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Abstract. The purpose of this research was to examine the physical and chemical
characteristics of cow's milk yogurt with the addition of WPC. The physical characteristics
observed included color (L*, a*, b*, whiteness index, hue, chroma), texture (firmness, work of
penetration, resistance to probe withdrawal), while the chemical characteristics observed
included water content, total solids, and titratable acidity. The main research materials are fresh
cow's milk, Whey Protein Concentrate (WPC), and starter yogurt. The study was conducted
using a Completely Randomized Design (CRD) with 5 treatments and 4 replications. The
treatments consisted of control (P0), adding WPC as much as 2% (P1), 4% (P2), 6% (P3), and
8% (P4) of the amount of milk. Data were analysed using analysis of variance and post-hoc
orthogonal polynomial test. The results showed that the addition of WPC up to 8% caused a
very significant difference to the water content, total solids, titratable acidity, firmness, and
work of penetration of yogurt. However, the addition of WPC up to 8% did not cause a
significant difference in the color characteristics of yogurt. Total solids of yogurt increased
from 12.08% (control) to 17.74% along with the addition of WPC up to 8%. Based on the
results of the research, it can be concluded that the addition of WPC up to 8% can decrease the
water content, firmness, and work of penetration of yogurt, as well as increase the total solids
and titratable acidity of yogurt. However, it did not cause a noticeable change in the color
characteristics of yogurt. However, it did not cause a significant change in the color
characteristics of yogurt.
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1. Introduction

Cow's milk is a source of animal protein that has balanced nutrition and is needed by the body. The body
always needs nutrients for maintenance and growing. The development of dairy products today tends to lead
to healthy foods, for example yogurt. Yogurt has advantages for people with lactose intolerance because
during the process of making yoghurt, milk sugar levels decrease [1]. Yoghurt is widely consumed
worldwide because of its delicious taste, good nutritional content, as a source of probiotics and yoghurt is
also useful in overcoming digestive tract disorders.

The physical and chemical characteristics of yogurt are imperative because they can affect the acceptability
of consumers and the shelf life of yoghurt. Among factors that affect the shelf life of yoghurt are the
moisture content and additives. The addition of protein to milk causes an increase in total solids in milk,
causing the resulting yoghurt to be thicker [2].

Problems that are often experienced in making yogurt are the onset of syneresis (the separation between curd
and whey), low viscosity so that the yogurt looks watery, and decreases the water binding ability of the gel.
These problems cause the quality of yoghurt to decrease and the shelf life of yoghurt to be shorter [3].
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One way to overcome these problems requires the use of additional materials containing protein, for example
whey protein concentrate (WPC). The use of protein ingredients in the manufacture of yoghurt can reduce
the separation of whey, improve the texture, and chemical content of yogurt and extend its shelf life.
Problems in making yogurt such as the onset of syneresis, low viscosity, and low texture, it is necessary to
conduct research on the addition of whey protein concentrate (WPC) during the manufacture of yoghurt from
cow's milk, and its effect on physical and chemical characteristics. The addition of whey protein concentrate
(WPC) is expected to improve the physical and chemical quality of yogurt, resulting in the product which is
more attractive to consumers.

2. Materials and Methods
1.1 Research Materials

The main material used in this study was fresh cow's milk obtained from the Experimental Farm of the
Faculty of Animal Science, Jenderal Soedirman University, yogurt starter, and whey protein concentrate
(WPC).

1.2 Research Design and Procedure

The research was done experimentally in the laboratory. Treatments were arranged in a Completely
Randomized Design (CRD) with 5 treatments and 4 replicates. The procedure for making yoghurt followed
that described by [4], which began with the preparation of equipment. Fresh cow's milk was heated to the
temperature of 80 °C for 15 minutes. WPC was added according to the treatment, namely 0% (as control or
P0), addition of 2% (P1), 4% (P2), 6% (P3), and 8% (P4). The temperature of the milk was then lowered to
40°C, then yogurt starter was added at the rate of one gram per 1000 g milk. The milk was incubated 40°C
for 6 hours to allow the fermentation process. Fresh-plain yoghurt was stored in the refrigerator overnight,
then the moisture content, total solids, total titratable acidity, color and texture of the yogurt were measured.

1.3 Variables Measurement
1.3.1 Moisture Content and Total Solids

Measurement of yoghurt moisture content was carried out by thermogravimetric method [5]. Calculation of

moisture content using the formula:

Moisture content = (initial weight (g)—final weight (g)) x 100
(initial weight (g))

The measurement of total solids of yoghurt was carried out by calculating using the following formula:
Total solids = 100 — Moisture Content (%)

1.3.2 Total Titratable Acidity

The measurement of total titratable acidity (TTA) of yoghurt was carried out by the titration method [6]. A
total of 10 ml yoghurt was transferred into an Erlenmeyer flask, then 2 drops of 1% pp indicator was added.
The sample was titrated with a 0.1 N NaOH solution until appeared a constant pink color. The formula for
calculating the total titratable acidity was calculated as follows:

base volume x base normality x 90
TTA (%) == YZZ x 100%

sample volume x 1000

1.3.3 Color Measurement

Color measurement of yogurt was carried out using the color reader [7]. The yogurt sample (20 mL) was
stirred thoroughly before measurement. The color reader was affixed to the surface of the yoghurt, then the
test button on the color reader was pressed. Color indexes included L* (brightness), a* (red to green), and b*
(yellow to blue). The hue (1), chroma (2) and whiteness index (WI) (3) was calculated according to [8] as
follows:
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Hue = h* = tan* (%) (1)
Chroma = C* = \/(a*2 + b*2) (2)
WI =100 — /((100 — L*)2) + a*2 + b*2 (3)
1.3.4 Texture

Texture measurement, which was firmness, work of penetration and resistance to probe withdrawal, was
carried out using a Food Texture Analyzer (TA-XT Sable Microsystem, UK) with a cylindrical probe [9].

1.4 Data Analysis
The data was analyzed using one-way ANOVA with SPSS Statistics version 22.

3. Results and Discussion

1.5 Chemical Characteristics of Yogurt

Research shows that the moisture content, total solids, and total titratable acidity of cow's milk yogurt were
significantly influenced (P<0.01) with the addition of WPC. The moisture content decreased as the WPC
increased. In contrast, the total solids increased as the WPC increased. Meanwhile, the total titratable acidity
tended to increase Table 1.

Table 1. Moisture content, total solids, and total titratable acidity of yogurt from cow’s milk with the
addition of whey protein concentrate (WPC).

Whey Protein Variables

Concentrate (%) Moisture Content (%) Total Solids (%) Total Titratable Acidity (%)

0 87.93%+0.42 12.08% £ 0.42 1.13% +0.03
2 85.32°+ 0.51 14.69° + 0.51 1.08%+0.13
4 84.12° + 0.54 15.88°+ 0.54 1.15% +0.15
6 83.66° + 0.77 16.34° £ 0.77 1.34* +0.11
8 82.26* +0.41 17.74 £ 0.41 1.43°+0.02
Significancy ** ** **

Different superscripts on the same column show a significant differences (P<0.05); ns = non significant; * =
significant; and ** = highly significant

The addition of WPC to yogurt decreases the moisture content but increase the total solids content. This due
to the nature of WPC which can form gels because the protein can bind water. Similar report by [10] and
[11], that an increase in protein concentration increased total solids but lower the water content of yoghurt.
The addition of WPC also increases the content of nutrients in yogurt [12]. Yogurt with the addition of WPC
6% and 8% has met the yoghurt water content standard based on SNI 2981:2009, which is 83 — 84% [13].
The yogurt produced has a total solids between 12.08 and 17.74%. Based on the national standard SNI
2981:2009, yogurt products have a minimum of 8.2% total solids [13].

The increase in total solids also results in an increase in the viscosity of yogurt. The result corresponds to
[14] which reported that a decrease in water content results in an increase in viscosity. Based on the research
of [15], yogurt with a total solid of 12% to 14% showed excellent consistency. The increase in total solids
due to the addition of WPC leads to an increase in the consistency of the yogurt. [16] report that the addition
of WPC protein contributes to shaping the consistency of yogurt.

Water in fermented products is needed by lactic acid bacteria in carrying out the fermentation process [17].
However, [18] reported that the higher the total solids, the higher the total lactic acid bacteria.

Table 1 shows that the addition of WPC causes a marked change in the total titratable acidity of yogurt.
Yogurt has a total acid between 1.08 + 0.13% to 1.43 + 0.02%. An increase in WPC leads to an increase in
the total acid in yogurt. Highest acid content was obtained from yogurt with 8% WPC. Total acid in yogurt
with WPC is still in the normal total acid range according to [13] that is, between 0.5 and 2.0%.
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An increase in total acid production correlates with an increase in the content of nutrients that can be utilized
by lactic acid bacteria. Yogurt lactic acid bacteria, namely Streptococcus thermophillus and Lactobacillus
bulgaricus, convert lactose into lactic acid through a fermentation process. The same was also reported by
[19] that increased lactic acid has a positive correlation with total titratable acid. [15] state that the nutritional
content in milk made into yogurt affects the acidity level of yogurt. The content of nutrients affects the
activity of lactic acid bacteria [20]. Lactic acid is produced through the process of glycolysis of lactose into
pyruvic acid and finally into lactic acid [10].

1.6 Yogurt color

Table 2 shows that the addition of WHC up to 8% did not cause a significant change (P>0.05) in yogurt
color. Color index measured includes L*, a*, b*, hue, chroma, and whiteness index.

Table 2. Color indices of yogurt with the addition of whey protein concentrate (WPC)

Whey Protein Concentrate (%)

Indices

0 2 4 6 8
L* 48.43*+ 1.65 43.39*+ 4.37 45.08*+ 3.88 46.65%+ 5.72 43.94*+ 2.01
a* -4.18%+0.23 -4.208+ 0.05 -4.112+0.11 -4.19%+ 0.55 -4.41*+0.16
b* 19.49%+ 0.77 18.36%+ 1.26 18.87¢+1.32 17.80%+ 4.38 18.672+0.77
Hue -12.11°+1.03 -12.92%+ 0.93 -12.34°+ 1.01 -14.09°+ 5.27 -13.30°+ 0.97
Chroma 19.94%+0.72 18.84%+ 1.22 19.322+1.28 18.34°+ 4.12 19.192+ 0.72
WI 44.76°+ 1.40 40.29%+ 3.73 41.75%+ 3.32 43.37°+ 4.08 40.74°+ 1.67

The addition of WPC did not cause a significant difference (P>0.05) in yogurt color. W1 : Whiteness index.

The results showed that the addition of WPC did not affect the color of the yogurt. WPC is white and soluble
in water. [7] reported a higher L* in yogurt made from fresh goat milk at 63.36. This is possible due to the
different types of milk used. The color of yogurt is influenced by solid composition of the yogurt such as
proteins, fats, and vitamins originated from the milk [21]. The addition of WPC from 2 to 8% does not cause
significant color changes of the yogurt, allegedly because when WPC dissolves in water then the color
becomes clear or transparent. The light waves absorbed or reflected are still relatively the same so that the
color of the product does not change much [22]. The increase in total yogurt solids due to an increase in
WPC levels does not cause significant discoloration. [23] states that the color of yoghurt can occur due to
several factors such as proteolysis process, increased acidity, temperature change and storage duration.

1.7 Yogurt texture

Table 3 shows that the texture of yogurt, namely firmness and work of penetration, is significantly affected
(P<0.01) by the addition of WPC. Nevertheless, the effect of WPC addition on the resistance to yogurt
withdrawal probe is not significant (P>0.05).

Table 3. Texture of yogurt made from cow's milk with the addition of whey protein concentrate (WPC)

Whey Protein Texture

Work of penetration

Concentrate (%) Firmness (g) Resistance to Probe Withdrawal (g.s)

(9.8)
0 16.49°  0.60 15.16° + 2.27 11222015
2 16.00° + 2.40 15.05 + 4.16 -3.01°+ 1.61
bc

4 14'1523 * 13.84° +3.20 -3.342+2.22
6 9.77:+2.34 758 +2.06 1.56°+0.71
8 11.10% + . i

Lo 6.22¢ +1.23 12,832+ 0.76

Significancy *x *x ns

Means with different superscripts within the same column differences significantly (P<0,05); ns = not
significant; * = significant; ** = very significant
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Texture is an important parameter in set-type yogurt. This study produced yogurt with a firmness of 9.77 — 16.49 g,
work of penetration of 6.22 — 15.16 g.s, and resistance to probe withdrawal which is -3.34 to -1.12 g.s. Data
shows that WPC can be used to improve the texture of yogurt. [24] stated that the addition of additives can
improve the quality of food products, one of which is the ability to bind water and form gels.

Data shows that the more WPC is added, the lower the firmness and work of penetration. The same result
was also reported by [9]. According to [25] that WPC can improve the physical characteristics of yogurt such
as improving the texture and homogeneity of the curd, which causes firmness in yogurt to have a declining
trend. On the other hand, [15] reported that the higher the concentration of WPC, the higher the firmness of
yogurt. Data also shows that the resistance to probe withdrawal of yogurt is not significantly affected by the
different level of WPC. Apparently, WPC resulted in softer yogurt gel and hence reducing the texture
parameter such as firmness and work of penetration. This provide opportunity to produce nutritionally denser
yogurt with softer texture.

4 . Conclusions

The addition of up to 8% whey protein concentrate (WPC) to cow's milk produce yogurt with a lower water
content, and a softer texture, especially firmness and work of penetration. On the other hand, the addition of
WPC increases the total solids and total titratable acidity of yogurt. The color of yogurt is not affected by the
addition of WPC. Based on this experiment, the addition of WPC to improve quality characteristics of yogurt
can be done up to 8% (w/w).

5 . References

[1] D. F. Nugroho and D. A. Wijayanti, “Pengaruh Penambahan Sari Wortel pada Yoghurt Ditinjau dari Aw, Kadar
Air, Viskositas, Total Asam Tertitrasi dan Kadar Protein,” AGRISAINTIFIKA: Jurnal Iimu-Ilmu Pertanian, vol.
5(1), pp. 18-23,2021, doi: 10.32585/ags.v5i1.1374.

[2] J. Sumarmono, Yogurt dan Concentrated Yogurt Makanan Fungsional dari Susu. Lembaga Penelitian dan
Pengabdian Kepada Masyarakat Universitas Jenderal Soedirman, Purwokerto., 2016.

[3] S. S. Prayitno, J. Sumarmono, A. H. D. Rahardjo, and T. Setyawardani, “Modifikasi Sifat Fisik Yogurt Susu
Kambing dengan Penambahan Microbial Transglutaminase dan Sumber Protein Eksternal,” Jurnal Aplikasi
Teknologi Pangan, vol. 9(2), pp. 77-82, 2020, doi: 10.17728/jatp.6396.

[4] J. Sumarmono, B. Sustriawan, N. Aini, V. Prihananto, and A. Widiastuti, “The Effect of Addition of Whey
Protein Concentrate and Emulsifier on Characteristics of Cheddar Cheese Analogue from Corn Milk,” in /OP
Conference Series: Earth and Environmental Science, 2021, vol. 653, no. 1, doi: 10.1088/1755-
1315/653/1/012127.

[5] AOAC International, “Official Methods of Analysis. 15th ed. AOAC International, USA.” Association Official
Analytic Chemist, Washington DC, 1990.

[6] AOAC International, “Official Methods of Analysis. AOAC International, USA.” Association Official Analytic
Chemist, Washington DC, 2005.

[7] M. Tianling, J. Sumarmono, T. Setyawardani, and R. Prasetya, “Karakteristik Fisik Yoghurt yang ditambah
Ekstrak Beras Hitam dengan Hidrokoloid yang Berbeda,” in Prosiding Seminar Teknologi dan Agribisnis
Peternakan 1X, 2022, pp. 380-388.

[8] A. Kamal-eldin, A. Alhammadi, A. Gharsallaoui, F. Hamed, and S. Ghnimi, “Physicochemical, Rheological,
and Micro-structural Properties of Yogurts Produced From Mixtures of Camel and Bovine Milks,” NFS
Journal, vol. 19, pp. 26-33, 2020, doi: 10.1016/j.nfs.2020.05.001.

[9] R. Prasetya, J. Sumarmono, T. Setyawardani, and M. Tianling, “Total Asam Tertitrasi, pH da Tekstur Yoghurt
yang ditambah Ekstrak Beras Hitam dengan Pemberian Hidrokoloid yang Berbeda,” in Prosiding Seminar
Teknologi dan Agribisnis Peternakan 1X, 2022, pp. 614—620.

[10]  D. Sari, P. Purwadi, and I. Thohari, “Upaya Peningkatan Kualitas Yoghurt Set dengan Penambahan Pati Kimpul
(Xanthosoma  sagittifolium),” Jurnal Ilmu-llmu Peternakan, vol. 29(2), pp. 131-142, 2019, doi:
10.21776/ub.jiip.2019.029.02.04.

[11]  Mutia Devi Ariyana, B. R. Handayani, M. Amaro, T. I. Rahayu, and N. R. Warismayati, “Pengembangan
Yoghurt Berbasis Jagung Manis (Zea mays Saccharata) dengan Penambahan Eucheuma spinosum,” Pro Food
(Jurnal Ilmu dan Teknologi Pangan), vol. 8(1), pp. 1-13, 2022.

[12] D. E. Bahtiar, Y. B. Pramono, and Nurwantoro, “Potensi Tepung Umbi Gembili pada Yoghurt Sinbiotik
terhadap Total Padatan Terlarut dan Total Asam,” Jurnal Teknologi Pangan, vol. 4(2), pp. 123—-126, 2020.

[13] Badan Standardisasi Nasional, “SNI 2981:2009. Yogurt. Badan Standardisasi Nasional, Jakarta.” Badan
Standardisasi Nasional, 2009.

[14] M. K. Failasufa, W. Sunarto, and W. Pratjojo, “Analisis Proksimat Yoghurt Probiotik Formulasi Susu Jagung

ISSN: 2808-2702 112



Proceeding ICMA-SURE — 2023
The 5" International Conference on Multidisciplinary Approaches for Sustainable Rural Development

[15]
[16]

[17]

(18]

[19]

(20]

(21]

[22]

(23]

(24]

[25]

Manis-Kedelai dengan Penambahan Gula Kelapa (Cocos nucifera) Granul,” Indonesian Journal of Chemical
Science, vol. 4(2), pp- 117-121, 2015, [Online]. Available:
https://journal.unnes.ac.id/sju/index.php/ijcs/article/view/6174/4675.

M. Djali, S. Huda, and L. Andriani, “Karakteristik Fisikokimia Yogurt Tanpa Lemak dengan Penambahan
Whey Protein Concentrate dan Gum Xanthan,” Agritech, vol. 38(2), pp. 178—186, 2018.

E. Rohman and S. Maharani, “Peranan Warna, Viskositas, dan Sineresis terhadap Produk Yoghurt,” Edufortech,
vol. 5(2), pp. 97-107, 2020, doi: 10.17509/edufortech.v5i2.28812.

I. Kusumawati, R. Purwanti, and D. N. Afifah, “Analisis Kandungan Gizi dan Aktivitas Antioksidan pada
Yoghurt dengan Penambahan Nanas Madu (Ananas comosus Mer.) dan Ekstrak Kayu Manis (Cinnamomum
burmanni),” Journal of Nutrition College, vol. 8(4), pp. 196-206, 2019, doi: 10.14710/jnc.v8i4.25833.

K. M. Radang, A. T. N. Krisnaningsih, H. Leondro, E. D. Kusumawati, and A. Brihandhono, “Evaluasi Total
Asam dan Padatan Yoghurt dengan Penambahan Pati Talas Lokal (Colocacia esculenta) pada Masa Inkubasi 18
Jam Suhu Ruang,” Jurnal Sains Peternakan, vol. 9(1), pp. 62—67, 2021.

S. Mustika, S. Yasni, and S. Suliantari, “Pembuatan Yoghurt Susu Sapi Segar dengan Penambahan Puree Ubi
Jalar Ungu,” Jurnal Pendidikan Teknologi Kejuruan, vol. 2(3), pp. 97-101, 2019, doi: 10.24036/jptk.v2i3.5923.
M. D. Harjiyanti, Y. B. Pramono, and S. Mulyani, “Total Asam, Viskositas, dan Kesukaan pada Yoghurt Drink
dengan Sari Buah Mangga (Mangifera indica) sebagai Perisa Alami,” Jurnal Aplikasi Teknologi Pangan, vol.
2, no. 2, pp. 104-107, 2013.

L. Popescu, A. Ghendov-Mosanu, A. Baerle, A. Savcenco, and P. Tatarov, “Color Stability of Yogurt with
Natural Yellow Food Dye from Safflower (Carthamus tinctorius L),” Journal of Engineering Science, vol.
29(1), no. 142-150, 2022, doi: 10.52326/jes.utm.2022.29(1).13.

N. Rahmayani, Nazaruddin, and M. Amaro, “Pengaruh Konsentrasi Propolis terhadap Mutu Kimia,
Mikrobiologi, dan Organoleptik Yoghurt,” Jurnal Teknologi Pangan, vol. 15(1), pp. 105-120, 2021.

A. Khaliq et al., “Physiochemical, Rheological and Organoleptic Assessment of Camel Milk Yogurt Prepared
from Various Locations of Punjab-Pakistan,” Journal of Microbiology, Biotechnology and Food Sciences, vol.
11(6), pp. 1-7, 2022, doi: 10.55251/jmbfs.7560.

H. Herawati, “Potensi Hidrokoloid sebagai Bahan Tambahan pada Produk Pangan dan Nonpangan Bermutu,”
Jurnal  Penelitian  dan  Pengembangan  Pertanian, vol. 37(1), pp. 17-25, 2018, doi:
10.21082/jp3.v37n1.2018.p17-25.

A. Brodziak, J. Krol, J. Bartlowska, A. Teter, and M. Florek, “Changes in the Physicochemical Parameters of
Yoghurts with Added Whey Protein in Relation to the Starter Bacteria Strains and Storage Time,” Animals, vol.
10(8), pp. 1-21, 2020, doi: 10.3390/ani10081350.

ISSN: 2808-2702 113



