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Abstract

The effect of adding different concentrations of Jerusalem artichoke (Helianthus tuberosus)
extract on the quality of low-fat yoghurt was studied. 10, 15, 20 ml of the Jerusalem artichoke
(Helianthus tuberosus) extract was added to the pasteurized liquid milk contain 0.1% milk fat to
purpose of giving different levels of inulin/ pg (each milliliter from Jerusalem artichoke
(Helianthus tuberosus) extract contains 21 pg of inulin). The yoghurt samples were compared
with the control sample produced from whole fat milk. The content of total solids in milk was
adjusted to 14% by adding skim milk powder. After storage periods 1, 7, and 15 days, the
chemical-physical composition of the yoghurt samples, such as pH, titratable acidity, syneresis
(whey separation), the amount of acetaldehyde, and volatile fatty acids. The sensory
characteristics of the samples were also evaluated during the same storage periods. It was found
that the addition of Jerusalem artichoke extract containing more than 210 pg caused in increased
separation of whey and consistency. The values of acetaldehyde, PH and titratable acidity were
not affected by adding the Jerusalem artichoke extract. volatile fatty acid levels were affected
negative. In the case of sensory evaluation of yogurt. The addition of Jerusalem artichoke
extract resulted in the retention of the sensory quality grades, where the treatment control was
highest, and the lowest grade was obtained in the yoghurt samples containing 420 pg of inulin.
Overall, the quality characteristics of the yoghurt containing 210 pg inulin was similar to the
quality characteristics of the control like yoghurt made from whole milk.
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Introduction
Recently, the relationship between fat consumption and heart disease has been

accepted and recommended by nutritionists to reduce the consumption of animal fat (1).

Increased consumption of dairy products low or fat free and increased recognition of

health benefits, and health problems of consumers (1, 2). The Fat in milk has an

important role in development of the texture, flavor and color in dairy products. Fat
reduction can cause some defects in yogurt and non-fat ice cream such as lack of flavor,
weak body and poor texture (3). Although it is possible to manufacture low or non-fat
dairy products for many years, the use of lipid replacers in the manufacture of these
products has been recently used. Fat replacers, which reduce the caloric value of food,
can be used to treat or solve some physical and organoleptic problems caused by low fat
levels in final products. Fat replacers consist of a mixture that includes originated fat

substitutes, proteins, carbohydrates and axis fats or their combinations (3). Inulin is a

carbohydrate-derived or dietary fiber that is an alternative to fat as well as its ability to

form gelling with water. It is also a functional food because of its prebiotic properties,

(4). It is not digested in the small intestine, but it is fermented in the colon by lactic acid

bacteria such as yogurt starter cultures. inulin promotes the growth of healthy bacteria

and enhances absorption of calcium, magnesium and immune functions, and reduces the
level of cholesterol and serum lipids (5). Furthermore, the fermentation of inulin may
stimulate the formation of short-chain fatty acids such as acetate, propionate, butyrate
and the latter being the preferred energy substrate for colonocytes (6). Inulin, in water-
based foods such as dairy products, when used as a fat replacer, gives a fat-like mouth
feel and texture (7). The objective of this study was to investigate the possibility of using
Jerusalem artichoke extract in the manufacture of low-fat yogurt, and the effect of addition of
inulin on chemical, physical and sensory properties of yoghurt during storage.
Materials and Methods

- Raw Cow Milk: obtained from the lab of Abu Gharib and the total solids were
calculated to 14% weight/volume.

- Skim Milk Powder: It is the French-made Regilai type, the company Saint Martin
Belle, purchased from local markets.

- Preparation of Jerusalem artichoke extract powder: Jerusalem artichoke tubers
were obtained from the local markets, soaked with water to be cleaned well, cut into
strips and then hung in yarns made of jute (stly) and placed in a sterile dry place
temperature of 40-45 °C until it is fully dried and reach Moisture ratio 5%. The
slides were grinding with an electric mixer to obtain the powder (8).

- Preparation of Jerusalem artichoke extract: In accordance with the method
reported by (9) and for get Jerusalem artichoke extract, 11 g of Jerusalem artichoke
powder was reconstituted in 400 ml of sterilized water and dissolved well to obtain
the extract. The heat continues at 50 °C for 4 hours with continuous mix the
suspension solution, filtering the solution with a cotton cloth to remove the fibers
and get a clear solution.

- Determination of inulin in the Jerusalem artichoke extract: This was done
according to (10) by using high performance liquid chromatography (H.P.L.C)
device, Type a fast liquid chromatograhic (F.L.C) American origin. The

concentration of inulin in the extract was calculated according to the formula:
Concentration of sample pg/ ml= sample area (pv)/ standard inulin area(uv)x standard inulin
concentration pg / mlx dilution factor

- Starter culture: It was obtained from Dairy Laboratory in College Agriculture-
University of Baghdad. The mixture containing of Streptococcus thermophilus &
Lactobacillus delbrueckii ssp. bulgaricus Lyophilized.
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- Yoghurt Manufacture: Four samples of milk were identical in manufacture and
repeat according to (11). The sample of whole fat milk (3.1%) as standard control,
the low fat milk samples (0.1%) designed to three parts as shown in Table (1). The
raw milk separated by separator, Electrem, France at 40 °C. The milk was mixed
with skim milk powder in varying proportions and mixed by using electric mixer ,
Ultra Turrax (IKA, Merck, Germany) to dissolve that milk powder. The same
mixtures pasturized at 90° C for 5 minutes and chilled to 47°C. Then added different
levels from the Jerusalem artichoke extract or in different sizes (ml) to get different
weights of inulin. Then mix the ingredients well, The prepared liquid was
inoculation by using 2% of the Starter culture (weight/ volume), distributed in
plastic cups, capacity 200 g, incubated at 43+1 °C until reaching pH 4.7. All milk
samples were kept at room temperature 21 °C for 30 minutes, after which samples
were placed in the refrigerator until the chemical tests were conducted. Other
samples were stored for 1, 7, 15/ day at 4 °C, samples were taken for chemical and
biological testing.

Table (1) Design of the experiment

Samples Milk fat (%) | content of inulin (ug) in Jerusalem artichoke extract (ml) | skim milk powder (%)
A (control) 3.1 0 2
B 0.1 210 pg /10 ml 4
C 0.1 315 pg/ 15ml 3
D 0.1 420 pg/ 20 ml 2
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- Chemical Composition of Raw Milk: Determination of total solids, protein and
ash: Those tests were conducted as reported in (12). While determination of Lactose
Sugar was done according to (13). Determination of Fat and Titratable aciity was
done according to (14). Also the pH testing That done by pH meter according to
(Pye Unicom, England). The testing of consistency was perform by using a
penetrometer scale in a company SUR BERLIN PNR 6. Estimation of the separation
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whey perform according to (15). Estimation of free fatty acids perform that
according to (16) while estimation of acetaldehyde made according to (17).

- Statistical Analysis: Data analysis was performed by using ANOVA and
application the SAS program (17) and the data were tested according to the Duncan
test (18). The averages were compared with the probability level of (p<0.05).

- Sensory Evaluation: The sensory properties of the yoghurt samples were evaluated
according to the questionnaire form (19). The samples were evaluated by a number
of judges specialized in milk and dairy products, in University of Baghdad
according to form (1).

Fig. (1) Sensory evaluation form for properties of yoghurt samples

Properties High class Degree granted
Taste and flavor 40
Texture & consistency 20
Colour & appearance 20
general acceptability 20
total 100

Results and Discussion
Table 2 shows the chemical composition of the milk samples examined. The total
solid contents of the sample ranged between 13.47- 13.67%, and the total protein,
lactose values increased with the addition of skim milk powder.

Table (2) Chemical composition of raw milk (%) used in the manufacture of
yoghurt samples

Parameter
Total solid Fat protein lactose ash
Samples
A 13.67+0.08a | 3.1+ 0.0la 4.06+0.20 a 5.48+ 0.04c 0.88+0.00c
B 13.48+0.20a 0.1+0.01c 3.84+0.18a 7.04 £0.26¢ 1.0+0.0b
C 13.47+0.07a 0.1+0.01c 3.94+0.19a 6.25 +0.03b 1.06+0.01b
D 13.51+0.07a 0.1+0.01c 3.98+0.20a 5.50 £ 0.12a 1.22+0.04a

Data with different letters indicate that they differ significantly from each other at a significant level of 0.05
Table 3 shows the effect of storage periods on pH in yoghurt samples with different
concentrations of Jerusalem artichoke extract. The pH values were between 4.19- 4.40 at the
first day, 3.98- 4.27 after fifteen day. When used the Jerusalem artichoke extract as an
alternative to fat, there was no significant effect on the pH values at the probability level
(p<0.05), Confirmed, (20), that no lipid as an alternative for fat has no any negative effect on
the change in the activity of the yogurt bacteria. It is also noted that the values of pH during the
storage of yoghurt samples, decreased slightly, and insignificant at probability level (p<0.05).
This may be due to the effect of storage temperature on the activity of starter bacteria during
storage.
Table (3) The effect of the storage period on pH in the yoghurt sample added to it
different concentrations from Jerusalem artichoke extract

Storage periods/ day
Samples 1 | 7 | 15 | ; |
average * standard error General average/ sample
A 4.40+0.26a 4.37+0.31a 4.27+0.15a 4.34 £0.15a
B 4.19+0.46a 4.11+0.36a 4.04+0.22a 4.11+0.13a
C 4.19+0.17a 4.13+0.05a 4.05+0.11a 4.12+0.09a
D 4.29+0.33a 4.06+0.14 3.98+0.13a 4.11+0.11a
General average /Storage Periods | 4.26+0.10a 4.16+0.13a 4.08+0.05a

Data with different letters indicate that they differ significantly from each other at a significant level of 0.05

Table 4 showed there was increase in tetratable acidity of the yoghurt samples
during storage at significant level (P<0.05), but was not affected when the percentages
of the Jerusalem artichoke extract differed significantly within the same storage period.
The tetratable acidity of the day 15 was higher than the acidity of the samples during
storage periods 1 and 7. The tetratable acidity in the (B) yoghurt samples containing 210 pg
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of inulin per 10 ml in the Jerusalem artichoke extract was highest content from that other
sample. This may be due to the addition of a high percentage of skim milk for this sample.
Table (4) Effect of the storage period on tetratable acidity (SH°®) in the yoghurt samples
added to them different concentrations of Jerusalem artichoke extract.

Storage periods / day
Samples 1 | 7 | 15
average + standard error General average /sample/
A 52.28+2.83e 57.88+0.65cd 62.22+0.40 ab 56.51+2.10c
B 57.15+2.80 cd 60.51+0.09 abc 63.77+0.44 a 61.14+1.24 a
C 55.09+0.60 de 58.88+0.56 bcd 62.43+0.13ab 59.54+1.37 ab
D 55.77+0.64 de 57.78+0.33 cd 62.29+0.95 ab 58.61+1.25ch
General average / 54.72+1.11c 58.76+0.45 b 62.74+0.35 a
Storage Periods

Data with different letters indicate that they differ significantly from each other at a significant level of 0.05.

Curd stability in yoghurt is one of its most important physical properties. The factors which
influence curd stability are total solids and protein content, milk acidity and storage
temperature, as well as the effect of heating, homogenization and activity of yogurt bacteria
(22). Table (5) shows that the difference in the levels of the inulin in the extract has a significant
effect on the consistency of yoghurt samples during all storage times at a probability level
(P<0.01). Sample (B) had the lowest values of consistency during storage. While the standard
yoghurt, sample (A) his content was higher than that of yoghurt sample (B), While the texture in
yoghurt sample (C) which containing 210 pg per 10 ml from Jerusalem artichoke extract was
higher. Also that table (5) shows a linear increase in consistency towards the reduced
concentration of the Jerusalem artichoke extract and increase the percentage of skim milk
powder added. The consistency level of the yoghurt sample (B) was lowest, that added 4% of
the skim milk powder, and lowest level from inulin in the Jerusalem artichoke extract. Also
notes a high level of consistency in the yoghurt sample (C). This may be the cause addition of
the Jerusalem artichoke extract which contains 315 pg inulin and contains, skim milk powder
3%. Also was observed reducing at all yoghurt samples during storage periods, but this was not
significant at (P<0.05).

Table (5) Effect of the storage period on the consistency (x0.1 mm) in the yoghurt
samples has added different concentrations of the Jerusalem artichoke extract .

Storage periods / day
General average /
Samples 1 7 15 sample/
average * standard error
A 211.37+4.87 ab 201.71+12.94 ab 182.67+0.91 abcd 198.58+4.03 a
B 194.57+5.31 bed 191.24+0.67 cd 186.86+0.75 d 190.89+1.98 b
C 218.70+3.67 a 213.08+1.04 a 202.94+3.52 ab 211.57+1.79a
D 220.07+£3.69 a 217.07+1.04 ab 209.06+2.70 abc 215.40+2.73 a
General average/ 211.17+4.48 a 205.77+4.20 a 195.38+3.68
Storage Periods

Data with different letters indicate that they differ significantly from each other at a significant level of 0.05

One of the most important defects of yoghurt is the separation of whey. Table 6 show that
the addition of Jerusalem artichoke extract to yoghurt caused increased rates of separation whey
from yoghurt samples, during all storage periods. The lowest separation was in yoghurt sample
(B), while the highest level separation was in yoghurt sample(D). This may be due to, low
percentage of skim milk powder, also, because increase the amount additive of Jerusalem
artichoke extract. It was also observed that the separation whey was decreased significantly
during storage, in the standard yoghurt sample (A), at a significant level (P<0.01). This was
confirmed by both (15, 23).
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Table (6) Effect of the storage period on whey separation (9/25 g) in yoghurt samples
which added to it different concentrations of the Jerusalem artichoke extract

Storage periods / day
Samples 1 | 7 | 15 General average/
average + standard error sample/
A 5.24+0.08c 4.94+0.11cd | 4.44+0.12d 4.87+0.15b
B 4.96+0.07cd 4.19+0.04d 4.17+0.01d 4.33+0.15¢c
C 6.34+0.06b 4.32+0.66d 4.36+0.18d 5.00+0.45h
D 7.29+0.03a 5.56+0.22c 5.41+0.03c 6.08+0.38a
General average/ Storage | ¢ 10,037, | 4.75:024b | 4.590.18b
Periods

Data with different letters indicate that they differ significantly from each other at a significant level of 0.05

Yoghurt flavor consists of volatile ingredients and is also caused the degradation of
some milk components when heating the milk. It was produced during fermentation of
milk. One of the most important aromatic compounds in yoghurt was acetaldehyde (24).
For optimal flavour in yogurt, the concentration of acetaldehyde must be between 23
and 41 mg/ kg yoghurt (25). Table (7) shows that after storage periods of 7 days and 15
days, was found highest rate of acetaldehyde in the sample that was free of inulin (A), at
the probability level (P<0.05). These changes can be due to the effectiveness of the
yogurt starters enzyme (alcoholdehydrogenase) in the relationship between
acetaldehyde and ethanol (25). Also variation of acetaldehyde between yogurt samples
during storage periods was observed (26). The researcher explained these variability in
the concentration of volatile compounds such as calcitaldehyde, acetone and ethanol in
all samples, despite similar manufacturing conditions. One of the causes of variability
was the ease of acetaldehyde degradation to ethanol alcohol by the alcohol
dehydrogenase enzyme which it produces by Str.thermophilus bacteria.

Table (7) Effect of the storage period on acetaldehyde (mg/ kg) in yoghurt sample
with different concentrations of Jerusalem artichoke extract

Storage periods / day
Samples 1 | 7 | 15 General average/ sample
average + standard error
A 7.48+0.32a 6.63+£0.29bc | 6.12+0.03cd 6.74+0.27a
B 6.21+0.07c 6.15+0.22c 5.42+0.28e 5.92+0.20bc
C 7.08+0.06ab 6.45+0.24bc | 5.49+0.12de 6.34+0.30b
D 6.73+0.19bc 5.52+0.29de 5.37+0.05e 5.87+0.28c
General average/ | ¢ 07,0195 | 6.18+0.189b | 5.60+0.128¢
Storage Periods

Data with different letters indicate that they differ significantly from each other at a significant level of 0.05
Volatile free fatty acids are not the main component of yoghurt but they help to make
yoghurt flavor balanced. These free fatty acids also contribute to flavor synergies with
acetaldehyde (27). The addition of Jerusalem artichoke extract to yoghurt at different
levels of inulin has an effect on the content of free fatty acids in the yoghurt. Table (8)
shows presence increase volatile free fatty acids during storage periods of yoghurt
samples. These increases contributed to a significant effect at the probability level
(P<0.01). The increase in free fatty acids during storage may be due to the efficacy of
yoghurt starter (22, 25).
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Table (8) Effect the storage period on volatile free fatty acids (ml 0.1 N NaOH/ 100
g) in the yoghurt samples that added to it, different concentrations of Jerusalem
artichoke extract

Storage periods / day
Samples 1 | 7 | 15 General average /
average = standard error sample/
A 3.23+0.10bcde 3.51+0.18hc 4.09+£0.01a 3.61+0.16a
B 3.40+0.10bcd 3.60+0.15b 4.20+0.30a 3.73+0.17a
C 3.00+0.08cde 3.52+0.15bcde 3.40+0.20bcd 3.26+0.10b
D 2.80+0.10e 2.89+0.01de 3.35+0.05hcd 3.01+0.11b
General average/ 3.1240.10b 3.3140.11b 3.76+0.16a
Storage Periods

Data with different letters indicate that they differ significantly from each other at a significant level of 0.05

Tables (9, 10, 11, 12) explain the sensory properties of yoghurt samples. Table (9)
shows the color and appearance values they were highest in the control sample(A),
followed the yoghurt sample (B), which contains Jerusalem artichoke extract 210 pg of
inulin, The addition of an increase in Jerusalem artichoke extract rates resulted in
negative effects on color and appearance score values with increased storage periods
and this happens in all yoghurt samples.

Table (9) Effect of storage periods on the quality of color and appearance
characteristics of yoghurt samples

Storage periods / day
General average
Samples 1 7 15 / sample/
average + standard error
A 31.20+1.24a 27.70+1.33abc 27.40+0.81abc 28.76+0.76a
B 29.40+1.26ab 25.90+1.62bc 25.40+0.99bc 26.90+0.85ab
C 27.70+1.11abc 24.20+2.02cd 23.60+1.19cd 25.16+0.93b
D 25.80+1.14bc 20.70+1.47d 20.30+2.00d 22.26+1.07¢
General average/ 28.52+0.71a 24.62+0.93b 24.17+0.85b
Storage Periods

Data with different letters indicate that they differ significantly from each other at a significant level of 0.05

Table (10) shows presence significant differences in the body and tixture of yoghurt
samples after storage periods 7 and 15 days compared with the first day from storage period.
This may be due to addition of the extract as well as the effect of storage periods.

Table (10) Effect of storage periods on tixture and body quality of yoghurt samples

Storage periods / day
Samples 1 | 7 | 15 General average/
average + standard error sample/

A 13.70+0.37a 11.50+0.41bc | 10.12+0.51def 11.89+0.49a

B 12.40+0.43b 10.60+0.29cde | 9.30+0.30fgh 10.76+0.38b

C 11.20+0.33cd 9.90+0.29¢fg 8.50+0.15h 9.86+0.32

D 10.10+0.18def 8.80+0.33gh 5.90+0.64i 8.26+0.52d
General average/ | 1) g5, 34, 10.20+0.27b 8.36:+0.42¢
Storage Periods

Data with different letters indicate that they differ significantly from each other at a significant level of 0.05

The addition of Jerusalem artichoke extract influenced the taste and aroma scores of
yoghurt samples. Table (11) illustrated decrease in taste and odor rates in all samples
and after storage periods 7 & 15 days. Also there were significant differences observed
In the same storage periods compared with the first day of storage.
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Table (11) Effect of storage periods on taste quality and flavor of yoghurt samples

Storage periods / day
Samples 1 | 7 | 15 General average/
average + standard error sample/
A 15.60+0.62a 13.40+0.81bc 12.60+0.81bcd 13.86+0.52a
B 14.30+0.33ab 12.20+0.88cde 10.60+1.02def 12.36+0.59 b
C 12.60+0.43 bcd 10.40+0.36 ef 9.20+0.25 f 10.73+0.42c
D 11.10+0.53 def 9.20+0.37 f 6.80+0.66 g 9.03+0.55d
General average/ 13.40+0.45a 11.3040.47 b 9.800.59¢
Storage Periods

Data with different letters indicate that they differ significantly from each other at a significant level of 0.05
Table (12) indicated to the general acceptance degree of yoghurt samples. The
standard yoghurt sample (A) showed the highest levels, followed samples B, C and D
which containing 210 pg, 315 pg and 420 pg of inulin, respectively. These differences
showed significant differences at a potential level (P<0.01), especially in storage
periods 7 and 15 compared to the first day of storage.
Table (12) Effect of storage periods on the general acceptability degree of yoghurt samples
Storage periods / day

Samples 1 7 15

General average/
sample

average + standard error

A 1430++053a | 12.10#0.67bc | 11.30+0.58bcd |  12.56+0.46a

B 13.0+0.47ab 11.50+0.59bcd | 9.90+0.62def 11.46+0.45b

C 12.10£0.45bc | 10.60+0.43cde | 8.10+0.84fg 10.26+0.54c

D 11.50+0.74bcd | 8.90+0.78¢fg 7.20£0.71g 9.20+0.61d
General average/ | 1, ;5,4 35, 10.77+0.40b 9.12+0.48¢

Storage Periods
Data with different letters indicate that they differ significantly from each other at a significant level of 0.05

This research concluded that the increase of Jerusalem artichoke extract
(Containing inulin) in fat-free yoghurt had a negative effect in some of its physical
properties. Such as, whey separation, consistency and organoleptic scores. However,
yoghurt samples containing 210 pg of inulin showed similar characteristics to the
control yoghurt containing 3% of milk fat. The best results were obtained by adding
inulin to the fat-free yoghurt at 210 ug. The purpose for low-fat yoghurt production, the
concentration of inulin used it at 210 pg and the higher concentrations of inulin should
not be acceptable. There is also a tendency to use inulin and add it in order to
manufacture of low-fat dairy products because of its potential to give beneficial effects
for improve health.

References
1. Kigukoner, E. & Haque, Z. U. (2003). Physico-chemical and rheological properties of full
fat and low fat Edam cheeses. Eur. Food Res. Technol., 217(3): 281-286.
2. Haque, Z. U. & Ji, T. (2003). Cheddar whey processing and source: Il. Effect on
non-fat ice cream and yogurt 1. Int. J. Food Sci. Technol., 38(4): 463-473.
. Huyghebaert, A.; Dewettinck, K. & de Greyt, W. (1996). Fat replacers. In: Fat Replacers-
Ripening and Quality of Cheese. IDF Bulletin 317. 1996. PP. 10-15.
. O’Brein, C. M.; Mueller, A.; Scannell, A. G. M. & Arendt, E. K. (2003). Evaluation
of the effects of fat replacers on the quality of wheat bread. J. Food Eng.,
56(2-3): 265-267.
5. Rowland, I. R.; Rumney, C. J.; Couttz, J. T. & Lievense, L. C. (1998). Effect of
Bifidobacterium longue and inulin on gut bacterial metabolism and carcinogen-
induced aberrant crypt foci in rats. Carcinogenesis, 19(2): 281-285.
6. Kruse, H. P.; Kleessen, B. & Blaut, M. (1999). Effect of inulin on faecal
bifidobacteria in human subjects. Br. J. Nutr., 82 (5): 375-382.

w

D

33



Al-Anbar J. Vet. Sci., Vol.: 11 No. (1), 2018 ISSN: 1999-6527

7. l1zzo, M. & Franck, A. (1998). Nutritional and health benefits of inulin and

Oligofructose conference. Trends in Food Sci. Technol., 9(6): 255-257.

8. Takeuchi, J. & Nagashima, T. (2011). Preparation of dried chips from Jerusalem

articohoke (Helianthus tuberosus) tubers and analysis of their functional
properties. Food Chem., 126 (3): 922-926.

9. Bekers, M.; Grube, M.; Upite, D.; Kaminska, E.; Linde, R.; Scherbaka, R.;

10

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.

27.

Danilevich, A; Bekers, M.; Grube, M.; Upite, D.; Kaminska, E.; Linde, R.;
Scherbaka, R. & Danilevich, A. (2007b). Carbohydrates from Jerusalem
artichoke powder suspension. Nutr. Food Sci., 37(1): 42-49.

Cataldi, T. R.; Margiotta, G.; lasi, L.; Di Chio, B.; Xiloyannis, C. & Bufo, S.
(2000). Determination of sugar compounds in olive plant extracts by anion-
exchange chromatography with pulsed amperometric detection. Anal.
Chem., 72(16): 3902-3907.

Tamime, A. Y.; Barclay, M. N. I.; Davies, G. & Eduardo, B. (1994). Production of
low-calorie yogurt using skim milk powder and fat substitute. 1. A review.
Milchwissenschaft, 49(2): 85-88.

A.O.A.C. (1990). Official Methods of Analysis. 15" ed., Washington, DC:
Association of Official Analytical Chemists.

Barrantes, E.; Tamime, A. Y. & Sword, A. M. (1994b). Production of low-calorie
yogurt using skim milk powder and fat substitute. 3. Microbiological and
organoleptic qualities. Milchwissenschaft, 49: 205-208.

Mistry, V. V. & Hassan, H. N. (1992). Manufacture of nonfat yogurt from a high
milk protein powder. J. Dairy Sci., 75(4): 947-957.

Tamime, A. Y.; Barrantes, E. & Sword, A. M. (1996). The effect of starch based fat
substitutes on the microstructure of set-style yogurt made from reconstituted
skimmed milk powder. Int. J. Soc. Dairy Technol., 49(1): 1-10.

Kosikowski, F. V. (1978). Cheese and fermented milk foods. 2™ ed., P. 711.

Lees, G. J. & Jago, G. R. (1969). Methods for the estimation of acetaldehyde in
cultured dairy products. Aust. J. Dairy Technol., 24: 181-185.

S.A.S. (2012). Statistical Analysis System. Users Guide. Statistical. Version 9.1"
ed., SAS. Inst. Inc. Cary. N.C., USA.

Duncan, D. B. (1955). Multiple rang and multiple F-test. Biometrics., 11:4-42.

Nelson, J. A. & Trout, G. M. (1951). Judging of dairy product. 3", The Olsen
publishing Com. USA.

Barrantes, E.; Tamime, A. Y.; Davies, G. & Barclay, M. N. (1994a). Production of
low-calorie yogurt using skim milk powder and fat substitutes. 2.
Compositional quality. Milchwissenschaft., 49: 135-139.

Rasic, J. L. & Kurmann, J. A. (1978). Yogurt: Scientific grounds, technology,
Manufacture and Preparations, I: 466.

Farooq, K. & Haque, Z. U. (1992). Effect of sugar esters on the textural properties
of nonfat low calorie yogurt. J. Dairy Sci., 75(10): 2676-2680.

Kirdar, S.; Sezgin, E. & Atamer, M. (2000). A research on the quality criteria of
yogurts made using D. galactosidase enzyme. Gida, 25: 141-148.

Tamime, A. Y. & Deeth, H. C. (1980). Yogurt: technology and biochemistry. J.
Food Prot., 43(12): 939-977.

Varga, F. (1998). The origins, production and control of acetaldehyde in yoghurt.
Ph.D. Thesis, The University of Reading, UK., P. 112.

Atamer, M.; Yetimeyen, A. & Alpar, O. (1986). The effects of different heat
applications on some properties of yoghurt produced from cow milk. Gida,
11: 22-28.

34



