
1597 

Agronomy Research 21(S3), 1597–1606, 2023 
https://doi.org/10.15159/AR.23.075 

 
 
 

Physicochemical properties of goat milk yoghurt with synbiotics 
from inulin of mangrove apple and Lactobacillus plantarum 

 
J.M.W. Wibawanti1,3, S. Mulyani2, R. Hartanto1 and A.M.Legowo2,* 

 
1Universitas Diponegoro, Faculty of Animal and Agricultural Sciences, Department  
of Animal Science, Semarang 50275, Central Java, Indonesia 
2Universitas Diponegoro, Faculty of Animal and Agricultural Sciences, Department  
of Food Technology, Semarang 50275, Central Java, Indonesia 
3Universitas Muhammadiyah Purworejo, Faculty of Agricultural Science, Department 
of Animal Science, Purworejo 54151, Central Java, Indonesia 
*Correspondence: anangmohlegowo@lecturer.undip.ac.id 
 
Received: March 19th, 2023; Accepted: August 14th, 2023; Published: August 23rd, 2023 
 
Abstract. Physicochemical changes could affect the quality of goat milk yoghurt. Yoghurt 
quality has been improved by incorporating a synbiotic derived from a prebiotic combined with 
probiotics. This study aimed to evaluate the effect of different concentrations of synbiotics  
(inulin of mangrove apple and Lactobacillus plantarum) in the physicochemical properties of 
goat’s milk yoghurt. This study used a Completely Randomized Design (CRD) with 5 treatments 
and 4 replications, with differences in the concentration of synbiotics as much as 0, 2, 4, 6,  
and 8%. The addition of synbiotics was significant (p < 0.05) in the sugar reduction, colour,  
and syneresis of yoghurt products. They did not significantly affect (p > 0.05) the firmness of 
yoghurt texture. This study provides support for the addition of synbiotics to improve 
physicochemical properties of goat’s milk yogurt. 
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INTRODUCTION 
 

The addition of synbiotics to yoghurt products is one of the development trends for 
dairy products in Indonesia. Yoghurt has benefited as a portion of healthy food due to 
the beneficial effects of its bacteria which are typically attributed to the presence of 
probiotics and bioactive peptides (Mantzourani et al., 2022; Wang et al., 2022; Zahid et 
al., 2022). Streptococcus thermophilus and Lactobacillus bulgaricus combine their 
bacterial cultures to produce yoghurt (Sharma & Ramanathan, 2021; Mitra et al., 2022). 
Synergistic synbiotics, which contain prebiotics that can specifically stimulate probiotic 
growth, also have beneficial effects on digestive health (Lim, 2018). Yoghurt that 
contains both beneficial bacteria (probiotic microorganisms) and indigestible 
carbohydrates (prebiotic compounds) to encourage the growth of those bacteria is known 
as a synbiotic yoghurt (El-Kholy et al., 2020; Sakr & Massoud, 2021). 



1598 

Several studies were related to synbiotic yoghurt including synbiotic yoghurt using 
puree banana and Lactobacillus (Fidina et al., 2018), goat milk of synbiotic yoghurt  
with sorghum flour and Lactobacillus acidophilus (Sukarmimah et al., 2019), synbiotic 
yoghurt containing Bifidobacterium and konjac mannan oligosaccharides (Li et al., 
2021b), and synbiotic yoghurt with lactitol and Lacticaseibacillus paracasei (Li et al., 
2022). Synbiotics could increase the effectiveness of probiotics (Shafi et al., 2019, Li et 
al., 2022). Prebiotics including inulin can promote the development of probiotic product 
(El-Kholy et al., 2020). Mangrove apples (Sonneratia caseolaris), have an inulin content 
of up to 5.08% (Wibawanti et al., 2021). 

Yoghurt is one of the most popular fermentation products made from goat's milk 
(Park et al., 2019). Yoghurt is the preferred dairy product because of its unique qualities 
(Ehsani et al., 2018). One of the determinants of yoghurt quality are its physicochemical 
properties yoghurt (Wibawanti & Rinawidiastuti., 2018; Khalifa & Zakaria, 2019; 
Prayitno et al., 2020). The texture and appearance of yoghurt are important indicators of 
its quality and structure (Li et al., 2021a; Hu et al., 2022; Mitra et al., 2022). Yoghurt 
quality also varies based on colour, affecting how well consumers will accept the product 
(Ścibisz et al., 2019; Marand et al., 2020). Therefore, this study aimed to evaluate the 
effect of different concentrations of synbiotics from inulin of mangrove apple and 
Lactobacillus plantarum on the physicochemical properties of goat’s milk yoghurt. 
 

MATERIALS AND METHODS 
 

Synbiotic preparation 
The synbiotics were prepared by combining Lactobacillus plantarum and inulin 

extract of mangrove apple as a prebiotic according to Setyaningrum et al. (2019), with a 
few modifications. Mangrove apple inulin was extracted using the procedure reported 
by Wibawanti et al. (2022). The mangrove apple was divided into tiny pieces and heated 
to 90 °C. Mangrove apple was extracted in hot water at 90 °C for 60 minutes using a 
1:4 ratio of fruit to water. The filtrates were kept at -18 °C after being precipitated with 
40% ethanol. The filtrate was thawed to room temperature. The filtrate of the mangrove 
apple's inulin was centrifuged at 5,000 rpm for five minutes before the supernatant was 
taken out. The synbiotics were made from 10 mL Lactobacillus plantarum and 9% inulin 
from mangrove apples. They were incubated anaerobically in Man Rogosa and Sharpe 
(MRS) Broth for 24 hours at 37 °C. 

 
Yoghurt preparation 
Freeze-dried bacterial cultures, namely Lactobacillus bulgaricus (FNCC 0041) 

(2.89×108 CFU/mL), Streptococcus thermophilus (FNCC 0040) (9.6×107 CFU mL-1), 
and Lactobacillus plantarum (FNCC 0026) (2.25×108 CFU mL-1), were purchased from 
Gadjah Mada University. These strains were thawed at room temperature in a Man 
Rogosa and Sharpe (MRS) Broth at the ideal temperature (37 °C) before the experiments 
to produce fresh cultures from frozen stocks (Fan et al., 2022). 

Five different yoghurts were produced using a combination of the Streptococcus 
thermophilus and Lactobacillus bulgaricus strains, with four replications. Synbiotic 
yoghurt was done by method Sharma & Ramantha’s (2021). The fresh milk from the 
goat was heated at 80 °C for 15 min. It was cooled at a temperature of 45–42 °C for 
20 minutes. The starter culture consisting of Streptococcus thermophilus and 
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Lactobacillus bulgaricus was added with the ratio of maximum 5%. The treatment of 
synbiotics (Lactobacillus plantarum and inulin of mangrove apple) was applied with 
different concentrations of as much as 0 (control), 2, 4, 6, and 8% (v/v). For five hours, 
the incubation was carried out at 42 °C. The yoghurt synbiotic was kept at refrigeration 
temperature (4 ± 1 °C) to calculate coagulation. 

 
Reducing sugar 
Reducing sugar in the synbiotic yoghurt was determined using the Somogyi - 

Nelsen method previously described by Wibawanti et al. (2022). One gram of synbiotic 
yoghurt samples was prepared. The samples were added to the volume with distilled 
water until it reached 100 mL. The samples were centrifuged and then filtered. One mL 
of the filtrate was dissolved in one mL of Nelson reagent. The solution was heated over 
a waterbath with a temperature of 100 ℃ for 30 minutes. The mixture was cooled to 
25 °C, 1 mL of the arsenomolybdate reagent was added, and it was agitated. Then, 
10 mL of distilled water was added. The absorbance of the vortex solution was then 
measured using a spectrophotometer with a wavelength of 540 nm. 

 
The firmness texture 
The firmness texture of yoghurt were analysed using a texture analyser, according 

to Al-Sahlany et al. (2022), with modification. The yoghurt samples were served in 
cylindrical glass cups (50 mm diameter, 75 mm high) and then measured immediately 
after being removed from the fridge (4 °C). The sample compression was performed to 
50% of their original height with probe P/35. A 50-kg load cell was used at a crosshead 
speed of 1 mmVs-1. 

 
Colour measurement 
The yoghurt samples were poured into tubes and colour analysis was carried out 

using Colorimeter as previously described by Qiu et al. (2021). Values of L* (lightness), 
a*(red-green) and b* (yellow-blue) were evaluated.  

 
Syneresis yoghurt 
The syneresis of the yoghurt was evaluated using the centrifugation method, which 

was modified from the method proposed by Pereira et al. (2021).Yoghurt samples of 
10 mL were placed in 15 mL Falcone tubes previously weighed and centrifuged at 
3,500 rpm for 15 min at 4 °C. The syneresis index was calculated as a percentage of the 
weight of the serum in relation to the initial weight of the yoghurt after the supernatant 
serum was removed and weighed. 

 
Statistical analysis 
The mean value of four measurements was taken for each parameter assessed in the 

study. Data obtained from the Completely Randomized Design (CRD) study were 
evaluated statistically using variance analysis (ANOVA) and Duncan’s new  
multiple-range tests. SPSS 16.0 software was used to statistically analyze all of the results. 
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RESULTS AND DISCUSSION 
 
Reducing Sugar 
Statistical analysis showed that the addition of synbiotics had a significant effect 

(p < 0.05) on reducing sugar from yoghurt. The results of the reducing sugar is presented 

that were not significantly different (p > 0.05) with a concentration of 8% with a value of 
3.53% ± 0.16 and 3.68 ± 0.08, respectively. 

The reduced sugar content of synbiotic goat milk yoghurt was significantly lower 
than that of yoghurt without synbiotics. The decrease in sugar reduction value is thought 
to be due to inulin from mangrove apple extract contained in prebiotics used as a source 
for the growth of lactic acid bacteria, both Lactobacillus bulgaricus, Streptococcus 
thermophilus, and Lactobacillus plantarum in yoghurt, in order to increase the viability 
of probiotics. Krasaekoopt & Watcharapoka, (2014) reported that the use of prebiotics is 
a factor that can increase the viability of probiotics. Hartati et al. (2012) reported that the 
total amount of reduced sugar in yoghurt can support the growth of lactic acid bacteria. 

 
The firmness texture of synbiotics yoghurt 
Firmness texture is one of the determining factors for assessing the physical 

characteristics of yoghurt. Firmness texture is used to measure the maximum force of 

in Fig. 1. Goat milk yoghurt with 
synbiotic treatment had a significant 
effect (p < 0.05)on the value of 
reducing sugar. The addition of 
synbiotics resulted in lower reducing 
sugar content (p < 0.05) compared  
to the yoghurt control. Reducing 
sugar in yoghurt without treatment 
(control) of 4.06% ± 0.28 was not 
significantly different (p > 0.05) 
with the addition of 2% or 4% 
synbiotic with a value of 3.86% ± 
0.15. The addition of synbiotics with 
a concentration of 6% showed results 

 

 
Figure 1. The sugar reduction of synbiotic yoghurt.

the material at a certain deformation 
in the sample, which directly reflects 
the yoghurt's gel strength (Li et al., 
2022). The firmness results are shown 
in Fig. 2. Statistical analysis revealed 
that the addition of synbiotics did not 
have a significant (p > 0.05) effect on 
the firmness of yoghurt. The addition 
of 0, 2, 4, 6, and 8% synbiotics showed 
results that were not significantly 
different with value of 10.64 ± 2.25, 
10.67 ± 1.00, 11.65 ± 1.44, 10.65 ± 
1.53, and 8.5 ± 0.73 g, respectively. 

 

Figure 2. The Firmness texture of synbiotic yoghurt.
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The inulin content of mangrove apples as a polysaccharide in synbiotics influences the 
texture of yoghurt. Synbiotic yoghurt's firmness is also influenced by the protein content. 
Nadtochii et al. (2020) reported that polysaccharides could be used in dairy products to 
modify the rheological properties. The texture of yoghurt is directly dependent on the 
type of protein, the protein content, and the total solids yoghurt (Ścibisz et al., 2019). 
The texture is also caused by the interaction of proteins, fats, and water in the food matrix 
(Mitra et al., 2022). Hu et al. (2022) reported that during yoghurt production, stabilizers 
were added to bind free water as hydration and stabilize protein molecules in the network 
through covalent or electrostatic interactions. 

 
Colour property 
The lightness (L) of synbiotic yoghurt is shown in Fig. 3. Results based  

on the research showed that the addition of synbiotics had an effect on the colour of the 

The results showed that an 8% synbiotic concentration decreased the lightness value of 
yogurt. This is because inulin from mangrove apples has a brownish color, which causes 
the lightness value to be lower when added to goat's milk yogurt. Qiu et al. (2021) 
reported that the the addition of rose extracts can reduce the lightness of the yogurt color. 

The redness (a*) colour of synbiotic yoghurt is presented in Fig. 4. The addition of 
synbiotics showed no significant (p > 0.05) effect on the redness colour of symbiotic. 
 

 

 

 
 
Figure 4. The redness (a*) and yellowness (b*) color of synbiotic yoghurt. 
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lightness (L) of yoghurt (p < 0.05). 
The addition of synbiotics showed 
significantly different results 
(p < 0.05) on the lightness colour of 
synbiotic yoghurt. The addition of 
synbiotics with concentrations of 0, 2, 
4, and 6% showed no different results 
between treatments (p > 0.05) with 
average values of 88.41 ± 3.81; 
88.53 ± 1.03; 89.19 ± 0.56; 89.65 ± 
0.14, respectively. The addition of 
synbiotics with a concentration of 8% 
showedsignificantly different results 
(p < 0.05) when compared to other 
treatments with a value of 81.31 ± 8.53.  

 

Figure 3. The lightness (L) colour of synbiotic 
yoghurt. 
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The redness (a*) colour of synbiotic yoghurt is presented in Fig. 4. The addition of 
synbiotics showed no significant (p > 0.05) effect on the redness colour of synbiotic 
yoghurt. The redness of yoghurt with the different concentrations of 0, 2, 4, 6, and 8% 
was the value -1,02 ± 0.52; -1.49 ± 0.23; -1.27 ± 0.26; -1.45 ± 0.43; and -1.78 ± 1.9, 
respectively. The yellowness (b*) colour of synbiotic yoghurt is shown in Fig. 4.  
The addition of synbiotics showed significant results (p < 0.05) on the yellowness colour 
of synbiotic yoghurt. The yellowness colour of yoghurt with the different concentrations 
of 0, 2, and 4% was the value 2.74 ± 1.0; 3.74 ± 0.52; 3.8 ± 0.28. The addition of 
synbiotics at concentrations of 6 and 8% did not result in a statistically significant 
difference, with values of 4.33 ± 1.0 and 4.2 ± 0.5. The addition of synbiotics at 
concentrations of 0 and 2% resulted in a statistically significant difference when 
compared to concentrations of 6 and 8%. This is due to the presence of pigments in 
mangrove apples as a source of prebiotics. Mangrove apples contain phenol components 
that may contribute to the colour of yoghurt. Pourjavid et al. (2022) reported a change in 
the colour parameters of a synbiotic yoghurt in the presence of natural prebiotics and 
Lactobacillus paracasei microencapsulation. The colour of yoghurt can also be 
influenced by adding natural plants that contain pigments (Fan et al., 2022). Ścibisz et al. 
(2019) reported that the colour of yoghurt indicates the concentration of pigments in the 
product. The water-soluble plant pigments anthocyanins are among the phenolic 
compounds (Khoo et al., 2017). 
 

Yoghurt syneresis 
The results of the study on the syneresis value of synbiotic yoghurt are presented 

in Fig. 5. The results showed that the synbiotic addition of inulin of mangrove apple with 

form a compact structure (Hosseini & Behbahani, 2021). Zakaria et al. (2020) reported 
that the decreased syneresis in the yoghurt can occur with an increase in total solids 
content and absorption of excess whey by lactoferrin powder. 

The addition of synbiotics showed significantly different results (p < 0.05) on the 
syneresis value of yoghurt. The addition of synbiotics with concentrations of 0, 2,  
and 4% showed non-significant results between treatments (p > 0.05) with syneresis  
values of 1.39 ± 0.01, 1.4 ± 0.13, and 1.33 ± 0.11%. The addition of synbiotics with 
concentrations of 6 and 8% showed significantly different results (p < 0.05) when 
compared to other treatments with syneresis values of 1.26 ± 0.05 and 1.27 ± 0.01%. 

Lactobacillus plantarum with different 
concentrations had a significant effect 
(p < 0.05) on the syneresis value of 
yoghurt. It caused may be due to  
the extensive protein-carbohydrate 
interactions produced by inulin. It can 
extend its branched structure more 
evenly into casein aggregates. 
According to Gomes et al. (2022) that 
protein and carbohydrate interaction 
results in a decrease in syneresis and an 
increase in gel stability. Milk protein 
exposed to lactic acid (LA) produced 
by lactic acid bacteria coagulates to 

 

 
Figure 5. The syneresis of synbiotic yoghurt. 
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The addition of synbiotics to yoghurt showed lower syneresis results. The addition of 
synbiotics to yoghurt with various concentrations affects the total dissolved solids, thus 
causing differences in syneresis yoghurt. The syneresis was lower in yoghurts with the 
addition of synbiotics 6 and 8% compared with control yoghurt. Inulin in the synbiotics 
has a stabilizer in yoghurt products. Benmeziane et al. (2021) reported that stabilizers 
like pectin, starches, gums, or whey protein concentrate can be added to prevent 
syneresis. Setyawardani et al. (2020) stated that high-quality fermented products with 
low syneresis. Park et al. (2019) reported that syneresis can be avoided by increasing 
stabilizers such as pectin, starches, gums, or whey protein concentrate. In the literature, 
Celik & Temiz, (2022) reported that syneresis in yoghurt was associated with the dry 
matter content, more specifically the protein content. 

 
CONCLUSIONS 

 
The addition of 8% synbiotic (inulin of mangrove apple and Lactobacillus 

plantarum) to goat milk yoghurt could improve the quality of physicochemical 
properties including reduced sugar, colour, and syneresis. However, the addition of 
synbiotics to the firmness texture was not significant. 
 
ACKNOWLEDGEMENTS. The research was supported by the Ministry of Education, Culture, 
Research, and Technology of the Republic of Indonesia. Contract No.187-48/UN7.6.1/PP/2022. 
 

REFERENCES 
 
Al-Sahlany, S.T.G., Khassaf, W.H., Niamah, A.K. & Al-Manhel, A.J.A. 2022. Date juice 

addition to bio-yoghurt: The effects on physicochemical and microbiological properties 
during storage, as well as blood parameters in vivo. J. the Saudi Society of Agric. Sci. 22, 
71–77. https://doi.org/10.1016/j.jssas.2022.06.005 

Benmeziane, F., Raigar, R.K., Ayat, N.E.H., Aoufi, D, Djermoune-Arkoub, L. & Chala, A. 2021. 
Lentil (Lens culinaris) flour addition to yoghurt: Impact on physicochemical, 
microbiological and sensory attributes during refrigeration storage and microstructure 
changes. Lwt. 140, 110793. https://doi.org/10.1016/j.lwt.2020.110793 

Celik, O.F. & Temiz, H. 2022. Lactobacilli isolates as potential aroma producer starter cultures: 
Effects on the chemical, physical, microbial, and sensory properties of yoghurt. Food 
Biosci. 48(April). https://doi.org/10.1016/j.fbio.2022.101802 

Ehsani, J., Mohsenzadeh, M., Khomeiri, M. & Ghasemnezhad, A. 2018. Chemical 
characteristics, and effect of inulin extracted from artichoke (Cynara scolymus L.) root on 
biochemical properties of synbiotic yoghurt at the end of fermentation. Iranian J. Chem. 
Chem. Engineering 37(2), 219–230. 

El-Kholy, W.M., Aamer, R.A. & Ali, A.N.A. 2020. Utilization of inulin extracted from chicory 
(Cichorium intybus L.) roots to improve the properties of low-fat synbiotic yoghurt. Annals 
Agric. Sci. 65(1), 59–67. https://doi.org/10.1016/j.aoas.2020.02.002 

Fan, X., Du, L., Xu, J., Shi, Z., Zhang, T., Jiang, S., Zeng, X., Wu, Z. & Pan, D. 2022. Effect of 
single probiotics Lacticaseibacillus casei CGMCC1.5956 and Levilactobacillus brevis 
CGMCC1.5954 and their combination on the quality of yoghurt as fermented milk.  
Lwt-Food Sci. Technol. 163, 113530. https://doi.org/10.1016/j.lwt.2022.113530 



1604 

Fidina, N., Sukarminah, E. & Sumanti., D.M. 2018. The effects of the addition of banana puree 
to the total number of total probiotic bacteria, ph value and organoleptic characteristics of 
the synbiotic yoghurt made from goat milk and banana puree. J. Industrial Inform. 
Technol.Agric. 2(1), 12–21. https://doi.org/10.24198/jiita.v2i1.17649 

Hartati, A.I, Mulyani, S. & Legowo, A.M. 2012. Lactose and reduction sugar concentration,  
pH, and the sourness of date flavored yoghurt drink as probiotic baverage. J. App. Food. 
Technol. 1(1), 1–3. 

Gomes, E.R., Carneiro, L.C.M., Stephani, R., Carvalho, A.F., Renhe, I.R.T., Wolfschoon-
Pombo, A.F. & Perrone, Í.T. 2022. Effect of sugar reduction and addition of corn  
fibre and polydextrose on pore size and syneresis of yoghurt. Inter. Dairy J. 129. 
https://doi.org/10.1016/j.idairyj.2021.105298 

Hosseini, S.M. & Behbahani, M. 2021. Enhancement of probiotics viability and lactic acid production 
in yoghurts treated with Prangos ferulaceae and Carum copticum plant extracts.Biocatalys. 
Agric. Biotechnol. 35(July),102084.https://doi.org/10.1016/j.bcab.2021.102084 

Hu, L., Ding, F., Liu, W., Cheng, Y., Zhu, J., Ma, L., Zhang, Y. & Wang, H. 2022. Effect of 
enzymatic-ultrasonic hydrolyzed chitooligosaccharide on rheology of gelatin  
incorporated yoghurt and 3D printing. Food Hydrocolloids 132(2), 107851. 
https://doi.org/10.1016/j.foodhyd.2022.107851 

Krasaekoopt, W. & Watcharapoka, S. 2014. Effect of addition of inulin and 
galactooligosaccharide on the survival of microencapsulated probiotics in alginate beads 
coated with chitosan in simulated digestive system, yoghurt and fruit juice. Lwt-Food Sci. 
Technol. 57, 761–766. http://dx.doi.org/10.1016/j.lwt.2014.01.037 

Khalifa, M.I. & Zakaria, A.M. 2019. Physiochemical, sensory characteristics and acceptability of 
a new set yoghurt developed from camel and goat milk mixed with buffalo milk. Anim. Vet. 
Sci. 7(3), 172–177. http://dx.doi.org/10.17582/journal.aavs/2019/7.3.172.177 

Khoo, H.E., Azlan, A., Tang, S.T. & Lim, S.M. 2017. Anthocyanidins and anthocyanins: colored 
pigments as food, pharmaceutical ingredients, and the potential health benefits. Food Nutr. 
Res. 61. https://doi.org/10.1080/16546628.2017.1361779 

Li, H., Liu, T., Yang, J., Wang, R., Li, Y., Feng, Y., Liu, D., Li, H. & Yu, J. 2021a. Effect of a 
microencapsulated synbiotic product on microbiology, microstructure, textural and rheological 
properties of stirred yoghurt. Lwt. 152(29), 112302. https://doi.org/10.1016/j.lwt.2021.112302 

Li, H., Song, W., Liu, T., Xu, S., Zhang, S., Zhang, Y., Liu, D., Li, H. & Yu, J. 2022. Developing 
novel synbiotic yoghurt with Lacticaseibacillus paracasei and lactitol: Investigation of the 
microbiology, textural and rheological properties. Inter. Dairy J. 135, 105475. 
https://doi.org/10.1016/j.idairyj.2022.105475 

Li, T., Yan, Q., Wen, Y, Liu, J, Sun, J. & Jiang, Z. 2021b. Synbiotic yoghurt containing konjac 
mannan oligosaccharides and Bifidobacterium animalis ssp. lactis BB12 alleviates 
constipation in mice by modulating the stem cell factor ( SCF )/ c-Kit pathway and gut 
microbiota. J. Dairy Sci.104(5), 5239–5255. https://doi.org/10.3168/jds.2020-19449 

Lim, E.S. 2018. Preparation and functional properties of probiotic and oat-based synbiotic 
yoghurts fermented with lactic acid bacteria. Applied Bio. Chem. 61(1), 25–37. 
https://doi.org/10.1007/s13765-017-0333-5 

Mantzourani, C., Batsika, C.S., Kokotou, M.G. & Kokotos, G. 2022. Free fatty acid profiling of 
Greek yoghurt by liquid chromatography-high resolution mass spectrometry (LC-HRMS) 
analysis. Food Res. Inter. 160(April), 111751. https://doi.org/10.1016/j.foodres.2022.111751 

Marand, A., Amjadi, M., Marand, A.S., Roufegarinejad, M., Jafari, S.M. 2020. Fortification of 
yoghurt with flaxseed powder and evaluation of its fatty acid profile,  
physicochemical, antioxidant, and sensory properties. Powder Technol. 359, 76–84. 
https://doi.org/10.1016/j.powtec.2019.09.082 



1605 

Mitra, P., Nepal, K. & Tavade, P. 2022. Effect of whey and soy proteins fortification on the 
textural and rheological properties of value-added yoghurts. Applied Food Res. 2(2), 1–6. 
https://doi.org/10.1016/j.afres.2022.100195 

Nadtochii, L.A., Baranenko, D.A., Lu, W., Safronova, A.V., Lepeshkin, A.I. & Ivanova, V.A. 
2020. Rheological and physical chemical properties of yogurt with oat chia seeds 
composites. Agronomy Research 18(S3), 1816–1828. https://doi.org/10.15159/AR.20.142 

Park, Y.W., Oglesby, J., Hayek, S.A., Aljaloud, S.O., Gyawali, R. & Ibrahim, S.A. 2019. Impact 
of different gums on textural and microbial properties of goat milk yoghurts during 
refrigerated storage. Foods. 8(5), 1–7. https://doi.org/10.3390/foods8050169 

Pereira, C.T.M., Pereira, D.M., Medeiros, A.C., Hiramatsu, E.Y., Ventura, M.B. & Bolini, H.M.A. 
2021. Skyr yoghurt with mango pulp, fructooligosaccharide and natural sweeteners: Physical 
aspects and drivers of liking. Lwt. 150(June). https://doi.org/10.1016/j.lwt.2021.112054 

Pourjavid, H., Ateai, M., Pourahmad, R., Anvar, A.A. & Behmadi, H. 2022. Improvement of the 
quality parameters of a novel synbiotic yoghurt sauce using microencapsulated 
Lactobacillus paracasei and natural prebiotics. Food Sci. Technol, Campinas. 42, e40322. 
https://doi.org/10.1590/fst.40322 

Prayitno, S.S., Sumarmono, J., Rahardjo, A.H.D. & Setyawardani, T. 2020. Modification of 
physical properties of goat milk yoghurt by addition of microbial transglutaminase enzyme 
and external protein sources. Jurnal Aplikasi Teknologi Pangan. 9(2), 77–82. 
https://doi.org/10.17728/jatp.6396 

Qiu, L., Zhang, M., Mujumdar, A.S. & Chang, L. 2021. Effect of edible rose (Rosa Rugosa Cv. 
Plena) flower extract addition on the physicochemical, rheological, functional and sensory 
properties of set-type yogurt. Food Biosci. 43(July), 101249. doi: 10.1016/j.fbio.2021.101249 

Sakr, E.A.E. & Massoud, M.I. 2021. Impact of prebiotic potential of stevia sweeteners-sugar used 
as synbiotic preparation on antimicrobial, antibiofilm, and antioxidant activities. Lwt. 
144(March), 111260. https://doi.org/10.1016/j.lwt.2021.111260 

Ścibisz, I., Ziarno, M. & Mitek, M. 2019. Color stability of fruit yoghurt during storage. J. Food 
Sci. Technol. 56(4), 1997–2009. https://doi.org/10.1007/s13197-019-03668-y 

Setyaningrum, S., Yunianto, V.D., Sunarti, D. & Mahfudz, L.D. 2019. The Effect of synbiotic 
(inulin extract from gembili tuber and Lactobacillus plantarum) on growth performance, 
intestinal ecology and haematological indices of broiler chicken. Livest. Res. Rural 
Develop. 31(11), Article #177.http://www.lrrd.org/lrrd31/11/srise31177.html 

Setyawardani, T., Sumarmono, J. & Widayaka, K. 2020. Physical and microstructural characteristics 
of kefir made of milk and colostrum. Bulletin of Animal Science 44(1), 43–49. 
doi: 10.21059/buletinpeternak.v44i1.49130 

Shafi, A., Naeem, R.H., Farooq, U., Akram, K., Hayat, Z., Naz, A. & Nadeem, H.R. 2019. 
Antimicrobial and antidiabetic potential of synbiotic fermented milk: A functional dairy 
product. Inter. J. Dairy Technol. 72(1), 15–22. https://doi.org/10.1111/1471-0307.12555 

Sharma, H. & Ramanathan, R. 2021. Gas chromatography-mass spectrometry based metabolomic 
approach to investigate the changes in goat milk yoghurt during storage. Food Res. Inter. 
140(August), 110072. https://doi.org/10.1016/j.foodres.2020.110072 

Sukarmimah, E., Lanti, I., Wulandari, E., Lembong, E. & Utami, R. 2019. The effect of sorghum 
flour (Sorghum bicolor L. Moench) addition to characteristic quality of goat milk synbiotic 
yoghurt candidate. IOP Conf. Series: Earth Environ. Sci. 347, 012012. 
https://doi:10.1088/1755-1315/347/1/012012 

Wang, J., Liu, B., Qi, Y., Wu, D., Liu, X., Liu, C., Gao, Y., Shi, J., Fang, L. & Min, W. 2022. 
Impact of Auricularia cornea var. lipolysaccharides on the physicochemical, textual, flavor, 
and antioxidant properties of set yoghurt. Inter. J. Biological Macrom. 206(2888),148–158. 
https://doi.org/10.1016/j.ijbiomac.2022.02.141 



1606 

Wibawanti, J.M.W., Mulyani, S., Hartanto, R., Al-Baarri, A.N., Pramono, Y.B. & Legowo, A.M. 
2022. The characteristics of goat milk synbiotics-yoghurt using Lactobacillus plantarum as 
probiotic and inulin of mangrove apple (Sonneratia caseolaris). Adv. Anim. Vet. Sci. 10(11), 
2475–2463.http://dx.doi.org/10.17582/journal.aavs/2022/10.11.2457.2463 

Wibawanti, J.M.W., Mulyani, S., Legowo, A.M., Hartanto, R., Al-Baarri, A.N. & Pramono, Y.B. 
2021. Characteristics of inulin from mangrove apple (Sonneratia caseolaris) with different 
extraction temperatures. Food Res. 5(4),99–106. https://doi.org/10.26656/fr.2017.5(4).662 

Wibawanti, J.M.W. & Rinawidiastuti, R. 2018. Physical and organoleptical properties of yoghurt 
drink with supplementation of mangosteen rind extract (Garcinia Mangostana L.). J. Anim. 
Product Sci. Tehnol. (JITEK). 13(1), 27–37. https://doi.org/10.21776/ub.jitek.2018.013.01.3 

Zahid, H.F., Ali, A., Ranadheera, C.S., Fang, Z., Dunshea, F.R. & Ajlouni, S. 2022. In vitro 
bioaccessibility of phenolic compounds and alpha-glucosidase inhibition activity in yoghurt 
enriched with mango peel powder. Food Biosci. 50(PA), 102011. 
https://doi.org/10.1016/j.fbio.2022.102011 

Zakaria, A.M., Zakaria, H.M., Abdelhiee, E.Y., Fadl, S.E. & Ombarak, R. 2020. The impact of 
lactoferrin fortification on the health benefits and sensory properties of yoghurt. J. Current 
Vet. Res. 2(2), 105–112. 

 
 


