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Table 1- Analysis of variance of fat percentage, powder and shelf life (days) effects on yoghurt pH

Sources of variation Degree of freedom

Sum of squares

Mean squares  F-value Pr>F

Fat

Powder

Shelf life

Fat*Powder

Fat* Shelf life
Powder* Shelf life
Fat*Powder™ Shelf life

[N
OO RN

0.035 0.018 0.02 0.045"
0.033 0.017 0.96 0.382™
0.505 0.167 0.389 0.0001"
0.041 0.01 0.58 0.681"
0.010 0.001 0.1 0.0344"
0.038 0.008 0.36 0.903™
0.107 0.007 0.5 0.908"
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Figure 1- Average comparison of fat percentage and shelf life effects on yoghurt pH
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Table 2- Analysis of variance of fat percentage, powder and shelf life (days) effects on yoghurt acidity

Sources of variation Degree of freedom

Sum of squares

Mean squares  F-value Pr>F

Fat

Powder

Shelf life

Fat*Powder

Fat* Shelf life
Powder* Shelf life
Fat*Powder* Shelf life

[ERN
OO R~wNN

171.02 90.32 3.51 0.035"

157.1 78.55 3.05 0.536"™
2994.44 99.14 38.72 0.0001"

3.73 0.93 0.04 0.996 ™
360.66 60.11 2.33 0.0461"
418.25 69.7 2.7 0.621m
394.03 32.83 1.26 0.252"™
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Figure 2- Average comparison of fat percentage and shelf life effects on yoghurt acidity
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Table 3- Analysis of variance of fat percentage, powder and shelf life (days) effects on yoghurt viscosity

Sources of variation Degree of freedom  Sum of squares  Mean squares  F-value Pr>F
Fat 2 18815991.08 37631983.35 155.71  0.0001"
Powder 2 176469.01 352938.02 1.46 0.2389 "™
Shelf life 3 1381332.63 4145497.88 12.44 0.0001"
Fat*Powder 4 21720.05 868802.2 0.18 0.9482"
Fat* Shelf life 6 138986.26 866917.54 1.15 0.3426"
Powder™ Shelf life 6 230602.81 1384216.87 1.91 0.0909 ™
Fat*Powder* Shelf life 12 306017.21 3672206.46 2.53 0.076"
i;jks&ul‘JQTJ‘ﬁAudxﬁSbQuuﬁﬁJMJ éJLa.ALJ.A.AJJ\' udJﬁ‘kﬁ)ﬁl(\ﬂﬂﬂ)ﬁJ‘JSﬁ)‘
slad pad ) S g Ll 3l ple) @@l LY K& 03 1 omis (oSS ss0 Job Lo le 4 L, S
ol saalie cuale Olsis € el (Kas 30 S0 sualiie cule i) S

B Sue) e sogs slie Guss 5SB o Jalo

3205 ~
a
3200 -
3195 -
g b b
> 3190 -
8 3185 -
g c
> 3180 -
3175 A
3170 -
3165 T T T 1
1 7 14 21
Shelf life (day)
Cauale iy 98 g 5 (590)S S 3Le Saao 4L (SLacuSilis duulis -1 Jsub
Figure 3- Average comparison of shelf life effect on yoghurt viscosity
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Figure 4- Average comparison of fat percentage effect on yoghurt viscosity
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Figure 5- Storage modulus versus strain
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Introduction: Consumers across the world are becoming more interested in foods with health
promoting features as they gain more awareness of the links between food and health (Tamime et
al., 2005). Yogurt is the most consuming fermented milk products, which has a positive effect on
human health due to the high nutritional value and particular importance in the diet of individuals.
Yogurt in Health and Disease Prevention examines the mechanisms by which yogurt, an important
source of micro- and macronutrients, impacts human nutrition, overall health, and disease. Topics
covered include yogurt consumption’s impact on overall diet quality, allergic disorders,
gastrointestinal tract health, bone health, metabolic syndrome, diabetes, obesity, weight control,
metabolism, age-related disorders, and cardiovascular health (Shah, 2017). Helianthus tuberosus L.,
commonly known as Jerusalem artichoke, produces fibrous roots with short rhizomes that end in
underground caulinar tubers, which accumulate fructans, mainly inulin. The plant has four main
uses: horticultural, fodder, bioethanol production, and inulin extraction (Rébora, 2008). This crop is
highly tolerant to adverse weather conditions and various plant diseases and also grows well in poor
land (Saengthongpinit & Sajjaanantakul, 2005). Among other plants rich in inulins, Jerusalem
artichoke stands out as an interesting candidate for the industrial production as its tubers accumulate
similar levels of inulin (16-20% of fresh tuber) as chicory roots (Franck, 2000) and could be
cultivated at a low cost with low input of fertilisers on any type of soil and cool climatic conditions.
However, the use of Jerusalem artichoke (JA) tubers for inulin extraction is less well known as they
are commonly eaten as vegetable (Paseephol & Sherkat, 2009). Understanding of rheological
properties of fruit juices are essential for quality control, process engineering application (designing
and selection of proper equipment including heat exchangers, transport systems, evaporators and
pumps), calculating energy usage and power requirement for mixing. Rheological information is
valuable in product development (Salehi, 2019).

Recently, viscometers have become a valuable and extensively used tool in the study of milk gel
structure. Such measurements are sensitive to the initial stage of casein micelles aggregation and
demonstrate that gelation begins well before any visual observation of coagulation. A point is
reached during aggregation in which a three-dimensional cross-linked network of casein is formed
and following this, coagulation can be observed rheologically (Shaker et al., 2000). The goal of this
study is investigate on the effect of fat content changes on chemical and rheological properties of
yogurt contains Jerusalem artichoke powder during storage.

Material and methods: In this study, Jerusalem artichoke powder to the amount of 0.5, 1 and 1.5%
in yogurt formulation with 0.5, 1 and 1.5% fat was used, and its chemical and rheological
characteristics was investigated during the 21 days. The cow milk (total solid nonfat 9%) was
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heated to 92 °C for 5 min then cooled to inoculation temperature (42 °C). Jerusalem artichoke
tubers were washed with tap water and brushed to partially remove tuber skins. Tubers were then
cut into ~2 mm slices and dried at 45 °C in an electric oven with convection, until constant weight
was achieved. Dried slices were then ground and passed through a 63-mesh sieve to obtain the
Jerusalem artichoke flour. The pH was measured directly using a calibrated digital pH-meter
(Lutron YK-2001 pH meter, Taiwan). The titratable acidity (TA) with respect to the percentage of
lactic acid equivalent was determined by titration of the yogurt samples with 0.11 N NaOH in the
presence of phenolphthalein. The viscosity of yogurt was measured using a rotational viscosimeter
(Brookfield, USA). The rheological parameters of yogurt at shear rate of 40 s were studied using
spindle LV64 at 8°C. Each measurement was conducted in three repetitions. The experimental data
were subjected to an analysis of variance (ANOVA) for a completely random design using a
statistical analysis system (SPSS 21). Duncan’s multiple range tests were used to determine the
difference among means at the level of 0.05 (Salehi, 2017).

Results and discussion: Addition of Jerusalem artichoke powder was not significantly effect on
chemical and rheological characteristics of yogurt. The results showed that the pH of the higher in
fat at the end of the maintenance period was significantly higher than the pH of yogurt with 0.5%
fat. Also acidity of the samples at 14 days was significantly increased although for an amount of
increase in higher fat yogurt in comparison with 0.5 and 1% fat yogurt is lower. At the end of the
maintenance period, acidity of yogurt with 0.5% fat was significantly more than yogurt with 1 and
1.5 percent fat. According to consistency and elasticity, the samples with 1.5 % Jerusalem artichoke
powder and 1.5 % fat was the best treatment. Rheological properties of plain yogurt during
coagulation process, impact of fat content and preheat treatment of milk were studied by Shaker et
al. (2000). Their results showed that the increasing in fat content leads to an increases in viscosity.
The highest viscosity was manifested by milk heated at 137°C while the lowest value was exhibited
by milk heated at 65°C. The process viscosity curves for three different stages are described by
mathematical relationships. Finally, a two-parameter power law model was used to describe the
flow behavior of the yogurt during coagulation.

Conclusion: Jerusalem artichoke flour resulted an interesting food ingredient due to its high content
of prebiotics (inulin) and phenolics, which may be used as a powder substitute to increase the
nutritional quality of dairy products. Rheological properties for foods, such as fermented dairy
products, are important in the design of flow processes, quality control, storage and processing and
in predicting the texture of foods. With increasing Jerusalem artichoke powder and fat content, loss
modulus versus shear stress was increased. In general, with increasing shear rate the viscosity of
samples were decreased. Also with increasing the percentage of samples fat, the viscosity in the
constant shear rate was increased. The increase in viscosity at the highest fat content may be due to
increase of total solids of the milk which has a significant effect on the firmness of yogurt gel.
Addition of Jerusalem artichoke powder increases the viscosity but the effect of fat on the viscosity
was more.
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