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ABSTRACT

Ten batches of yoghurt were made from cow's milk. Control yoghurt (C4)
was made from cow's milk fortified with 3.0% non-fat dry milk (the total equal eleven
batches). Another five batches were made from cow's milk fortified with non-fat dry
milk at the rate of 1.5% and 0.0, 0.3, 0.35, 0.40 and 0.45% gelatin (C2, Ty, T2, Taand
Ta), respectively. The other five baiches were made from cow's milk fortified with
0.0, 0.45, 0.50, 0.55 and 0.60% gelatin (Ca, Ts, T, Tr @nd Tag), respectively. All
yoghurt treatments were sampled at 1, 3, 6, 9 and 12 days of storage period for
chemical, rheological and sensory evaluation. The results showed that reduction of
non-fat dry milk caused a significant decrease in total solids, total protein, ash,
lactose and acetaldehyde contents of yoghurt as well as scores of organoleptic
properties. While it did not affect the fat content of yoghurt. Addition of gelatin to
yoghurt milk improved the organoleptic properties and increased acetaldehyde
content and titratable acidity, while decreased pH values. Adding of gelatin did not
affect significantly total solids, total protein, fat, ash and lactose contents of yoghurt
for each type of milk. Total solids, ash and titratable acidity increased as storage-
period progressed, while total protein, lactose and pH values decreased. Scores of
organoleptic properties did not change as storage period advanced up to the sixth
day, thereafter, decreased up to the end of storage period. Syneresis of whey
decreased up to the sixth day of storage, then it increased as storage period
progressed. Total bacterial, streptococct and lactabacilli counts increased duting the_
first three days of storage period, then decreased up to the end of storage penod
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INTRODUCTION

Yoghurt is the most popular fermented milk produced in Egypt and
worldwide. 'its consumption in Egypt has been increased tremendously, The
value of yoghurt in human nutrition is based, non only on the nutritive value of
the milk from which it is made and increased digestibility, but also on the
beneficial effect of intestinal microflora, prophylactlc and heahng effects
{Rasic & Kurman, 1978 and Buttriss, 1997).

Many health benefits have been attributed to -yoghurt-such as
improved lactose to!erance. protection against gastrointestinal infections,
effective treatment for specific types of diarrhea, relief of constipation,
improved immunity, cholesterol reduction and protection against cancer -
{Rasic & Kurman, 1978, Agerbaek et af, 1995; Schaafsma, 1996, Tvede,
1996 and Buttriss, 1997).

It is well known that making yoghurt from cow'’s’ milk has
a weak body and texture. Therefore it has been recommended to fortify cow's -
milk with non-fat dry milk, stabilizers, whey products and ropy culture to
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Et-Salam et al., 1996; Hassan ef al., 1999; Harby & El-Sabie, 2001 and Zedan
et al., 2001). Because of the higher price of non-fat dry mifk and its availability
at any time, other ingredients have been tried.

The objectives of this study were to evaluate the possibility of making
a good quality yoghurt from cow’s milk fortified with gelatin and to investigate
the effects of the rate of replacing non-fat dry milk with gelatin on the physical,
rheological, chemical and sensory evaluation of yoghurt.

MATERIALS AND METHODS

Starter culture: :

Streptococcus salivarius subsp. thermophilus EMCC 1043 and
Lactobacillus delbrueckii subsp. bulgaricus EMCC 1102 were obtained from
Cairo Mircen (Ain Shams University, Egypt). These strains were activated by
three successive transfers in sterile 10% reconstituted non-fat dry milk.

Manufacture of yoghurt:

Preliminary study was carried out to choose the best amount of non-
fat dry milk that should be added to cow’s milk to get the best yoghurt. The
preliminary obtained results revealed that yoghurt made from cow's milk
fortified with 3% non-fat dry milk was the most acceptabie yoghurt.

Fresh cow's milk was obtained from the herd of Tokh Tanbisha Farm
belonging to Fac. of Agric., Minufiya Univ. Milkk was standardized to 3% fat and
divided into eleven batches. One portion was used as a control and the milk
was fortified with 3% non-fat dry milk (4).

Non-fat dry milk was added to five portions at the rate of 1.5%, one of
them was used as control (C;), while gelatin was added to the other four
portions at each of them at the rate of 0.30, 0.35, 0.40 and 0.45% (T4, T2, Ts
and T,), respectively. The other five portions were not fortified with non-fat dry
milk, one of them was used as control (C), while the other four ones were
fortified with gelatin at the rate of 0.45, 0.50, 0.55 and 0.60% (Ts, Te, T7 and
Ta)- MW' .

Non-fat dry milk was added to warm milk and all batches were heated
to 85°C for 20 min. gelatin which was dissolved in some milk was added to
heated milks. Heated milks were cooled to 40 + 2°C, then inoculated with 1%
of S. thermophilus subsp. and 1% of Lactobacillus delbrueckii subsp.
bulgaricus. The inoculates batches were packed in plastic cups and incubated
at 40 + 2°C for 3.0-3.5 hrs. until the desirable acidity was evaluated. All
batches were stored at 6 + 1°C for 12 days and sampled for analysis were
picked at days 1, 3, 6, 9 and 12 days. These experiments were done in
triplicated.

Bacteriological analysis:

Total viable bacterial counts were enumerated on standard plate
count agar (Messer et al, 1985). MRS medium was used to enumerate
Lactobacillus delbrueckii subsp. bulgaricus (de Man et ai, 1960).
S. salivarius subsp. thermophilus was enumerated on yeast lactose agar
(Skinner and Quesnel, 1978).
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Rheological analysis:

Syneresis was determined according to the method of Dannenberg
and Kessler (1988) with slight modification. Hundred grams yoghurt in plastic
cup was cut into four sections and transferred into a funnel fitted with 120
mesh metal screen. The whey was drained into a graduated cylinder. The
amount of whey drained off was measured after 15, 30, 45, 60, 90 and 120
min. at room temperature (20 * 1°C) on yoghurt stored for one day and after 2
h on yoghurt stored for 3, 6, 9 and 12 days.

Chemical analysis: -

Yoghurt samples were analyzed at the first and twelfth days for total
solids, total nitrogen, fat, ash contents, while analyzed during storage for
titratable acidity and pH and according to Ling (1863). Lactose was
determined according to the method described by Nickerson et al. (1976),
while acetaldehyde was determined according to Lees and Jago (19689).

Sensory evaluation:

Yoghurt samples were evaluated for flavour, appearance, acidity and
body and texture by 15 panelists of the staff members of Dairy Sci. and Tech.
Dep., Fac. of Agric. Minufiyva Univ. Results were recorded in a score sheet
described by Kebary and Hussein {1999). Samples were presented to judges in
plastic cups in random order. Judges were provnded w:th room temperature rinse
water, plastic spoons and score sheets.

Statistical analysis:

2 x 3 factorial design were used to analyze the data. Duncan’s test
was used to make the multiple comparisons (Steel and Torrie, 1980).
Significant differences were determined at p < 0.05. ..

RESULTS AND DISCUSSION

Syneresis of all yoghurt batches was determined at differei:lt times on
the first day of storage. Whey separation from all yoghurt treatments
increased by increasing the tfime up to 2 hours (Fig. 1). Similar results were
reported by Harwalkar & Kalab (1983); Kebary & Hussein (1999) and Harby &
El-Sabie (2001). Therefore, it has been decided to measure whey syneresis
during storage of all yoghurt treatments for 2 hours. Decreasing the rate of
fortifying cow's milk with non-fat dry milk caused a significant increase of
whey syneresis (Fig. 2 and Table 5) (C,, C, and C;). Fortification-of cow's milk
with gelatin even a companied by decreasing non-fat dry milk caused
a significant {p < 0.05) reduction of whey syneresis (Fig. 2 and
Table 5). This reduction of whey separation was proportional to the amount
added of gelatin to each type of milk {Ty, T,, Tsand T,) and (Ts, Ts, Ty and
Te). Although, Tz, Ty and T, fortified with only 1.5% non-fat dry milk, they
exhibited lower whey separation than C, that fortified with 3.0% non-fat dry
milk. Similar- results were observed for treatments Ty and T which were not
fortified with non-fat dry milk, but fortified with 0.55 and 0.60% gelatin,
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Table (1): Gross composition of yoghurt fortified with gelatin.

Yoghurt Total solids (%} | Total protein (%) Fat (%) Lactose (%) Ash (%)

treatments* | 1day | 12day | 1day | 12day { 1day 12day | 1day | 12day 1 day 12 day
C, 14.68 15.06 452 4.48 3.30 3.20 472 4,09 0.99 1.07
C: 12.31 12.46 4.04 3.99 3.20 3.10 3.96 3.18 0.92 0.96
T, 12.58 12.71 429 424 3.20 3.10 3.94 2 0.95 0.96
T, 12.61 12.75 433 4.30 3.20 3.10 3.95 3.20 0.95 0.97
Ta 12.70 12.78 4.38 432 3.20 3.10 3.93 3.22 0.96 0.97
T, 12.74 12.84 443 437 3.20 3.10 3.94 3.22 0.96 0.98
C, 11.72 1218 | 3.72 3.68 3.10 3.00 3.1 2.51 0.83 0.86
Ts 11.99 12.48 3.99 3.94 3.10 3.00 3.13 2.53 0.84 0.86
Te 12.04 12.56 4.04 4,01 3.10 3.00 31 253 0.84 088 -
T 12.44 12.63 4,08 4.05 3.10 3.00 3.14 252 0.85 0.89
Te 12.49 12.70 413 407 3.10 3.00 312 2.53 0.85 0.90

* Cy = yoghurt made from cow's milk fortified with 3.0% non-fat dry mitk,
Cz, Ty, T, Ty and T4 = yoghurt treatments made from cow's milk fortifled with 1.5% non-fat dry milk and 0.0, 0.30, 0.35, 0.40 and 0.45%
gelatin respectively.
Cs, Ts, Ts, Ty and Ty = yoghurt treatments made from cow's milk without fortification with non fat dry milk, but fortifled with 0.45, 0.50, 0.55 and
*0.60% gelatin respectively,

1 ‘uespeg
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Table (2): Changes in titratable acidity and pH values during storage of yoghurt fortified with gelatin.

Yoghurt s'f:;ratable :iCi:it‘y’ (%]} i pH v:lu: .
treatments’ 1 T el 9 12 1 T ( avglg 12
TGy 0.96 1.08 113 122 126 463 | 4.33 318 4.04 3.98
LG 0.88 0.96 1.04 1.16 118 | 468 | 436 | 420 | 412 | 410
T, 0.90 097 . 105 1.18 1.20 4.61 4.33 417 4.12 4.10
T2 0.93 1.01 1.08 1.20 1.22 456 | 4.32 4.18 408 | 4.00
Ts 0.97 1.03 110 | 12 1.24 449 | 4.30 4.16 4.05 3.98
T4 100 106 | 112 | 122 1.24 437 | 426 4.12 4.02 3.96
G 083 0.91 0.98 1.05 113 470 | 443 4.28 4.19 413
CTs 085 . 094 ) 1.02 | 100 1.17 468 4.38 4.25 417 4.1
Te 0.88 0.96 | 1.08 1.1 1.20 1466 4.35 421 413 4.10
T 092 :|° 100 1.09 113 1.24 462 | 430 4.19 4.00 4.06
T 08¢ | 101 112 | 115 126 | 460 |{ 428 | 418 | 404 [ 4.00

“Ses Table (1)
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respectively (Fig. 2 and Table 5). These results are in agreement with those
reported by Abd El-Salam et al. (1996); Hassan ef al (1999); Harby & El-
Sabie (2001). They found that addition of stabilizers to yoghurt milk decreased
the whey separahon from yoghurt. This reduction of whey syneresis might be
due to increasing the water binding capacity of yoghurt curd. Whey separation
“of all yoghurt treatments decreased as storage period progressed up to the
sixth day of storage period then increased. This increase might be due to the
increasing of acidity during storage. Similar results were reported by Abd Ei-
Salam et al. (1996); Hassan et al. (1999) and Kebary & Hussein (1999).
Gross composition of yoghurt is presented in Table (1). Total solids of
yoghurt were significantly decreased (p < 0.05) by decreasing the rate of
fortification of cow's milk with non-fat dry milk (Tables 1, 5). Control yoghurt
that made with adding 3% non-fat dry milk had the highest total solids content
followed with C, and C; (Tables 1, 5). On the other hand, fortification of cow's
milk with gelatin did not affect significantly (p > 0.05) the totai solids content of
yoghurt either made with adding 1.5% non-fat dry milk (T;, T2, Ts and T4} or
treatments which made without adding non-fat dry milk (Ts, Te, Ty and Tp)
(Tables 1, 5). Total solids content of all yoghurt treatments increased
significantly (p < 0.05) during storage period, which might be due to the
evaporation of moisture. These results are in agreement with those reported
by El-Nagar and Brennan (2001).

Table (3): Acetaldehyde content of yoghurt fortified with gelatin.

Yoghurt Storage period {days)
treatments* 1 3 6 9 12
[ 331 35.2 343 271 241
C2 30.0 321 331 28.8 2286
Ts 3.3 329 29.2 239 204
T2 29 35.0 324 27.4 232
Ts 338 358 318 278 239
Ta 4.2 36.2 338 282 241
Ca 2886 30.1 33.4 259 23.2
Ts 29.3 318 28.5 228 199
Ts 304 326 293 234 213
Ty 31.0 339 30.1 '26.8 236
T 319 35.0 32.2 28.2 24.2
* See Tabie (1).

Total protein content of yoghurt decreased significantly
(p < 0.05) by decreasing the rate of fortification of cow’s milk with non-{at dry
milk (Tables 1, §). Control yoghurt made with adding 3.0% non-fat dry milk
contained the highest total solids followed by treatments C,, T, T;, Tyand T,
those made with adding 1.5% non-fat dry milk, then treatments Cy, Ts, Te, T2
and T, those made without fortification with non-fat dry milk (Tables 1, 5).
Treatments C;, Ty, T2, Ty and T, were not significantly (p < 0.05) different
from each other. Also, treatments C,, Ts, Ty, Ty and Ty were not significantly
different from each other, which means that adding gelatin did not affect the
protein content of yoghurt (Tables 1, 5) similar results were obtained by
Mehanna and Mehanna (1989).
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50 *Cl* +C2 =TI =12 %T3 +T4
4« C3 =T5 *T6 =77 BT8R
43 '

Percent whey syneresis

15 30 45 60 90 120

Time, min

Fig. (1): Effect of replacing non-fat dry milk. with gelatin on syneresis:of
yoghurt.

* See Table 1.
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45 +Cl* +C2 *Tl =T2 >*T3 +T4
*C3 =T3 ¥T6 =T7 #TR

40

Percent whey syneresis

13 6 9 12

Time (days)

Fig. (2): Effect of replacing non-fat dry milk with gelatin and storage on
syneresis of whey (%) of voghurt (test was ca rrjed out for 2h).

* See Table 1.
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100 SCl* +C2 «Tl =T2 T3 T4
95 &«C? T35 *T76 =77 #TR

90
83

cfu/mi < 107
- N W W) 4
W O W O oW v

w o

l 3 6 9 12

Time (days)

Fig. (3): Effect of replacing non-fat dry milk with gelatin and storage on
total bacterial counts of yoghurt.

* See Table 1.
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300 *Cl* +C2 =Tl =T2 T3 T4
AC3 =T5 ¥Te =17 TR

cfu/mi x 107

i 56 o 12

. Time (days)

Fig. (4): Effect of replacing non-fat dry milk with gelatin and storage on
streptococci counts of yoghurt. ' '

* See Table 1.
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80 _ *-Cl* +C2 4Tl =T2 »>T3 +T4
*C53 =T5 *Te6e =717 8T8

cfu/ml x 107
h
S

! 3 6 9 12

Time (days)

Fig. (5): Effect of replacing non-fat dry milk with gelatin and storage on
lactobacilli counts of voghurt.

* See Table I.
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Table (4): Og?anoleptlc scores of quhurt fortified with gelatin.

I 1 ‘ueipeg

Yoghurt Fl;::rt;rg (eo:i; 22 :5) ody and tgxtun L;D Appearance (15) Acidity (10) Total score (f:ut of 100)
treatments* (days) [Storage period (days] Storage period (days) Storage period (days) Storage period (days)
113l 6 [9j12( 1 |3|[sl g 112|136 ([9 1211 (3|6 [9]12]1[3]6] 9 |12

Cy - 43[42] 40 (401 30 | 27 |27|26({ 25 (24 113 |12 |12 |11 |10} 9 |9| &8 {8 7 [92 |90 |86 | 84 | 8O
C; - 40 (40( 39 |39{ 37 25 {25124/ 23 (22 {11 {11 [10{10}0! 8 |8] 7 {7 7 {8484 |8O] 79 |75
T 40 40. 40 135,38 125 (25j24) 24 |23 112112 (411091 8 |8 7 |7} 7 |85|85 /82| 80 .77
Ty 41)41) 40 |40) 39 ; 26 |25]25) 24 124 [13 112|111 |11 |10] 9 |9| 8 |8| 7 | 8o |87 |84 | 83 | 80
Ta 42142] 41 |40| 39| 27 |27126) 25124 |13 [ 13 |12 112 {11 9 (9l 8 18| 7 |91 |91 |87 | 85 | 81
T4 4114141 [39/ 38 | 26 [26125] 24 123 (12 (12 [ 11 | 11 16 Blol 8 |8l 7 87[88|85| 82 [ 78
Cs 39138 38 (37{ 35123 (231222112010 (10 9 { 8 (8( 7 (7{ 6 [6( 6 (797875 72 |69
Ts 40140; 39 (30| 36 | 24 12423, 2212011 {10 9 | 8 |8 8 (7 7 (6| 6 183 |81178( 75 |70
Ts 421421 41 140 38 | 25 125|124} 23 |22 |11 |11 |10 |10 j10) 8 |8B| 8 ;7 6 |8 186|83) 80 |76
T7 41|41]| 40 |40l 37 | 26 [26)25| 24 |24 {12 |12 |11 |10 |10] 9 |9 8 |7| 7 | BB |88 |84 | 81 |78
Ta 41141] 40 |38| 36 | 25 125[25j 24 (22 (111111010 |9| 8 (8! 8 |7| 7 |85 [85183| 79 | 74

* See Table (1).



Table (5): Statistical analysis of yoghurt properties.

Properties of Mean Effect of treatments Mean square Effect of storage (da
hurt squares Multiple comparisons+ Multiple comparisonse
yo9 9 Cy lCol Ty I TalTsl To [Cal Te {Tal Tr | T 1 (3[6 [8]12
.S. 16425 | A B B B |B B C c |C C C [12131*| B A
rotein (%) 3125 (AlB{ B |B|BBl!c|lcCclc]c |cC| 344} A B
6.431 AlA A AlA A A A A A A | 1.021* A A
3.025* A|B 8 B|B B C C c C C | 5.467* 8 A
ctose (%) 0.942* A| B B BB B C C C C Cc | 9.321* A B
taldehyde (ppm) 59312 | A| C{ AB |AB] A A D C C| AB |AB{113231*| C |A| B |{D| E
35.118 C |AB B icDiCcD{ D A{AB |AB| C C | 0.932* A (Bt CIDI|E
itratabe! acidity (%) 36.121* |AB|BC|{ BC [AB|AB] A |CD| CD |BC| AB [AB| 1.239" E |D|{C |B} A
after2h(%) | 53463 | D | B C _|cDhjcD) D A A J]AB] B C 1784321 A (C1 DIC] B
noleptic properties: —
69.12* Al B B |[AB]A] AB|C ]| AB | A| AB |[AB193126*| A |A|ABIB| C
y and texture 23.6809* A|lC C [AB| A B E D C | AB | C | 36.241" A |AjAB|B| C
arance 0.427* AlC B Al|lA B D [ C| AB | C | 58432 A |A|lAB|B]| C
7.362* AlB B AlA B c B B B B | 28.782 A {AlABIB| C
otal score 298.321 AlD D JAB| A C E D C|l]AB | D |B834635] A |A|AB|B]| C
. mea

« Each differant latters {in the same row) means that the multiple comparisons are different from each other, letter A is the highast

followed by B, C, ... otc.
* Significant at 0.05 level.
! Ses legend Table (1).

P00Z ‘Ael ‘()62 “AUn BINOSUEH 198 “2UBY



Badran, I. 1.

Protein content of all yoghurt treatments decreased slightly (p < 0.05)
during storage period. Similar results were reported by El- Nagar and Brennan
(2001).

Concerning fat content, all yoghurt treatments were not significantly
(p>0.05) different from each other, which means neither the rate of
fortification with non-fat dry milk nor the rate of fortification of cow's milk with
gelatin affected significantly (p > 0.05) the fat content of the yoghurt
treatments (Tables 1, 5) (Mehanna and Mehanna, 1988). The fat content of
yoghurt treatments did not change during storage period (Mehanna &
Mehanna, 1989 and Kebary & Hussein, 1999).

Lactose content of yoghurt treatments decreased significantly
‘(p < 0.05) by decreasing the rate of fortification of cow’s milk with non-fat dry
milk. Treatmen C; contained the highest lactose content followed by
treatments C;, Ty, Ta, Ts and T, then treatments Cs, Ts, Te, T7 and Tg , which
might be due to the lactose content of added non-fat dry milk. Either
treatments C,, Tq,- T2, Tsand T, or treatments C;, Ts, Tg, T7 and Ty were not
significantly (p > 0.05) different from each other in lactose content, which
means that the rate of adding gelatin did not affect significantly (p > 0.05) the
lactose content of yoghurt treatments (Tables 1, 5). Lactose content of
yoghurt treatments decreased (p < 0.05) throughout storage period, which
might be due to the consumption of lactose by lactic acid bacteria (El-Nagar
and Brennan, 2001).

Ash content of yoghurt decreased (p < 0.05) by decreasing the
amount added of non-fat dry milk, which might be due to the ash content of
non-fat dry milk (Tables 1, 5). Supplementation of cow’s milk with gelatin did
not affect significantly (p > 0.05) the ash content of yoghurt. Ash content of all
yoghurt treatments mcreased slightly during storage (El-Nagar and Brennan,
2001).

Slight differences were notlced among yoghurt treatments in titratable
acidity of yoghurt (Tables 2, 5) (Mehanna and Mehanna, 1989). On the other
hand, titratable acidity of all yoghurt treatments increased significantly (p <
0.05) as storage period progressed (Tables 2, 5). These results are in
agreement with those reported by Mehanna & Mehanna (1989); Abd El-Salam
et al. (1996); Kebary & Hussein (1999}, Harby & El-Sabie (2001) and Zedan
ef al. (2001).

pH values as affected by the rate of fortification with non-fat dry milk
or gelatin and storage pericd followed opposite trends of those of titratable
acidity (Tables 2, 5). Similar results are reported by Badawi & El-Sonbaty
(1997);, Hassan ef al. (1999), Harby & El-Sabie (2001) and Zedan etal.
(2001). :
Acetaldehyde content of yoghurt decreased (p < 0.05) by decreasing
the rate of fortification with non-fat dry milk (Tables 3, 5), while increased
slightly by increasing the rate of adding gelatin (Tables 3, 5). Acetaldehyde
content of all yoghurt treatments increased up to the 3™ day of storage, then
decreased up to:the end of storage period. Similar results were reported by
Salama (2001).
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The changes of total, lactobacilli and streptococci bacterial counts are
illustrated in Figs. (3, 4, and 5). These bacteria followed almost similar trends.
The count of total, lactobacilli and streptococci bacteria decreased by
decreasing the rate of adding non-fat dry milk, while they increased slightly by
adding gelatin. Total lactobacilli and streptococci bacterial counts increased
as storage period progressed up to the third day, then decreased up to the
end of storage period. These results are in agreement with those reported by
Kebary et al. (1996); Hussein & Kebary (1999) and Harby & Ei-Sabie (2001)}.

Scores of sensory evaluation of yoghurt are presented in Table (4).
Scores of organoleptic properties (flavour, body and texture, appearance,
acidity and total scores) followed similar trends. Scores of sensory evaluation
decreased by decreasing the rate of fortification of cow’s milk with non-fat dry
milk. Scores of organoleptic properties increased by adding gelatin and this
increase was proportional to the rate of adding gelatin (Tables 4, 5). Yoghurt
treatment that made with adding 1.5 and 0.4% of non-fat dry milk and gelatin,
respectively was not significantly {p > 0.05) different from control yoghurt that
made with adding 3.0% non-fat dry milk and T; which made from unfortified
milk and adding 0.55% gelatin (Tables 4, 5). Scores of organoleptic properties
of all yoghurt treatments did not change during storage period up to the sixth
day, then decreased as storage period proceeded up to the end of storage
period (Tables 4, 5).

It could be concluded that it is possible to make a good quality
yoghurt from cow's milk by using non-fat dry muk and gelatin and saving
about 50% of the non-fat dry milk used in making the control yoghurt.
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