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EFFECT OF TRANSGLUTAMINASE ON THE QUALITY OF
YOGHURT MADE WITH DIFFERENT MILK
PROTEIN SOURCES

(9]

Yara, A. Husein'; 0.A. Aita’; A.E. Fayed® and M.A. EI-Nawawy’
ABSTRACT '

Cow’s milk was fortified with 0.5, 1.0 or 1.5% milk protein supplied either from
skim milk powder (SMP), sodium caseinate (NaCn), dried whey pretein concentrate
(WPCQ), or by concentrating the milk through the ultrafiltration process and treated
with TG at a level of 0.5 g/l. All samples of yoghurt were stored for 21 days and
changes in lactic acid bacterial count, acidity , acetaldehyde, firmness and consis-
tency coefficient as well as the organoleptic properties were investigated. The ob-
tained results reveal that, yoghurt treated with TG developed less lactic acid bacte-
rial count, less acidity and acetaldehyde. On contrary, it developed higher firmness
and consistency coefficient comparing with untreated samples. Organoleptic scor-
ing recorded better scores for body and texture, and appearance. However, flavour
and even the total sensory scores were lower than those of the enzymatic untreated
ones. Yoghurt treated with TG could be considered as alternative of protein eleva-
tion with a level of 0.5% and improve the keeping quality as well as the shelf life of

yoghart

Keywords: Skim milk powder, Sodium casginate, Dried whey protein concentrate,
Retentate, transglutaminase, Rheological parameters, Protein quality

INTRODUCTION extended shelf-life , prebiotic effect and

nutraceutical benefits. The appearance and

Milk profeins are known to exert a
wide range of nutritional, functional and
biclogical activities that maxe them poten-
tial ingredients of health-promoting foods.
There are many benefits resulting from the
addition of milk protecins in yoghurt for-
mulations. These benefits include: im-
proved flavor and texture improvement,
nutritional earichment, reduced syneresis,

texture of yoghurt is dependent upon nu-
merous factors: total selids, protein con-
tent, type of protein, fat content and the
type and concentration of any thickeners or
stabilizer that are added (Kuehn e af
2(06). The casein micelles in yoghurt form
different matrices depending upon the con-
centration of the other proteins, When milk
is fortified with WPC and heat treated, fine
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protein floccules are observed When ca-
sein, skim milk powder, or milk protein
concentrates ars added, no floccules are
observed. When milk is heated, B-
lactoglcbulin is denatured and reacts with
a-casein to form an insoluble complex.
When milk is fortified with WPC, the con-
centration of B-lactoglobulin greatly ex-
ceeds the concentration of ¢-Casein. As a
result other protein compiexes, such as 8-
lactoglobulin and ¢-lactalbumin compiexes
will form. In yoghurts fortified with WPC, it
i§ the B-lactoglobulin and a-lactalbumin
complex, are formed rather than the casein
compiex, that probably stabilizes the yo-
ghurt, resuiting in different consistency.
Fortification of milk for yoghurt with WPC
results in yoghurt with better texture and
consistency. Yoghurts fortified with casein
or skim milk protein often have a firmer
gel, but yoghurts fortified with WPC tend
to be smoother and have a better appear-
ance.

On the other hand, one of the most
important criteria for consumer accep-
tance of foods is flavor. Food matrix
components, such as proteins (Gianelli e
al 2005) known to interact with flavor
compounds. Proteins are added to foods
primarily because of their functional
properties, such as emulsifying and stabi-
lizing capacities, and because of their
nutritionai value. However, interactions
between proteins and flavors are known
to influence the perceived flavor of a food

product {Land 1996). Protein ingredients '

not only reduce the perceived impact of
desirable flavors but also may transmit
undesirabie off-Ravors to foods (Se-
menogva et al 2002). In addition, proteins
may change the texture of a food that is
gelling, and thus decrease the flavor per-
ception due to inhibition of mass transfer
{Wilson and Brown 1997).

Transglutaminase  (protein  gluta-
miney-glutamyltransferase, EC 2.3.2.13)
catalyzes an acyl-iransfer recaction be-
tween the y-carboxamide group of pep-
tide-bound ghlutamine residues and a vari-
ety of amino acids. Milk proteins (casein,
a-lactalbumin, B-lactoglobulin) are good
substrates for TG-catalyzed cross-linking,
and among these, the caseins are ¢xcel-
lent substrates for TG. Gels formed by
TG-treated cascin micelles have some
interesting features: they are much
stronger and they form more quickly than
gels obtained by more traditional routes
(acidification or renneting); they are tem-
perature-dependent on heating, and they
exhibit no syneresis even after long stor-
age time, For this reason, it has been sug-
gested that TG could be used for produc-
tion of gelled products, less allergic pro-
teins and food additives with improved
properties in dairy products. Moreover,
TG increases the water-holding capacity
and emulsifying properties of milk pro-
teins (Faergemand et al 1999 and Qez-
renk, 2006).

Thus our objectives were to test the
effect of TG on the yoghurt characteris-
tics when manufactured from cow milk
fortified with different protein source and
levels.

MATZRIAL AND METHODS
Materials

Fresh cow’s milk (3.60% fat and
3.37% protein) was obtained from Higher
Institute of Agric. Co-operation, Shoubra
Ei-Kheima at Faculty of Agricuiture, Ain
Shams University. Skim milk powder
(SMP, 36%% protein) and Dried whey pro-
tein concentrate (WPC, 82% protein)
made in Denmark were obtained from the
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local market at Cairo. Sodium caseinate
(NaCn, Lactovit Co., Germany, 84% pro-
tein) was obtained from Arab Dairy Co.,
Cairo, Egypt. Lyophilized mixed yoghurt
starter culture containing Strepfococcus
thermphilus and Lactobacillus  del-
brueckii subsp. bulgaricus was obtained
from Cagilificio Clerici, Cadorag [taly
{strain 3.63). Microbial transglutaminase
enzyme derived from Streptovertierllium
sp. was obtained from Gewuerzrmueller
GmbH, Salzburg, Bergheim, Germany
(100 units / g protein).

Preparation of milk protein fortified
yoghurt in the presence of transgluta-
minase

Thirteen treatments including the con-
trol were designed, where cow’s milk was
firstly fortified either with 0.5, 1.0 or
1.5% protein whether directly by adding
SMP, Na caseniate, WPC or by the milk
concentration (after its previously heat
treatment at (72°C/2 min,) by ultrafiltra-
tion technique at 50°C (as recommended
by Maubois ¢ al 1971) using CAR-
BOSEP UF-unit (type 25 37, France)
with zirconium oxide membrane area
1.63 m® at Agric. Secondary school, Giza.
The yoghurt bases were procedure as
described by Tamime and Rebinson
{1999} with adopting the manufacture
conditions enacted by EQSQC (2005),
where they were heat treated at 85°C for
5 min. then cooled to 42°C. Thereafter,
TG was added at a level of 0.5 g/ yo-
ghurt milk. After 2 h incubation at 42°C,
yoghurt mixes were heat treated again but
at 30°C for 1 min for enzyme inactiva-
tion then cooled to 42°C , inoculated with
2% of activate starter culture as afore-
mentioned, filled into 100 mi polystyrene
containers, covered, and incubated until

complete coagulation (through about 3
h.). Thereafter, the containers were trans-
ferred to the refrigerator (5+1°C), where
they were kept for the periodical analy-
ses.

Analytical methods

Dry matter (DM), fat, protein (total
nitrogen x 6.38), soluble nitrogen and
titratable acidity (TA) contents were de-
termined according to AOGAC (2000).
Acetaldehyde was estimated as described
by Lees and Jago (1969). pH value was
measured using 2 pH meter (HANNA
Instraments, USA). The electrophoretic
determinations, SDS poly acrylamide gel
electrophoresis (PAGE) technique was
applied according to the method of
Laemmli (1970) as modified by Studier
(1973).

The firmness of set-style yoghurt was
measured using penetrometer model
SUR, BERLIN, PNR as described by
Bourne (1982). The depth to which a
loaded perforated disc penetrates into the
yoghurt curd in a given time is measured
(using cone weight 35g). The depth of
penetration (0.1 mm, penetrometer unit,
PE) is a function of the firmness of yo-
ghurt curd. The measurements are always
carried out at about 10°C and the depth of
penetration was measured after 5 sec.

The count of Str. thermophilus and
Lb. delbrueckii subsp. bulgaricus were
camried out using in order M17 and MRS
agar media as described by Gueimonde
et al (2003).

Sensory evaluation of yoghurt sam-
ples was applied for storage period by

‘regular score panels including the staff

members of Food Science Department,
Faculty of Agriculture, Ain Shams Uni-
versity according to Tamime and Robin-
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tocal market at Cairo. Sedium caseinate
(NaCn, Lactovit Co., Germany, 84% pro-
tein) was obtained from Arab Dairy Co.,
Cairo, Egypt. Lyophilized mixed yoghurt
starter culture comtaining Streptococcus
thermphilus and Lactobacillus  del-
brueckii subsp. bulgaricus was obtained
from Cagilificio Clerici, Cadorag, Italy
(strain 3.63). Microbial transglutaminase
enzyme derived from Streptovertierllium
sp. was obtained from Gewuerzrmueller
GmbH, Salzburg, Bergheim, Germany
{100 units / g protein).

Preparation of milk protein fortified
yoghurt in the presence of transgluta-
minase

Thirteen treatments including the con-
trol were designed, where cow’s milk was
firstly fortified either with 0.5, 1.0 or
1.5% protein whether directly by adding
SMP, Na caseniate, WPC or by the milk
concentration {after its previously heat
treatment at (72°C/2 min.) by ultrafiltra-
tion technique at 50°C (as recommended
by Maubois e al 1971) using CAR-
BOSEP UF-unit (type 2S 37, France)
with zirconium oxide membrane area
1.63 m® at Agric. Secondary school, Giza.
The yoghurt bases were procedure as
described by Tamime and Robinson
{1999) with adopting the mapufacture
conditions enacted by EOSQC (2005),
where they were heat treated at 35°C for
3 min. then cooled to 42°C. Thereafier,
TG was added at a2 level of 0.5 g1 yo-
ghurt milk. After 2 h incubation at 42°C,
yoghurt mixes were heat treated again but
at 80°C for 1 min. for enzyme inactiva-
tion then cooled to 42°C , inoculated with
2% of activate starter culture as afore-
mentioned, filled into 100 ml polystyrene
containers, covered, and incubated until

complete coagulation (through about 3
h.). Thereafter, the containers wete trans-
ferred to the refrigerator (5%1°C), where
they were kept for the periodical analy-
5¢S.

Analytical methods

Dry matter (DM), fat, protein (total
nitrogen x 6.38), soluble nitrogen and
titratable acidity (TA) contents were de-
termined according fo AQAC (2000).
Acetaldehyde was estimated as described
by Lees and Jago (1969). pH value was
measured using a pH meter (HANNA
Instruments, USA). The electrophoretic
determinations, SDS poly acrylamide gel
electrophoresis (PAGE) technique was
applied according to the method of
Laemmli (1970) as modified by Studier
(1973).

The firmness of set-style yoghurt was
measured using penetrometer model
SUR, BERLIN, PNR as described by
Bourne (1982). The depth to which a
loaded perforated disc penetrates into the
yoghurt curd in a given time is measured
(using cone weight 35g). The depth of
penctration {0.1 mum, penetrometer unit,
PE) is a function of the firmness of yo-
ghurt curd. The measurements are always
carried out at about 10°C and the depth of
penetration was measured after 5 sec.

The count of Str. thermophilus and
Lb. delbrueckii subsp. bulgaricus were
carried out using in order M17 and MRS
agar media as described by Gueimonde
et al (2003).

Sensory evaluation of yoghurt sam-
ples was applied for storage period by
regular score panels including the staff
members of Food Science Department,
Faculty of Agriculture, Ain Shams Uni-

versity according to Tamime and Robm»mm
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son {1999) using the yoghurt evaluation
scheme III approved by the American
Dairy Science Association

The data obtained were exposed to
proper statistical ANOVA analysis ac-
cording to statistical analyses system
user’s guide (SPSS, 1998),

RESULTS AND DISCUSSION

The gross composition of yoghurt for-
tified with different milk protein sources
further stabilized viea TG displayed in
Table (1). The obtained résulls reveal
that, the DM content raised as well as the
fat content decreased, opposite to that
protein enriched via the UF concentra-
tion, as the protein fortification fevel in-
creased in yoghurt Concerning the effect
of enzymatic treatment in relation to
those two properties, although the DM
content was not influenced, the fat con-
tent decreased significantly (P<0.001)
due to treating with TG.

Figs. (1 and 2) show the lactic acid
bacterial counts in yoghurt during storage
period. The counts of Lb. delbrueckii

subsp. bulgaricus were gradually icreased
as the protein level increased, the count
of Str. thermophilus raised significantly
only when the protein level heightened to
1.5%. With regard to the protein source in
relation to the yoghurt bacterial count,
SMP offered the best condition for
growth of both strains enumerated, fol-
lowed by WPC, UF and NaCn respec-
tively. Duration of storage of yoghust was
associated with gradual decline in the
count of both strains.

Similar findings were described by
Neve ef al (2001). The effect of TG was
significantly depended on the level and
source of fortification protein (P<0.05) as
well as the storage period (P<0.001) as
statistically ANOVA declared.

Fig (3) reveal that the titratable acid-
ity raised significantly as the protein tevel
increased in the presence of TG. SMP
imparted the resuitant yoghurt the highest
titratable acidity followed by WPC, reten-
tate and NaCn. Inversely, the protein
source that caused the highest titratable
acidity imparted the lowest pH value and
visa versa.

Table 1. Gross composition of voghurt as affected by the level and source of milk pro-
tein fortification in the presence of transglutaminase.

_Yevel and source of protein fortification*
Component
0.5% 1.0% 1.5%
% control
SMP UF NaCn WPC SMP UF NaCn WPC SMP UF  NaCn WPC
Dry matter 12,62 13.50 13.85 13.08 13.21 1545 15 13.75 13.82 16.75 16.10 1431 1438
Fat 330 370 428 374 372 366 472 371 370 362 527 1370 368
Protein 3.51 413 420 41! 410 460 455 461 448 31F 519 511 505

* SMP: Skim milk powder , NaCn: Sodium caseinate, UF:Milk Retentate,
WPC: Whey protein concentrate
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Fig. 1. Streptococus.thermophilus count as affected by different protein levels and
source® in the presence of transglutaminase along storage period.
* SMP: Skim milk powder, NaCn: Sodium caseinate, UF:Milk Retentate,
WPC: Whey protein concentrate

e

BAAALLAALA A AR AR R AR R R R
I ST TSP T YR TR SR O

Lb. deibrvecki 33p. buigancus count
{logohug)

JavaBetebatatatebntabslatalal i betidutsBonsiubel

@ prRRIiisea i N LRSS T

BWCH15% SLFa0S% alFa10% BUFsti3% BMNChaoss
GraCh1.0% QMChet13% oC ale

Fig. 2. Lactobacillus.delbrueckii subsp. bulgaricus count as affected by different protein
levels and source* in the presence of transglutaminase along storage period.
* SMP: Skim milk powder, NaCn: Sodium caseinate, UF:Milk Retentate,
WPC. Whey protein concentrate
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Fig. 3. Titratable acidity as affected by different protein levels and sources* in the pres-
ence of transglutaminase along storage period.

® SMP: Skim milk powder,
WPC: Whey protein concentrate

As the storage of yoghurt prolonged,
the acidity increased. Similar ¢bserva-
tions were reported by Neve ef al (2001);
Lorenzen ef al (2002) and Abou El-
Nour et al (2004). The offect of TG
treatment on TA% was not related to the
protein level (P>0.05), but its effect
thercon was correlated to the kind of
protein source as well as the duration of
storage periods as indicated.

Fig. (4} shows the acetaldehyde con-
tent of voghurt during storage peried as
affected by the level and source of forti-
fying protein in the presence of TG. Data
confirmed that, gradual increase in acet-
aldehyde content was associated with the
proportional increase in the protein level
of the yoghurt (P<0.00l). Moreover,
SMP as protein source gave the yoghurt
the highest acetaldehyde value followed
by WPC, UF and WaCn respectively.

NaCn: Sodium caseinate,

UF:Milk Retentate,

During storage period of yoghurt, the
acetaldehyde increased until the 7™ day
gradually. Then they trended thereafter to
decrease. The TG treatment of yoghurt
milk ted to delay the formation of acetal-
dehyde. These trends agree with those
reported by Abo-El Nour et al (2004).
Moreover, the statistical interactions be-
tween the TG treatment and the level as
well as the kind of protein source were
significant (P<0.001), while that between
it and the storage period was not signifi-
cant (P>0.05).

Fig. (5} shows the soluble nitrogen /
total nitrogen of yoghurnt during storage
period as affected by the level and source
of fortifying protein in the presence of
TG. Data confirmed that, gradual increase
in soluble nitrogen was assaciated with
the increase of storage period. Moreover,
WPC as protein source gave the yoghurt
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Figure 4. Acetaldehyde content as affected by different protein levels and source® in the
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WPC: Whey protein concentrate
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* SMP: Skim mijlk powder, NaCn: Sodium caseinate, UF:Milk Retentate,
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the highest soluble nitrogen value fol-
lowed by SMP and NaCn respectively.
The TG treatment of yoghurt milk led to
morg protein lysis.

Rheological parameters (the penetra-
tion values, those inversely indicating the
firmness of set yoghurt as well as the
consistency coefficient) during storage
period of yoghurt treated samples are
presented in Table (2)

The results demonstrate that, There
are gradual strengthening in the set yo-
ghurt firmness as the protein level raised
as inversely indicated from the penetra-
tion values (P<0.001). With respect to the
protein source, NaCn caused the fowest
penetration valug, i.e. the highest firm-
ness, followed by retentate, WPC and
SMP. By duration of storage the penetra~

Yara Hussein; Aita; Fayed and El-Nawawy

tion values of yoghurt gradually de-
crcased. The effect of TG treatment on
the yoghurt firmness was significantly
correlated only to the kind of protcin
source. That could be depending on its
casein content. Where casein is the main
substrate for TG in milk, while the globu-
lar whey proteins are poor substrates
(Nonaka et al 1989 and Miwa et al
2001)., These results are in agrcement
with those reported by Faergemand et al
{1999); Lorenzen & Neve (2002) and
Abo-El Nour et af (2004), The reason for
the enzyme-induged increase of the gel
strength is due to a reduction of mish
sizes of the protein network and to a more
regular distribution of the protein chains
in the product (Lorenzen and Neve,
2002).

Table 2. Penetration value of set yoghurt as well as consistency coefficient during stor-
age period as affected by the level and sources of milk protein fortification in

the presence of transglutaminase.

Stor- Level and source of protein fortification®
age 0.5% 1.0% 1.5%
period
(day) ol SMP UF NaCa WPC SMP UF NaCa WPC SMP UF NaCn WPC
Penetration (mm)
0 270 264 240 228 243 255 240 225 241 238 230 215 235
260 250 235 223 240 242 233 220 235 234 225 210 230
14 255 242 232 220 236 238 230 214 230 230 220 202 227
21 249 237 228 214 252 233 223 209 227 225 214 198 221
Consistency coefficient {dyne.sec./cm’)
6 155 1765 19.70L 19.88 1832 1828 20.13 21.31 19.59 20.11 2196 225 2043
17.51 18.55 20.52 2162 1943 192 2234 2294 202 2169 2343 249 218
14 199 1952 21.6 23.04 203 2002 2364 2447 2139 2218 242 2585 2295
21 2199 2037 2202 2515 2133 22387 24.56 25.33 22.57 23,98 2500 26.64 23.19

* SMP: Skim milk powder , NaCn: Sodium cascinate, UF:Milk Retentate ,WPC: Whey protein concentrate
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As noticed from (Table, 2) theie are
forward relationship between the consis-
tency cocfficient of yoghurt and its pro-
tein level. Moreover, NaCn or retentate
gave yoghurt the highest consistency co-
efficient followed by WPC and SMP re-
spectively. The corresponding  values
increased as the storage period prolonged.
The TG treated yoghurt exhibited consis-
tency coefficient values significandy
higher than that of the untrcated one.
Similar observations were reporied by
Abeo-El Nour et af (2004).

Table (3) illustrate the organoleptic
evaluation of the weated samples in terms
of appearance, consistency and {lavour.

Concerning the appearance criterion,
that was significant affected among the
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protein fortificaton level (P<0.001). The
yoghurt supplemented with 0.3% protein
led to obtain the highest score, followed
by 1.0, 1.5 without any significant differ-
ences between SMP, UF process and
NaCn as milk protein source. While WPC
caused some yellowness leading to sig-
nificant reduce in the appearance score of
its yoghurt.

The enzymatic treatmient of yoghurt
mikk with TG improved significantly
(P<0.001) the appearance of yoghurt.

The highest score for one was as re-
vealed a dry, smooth and whiter shining
surface.

Similar observations were reported by
Lorenzen et af (2002} and Abo-El Nour
et al (2004),

Tabie 3. Appearance and Consistency scores of yoghurt during storage as affected by
the level and source of milk protein fortification in the presence of transgiuta-

minase.
Level aod source of protein fortification®
sorage oatrol 0.5% 1.0% 1.5%
m SMP* UF NaCa WPC SMP UF NaCa WPC SMP LUF NaCn WPC
Appearance {out of § ponis)
0 50 s0 S0 50 S5O0 SO SO0 S50 SO 50 SO 50 50
7 18 45 435 45 SO S8 SO S5O0 SO S50 30 50 50
14 310 40 40 30 45 45 45 45 45 45 45 45 45
21 30 35 35 35 210 40 40 40 40 40 40 40 40
Body and Texture (out of $ points)
0 4 S0 SO 40 45 SO0 50 35 35 S0 50 30 40
'y 50 S0 45 33 S6 S0 35 45 S0 SC 30 40
A 45 S0 50 45 45 ¥g so 35 45 s0 SO 30 40
1 50 50 S50 45 45 Yo S0 30 45 S50 50 25 40
Flavor (out of 10 poinfs)
0 3 9 g 7 8 9 s 7T & 1 9 7 3
7 2 -9 § 7 3 2 £°-7 & 1 8 71 7
14 7 Pl 7 6 1 7 7 6 1 & 1 6 6
21 6 T 6 5 ' 6 ¥ b1 6 5 1 ] 5

Total {out of 2ipoints)

0 16.5 190 180 160 175 150 190 155 175
7 160 1835 175 160 175 180 180 155 (7S
14 145 170 160 1435 160 163 165 I40 160 155 165 133 14.8
n 146 1535 145 1310 1435 {30 60 120 145 150 160 115 13.0

*SMP: Skim milk powder , NaCa: Sodium cascnate . UF Milk Retentate ,\WPC: Whey protein concentrate

iT0 190 150 170
10 180 150 160
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The body and texture score of yoghurt
increased by adding 0.5 or 1.0% protein
more than that done when the level raised
t0 1.5% (P<0.001), especially when SMP
or UF process was applied, followed by
WPC and NaCn (P<0.001). The body and
texture score of TG treated yoghurts var-
ied slightly significantly (P<0.05) from
those untreated, where some cheesy body
was observed in the former especially
when protein was added at the highest
level (1.5%) and supplied from NaCn
(P<0.001). There are no significant rela-
tionship (P>0.05) between the TG treat-
ment and the storage period of yoghurt in
body and texture score.

Furthermore, gradual increase in the
flavor score was recorded, when the pro-
tein level of yoghurt raised until 1.0%.
The highest level (1.3%) suffered from
flavor score lower than ¢ven the control.
the adding of WPC or UF process was the
better protein enrichment procedure to-
ward the yoghurt flavor, followed by
SMP and NaCn. Nevertheless, the TG
treated samples attained the lowest flavor
score vis a vis the untreated ones. Yo-
ghurt made from TG treated milk was
considered to be flat and less intense in
yoghurt specific flavor particularly for
aroma attributes. Similar observations
were teported by Lorenzen et af (2002)
and Abo El-Nour ef al (2004). This
phenomenon was significantly correlated
only to the kind of protein source
(P<0.01) nor to the protein level or to the
prolonging of storage period of yoghurt,
which did not lead to any significant dif-
ferences in the flavor score until the 14™
day. Then significamt reduction therein
was occurred. Finally, it can conclude
that yoghurt treated with TG could be
considered as alternative of protein eleva-
tion with a level of 0.5% and improve the

Yara Hussein; Aita; Fayed and El-Nawawy

keeping quality as well as the shelf life of
yoghurt.
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