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ABSTRACT
The biochemical activity of Streptococcus
thermophilus and Lactobacillus bulgaricus in a 1:1 ratio
(Chr. Hansen's Lab- CH-III) were studied_at 43 C in goat
and cow milk during the manufacture and storage of yogurt.
Determination of pH, titratable acidity, lactose content,
proteolytic activity, and enumeration of the starters were
performed on samples taken at hourly intervals until the
yogurt became set, and after 8, 16, 24 hours, 11 and 22
days of storage at 4 C.
In goat milk the number of starter culture
organisms showed higher values than those in cow milk.
Fermentation was considered to be finished when
the pH decreased to 4.7 and 0.7 % of lactic acid was
produced. Those values were reached after 3 and 4 hours
for goat and cow milk respectively. The values for pH in
both milks were stable at 4.7 during storage at 4 C.
Goat milk and goat milk yogurt had higher levels
of free amino acids (12.65 mg/dl and 24.39 mg/dl
respectively) than cow milk (10.31 mg/dl) or cow milk
yogurt (20.20 mg/dl). During storage at 4 C free amino
acids in goat milk decresed by 20 % ; in cow milk they
increased by 70 % from values found in fresh yogurt.
The proteinase activity in goat milk during
elaboration of yogurt was from 2 to 3 hours after
xi

ABSTRACT--Continued

xii

incubation, was then stable until 24 hours of storage at 4 C
and then decreased. No change in the proteinase activity in
cow milk yogurt was seen until 4 hours of incubation for
experiments 1 and 2 and 3 hours in experiment 3. During the
storage at 4 C, proteinase activity in cow milk yogurt was
stable.
Polyacrylamide gel electrophoresis of caseins failed
to reveal marked changes during the manufacture of yogurt
and storage after 22 days at 4 C. However, a scanning gel
densitometer showed that the area corresponding to
alpha-casein decreased by 22 % and for beta-casein 13.32 %
during the elaboration of goat milk yogurt. After 22 days of
storage at 4 C, the alpha-casein fraction decreased an
additional 14 %, but no change was observed in beta-casein.
The area corresponding to alpha- and beta-caseins
decreased by 7.16 and 14.48 % respectively during yogurt
manufacture and an additional 6.74 and 8 % during storage of
cow milk yogurt. The overall results found in this study
suggest that the metabolic activity of
~

~

thermophilus and

bulgaricus is greater in goat milk than in cow milk

during elaboration and storage of yogurt.

CHAPTER

1

INTRODUCTION
Proteolytic enzymes are of great importance to the
dairy industry as they have a crucial function in various
processes, such as, the production and ripening of cheese,
and the manufacture of cultured milk products.
The importance of lactic acid bacteria in cultured
dairy products is well recognized (Sharma and Singh,
1982). However, there is a lack of definitive, published
information regarding the proteolysis which takes place
during the manufacture of yogurt made with milk from other
species, such as goat milk.
In spite of the high nutritional value of goat
milk, people in Northeast Brasil have traditionally used
goats only for meat with little or no use

of the milk as

food. The reason for choosing goat milk in this study is
the fact that the Brazilian Government has been interested
in programs

to encourage the use of goat milk for people,

especially children, who live in rural areas.

Projects

dealing with the marketing of live animals and their
products are already being carried out in collaboration
with EMBRAPA's National Goat Research Center in Sobral,
Ceara State. De Boer and Gutierrez (1982).
1

2

Several articles related to yogurt made with goat
milk have been presented, but most of them concern the
chemical and organoleptic characteristics of goat milk
yogurt (Abrahansem and Holmen, 1981; Duitschaever, 1978;
Aggarwal, 1974; Swaminathan and Daniel, 1970; Hadland and
Hoffman, 1974; Manjunath et al., 1983). The proteolytic
activity has been studied in yogurt made with cow milk.
Sharma and Singh, (1982).
The present study compares the different
biochemical parameters of yogurt bacteria in goat milk as
compared with cow milk, with special emphasis on
proteolytic activity of yogurt starters in goat milk.

CHAPTER
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LITERATURE REVIEW

Since most of the first studies on milk proteins
were related to bovine milk, the first part of this
chapter will discuss this kind of milk.
portion will

The second

review milk proteins from goat milk, and the

last will give a retrospective on proteolysis in milk
proteins and its importance on dairy products.
Milk Proteins
Milk proteins are one of the most widely consumed
human food proteins. The long history of its inclusion in
the human diet and the relative ease with which major milk
protein fractions can be prepared from the raw fluid are
probably responsible for the selection of these proteins
for study by the early biochemists. (Swaisgood, 1982).
In the past century, milk was thought to be a
possible source of a uniform protein (Hammartsen, 1883),
however Linderstrom-Lang and Kodama (1925) showed the
heterogeneity of casein, an important contribution to the
research about milk proteins.
The fractionation of casein into three components,
alpha, beta and gamma casein, was shown by moving boundary
electrophoretic techniques by Me1lander (1939). He named
3

4

the three fractions of casein by the order of their
decreasing mobility, and found that gamma casein had a low
phosphorus content. Palmer (1934) crystalized
beta-lactoglobulin, the principle protein of whey milk
serum. He found the protein to be insoluble in salt-free
water within the pH range 4.5 to 5.5, and classified it as
a globulin rather than an albumin. The discovery of kappa
casein as an integral part of alpha-casein by Waugh and
Von Hippel (1956) showed the importance of this single
factor which is responsible for micelle stabilization and
the protein on which rennin acts. According to the same
authors, it is suggested that kappa-casein exerts its
primary stabilization in the formation of the alpha-kappa
casein complex, which reduces the number of calcium
sensitive groups of Qlpha-casein. So situated, calcium may
act as an interpolymer or intercomplex link. The role of
the alpha-kappa casein complex during physico-chemical
changes in milk is still very clear.
By 1955 the principal proteins of cow milk had
been identified and characterized extensively. (Brunner,
1981). Table I .
Milk Protein Nomenclature
In 1953, the American Dairy Science Association
activated the Committee on Milk Protein Nomenclature,
Classification and Methodology. The immediate goal of the

TABLE 1. Amino acid residues of the major proteins occurring in the milk of western cattle
Acid
Asp
Asn
Thr
Ser
SerP
G1u
Gln
Pro
Gly
Ala
1/2 Cys
Val
Met
11e
Leu
Tyr
Phe
Trp
Lys
His
Arg
pyr or G1u
Total
Residues 199
Molecular
weight 23 612

alpha-sl a1pha-s2 kappa- beta
gama-l gama-2 gama-3 B-1 acto- A-1acto
Cas. B Cas. A Cas. B Cas. A Cas. A Cas. A Cas. A
G10. A Alb. B
7

8
5
8
8
24
15
17

9

9
0
11

5
11
17

10
8
2
14

4
14
15
6
11

25
15
10
2
8
2
14
4
11

13
12
6
2

6
0

24
3
6
0

207

169

25 228

19 005

5

Adapted from Swaisgood. H.E.(1982).

4

4

4

7

5

3

9

8
10
1
11

21
34

14
12
1
12
14
20

11

5
18
21
35
5
5
0
19
6
10
22
4
9
1

2

15
2
11

2
13
8
9
4
1
9

4

5
0
17

6
7
19
4
9
1
10

11

5
4
0

3

5
1

2

0

2
1
4

11

7

7

0
4

0
4

7
0

11

11

21
2
2
0
10
4
3
14
3

21

7
7

0

2
0
10
4

4

3
14
3

10

8

22

13
4

5

5

1
4
4
2
0

1
3
3
2
0

4
4
2
15
2
3
0

162

123

23 980 20 520 11 822 11 557

18 362

14 174

104

9
12

16
9
8
3
14
5
10

2

.

5
8

102

209

181

5

2
1
4

8

5
2
6
3
8

6
1

4

4
12
3
1

0

U1

6

Committee, which consisted of six people actively engaged
in milk protein research, was to recommend a system of
nomenclature capable

of embracing existing terminology

yet flexible enough to accommodate new entries. The
Committee's first· report was published in 1956 (Brunner,
1981). Changes recommended in the nomenclature of caseins
were primarily a result of differences within this family
of proteins brought about by posttranslational
modification. For example, alpha-50-casein is identical to
alpha-51-casein, and alpha-s3-,alpha-s4-, and
alpha-56-caseins are identical to alpha-52-casein except
for differences in degree of phosphorylation.
Proteose-peptone components 5, 8-s1ow and 8-fast, and
gamma-1-, gamma-2-, and gamma-3-caseins are N-terminal and
C-terminal fragments, respectively, of beta-casein formed
during proteolysis by plasmin (Eigel et al., 1984).
Genetic polymorphism
The discovery of genetic polymorphism of proteins
from milk opened a new chapter in the study of milk
proteins. Aschaffenburg and Drewry (1955), using
electrophoresis on filter-paper at alkaline pH, found that
individual cows produce either a mixture of two electrophoretically distinct beta-Iactoglobulins or only one or
the other of these. The single components were determined
to be beta-1 and beta-2-1actog1obulin in order of

7

decreasing

mobility, and the mixture of the two in the

milk of an indiviuual cow was termed beta-I,
2-1actoglobulin.

Aschaffenburg (1961), utilizing alkaline

urea-paper electrophoresis, demonstrated the presence of
three genetic variants of beta-casein which were
designated A,B and C in order of decreasing mobility. The
use of electrophoresis in urea containing starch gels by
Thompson et al.(1962), and Kiddy, Johnston and Thompson
(1964) revealed three of the principal alpha-s-casein
fractions, designated alpha-s1-casein A, Band C following
Aschaffenburg's scheme of nomenclature.
Introduction of gel electrophoresis
Wake and Baldwin (1961) showed that the
disaggregation of casein by concentrated solutions of urea
revealed many components upon starch-gel electrophoresis
and a discontinous alkaline buffer system. The
introduction of 2-mercaptoethanol improved the resolution
of kappa-caseins, when it was added to the gel or to the
sample. Petterson (1963) points out some advantages in the
use of acrylamide gel over electrophoresis with starch
gel, such as: (a) acrylamide gels are much easier to
prepare than starch gels since they can be used twenty
minutes after mixing and do not require heating, standing
for twenty four hours, and slicing; (b) acrylamide gel
does not contain free carboxyl groups which may prevent

8

the migration of some proteins as does starch gel; (c)
higher voltages can be used for the cell used for
electrophoresis in acrylamide than can be used in the flat
cell described by

Smithies (1959). Ledford, O'Sullivan

and Nath,(1966) using polyacrylamide-gel electrophoresis
(PAGE) in a study of the changes that take place in the
specific casein components occurring during cheeseripening, concluded that mobilities of products formed
from the degradation of individual types of casein are not
problems in polyacrylamide gel as they apparently are in
moving-boundary electrophoresis, and breakdown products do
not mask the migration positions of the intact caseins.
The use of polyacrylamide gel electrophoresis (PAGE) has
been used by several authors in milk protein studies
(Hillier,1976; Petterson and Kopfler 1966; Dzureck,Jr and
Zall

1985). In order to improve the polyacrylamide

gel

system, the incorporation of dissociating agents, such as
sodium dodecyl sulfate (SDS), have extended the usefulness
of this method (Brunner, 1981). Mather and Keenan (1975),
using sodium dodecyl sulfate-polyacrylamide gel (SDS-PAGE)
on milk fat globule membrane (MFGM), found 10 to 21 zones
ranging in size from 10,000 to approximately 240,000
daltons.
Basch et al., (1985) studied the use of
polyacrylamide gel electrophoresis in the presence of
sodium dodecyl sulfate (SDS-PAGE) to quantitate the ratio

9

of casein to whey protein in dairy products.
Determination of primary structure
Grosclaude, Mercier and Ribadeau-Dumas (1970)
studied the primary structure of the major proteins of cow
milk alpha-s1-casein. The sequence of alpha-s2-casein was
discovered by Brignon et al.(1977). Ribadeau-Dumas et al.
(1972) found the primary structure of beta-casein, while
Mercier, Brignon and Ribadeau-Dumas (1973) showed the same
structure for kappa-casein. The primary structure for
alpha-lactalbumin and beta-lactoglobulin were elucidated
by Brew et a1.(1970) and Braunitzer et a1.(1972),
respectively.
Discovery of the biological role of alpha-lactalbumin
Brodbeck and Ebner (1966) and Brodbeck et
al.(1967) made an important contribution to the concept of
synthesis of lactose when they identified a1phalactalbumin as an active and essential part of lactose
synthetase. According to the authors this enzyme, lactose
synthetase,

is made of two proteins called "A" and "B".

Alpha-lactalbumin

is the B-protein, which modifies an

existing enzyme (Protein A), identified later by Brew,
Vanaman and Hill (1968) as a galactosyl transferase. When
alpha-lactalbumin

is not present, ga1actosy1 transferase

changes galactose from UDp-galactose to N-acety1

10

glucosamine.

The presence of alpha-lactalbumin modifies

the activity of this enzyme to change galactose to
glucose, so that milk sugar, lactose, may be formed.
Casein micelle
The casein in cow milk occurs in the form of a
colloidal dispersion which is responsible for the high
turbidity of skim milk. The particles of this dispersion
range in size from 20 to 600 nm and are generally referred
to as casein micelles. Their dry matter consists of about
93% casein and the remainder of inorganic material. Calcium
and phosphate are the main inorganic components and the
combination is called colloidal calcium phosphate, CCP. In
spite of its low proportion, CCP plays a key role in
maintaining the integrity of the casein micelles (Schmidt,
1982). Brunner (1981) combined several

works to express

casein micellar structure through models. These models can
be classified into two classes. First, the "coat-core"
concept in which sub units composed of alpha-s and betacaseins assemble in thermodynamically-stable core units of
uniform size that associate into clusters of varying size
covered with a peripheral layer of kappa casein (Waugh and
Noble, 1965). Second, the open-structured model which is
composed of uniform size subunits, containing all casein
components that interact through colloidal calcium
phosphate linkages to form micelles.

11
The influence of temperature on the status of milk protein
The influence of temperature on milk protein has
been studied extensively (Rowland 1937, Zittle et ale
1962, Morr 1965, Sawyer 1969). When milk, a solution of
beta-lactoglobulin and kappa-casein, is heated, a complex
involving these two proteins is formed. Such a complex is
formed by a thiol-disulfide interchange. The principal
chemical linkage responsible for its stability is the
disulfide bond (Purkayastha,Tessier and Rose,1967).
Harwalkar (1985) says that heating during treatments, such
as pasteurization or ultra-high temperature heat
treatment, concentration by evaporation, or spray-drying,
plays a vital part in controlling empirically derived
functional uses of milk proteins. According to him, the
well-known interaction between beta-lactoglobulin and
casein (specifically kappa-casein) plays a very important
role, since it is involved, for example, in syneresis of
yogurt, rennet coagulation time in cheese manufacture, or
other physical functionality of milk proteins. In all
these processes the beta-lactoglobulin-kappa-casein
complex appears to be involved, but the exact mechanism
for its effect upon protein functionality is unknown. The
principal physicochemical changes in milk proteins and
minerals caused by heating include: whey protein
denaturation, interaction of denaturated whey protein with
casein micelles, conversion of ionic and soluble calcium

12
(Ca) and magnesium (Mg) phosphates and citrates to
coloidal phosphate, deposition of the heat-induced
colloidal phosphate onto casein micelles, and Maillard
browning reaction of proteins with lactose or other added
sugars (Morr, 1985).

Goat Milk Proteins

Goat milk proteins and their amino-acid
composition are very similar to those of cow milk. The
casein components present differences in cow and goat
milk. There is a lower content of alpha-s-casein and a
higher content of beta-casein in goat milk, and also more
alpha-s2-casein (about 30%) than in cow milk (8%)
(Morand-Fehr, Chilliard and Sauvant, 1982). The absence or
traces of alpha-I-casein in goat milk as compared with cow
milk makes it easy to detect the goat milk adulteration
with cow milk by using a polyacrylamide gel
electrophoresis method (Aschaffenburg and Dance, 1968).
One of the best available reviews on the biochemistry of
goat milk is Jeness (1980). According to him, the five
principal proteins of goat milk are beta-lactoglobulin,
alpha-lactalbumin, kappa-casein, beta-casein, and a casein
that probably should be designated alpha-s2-casein. Jeness
(1982) says that a major problem in dealing with and
naming milk proteins of non-bovine species is to assign

13
correct homology. In biological usage the term homology
denotes common ancestry. According to the same author, an
estimate of the degree of similarity between amino-acid
composition of each of the goat milk proteins and that of
its corresponding bovine can give some clues to homology.
Several indexes for evaluating amino-acid compositional
differences have been proposed, but Jeness (1980,1982)
uses the saQ of Marchalonis and Weltman (1971),

saQ =

(X.

. - X

l.,]

.)
k ,]

2

where i and k identify proteins being compared and

X.
]

is the content, in mol/IOO mol of the amino acid type
j .

According to Merchalonis and Weltman (1971) pairs of

homologous proteins generally have saQ well below 100.
Jeness (1982) shows that the saQ's of each of the goat
milk proteins versus its bovine counterpart are all well
bellow 100, consequently the homology is high, see Table 2.
Preaux et al. (1979) published the complete
sequence of amino-acid of goat milk beta-lactoglobulin.
Th8

polypeptide chain of 162 amino-acid residues differs

from bovine beta-lactoglobulin B at six positions
including both

terminal residues. The N terminal leucine

of bovine beta-lactoglobulin B is replaced by isoleucine,
Asp 53 --) Asn,Asp 130 --) Lys, Ser 150 --) Ala, Glu 158
--) Gly, and

Ile 162 --) Val.

As a result, goat
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Table 2.

Amino-acid composition of isolated goat milk proteins.

----------------------------------------------------------------------Acid

alphas2-Cas.

beta- kappacas.
cas.

beta-1acto
globulin

a1phalactalbumin

--------------------------------------------------------------------------------------- residues per mole ---------------

Alanine
Arginine
Asparti c aci da
Cysteine
Glutamic acid b
Glycine
Histidine
Isoleucine
Leucine
Lysine
Methionine
Phenylalanine
Proline
Serine
Threonine
Tryptophann
Tyrosine
Valine

0
6
17
2
45
4
5
11

12
22
4
8
18
14
14
2
11

12

Total

217

Amide
Phosphate
SL\Q vs bovine
homolog

7

?

25.9

5
3
9
0
43
6
5
9
20
12
6
9
33
15
12
1
4
21

16
5
16
3
26
1
4

16
3
14
5
24
5
2
10
21
16
4
4
8
6
8
2

5
1

22
8
13
5

11

10

3
8
13
13
0
4
2
6
6
4
4
6

213

171

162

123

?

21
2

15
0

17

13. 1

2.7

3.9

5 or 6
8.8

11

8
8

1
4
19
13
15
1
9

4

0

----------------------------------------------------------------------source: Jeness (1980)
bInc1udes asparagine
Includes glutamine
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beta-lactoglobulin has three less negatively charged and
one more positively charged groups than bovine
beta-lactoglobulin at pHs of 5 to 9 (Jeness, 1982).
According to Phillips and Jeness (1965) this difference in
ionizable groups probably explains the slower
electrophoretic mobility of goat beta-lactoglobulin in
alkaline gels. Schmidt and Ebner (1972) found that
alpha-lactalbumin isolated from goat milk had two
electrophoretically distinct forms as determined by disc
acrylamide gel electrophoresis. Kappa-casein differs from
its bovine counterpart in having a chain of 171 instead of
169 amino-acid residues, valine and histidine being
inserted at positions 132 and 133 (Jeness 1980). According
to the same author, goat kappa-casein, like the bovine
homolog, has phenylalanine in position 105 and methionine
in 106. Rennin (chymosin) hydrolyzes the molecule between
these two residues and produces the fragments called
para-kappa-casein (residues 1 to 105) and
caseinomacropeptide (residues 106 to 171). Mercier, Addeo
and Pelissier (1976) by studying the amino-acid sequence
of caprine caseinomacropeptide (CMP) found the occurrence
of an additional phosphate group, linked to serine 168 in
the C-terminal region Thr-Ser 168-Thr-Glu 170-Val-OH of
the polypeptide chain.

The difference between the

C-terminal sequence of bovine and caprine CMPs is the
sUbstitution alanine --> glutamic 170 (caprine). Addeo et
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al.,(1978) found that whole kappa-casein on DEAE-Cellulose
separated into 5 fractions.

Like cow kappa-casein, goat

kappa-casein, is composed of several fractions having
identical peptide chains and differing in their
carbohydrate contents.

Razanajatovo and Alais (1977)

found similar properties of kappa-casein from goat milk
when compared with the same fraction in cow milk.
Beta-casein constitutes approximately 30% of
bovine casein, whereas beta-casein is the major component
of both caprine and human casein. Consequently, the
beta-casein is likely to play a more important role

in

the stability of the caprine micelle than in the stability
of bovine casein micelles. (Richardson and Creamer, 1974).
These authors isolated two goat beta-caseins and purified
them by DEAE and CM-Cellulose column chromatography in
buffers containing urea and 2-mercaptoethanol. Each had
the same amino-acid composition. However, beta-I-casein
(the more mobile component on electrophopresis at pH 8.6)
contained six phosphorus

residues per molecule, while

beta-2-casein contained only five. Both caseins were
similar to bovine beta-casein in molecular weight and net
charge.

Richardson, Creamer and Munford (1974) found

no

caprine protein corresponding to bovine alpha-sl-casein.
Their results show a composition for caprine casein of 9,
34, 29 and 15 % alpha-s-, beta 1-, beta 2-, and
kappa-casein respectively. Corresponding molecular weights
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correct homology. In biological usage the term homology
denotes common ancestry. According to the same author, an
estimate of the degree of similarity between amino-acid
composition of each of the goat milk proteins and that of
its corresponding bovine can give some clues to homology.
Several indexes for evaluating amino-acid compositional
differences have been proposed, but Jeness (1980,1982)
uses the

S~Q

of Marchalonis and Weltman (1971),

S~Q

=

(X.

1,

. - X
.)
k ,J
J

2

where i and k identify proteins being compared and

X.

J

is the content, in mol/100 mol of the amino acid type
j .

According to Merchalonis and Weltman (1971) pairs of

homologous proteins generally have

S~Q

Jeness (1982) shows that the

of each of the goat

S~Q's

well below 100.

milk proteins versus its bovine counterpart are all well
bellow 100, consequently the homology is high, see Table 2.
Preaux et al. (1979) published the complete
sequence of amino-acid of goat milk beta-lactoglobulin.
The polypeptide chain of 162 amino-acid residues differs
from bovine beta-lactoglobulin B at six positions
including both

terminal residues. The N terminal leucine

of bovine beta-lactoglobulin B is replaced by isoleucine,
Asp 53 --) Asn,Asp 130 --) Lys, Ser 150 --) Ala, Glu 158
--) Gly, and

Ile 162 --) Val.

As a result, goat
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were less bitter than those from cow casein. It was
assumed that the lower bitterness in goat than in bovine
cheeses is due to lower concentration of alpha-sl-casein.
Casein micelle in goat milk
Micelles of goat milk seem to differ markedly in
several aspects from those of cow milk. Cerbulis (1969)
found that centrifuging for 60 minutes at 25 C and

30,000

rpm (Beckman model L 4 centrifuge) sedimented about 93 %
of the casein of Holstein milk but only about 81 % of the
casein of a lot of goat milk. O'Connor and Fox (1973), by
using centrifugation at 78,000 x g for 1 hour found 10 %
of the beta-casein of goat milk soluble at 20 C and 25 %
soluble at 5 C. For cow milk the values found were 1 and
10 % respectively. Those differences are probably
attributable to the absence of alpha-s1-casein from the
goat milk. Studies on goat milk protein have been done by
researchers from different parts in the world, Majunder
and Ganguli (1970), Lavoille et ale (1976), Furtado
(1983), Russo et al.(1986).

Proteolysis in Milk Protein
The first indication of naturally occurring
proteolytic enzymes in milk was published in 1879
(Kiermeier and Semper, 1959, 1960). Several authors have
presented papers referring to the stability of milk and
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dairy products. The alkaline milk proteinase is a native
milk proteinase which can survive a short heat treatment,
and it is assumed that it is present in milk from
different species such as cow, buffalo, goat and horse.
The optimum conditions for its activity were found to be
at slightly alkaline pH and 37 C. It belongs to the class
of serine proteinases, since it is inhibited by DFP
(di-isopropy1 f1uorophosphate) and the enzyme's
specificity is trypsin-like in the sense that it cleaves,
although to a limited extent, peptide bonds at the
C-termina1 side of arginine and lysine residues. The milk
proteins most susceptible to alkaline milk proteinase are
beta and a1pha-s2-casein. It does not affect the major
whey proteins alpha-lactalbumin and beta-lactoglobulin
(Visser, 1981).

In the same paper this author states that

in addition to the alkaline proteinase, a proteinase with
maximal activity at pH 4.0 has been found in milk. This
"acid" proteinase is heat-labile (complete inactivation
when heated at 70 C for 10 minutes). The presence of
proteinases in milk is associated with several
technological problems occurring during milk processing
and storage. Among these are gelation during storage of
UHT, proteolysis and associated flavor and textural
defects in cheese or in milk powder, and the formation of
gamma and lambda-caseins from beta and alpha-sl-caseins,
respectively (Reimerdes, 1972).

While studying the
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purification and properties of the goat milk protease,
Varshney and Mathur (1979) concluded that for the
partially purified enzyme a pH of 8.0 and temperature of
37 C were the optimum conditions for its activity. Native
proteolytic enzymes in good quality normal bovine milk
readily hydrolysed the caseins during incubation or
storage, producing the gamma-caseins, proteose-peptones
components 5 (PP5) and 8-fast (PP8F) and a considerable
number of other unidentified fragments, many of which were
also subsequently found in the proteose peptone fraction.
The rate of casein hydrolysis was greater in pasteurized
than in raw milk, with beta-casein being slightly more
susceptible to attack than alpha-sl-casein (Andrews,
1983). Studies of the action of milk protease on casein
fractions were also done by Yamauchi and Kaminogawa (1972)
and Kaminogawa and Yamauchi (1972). By studying the roles
of native milk proteinase and its zymogen during
proteolysis in normal bovine

milk,

DeRham and Andrews

(1982) found an estimate of the total of proteinase plus
zymogen in normal bovine milk was equivalent to 3.6 ug/ml
of porcine sigma plasmin (0.4 units/mg). It is well
established that the fragmentation pattern produced by
this enzyme results from the rapid splitting of
beta-casein to the gamma-casein and proteose-peptone
components 5 and 8 fast. These authors also argue that at
the different levels of proteolysis obtained by the action
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of native proteinase and of added plasmin, they never
observed gelation. The differences observed in the
electrophoretic patterns when compared with those ones
from mastitic milk and gelled

UHT milk, led the authors

to conclude that enzymes other than those found in normal
milk must be involved in these processes. Reviews of the
proteolysis of caseins by proteinases in bovine milks with
high somatic cell counts have been published by Anderson
and Andrews 1977, DeRham and Andrews 1982, Andrews

1983,

Senyk, Barbano and Shipe, 1985.

Microorganisms in Dairy Products
Though the lactic acid bacteria are recognized
primarily as saccharolytic, several workers have recorded
observations on their slow proteolytic activity (Braz and
Allen

1939). Von Freudenreich (1896-1898) was the first

to record the fact that cultures

of the organisms in

milk, to which chalk had been added to neutralize the
acidity, formed large amounts of soluble nitrogen. Kulp
and Rettger (1924) found that Lactobacillus acidophilus
and Lactobacillus bulgaricus in milk cultures formed
amino-acids as well as proteoses and peptones.
Microorganisms are endowed with many enzymes which
are essential for their own metabolic processes and which
give them the ability to act either beneficially as
necessary agents in the manufacture of certain foods or
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adversely as food spoilage organisms. (Keogh,1978).
According to the same author, there are three main classes
of enzymes which play a part both in dairy processing and
in the spoilage of dairy products: (i) the lactases which
are involved in the fermentation of lactose, (ii) the
proteases which are involved in the breakdown of milk
proteins to peptides and amino acids, and (iii) the
lipases which are involved in the breakdown of milk fat to
fatty acids. Food fermentations carried out by spontaneous
growth and action of microorganisms in the special
environment afforded by food are today carefully
controlled microbial processes for which selected cultures
have been developed. These starter cultures have been
formulated by using microorganisms which impart the
special characteristics to the fermented product (Marshall
and Law, 1984). Kosikowski (1982) states that milk
fermentations generally cause the conversion of lactose to
lactic acid through mechanisms initiated by streptococci
and lactobacilli bacteria. In addition, an interesting
parallel or post-fermentation reactions often occur to
produce distinctive fermented milk foods.
From the point of view of a bacterium, supposing
that it had one, the author argues that fermentations are
not for the purpose of providing foods for humans, but to
provide energy for the maintenance and reproduction of
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more bacteria. It is from the energy sources obtained
through fermentation reactions that new cell structures
are formed, and the normal needs of bacterial functions
are met. The energy changes, however, result in new,
unused compounds which, in milk, transform the basic
character of the resulting food. According to Marshall and
Law (1984) the production by starters of lactic acid,
acetic acid, aroma and CO 2 , besides their lipolytic and
proteolytic activities, contributes to fermentation and
ripening into a final product with good organoleptic
qualities. Table 3, shows the variety of starter cultures,
which includes bacteria, molds and yeasts, used for for
production of fermented dairy products. Kilara and Shahani
(1978) showed that the modifications brought about by
these organisms can be classified as either
physicochemical or economic. The physicochemical changes
are reflected in such attributes as flavor, texture,
appearance and nutritive value. The economic alterations
are reflected in the enhanced shelf life of milk resulting
from the conversion of fluid milk to products which are
more stable. For many centuries soured milk has formed a
vital part of the human diet. Its use as a food was
mentioned in the Bible (Deuteronomy 32:14, Genesis 48:8)
Keogh (1978). There are six major sugar and citric acid
fermentation reactions in milk (Kosikowski, 1982). A brief
description of each type of fermentation follows:
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Table 3.

Micro-organisms for Fermentation of Dairy Products

Product

Micro-organisms-added

Cheese
Parmesan, Romano
Cheddar, Colby,
Swiss, Emmenthc'.ler
Provolone
Blue, Gorgonzola,
Roqueforti, Stilton
Camembert

Mixture of Lactobacillus bulgaricus
and Streptococcus thermophilus
S.lactis;S.cremoris;S.diacetylactis
Mixture of ~ bulgaricus (or ~
lactis or L.helveticus) and
Propionibacteriumn shermanii
Mixture of heat-resistant
Lactobacillus species and
S.thermophilus
S.lactis plus Penicillium rogueforti
Lactic streptococci (caseicolum)
plus Penicilliumcamemberti
Mixture of ~ thermophilus and
lactobacillus species
S.lactis,S.cremoris Leuconostocs
S.lactis or S.cremoris; mixture of
S.lactis or S.cremoris and
S.diacetylactis (or Leuconostoc
species)

Muenster
Gouda, Edam
Cottage cheese,
cream cheeses

Fermented milks
Bulgarian buttermilk
Acidophilus milk
Buttermilk, sour cream

~
~

Yogurt

Mixture of L.bulgaricus and
S.thermophilus

bulgaricus
acidophilus
S.lactis mixture of

~ cremoris
~Leuconostoc_citrovorum
____~(~o~r~.L.dextranicum)

Miscellaneous
Butter
Cream dressing for
cottage cheese

and

Mixture of ~ diacetylactis and
S.lactis
The same for butter plus cremoris

Source: Marshall and Law (1984)
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Lactic fermentation - the most important one in
milk, is required

in all instances. Homofermentative

bacteria of the lactic acid streptococci and the
lactobacilli ar.e generally involved. Lactic acid is
produced in a reaction that is almost quantitative;
however an organism like streptococcus diacetilactis is
capable of producing both lactic acid and diacetyl in a
significant quantity to indicate that the homofermentative
character of this reaction is not aDsolute. A
characteristic of lactic acid is its sharp, prickly taste.
Propionic acid fermentation -

In Emmental, Swiss,

Gruyere and certain sweet curd, ripened cheese, the
propionic acid fermentation leads to the typical cheese
flavor and eye formation. The bacterium involved, usually
as a starter culture, is Propionibacterium shermanii. The
best growth of this bacterium occurs in these cheeses when
they are held at about 24 C for three or more weeks.
Citric acid fermentation - About 0.2 percent
citric acid exists in fresh milk. The citric acid
fermentation is responsible for the delicate aromatic
flavor of buttermilk, sour cream, cream cheese,
Neufchatel, and some cottage cheese. The organisms which
are mainly responsible are Leuconostoc citrovorum,
Leuconostoc dextranicum, and

~

diacetilactis. Their

normal growth temperature in milk is

21 C.

Alcohol fermentation - The milks Kefir and
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Koumiss, more familiar to Russians than to Americans, are
a fermented milk which contains 1 to 3 percent ethyl
alcohol and measurable carbon dioxide. The responsible
microorganisms, Torula or Candida yeast, grow with the
lactic acid bacteria. They are among the few yeasts which
can ferment lactose.
Butyric acid fermentation - this undesirable
fermentation

generates large amounts of carbon dioxide

and some hydrogen gas in the product. Emmental, Swiss, and
Gruyere cheese types are most often afflicted. Causative
bacteria belong to the Clostridia group, and some of
these, including Clostridium butyricum, ferment primarily
carbohydrates.
Coliform-gassy fermentation - Coliform
fermentations are also of spoilage type which deteriorates
the food. Heavy carbon dioxide evolution occurs during
cheese making in the vat or the press, creating gas slits
and holes as well as an obnoxious, unclean flavor in the
cheese. The microorganisms responsible belong to the
Escherichia coli and Aerobacter aerogenes groups,
generally called coliforms.
The importance of bacterial proteinases in the
dairy industry led to the publication of several reviews
related to this topic (Thomas and Mills 1981, Pelissier
1984, Fairbairn and Law

1986). The activity of

proteolytic enzymes during Provolone and Montasio cheese
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ripening studied by Spettoli and Zamorani (1985) shows
that the aminopeptidase activity in Provolone cheese
increases during ageing from 15 to 105 days and it
successively decreases. The carboxypeptidase activity
shows a continuous decrease in

Provolone cheese, and it

disappears in Montasio cheese. Zelazowska, Jedrychowski
and Reps (1985) in their study about proteolytic activity

.

of microbial preparation as compared to the proteolytic
activities of coagulating enzymes, rennet and Fromase,
conclude that the activity of the microbial preparation at
a concentration of 0.02 % v/v, in terms of low molecular
compounds released, was higher than that of rennet and
lower than that of Fromase. Baltadjieve et al., (1985)
studying the composition of free fatty acids and
amino-acids from two different kinds of cheese made from
goat milk, found that the free amino-acids which present
in large amounts were glutamic acid, lysine,valine,
leucine, and isoleucine. Peptidase and protease activity
of five different species of Lactobacillus which were
associated with cheese were measured. Greatest activity of
aminopeptidase, dipeptidase and proteinase appeared in
strains of Lactobacillus helveticus. Greatest
beta-galactosidase activity was found in L. bulgaricus.
Enzyme activity for all cultures was greatest when they
grew at pH 5.85 (Frey et al.,1986). Isolation and
determination of amino-acid sequence of the bitter
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peptides formed in the digestion of cow milk casein with
alkaline proteinase of Bacillus subtilis were
investigated. The amino-acid sequence of one of the bitter
peptides was determined as follows:
Arg.Gly.Pro.Pro.Phe.Ileu.Val. Liberation
glycine from the

of arginine and

peptide with bacterial aminopeptidase

gave rise to a non-bitter peptide (Minamiura et ale 1972).
Grieve and Kitchen (1985), found that extracellular
proteinases of psychrotrophic bacteria growing in milk
were not detected until the early stationary phase of
growth.

Yogurt
Yogurt is a fermented dairy product, resulting
from the growth of L.bulgaricus and streptococcus
thermophilus bacteria in warm milk, characterized by a
smooth, viscous gel with delicate walnuty flavor
(Kosikowski,1982). The author states that the delicate
flavor in plain yogurt is achieved through a symbiotic
bacterial relationship influenced by such factors as acid
concentration. This flavor is unlike that encountered in
any other fermented dairy food. Volatile flavor components
include small amounts of acetic acid, diacetyl and
acetaldehyde.
The bacteria of yogurt
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The bacteria of yogurt, and their characteristic
behavior, make yogurt a unique food not duplicated by
other bacteria or by direct acidulation processes.
Ordinarily, L. bulgaricus and S. thermophilus dominate.
Both are thermophilic and able to grow well at high
temperatures. (Kosikowski,1982). Although yogurt, sour
cream and buttermilk are similar to milk or cream from
which they are made, it has been suggested that cultured
products are more nutritious, because the proteins,
carbohydrates and fats are predigested by bacterial
cultures in their manufacture (Shahami and Chandan, 1979).
The improved protein digestibility in fermented milk
products can be explained by two reasons: (i) a part of
milk protein is split into peptides and free amino-acids
during fermentation, what can be considered as a kind of
predigestion, (ii) a finely dispersed coagulation of the
protein is caused by lactic acid formation by lactic acid
bacteria, so that the digestive enzymes are able to attack
a large surface area and therefore split the protein more
quickly (Renner, 1986).

Protein metabolism
Although yogurt starter cultures are considered to
be only weakly proteolytic, S. thermophilus and
L.bulgaricus may, during the fermentation, cause a
significant degree of proteolysis, and this activity may
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be important for the following reasons:
a) The enzymatic hydrolysis of milk proteins
results in the liberation of peptides varying sizes and
free amino-acids, and these changes can affect the
physical structure of yogurt.
b) the liberation of amino-acids into the milk is
essential to the growth of
c)

~

thermophilus.

Although amino acids and peptides may not

contribute directly towards the flavor of yogurt, they do
act as precursors for the multitude of reactions which
produce flavor compounds (Tamime and Robinson

1985).

According to Tamime and Robinson (1985), the range of
products released by proteolysis is dependent on two main
factors: firstly, the components of the milk protein
fraction, and secondly, the types of proteolytic enzymes
that the yogurt organisms'may possess. These enzymes, as
the name suggests, are specific in their action, and their
main function is to catalyse the hydrolytic cleavage of
the peptide bonds which form the backbone
molecule.

~

thermophilus and

~

of the protein

bulgaricus possess

different peptidase and proteinases.

~

thermophilus is

considered to have more peptidase activity than

~

bulgaricus, and only limited proteinase activity, while
the ability of L. bulgaricus to hydrolyse

casein confirms

that proteinase activity is much higher in the
lactobacilli. This pattern of peptide hydrolysis in the
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yogurt provides further evidence of the symbiotic
relationship which exists between S. thermophilus and

~

bulgaricus. Thus, the L. bulgaricus hydrolyzes the casein
to yield

polypeptides, which in turn are broken down by

the peptidases of S. thermophilus with the liberation of
amino-acids (Tamime and Deeth

1980). Studies on the

proteolytic activities of the lactic-acid bacteria were
published several years ago (Anderegg and Hammer,
1929),(Davis and Mattick 1932),(Braz and Allen, 1939), and
they are still being studied. The higher acid production
by mixed culture of L. bulgaricus and S. thermophilus in
milk, as

compared with either organism growing alone was

mainly due to the improved growth of the streptococcus
resulting from the production of histidine and glycine by
the lactobacillus. (Bautista, Dahiya and Speck, 1966). In
1969 Ohmiya and Sato reported the action of intracellular
proteases of L. bulgaricus, L. helveticus (IPBLs) or
Streptococcus lactis on casein and found that the
hydrolysis and aggregation of casein occurring during the
cultivation of these three lactic acid bacteria in skim
milk were mainly induced by the action of IPBLs which were
mainly released from the autolyzed cells. The proteolytic
action of eleven acid- and aroma-forming lactobacilli and
streptococci commonly used in the dairy industry was
studied by D'yachenko and Shidlovskaya (1970), and the
results showed

considerable differences in the various
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types of proteolytic activity of the organisms and in the
spectrum of amino-acids they yielded. Most active in
regard to general proteolysis were
acidophilus,
and

~

~

helveticus,

~

~

bulgaricus,

cremoris,

~

~

acettoinicus

thermophilus. All organisms tested, with the

exception of

~

acidophilus, decomposed beta-casein more

rapidly than alpha-casein.
The detailed studies of the last decade have given
an insight into the complexity of the proteolytic
"equipment" of the lactic-acid bacteria. This complexity
is seen not only in the number and types of different
proteinases and peptidases but also in their sub-cellular
distribution, Marshaw and Law (1984). According to these
authors, the first

enzymes to make contact with milk

proteins are the extracellular proteinases. Chebbi,
Chander and Ranganathan (1974) found in twelve cultures
examined for caseinolysis after fourteen days of growth in
chalk milk, a maximum activity in L. bulgaricus and

~

faecalis. Argyle, Mathison and Chandon (1976) reported
that

~

bulgaricus NCDO 1489 produced a single, cell-bound

proteinase during growth on nutrient medium at 45 C. The
enzyme showed optimum activity at 45-50 C and pH 5.2 5.8, and was inhibited by' chelating agents. The enzyme was
mainly associated with

the cell envelope but could be

liberated from cells under conditions favouring autolysis
or by treatment of the cells with lysozyme.
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Gebre-Egziabher, Humbert and Blankenagee (1980) found that
proteolytic enzymes from

psychrotrophic bacteria

at 7 C

attack the casein in raw and processed milk to a much
greater extent than they do the whey proteins. Mitchell,
Ewings and Bartley (1986) studied the physicochemical
properties of eight extracellular proteinases secreted by
psychrotrophic bacteria of dairy origin. The six
Pseudomonas fluorescens proteinases were glycoproteins of
molecular weight 47,000 - 49,500. The two Serratia
marcescens, of molecular weight of 51,000, did not contain
carbohydrate, but in other respects were similar to the
Pseudomonas proteinases. Their physical and chemical
properties enabled them to classified as alkaline
metalloendopeptidases. These authors reported that the
most notable physicochemical property of these proteinases
was their remarkable heat stability.

Seven of the eight

proteinases under study were capable of withstanding
conventional pasteurization temperatures and UHT. Monet,
Le Bars and Griponal (1987) in their study about
purification and characterization of a cell wall
proteinase from

~

lactis NCDO 763, conclude that the

purified proteinase was an atypical serine proteinase in
that it was active at an acid pH while most enzymes of
this category are active at a more alkaline pH.
This activity optimum at a low pH is well adapted
to the natural growth media of lactic acid bacteria such
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as milk and cheese curd. Studies on modification of
proteins in the manufacture of yogurt have been presented
by Groux (1973) and So (1984).

CHAPTER 3
MATERIAL AND METHODS
Milk
Fresh, pooled milk samples were obtained from
Holstein cows of the University of Arizona herd, while
samples

of goat milk were obtained from mature Alpine and

Toggenburg does (ages 3 to 4 years) in late lactation (260
to 320 days) from a private farm in Tucson, AZ.
Analysis
The gross chemical composition of both milks
included analysis for fat by the standard method of Babcock
(Richardson 1985), protein

by the Orange G Method (Udy

1974) and solids-non-fat (SNF) by Watson's method (1956).
Pasteurization
Both goat and cow milk samples were heat treated at
90

C for 5 minutes (Tamime and Robinson 1985), then cooled

and stored at 5 C in a cold room. Before inoculation with a
yogurt culture the milk was warmed to 42 C.

Yogurt Preparation
The manufacturing procedure is outlined in Figure 1.
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Raw Milk

I
Vat 90 C
5 min

I
Cool

I
Ii-lOculation
3% 43 C

I

Fill into
containers

I
Incubation
43 C +1 C

I
storage
4 C

Figure 1.

Flow chart for production of the yogurt.
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Lactic Culture
Lyophilized cultures of

~

thermophilus and

~

bulgaricus on a 1:1 ratio were obtained from Chr. Hansen's
Laboratory, Milwaukee, WI. The CH-3 strain was used for
this study. Skim milk from both goat and cow with
aproximately 10% total solids was the medium for
maintaining cultures. This milk was distributed 10 ml in
test tubes and than sterilized at 121 C for 15 minutes,
cooled to aproximately 43 C, inoculated with

3% culture,

and incubated at 43 C for 4-5 hours until the pH value was
between 4.5 - 4.7. The culture was then cooled and
r.efrigerated. It was renewed every week, and at least twice
before being used for the manufacture of yogurt.
Inoculation
Previously sterilized (121 C/15 min) Gerber jars,
200 ml capacity were filled manually with the pasteurized
milk, warmed to 43 C, and inoculated with 3% of the mother
culture.
Incubation
All Gerber jars filled with inoculated goat and cow
milk samples were placed in a 43 C incubator until a gel
was formed and the pH decreased to 4.7. The samples were
refrigerated immediately.
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Sampling
Samples were drawn at hourly intervals during the
first four hours, and at 8h, 16h, 24h, 11 days, and 22 days
of storage at 4 C.
Acid Development
Titratable acidity

was determined as percent

lactic acid by titrating a known weight (10 g) of the
sample against 0.1 N NaOH to the phenolphthalein end point
after diluting it with equal amount of CO 2 free distilled
water (Manjunath et al. 1983). Acidity was determined by a
pH meter Fisher Accumet Model 220, with a combination probe
and buffer solutions from VWR Scientific, pH 4.0 and pH 7.0
were used as standard.
Starter Enumeration
Starter bacteria were enumerated by plate count
using L-S Differential Medium CM495 (Oxoid). This medium
was prepared by suspending 63.3 g of the powder in 1 liter
of distilled water, bring the solution to a boil until
completely dissolved. It was sterilized by autoclaving at
121 C for 15 minutes, and cooled to 50 C. Just prior to
use, it was added

100 ml of a 10% skim milk powder,

sterilized by autoclave at 121 C for 5 minutes, was added
along with 10 ml of a 2% W/V triphenyltetrazolium chloride
solution, sterilized by filtration. These solutions were
warmed to 50 C before adding

them to the base medium. The
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medium was throughly mixed before use. Pour-plates were
incubated at 43 C for 48 hours. Plates which had 30 - 300
colonies in the duplicate dilution series

were regarded as

being "countable" (DiLiello 1982).
Proteinase activity
Proteolysis was measured according

to Lowry et

al., (1951). Results were expressed as ug of tyrosine
released per 1 ml of yogurt.
Lactose
Lactose was determined spectrophotometrically by
using the method of Lawrence, 1968.
Free amino acids
In preparation for free amino acids analysis, 1 ml
of previously homogenized yogurt was transferred by an
automatic pipette to a centrifuge tube in which 3 ml of
methanol was added. The sample in the tube was mixed gently
and centrifuged 15.000 rpm for 5 minutes. The upper layer
was transferred to a small vial and stored in a
refrigerator at 4 C until the determination was performed.
Free amino acid residues from goat milk and cow milk yogurt
were quantified using a HPLC (Spectra-Physics, Model SP
8000) with a 3 u RP-18 column. o-Phthaldehyde was used as a
fluorescence derivatizing agent. The results are given in
mg/100 ml of sample. No separate analysis was carried out
for tryptophan.
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Casein
The preparation of casein samples was adapted from
the procedure used by Andrews (1983). Isoeletrically
precipitated whole casein was prepared by adjusting the pH
of the milk to 4.6 for all samples analyzed and filtered.
The filter cake was redissolved by the addition of
distilled water and adjustment of pH to 8.0. After the 3rd
cycle of dissolution and precipitation the casein solution
was lyophilized in the lyophilizer VIRTIS - Model 50-SRC.
Traces of fat in the casein were extracted by Goldfich
extraction with hexane for eight hours, (El-Negoumy, 1963).
The protein content in casein

was determined by The Lowry

et al.(1951) Method.

Sodium Dodecyl Sulfate (SDS)-Polyacrylamide Gel
Electrophoresis
The procedure of Laeromli (1970) was followed, using
a vertical slab gel measuring 160 rom long x 140 rom wide

x

.75 rom thick. SDS-polyacrylamide gel electrophoresis was
conducted on 10 mg of casein diluted in 2 ml of 5% SDS in
upper buffer solution, plus 1 ml of sample buffer, and 0.1
ml of 2-mercaptoethanol, and then heated for 20 minutes in
a boiling water bath.
Protein samples (10 -25 ug) were loaded in wells
located on the upper surface of each gel with a 10 ul
Hamilton syringe. A 10% to 20% linear gradient gel was
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used. After sample loading, the power supply was connected,
the cathode to the upper reservoir and the anode to the
lower reservoir. A constant current of 150 V was applied
until the tracking dye reached 1 cm from the bottom of the
gel, which usually took 4 -4.5 hours. Upon completition of
electrophoresis, the gel was removed

from the glass plate

"sandwich" and stained overnight with 0.25% Coomassie
Brilliant Blue R in 50% methanol and 10% acetic acid. The
gel was destained with 50% methanol and 10% acetic acid
distilled water during the initial 2 hours, and

in

then with

7.5% acetic acid and 5% methanol in distilled water.
Alpha-casein,C-6780 and beta-casein,C-6905 were obtained
from Sigma Chemical,Co.,St. Louis, MO, and were included on
each

gel for use as standards. Purified rabbit myofibrils

were included on each gel for use as a molecular weight
standard. Gels were scanned using a Kratos Model SD-3000
Spectrodensitometer (Schaeffel Instruments) at 585 nm
coupled to an IBM 9000 computer for digital integration of
peaks areas.
Statistical analysis
All the data in the present study were analyzed by
a split-plot completely randomized design, and the means
were tested by the Least Significance Difference (LSD), 5%
significance level (P<.05).

CHAPTER 4
RESULTS AND DISCUSSION
Goat milk and cow milk were used to produce yogurt
in three separate experiments. The principal objective in
this study was to determine changes in the proteins in
both milks could be detected during the elaboration of
yogurt and storage at refrigerator temperature.
The metabolic activity of

~

thermophilus and

~

bulgaricus on milk constituents was verified by
determining pH, acidity development and utilization of
lactose.
The proteolytic activity of the yogurt starters on
goat milk and cow milk was measured by liberation of
tyrosine, determination of free amino acids, and
SDS-polyacrylamide gel electrophoresis on casein from both
milks.
This chapter is presented in two major parts: 1)
Changes in the chemical properties of goat milk and cow
milk such as pH, acidity development and lactose content.
The development of

~

thermophilus and

~

bulgaricus, will

also be discussed in this first part. 2) A study of
proteolysis covers the determination of free amino acids,
the determination of proteolytic activity and
42
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SDS-polyacrilamide gel electrophoresis of casein from both
milks during yogurt manufacture.
The fat, protein, solids-non-fat (SNF) , total
solids (TS), verification of pH, and determination of
acidity in the whole milk used in this experiment are
shown in Table 4. The results for goat milk were similar
to those related by Jeness (1980), excluding the values
for proteins in experiments 2 and 3 which had values of
10.34 and 6.90 % respectively, less than the previous
values by the same author.
The values found for cow milk agree with those
presented by Webb, Johnson and Alford (1974). In two
experiments, 1 and 3, goat milk and cow milk showed a
difference in their gross composition, see Table 4.
The amount of total solids in milk is of great
importance in producing a yogurt with a good viscosity and
good consistency. Tamime (1977) observed that this
property was greatly improved as the milk solids increase
from 12 to 20 % a greater amount of total solids in goat
milk could be an economic advantage when compared with cow
milk because less or no adjustment of total solids would
be necessary in order to produce yogurt.
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Table 4.

The gross composition of goat and cow milk (%).

Milk

EXp.

Goat

1

4.75

3.55

9.40

14.15

6.45

.20

2

3.45

2.60

8.55

12.00

6.43

.15

3

3.85

2.70

8.30

12.15

6.50

.10

1

3.45

3.00

8.60

12.05

6.45

.13

2

3.60

2.88

8.60

12.20

6.45

.11

3

2.70

2.90

8.40

11.10

6.60

.11

Cow

Fat

Protein

SNF

TS

pH

Acidity
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Starter Enumeration
The numbers of colony-forming units (CFU)/g of
thermophilus and

~

~

bulgaricus were obtained on L-S

Differential Medium (Oxoid), and expressed as log on base
10 of number of viable cells.

The starter culture

organisms were easily differentiated from each other on
this medium, because Lactobacillus spp after 48 hr
incubation at 43 C, presents a colony appearence as
irregular red, rhizoidal colonies 1.0 - 1.5 mm diameter
surrounded by a white opaque zone. Streptococcus spp looks
like round or oval red colonies, 0.2 - 0.5 mm diameter,
surrounded by a small clear zone (Figure 2).
The number of

~

thermophilus and

~

bulgaricus

in goat milk increased during the first four hours and
then leveled off. Table 5 shows the average of three
experiments done in duplicate. The yogurt made with the
goat milk was set after three hours of incubation at 43 C
in all experiments, and was then transferred to a
refrigerator at 4 C. The increase in total count occurring
between three to four hours might be explained as a result
of the time required to lower the temperature inside the
yogurt containers.
No explanation could be found in microbial numbers
after sixteen hours of incubation in the refrigerator in
goat milk yogurt. The number of viable cells declined
slightly during storage between 4 hr and 22 days.
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Figure 2.

Differential enumeration of Streptococcus
tl1ermophilus CSt) and Lactobacillus bulgaricus
(Lb) isolates from goat milk yogurt and cow milk
yogurt on L-S Differential Medium COxoid).
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Table 5.

Log base 10 of number of viable cells of ~
thermophilus and ~ bulgaricus during the
manufacture and storage of yogurt made from goat
milk and cow milk.

Goat milk
Samples

Strep.

Cow milk
Lb.

Strep.

Lb.

Oh

11. 69

11. 58

10.78

10.76

Ih

12.22

12.04

11. 93

12.08

2h

12.93

12.44

12.29

11. 95

3h

14.62

14.31

13.98

13.81

4h

15.92

15.0J.

14.40

14.23

8h

15.08

14.83

13.01

12.77

16h

13.93

13.87

14.35

14.29

24h

15.34

15.43

13.73

13.64

11 days

14.40

14.42

13.58

13.16

22 days

13.69

14.35

12.03

11.20
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A similar tendency was observed for the growth of
~

thermophilus and

~

bulgaricus in yogurt made with cow

milk when compared with goat milk yogurt. However, a
smaller total count value was recorded in cow milk. The
time required for the cow milk yogurt to be set was four
hours at 43 C, one hour more than that required for goat
milk yogurt. The decrease in the total microbial count
after eight hours of incubation for the cow milk yogurt
was unexpected; we have no explanation for this finding.
Our results in terms of total count was higher in both
milks then those cited in the literature. According to
Kosikowski (1982), plain yogurt may contain up to 10 9
live

~

results

bulgaricus and

thermophilus cells per mI. The
found in this study showed values of 10 13 for
~

both milks at peak of freshness. Ottogalli et al.(1972)
found that plain yogurt when stored at 4 C showed a
gradual reduction in lactic acid bacteria from 10 8 to
107/ml to virtually zero after sixty days. Bielecka,
Przewozna and Kowalczuk (1982) found the number of

~

bulgaricus and ~ therrnophilus ranged from 4.3 x 10 8 to
2.2 x 10 9/ml and from 4.7 x 10 8 to 2.8 x 109/ml in
freshly prepared yogurt. According to these authors the
bacteria were not inactivated by freezing, but after
frozen storage for ten months, counts of both were reduced
to approximately 10 7 and 108/ml .
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The slight increase in number which occured during
storage at 4 C in the present study with goat milk agrees
in part with the results found by Puhan, Banhegyi and
Flueler (1973). In their study, streptococci increased in
plain yogurt, pH 4.29, when stored at 4 C, with little
change in the number of lactobacili during fifteen to
twenty days when it decreased appreciably.
and

~

~

thermophilus

bulgaricus gave significant differences in the

total count in experiments 1 and 2.
The milk composition previously cited, (Table 4)
shows a significant difference in the composition between
the milks for experiments 1 and 3. Based on those results,
we can assume that the difference in the content of
protein and total solids in both milks could be
responsible for this difference. The second experiment was
not significantly different in both milks, but based on
the same argument, differences in the content of protein
and total solids were also found. In order to support this
argument, we found high values in the total count for
experiment 1 with goat milk which also had higher amount
of protein and total solids than cow milk. The opposite
happened in relation to the second experiment, the total
count in cow milk yogurt showed values larger than goat
milk yogurt.

50

121:I
The pH of both milks used in this experiments were
similar to those cited in the literature. During the
manufacture of yogurt, monitoring acid production during
incubation is the way processors determine when the
fermentation should be halted. This is usually
accomplished by using a pH meter or determining the
tit ratable acidity of the yogurt. There are varying
opinions on the range the final pH should fall within;
with most advising between 4.0-4.4. Lactic acid, measured
by titration, is suggested at 0.8'- 0.9 (Welker, 1986). In
this study the yogurt was considered ready when the pH
reached about 4.7, about 0.7% lactic acid, and observation
of the gel formation.
Although the relationship between titratable
acidity and pH is not straightforward, in a highly
buffered system like yogurt, the direct electrometric
determination of pH is extremely convenient (Tamime,1985).
The results obtained in the three experiments are
presented in Figure 3. In all experiments

the yogurts

manufactured with goat milk and cow milk were
significantly different. The pH decreased faster in goat
milk than in cow milk. After three hours of incubation,
the goat milk reached pH 4.7 while it took cow milk an

Figure 3. pH determined during the manufacture and storage
of yogurt made with goat and cow milk in 3
experiments.
After an incubation period of 3 hours (readings
o hr, 1 hr, 2 hr and 3 hr) the goat milk yogurt
was set. For the cow milk yogurt the incubation
period required for the setting of yogurt was 4
hours (readings 0 hr, 1 hr, 2 hr, 3 hr and 4 hr).
After incubation both yogurt were stored at 4 C
until 22 days, with periodical readings.
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Figure 3. pH determined during the manufacture and storage
of yogurt made with goat and cow milk in 3
experiments.
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hour longer to reach the same pH. During the period of
refrigerator storage the pH values for goat and cow milk
were stable in all experiments, but began to decrease
slightly during eleven to twenty days at cold

storage.

Puhan et al.(1973) found that the number of cells of
thermophilus and

~

~

bulgaricus in plain yogurt stored at 4

C decreased when the pH dropped to values less than four
after twenty two days of storage. After twenty-two days of
storage, the lowest values
obtained for pH for both milks were seem. By comparing
with total count results, Table 5, at the same period,i.e.
twenty two days, a decrease in the values occured after
eleven and twenty two days of storage at 4 C.
Consequently, it would be

possible to suppose that

results similar to Puham et al., (1973) should be reached.

Acidity
The production of lactic acid beyond the point of
coagulation is monitored principally according to consumer
preference, and hence the selected end-point will vary not
only from country to country, but also with the type of
yogurt. Since the IDF (1969b) has suggested a minimum of
0.7 g lactic acid per 100 g of retail product, the
measurement of acidity is an important feature of
production (Tamime, 1985). According to the same author,
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the measurement of acidity is a composite of the "natural"
acidity of the milk and the "developed" acidity arising
from bacterial activity. As the natural acidity should not
vary a great deal (assuming that the milk is standardized
for total solids), tit ratable acidity is a reasonable
indication of the performance of the starter culture.
The results for titratable acidity found in this
experiment were expressed as % lactic acid, Figure 4.
During this experiment a titratable acidity of .7 % lactic
acid was considered as the end point for incubation of
yogurt. In all experiments, the goat milk became acidic
faster than cow milk, and they were significantly
different. After three hours of incubation, 0.7 % lactic
acid was produced in goat milk, while for cow milk this
happened only after four hours of incubation. This
increase in acidity was verified by a corresponding drop
in pH.

For goat milk, an increase was observed during two

to three hours of incubation at 43 C, and a slight
increase between three and four hours. The acidity level
was stable during the storage in the refrigerator. For cow
milk, increases occurred in experiments 1 and 3 during the
three to four hours. In experiment 1 this increase was
verified during the interval between four to five hours of
incubation at 43 C. Only in experiment 2, was a greater
production of lactic acid in cow milk observed. This

Figure 4. Acidity developed during the manufacture and
storage of yogurt made with goat and cow milk in
3 experiments.
Details in Figure 3.
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finding could be explained by

the high value of viable

cells observed in this experiment in cow milk when
compared to goat milk. Cow milk also showed a
slight-tendency to increase the amount of lactic acid, in
spite of the low temperature of storage. Similar results
for pH and titratable acidity in yogurt made with cow milk
after four hours of incubation at 41 C, and after ten days
of storage at 5 C was found by Toba, Watanabe and Adachi
(1983). Abrahansen and Holmen (1981) found in yogurt made
from goat milk, a content of 1.25 and 1.28 % lactic acid
in the first and fourteenth days of refrigeration. Several
studies of rapid acidity developed in goat milk yogurt
have been observed by Abrahamsen, Svensen and Tufto
(1978); Duitschaever (1978); Aggarwal (1974); Bautista,
Dahiya and Speck (1966); Manjunath, Joseph and Srinivasan
(1983).

Lactose
The fermentation of lactose by lactic acid
bacteria, especially members of the genera Streptococcus
and Lactobacillus, provides the basis for a large segment
of dairy industry. The principal end product of this
reaction, lactic acid, contributes to the flavor, texture
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and keeping quality of the final product, whether it be
cheese or afermented beverage (McKay, Sandine and Elliker,
1971).
The utilization of lactose by
~

~

thermophilus and

bulgaricus during the manufacture of yogurt with goat

milk and cow milk are shown on Figure 5. Both milks show
the same tendency in the conversion of lactose, with the
rate of lactose hydrolysis higher for goat milk after two
to three hours, and four to eight hours for cow milk in
experiments 1 and 2 and in experiment 3 after two to three
hours for cow milk. Lactose content of goat and cow milk
was significantly different in all three experiments. The
decrease of lactose in goat milk when compared with the
amount present in yogurt was 13.25, 20.89 and 20.89 %, and
in yogurt after twenty two days of storage 25.39, 44.94
and 35.53 % for the first, second and third experiment,
respectively.
The same tendency was observed in cow milk. The
decrease of lactose when compared with the content in
yogurt was 11.00, 16.56 and 17.92 %, and in yogurt after
twenty two days of storage 16.14, 24.23 and 34.23, for the
first, second and third experiment, respectively. The
results found are very similar to those found by Toba et
al.(1983). Goodenough and Kleyn (1976) found a lactose'
reduction of 34.6 % in yogurt after fermentation. Toba,

Figure 5.

Lactose content during the manufacture and
storage of yogurt made with goat and cow milk in
3 experiments.
Details in Figure 3.
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Arihara and Adachi (1986) concluded that during the
storage of yogurt at 5 C, lactose content decreased very
slightly.
The utilization of lactose by starters in yogurt
should not be related in terms of benefit in the
production of fermented dairy products. However, some
relevance should be given to nutritional aspects.
According to Renner (1986), with the partial fermentation
to lactic acid reduces the lactose content

of original

milk. But it is suggested that the residual lactose also
encourages growth of lactic acid bacteria in the intestine.

Proteolytic changes
Free amino acids
~

bulgaricus,

which is used as starter in the

elaboration of yogurt, has appreciable proteolytic
activity, and has been known to liberate amino acids by
the breakdown of casein (Renner, 1986). Similar
conclusions have been made by Harper and Long, (1955), and
Keeney and Day (1957).
The profile of nitrogenous compounds in yogurt, as
compared with milk, are due to the proteolytic activity of
~

thermophilus and

~

bulgaricus, both during the

fermentation period and, to a lesser degree, during the
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cold storage of the product. Basically, the increase in
the level of soluble nitrogenous compounds includes the
liberation of amino acids, and the release of peptides
from the milk proteins (Tamime, 1985).
Free amino acid determination was performed on the
whole milk, yogurt and yogurt stored for twenty two days
at 4 C . The results show the average obtained in three
experiments for yogurt made with goat and cow milk
respectively (Figure 6 and 7). For goat milk the highest
content was observed for glutamic acid and glycine
exceeding 4 mg/l00 9i followed by histidine, alanine and
threonine 1 - 3 mg % . The remaining amino acids were
below 1.0 mg %. For essential amino acids, the highest
level was found for histidine, threonine and lysine, and
the lowest value

by isoleucine. An increase in the

content of free amino acids was observed during the
manufacture of yogurt. Phenylalanine, aspartic acid,
tyrosine, methionine and lysine were the amino acids which
showed the highest increase. The lowest increase was
observed in leucine, while histidine, glycine, arginine,
alanine, valine decreased.

For cow milk the highest

content of free amino acids was found for glutamic acid
4.91 mg% followed by threonine 3.28 mg% . The remaining
amino acids were below 1.0 mg% . For essential amino acids
the highest content

found was threonine, followed by

Figure 6.

Free amino acids content of goat milk.
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Free amino acids content of goat milk.
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Free amino acids content of cow milk.
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histidine and lysine. The lowest was methionine. Like goat
milk, an increase in the content of free amino acids
ocurred after incubation. Lysine, serine, phenylalanine,
aspartic acid and histidine showed the highest increase.
Isoleucine, arginine and methionine showed the lowest
increase.
The total content for free amino acids in goat
milk and yogurt made with this milk was 18.32 and 24.39
mg%, respectively. These results were lower than the
values cited by Tamime and Deeth (1980), which were 20.60
and 33,48 mg% for milk and yogurt, respectively.
The total content of free amino acids in cow milk
and its yogurt agree with the values presented by Tamime
and Deeth (1980). The results of free amino acids

content

and essential amino acids in goat milk, in this study are
in agreement with those given by Rasic, Cucric,
Stojslav1jevic and Obradovic (1971). The results of amino
acids which showed the highest increase during the
manufacture of yogurt were also in agreement.The results
of goat milk yogurt after twenty two days of storage at 4
C showed an increase for the following amino acids
aspartic acid, serine, alanine, arginine, methionine,
valine, histidine, isoleucine, leucine, and tyrosine which
was had the highest increase. However, there was a
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significant decrease in the content of glutamic acid after
twenty two days, and a slight decrease in the content of
glycine, threonine, phenylalanine and lysine.
The results for cow milk yogurt under the same
conditions showed increases, besides those appearing in
goat milk yogurt, of glycine, phenylalanine and lysine.
Tyrosine was the highest after twenty two days of storage
at 4

c.
In spite of the lower amount of free amino acids

present in cow milk and after incubation of yogurt when
compared with goat milk, the ratio of increase in the
number of amino acids in yogurt from this milk was 64.9 %
when compared with 33.13 % in goat milk. After twenty-two
days of storage, cow milk increased more than 70 % in
comparison with the value in yogurt after incubation at 43
C, while goat milk decreased the value by 20 %. Those
values found to increase in cow milk yogurt after twenty
two days of storage, disagreed in total with the results
found by Ottogalli et al. (1972). According

to Tamime

(1985) the total amino acids content of yogurt reflect a
balance between proteolysis and assimilation by the
bacteria. Some amino acids, such as glutamic acid, proline
and, to a lesser degree, alanine and serine, are
presumably not required by the yogurt organisms and thus
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accumulate in larger quantities in the product than the
remaining amino acids which are utilized by
thermophilus and

~

~

bulgaricus during growth and/or

fermentation.

Proteolytic activity
The method employed to demonstrate and measure the
proteolytic activity during the manufacture of yogurt
using goat and cow milk was based on the measurement of
released tyrosine, by the method most frequently used
(Humbert and Alais 1979). This measurement can be executed
either by colorimetric measurement following FolinCiocalteu (Lowry et al.1951) or by measurement of the
absorption at 280 nm according to Hull (1947). In this
study the Lowry method was chosen. The results are shown
in Figure 8. Proteinase activities in goat and cow milk
during the manufacture of yogurt were significantly
different in all experiments. The proteinase activity in
goat milk during elaboration of yogurt did not present any
increase until after two hours of incubation in
experiments 2 and 3 as compared with the 0 hr value.( Fig
8). In experiment 1 the increase in proteinase activity
was observed earliest, after the first hour of incubation.
It is assumed that protein and total solids content in
experiment 1, Table 4, enhanced the starter growth and

Figure 8.

Proteolytic activity observed during the
manufacture and storage of yogurt made with
goat and cow milk in 3 experiments.
Details in Figure 3.
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Figure 8. Proteolytic activity observed during the
manufacture and storage of yogurt made with goat
and cow milk in 3 experiments.
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consequently its metabolic activity. For goat milk the
highest rate of proteinase activity was from two to three
hours after incubation, for experiments 2 and 3, and for
experiment 1, from I to 2 hours. The proteinase activity
increased slightly until four hours after elaboration of
yogurt, and then became stable until twenty-four hours
after incubation, following a sensible decrease after
twenty four hours, and a small decrease after twenty two
days of storage at 4 C.
The results observed in proteinase activity in cow
milk during the manufacture of yogurt showed aproximately
the same tendency as goat milk. No change in the
proteinase activity was recorded until four hours of
incubation for experiments 1 and 2, when compared

with 0

hr value, and after three hours in experiment 3, Figure 8.
Eight hours after the elaboration of yogurt

proteinase

activity stabilized. However, the proteolytic activity
shown by the yogurt microorganisms in cow milk was
different when compared with that found in goat milk.
After twenty-four hours of storage, goat milk showed a
decrease in proteinase activity. For cow milk the
proteinase activity increased for the same time period and
showed no significant difference after twenty two days
when compared with the value at eleven days. The increase
in proteinase activity in yogurt made with cow milk could
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be one of the factors involved in the ratio of free amino
acids observed for the same period of storage.
Studies on the proteolytic activity of lactic acid
bacteria on milk have been presented by several authors.
Sharma and Singh'(1982) studied the behaviour of
acidophilus with single and mixed cultures of
thermophilus and

~

~

~

bulgaricus and found that alone

~

bulgaricus showed maximum liberation of tyrosine followed
by

~

acidophilus and

cultures

thermophilus. In case of mixed

~

+

~

thermophilus possessed higher

proteolytic activity than

~

acidophilus +

or

~

~

bulgaricus

acidophilus +

~

bulgaricus +

~

~

thermophilus

thermophilus.

Numerous studies on proteolysis have been
published relating to its effect on cow milk and dairy
products (Juffs, 1973; deJong, 1975; Ali, Andrews and
Cheeseman, 1980; Visser, 1981; DeRham and Andrews,1982;
Andrews, 1983; Grieve and Kitchen, 1985; Grapin, Rank and
Olson, 1985). However, the literature shows little
information on proteolytic studies of milk proteins from
other species.

SDS-Polyacrylamide Gel Electrophoresis
SDS-polyacrylamide gel electrophoresis was
performed on the casein from goat and cow milk used in
this study. In spite of significant differences between
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goat milk and cow milk in proteolytic activity, no
differences were found in the electrophoresis patterns of
the casein molecules in any of the experiments (Figure 9),
which is in agreement with the results found by Ottogalli
et al.(1972).

Nevertheless, no band was detected in

caseins from goat milk and cow milk in SDS-PAGE during
this study, the concentration of alpha- and beta-casein
derived from the densitograms showed some difference among
the three determinations. Figure 10 a and b, show the
scans of goat casein and cow casein. In goat milk the
total area of the casein fraction, which corresponds to
alpha-casein decrease by 22 % during the elaboration of
yogurt and 13.32% in relation to beta-casein. After
twenty-two days of storage at 4 C, the alpha casein
--fraction decreased 14 % in comparison with yogurt, but no
change was observed in relation to beta casein (Figure
11).
For cow milk, alpha-casein showed a decrease of
7.16 % occurred during the elaboration of yogurt, and
6.74% , approximately the same amount, decreased after
twenty-two days of storage. Beta-casein was more affected
and showed a decreased value of 14.48 % during the
manufacture of yogurt, and 8 % after twenty-two days of
storage at 4 C (Figure 12).
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Figure 9.

SDS-Polyacrylamide gel electrophoresis patterns of
casein.
A. cow milk casein, B. cmv milk yogurt
casein, C. cow milk yogurt after storage, D. goat
milk casein, E. goat milk yogurt casein, F. goat
milk yogurt casein after storage. 1 and 2 alpha- and
beta-casein standard from SIGMA.
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Figure 10.

Scan of SDS-polyacrylamide gel electrophoresis
of casein isolated from goat milk (a) and from
cow milk (b).

Figure 11.

Densitometer area of casein of goat milk,
goat milk yogurt, and yogurt after storage.
For alpha-casein total peak area was,
respectively: 37,153; 28,956 and 24,936.
Peak areas of beta-casein bands was 175,062;
151,737 and 151,295.

~
~

alpha-casein in whole milk.
alpha-casein in yogurt.

in yogurt
m 4alpha-casein
C for 22 days.

after storage at

beta-casein in whole milk.
beta-casein in yogurt.
beta-casein in yogurt after storage at
4 C for 22 days.
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200
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Figure 11.

Densitometer area of casein of goat milk, goat
milk yogurt, and yogurt after storage.

Figure 12.

Densitometer area of casein of cow milk,
cow milk yogurt, and yogurt after storage.
For alfa-casein total peak area
was, respectively: 170,381; 158,187 and
147,447.
Peak areas of beta-casein band was 124,634;
106,538 and 98,041.
alpha-casein in whole milk.
alpha-casein in yogurt.
alpha-casein in yogurt after storage at
4 C for 22 days.
beta-casein in whole milk.
beta-casein in yogurt.
beta-casein in yogurt after storage at
4 C for 22 days.
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Figure 12.

Densitometer area of casein of cow milk, cow
milk yogurt, and yogurt after storage.

73

DeJong (1975) concluded that as long as the
optical density remains constant, no change in the
concentration is observed and the protein is considered to
be unattacked. Protein which displays the same Rf value is
considered to be unattacked, and breakdown is calculated
from the decrease in the concentration as compared to the
original value.
The overall results of this study show that work
should be continued in the areas of (1) isolation of each
fraction of the casein, in whole milk, yogurt, and after
refrigeration in order to find some more consistent data
to be related with the proteolytic action by the yogurt
"starters" on those components and (2) studies on the
content of free fatty acids should be done in order to
find some relation with the proteolytic activity developed
by the

~

thermophilus and

~

bulgaricus during the

elaboration of yogurt and storage at cold temperature.

CHAPTER 5
CONCLUSIONS
Proteolytic activity in goat milk was significantly higher (P<.05) than that from cow milk during the
elaboration of yogurt. After 24 hours of storage at 4 C,
proteinase activity decreased in goat milk yogurt but
increased in cow milk yogurt. No significant change was
seen during storage at 4 C from 11 to 22 days. The
increased level of free amino acids during storage of cow
milk yogurt was likely due to the increase in proteinase
activity during that period. Moreover, the decrease of
proteinase activity in goat milk after 24 hours of storage
at 4 C, suggests that some by-products elaborated during
the process of fermentation by

~

thermophilus and

~

bulgaricus in goat milk inhibited the proteinase activity
of these microorganisms. (Figure 8).
No obvious additional protein bands were seen in
the electrophoresis pattern of casein in both milks
studied by SDS-PAGE. However, a scanning gel densitometer
showed that alpha-casein from goat milk decreased by 22 %
during manufacture of yogurt and an additional 14 % during
storage. After 22 days of storage at 4 C alpha-casein from
cow milk decreased 7.16 % during yogurt manufacture and an
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additional 6.74 % during storage. In goat milk beta-casein
decreased 13.32 % during the elaboration of yogurt but no
further change was observed during 22 days of storage at 4
C. This fraction was more attacked in cow milk since it
showed a decreased value of 14.48 % during the manufacture
of yogurt, and 8 % after 22 days of storage at 4 C.
The results of pH, acidity, lactose determination,
suggest that most of the activity was due to the growth of
yogurt bacteria during the log phase, since those
parameters gave the highest rate of change during the
interval of 2 to 3 hours of incubation for goat milk and
around 4 hours for cow milk. The increase in the total
count of viable cells of starter culture was greatest in
this time period (Table 5).
The amount of lactose present in cow milk in this
study (Figure 5), was higher than the amount present in
goat milk. However, the acidity

deve~oped

faster and

showed highest values for goat milk as compared with cow
milk.

In addition, the yogurt made with goat milk set an

hour earlier than the yogurt made with cow milk. The
overall results found in this study suggest that the
metabolic activity of

~

thermophilus and

~

bulgaricus is

greater in goat milk than in cow milk during elaboration
of yogurt.
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