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ABSTRACT

In Asia the buffalo contributes over one third of the total milk production. Buffalo milk is rich and

crcamy because it has a higher proportion of fat, protein, lactose and minerals as compared to cow’s
milk.

In Sri Lanka there is an abundant of bufTalo milk that is about 81 million liters / annum, but no one
make an attempt to manufacturc cheese from buffalo milk at commercial level except curd and
yoghurt.

Therefore, the objective of this study was to produce one of the major types of cheeses, Gouda from
buffalo milk that will be marketable in Sri Lanka.

Afer quality testing of raw buffalo milk the general procedure of cheese manufacturing was
procceded with suitable modifications to obtain rcquircd quality buffalo milk Gouda cheese. The
production process was scaled- up using the cheesc vat.

A sensory cvaluation test was carricd out for the final product with comparing commercially
available cow milk cheese to for the consumer acceptability. The cost of the ﬁnispe‘d product was
also calculated.

The cheese made from buffalo milk contain higher levels of fat, protein, lactose, minerals, and

vilamins more than cheesc made from cow’s milk. Therefore, the nutritional value of the bufTalo
milk cheese is greaicr than cow milk cheese.

The moisture content of the final product was in accepiable level, 52.7% , which was in the range of
normal semi — hard Gouda cheese from 45 — 55%.

The cost evaluation for the production process without ripening and final processing of the cheese is
lower than cow milk checse available in the market. There high nutritive, low cost buffalo milk
cheese can be obiained by this manufacturing process.

According 10 the resulis of scasory-cvaluaiion, this product got similar consumer accepiability for
colour and appearance, but-aroma, flavour and texture were differed from the checse made from cow
milk, which arc already available in the S Lankan markei. But the prepared sample was an
unripened and unprooessed one, which was not {0 ripened due o the time limiwation for the study. 1
?hé‘pmducizillowcd ripening morc than 2 months, appearance, iexture, aroma and flavor will develop
same as commercially available cheese, could be get more accumie resulis for the sensory evaluation

IR CSS.



Finally we can conclude that the preparation of cheese can be donc using buffalo milk and the
products could be obtained very much similar (o the product available at the market after the ripening
process.
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CHAPTER 1
INTRODUCTION

In addition o being delightful foods that contribute varicty and interests to our diets, cheese
of various kinds always has becn important sources of nutrients to man whenever milk
producing animals could be raised. The major ingredient.used in cheese manufacturing is the
curd of the milk of cows and other mammalian animals. Milk is a nearly perfect natural food
contains riutrients such as protcins, fats , carbohydrates , vitamins, and minerals in such
proportion that those nutrients could acts as a team in the body building process and other
physiological functions.

Over one third of total milk production in Asia is contributed by buffaloes. In Sri Lanka
there's abundant bufTalo milk that is about 81 millions/annum., although the use of buffalo
milk for production of milk — based products is very rare, except curd and yoghurt
manufacturing. In other countries buffalo milk.is processed to produce cheese, ice cream,
dried milk powder, UHT cream, casein and butter due to various functional and compositional
properties of buffalo milk.. But no one make an attcmpt to manufacture cheese from buffalo
milk available in Sri Lanka. Thercforc it is a market requirement that the production of
cheese from buffalo milk, which will be able to market in Sri Lanka.

Cheesce can be defined as a product made from the curd of the milk of cow and other animals,
‘the curd becn obtained by the coagulation of the milk casein with an enzyme (usually rennin)
or with an acid (lactic acid) with or without further treatment of the cur by heat, pressure, salt
and ripen (usually with selected micro organisms).

Gouda cheese is an important semi-hard variety which requires shorter ripening period than
other cheese varictics. Gouda cheese has been prcphred from buffalo milk by modifying the
production process which was used to produce Gouda.cheese from cow’s milk. A Gouda type
cheese from buffalo milk was successfully made afler standardization of the ;uiik to a
casein/fat ratio of about 0.7 and dilution with (10-15) % of water prior to ‘pns(e;.:rim(ion in
India.



OBJECTIVES
1. To diversify the processed product range from buffalo milk

2. To expedite the possibilities of the manufacture of Mozzarella and Gouda cheese
using buffalo milk.

3. To compare the organoleptic properties of buffalo and cow milk based cheese.



CHAPTER 2
LITERATURE REVIEW
2.1 Buffalo Milk

Among the form livestock, buffalo plays a pivotal role in agricultural economy of many Asia,
European, African and Latin American countries as an animal for milk, meat and a beast of
burden. In tropical and subtropical rcgions of the world reverie bufTaloes contribute towards
milk production becausc of their ability to thrive under different ecologies. In Asia the
buffalo contributes over one third of the total milk production. In terms of the percentage of

world milk from bufTaloes, following countries can be ranked.

Table 2.1: Buffalo milk production in the world

Country Percentage of milk from
buffaloes
India 65.44
Pakistan 21.84
China 498
Egypt 415
Nepal 1.72

2.1.1 Composition of Buffalo Milk

BufTalo milk is rich and crcamy because it has a higher proportion of fat, protein, lactose and
‘minerals as compared to cow's milk. In general buffalo milk fat content tends to vary berween
(7.22-12.60)% , protein vary benween (3.60-6.04)% , lactose between (3.70-5:48)% and ash
between (0.70-0.86)% .

2.1.2. Factors Affecting the Composition of Buffalo Milk

The milk composition is influenced by a number of factors which can be genetic.
physiological and en\;imnmental. Nutrition levels, fecd stage of lactation, and other
~animal husbandry practices also cffect milk composition. A comparative summary of
\‘iixe gross chemical compasition of buffalo milk, mitk from Zcbu cow (Bos indicus)
and western cow (Bos taurus) is delincated in wble 2.3,



Table 2.2: The major constitucnts of buffalo and cow milk ( per 100g milk)

Constituents Buffalo Cow
Water (g) ‘ 76.05 37.60
Fat (g) 12.46 3.80
Protein (g) ~ 6.03 3.30 o
Lactosc (g) . 4.90 4.70
Calcium (8) | . 0.19 0.12
Retinol (mg) 65 Winter-25 , Summer — 35
Carotence (mg) - Winter-12 , Summer — 25
Thiaminc (mg) S0 45
Ribofavin (mg) 100 180
Folic acid (mg) - 6
~ Vitamin B, (mg) ' 0.03 0.35
Encrgy content :
kJ 430 280
Keal | 102 67
Solid-Not-Fat (g) 11.70 - 870
Total solid (g) 24.16 12.50

In consistency in the composition of milk not only influences the quality of diary products,
but may also influence the adapted processing strategy, seasonal variations in milk
compaosition creates neiw challenges, peculiar to buffalo milk processing.

2.1.3. Functionality and Physicho-Chemical Properties of Buffalo Milk

Precise and in depth information of the Physicho—chcmibnl and functional attributes of milk,
is an essential prerequisiic for its auiomated industrial processing. Most of the prevalent
processing technologics, apparently originated in the wesiem world, when cow milk and milk
producis pre-domininated, Thercfore, ithe processing strategies were essentially bascd on the
knowledge of chemistry and functionality of cow milk. Species related differences in milk
composition have become subjecl 6f topical inierest, as processing of milk from species other
than cow, is been adopled by the dairy indusiry in severl countries of the world. With the
emergence of buffaloes as a prominent milk species particularly in couniries of Asia, Africa
. and Latin America, been made to develop and adopt appropriate technologies for bufTalo milk
processing. It becomes essentinl 10 undersiand the unique physicho-chemical and functions!

|AA



properties of buffalo milk to ovcrcome the various challenges encountered during its
processing.

2.1.3.1. Colour and Flavour of Buffalo Milk

White 10 milky appcarance of milk is associated with the scattering phenomenon of light by
the fat globules and the colloidal calcium cascinate and Phosphate in milk. Fresh bufTalo milk
is whiter in colour than cow milk, and cxhibited a slight blue, green blue. This has been
attributed to the larger sizc of buffalo fat globules, colloidal case;in and the presence of blue
green biliverdin in buffalo milk. Buffalo milk and milk products are readily differentiated
from that of cow by appcarance along as colour difference a;'e often striking. Absence of
carotenoids is a unique and distinguishing feature of buffalo milk. The characteristic of white-

pale yellow colour typical of cow milk is due to carotenoids.

Buffalo milk has a smooth, pleasant, slightly sweeter and richer flavour than cow milk,

apparently due to the higher fat, protcin and lactose concentration.

2.1.3.2. Acidity and pH

The titrable acidity and lactic acid content of fresh buﬂ"qlo milk are 0.16% lactic acid and
1.82mg/100m| respectively. These values are relatively higher than 0.15%, 1.41mg/100mi
reported for' cow milk. The development of acidity is relatively faster in buffalo milk than,
cow milk, possibly due to higher lactosc content. Acidity development is faster in raw buffalo

milk than in heated milk:- ‘

Pasteurizition, boiling or sterilization of buffalo milk do net result in a sigﬁiﬁcan‘t change of
milk acidity. The pH of fresh buffalo milk varied between 6.63 — 6.08 which is apparently
higher than 6.5 — 6.7 reported for cow milk. Heating of milk particularly in the range of (10-
70) °C, resuilted in a decrease in pH. Dilution of milk with water and separation of fat resulted
in pH increase. )

2.13.3. Buffering Capncity .

The presence of protein, phosphaies, carbohydrates, citratcs and number of other minor
constituents, make fresh bufTalo milk a complex buffer. The buffalo milk exhibited a higher
buffering capacity with a peak value of 0.0417 obtained beiween acidic pH ranges of 4.8 —
52.

2.1.4, The Importance of Buffalo Milk

The compositional and physico-chemical atiributes of bufTalo milk which make it unique and
appropriate for processing have been delineaied in the following accord. The important
“features“of milk's composition are its content of fat non-fat- solids (SNF) and toinl solids.



And also higher total solids in buffalo milk affect the higher yield of milk products, such as
cheese or concentrated milk in addition to them.

Table 2.3: Physical characteristics of cow and buffalo milk

| Character Cow Buffalo
Colour Ycllowish White
Specific gravity 1.0307 1.0314
Viscosity (cP) 1.236 1262
Globulc size (u) 29-34 5.4-5.6
Globules/ ml (Av.) 1118 828

Inherently high fat content results in better yield of cream, butter buffalo ghee. High protein
concentration of buffalo milk than cow’s milk enhances the yield of casein and caseinates.
Cow’s milk gencrates 89 cal/100g from total solids, protcin and fact while buffalo milk
produces higher cnergy per unit weight 109 cal/100g. Although fat contributes high energy
from them approximately 9 kilo cal/ g. Milk fat is rich in a significant amount of essential
fatty acids such as linolcic and arachnoids which also acts as a carrier of fat soluble vitamins
A, D,E and K. It plays a distinctive role as a flavouring agent in diary products. The rich
pleasing flavour of milk fat is not adequately t duplicated by any other type of fat..
‘Undoubtedly, the fine body and texture in most dairy products is one factor that makes them
so appcating to the consumer. They imparts soft , smooth and rich testing qualities and

overcome flat , hard , grainy and watery characicristics which arc normally encountered in
their absence.

2.1.8. Manufacture of Products from Buffalo Milk.

BufTalo are the second largest source of milk supply in the world. In India half of the milk

processed by the organized dairies comes from bufTalos as they are better converters of local
feeds into milk than cows.

The excess fat in bufTalo milk is usually skimmed ofT to play for the processing. BufTalo milk
fat has less cholesterol and more locophcml wmch is a natural antioxidont. Buffalo milk is
richer in calcium and phosphomus and lower in sodium and potassium than cow milk. The
peroxidase activity in buffalo milk is much higher than in cow milk which accounis for the
natural preservability. Buffalo milk, being significantly different in composition from cow
milk, has posed a number of technological problems in its processing for the manufacture of
\dair)j pt;ducts. Uniil about a decade ago it was felt that buffalo milk was probably not
suitable for the manufacture of dairy products, mainly because the existing technology for




processing cow milk proved unsuitable for the buffalo milk. (Dalaya ef al.. 1971). This called
for a new look at the physico-chemical changes that occur in buffalo milk during heat

treatment, rennet treatment and microbial fermentation.

As a result new methods had to be found and today milk products such as butter, cheese,
condensed milk, skim milk powder, infant food and fermented milk products (‘ cheese,
yoghurt) arc being successfully manufactured from buffalo milk in addition to a wide range
of indigenous milk products.

2.1.6.. Problems Encounted with Buffalo Milk Processing

Techniques and dairy equipment designed for the processing of cow milk are often
not adequately suited for buffalo milk processing. It has been recognized that
processing parameters for manufacturing cow milk products, cannot be applied in to
buffalo milk. Dairy processors experienced several technological challenges due to
the unique compositional, physico-chémical and functional attributes of buffalo milk.
It becomes necessary to introduce several process modifications in the manufacture of
buffalo milk products.

Various physico-chemical differences in buffalo milk that contribute to the unique
challenges in its processing,.
1. Composition of bufTalo milk is cfTected to a much greater extent by factors such as
age , stage of lactation and scason that in cattle. Compositional inconsistencies results
in the lack of uniformity in the composition of buffalo milk products.

2. BufTalo milk has a much higher proportion of fat, protein, lactose and calcium as
compared to cow milk. The high fat content in buffalo milk makes it incumbent to
standardize fat: SNF ratio of milk by cither skimming or adding of not- fat —solids as
additional siep during iis processing.

3. BufTalo milk casein micelles are relatively bigger in size (135um) than those of cows
(90um) ond nppear more opaque and aggregated. A large micelle size is likely to
influence buffalo milk processing by membrane technologies such as uﬁm filtration
and reverse osmosis. Buffalo milk casein terms of micelle size, voluminosity
‘Golvation), suscepiibility 0 rennei, composiiional hcierogencity and mineral
constituents.



4. The structural and chemical properties of milk fat greatly influence the melting point
crystallization behaviour emulsifying property solubility and surface activity.
(Ramamurthy, 1976).

5. BufTalo milk has a higher pH and viscosity.

6. The bufTering capacity of buffalo milk is relatively higher due to higher mineral load.
7. The ripening or fermentation process is often slower in buffalo milk.

8. The rennct clotting time of buffalo milk is much lower due to high level of calcium.
9. The curd tension of buffalo milk is higher when compared to cow milk.

10. Heating resulted in more browning in buffalo milk than in cow milk. The higher level
of lactosc and protein seem to accelerate mellowed browning during buffalo milk
processing. *

11. Polymerization of cascin due to heating is considerably higher in buffalo milk than
cow milk.

2.1.7. Other Milk Sources

A number of species of large domesticated animals are used to provide milk for human
consumption. Milk of differcnt mammals is consumed as sources of milk on a geographical
basis. In Sri Lanka cows, buffalos and goats arc the main produces of milk. In Southern
Europe goats and sheep, lapps of Northern Europe, water bufTaloes in South East Asia, cows
in Europe, Asia, Africn, Australia New-Zealand eic., reindeer in cold climatic regions,
camels in Middle-East counirics are used as sources of milk. The other animals used for milk
production are llama, horse and zebu.

2.2. Cheese

Cheese solid or semisolid food product prepared from the milk of the cows, ewes,

goats water buffaloes or other mammals as a means of preserving the food valuc of milk.
- Most cheese today is made from cow's milk. Cheese made from the milk of the ewes and the
“goais isot?iche,r in proicin than that produced from the milk of the cows.



Checese has been made since prehistoric times. It is believed that the first cheese was produced
inadvertently, probably through the practice of carrying milk in pouches made from animal
stomach. The bacteria in the milk and the digestive juices from the stomach work together to
form a curd and then a curd cheese. Cheese making artifacts dating from 2000 BC have been

found. The Romans developed a large cheese industry, and later, making became a specialty

of monasteries. Many Europeans abbeys developed secret recipes, and particular varieties
began to6 develop in certain regions of Europe. Today, although mechanization has largely
replaced the old hand-tcchniques, the characteristics of hundréds of indi\;idual cheese types
have been preserved.

According to the definition given .in SLS standards cheese can be described as the fresh or
matured product obtained draining after coagulation of milk, cream, skimmed or jpartially
skimmed milk, buttcr milk or a combination of sonie or all these products. Cheese is one of
the oldest and most nutritious food product. It is an important item in the diet of almost all
people, because it is relatively casy to make and can be preserved for long period. It may be
used as a snack, in salads, as a cooking cheese in casserole dishes, or grated for use in pizza

and other food. It may be include as an ingredient in processed cheese.

According to the SLS standards, the finished product should satisfy the following
requirements.

1. The products shall be cream or yellowish in colour. This requirement will not be

applicable to mould ripened checsc.

2. The product shall have a pleasant odour and the flavour characteristic of the particular
varicty of cheese.

3. The product shall be good texture and of uniform consistency.
4. The product shall be clean and free from dirt and extraneous matier.

S. ‘The product shall also conTorm to the requirements specified in table.



2.2.1 Different Varicties of Cheese

The diversity of cheese types. is truly breathtaking. Despite the limited range of raw materials
(Bovine,Ovine;Caprine,or Buffalo milk.) approximately S00 varieties of cheese recognized by

the International Dairy Federation Bank are produced.

A numbcr of attcmpts have been made to make the classification scheme more discriminating
by including factors sucl{ as origin of the cheese milk, the moisture content, which is
controlled by the extent of cutting and draining of the curd; the types of the microorganisms
added the encouraged to grow; the temperatur.es and acidity employed in the production
proccss in addition to humidity, an length of maturation, or ripening and time are primarily

responsible for the character of a cheese. The percentage of fat in the milk is also important.
The higher the fat content the more mellow and attractive the cheese. Low — fat cheeses are

tough and lack flavour.

Table 2.4: Requirements for Cheese

Requirements
Chaiacters Hard ~ Semi Hard Soft Processed /

Spread
Fat % by mass in(on | 45.00 45.00 45.00 45.00
dry basis) '
Moisturc % by mass | 34 — 45 a5-55 55 - 80 35 - 80
Dry matter * % by 55— 65 4555 20 - 45 20 - 65
mass 5 R
Salt % by mass 3.00 13.00 3.00 3.0

*Dry matter = 100 — Water content

2.2.1.1 Ciassifieation of Cheese

It is difficult to make a strict clasSification 61 all"the various existing types of cheese, because
there are many broad - line cause. The following descriptive crileria are normally used.

. Method of congulating cosein in curd making;

We gistiﬁguisln here berween rennct and acid cheese. Some cheeses are produced wiith both
lactic acid and rennct, arc called acid rennci cheeses, cotinge cheese belangs to this category.

10



Water content;

We distinguish between hard semi-hard and:soft cheeses. In hard cheeses such as Emmenthal
and cheddar, a large proportion of moisture is drained from the curd during the process,
making the finished cheeses hard and dry. Soft cheeses like camembert and Brie have much

higher moisture content in the curd.
Principal microorganisms used for ripening;

There arc smear cheeses ripened with bacteria smeared on the surface, such as Tilsit, Port
Salut and St. Paulin; blue-Veined cheescs like Roquefort and Gorgonzola; and white mould

cheeses like Bric and Camembert.




Figure 2.1:The diversity of cheese
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Texture of the cheese :

We distinguish between round eycd, granular and closc-textured cheese. The holes or eyes in
cheese are formed during the ripening process by lactic acid bacteria which involve carbon

dioxide as a by product of lactose fermentation.

The carbon dioxidc collects in interstices in the curd. If the curd is molded in to cheeses in the
atmosphere, air will be trapped between the curd grains. Carbon dioxide will then collect at
these, interstices to form “granular” eyes. Tilsit is an e:{ample' of a granular cheese. If the
cheese is molded below the surface of the whey, to exclude air, the interstices will be fewer in
number, and the carbon dioxide collecting in them will form round bubbles, eyes, when the
curd is presscd. Gouda is an cxample of a round-eyed cheese. Close-textured hard cheeses are
made with starter cultures which involve very little carbon dioxide, and all the lactose is
fermented before final forming take place. The only extant hard cheese with a close texture is
cheddar cheese, and that name will be used in what follows here to denote close-textured
cheeses. '

In. Sri Lanka, cheescs can be classified in to four major categories, according to SLS
standards.

Hard cheese — Ripened cheese with moisture content with in the range of 35% to 45%

E.g. Cheddar, Cheslire, Cantal, Emmental

Ripened cheese — Varictics of cheese with appropriate microbial growth on the surface,
which contributes to the characteristic flower 6f the cheese. The microbial growth may

include yeast, mould and bactcria or combination of tliese microorganisms.

Semi Hard Checse —Ripencd cheese with moisture content is with in the range of 45% to
55%. E.g. Gouda, Mozzarella, ,Caerphilly, Taleggio;Licderkranz

Soft Cheese - Ripened or unripened cheese with moisture content with in the range of 55% to
80%. E.g. Cambridge, Coulommicrs;Quarg, Cottage

-

Processed Cheese or Cheese Spread - The product obtained by heating cheese with
\pe\rinitteé’cmulsiﬁcrs and / or stabilizers or with or without bufTering agents.

LE]
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2.3. Process of Manufacture of Cheese
Figure 2.2: Genceral protocol for cheese manufacture
Selection

Pre-treatment

Standardization

'MILK Cheese milk

4

Addition of Starter \
Culture (acidification)
Colour (Option;ll)
CaCl, (optional)

/Cu_t' coagualum, Stir °
Heat, Acidification v

Rennet — coagulated cheese)

Separation of curd from whey
Curds ~
Coagulum (gel)

e

(i

cidification, Special operations \
(e.g. Cheddaring, stretching)

Salting (some varicties)

Molding

v anssing (some verilics) '/

- Fresh cheese —e

4

Mature cheese

Salling (most verifies)
Ripening (most verities)
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2.3.1. Modern Cheese Making

Until about 1850 most cheese was produced in small dairies. The first cheese making
factories were merely enlarge forms of thé farm house dairy, but gradually the equipment
became large and mcchanized. Since 1945 cheese making equipments and methods have
change radically. Today factories can handle up to 1,000,000liters (about 264,000 U.S. gal)of
milk a day. Equipments covcred rather than open and aseptic techniques are used to produce
starter. Further improvements includc eve-increasing automation, controlled temp;;’atures for
maturing, intensive pressing, cutting in to retail-size film pressed to form blocks art either
dipped in wax or wrapped in plastic film and left to cure at temperatures of about 10 °%C(50
F).

Although it is considered mature at 3 months, well matured cheddar should be kept for 12
months or longer. A good cheddar should be homogeneous (without holes or cracks), creamy
white or ycllow in colour, and havc a mild cheesy odour. Cheddar is sometimes coloured in
red orange by adding Annatto, a vegetable dye to the milk. Processed cheese is a mixture of
ground cheesc(usually cheddar and other hard varieties), emulsifying salts such as
phosphates, other ingredients such as. milk powder, whey powder, and coloring and flavoring
materials, and sometimes, spices. Vegetable gum is often added to produce a chewy texture.

Steam is blown into the mixture to raise the temperature to

80 °C (150 °F) or highef. _This yields a molten plastic mass that is then poured Ito a metal or
ceramic container, or into portion-containers for foil wrapping.

23.2. Cheese Ingredicnts and Functions

Starter - The cheese industry understand that the term “starter’ means a culture of desirable
microorganisms usually bactcria in some nutricat materials, which is usually milk. This
bacteria has the function of fermenting the lactose of milk to produce lactic acid, which in
tern, curdles and coagulates the milk. They also contribute to the flavour of the cheese. Most
starters used in cheese making arc controlled cultures of Sireprococcus lactis, Streptococcus
cremoris and Strepiococcus diacelyiacts. The acid conditions created by the starier also help
io inhibit the growth of undesirable bacicria, which may otherwise cause spoiloge in the
finished product. o -

Colour - Normally B carotenc and annatto dyes are used, B -caroiene and annatio are nalural
\'\_mgczmblteut::olcmring\g which can be used if required to give a yellow and orange / md colour
respectively. )



Coagulant- The coagulation is usually assistcd by the addition of rennet. This is a natural
extract from the stomach of the calf and it contains the enzyme rennin that acts upon the
protein in the milk in such away to cause its coagulation. Rennin assists in cheese making in
two ways. Firstly, it coagulates the milk. Secondly, if rennin serves the heating to which it
‘may be exposed after it is added to milk, its action continues in the curd after removal of the
whey and during holding and curing of the cheese. This action helps in the development of a

good, sharp, cheese flavour , an. improved texture and smooth mellow body in curd cheese.

Additives- Additives of calcium chloride to milk influcnce the clotting activity of rennet. The
more calcium added the higher the activity. Salt removes excessive whey trapped in the curd

and help in the development of the improved texture and a smooth body in curd cheese.

Salt - Addition of salt helps to preserve the cheese by inhibiting the action of bacteria and
brings out the flavour.

2.3.3. Nutritional Value

Hard chcese such as cheddar is one of the most concentrated of common foods. Hundred
grams (aboixl' 3.5 oz) supplies about 36 percent of protein,80 percent of calcium, and 34
percent of the fat in the recommended daily allowance. Cheese is also a good source of some
vitamins and minerals. Nutritionally, milk is best preserved by condensing or drying, as no
part of it'is lost. Conversion to cheese is an excellent method, because virtually all the fat and
most of the protein are retained, and the latter is partially digested. . .
The curd form in the first stage of the checse making is composed of about the ha!f the total
solids of wholc milk. 1t contains virtually all the fat and casein, about two third of the
calcium, most of the vitamin A, onc quarter of the riboflavin and about one sixth of the
thiamin in the original milk. The lactose, whey proteins, and the rest of the minerals and
vitamins remain in the whey. The curd formed during the ‘making of skim milk cheese
contains only about onc third of the solids of the original milk. The losses of laciose, minerals
and vitamins in the whey arc very much of the same as those during checse making from
whole milk.

The faie of the nutrients in the curd during ripening depends on ihe type of the cheese. Hard
and the semi hard cheese may lose small amounis of nutrients, in the whey expelled during

- pressing, but the activity of bacterin during ripening leads to the synthesis of several waier
\so\luble “vitamins. Blue-veined cheese receive an edditional contribution 1o their content of
water ‘soluble vitamins from ihe growth of Penicillium spp. mould. Much of the vitamin



content synthesized during the ripening of soft cheese remain in the rind and may contribute

little nutritionally since the rind is often not caten.(sce table 2.6)

Table 2.5: Percentage of nutrients in curd and whey from whole milk

Nutrient Curd ‘Whey
- Fat - o 94 06
Protcin 75 ' 23
e Casecin B 96 04
e Whey 04 96
Lactose 06 94
Calcium ' 62 38
Vitamin A 94 | 06
Thiamin ' 1S 85 ]
Riboflavin - 26 - 74 ..
Folic Acid ' ' 05 ~ 95
Vitamin B,, : 25 75 ;
Vitamin C* ' 06 84
“Total Solids 48 52

*Some Vitamin C is déstroyed by the action of light.

2.3.4. Whey

Whey is the liquid remaining afier the separation of curd in cheese making. It contains the
whey proteins, laciose, and much of the mincrals from the original milk. Today cheese whey
is condensed or dricd and uscd for animal feeds. For human nutrition, dried whey is used in
the baking industry, in the manufacture of whey soups and sauces and of fruit \whips. An
increasing industrial use of whey is as a source of lactose, which is used by the
pharmaceutical industry to dilute imgs in pills. (See table 2.7)

o> wegZmamsEosol

Because of cheese is a high protein food, it is an ideal nutritional replacement for meat in a
vegetarian diet. It is rich in the essential amino acids, calcium, phosphorous. other minerals,
and vitamins and has a high caloric valuc. it is a particularly good food for children,
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2.4. Buffalo Milk Cheese

Checse madc from buffalo milk tends to have a hard and dry body and a short and’_'crumbly
texture, combined with slow ripéning capacity. Buffalo caseins micelles, being larger in size

rctain less water than do cow cascins micelles during curd formation. The voluminosity of

Table 2.6: Composition of cheese of various types (per 100 g)

Constituent Hard Semi-Hard | Blue-Veined Soft Cottage
cheddar Edam Roquefort ' | Camembert | Cheese
Water (g) 35 T 43 "40 51 79
Fat (g) 33 . 24 (31 23 0.4
Protein () 26 26 ™ 19 16.9
“Calcium (g) 0.83 0.76 032 038 0.09.
Vitamin A
(retinol eq. pg) 380 250 300 240 3
Thianttn(ug) { /50 ' 60 30 50 30
RiboNavin(mg) 0.50 035 0.70 0.45 0.28
Energy Content
KJ 1670 1330 1500 1180 340
Keal 400 320 360 250 | 82

the caseins micelles from bufTato milk is less that from cow milk and it mpidly decreases with
temperature range (35-45) °C. Hence, it is nccessary cither (o drain the whey ea,rtgef that is the
case with cow or add Sodium=Chloride-while the cheddaring the cheese cubes to reiain

.. <
moisiure. - T

Dr. ).Czulak of Ausiralia has siondardized a. method of producing cheddnr cheese from
buffalo-milk. In India both ihe Kaim Disirict Milk Producer's Union (commonly known ns
AMUL) and scientists at NDRI has successfully prepared Sumti cheese

~.



Table 2.7: Composition of cheddar cheese whey

Constituents - Percentages
Water (g) 933
[Fat@ - 03
Protein () 0.9
Lactose (p) . 4.7
Calcium (g) " 0.05
“Retinol (ug) 2.0
Thiamine(pg) ‘| 40.0
Riboflavin (ug)  80.0
Folic Acid (pg) 5.0
Vitamin B,; (ug) ) 0.15
Vitamin C (mg) 1.0

and Karnal checse from bufTalo milk (Bhattacharya ct.al, 1969, 1970, 1972). In Italy a typical
local cheese prepared. from buffalo milk is mozzarella cheese. In a pilot study conducted in
Iraq under the auspices of FAO, a method suitable for the manufacture of mozzarella cheese

from buffalo milk in the country has becn developed. AMUL has also stated production of
such cheese.

2.4.1. Bilfalo Milk Cheese Varicties
1. Buffalo milk Mozzarella Cheese

Mozzarella is a well known variety of ltalian cheese which has gained popularity throughout
the world. In Italy, the name ‘Mozzarella’ is exclusively used for the cheese prepared from
buffalo milk without the admixture of milk from the species. The term “Mozzarella di bufala”
in ltaly know enjoys a legal production as a product that is made strictly from bufTalo milk.

Mozzarclla is used on Pizza toppings, which is undoubtcdly a very popular product in United
Siate and Europe.

Two approaches for manufacture of bufTalo milk Mozzarella cheese have been standardized.

The conventional approach inxolves fermentation of milk by starier culiures rennet

coagulation scparaiion of curd, streiching and brining of the product. The other procedure

often referred as dimct.acid Mozzarclls, involves addition of acids instead of starter cullure
fermentation before renncting,

} The quality of buffalo milk Mozznrella cheese was affecied by a number of factors such as

PO Aeusiznlion of milk , level of far in milk, iype of starier culiure used , type of acids used,
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extent of thermal treatment during manufacturing and type of enzyme used for clotting the
milk.

The stretchability of Mozzarella cheese is an important character which determines its
acceptability level of fat in milk, did not affect cheese strechability significantly. However
the cheese from low fat (3% fat) coursc and hard. Excessively high fat (5% fat) in milk
resulted in a soft product which exhibited excessive fat leakage on a pizza. Mozzarella cheese

prepared from milk with 4% fat was suitable for pizza topping.

It was suggested that Mozzarella prepared using a culture of S)replococcus thermopiles and
Lactobacillus bulgaricus in 1:1 ratio, produced cheese which had the flavour, Je:\'tual and
rheological quality suitable for usc as a pizza topping. :

The influences of producing variables such as preheating of milk, pH of acidiﬁcatioi:, on the

checse texture have been investigated.
2. Buffalo Ricotta Cheese

Buffalo Ricotta is prepared from the whey left after production of mozzarella di bufala
cheesc. Purc white in colour, Buffalo Ricotta has a fine, slightly moist texture and a bland
sweetish flavor. Like fresh, unripend cheeses, Ricotta does not have a long life and must be
consumed. within a short time.

—— 7}

3. Requeson Cheese from Buffalo Milk Whey

Requeson is a whey cheese, which has been traditionally made from buffalo cheese whey.
Two methods of manufacturing Requeson were standardized. In the first method, Calcium
Chloride was added. to the milk along with heating to precipitatc the whey protein. Betier
product yields were observed when Calcium Chloride was used for Requeson manufacture.
‘However, the cheese manufactured using citric acid received higher overall sensory scores
than the cheese manufactured using Calcium Chloride. The product obtained by using citric
acid had a higher fat content of about 20%. The shelf lifc of Requeson checse was about 6
days at a storage temperaturc of about 4°C.

4. Stracchino Type Buffalo miltk Cheese
. Stracchino is a generic term used for o mnge of lialian checse. These cheeses are generally
\\cl\mmc-ttrizcd by o rich soft iexture and a whitc appearance. Siracchino cheeses are usually
riniflas\and are consumed fresh. Simcchino type cheeses may be cither mild (dolec) or sharp



(piccants). Most Stracchino cheescs are ripened for a short period of ten to fiftcen days. These
chceses arc often so delicate, that they arc rarely exported. Surplus buffalo milk is often
converted to cheeses of this variety particularly to obtain a rich high fat product. The buffalo
milk Stracchino type. cheeses were characterized by a high fat content of about $9% (on dry
matter basis ) and a total nitrogen content of about 5.4%. The product exhibited a titratable
acidity (owing) between (l..O-I..2l% (lactic acid equivalent) and calcium to phosphorous ratio
of 1.7.

S. Buffalo milk Telemea cheese

Telemea or Tcleme is a popular cheese produced in several Balkar countries. It is believed to
have originated in Greece. Teleme chcese was usually made from sheep milk, however
buffalo milk was who used obtain a creamy and rich product. Sometimes a mixture of buffalo
and cow milk was used to produce the cheese. Tclemea cheese was characterized by a soft,
moist texture and a crcamy white colour. It was ripened for about ten days in brine. It is often

classified as a pickled checse because of its typical sharp flavor and salty taste.

6. Surti Cheese

Surti ché&ese is one of the best known varieties of Indian buffalo milk cheese. It is a popular
product in the westemn states in India. The cheese apparently originated in the town of Surat,
where it was traditionally preparcd from buffalo milk by the addition of a curd rennet
preparaiion. Rclatively few rennct congulated products are traditionally produced in India as
heat and acid coagulated traditional products such as ‘Khoa' and ‘Paneer’ are preferred. Surti
cheesc 'was prepared from buffalo whole milk,

6. Domiati Checse

Domisti is a8 soft, white Egyptian cheese named after the iown of Domiati (Domiatta) in
northern Egypi. Best quality Domiati is traditionally prepared from Buffalo milk, however,
cow milk or a mixture of cow and bulfalo milk, may also be used. The chc,c;sé is either
consumed fresh or aftér pickling in salted whey, which imparis a sharp salty tang. Fresh
buflalo milk with about 7% fat was preferred as it gave a rich and a superior gmdc‘ Dominti
. cheese. Salt was added at usually high levels varying between 5 (o 15 percent.
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8. Karish Cheese

Karish, Kariesh or Kareish cheese is one of the most popular soft fresh lactic cheeses of
Egypt. It contains all the skim milk constituents, most of the calcium and phOSphorous'and a
typical sharp flavor. In southem part of Egypt, fresh buffalo milk is often allowed to ferment
in earthenwarc called “Matrad” or “Zeer™ to prepare a curd traditionally known as Labun
Raycb a Labun Matrad (Abou- Donia and Donia, 1984). Buffalo milk in a Matrad, is left
undisturbed in a warm dark place until the cream rises and the milk coagulates due to natural
fermentation. The cream is removed from the top and beater into butter and the curd is either
consumcd fresh as is made into Karish cheese. It is estimated that about 30% of the milk in

Egypt is converted to Karish cheese. Karish cheese is traditionally made from defatted

9. Mish cheese

Mish checese is an important varicty of Egyptian cheese; which is often consumed as an
appetizer before meals. Mish has a characteristic yellowish brown colour, a sharp distinct
flavor and high salt content. It is prepared by pickling Karish cheese in a pickling medium
traditionally in earthenware jars called “ zallaa™ or “Ballass’’ and stored for ripening for a
period of more than one year.

10. Ras checse

Ras cheese locally known as Kefalotyri is a popular variety of hard Egyptian cheese. It is
consumed afier ripening for about 3 to 6 months. Traditionally whole buffalo milk was used

for Ras manufacture, however sometimes, cow milk or mixture of buffalo and cow milk are
used.

11. Buffalo milk Brinzo Cheese

Brinza or Bryndza. is a Hungarian pickled cheese, matured in brine or whey. The cheese is
traditionally made from sheep milk, however in Egypt buffalo milk or sometimes from a
mixture of cow, goat and buffalo milk.

12. Buffalo milk cheddarcheese . . ___

Some compositional and functional characteristics of unripened and ripened buffalo miltk
cheddar cheese manufactured by the siandardized process have been presented in table.



Table 2.8:Compositional and functional characteristics of unripened and ripened

cheddar madc from buffalo milk.

Characteristics Ripening period (months)

0 6 12
Moisturc (%) 39.32 34.95 T32.09
“Fat (%) 29.32 31.50 32.93
pH ~5.00 5.55 5.80
Non protein nit‘rogcnl' . 4.10 20.65 22.44
total nitrogen
Total volatile fatty acids 3.51 6.53 . 8.47"
(m! .IN  NaOH/10g .
cheese ) '
Free fatty acids (uMol/g 3.47 9.22 13.91 )
fat)

Buffalo milk cheddar cheese manufactured by the modified process, almost similar
moisture and fat content as in cheese made from cow’s milk. However, the ratio of
non protein nitrogen concentration of total volatile fatty acids and free fatty acids in
buffalo milk cheddar were significantly lower when compared with cow milk cheese.
Slow ripening of buffalo milk cheddar cheese, was a critical limiting factor impending the
utilization.

13. Gouda cheese from buffalo milk.

Gouda cheese was originally preparcd in Holland and Utrccht. It is an important semi-hard
varicty prepared from cow milk. By suitably modifying the production process, acceptable
quality Gouda checse has been prepared from bufTalo milk.

14. Buffalo milk Brick Cheese

A procedure 10 manufacture brick cheese using buffalo milk was standardized (Satia, 1969).
Compositiona! characteristics of Brick chéese manulactured by the siandardized process from
buffslo milk have been described in the iable (Saiia, 1969).

18. Blue Veined Cheeses from BufTalo milk

The blue veined cheeses are one of the finest varieties of cheeses. The best known cheese of
this type is the Roquefort cheese, which is primarily made from ewe's milk. A distinct feature



of these checses is that ripening is done by mould Penicillium roqueforti and_Penicillium

glancum.

Gross composition of blue veined cheese prepared from buffalo milk as well as cow milk has
becn given in the tablc. Loss of fat in whey was higher during manufacture of cheese from

buffalo milk. The total yicld of clieesc was, however more from buffalo milk.

16. Buffalo Milk Swiss Checeses

Swiss cheeses are characterized by the presence of shiny eyes -slightl‘y woody texture, sweet
fragrance and a hazelnut like flavor. These checses are popular due to cheddar cheese. Swiss

cheese was prepared from buffalo milk after modifying the production process.

Buffalo milk Swiss cheese ripened for about 6 months had lower moisture content than cow
milk Swiss. However the product had higher lcvel of fat and salt content. The average
composition of Swiss cheese made from buffalo and cow milk has been dclineated in the
table.

17. Cream Cheese from Buffalo Milk

A standardized process was developed for the manufacture of cream cheese from buffalo
milk. Cream cheese bq-_:pared by thc standardized process, exhibited a shelf life of about 25
days, when stored at s°C.

18. Buffalo Milk Cottage Cheese

Cottage cheese made from buffalo milk cxhibited a rather had and coarse texture with poor
absorption of cream dressing. Thc following modifications werc introducéd in the
manufacturing protocol to produce cottage cheese of acceptable quality. .

1. Addition of 0.1% sodium chloridc to pasteurized and cooled skim milk (31°C). *

2. Cutting the coagulum with % inch knife at an.acidity of 0.7% lactic acid.

3. Cooking the curd at 60°C in 7Smin.

2.42 Problems Associated with Buffalo Milk Cheese Manufacture

The problems involved in cheese manufacture from buffalo milk have been recently reviewed
\'b.){\Gm;guli (1978) from the siandpoint of the defect physico- chemical properties cited above.




The major defects, probablc rcasons for these and techniques for overcoming them are
summarized below.

Major defects:-

> Slow development of acidity.

» Faster renneting time than in (;ow milk.
> Low rciention of moisture by micelles.
> Slow flavor development.

> Slower proteolysis and lipolysis than in cow milk.

Probable reasons for defects :-

% High buffer capacity duc to high mineral content.

> High Ietve'l of Calcium ions (Ca**) in thc micelles.

" Low voluminosity at (35-40)°C and large micelles size.

> Slow primary actiét_\ of rennet and low susceptibility of casein to proteolysis.

Modificd techniques:-
» Add more starter culturc to cnhance acidity development.
» Lower the rennel concentration to prolong the milk clotting time.

» Reduce the (cheddaring) heating period to retain more water in cheese as use a salting
process.

v

Standardized casein 1o fat ratio 10 0.7:1.0 by using cow milk powder to improve ripening
process. '



2.5. Dutch — Type Cheeses

A group of cheesc originated in Holland are sometimes referred to as Dutch cheeses. The best
known and popular of thesc arc Edam and Gouda. Both are semi-soft to hard. Cheeses having ’
a characteristic mild flavour that varies in intensity with age. The basic manufacturing
procedure is similar to cheddar with modifications to obtain higher moisture content and the

curd is not generally salted prior to hooping.

The Edam cheese is made in to round ball-shaped cheeses weighing from about Y2-1+41/2 Ib in
the United States and is covered with a red wax. ‘

Gouda is made in to a shape of a flattcred sphere and may weighing from less than 1 1b to 50
Ib. most common are the smaller sizes of less than | 1b and having the red wax coating similar
to Edam.

The Dutch-Type Varictics of Cheeses arc Defined as those that ;

Are made of fresh cows® milk, the milk being at most partly skimmed (generally leading to at
least 40% fat in the dry matter of the cheese.)

Are clotted by means of rennct (usually extracted from calves™ stomachs)
Use starter consisting of Mesophilic lactococci_and usually Leuconostocs that generally
produces CO,,

Have a water content of the fai-frece cheese below 63% (ratio of water to solids-not-fat <
1.70).

Are pressed (o obiain a closed rind.
Are salted aficr pressing, usually in brine.

Have no essential surface flora

»

Are at least somewhat matured (o few weeks) and thus have undergone significant .
proteolysis. . '

\ansctihcmly the cheese usually has a semi- hard to hard consistency and a smooth iexture,
usd.dlly sy\i}h small holes, the flavourintensity varies widely.
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So defined, Dutch-type verities constitute one of the most important type of cheeses like
Gouda and Edam produced in thc world comparable in that respect to cheddar and the group
of whitc, fresh cheescs.

Variation with in the type is considerablc;

Loaf shapc may be sphere (Edam) a flat cylinder with bulging sides (Gouda)
Fat content in the dry matter ranges from 40 to over 50%
Water content in the dry matter ranges from 40 to 50%

Salt content in the cheesc ranger from 2 to 7%

pH may be any where from 5.00 to0 5.6
Maturation may taken from 2 weeks to 2 years

2’.5.1.. Com position of Buffalo Milk Gouda Cheese

douda cheese prepared from buffalo milk, had a higher level of fat, moisture, lactose and ash
as compared to cow milk chcese. The various compositional and functional characteristics of
Gouda ¢hecse preparcd from bufTalo as well as cow milk have been described in the table 2.9.

2.6. Cheese Plant Equipment

One of the widely used operations in the food industry is the manufacture of cheese. Many
plants still used the old style rcclangular tank system; however the ncw semi continuous.
process, which was devcloped in Australia, is also making progress. One of the principal
developments in the cheese — manufacturing business has been increased emphasis upon
sanilary precautions and more exact biological control.

Cheese Vats

The vat consist of 8 metal or wood outer box and an inner metal tank, supported on a wooden
beam, which allows space water berween the fwo tanks. The typical cheese tank has an H -
shape sicam pipe in the bottom of the outer iank to distribute heat evenly throughout the
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Table 2.9: Gross Composition of Gouda Cheese Manufactured from Buffalo and Cow
Milk.

Constituents BufTalo Milk Cow Milk
Moisture (%) 4591 43.74
Fat (%) 28.05 27.67
Total nitrogen (%) 3.53 3.775

| Soluble nitrogen (%) 0.0846 0.1978

| Non protcin nitrogen (%) 0.0604 0.0808
Lactose (%) 1.07 0.84
P" 5.68 5.39
Ash (%) 3.50 3.05

vessel. It is important that the vat and. the outcr jacket be provided with the proper drainage
for the both the product and the condensate from the steam. Cheese vats are obmjnable in
sizes in 100 to 2500 gal capacity.

The cheese vat is used for making for widc variety of cheeses. However, in the basic process
system, it is necessary to;

1. “Set the curd by means of suitable starter or enzynic and

2. To cook the curd , the system usually includes a holding period at constant
temperature  during the sciting operation. Cooking and agitation of the curd, draining
of the whey and washing of the finished curd .

In the manufacture of cottage cheese , it is frequently found advisable to add salt and creamed

dressing , as well as do a through job of mixing in the vat, before the finished produci is
packed.

The Agitator

Since proper agitation of the “Surd is very important in the manufaciure of cheese, it is
imporiant that some mechanical means be provided. This is usually accomplished by what is
known as a forking iype agitator. The agiiator moves and cools the curd afier it is cul. As it
moves back and forth from onc end io the other or beiween the locaiion of an adjustable siop,

"\dle entire contents of the vat are ngitated and mixed. The machine is n greater labour server
and helps 10 obtain uniformity of the product.
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The Cheese Curd Mills

In the manufacture of chcddar and some other types of cheese, it is necessary to cut the slab
of curd into relatively small pieces or chunks so that whey can properly drain out of the curd
and also to enable it to be washed thoroughly and to provide an opportunity for salt to become
more thoroughly mixed with the curd.

The basic principle of the curd mill is that of a rotating cylinder on which sharp discs arc
mounted in such in a manner that when the livery slab cheese run through it, the cheese is

cutting to strips.

The Cheese Press

One of the final processes in the manufacture of cheese is the placing of the cheese in hoops,
which are then putting a press and pressure applied. The newer type of pressures utilizes a

hydraulic control system which is labour saving and quite effective.

— Plate, Xi. The Cheese Vat
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CHAPTTER 3
MATERIALS AND METHODOLOGY

3.1. Quality Testing of Raw Buffalo Milk

Quality and quality control arc very important aspects in the milk and milk processing
industry because it has a great influence on the quality of the final product. Following

test were carried out to assess the quality of the raw buffalo milk.

3.1.1 Organoleptic Tests

That is the assessment of quality by the evidence of the senses. As far as milk is
concerned, this term is limited to smell and colour although appearance is strictly

spcaking an organolcptic property. Taste, odour and colour of raw buffalo milk were
tested.

'Materials
Bottle of raw buffalo milk
Beaket - 250ml

Method

About 150 — ml of milk was transferred to a 250 ml beaker, tested for taste, smell and
colour.

3.1.2. Physical Propertics

Each physical property of milk is, of course, a resultant determination by the
contributions of its consiitucnis. Obviously, physical properties wvary with
composition. Furthermore, ‘the process to which milk is subjeci.ed in manufacturing
and utilization induce changes in the constituents that are reflected in physical
propertics.
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1. Specific Gravity

Materials

Specific gravity bottle (50ml) with a well fittcd ground glass stopper.
Milk sample

Water bath maintained at 30 °C

Thermometer

Elcctronic precision balance

Method

Previously weight — W, specific gravity bottle was filled with distilled water at 30 °c
until overflowing and by holding the bottle in such a manner to prevent the
entrapment of air bubbles.

The stopper was inscried and the bottle was immersed in a bath maintained-at 30 °C.
After 30 minutes the bottle was removed from the water bath and allowed to dry
completely.

The weight of the bottle and its content was measured —W>. Then the specific gravity
bottle after cleaning and drying was filled with milk and the weight — W3 was taken a

described earlier.

3.1.3Chemical tests

1. Titrable Acidity

Materials

Milk sample

Buretie — with 0.1ml graduation
Beakers

Electronic precision balance,..
Conical flasks — 100m}

Wash bottie

Stirring rod with policeman
Phenolphthalein 1% - Ig in 100ml of 95% cthanol
“Sodium Hydroxide 0.1 N = 0.49 g in 100m!



Method

Sml of milk thoroughly stirred was transferred to a 100ml conical ﬂask. using a
pipettc. The pipctte was rinscd using two volumes of water and transferred the rinse to
the flask containing milk and thoroughly mixed. 0.5ml of phenolphthalein indicator
was added and titrated with 0.1N sodium hydroxide to obtain the first pernmanent
(30sec) colour change, to pink. The volume of 0.IN sodium hydroxide required for
the titration was recorded.

3.1.4. Microbiological Tests.
1. Clot on Boiling

Materials

A milk sample

Beaker— 100ml

»Thermohet‘er

Bunsen bumer with tripod stand

Method

A small quantity of milk was boiled for five minutes whilst maintaining the
temperature at 100 °C. The beaker was examined for any signs of coagulation or fine
particles of curd on the inside surface of the beaker.

3.2. Preparation of Cheese Using Buffalo Milk as the Raw Material

The method used for the production of hard and scmi-hard cheese can be regarded as
modification sofl the mclhod used i in the production of the cheddar cheese.For each
variety the cheese maker hns selecwd the treatment conditions that will allow the curd
to give the required acidity, moisture content and allow the development of the texture
and flavour during ripening. Almosi every siage of the cheese making process can be
modified. Most of the different charcieristics of variciies of cheese results from
\Biﬂ_’cmnccs in finencess of cutting the curd during milling, the iecmperature to which the



curd is hcated and the pressure applicd during pressing. In this method, whole milk
was used for the preparation. The milk used is of high fat content. The procedure used

for the manufacture of Gouda — type cheese was adopted.
Scale up the production process of buffalo milk Gouda cheesc

Mechanization has been extensively introduced into cheese plants, many difficult and
labourious operations have now been taken over by machines.

The cheese tank is equipped with a combined cutting and stirring tools; the heating
and cooling processes are accomplished by circulation of the media through the jacket
or by direct addition of hot water through a sprinkle system. The hole curd making
process is controlled from a panel according to a present program in which all times,

tempcrature and opcrations are spccified.

Materials

Cheese vat and other instruments.
Weighing scale

Muslin cloth

‘Cheese-mould and press

Plastic colander

Ingredients

Milk  25liters

Frecze-dried lactic (Mesophillic Homeofermetation) culture for direct vat set—0.75g
Rennet (100% Chyomin as the aclive enzymc) - 1g

Salt

f - Carotenc.

Method -

The milk was tested for acidity afier filicring and pasteurized in cheese making vals
by LTLT (at 63 °C for 30 minutes) and then cooled (o 37 °C.Freeze-dried culture was
“then ‘added after mixed thoroughly.Rennet was added after an interval of 20 minutes
(1g ofennet was dissolved in chlorine free waier) and stirred well. The mixiure was




allowed to curdle by allowing standing for 40 minutes in a water bath whose
temperature was maintained at 37 C'.The curd formed was cut in to pieces and placed
in a colander lined with the muslin cloth and the whey was drained to a separate bowl.
Draining of whey was followed by addition of equal amount of distilled water at a
temperature of 40 °C. The rest of the whey was removed and the corners of the muslin
bag were tied form a bag. Then the bag of curd was put in to the mould and
mechanical pressure applied for 12 hours.The pressed curd was immersed in 7% brine

solution for 12 hours. The cheese was then exposed to a cool and a dry atmosphere for
rind formation.The finished product was placed in a plastic container and refrigerated.
A hedonic test between the prepared sample and a commercially available product

was carried out.

3J. Quality Testing of Cheese
3.3.1. Oganoleptic Tests
Taste, odour and colour were tested in the prepared unripened cheese.

Materials
Cut cheese cubes of 2cm approximately.
White plates

Method

Cheese was tested for its taste, odour and colour.
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Figure 3.1: Production Process of Gouda Cheesc
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3.3.2, Microbiological Tests for Cheese
1. Yeast and Moulds

Materials

Prepared sample (cheese)

Precision electropic balance

Apparatus for sterilization (Autoclave and oven)

Incubator controlled at 25 °C

Water bath controlled at 45 °C (to melt the sterile culture media)
Sterile Pctri dishcs

Sterile pipctics — 1 and 10 ml

pH meter

Screw capped bottles containing 9- ml of sterile diluents

!).iluents - Pcptone 1.0g
NaCl 8.5¢g
Water 1000g

Tesi tube plugged with cotton wool containing 15- ml of sterile yeast extract dextrose

chloramphenicol agar medium.

Composition of Yeast extract dextrose chloramphenicol agar medium:

Yeast extract 5.0g
Dexirosc 20.0g
Chloramphenicol 0.1g
Agar 15.0g
Water 1000m1
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Method
Making the dilution:

A sterile  1ml pipette was introduced into the well- mixed test sample with its
reaching not morc than % inch from the surfacc of the well-mixed test sample.

The test sample was sucked up and released ten times to the 1-ml mark and 1-ml of
milk was then measured out holding the pipette in the vertical position.

1-ml o test samplc was introduced in to the first bottle of the diluting series with the
tip touching the side of the bottle at a point about % inch above the surface of tee
diluent.

Afresh pipette was introduce to the 1 in 10 dilution with its tip reaching nof more than
1 inch below the surface of the dilucnt and thec fluid sucked and released ten times to
the 1ml mark.

1ml of the fluid was introduced to the second bottle of tee diluting series with the tip
touching the sidc of the bottle at a point about % inch above the surface of the
diluents. Similarly using separate pipetics other dilutions of

103 10%and 10 were also prepared.

o

Pour plate method for yeast and mold count:

Using a sterile pipetie 1 ml cach of the first decimal dilution was transferred to two
sierile Peiri dishes. 15 ml of sterile plate count medium at 45 %C was poured into each
Petri. dishes containing the first decimal dilution and mixed. the inoculums carefully
with the medium,

Petri dishes were placed on a clean horizontal surface and allowed o solidify.
Inverted dishes were then incubated at 25 °C for 5 days.

The above procedure was tépmied with other diluiions using a fresh sicrile pipette for
cach dilution.

Plates containing not more than 500 colonies were reinined and the number of moulds
colopies present were counted.
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2. Coli forms.

Materials

Prepared sample (cheesc)

Precision clectronic balance

Apparatus for sterilization (Autoclave and oven)

Incubator controllcd at 25 °C

Water bath controlled at 45 °C (to melt the sterile culturc media)
Sterile Petri dishes

Sterile pipettes — ) and 10 ml

pH meter

Screw capped bottles containing 9- ml of sterile diluents

Diluents - Pcptone 1.0g
NaCl 8.5g
Water 1000g

Test tube plugged with cotton wool containing sterile MacConkey broth (single
strength)

MacConkey broth (single strength):

Peptone 20.0g
Lactosc 10.0g
Bile salt 5.0g
Bromocresol purple 0.01g
Walter 1000g
Method -

Making the dilution:
The process of making the dilution was same as the Test of yeast and moulds.
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Examination for Presumptive Coli form;

Using a sterile pipeite Iml each of the first decimal dilution was transferred to three
culturc tubes containing MacConkey broth using the same technique described above.
The above procedure ‘was repeated with other dilutions using a fresh sterile pipette for
cach dilution.

Cultures were incubated at £37 °C for 24 hours.

After 24 hours, cultures were ecxamined for acid and gas production.

Re- incubation the culture at 37 °C for 24 hours, and examined for acid and gas
production.

3.3.3 Scnsory Evaluations

Difference Test between Preparcd Sample and Commercial Product :

Hedonic tests are designed to measure the degree of liking for a product. Category
. scale ranging from like extremely, through neither like nor dislike, to dislike
extremely with varying members of categories, are used. Panelist indicate thenr degree
of liking for each sample by choosing the appropriate category.

A hedonic test between the prepared sample and a commercial product — highland
cheese, was carried out. )

Materials

Identical Peiri dishes with lids coniaining a picce of laboratory prepared cheese: -25
Identical Petri dishes with lids containing a piece of cheesec commercially made : -25
Disposable plastic spoons

Questionnaire for hedonic test (Figure 3. Appendix 111)

Method .

A hedonic iest was conducted fo determine whether a significant difference exisied
beiween different characiers of two varicties (prepared and commercial) of cheese.
using 8 5 poini category scale. (Appendix 1)
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Twenty — five untrained panelists (in house) were selected from the university and the
importance of thee sensory testing, testing mcthod ad procedures were explained. A
demonstration. was carried out to show the manner in which the questionnaire should
be marked.

Two varictics are presented in two identical containers to thee panelists. The sample
containcrs were coded with three digit randomly selected numbers. Each sample was

gives a different number.

The code numbers were;
342 - Prepared sample
468 — Commercial product - ‘Highland’

All the samples were simultancously presented to each panelist in balanced order
with questionnaire (Appendix 1) and re-tasting of the sample was allowed. Panelists
were instructed to evaluate the coded sample for degree of liking. They evaluated by
checking a catcgory on the scale that ranged from like extremely to dislike extremely.
For data analysis, the categories were converted to numerical scores ranging from 1 to
S where 1 represcnted dislike extremely and S represented like extremely.  The
numerical scorcs for each samples were tabulated and analyzed by the analysis of
vnrian-ce(ANOVA) to dctermine whether any significant differences in mean degree

of liking scores exists among the samples.

3.3.4 Cost Calculation

The cost of producing one (1kg) kilogram of cheese was calculated.
3.3.5. Chemical Tests

1. Moisturc Confent

The_moisiure conient of cheese may be determined by gravimeiric mcihod by
\‘~cyapoml3ng the waicr and weighing the residue,



Materinls

Flat bottomed dishes and glass rod
Analytical balance

Drying oven

Desiccalors

Water bath

Sea sand

Grater

A sample of cheese

Method

The dish containing 20g of sand and thc glass rod was placed inside thee drying oven,
dricd for one hour, allowed to cool in a desiccate, and weighed accurately to the
nearest 0.1 mg. Few drops of distilled water was added and mixed thoroughly. The
dish was placed on a boiling water bath for thirty minutes and then placed in an oven
preheated to 100 °C.Aficer four hours the sample was moved into a desiccator,
-allowed to cool and weighed to the ncarest 0.1 mg. The drying, cooling and
weighing process was repeated at hourly intervals until there was no difference in two

successive weighing, greater than 0.1mg. The lowest weight was recorded.

2. Dry Matter

The solid constituent of cheese arc often grouped and referred to as “Dry matter “.
The percentage of which is calculated as the difference between 100 and moisture
content.
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CHAPTER 4

RESULTS AND DISCUSSION
4.1. Quality Tests for Raw Buffalo Milk

4.1.1. Organoleptic Tests

1. Taste
Taste - Sweel
2. Odour
Odour - Pleasant
3. Colour
Colour -  Crecamy white

“The sweet tastc of buffalo milk is due to lactose content that is slightly higher than
cow milk. Freshly drawn buffalo milk takes slightly sweet and has a characteristic
odour. In cow milk there is a yellowish tinge due to milk at the presence of carotene

in fat, The fat in buffalo milk is crcamy white duc to absence of carotene.
4.1.2. Physical Propertics
1. Specific Gravity

Weight of the empty specific gravity bottle (W1) = 13.703 g
Weight of the empiy specific gravity botile + water (W2) = 24.432 g
Weight of the emply specific gravity bottle + milk (W3) = 24.787¢g

Specific Gravity = W3 - Wi
w2 - Wi
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Specific Gravity = 24.787 - 13.703 = 11.084
24.432 - 13.703 10.729

Specific Gravity 1.033

Each physical property of milk is, of course, a resultant determination by the
contributions of its constituents. Obviousley, physical properties vary with
composition. Furthermore, thc process to which milk is subjected in mam;facmring
and utilization induce changes in the constituents that are reflected {n physical
properties. ¢

Milk is a complex colloidal system in which the dispersion medium water contains
salts and sugar in solution. It is therefore heavier than water. The specific gravity of
milk is influenccd by the relation of its constituents, cach of which has a different

specific gravity.

. They are approximately as follows.

Fat y 0.93

Lactose 1.666
Protein 1.346
Casein 1.310
Salts 4210

The specific gravity of milk may bc determined by either finding the weight of a
known volume of by measuning the volume of a known weight. Here specific gravity
was determined by using a specific botile. The method determine the ratio of weight
of a unit of milk at 30 0C.

Specific grovity may be used as an indicator of adulteration of milk with waier. 1t has
been determined that average specific gravity of milk is 1.032 specific gravity of
buffalo milk is used for the preparation was 1.033.

43



4.1.3. Chemical Tests

1. Titrable Acidity

Table 4.1: Tabulated values for acid determination

Volume | Weight | Volume of 0.1N NaOH used

of milk of /em?
lem® S5:0ml/g | Sample | Sample | Sampl
1 2 el
5.00 5.157 1.05 1.05 1.05

Aciditly is expressed as percentage of lactic acid ( 1ml of 0.1 N NaOH = 0.009g of
lactic acid)
Percentage of Acidity = (mlof NaOH) x (N NaOH) x 9

Weight of sample

(1.05ecm®) x (0.IN) x 9
5.1

0.183 %

]

Normal fresh milk has a hydrogen ion concentration of approximately pH 6.5 to 6.6
which is an indication that milk is slightly acidic. Fresh milk however does not
contain any Jactic acid and the acidity is due to certain constituents of milk some of
which cause and acid reaction and other actually combine with the alkali. Acidity of
fresh milk is known o be due io the phosphatcs, proicins (cascin and albumin) and to
a slight degree due ihe presence of carbon dioxide and ciirates in the milk.

Titrble acidity test should reveal no developed acidily in good quality milk. Both the
fAavour and the edour are adversely affected as acidity develops and also the acidity of
the milk o survive several processes, during the processing in a plant. The tiirable
acidity of fresh milk usually shows less than 0.18%. Buflalo milk used for the

e pre.;)'nml:ion of checse gave a value of 0.183% for titrable acidity.



4.1.4. Microbiological Tests

1. Clot on Boiling

There was no clot in the milk sample. This test reveals milk used for the
preparation of cheese was in good quality

This test is essentially in holding the milk samplc under defined conditions
until it clots when held at 100 OC for five minutes. It is universally accepted
that if milk clots on boiling it cannot be marketed. This test measures in effect
the commercial life of milk. The clot on boiling test is the most important. At
times this is the only test carried out to determine the quality. Acidity test
together with the above test on fresh milk will usually indicate the milk which

is likely to coagulatc during processing.
4.2. Quality Tests for Cheese

4.2.1. Organoleptic Tests

1. Taste - Both sour and salty
2, Odour -  Pleasant
3. Colour - Crcam

Buffalo milk Gouda chcese should contain pH 5.68 acidity level was in the final
produci. A crcam ycllowish colour was obtained in the final product by adding beta
carotenc 4g/25 | during the processing.

4.2.2. Microbiological Test
1. Yeast and Molds

Molds presented in largé numbers that is higher than SLS siandards, which may be
due (o poor sanitary condition in the laboratory.

™ .2. Coli forms
Coli form test was negative in the final product.
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4.3.Scensory Evaluation

342 - Commercial Product.

468 - Prcpared sample.

Table 4.2: Category Scorcs for the Hedonic Test
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Table 4.3 : Results of sensory evaluation

Character F ratio
Calculated < Tabular (p < 0.05) — no significant difference in
Appearance
appearance.
Calculated < Tabular (p < 0.05) - no significant difference in in
Colour
colour.
Calculated > Tabular (p < 0.05) — There was a significant
Aroma ) ]
difference in aroma.
- Calculated > Tabular (p < 0.05) — There was a significant
Flavour . )
difference in Aavour.
Calculaicd > Tabular (p < 0.05) — There was a significant
Texture

difTerence in (exture.

The ANOVA indicaicd that there was n significant difference in aroma, texture and

Navour of the prﬁmmd and commerciolly avnilable samples of cheeses (see appendix

111). There were no significant differences in other eharaciers of the iwo cheese

samples.
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Sensory cvaluation is a multi disciplinary science that uses human panelist and their
senses of light, smell, touch and having to cvaluate the sensory characteristics and the
accepiability of ithe food products, as well as the other materials. There is no known
instrument that can replicate or replacc human responsc; making sensory evaluation
componcnt of any lood study cssential. Sensory analysis is applicable to a variety of
arcas such as product development, quality control, storage studies and process

development.

Preference, acceptance and hedonic (degree of liking) test are considered to be
consumer tests since they should be conducted using untrained, unsuspecting people
sclected from the consumer public. Although panelists can be asked to indicate their
degree of liking, preference or acceptability of a product directly, hedonic tests are
ofien as indircet measures of prefercnce or acceptance. In this research, hedonic test
was carried out to find whether there is a significant difference between. the prepared

sample and commercially available products obtained from the market.
- 4.4.Cost Calculation
4kg Qf buffalo checse was produced out of 25 liters of milk.

Table 4.4 : Cost evaluation

Description Amount Unit Price (Rs.) Total (Rs.)
Tiquid Buffalo milk 25 liters 30.00 750.00
Rennct g i 1250
Culturc | 0.75g - "8.00
B- Caroicne ag ' - | 35.00
Salt | 350g - 10.00
Electrcity IR - - 40.00

[Water - . j 10. 00
Labour - - " 150.00
Total cost (per 4kg of cheese) 1015.50
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Cost for production of | kg of cheese except the ripening process was Rs.253.88.
The ripened cheese available in market is Rs.1200 /1 kg. There with out following

the ripcning process accuraic cost calculation can not be obtained.

4.5.Chemicnl Test
1. Moisture content

Table 4.5: Tabulated values for moisture determination

Sample | Mo (g) M; (g) M, (g)
| | 35922 | 37.033 36.446
2 42,670 44.099 43321
3 45.770 | 47.426 46.585

M. Mass of dish + sand
M. Mass of dish + sand +samplc before drying
M,. Mass of dish + sand +sample afler drying

~ Calculations:
Total solids content percentage by mass =(M;_M>)x 100
e (M, -Mo)

The moisiure content in cow milk cheese should be beiween the range from 45%-
55%. Therefore 52.7% is in this acceptable range. Moisture content is very important
factor in cheesc because it direcily affects its texture. During the pressing step
moisture content in the product should be controlled which depended on. the time
duration and the pressure applying on the product.

Table 4.6: Tabulated Results of the moisture content,

Sample: | Moisture percentage by | Average
T mass
| 52.83
M4 52.7
3 50.78%
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2. Dr\ Matter

Percentage moisture content of cheese - 52.7 %
Drv matter 100 - moisture content
100 - 52.7
47.3%

The dry matter content contributes higher yield of cheese made from buffalo milk due

to higher hit content.

PUie 4 i Buffalo Milk Gouda Cheese
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CHAPTER S
CONCLUSION AND RECOMMENDATION
Conclusion
Chcese can be successfully made from buffalo milk with high fat yield.
This unripen cheese had colour and appearance same as commercially available cow
milk cheese, but aroma, flavour and texture were differed.

‘Recommendations for Further Studics

1. Ripening process should be carricd out and the ripened product should be
subject to final processing.

2. Flavour, texture and aroma can be improved by allowing the final product for

ripcning process.
3. Shelf life studies should be carried out.

4. Afier ripening and the final processing of the product a market rescarch should

be carried out for consumer acceptability of the produci.
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NAME: ceveeriiineennnns
DAt  vvivriereiiinanenns

| Eg:

The questionnaire given for Hedonic Test for cheese

Please evaluate the two checse samples (342 & 468) and put the relevant number for
your option for cach character as given below.

Aroma

| Like extremely

Like

Neither like nor dislike

Dislike

Dislike extremely

e LN R I E A B S

— LI NI OV

Trae

Appearan

Colour

Flavour

Aroma

--Textpre

342

342

342

342

342

[Like extremely

} Like

Neither like nor dislike

| Dislike

Dislike extremely
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Appendix 11
Tabulated Category Scores for the Hedonic Test.

Panclist Total =p Trt— treatment total
A -4068 G. T.- grand total
B -342

For the ANOVA the following calculations were carried out (where, N = The total

number of individual responses).

Correction Factor (CF) = (Grand Total)?
N
= 170/ 50
= 578

Total sum of squares (measure of the total variance for the test ).

=

SS(T) = ¥ (cach individual responses Y- CF
= ¥ (42 + 12432 + — + 4%43%42%) - 578
= 62
Treatment sum of squares ( Mcasured variance among the sample means )

SS(T) = T (Each treatment total ) ?
-CF

Number of responscs per treatment
(89°+81%) - 578

25
1.28

55



Panclist sum of squares ( measurc of the variancc among Panelists’ mcan ).

SS (P)

i

¥ ( cach panelist total )2

Numbcr of responses per panelist

- 578

38

]

Error sum of squares ( measure of the variance due to experimental or random error)

SS(E) =SS(T) - SS(Tr) - SS(P)
=62-1.28-38
=22.72

The mean square (MS) values were calculated by dividing the SS values by their
respective degree of freedom as follows.

Total degree of freedom, dR(T) = the fotal number of responscs — |
=50-1
=49

Treatment degree of freedom, dF (Te)= the toial number of ireatmenis — |
=2-1
= )

Panelist degree of ‘frecdom. df (P) = the toinl number of panelisis = 1
=251
=24

Error degree of freedom, d7' (E) = df(T) - dr (Tr) - IO (P)
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=49-1-24
=24

Treatment mean square, MS (Tr) =SS (Tr) / df (Tr)
=1.28/ 1
=1.28

Panelist mean square, MS (P) = SS(P)/ df(P)
=38/24
=1.58

Error mcan square, MS(E) = SS(E)/ df(E)
=22.72/24
=0.94

The F ratios, for the treatments and panclists were calculated by dividing the
respective values by MS for error. The tabular F ratios were obtained from statistical
tables of the F distribution (scc Appendix 111). Calculated F ratios were compared to

tabulaicd F ratios to determine whether there was any significant difTerence among

the treatment or panclists® means.

ANOVA Table scoring for appearance test

Sources of df SS MS F Ratio
Varintion Calculated “Tabular
‘ (p £0.05)
Total(T) a9 | 62.00 ‘
Treafment(Tr)| 01 0128 | 1.28 1.36 4.259
Panelist(®) | 23 | 3800 | 1.8 .68 1,983
Error(E) | 24 272 | 09
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The tabulated F raiio for trcatments with onc degree of freedom (df ) in the numerator
and 24 df in the denominator, at p £0.05, is 4.259. The F ratio for panelists with 24
df in the numerator and 24 in thec denominator at p <0.05, is 1.985.

If ihe calculated F ratio excecds the tabulated F ratio for the same number of degree of
L3

freedom, then there is cvidence of significant differences.

Since the calculated treatments, F ratio of 1.36 did not exceed the tabulated F ratio of
4.259 it was concluded that there was no significant (p < 0.05) difference in the
appearance of the two cheese samples. The calculated panelists’ F ratio of 1.68 did
not exceed the tabular F ratio of 1.983. Thus, no significant panelist effect was
present.

Similarly, ihe results obtaincd for other characters were analyzed by ANOVA.

ANOVA Table scoring for colour test

Sources of df SS MS F Ratio

Variation ' Calculated Tabular

—_ | (p <0.05)
Totnl(T) 49 36.42 B
Treatment(Tr) | Ol 0338 | 338 | 625 " 4.259
Panelist(P) 24 19.92 0.83 1.53 1.983
Error(E) 24 13.12 | 0.54 BN

Table :ANOVA Table scoring for nrom: test

Sources of dr SS MS F Ratio
Variation _ b Calculated | Tabular
L B (p<0.05) .
Total(T) 49 44.88
“Treatment(Tr) | Ol 02.00 | 2.000 1.66 3259 |
Panclist(P) 24 13.88 | 0.578 0.48 1.983
Erron(E) 24 2900 | 1200 -

58



Table : ANOVA Table scoring for flavour test

Sources of df SS MS F Ratio
Varintion Calculated | Tabular
(p £0.05)
Total(T) 49 58.50
“Freatment(Tr) | Ol 00.18 | 0.180 0.122 4.259
Panclist(P) 24 23.00 0.958 0.651 1.983
Error(E) 24 35.32 1.471

Table :ANOVA Table scoring for texture test.

Sourees of Jdf SS MS F Ratio
Variation Calculated Tabular
(p <0.05)
“Total(T) 49 55.78
Treatment(Tr)| 01 | 04.50 | 4.500 3.170 4.259
Panelist(P) 24 1728 | 0.720 | 0.508 1.983
[Erron(E) 24 | 34.00 | 1416 '
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APPENDIX 114

Criticat Absolute Rank Sum Differences for *All Treatmenis™ C 2t 392 Level
Significance. . enis”™ Comparisons a6 3% Level of
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