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Peanuts (Arachis hypogaea) are highly nutritious exerting health 
benefits such as preventing malnutrition, reducing heart disorders, 
and potentially prevent certain types of cancer. Kefir is one of the 
fermented dairy products containing probiotics and renowned for 
its beneficial effects on human health. This study aimed to evaluate 
the effects of gelatin concentration, fermentation temperature, and 
starter culture ratios on pH, the rheological properties, texture 
properties, and SEM (scanning electron microscope) of peanut 
kefir. The rheological properties of Peanut kefir exhibited pseudo-
plastic behavior (0 < η < 1) and weak gel properties. Peanut kefir’s 
rheological characteristics (viscosity, shear stress) and texture 
properties (hardness, adhesiveness, adhesive force) changed with 
gelatin content, fermentation temperature, and starter culture 
ratio. The FTIR spectrum of the gel peanut kefir sample was similar 
to that of the control sample. The optimal conditions for producing 
peanut kefir were 0.5% gelatin content, fermentation temperature 
of 25oC for 13 h, and a 5% starter culture ratio, resulting in a smooth 
kefir surface structure and a well-bound kefir gel. The SEM images 
revealed that the experimental sample exhibited a stable gel texture 
and no layer separation compared to the control sample. Generally, 
gelatin content, fermentation temperature, and starter culture ratio 
significantly influenced the quality of peanut kefir.

Cited as: Dang, D. T. N. (2024). Effect of gelatin, fermentation temperature, starter culture ratio on 
physicochemical properties of peanut kefir. The Journal of Agriculture and Development 23(Special 
issue 2), 166-182.
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and South America (Settaluri et al., 2012). They 
are widely grown in India, South America, 
China and elsewhere. Peanuts are considered an 
important nutritional source because they are a 
rich source of protein and essential amino acids, 
which can help prevent malnutrition, reduced 
heart disorders, certain types of cancer (Syed 
et al., 2021). Furthermore, peanuts contain rich 
compounds of lipids (Dwivedi et al., 2014) and 
carbohydrates, capable of supplementing the 
energy needs of the human body (Settaluri et al., 
2012). Furthermore, recent research has shown 
the importance of the phytonutrient content 
of peanuts, including phytosterols, phenolic 
acids, isoflavonoids, and resveratrol, which may 
improve general health and wellness (Dwivedi 
et al., 2014).

Kefir is a popular fermented milk product 
worldwide; however, it is fermented from plant 
milk and has yet to be popular. Kefir is a new 
product in the Vietnamese market and is  less 
popular than yogurt. The ultimate chemical-
physical qualities and sensory quality of kefir 
are determined by fermentation parameters, 
which include temperature, time, starter culture 
ratio, and gelatine content. Research indicates 
that rheological and textural characteristics 
significantly impact kefir quality; nevertheless, 
there is little research on the subject, particularly 
regarding nut kefir.

This study examined the effects of gelatin 
concentration, fermentation temperature, and 
kefir culture ratio on pH value and peanut kefir’s 
rheological-textural properties. Based on the 
rheological behaviors of peanut kefir, manufacturers 
will choose suitable methods, techniques, and 
equipment for the production process.

1. Introduction

Kefir is a fermented dairy product containing 
probiotics,  and it  can be fermented by kefir 
grains (Saygili et al., 2022; Bourrie et al., 2023). 
Kefir grain, a natural starting culture, comprises 
several lactic acid bacteria, acetic acid bacteria, 
and yeasts  encased in a polysaccharide matrix 
(Stadie et al., 2013). Kefir shows its beneficial 
effects on human health (Egea et al., 2022). Kefir 
grains’ microbiota generates fatty acids, peptides, 
organic acids, and bacteriocins that can bind 
mycotoxin and have antibacterial and antifungal 
properties (González-Orozco et al., 2022). In 
addition to its antibacterial, antimutagenic, 
anticarcinogenic, wound-healing, cholesterol-
lowering, allergy, and lactose intolerance-
preventing qualities, traditional kefir is good 
for the immune and digestive/gastrointestinal 
systems.  Moreover, studies using kefir have 
shown promise in promoting increased colon 
bifidobacteria and glycemic control because 
it has high α-glucosidase inhibitory activity 
and balances intestinal microbiota (Egea et al., 
2022). Kefir’s distinct flavor is derived from a 
complex microecological environment that is 
created by the breakdown of lactose, protein, 
and fat in milk into galactose, lactic acid, 
exopolysaccharides, vitamins, free amino acids, 
free fatty acids, volatile alcohols, aldehydes, 
ketones, and esters (Xiao et al., 2023). Lactic 
and acetic acid-producing bacteria, lactose 
fermentation, and alcoholic yeast produce these 
compounds (González-Orozco et al., 2022; 
Xiao et al., 2023). 

Peanuts are a legume belonging to the family 
Fabaceae, the  genus Arachis, and the  scientific 
name Arachis hypogaea, originating in Central 
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cremoris, Lactobacillus plantarum, and the yeast 
(Saccharomyces cerevisiae). Kefir strains were 
commercial strains activated in unsweetened 
fresh cow’s milk at 5 g/1000 mL (w/v). The 
inoculated culture containing commercial 
strains was incubated at 37oC for 24 h under 
sterile conditions. Afterward, the kefir culture 
was kept at 4oC for later use.  

2.2.3. Preparing peanut kefir

Peanut milk (containing 9% total solids) mixed 
with 3% (w/v) sucrose. Subsequently, gelatin was 
added to the mixture at concentrations of 0.3, 0.5, 
and 0.7% (w/v). The mixture was heated at 85oC 
for 5 min, then cooled to 25oC. Kefir culture was 
added with the ratio of 1, 3, 5, 7, and 9% (v/v) of 
the peanut milk. The inoculum was poured into 
100 mL sterilized glass bottles and incubated at 
23, 25, 27, and 29oC until pH = 4.6 was reached.

2.3. Methods

pH: The pH value of kefir samples was 
measured every hour of incubation using 
a previously calibrated digital pH meter 
(HANNA). pH meter was calibrated with a pH 
buffer of 7.00 and a pH of 4.00 before the kefir 
samples were measured; the sample’s pH was 
determined by immersing the probe directly into 
a homogenized kefir sample.

Determination of protein content: Protein 
content was determined according to the method 
of Mæhre et al. (2018).

Determination of fat content: Fat content was 
determined based on the research method of 
AOAC 905.02 (2000).

Dynamic rheology measurements

The experiment  was based  on the method 
given by Gul et al. (2018). HAAKE RheoStress 

2. Materials and Methods

2.1. Raw materials

Sucrose and mature peanut seeds were 
purchased from Coop supermarket. Peanuts had 
characteristic color, no strange smell, no mold 
or weevils, and an oval shape of about 4 ÷ 10 
mm. Gelatin was obtained from Louis Francois, 
France. Kefir starter culture with 6.8 x 1010 

CFU/g was purchased from Yogourmet, France. 
Chemical materials were purchased from China’s 
Xilong Scientific Co., Ltd.

2.2. Research methods

2.2.1. Preparing peanut milk

The peanuts (Figure 1) were cleaned and 
soaked in water for 5 h. Then, they were crushed 
using a blender (Philips HR3041/00, Holland) 
and filtered through a clean muslin cloth to 
remove residual hull particles. The solution was 
homogenized at 7000 rpm in 10 min (T18 digital 
ULTRA-TURRAX® – IKA, Germany). Milk from 
the separated peanuts was pasteurized at 85oC for 
10 min, cooled at 25oC quickly, and stored at 4oC. 

2.2.2. Preparing kefir culture

Kefir grains were obtained from commercial 
kefir grains with identified lactic acid bacteria 
strains such as Lactococcus cremoris, Streptococcus 

Figure 1. Peanut seeds.
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Measuring kefir microstructure with SEM 
followed a method described by (Xiao et al., 
2023) using an SEM-type TS1000PLUS (Hitachi, 
Japan) with 100-time magnification and 10 kV. 
The control sample (CS) was used to compare 
the differences in microstructure images of the 
studied peanut kefir.

2.4. Data analysis

All experiments  were repeated  three times. 
Data were analyzed and statistically processed 
using the ANOVA test on the Origin 2024b 
software platform.

3. Results and Discussion

Table 1 shows the means of the chemical 
composition of peanut milk samples used to 
produce kefir.
Table 1. Chemical composition of peanut milk

No. Criteria Content (g/100 mL)
1 Protein 8.2 ± 0.19
2 Lipid 13.65 ± 0.26
3 Carbohydrate 24.4 ± 0.54

Mean value from triplicate means± standard de-
viation.

According to Diarra et al. (2005), the quality 
assessment of peanut milk revealed a protein 
content of at least 8%, indicating its high 
quality. The protein analysis of the experimental 
samples yielded a protein content of 8.2%. 
Therefore, the protein content of peanut milk 
samples was suitable for kefir fermentation. In 
addition, peanut’s protein content is significant 
for fermented products’ physical and structural 
properties. Therefore, the peanut milk not only 
meets the quality criteria for further studies but 
also improves the structure of the finished peanut 
kefir product for further studies.

RS600, USA, viscoelastic measurements were 
taken in a controlled strain rheometer. The plates 
were set up in a parallel geometric configuration 
(PP35, ø = 20 mm) with a measuring gap of 0.5 
mm. The shear stress, and apparent viscosity test 
was performed at 25°C with shear rates from 
0.01 ÷ 100s1. As a result, Ostawwld - de Waele 
equations can be used to fit each set of data as 
follows: ηapp = K. g (n-1).

Whereas ηapp: apparent viscosity (Pas); k: 
consistency coefficient (Pa sn); g: shear sweep 
(1/s); n: flow behavior index.

Textural properties

The textural characteristics of peanut kefir 
samples were analyzed using the Texture 
Analyzer, CT3TM (BROOKFIELD, USA). The 
textural characteristics such as hardness (g. 
force), adhesiveness (mJ), and adhesive force 
(g. force/s) were measured using a spreadability 
probe with a cylinder 12.7 mm at 25 ± 1oC. The 
equipment was set to 0.5 mm/s test speed, 10 mm 
distance, and trigger force = 5 g. The instrument 
software examined the textural data (force vs. 
time) and parameters. The tests were done in 
triplicates, and the results were expressed as 
mean standard ± error. 

Fourier transform infrared spectroscopy (FTIR)

The determination of FTIR was based on the 
research method of Chen et al. (2015). The TIR 
analysis aimed to identify the functional groups 
in kefir products. Before measuring the infrared 
spectrum, the samples were deep-frozen and 
freeze-dried for 24 h to collect dried kefir powder. 
FTIR spectra of kefir samples were recorded by 
scanning the transmittance from wavenumbers 
4000 ÷ 400 cm-1 with a resolution of 4 cm-1.

Scanning electron microscope (SEM)
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Gelatin was one of the most critical factors 
influencing kefir’s rheological properties 
(Said, 2020). As a thixotropic gel, yogurt’s 
shear thickening qualities lead its viscosity to 
frequently reduce during mixing, recover some 
of its previous structure, and then increase when 
shearing stops. The steady-state rheological 
behavior of peanut kefir at selected gelatin 
levels (0, 0.3, 0.5, 0.7%) is shown in Figure 2a. 
In contrast, the effect of gelatin levels on the 
apparent viscosity behavior is shown in Figure 
2b. The Ostawwld - de Waele model explained 
the rheological behavior of kefir well.

The effect of added gelatin content on and rheo-
logical - textural properties

Gelation addition may improve the quality 
of the kefir. The results showed a significant 
improvement in the gel texture of kefir products 
with added gelatin; the product did not dehydrate 
and prevent water separation; the gel network 
formed had a smooth texture; and viscosity 
tended to increase compared to CS (Figure 2). 
In particular, with samples supplemented with 
higher gelatin content, the coagulated gel blocks 
formed in the product had good adhesiveness, 
did not break, and the amount of whey separated 
was also less. 

Figure 2. (a) Shear stress at various gelatin levels: 0, 0.3, 0.5, 0.7%; and (b) the apparent viscosity of 
peanut kefir at various gelatin levels: 0, 0.3, 0.5, 0.7%.

The flow curves of the shear stress variation 
with shear rate show that all samples exhibit an 
exponent of 0 < η < 1, demonstrating that peanut 
kefir samples have non-Newtonian and pseudo-
liquid properties (Guénard-Lampron et al., 2020). 
Increasing the amount of added gelatin increases 
the shear stress value, with the gelatin ratio being 
0.3% (τ = 35.74 Pa) < 0.5% (τ = 44.22 Pa) < 0.7% 
(τ = 55.51 Pa) at a shear rate 100 (s-1) (Figure 2). 

Additionally, it has been established that protein 
network stability requires the unfolding and 
rearrangement of secondary structure, aided 
by forming disulfide bridges, hydrogen bonds 
(Luo et al., 2019), and hydrophobic interactions, 
making the protein block tighter and requiring 
greater shear force (Ahmed et al., 2019). The 
shear stress with added gelatin increased in 
the early stages, then gradually stabilized, and 
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The results of the study on the effect of gelatin 
concentration (from 0.3, 0.5, and 0.7%) on the 
hardness, adhesion, and cohesive force of peanut 
kefir showed that the hardness increased by 
46.67% and the adhesion increased by 16.27% 
between the G0.7 and G0.3. Figure 3 shows that 
all samples’ hardness, adhesiveness, and adhesive 
force values were from 8.23 to 15.35 g, 0.45 to 

than CS. CS had an apparent viscosity of 284.7 
mPas, and  samples G0.3, G0.5, and  G0.7 had 
an apparent viscosity, respectively, 357.4, mPas, 
442.2 mPas and 472.3 mPas at a shear rate of 100 
s-1. Pang et al. (2019a) stated that adding 0.1 ÷ 
1% gelatin affects the structure and rheology of 
peanut yogurt. The increase in viscosity upon 
adding gelatin is reportedly due to interactions 
between gelatin and milk proteins.

Studies have shown that adding a stabilizer 
(gelatin or other hydrocolloids) that acts 
as a thickener or gelling agent (Said, 2020) 
can help achieve good texture and stability 
(Supavititpatana et al., 2008). 

gelatin developed a solid three-dimensional 
network in fermented yogurt (Ares et al., 2007). 
The higher the stress, the higher their resistance 
to shear force (Frengova et al., 2002). Therefore, 
the results showed that the investigated samples 
were consistent with the Ostawald-de Waele 
rheological model. The samples’ viscosity curves 
with shear rates from 1 ÷ 100 s-1 were similar; 
the apparent viscosity at the shear rate ranges 
from 0 ÷ 20s-1 decreased sharply, then gradually 
decreased to a constant value. Specifically, 
sample G0.7’s apparent viscosity at the shear rate 
range from 0 ÷ 20 (s-1) decreased from 141100 
mPas to 1578 mPas. According to Figure 2b, kefir 
samples with added gelatin had a higher viscosity 

Figure 3. Effect of gelatin levels on peanut kefir’s hardness, adhesiveness, and adhesive 
force. Mean value from triplicate means ± standard deviation. Different letters are significantly 

different (P < 0.05).

0.87 mJ, and 3.33 to 5.04 g, respectively. The 
highest hardness, adhesiveness, and adhesive 
force of G0.7 were 15.35 g, 0.87 mJ, and 5.04 g; 
the lowest values of G0.3 were 8.23 g, 0.49 mJ, 
and 3.33 g, respectively. The CS showed that the 
gel texture was too soft, and hardness could not 
be determined. It was explained by the fact that 
gelatin contributes to stabilizing the structure 
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The effect of fermentation temperature on pH, 
fermentation time, and rheological properties  

The rheological characteristics are crucial in 
identifying various interactions in the recently 
developed kefir formulation (Saygili et al., 2022). 
The temperature at which kefir is incubated 
impacts its rheological characteristics (Dimitreli 
& Antoniou, 2011).

Figure 4. Various fermentation temperatures (23, 25, 27, 29oC) affect Peanut kefir’s pH and 
fermentation time. Mean value from triplicate means ± standard deviation.

of kefir (Said, 2020) due to its ability to cut 
polysaccharide chains into short chains, thus 
increasing the gelation ability and contributing 
to the stability of the gel state. The gelatin ratio 
increased, and the firmness of kefir increased. 
G0.5 had a relatively harmonious firmness, 
making it a smooth structure suitable for kefir 
product properties. 

Figure 4 shows that the pH decreased while the 
acidity increased over fermentation time. When 
the fermentation temperature increases, the 
samples’ fermentation time is different; the higher 
the temperature, the shorter the fermentation 
time. The T29 has the lowest time (10 h), with 
pH = 4.59; T23 has the longest fermentation 
time (16 h), with pH = 4.61. Fermentation 
temperature affects the fermentation process, 
as low temperature decreases the number 
or strength of hydrophobic bonds inside the 
protein gel. This result is entirely consistent 
with the research results of Nguyen et al. (2017) 
when studying the influence of ingredients 
(milk, gelatin, and kefir) on the quality of fruit 

yogurt, confirmed that the same proportion 
of microorganisms, fermentation temperature 
increases, fermentation time decreases. 
Lopes et al. (2019) stated that fermentation 
temperature significantly affects gel formation 
and acidification rate. High fermentation 
temperatures increase the ability to separate 
layers and weaken the protein network, thereby 
reducing gel hardness, viscosity smoothness, and 
sensory properties. Therefore, it makes the gel 
network susceptible to rearrangements, and these 
changes can lead to greater whey separation; 
besides, high fermentation temperatures cause 
rapid coagulation formation but easily lead 
to dehydration because acidification occurs 
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(a) (b)

Fermentation temperature is one of the 
critical factors influencing peanut kefir rheology. 
The steady-state rheological behavior of peanut 
kefir at selected gelatin levels (23, 25, 27, 29oC) 
is shown in Figure 5a. In contrast, the effect of 
gelatin substitution on the apparent viscosity 
behavior is shown in Figure 5b. The Ostawwld 
– de waele model explained the rheological 
behavior of kefir well.

too quickly, and  protein molecules are dense, 
reducing water-holding capacity (Mellema 
et al., 2002). The creation of acid content 
in kefir products depends on the growth of 
microorganisms and fermentation ability. The 
research survey and similar studies show that the 
peanut kefir fermentation temperature of T25 is 
suitable for the 13-h fermentation time, and the 
gel structure is stable.

Figure 5. (a) Shear stress at various fermentation temperature; and (b) The apparent viscosity of 
kefir at various fermentation temperature: 23; 25; 27; 29oC. Mean value from triplicate means ± 

standard deviation.

According to Figure 5a, the peanut kefir 
samples surveyed are all pseudo-liquid because 
0 < η < 1. The samples tend to withstand low 
shear stress at a specific low shear rate, with 
T23 having a shear stress of 3.92 Pa at a shear 
rate of 0.9969 s-1. After that, the increased the 
shear rate leads to a gradual increase in shear 
stress, and at a certain point, when shear rate 
continues to increase, the shear stress remains 
constant (Figure 5a). However, there are some 
differences in shear stress between the samples 
when changing the shear rate from 0 ÷ 100s-1. 
When increasing the fermentation temperature 
from 23°C to 29°C, shear stress, according to 
the kefir’s shear rate, gradually increases from 
20.93 Pas to 43.51 Pas at a shear rate of 100s-1; 
in contrast, the viscosity decreases because the 

water hol capacity decreases as the shear rate 
increases. According to Saygili et al. (2022), 
examining the apparent viscosity values   of 
fermented cow’s milk, it was determined that the 
viscosity values   also increased with increasing 
fermentation temperature. Li et al. (2014) 
stated that the fermentation process of soy milk 
products has reduced viscosity with increasing 
shear stress because water molecules are well 
dispersed in the network structure. Besides, 
polysaccharides contribute to fermented milk 
products’ increased viscosity and pseudo-liquid 
properties due to their ability to bind water and 
interact with proteins (Dimitreli & Antoniou, 
2011). Bensmira and Jiang (2012) suggested 
that increasing fermentation temperature 
promotes hydrophobic interactions and creates 
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at least 10 h, pH = 4.6, and K1 has the longest 
fermentation time, 18 h with pH = 4.6. The kefir 
culture ratio increases, and the fermentation time 
decreases. However, the shorter the fermentation 
time, the more holes and water separation in the 
sample. When the microbial density is higher, 
the process of converting lactose into lactic 
acid occurs faster; the amount of acid formed 
increases, reducing the pH of the product and 
quickly reaching the end of the fermentation 
process (pH = 4.6), thereby shortening the 
fermentation time. Currently, the curd will not 
be durable, affecting the structure and feel of the 
product.  The kefir culture ratio affects the pH 
value and acidity, showing that a higher kefir 

stronger gels. Besides, Man (2010) said that 
the kefir fermentation process is at its optimal 
temperature of 23 ÷ 25°C, the appropriate 
temperature for lactic bacteria and yeast to grow 
well. Low fermentation temperatures require 

Figure 6. pH and fermentation time with various kefir culture ratios: 1, 3, 5, 7, 9%. Mean 
value from triplicate means ± standard deviation.

Figure 6 shows that the pH of kefir samples 
decreased over fermentation time with starter 
culture ratios. The pH in the first five h of K1, 
K3, and  K5 decreased slowly, from 6.8 to 5.7. 
From 5 ÷ 10 h, pH decreased rapidly. After 10 h, 
the pH of the samples continued to decrease (K1 
reached 4.65 at 17 h, K3 reached 4.6 at 16 h, and 
K5 reached 4.6 at 13 h). The pH in the first 5 h of 
K7 and K9 fermentation decreased rapidly, from 
6.8 to 5.2 and 5.1. After 5 h, the pH of the samples 
continued to decrease slowly (K7’s pH reached 
4.6 with 12 h, and K9’s pH reached 4.6 with 10 h). 
Figure 6 shows that increasing the kefir culture 
ratio, the fermentation time between samples 
is different; the fermentation end time of K9 is 

longer fermentation times, affecting research 
performance, so we chose a  kefir fermentation 
temperature of 25oC as the appropriate 
temperature for further research.

The effect of kefir culture ratio on pH, fermentation time, rheological properties, and SEM 
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curd will not be stable, affecting the texture of 
the product. The apparent viscosity depends 
significantly on the existence and development 
of microorganisms. The highest viscosity of K7 
was 442.2 mPas, and the lowest viscosity of K1 
was 247.4 mPas, at 100s-1. Too high a kefir culture 
ratio will cause the gel structure to become loose, 
quickly causing layer separation and significantly 
affecting viscosity. K9 created acidification too 
quickly, reducing water retention. The decrease 
in viscosity was independent of the fermentation 
parameters and the source of the kefir starter 
microflora in the present study; this decrease 
can be explained by the hydrolysis of EPS into 
its monomers by glycol hydrolases (Purwandari 
et al., 2007). Structure scanning electron 
microscope of samples in Figure 8.

Figure 7 shows that the flow curve of the 
change in shear stress with the shear rate of 
the peanut kefir samples all shows an exponent 
of 0 < η <1, indicating that the samples are in 
pseudo-liquid form (Guénard-Lampron et al., 
2020). Samples tend to increase the shear stress 
according to the shear rate from 0 ÷ 46s-1; K1’s 
shear stress was 13.09 Pas at 10s-1; then, the shear 
rate continues to increase, the constant shear 
stress from the shear rate of 46 ÷ 100s-1, K1’s 
shear stress was 21.98 to 22.87 Pa. 

The K7 has the highest viscosity, leading to 
higher shear stress than the other samples. The 
fermentation process takes place too quickly, 
and the pH suddenly drops quickly, causing 
the protein in peanut milk to coagulate; the 

Figure 7. (a) Shear stress at various kefir culture ratios: 1, 3, 5, 7, 9%; and (b) The apparent 
viscosity of kefir at various kefir culture ratios: 1, 3, 5, 7, 9%. Mean value from triplicate 

means± standard deviation.

(a) (b)(a) (b)

culture ratio reduces fermentation time. The 
acidity of kefir may be developed due to organic 
acids; acid production in kefir products depends 
on microbial growth and fermentation capacity 
(Saygili et al., 2022). Research results show that a 

starter culture ratio of 5% has the most stable 
change in pH.

Changes in shear stress according to the shear 
rate of kefir samples with different kefir culture 
ratios (1, 3, 5, 7, 9%) are presented in Figure 7.
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Figure 8. The SEM micrographs of kefir samples at various kefir culture ratios: 0, 1, 3, 5, 7, 
and 9% under a magnification of 100. (a) CS with 0% kefir culture ratio; (b) K1 with 1% kefir 

culture ratio; (c) K3 with 3% kefir culture ratio; (d) K5 with 5% kefir culture ratio; (e) K7 
with 7% kefir culture ratio; (f) K9 with 9% kefir culture ratio.
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acidity, affecting the gel structure and network. 
The acidity of kefir products depended on the 
growth of microorganisms and fermentation 
ability. According to Hassan et al. (2003), EPS 
may exist in the pores in the network due to 
protein incompatibility. During the acidification 
stage, the incompatibility between EPS and 
peanut protein can cause phase separation, 
disrupting the formation and consolidation 
of the gel network and causing high protein 
retention, which reduces gel strength. Therefore, 
the structure is  less dense  (Pang et al., 2019b). 
However, if the fermentation process takes place 
too quickly, the sudden pH decrease quickly 
causes the peanut milk protein to coagulate. The 
curd will not be durable, affecting the structure 
and feel of the product. With the inoculum ratio 
of 5%, the structure is the tightest, less porous, 
and does not appear.

Some criteria for finished peanut kefir are in 
Table 2, the spectra of CS and study kefir samples 
are shown in Figure 8.
Table 2. Chemical properties for peanut kefir

No. Criteria (%) K5
1 Carbohydrate 22.12 ± 0.93
2 Lipid 8.46 ± 0.33
3 Protein 4.09 ± 0.21
4 Ash 0.61 ± 0.08

Mean value from triplicate means ± standard 
deviation.

According to Codex Standard 243-2003, the 
quality of kefir yogurt requires a protein content 
of not less than 2.7% and a fat content of less 
than 10%. This result shows that our peanut 
kefir research sample meets the nutritional 
value criteria. 

The sample’s SEM showed that a weak cheese 
structure had formed, the pores were spread out 
unevenly, and the cross-linking between kefir 
protein clusters was very strong, making tiny 
chains. K5 has the most uniformly distributed 
kefir product structure. The tight bonds in the 
gel network created a gel surface structure with 
very few holes; the structure of kefir was not 
dehydrated, the structure was tight, and the 
protein was evenly distributed. Therefore, after 
freezing and freeze-drying, the gel network did 
not create grooves and was not significantly 
broken. For CS, each gel block can be seen, but 
the gel network structure was uneven, porous, 
and had a water separation phenomenon; the 
gel network forms grooved and was broken, 
creating many holes; EPS exists in the pores 
in the gel network due to incompatibility with 
proteins (Hassan et al., 2003). K1 showed 
that, although the structure was tighter and 
fewer grooves appeared, the kefir structure 
was uneven and porous. K3 had an improved 
kefir structure, which was more uniform and 
less porous, but grooves still appeared. K7 had 
tight bonds with each other and minor porosity, 
proving that the structure of kefir was tight and 
had uniform protein mass. The gel network 
was also tighter; no grooves were created, and 
the gel network was not broken. K7 showed 
that the structure was much tighter and more 
uniform, but more grooves appeared, possibly 
because the pH rapidly decreased when the kefir 
culture ratio was increased. Acidity increases, 
causing the protein blocks to thicken, but the 
gel network is broken. K9 had a slightly looser 
structure, and the gel network was strongly 
destroyed. Shiva Dadkhah et al. (2011) stated 
that the kefir rate affected the pH value and the 
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this region were mainly related to the bending 
in the vibrational plane of CN and NH groups 
in the amide or the vibrations of CH2 groups 
(Temiz & Çakmak, 2018). The FTIR spectrum 
shows peanut protein was found in the higher 
range from 853.35 to 1042.10 cm-1, and the lower 
range was 2924.28 to 3609.05 cm-1. In the amide 
A region (3300 ÷ 3500 cm-1), the absorption of 
these two peaks reaching a maximum at 3279.6 
cm-1 was due to the presence of this related to the 
extended NH group bond and the interaction 
with each other by the O–H bond. The region in 
3000 ÷ 3500 cm-1 was also due to molecular chains 
interacting by intra-and intermolecular hydrogen 
bonds (Salari et al., 2019). In addition, 900 ÷ 1200 
cm-1 was dominated by polysaccharides related 
to the vibration of the characteristic C–O group 
and aromatic N–O compounds. In particular, 
there was a peak at the wave number 925.664 
cm-1 related to additional sucrose (Mechmeche 
et al., 2019). The shape of the spectra of the two 
kefir samples was similar, indicating that gelatin 
was added to the sample without any change in 

Figure 9 shows the wavelengths the functional 
groups of kefir samples absorb the most. Analysis 
related to the concentration regions of functional 
groups representing the presence of proteins was 
amide I (1600 ÷ 1800 cm-1), amide II (1470 ÷ 1570 
cm-1), amide III (1250 ÷ 1350 cm-1), and amide 
A (3300 ÷ 3500 cm-1), which were the peaks of 
the amide infrared absorption characteristics. 
The protein leading band was the amide I band 
with the most vital absorption; the peak was 
obtained at 1744.54 cm-1 for both samples. It was 
related to the C=O stretching vibration (80%), 
the stretching vibration of the C-N bond (10%), 
and the hydrogen bond associated with COO-  in 
the range between 1600 and 1800 cm-1 (Temiz & 
Çakmak, 2018; Vaishanavi & Preetha, 2021). In 
the amide II region, the maximum absorption at 
1453.58 cm-1 arises from the bending vibration 
of the N–H group (60%), the stretching vibration 
of the CN group (30%), and the C–C stretching 
vibration (10%) (Long et al., 2015). In the amide 
III region, the most prominent absorption peak 
was at 1239.04 cm-1; the vibrations existing in 

Figure 9. Fourier transform infrared spectroscopy (FTIR) spectra of the control sample (CS) 
and research sample (K5).
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