casein to fat ratio in

-

milk preparations used in different studies. -pﬁ;ﬁ?\
L ot 3\-\3

k‘
. kkﬂn“

A\,~ ,.t
~ -
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values for lactose content £4all within the wide
range of 0,01 to 0,48 percent repcrted earlier by
Frater et al. (1577).

Higher moisture content in the case of Type B
cheese is the result of special treatment given to
the product to facilitate ripening.

Calcium and phosphorus

Xeeping in mind the potential value of cheese
in supplying calcium in the diet, contents of calcium
and phosphorus were determined in both types of cheese
and data are presented ia Table 2 and its statistical
analysis in Table 2A., The statistical analysis
showed that there was no significant batch to batch
variation. However, values for Type . chesse were
higher when compared with those for Type 5. This
could be primarily due to higher moisture content
in Type B cheese as mentioned earlier,

Values for these two minerals were comparable
to those reported earlier by Kosikowski (1966);
Anonymus (1973) and sSehgal (1982).

Ripening is an extremely important step during
cheese preparation. Besides several chemical changes

responsible to impart organcoleptic characteristics
to the product, there is a significant increase in
the nutriticnal value of cheese, particularly éue to



TABLE 2, Calcium and Phosphorus contents of
conventionally ripened (Type A) and
accelerated ripened (Type B) cheddar

cheese,
Product Batch No. Calcium Fhosphorus
I 886 569
II 8386 587
Type A III 1002 631
Iv 1117 594
v 1115 618
Mean 1001 600
& Seke + 51.68 + 11,26
I 770 344
II 770 356
Type B Il 770 350
Iv 654 375
v 539 350
Mean 701 355
4 SoEe + 46,52 + 5.46
CeDe 214,20 29,31

Expressed as mg/100g



TABLE

27,

Analysis of variance for calcium and phosphorus

Source of
variation

defe

“.S.s. .P.

Calcium rFhosphorus Calecium Fhosphorus

gectvween
four types
of cheese

Between
samples
within one
type of
chease

Error

i2

116499 60067 Qed7%* 144,9%*

15459 444.,3 1,25%8 1,07°

12291 414,.3

Total

19

NS

Significant at 1% level

Non significant
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synthesies of certain vitamins of B group, As
mentioncd earlier, since the two procedures adopted
for ripening in this study markedly differed in
respzct of several factors, experiments were
conducted to see the extent to which the ripening
was accomplished by measuring the level of free
fatty acids produced, Further changes in the levels
of vitamin B,, fclic acid as well as fat soluble
vitamin A were determined and data are presented
in Tables 4 to 6(i) alongwith their statistical
analyses in Tables 4A to 6A(1), respectively.
Total free fatty acids

The degree of ripening is often judged by the
extent to which levels of soluble nitrogen, free
tyrosine and free fatty acids are altered, Of these
measurements, free fatty acids have arocused interest
in recent years in view of the association of these
fatty acids or their derivatives with organcleptic
properties of cheese (Niecuwoudt, 1977). Levels of free
fatty acids were, therefore, determined in Type A and
Type B cheese at different stages of ripening and
data are dgiven in Tables 3 and 3A.

It was observed that as the ripening progresses
in case of Type B cheese, there was a progressive
increase in the level of free fatty acids changing



TABLE 3,

Total frec fatty acid contents in conven-
ticnally ripened (Type A) and accelerated
ripened (Type B) cheddar cheese at different
st:ges of ripening,

il 0 day 4th cay 8th day
I 115,2 23,04 36,92 46,08
i1 112,89 120,73 35.71 47,23
I1I 116,35 21,.8¢ 384,21 46,08
Iv 110,59 15,58 24,56 48,38
v 115,20 23.08 35,71 46,08
Mean 114,04 21,66 36,22 46,77
i SeEe _'t 1,03 i 0.067¢ -t 0,624 * 0.461
Expressed as mg oleic acid/100g
TABLE 3A, Total free fatty acid contents in conventionally
ripened (Type A) and accelerated ripened
(Type B) cheddar cheese when expressed on
dry matter basis,
Batch Type A Type B
_— 0 day 4th day 8th day
I 184.28 60,09 94,68 115,20
IX 185.06 53.15 90.40 119,44
IIX 190,92 56,10 97.48 114,25
IV 177,11 53.64 93.40 133.16
v 177.23 61,05 93.85 120,18
Mean 182,922 56,806 93,362 120,440
+ SeEe + 2,62 & 1,627 1 l.141 + 3,39

Expressed as mg cleic acid/100g



TABLE 3(i). Analysis of variance for total frec
fatty acids.

Scurce of d.£. SeSe MeSeSe S A
variation

Between four 3 25087 8362 3625 **
types of
cheese

Between samples 4 14,66 3.66 1,585

within one
type of cheese

Determination 12 26,66 2630
of samples

Total 19 25129,32

*%* Significant at 1% l=vel
NS Non Significant

TABLE 3A (i), Analysis of variance for total free
fatty acld expressed on dry matter basis,

sScurce of defe Sele MeSeSe ‘ps
variation

Between four 3 42208 14069 625,88**
types of

cheese

Between samples 4 18,33 4,58 0.203Ns
within one

type of cheese

petermination 12 269,75 22,47

cf samples

Total 19 42496

 O—

#% gignificant at 1% level
NS yon significant



Fig.1.

Effet of ripening period on fotal free faty acids
in  accelerated ripened cheddar cheese .

A—Conventionally  ripened cheddar cheese

B—Accelerated ripened cheddar cheese ( 0 Day)

C—Accelerated ripened  cheddar cheese (4th Day)

D—Accelerated Tipened cheddar cheese (8th Day)

(CI0n wet weight basis, F30n dry matter basis )
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from 21.6 mg on 0 day to 46,7 mg on Bth day.

However, even at thig stage, the contents were
markedly lower tham those present in Tvpe /. cheecse

at 6 to 8 months of ripeaing, Such difference is
possibly due to the result of steady accumulation

of free fatty acids during the course of 6 to & menths
in cacze of Type - cheese,

Although the values of total frez fatty acid
were low for Type B cheese, yet it was having more
lipolytic flawvour as compared to Type ~ cheese, This
may be due tc furth.r enzymatic oxidaticn of fatty
acids to ketones or combibation of these acids with
ethanol, known to be present in cheese, to form
esters (Jensen gt al., 1975).

As menticned above ripenins has been demonstrated
to influence the levels of different vitamins of
Begroup in the curd, Beside starter cultures, other
exteraal factors like temperature, moisture as well
ag :he lactose content initially present in the curd,
markedly influence the levels of certain Begroup vitamins,
while the dependence of nicotinic acid and vitamin Bg
were shown to depend on the lactose content in the curd
{(Nilsong41965), little is known about its effect on
other important vitamins like riboilavin and folic acid,
Though, most of lactose originaily present in milk is
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lost in whey durlng curd separation, the residuzl
amounts that remain could still exhibit effect on

the levels of these vitamins, =& study was therefore,
extended to see, how the levels of these vi:tamins
change during the course of accelerated ripening,
Analysis on samples collected on 0 day, 4th day and
8th day were made and data were comparedi’l’v‘kélues
observed in the case of ccnventionally ripeonzd cheese
Tables 4 to 6A(1).

It could bs scen f£rom the data on £olic acid
that the contents markedly increased as ricening
progressed. The values were 11,06 ug, 33,92 ug
and 44.13 ug/100g at 0, 4th and 8th day of ripening
as against 18,94 ug/100g in the czse of conventicnally
ripened checse, Data when expres-ed on dry matter
basis, too, exhibited identical trend in the vitamin
content, It was further cbscrvad that levels of
folic acid in cheese ripened conventionally for 6
to &€ months, were very close to those present
initially (0 day) in the accelerated ripened cheddar
cheese., Data on conventionally ripened cheese
obtained in this study, dc not reflect the interme-
diate changes in the concentration of vitamins
undergone during this process which were reported
to be prominent by Nilsof (i975). It would appear



TABLE 4, Folic acid content in conventionally

ripened (Type A) and accelerated ripened
(Type B) cheddar cheese at different stages

of ripening
Batch Type A T B
No, i
0 day 4th day dth day
X 19,00 12,33 36,11 44,33
F ¥ 3 20,44 11,33 32,44 42,66
I1I 17,00 877 30,55 47433
Iv 19,66 1111 34.88 43,67
\' 14,11 11,77 36,00 42,66
Mean 18,04 11,06 33.99 44,13
+ Sl.E. + 1.13 + 0,61 + 1,08 + 0,86

CeDe = 4,32

Expressed as ug/100g

TABLE 4A., Folic acid content in cheesg samples
expressed on dry matter basis.

Batch Type A Type B

o 0 day 4th day 8th day

I 31.14 32,15 92,58 110,82

II 33,51 29,05 82,12 107.89

Il 27.00 22,50 77.93 117,35

IV 31.48 30,43 94,28 120,20

21,70 3i,.11 94,61 111,26

\'4 .
.04 88.30 113,50
Mean 28.96 +2§.71 1 3.47 :'2.27

C.De = 10,26

gExpressed as



TAB
ASLE 4(i). 2analysis of varlance for folic acid

Scurce of g, s -

variation “e Sele MeSeSe tp
Between 3

four types 3383 1127 224,2*~
of che=se

Between 4 11,29 NS
samples within * 2.82 0456
one checsge

Determination 12 60,4 5.02

of samples

Total 19 3454

*% significant at 1% level

NS yon significant

TABLE 4A(1). Analysis of variance for folic acid
expressed on dry matter basis.

source of duofe SeSe MeSeSe '
variation

Between 3 27434 9145 323.,2*%*
four types

of cheese

Between 4 150,5 37,61 1.32NS

samples within
one type of

chaecse

a0. L .29
petermination 12 339:6 282
of samples
e 19 27923

Xk signixicant at 1% level,
NS yon significant
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on this account, that accelerated ripened cheese
holds an edge over ccnventionally ripcued chicese,

Relatively little data are availzble on the
variations in the vitamin content occurring during
accelerated ripening,

Valueg oktained for this vitamin compared
well with those reportad earlier Ly Shahani et al.
(1962) s Gregory €1975) ané Shegal (1982),

A8 regards vitamin 3,, it was obsaerved that
when data were presented on wot weight basis, Type A
cheese showed signiiicantly higher values ( P < 0,01)
than Type B checse at any stage of ripening. iHowever,
when expressed cn dry matter basis, these differences
were found tc be nonesignificant, 1t was furthsr
cbserved that vitamin 5, content remained virtually
unchanged during ripening. Possibly, starter cultures
either do not exhibit vitamin synthesizing capacity
or the time chosen for ripening was not adequate to
make changes, if any, visible,

Values obtained for this vitamin compared well
with those repeorted earlier by Hartman and Dryden
(1965} who recorded 0.5 mg vitamin B, per 100g of
cheddar vheese, +rhereas in another study, the
content was Oe.46 mg/100g (Ancnymus, 1973).

The trend in the change of vitamin B, level
observad in accelerated cheese was almost similar



TABLE 5 Vitamin Bz content in conventicnally
ripened (Type A) and accelerated ripened
(Type B) cheddar cheese at dlfferent stages
of l'ip(:‘nin’, N

E:tch Iype A Ty;e B
0 day 4th day  &th day

I O.42 C.15 0.12 OelB
b % 3 0443 Co18 0024 Ce23
III De47 Qe24 .25 0a25
Iv 0437 Oe24 0.25 .24
v 0.48 Ce25 0,23 0623
Mean Ce43 Ce22 0,23 0e23

Cele = 04,045

Expressed as mg/100g

TABLE 5A. Vitamin B, content on dry matter basis
in cheese samples

Batch Type & Type B

Noao
0 day 4th day 8th day

I Q.64 Ce50 0.49 0,48
II 0.70 0.47 0.353 0.58
IIX 077 0463 0465 0462
IV 0,60 Q.67 0,69 0.68
v 0.75 0.68 0.66 0.68
Mean 069 0.58 0,60 0.60
+ SeEe 0403 40,04  $0.03 0,03

CeDe = Non significant

Expressed as mg/100g



TABLE 5(1)s Analysis of variance for vitamin B

content 2
Source of defe SeSe MeSeS JF
variation :
Between 3 001596 090532 84.56**
four types
of cheese
Between 4 00,0106 0.0020 4,22%

samples within
ocne type of
checse

Determination 12 0.0075 6.0006
of samples .

Total 19 01778

* Significant at 5% level

** Significant at 1% level

TABLE S5A(i)e Analysis of variance for vitamin B,
content on dry matter basis,

Source of Qefo SeSe MeSeSe tpe
variation

Between 3 040335  0,0111  3.30%°

four types
of cheese

Between 4 0.0778 0.0194 Se74%*

samples within
one type of
cheese

Determination 12 0,0400 0.,0033
of samples

Total 19 0.1520

** gignificant at 1% level,
N5 non Significant
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to that reported for conventicnally ripened cheese
(Deardeon et al,, 1945),

Cbhgervations were alsc made in regpect cf
fat soluble vitamin 2, It was seen that vitamin A
content was significantly higher (P 0.01) in Type A
cheese as corpared tc Type B when expressed on wvet
weight basise The values vhen expre-sed on dry
matter were also higher for Type - cheese. Such
diiference could be partly explained on the basis of
higher £at content in Type A cheese, in the light
of observations made by Davies and Moore (1939) and
Deardon gt al. (1945) who showed vitamins content
to be dependsnt on fat content of chasse, Iurther,
the diiference in vitamin A contents in statting
material, which was different for Type A and Type B
cheese preparations, would also reilect in such

differences.
There was no significant chenge in vitamin A

content during the different stages of ripening of
Type B cheese, Similar observations were made in
other studies by Guerrant (1938); Higuchi and Peterson
(1946) and Todhunter (1942) in the case of cheddar
cheas@e

values obtained for vitamin A content of Type A
cheese compared well with those reported earlier by



TABLE 6, Vitamin A content in conventionally
ripened (Type A) and accelerated ripened
(Type B) cheddar che se at diff-rent
stages of ripening

Batech Type A Type B
NOo
0 day 4th day 8th day

1 | 1112 612 637 625

II 962 625 612 625
III 1087 562 625 625

Iv 1112 550 562 600

\'] 1150 550 587 600
Mean 1084.6 579.8 604 615
_f_ Sele : 32,34 .t 16,12 "_"_ 13,53 : 614

CeDe = 89,78

Expressed as I.U./100g

TABLE 6A, Vitamin A content in cheese samples
expressed on dry matter basis,.

Batch Type A Type B
lice
0 day 4th day &th day

I 1779 1597 1634 1562

II 1577 1602 1550 1580
I1I 1783 1442 1570 1549

Iv 1780 1506 1520 1651

v 1769 1506 1544 1564

1737.6 1530.6 1563.6 1581.2

-’:.::E. + 40,32 + 30,55 + 19,37 + 18.18

C. D. = 127. 53
Expressed as I.U./100g



TABLE 6(i)s Analysis of variance for vitamin A.

swro‘ of d0£0 Sele M.b.S. 'pe
variation

Between 3 884636 294878 136,4**
five types
of cheese

Between 4 4459 1114 0.515°
samples within

one typeof

cheese

Determination 12 25923 2160
of samples

Total 19 915020

** significant at 1% level,

RS Non significant

TABLE 6A(i), Analysis of variance for vitamin A
expressed on dry matter basis.

Source of defe SeSe MeSeSe °F?
variation

Between 3 126931 42310 De39%*

four types
of checse

Between 4 10923 2730 0,606"°

sanples within
one type of
cheese

Determination 12 54036 4503
of samples

Total 19 191891

** sjignificant at 1% level
NS yon Significant
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Hartman and Dryden (1965) who recorded 1129 I.U.
vitamin A/100g and in another study, the con-ents
were 1310 I.U. vitamin A/100¢ (Anonymus, 1973).

Proxim-te compositicn of proces od che:se

Cheddar cheese is rarely consum=d in its original
form and is often processed by mixing ripened cheese
with young cheese and further civing different
prececsing treatments to cbtain processed chee=se,

The study was further extended to see the nutritionzl
value of processed cheese with scocial reference to
its composition and protein quality, since such
information was considered to be quite important.

Data obtained on the proximate compositicn of
process checse made from conventicnally rip ned
(Type C) and accelerated ripened (Type D) cheese,
are given in Table 7. It was seen that there was
slight but significant difference in the composition
of two types of cheese (Tables 14, 1B and 7). Values
for proximate principles were observed to be higher
in the case of Type C cheecse than Type D cheese, This
could be attributed tc the hich meisture content of
Type D cheese., Vhen expressed on dry matter basis,
the difference in protein content in the two types
of cheese was markedly narrowed, making it non-

significant, However, slightly, but significant



TABLE 7, Proximate composition*of conventicnally ripened (Type C) and
accelerated ripened (Iype D) processed cheese,

Product Batch Moisture Dry matter Protein Fat Lactose  lotal Protedi Fat
Noe ash (cn dry matter basis)

I 40,22 592477 46480 29,0 0,30 2,56 44,82 48,51

i1 39,95 60,05 27.51 28,0 0,29 3012 45,81 46,63

Type C 111 41,66 58434 25,90 28,0 0.32 3,00 44,39 47,99
Iv 42,30 57430 26,61 27.0 0.26 2,80 45,11 46,79

v 41,32 58,67 26,08 29,0 0.30 2,40 44,46 49.43

Mean 41,09 58,90 26,58 28,2 0429 2. 77 45,12 47.87
‘_"_ SeEo . 4 044 .'t 0455 j’_ 0,29 i 0,37 _“;0.01 10.13 + 0635 . 053
I 50,22 49,78 22433 23,0 0637 3.26 44,86 46,21

II 53,78 46,02 21,43 20,0 .40 3,00 48456 43,46

Type D I1I 54 400 46,00 20,54 21,0 0635 2,90 44,65 45,65
v 51,55 48,45 21,61 22,0 0,38 3.40 44,60 45,40

v 53,77 46423 20,54 21,9 0,40 3,10 44,43 45,43

% SeEe + 0,76 + 0477 + 0434 + 051 0,01 10609 1 0439 + 0,43
CQD. 2.98 3.00 1.496 1.42 0.043 '.1.; L] 1.99 1.92

* Expressed as g/100g, except stated, otherwvisec,
CeDe = Critical difference
eS¢ = Non significant
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difference persisted in case of iat contente

Ags reqg-rds calecivm ang phesohorus contents,
it was cvident from the ¢ata (Tables 24 and 8) that
the calcium content in two t pes of chcese did not
differ significantly while there was found to be
a significant difference (F <0,05) in the phosphorus
cocntent of Type C and Type D cheese.
Biclogical evaluation of protein gquality

Data presented in the previcus scction showed
that when expressed on dry matter basis, protein
contents were identical in both types of cheese
preparationse The Quality of prouieins, however, 1is
not reflected by the quantity present in the food,
The difference in the processes adopted curing
ripening could profoundly influence the guality of
protein, particularly in respect of its digestibility
or degradaticn and utilization of one or more essetial
amino acids by starter cultures, In order to see if
protein quality, in any manner, diifered in these two
preparation:, biclogical evaluation of protein quality
was made using young albino rats as the experimental
mocdel, This has been done by measuring (1) their
growth promoting abilities, (ii) studying the nitrogen
balance and (iii) determining nitrogen deposited in
body carcass, when oxperimenﬁl animals were maintained



TABLE 8, Calcium and Phosphorus contents of
conventicnally ripened (Type C) and
accelerated ripened (Type D) processed

cheese,
Product Batch lio, Calcium rhosphorus
mg/100g mg/100g
I 770 344
II 770 356
Type C III 770 350
Iv 655 375
v 539 350
Mean 701 355
+ SeE. + 46,3 + 5,36
I 542 375
II 799 394
Type D I1I 770 350
Iv 683 381
\' 770 419
Mean 713 384
2'_ Sele 1 47.05 e 4 11,36
C.D. = 21‘.20 29.31 at 1% lﬁvel

CeDe = 152.88 28,05 at 5% level



on diets containing these test protein sources,
Data are presented in this section.
E £ o (PER

Data on protein intake as well as gains in body
weight in animals when maintained on test di.ts are
present in Table 9, It was seen that protein
consumption in groups maintained on t st checse diets
was very close and did not differ significantly
(Table 9A). However, under these conditions, gains
in body weight were apparently higher for animals
maintained on diet containing of conventionally
ripened processed cheese (Table 9B), This was
further reflected in significantly higher PER value
(P <0,01) for the group maintained on conventionally
ripened processed cheese (Table 9C), Interestingly,
values were markedly higher than those cbserved for
cantrol group receiving 10 percent casein in the
diet,

Though, it would appear that the quality of
protein from conventionally ripened processed cheese
was better than that from accelerated ripened cheese,
such influence could be marred in view of the limitations
in this procedure, It was reported by Venkata Rao
et al. (1964) and Hurt gt al. (1975) that gains in
bedy weight do not solely reflect the magnitude of



TABLE 9, Protein efficiency ratio (P:tR) for groups receiving
experimental diets.

Diet Noe. of Average Average Average Average Average
gnimals indtial £inal protein gain in PER
in each welght weight intake in weight in
group 28 days 28 days
(g) (g) (g) (g)
Type C 6 36,0 101,.8 26,0 6546 2,51
+0,02
Type D 8 33,9 113,1 27,2 79.1 2,82
+0,04
Casein 8 34,3 111,.4 29,5 76,5 2,58
40,09
CeDs 1,38 4,18 0,107

Type C « Accelerated ripcned processed cheese

Type D « Conventiocnally ripened p:.ceszsed cheese,



TABLE 97, ’nalysis of variance of dietary intake
©f protein in PEiR experiment.,

Source of defs SeSe MeSeSe 'p
vacxiation

Between 2 52,99 26449 27 ,89%*
groups

Errorx 21 19,95 0,949

Total 23 72,93

** Significant at 1% level

TABLE 9B, Analysis of variance of gain in weight
in PER experiment

Source of d.£. SeSe MeSeSe ‘P
variation

Between 2 817 409 46,64 **
groups

Error 21 184 8476

Total 23 1000

#% significant at 1% level



TABLE 9C, /Analysis of variance of P:R

Scurce °£ d0£0 Soso M.S. ':2. .2‘.
variation

Between 2 0.4196 0.2038 35,64**
three

groups

Exrror 21 0.1235 0.0058

Total 23 0.5431

** significant at 1% level
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nitrogen deposition in body carcass, since it also
reflects changes in water and fat contents in the
body carcass,

Further, it wvas alsc pointed out by these
workers that protein efficiency ratio determination
primarily accounts for the protein utilized for
growth and does not take into account the protein
required for maintenance of the body. In order to
overcome this objecticn, a group of animals, identical
to other thre: groups in sex, age and body weight
was maintained on protein-free dict and losses in
body weights were taken to compute net protein
ratio (NPR), Data on the same are given in Table
10 to 10C, It was again evident that NPR for Type D
checse was significantly higher than that for Type C

cheese (P L 0005) °

Nitrogen balance study

In order to overccome objections mentioned earlier,
a study was performed on the nitrogen balance and
data on the intake of dietary nitrogen, losses of
nitrogen in faeces and urine and digcestibility
coefficient and biological values computed from
the same, are presented in Tables 11 to 1iF,

It was observed from the table that there was
relatively lower faecal excretion of nitrogen in the



TABLE 10,

Net protein ratio (NPR) for groups receiving experimental

diets.

Diet No.of Average Avoerage Average Average  Average Average
animals initial wteafter gain in loss in protein NPR
in each wei?ht 10 days wte in weight intake
group (g (e) 10 days on pro= (g)

(g) tein free
diet
(9)

Type C 8 36,03 55,63 19,6 7.0 7.86 3.40

iOoOﬁ

Type D 8 33,93 5519 21,26 7.0 767 3.69

+0,08

Casein e 34,31 5719 22,63 7.0 853 3.51

group +0,09

CeDe 00223

Type C =« Accelerated ripenced processed chacse
Type D « Conventionally ripened processed cheese.



TABLE 10A, Analysis of variance for dietary
proteln intake in NPR experiment.

SOume Of d.f. S.S. M.S..‘J. .2‘.
variation

Between 2 3,292 1,646 2.689"°
groups

srror 21 12.85 00612

Total 23 16,15

" Non Significant

TABLE 10B, Analysis of variance for gain in body
weight in NPR experiment.

Source of dofo SeSe MeSeSe 'pe
variation

Between 2 37.65 18,82 2,175
groups

Error 21 181,.6 84647

Total 23 219.,2

NS Non Significant



TABLE 10C,

Analysis of variance for NPR.

Scurce of def. SeSe MeSeSe L]
variation

Between 2 03507 0,1753 3.80*
threc

groups

Total 23 1,319

*

Significant at 5% level
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group receiving dict based on Type U cheese than the
quantity excreted by animals maintained on Type C
chaese based diet, Such sicnificant difference
appeared to have significance in the light of higher
nitrogen intske in the former group than the later
group and further reflected in significantly higher
digestibility coefficient for type D cheese, Further,
calculation of data showed slightly hicher values of
biclogical value in case of Type D choese than for
Type C., The differences wers found to be statistically
nen=gionificant,

The values for bioclogical value in the present
study compared well with those reported by Steen and
ogoum (1968) for conventicnally ripened cheddar cheese,
However, values reported by Henry and Kon (1946) and
Sehgal (1982), were higher as compared to the values
obtained in the present study. Such differences in
biclogical value in different studies could be partly
explained on the basis of several factors such as
initial weight, extent of protein depletion occured
during protein-free dietary regime, level of test
protein in the diet and the extent of limitation of
essential amino acids. in test protein which are
reported to affect the biological value (lenry and
Kon, 1957; and Sodwell, 1976).



TABLE 11, Digestibility coefficient for groups of

rats receiving different experimental diet.

Diet based

Noe. of Average Average DeCe
on animal total N F = F 7o
intake " -
(mg) (mg)

Type C 8 901,95 132,39 854357

1 0.41
Type D 8 981,31 100,52 89,767
CeDe 52426 1,401

* Mean _'t Sefe

Type C « Accelerated ripened processed
checese
Type D = Conventionally ripened processed
cheese.
TABLE 11A, #Analysis of variance for dicestibility
coefficient.
Source of d.£f. SeSe MeSeSe ¢ &
variaticn
Between 1 77.70 77.70 88,71%*
two types
of cheese
Total 15 89.96

#* gignificant at 1% level



TAELE 11B,

Analysis of variance for nitrogen
intake (I,) in B,V. experiment,

Source of defe Sele MeSeSe 'pe
variation
Between 1 25196 25196 10,61 **
three
groups
Error 14 33244 2375
Total 15 58440
*%* Significant at 1% level
TABLE 11C, Analysis of variance for faecal nitrogen

(Fh - Fi) in B.V. experiment

Source of d.f. SeSe MeSeSe 'ope
variation

Between 1 4064 4064 22 37**
three

groups

Error 14 2543 181.6

Total 15 6607

** gignificant at 1% level



TABLE 11v, Biclogical wvalue for groups of rats
recelving different experimental diets,

Diet Ho. Of Average Average Average BEeVe
based on animals N -F U -ag %
intake . 0 .
(mg) (mg) (mg)

Type C 8 901,95 132,39 268,27 65423%
I 1.05

Type D 8 981,32 100,52 296,08 66438™
1 0.72

* Mean + S.E,

Type C = Accelerated ripened processed cheese

Type D = Conventionally ripened processed

cheese.

TABLE 11E, Amalys:s of variance for biclogical value

Source of defe SeSe MeSeSe ope
variation

Between two 1 5.24 5424 04806
types of

cheese

Error 14 91.01 6050

Total 15 96.25

B yon Significant



TABLE 11 F,

Analysis of variance for urinary nitrogen

Source of df. SeSe MeSeSe o
variation

Between 1 3094 3094 3,657
three

groups

Error 14 11867 847.,7

Total 15 14962

N8 Non Significant
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liodifled protein efficiency ratio (PER )

Frem the data on changes in bedy weight cbtained
during nitrogen balance studies it was observed that
when animals were maintained on protein free diet
they lost about 12,5 percent of their body weight,
According to Venketa Rao gt al.(1964) such sensitized
animals respond to differences in protein quality
better than normal growing animals, ‘hen these
animals were given diets based on either Type C or
Type D cheese and modified protein efficiency ratio
(PER;) calculated, it was observed that PER was
significantly higher for group receiving Type D cheese
than the one receiving Type Co The treand thus noticed,
supported the cbservation made in respect of other
parameters, mentioned earlier,

Though estimation of nitrogen balance had a definite
advantage over method based on gains in body weight,
still it is hypothesized that the balance nitrogen
between the intake and excretion, is deposited in
the body as carcass nitrogen, In order to confimm
this, determinaticn of carcass nitrogen contents, in
animals maintained on test protein diets, were made
and the net protein utilization value was calculated
(Table 12), It was observed that despite identical
protein intakes in the diet, carcass nitrogen in the



TABLE 116, Frotetn effloleney ratlo (PER) far groups
of rate recelving Al (ferent axperimental &Moot

Diet Noe. of Averagye v.rage VO rage .
bagsed on animals initicl body b.wn:\t A
body welght altar
M}jht after 20 Jdaye
({J 10 dﬂy. (o)
un protein
fre Adat
(9)
Chense 8 43,56 BN 55.47 2, 90"
Type C 1007
Cheese e 42,43 32,56 §7.62 Se24”
Type D 10407
X

Mean # S.E,

Tyre C = Acceleratad ripened processed cheese

Typre D « Conventionally ripened procensed cheese,

TASLE 11H, Analysls of variance for PER,

Scurce of defe SeIe Meliglia o
variation

Hetweesn two 1 Q469 V069 11,400
types of

cheese

Error 14 0,573 0,041

Total 15 1,042

** gignificant at 1% level
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case of group maintained on Type D cheese was higher
than that io the case of animals receiving Type C
checse diet., Calculation of net protein utilization
value as described by Miller and Bender (1955) showed
that Type D cheese had significantly higher li.P.U,
(P <0,01) than Type C cheese (Table 2A). The value
obtained in the present study compared well with
net protein utilization values reported by LDeodhar
and Kiran (1981) and sehgal (1982). 1In an another
study on di‘ferent varieties of hard and semihard
cheese Poznanski and Siudak (1971), reported NPU
values to range between 53 and 65, It was obsarved
that processing treatment does not influence protein
quality (Deardon =t al,, 194S),.

From the experiments conducted on blological
evaluation of protein quality of cheese preparations,
it was observed that processed checose made from
conventionally ripecned cheese has a distinct
superiority over the cne made from the accelerated
ripened process., This was clear from better protein
efficiency ratio, digestibility coeffi¢ient as well net
protein utilization values for these two preparations,
Despite such superiority, the overall proteln quality
for processed checse made from accelerated ripened
cheese can mt'i_‘emldcnd any way low, since values
of 2.48 for PER, 65,23 for biological value, 85,38



TABLE 12, Net protein utilization for groups of rats
recelving different experimental Ai-ts.

Diet Hoe. of Average Avera N

e ] Je HNePeUe
based on animals N intake N retained

(mg) (mg)
Checse 8 1328 1075 56.19™
Type C + 0,384
Cheese g 1342 1158 61,45%
Type D + 1,266
C.DQ 6‘.18 3.96

* Mean * S.E.

Type C = Processed cheese preparcd by
conventional methcd

Type D « Processed cheese prepared by
accelerated method

TABLE 12A. Analysis of variance for net protein

utilizaticn.
Source °f d.f. SeSe MeSeSe L A
variation
Between two 1 110,.9 110,9 15.,81*~
types of
cheese
Error 14 98.21 7.02
Total 15 209,1

** gignificant at 1% level



TABLE 128, Analysis of variance for ni trogen intake

in HePeUs axperiment.,

Source of d.f. SeSe MeSeSe '
variation

Between two 1 752,28 752,28 0,161
tyves of

cheese

Error 14 65187 4656

Tctal 15 65939,.28

NS Non significant

TABLE 12C, Analysis of variance for nitrogen
retention in N P.U, exporiment,

Source of defe Sefe MeSeSe o Ad
variation

Betw: en two 1 27541 27541 T.60*%
tyves of

cheese

Error 14 50161 3582

Total 15 77702

* significant at 5% level
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percent for digestibility coefficient, 56,188 for
net protein utilization were within thenormal
range reported by different workers for variety
conventionally ripened checse,



CHAPTER -« V

SUMMARY AND CCNCLUSICHS




CLUS

The study was conducted to evaluite the nutrional
quality of accelerated ripened ched zr cheese,

The acceleratcd ripened cheddar cheese (Type B)
wag prepared by blending two parts of shreddsd curd
with one part of 5.2 percent sterile sodium chloride
solution at 45°%C and ripening at 30°% for the pariod
of 8 days.

Samples were collected at different intervals
namely 0 day, 4th day and 8th day. A compariscn was
made with chcese which was ripened by conventional
manner (Tvne 2),

A comparison of preximate principles showed that
the Type B cheese had distinctly higher molsture coatent
which further influence the levels of different consti-
tuents, However, when data were expressed on dry
matter basis, fat and protein contents were found to
be identical, The contents of lactose was higher in
Type B cheese, Experiments were also conducted to
find changes in the levels of free fatty acid, folic
ecid)vitamin By and vitamin A,

'It was observed that free fatty acid increased
progregsively as the pericd of ripening increase.
However, the contents in 8! days accelerated ripened
cheese were significantly lower than that cbserved in

conventicnally ripened checse.
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As regords vitamin contents, lovels of folic
acid increasced markedly and progressively as the Quraticn
of ripening increased, The contents in & days ripened
cheese was found to be significantly higher than present
in Type A cheese, As regards vitamin B, and vitamin A,
when data were expresced on 4dry matter basis, there were
no chances in their contents as ripening progress,
likewise values obtained for accelerated ripened and
conventiocnally ripened were also similar,

In the light of its utility, processed checse
samples well made from both types of cheese., Froximate
composition as well as protein quality of these
preparations were studied,

Again when data were expressed on meoisture free
basis, appearent differences in compcsition when data
were expressed otherwise on fresh weight busis, were
found to be nenesicnificant, As regards protein gquality,
the biological evaluaticn conducted using albine rats
showvaed that the processed cheese made from Type A
cheese had supericr protein cuality than the one
made from Type B cheese. This was evident from
significantly higher values of PER, NPR, DC, PER;
and NPU, However, the difference in respect of biological
value was not statistically significant.
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