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The effect of high fructose syrup concentration on physicochemical, 
microbiological, and sensory properties of goat milk kefir with butterfly 
pea extract

Introduction

The increasing consumer awareness regarding healthy lifestyles and 
the consumption of high-quality foods has spurred the development of 
functional foods. These foods are recognized not only for their nutritional 
value but also for providing various health benefits 

(Vignesh et al., 2024). A crucial role is played by the gut microbiota 
in maintaining overall health, which has further encouraged the devel-
opment of functional foods containing prebiotics and probiotics to help 
preserve intestinal microbiota balance Kefir is a probiotic drink made 
through fermentation by lactic acid bacteria (LAB) and yeasts (Yilmaz et 
al., 2022). It is produced by inoculating milk with kefir grains, which con-
tain LAB, acetic acid bacteria, and yeasts. These microorganisms work 
together to produce various metabolic compounds, including organic ac-
ids, ethanol, and bacteriocins. These compounds help provide probiotic 
and antibacterial effects against harmful organisms (Azizi et al., 2021). 
Kefir has been shown to support digestive health, lower cholesterol lev-
els, enhance the immune system, and reduce the risk of cardiovascular 
diseases (Satir and Seydim, 2023).

While kefir is usually made from cow’s milk, goat milk is seen as hav-
ing higher nutritional value (Turkmen, 2017). Goat milk contains certain 
amino acids and is made up of about 71 to 75% casein, 20 to 22% whey 
proteins, and 7% non-protein nitrogen (Satir and Seydim, 2023). Goat 
milk also has a lower potential for causing allergies (M`hir et al., 2024) 
and smaller fat globules, which makes it better for people with lactose 
intolerance (Santos et al., 2023). Turning goat milk into fermented prod-
ucts not only improves its nutrition and shelf life but also helps remove 
its distinct goaty smell. In addition, minerals like magnesium, calcium, and 
potassium in goat milk add to the nutritional value of the kefir product 
(Singh et al., 2021).

To improve both the look and function of the product, butterfly pea 
flower (Clitoria ternatea) extract was added to goat milk kefir. Butterfly 
pea flower contains anthocyanin compounds, mainly delphinidin gluco-

side, which gives it a unique bluish-purple color and acts as a strong anti-
oxidant (Aksornsri et al., 2023). This extract also shows anti-inflammatory, 
antidiabetic, antiproliferative, and antimicrobial effects, offering various 
health benefits (Jeyaraj et al., 2021). The natural pigment in butterfly pea 
flowers can be used to enhance the visual appeal of goat milk kefir.

The kefir fermentation process requires sugar as a carbon source for 
microbial growth. Adding sugar speeds up fermentation and affects the 
final product’s quality (Fiorda et al., 2017). This study selected High Fruc-
tose Syrup (HFS) as an alternative sweetener because of its high solubil-
ity, non-crystalline form, and stability in acidic conditions. These factors 
make it suitable for fermented beverages (Kwan et al., 2018). Additionally, 
HFS is commonly used in today’s food and drink products (Surja et al., 
2019). While goat milk kefir with butterfly pea flower extract has been 
researched before, no studies have looked at using HFS as a sweetener in 
this mix. There has been no investigation into its optimal concentration 
or its effects on fermentation, quality, and sensory appeal. Therefore, this 
study aimed to examine how different concentrations of HFS affect the 
physicochemical, microbiological, and sensory aspects of goat milk kefir 
with butterfly pea flower extract. The results are expected to help create 
high-quality functional probiotic drinks that are safe, acceptable, and ap-
pealing to consumers.

Materials and methods

Materials

The materials used in this study comprised fresh goat milk, which 
was obtained from a private goat farm in Gunungpati owned by Mrs. Lis 
Pur; grain kefir; dried Clitoria ternatea (butterfly pea) flowers purchased 
online from “Aydaa Store Snack & Cemilan” in Surakarta; 55% High Fruc-
tose Syrup (HFS) acquired from the online shop “Powder Bubble Blast” 
in Bekasi; and chloramphenicol (Bernofarm capsules, 250 mg) obtained 
from the online pharmacy “Apotek Bintang Farma K24” in Bekasi with 
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a doctor’s prescription. Additional reagents and chemicals included 1% 
phenolphthalein indicator (PP), Potato Dextrose Agar (PDA) medium, 
de Man Rogosa and Sharpe Agar (MRSA) medium, methanol, 2,2-di-
phenyl-1-picrylhydrazyl (DPPH) solution, spiritus, distilled water, bottled 
mineral water, 0.85% physiological NaCl, 0.1 N NaOH, 70% ethanol, and 
70% alcohol. The equipment utilized throughout the research consisted 
of a grinder (Maksindo, Indonesia), hot plate (IKA, Germany), refrigerator 
(GEA, China), freezer, analytical balance, hand refractometer (Atago, Ja-
pan), bacterial incubator (Memmert, Germany), UV-Vis spectrophotome-
ter (Biobase, China), micropipette (DragonLab, China), micropipette tips, 
vortex mixer (DLAB, USA), autoclave (Hirayama, Japan), pH meter (Ohaus, 
Germany), laminar air flow cabinet, incubator bacteri (Memmert, Germa-
ny), incubator yeast (Memmert, Germany), magnetic stirrer, test tube rack, 
test tubes (Pyrex, France), beakers (Pyrex, France), Erlenmeyer flasks (Py-
rex, France), volumetric flasks (Pyrex, France), Petri dishes (Pyrex, France), 
cuvette glasses, centrifuge tubes, burette, thermometer, Bunsen burner, 
stove, basin, tray, 60-mesh sieve, filter cloth, metal spatula, spoon, drop-
per pipette, plastic containers, plastic cups, plastic wrap, polyethylene 
(PE) plastic bags, aluminum foil, cotton, matches, mask, and marker.

Methods

The study was conducted through several stages, beginning with 
the preparation of butterfly pea flower (Clitoria ternatea) extract. Sub-
sequently, goat milk kefir enriched with the butterfly pea flower extract 
was produced with varying concentrations of High Fructose Syrup (HFS). 
After producing the kefir, we evaluated the physicochemical, microbi-
ological, and sensory parameters. The physicochemical tests measured 
total acidity, pH, total soluble solids, and antioxidant activity. We con-
ducted microbiological assessments to count the total lactic acid bacte-
ria (LAB) and total yeast. The sensory evaluations included both hedonic 
and organoleptic tests to check the quality and acceptability of the kefir 
products. We applied suitable statistical methods to analyze the effects 
of HFS concentration on the properties of goat milk kefir with butterfly 
pea flower extract.

Butterfly pea flower extraction

The extraction process was adapted from Jeyaraj et al. (2021) with 
modifications. Dried butterfly pea flowers were ground into a fine powder 
using a grinder. Next, the powder was passed through a 60-mesh sieve 
to get a uniform particle size. The butterfly pea powder was mixed with 
distilled water at a ratio of 5:1 (w/v). Then, the mixture was filtered with a 
cloth. The filtrate was stirred with a magnetic stirrer while being heated 
on a hot plate at 60°C for 30 minutes at a constant speed of 600 rpm to 
obtain a homogeneous mixture. Finally, the extract was allowed to cool, 
resulting in butterfly pea flower extract.

Preparation of goat milk kefir

The preparation of goat milk kefir was based on the method by 
Nur`Aini et al. (2023) with modifications. Goat milk was pasteurized at 
80 °C for 15 minutes and then cooled to 30 °C. Butterfly pea flower extract 
was added at a concentration of 5% (v/v). Subsequently, kefir grains were 
added at 5% (w/v), along with High Fructose Syrup (HFS) according to 
the treatment groups: T0 (0%), T1 (2.5%), T2 (5%), T3 (7.5%), and T4 (10%) 
(v/v). The mixture was incubated at room temperature (25 – 28 °C) for 24 
hours. After incubation, the kefir grains were removed by filtration, and 
the resulting kefir was stored in a refrigerator at 4°C.

Total acidity measurement

The total acidity was determined by titration using 0.1 N NaOH solu-
tion, referring to modification of the method by Manurung et al. (2022). 

Initially, the kefir sample was diluted due to its thick texture, which hin-
dered the titration process. A volume of 10 mL of the sample was trans-
ferred into a 100 mL volumetric flask, distilled water was added up to 
the meniscus mark, and the solution was mixed thoroughly to achieve 
homogeneity. From this solution, 20 mL was taken for titration. Prior to 
titration, the burette was rinsed with distilled water and filled with 0.1 N 
NaOH. The sample in the Erlenmeyer flask was supplemented with 2 – 3 
drops of 1% phenolphthalein indicator and titrated slowly until a stable 
pink coloration appeared, indicating the titration endpoint. The titration 
results were used to calculate the total acidity. The titratable acidity was 
calculated using the following formula:
“Total acidity (%) = “  “V1 × N × B × FP” /”V2 × 1000”  “×100%” 
Explanation:
V1= Volume of NaOH solution (mL);
V2= Initial volume of sample used for dilution (mL);
N= Normality of NaOH solution;
B= Molecular weight of lactic acid (90);
FP= Dilution factor 100/20 (total volume of dilution solution / titration 
volume)

pH value assay

The pH measurement was done using a digital pH meter from Ohaus, 
following the method by Gavriloska et al. (2023). Before use, we rinsed 
the probe with distilled water and dried it. We placed 60 mL of the ke-
fir sample into a beaker and inserted the probe without letting it touch 
the bottom. Once the reading stabilized, we pressed the Read/Enter but-
ton and recorded the pH value when the number on the display stayed 
constant. Afterward, we cleaned the probe again to remove any leftover 
sample.

Total soluble solids measurement

Total soluble solids measurements refer to the method used by Pra-
mono et al. (2025), using a hand refractometer. Instrument calibration 
was carried out by cleaning the refractometer prism using distilled water, 
which was dripped onto the prism surface then wiped with a soft cloth. 
Measurements was carried out by placing 1 – 2 mL of sample on the sur-
face of the prism, then reading the °Brix value.

Antioxidant activity assay

Antioxidant activity was determined using the DPPH method, follow-
ing the method by Birwal et al. (2025). The test solution was prepared 
by mixing 0.1 g of the sample with 10 mL of ethanol, and the mixture 
was centrifuged until a precipitate formed. Next, 0.2 mL of the superna-
tant was mixed with 1 mL of 0.05 mM DPPH solution in a light-tight test 
tube. The mixture was incubated for 30 minutes in the dark at 37°C. A 
color change in the DPPH solution from purple to pale yellow indicated 
the presence of antioxidant activity. The absorbance was measured using 
a spectrophotometer at a wavelength of 520 nm. A blank solution was 
prepared by mixing 1 mL of ethanol with 1 mL of DPPH solution, and its 
absorbance was measured at the same wavelength. The percentage of 
DPPH radical inhibition was calculated using the following formula.
“%inhibition” “=”  “absorbance blank - absorbance sampel” /”absorbance 
blank”   “× 100%” 

Determination of total lactic acid bacteria

The enumeration of total LAB referred to the method described by 
Nur`Aini et al. (2023), with modifications using the Total Plate Count (TPC) 
method. A 1 mL sample of kefir was added to 9 mL of 0.85% physiological 
NaCl solution and homogenized using a vortex mixer to obtain a 10⁻¹ 
dilution. Serial dilutions were performed by transferring 1 mL of the 10⁻¹ 
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dilution into 9 mL of 0.85% physiological NaCl solution, resulting in a 10⁻² 
dilution. This dilution process was continued until a final dilution of 10⁻⁸ 
was reached. Plating was conducted using the last three dilutions, namely 
10⁻⁶, 10⁻⁷, and 10⁻⁸. Each dilution was plated duplicate. A 1 mL aliquot 
from each selected dilution was transferred into a sterile Petri dish, fol-
lowed by the addition of 15 mL of MRS Agar (MRSA) medium. The Petri 
dishes were gently rotated in a looping pattern motion to distribute the 
mixture evenly. The dishes were then incubated upside down at 37 °C for 
48 hours. The total number of LAB was expressed as colony-forming units 
per milliliter (CFU/mL) and calculated using the following formula.
“Colonies/mL” “=” “number of colonies ×”  “1” /”dilution factor” 

Determination of total yeast counts

The total yeast count was determined using the dilution method 
with Potato Dextrose Agar (PDA) as the growth medium (McKernan et al., 
2021). To stop the growth of unwanted bacteria during the yeast count, 
the PDA medium was mixed with chloramphenicol at a concentration of 
50 mg/L (Al Khatib et al., 2025). The procedure for counting yeast fol-
lowed the method described by Al-Baarri et al. (2020). A volume of 1 mL 
of the sample was added to 9 mL of 0.85% physiological NaCl solution 
and mixed using a vortex mixer. Serial dilutions were made up to 10⁻⁴. For 
the last three dilutions, 1 mL of the suspension was transferred duplicate 
into Petri dishes, which were then covered to avoid contamination. Next, 
15 mL of sterile PDA medium at 50°C was added with the lid slightly open.  
The Petri dishes were gently swirled in a looping pattern motion to spread 
the yeast cells evenly. After the medium solidified, the plates were incu-
bated upside down at 25°C for 48 hours. After incubation, yeast colonies 
were counted using the Total Plate Count (TPC) method, considering only 
plates with colony counts between 30 and 300 per dilution series. The 
colony counts were then converted into logarithmic form (log₁₀ CFU/mL) 
before statistical analysis.
“Total yeast (CFU/ml) = average number of colonies ×”  “1” /”dilution 
factor” 

Hedonic quality assessment

Hedonic quality assessment was based on a study by Pramono et 
al. (2025), which involved 25 semi-trained panelists aged 20 - 25 years. 
Panelists were given a series of samples, each labeled with a three-digit 
random code, along with an assessment form. They were asked to rate 
each hedonic attribute listed on the assessment form.The hedonic at-
tributes assessed included color, aroma, taste, texture, freshness, and 
overall preference.A five-point hedonic scale was used, with the following 
categories: 1 = strongly dislike, 2 = dislike, 3 = slightly like, 4 = like, and 
5 = strongly like.

Organoleptic quality assessment

The organoleptic evaluation used fresh kefir with butterfly pea flower 
extract added just before testing to keep the product quality high (Rizqia-
ti et al., 2025). A total of 30 trained panelists took part in the assessment. 
Each sample had a random three-digit code to reduce subjectivity during 
the evaluation. Panelists received questionnaires that included testing in-
structions, personal information forms, and details about the date and 
type of sample tested. Drinking water was available throughout the ses-
sion to help neutralize tastes between samples. The questionnaire was 
thoughtfully designed. It included rating scales for each attribute and 
open-ended questions for panelists to share additional comments or 
feedback on the tested products. The organoleptic attributes assessed 
were color, aroma, taste, texture, and soda sensation. Color was rated 
on a scale of 1 to 5, where 1 meant “not blue at all” and 5 signified “very 
blue.” Aroma and taste were judged based on acidity level, using the 
same scale, where 1 meant “not acidic at all” and 5 meant “very acidic.” 

Texture was rated by viscosity, with 1 meaning “not viscous at all” and 5 
meaning “very viscous.” Soda sensation was assessed on a scale from 1, 
“not carbonated at all,” to 5, “very carbonated.”

Statistical analysis

The data from physicochemical and microbiological tests were ana-
lyzed using parametric Analysis of Variance (ANOVA) at a 5% significance 
level. This was done with SPSS for Windows version 26.0. When signif-
icant differences were detected, Duncan’s Multiple Range Test (DMRT) 
was subsequently performed to identify differences between treatments. 
Sensory data were divided into hedonic and organoleptic evaluations. Or-
ganoleptic attributes assessed included taste, aroma, color, texture, and 
soda sensation, while hedonic evaluation additionally included overall 
acceptance. These sensory data were analyzed using the non-parametric 
Kruskal-Wallis test at a 5% significance level. In cases where significant 
differences were observed, pairwise comparisons were conducted using 
the Mann-Whitney U Test (Margareth et al., 2020). Antioxidant activity 
data were analyzed descriptively.

Results

Total acidity

The average total acidity values in goat milk kefir enriched with but-
terfly pea flower extract and supplemented with varying concentrations 
of High Fructose Syrup (HFS) exhibited an increasing pattern from treat-
ment T0 to T2, ranging from 1.81% to 1.96%. However, a decrease was 
observed in treatments T3 and T4, with the lowest total acidity value re-
corded in treatment T4 at 1.45%. No significant differences in total acidity 
were detected among treatments T0, T1, T2, and T3, whereas treatment 
T4 showed a significant difference compared to T0, T1, T2, and T3. This 
indicates a significant effect of the highest HFS concentration (10%) on 
total acidity.

pH value

The pH values of goat milk kefir with butterfly pea flower extract and 
different amounts of HFS were quite similar, between 3.86 and 3.95. Even 
though there was a slight decrease in pH values across treatments, sta-
tistical analysis showed no significant differences among them (P≥0.05). 
This means that adding various HFS concentrations did not noticeably 
change the pH of the kefir.

Total soluble solids

The total soluble solids (TSS) of goat milk kefir with butterfly pea 
flower extract and various concentrations of high fructose syrup (HFS) 
ranged from 8.18 ± 0.15 to 13.78 ± 0.21 °Brix. The highest TSS value 
was observed with the addition of 10% HFS, while the lowest value was 
observed with the treatment of 0% HFS. Statistical analysis using ANO-
VA showed that various concentrations of HFS had a significant effect 
(P<0.05) on the TSS values of goat milk kefir with butterfly pea flower 
extract. These results indicate that the TSS value increased progressively 
with increasing concentration of added HFS.

Antioxidant activity

The antioxidant activity of kefir showed different results for each 
treatment: T0 was 68.83%, T1 was 65.90%, T2 was 66.75%, T3 was 46.23%, 
and T4 was 42.64%. The antioxidant activity decreased significantly from 
68.83% to 42.64%. These indicate that the antioxidant activity of goat 
milk kefir with butterfly pea flower exract decreased with concentrations 
of added HFS.
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Total lactic acid bacteria

The total number of lactic acid bacteria (LAB) in goat milk kefir with 
butterfly pea flower extract and various concentrations of HFS ranged 
from 8.38±0.10 to 9.15±0.01 log CFU/mL. The lowest LAB count of 
8.38±0.10 log CFU/mL was observed in the treatment without HFS (0%), 
while the highest count of 9.15±0.01 log CFU/mL was observed in the 
treatment with 10% HFS. The addition of various concentration of HFS 
had a significant effect (P<0.05) on the total LAB count in goat milk kefir 
with butterfly pea flower extract. This indicates that the total LAB count 
increased proportionally with higher HFS concentrations.

Total yeast 

The average total yeast counts in goat milk kefir with butterfly pea 
flower extract and different HFS concentrations ranged from 5.98 to 6.49 
log CFU/mL. The Indonesian National Standard (2018) states that the 
minimum yeast culture requirement for fermented milk products like kefir 
is 1.0 × 10⁴ CFU/mL. This indicates that all produced kefir samples met the 
microbiological quality standards and have potential as probiotic foods. 
Statistical analysis showed no significant differences among treatments 
T0, T1, T2, T3, and T4 (P≥0.05).

Hedonic quality

Sensory evaluation results showed that varying HFS concentrations 
had no significant effect (P≥0.05) on the color attribute of goat milk ke-
fir enriched with butterfly pea flower extract. However, the addition of 
HFS at different concentrations significantly affected (P<0.05) the aro-
ma, taste, texture, carbonation sensation, and overall acceptance attri-
butes. The mean panelist scores for color ranged from 3.64±0.76 (T2) to 
4.16±0.80 (T4). The mean aroma scores ranged from 2.92±0.76 (T0) to 
3.68±0.80 (T4). The highest taste score was obtained in T4 with a rating 
of 4.12±0.93, while the lowest was in T1 with a score of 2.36±0.81. For 
texture, the highest panelist score was 4.04±0.73 (T4), and the lowest was 
3.20±0.91 (T1). The carbonation sensation was rated highest in T4 with 
a score of 4.00±0.91 and lowest in T0 with a score of 2.80±0.76. Overall 

Parameters
Treatments

T0 T1 T2 T3 T4

Total acidity (%) 1.81±0.085a 1.91±0.11a 1.96±0.11a 1.85±0.12a 1.45±0.11b

pH value 3.95±0.11 3.92±0.095 3.89±0.095 3.87±0.094 3.86±0.099

Total Soluble Solids (°Brix) 8.18±0.15a 9.08±0.15b 11.10±0.22c 12.60±0.18d 13.78±0.21e

Total LAB (log CFU/mL) 8.38±0.10a 8.56±0.18b 8.84±0.05c 8.97±0.06c 9.15±0.01d

Total yeast (log CFU/mL) 5.89±0.22 6.06±0.62 5.99±0.33 6.28±0.27 6.49±0.17

Attributes
Treatments

T0 T1 T2 T3 T4

Color 3.37±0.556 3.33±0.606 3.40±0.621 3.47±0.629 3.40±0.563

Aroma 3.10±0.885 3.37±0.890 3.63±0.809 3.60±0.968 3.33±0.758

Taste 3.87±0.900ab 4.30±0.651a 3.67±0.844bc 3.63±0.999bc 3.17±0.913c

Texture 2.63±0.850a 2.83±0.747ab 2.97±0.850abc 3.30±0.750bc 3.13±0.860bc

Soda sensation 2.27±0.907a 3.27±1.112b 3.80±1.095b 3.33±0.994b 3.37±0.890b

Attributes
Treatments

T0 T1 T2 T3 T4

Color 3.96±0.61 3.80±0.82 3.64±0.76 3.88±0.73 4.16±0.80

Aroma 2.92±0.76a 3.20±0.71a 3.20±0.76a 3.36±0.95ab 3.68±0.80b

Taste 2.36±0.81a 2.32±0.90a 2.92±0.64b 3.60±0.96c 4.12±0.93c

Texture 3.20±0.91a 3.28±0.74a 3.32±0.63a 3.68±0.56b 4.04±0.73b

Soda sensation 2.80±0.76a 3.00±0.76a 3.16±0.80ab 3.52±0.87bc 4.00±0.91c

Overall 2.68±0.75a 2.60±0.71a 3.24±0.66b 3.80±0.82c 4.44±0.65d

Superscript differences on the same basis indicate significant differences between treatments (P<0.05) with data displayed as the mean value of 5 replications±standard deviation. Hedonic 
quality assessment scale: (1) very dislike, (2) dislike, (3) somewhat like, (4) like, and (5) very like. T0, T1, T2, T3, and T4 are treatments with different HFS concentrations of 0%, 2.5%, 
5%, 7.5%, and 10%.

Superscript differences on the same basis indicate significant differences between treatments (P<0.05) with data displayed as the mean value of 5 replications±standard deviation. Hedonic 
quality assessment scale: (1) very dislike, (2) dislike, (3) somewhat like, (4) like, and (5) very like. T0, T1, T2, T3, and T4 are treatments with different HFS concentrations of 0%, 2.5%, 
5%, 7.5%, and 10%.

Superscript differences on the same basis indicate significant differences between treatments (P<0.05) with data displayed as the mean value of 5 replications±standard deviation. Hedonic 
quality assessment scale: (1) very dislike, (2) dislike, (3) somewhat like, (4) like, and (5) very like. T0, T1, T2, T3, and T4 are treatments with different HFS concentrations of 0%, 2.5%, 
5%, 7.5%, and 10%.

Table 3. Hedonic quality of goat milk kefir with butterfly pea flower extract.

Table 2. Organoleptic of goat milk kefir with butterfly pea flower extract.

Table 1. Chemical and Microbiological properties of goat milk kefir with butterfly pea flower extract.

Fig 1. Histogram of antioxidant activity of goat milk kefir with Butterfly pea flower extract.
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hedonic acceptability was highest in T4 with a score of 4.44±0.65 and 
lowest in T2 with a score of 2.60±0.71.

Organoleptic quality

The results on taste showed that adding High Fructose Syrup (HFS) to 
goat milk kefir enriched with butterfly pea flower extract did not greatly 
change the qualities of color and aroma. However, it did have a significant 
impact on taste, texture, and soda sensation. The average scores for or-
ganoleptic attributes were as follows: color ranged from 3.33±0.606 (T1) 
to 3.47±0.629 (T3), aroma from 3.10±0.885 (T0) to 3.63±0.809 (T2), taste 
from 3.17±0.913 (T4) to 4.30 ± 0.651 (T1), texture from 2.63±0.850 (T0) to 
3.30±0.750 (T3), and soda sensation from 2.27±0.907 (T0) to 3.80±1.095 
(T2). The similar scores for color and aroma led to no clear sensory differ-
ences identified by the panelists. This indicates that changes in HFS con-
centration did not create noticeable visual or aromatic differences in the 
goat milk kefir with butterfly pea flower extract. However, taste, texture, 
and soda sensation were significantly affected.

Discussion

The rise in total acidity at low to moderate levels was due to the 
support of microbial fermentation activity by HFS. However, at high con-
centration (T4), microbial activity decreased because osmotic pressure 
disrupted cell balance (Sica et al., 2024). Despite the drop seen at T4, all 
treatments met the Codex (2003) standards for kefir acidity, which are 
≥0.6% and 0.5–2.0%. This shows that the products remained safe and 
suitable for consumption. The reduction in acidity at high concentrations 
was also backed by the study of Zielińska et al. (2021). This study found 
that large amounts of HFS can slow fermentation and lower lactic acid 
production. Since total acidity and pH are inversely related in fermented 
dairy products, changes in total acidity directly affected the pH profile 
of the kefir. Treatments with higher total acidity generally had lower pH 
values. The decrease in acidity at T4 explains the smaller pH change in this 
group compared to the others.

	 In general, an increase in total acidity in kefir is linked to a 
decrease in pH (Fiorda et al., 2017). However, in the treatment with the 
highest HFS addition, total acidity went down while pH still showed a 
downward trend across all treatments. This suggests that the drop in 
pH was not only due to lactic acid buildup, but could also be caused 
by the formation of other organic acids like acetic, formic, or succinic 
acids. Changes in the buffering system due to the high sugar concen-
tration might also play a role (Lynch et al., 2021). Glucose and fructose 
from HFS are monosaccharides that microorganisms usually metabolize 
quickly. However, when sugar concentrations are high, osmotic stress can 
happen, which may suppress lactic acid bacteria activity and limit lactic 
acid production (Rizqiati et al., 2023). Additionally, microbial interactions 
during fermentation, such as competition for substrates between lactic 
acid bacteria and yeast, can affect metabolic pathways and the types of 
end-products formed. These changes in organic acid composition help 

explain why pH continued to drop even when total acidity did not in-
crease by the same amount.

Total soluble solids (TSS) indicate the sugar content of a substance, 
such as lactose in goat milk or fructose, the main component of high-fruc-
tose corn syrup (HFS). All inorganic and organic components, including 
organic acids, sucrose, and fermentation byproducts, are considered part 
of TSS (Suciati et al., 2024). The high fructose content in HFS contributes 
to the higher soluble solids concentration in goat milk kefir with butterfly 
pea flower extract. This increase in TSS is due to the ability of fructose 
to bind free water, thereby increasing the soluble solids concentration 
(Alfadila et al., 2020). The addition of excessive fructose as a sugar source 
can increase TSS levels but can also inhibit the metabolism of ferment-
ing microorganisms. Microbial growth can be suppressed if the substrate 
concentration is too high, leading to the accumulation of soluble solids in 
the final product (Effendi and Parhusip, 2021).

Butterfly pea flowers (Clitoria ternatea) are an important source of 
antioxidants and contain various bioactive compounds such as flavo-
noids, flavonol glycosides, anthocyanins, tannins, saponins, and phenolic 
compounds. All of these compounds contribute to improving the func-
tionality of goat milk kefir (Cahyaningsih et al., 2019). Experimental results 
showed that the addition of fructose syrup (HFS) at certain concentra-
tions can reduce the antioxidant content of goat milk kefir enriched with 
butterfly pea flower extract. This decrease in antioxidant activity is likely 
caused by the degradation of anthocyanins in the butterfly pea flower ex-
tract. The decrease in pH caused by increasing fructose concentration can 
lead to the formation of 5-hydroxymethyl-2-furfural (HMF), a substance 
that contributes to anthocyanin degradation (Fajarwati et al., 2017). Fur-
thermore, the acidic environment created by the production of organic 
acids can destabilize phenolic compounds, disrupt their interaction with 
DPPH, and reduce antioxidant activity (Puspitasari et al., 2017). Therefore, 
the addition of HFS should be optimized to maintain adequate antiox-
idant activity, as antioxidant activity is considered high if the inhibition 
rate exceeds 50% (Handayani et al., 2020).

The increase in total lactic acid bacteria (LAB) is due to the high fruc-
tose content in high-fructose corn syrup (HFS), which is readily metab-
olized by LAB. The addition of monosaccharides can increase the avail-
ability of carbon sources that support the growth of lactic acid bacteria 
(Chomphoosee et al., 2025). The addition of HFS encourages increased 
lactic acid bacteria activity on the fermentation substrate and lactic acid 
production, which in turn inhibits the growth of spoilage bacteria due to 
increased acidity. Increasing the HFS concentration provides more sugars, 
which stimulates the growth of LAB. This leads to an increase in total acid-
ity due to lactic acid production during fermentation. The decrease in pH 
at higher HFS concentrations is consistent with the increase in total acid-
ity, reflecting the metabolic activity of LAB. Kefir has shown antibacterial 
effects against various microorganisms, such as Staphylococcus aureus, 
Escherichia coli, and Salmonella Enteritidis (Farag et al., 2020). Further-
more, the presence of phenolic compounds in butterfly pea flowers (Cli-
toria ternatea) can increase microbial viability and improve the functional 
properties of the product (Souza et al., 2019). According to Codex Ali-
mentarius Commission (2003), fermented milk products should contain at 
least 1×10⁷ CFU/ml of viable microorganisms. These results indicate that 
all goat milk kefir samples enriched with butterfly pea extract and various 
HFS concentrations met the required microbiological standards.

The lack of significant differences in total yeast counts among treat-
ments shows that yeast was able to grow throughout the fermentation 
process, regardless of HFS concentration. In the early fermentation stage, 
when pH was still close to neutral, yeast could actively use HFS as a car-
bon source. However, as LAB activity increased, organic acid production 
gradually lowered the pH to below 4.0 by the end of fermentation. This 
change limited further yeast growth in the later stages. While high HFS 
concentrations might create hypertonic conditions that could hinder mi-
crobial activity due to osmotic stress (Rizqiati et al., 2023), the overall 
yeast population still increased compared to the initial stage. This stabil-

Fig. 2. Color of goat milk kefir with butterfly pea flower extract in each treat.
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ity across treatments may also result from helpful interactions between 
yeast and LAB. Yeast produces growth factors that benefit LAB, and LAB 
creates anaerobic conditions that help yeast survive (Cheng et al., 2024). 
The inverse relationship observed between final pH and total acidity in 
this study further indicates that microbial metabolism remained active 
in all treatments, despite the lack of statistically significant differences in 
yeast counts.

The analysis results showed that the addition of HFS significantly im-
pacted the hedonic attributes of aroma, taste, texture, carbonation sen-
sation, and overall acceptance. The color of goat milk kefir product was 
achieved by adding butterfly pea flower extract at a consistent concentra-
tion across all treatments, resulting in uniform coloration. The color pro-
duced by anthocyanins is known to vary with changes in the concentra-
tion of butterfly pea flower extract added to a product (Putri et al., 2022). 
The addition of HFS to goat milk kefir with butterfly pea flower extract 
increases microbial activity in production of volatile compounds, which 
can help mask the goat odor typically associated with goat milk. Further-
more, the addition of sugar can prevent the development of undesirable 
flavors, as higher sugar concentration often increase the sourness of kefir 
products (Surja et al., 2019).

HFS provides a sweet taste that can reduce the intensity of kefir’s 
natural sourness. The sourness in kefir is caused by the production of 
lactic and acetic acids as a result of sugar metabolism (Rohman et al., 
2019). Panelists’ preferences for specific products vary, with many pre-
ferring sweeter products. Although kefir viscosity is not always visually 
apparent, its texture varies between treatments, with panelists prefer a 
smooth and soft texture. Increasing the HFS concentration increases the 
water-sugar binding capacity, resulting in a thicker and creamier kefir tex-
ture (Raharjanti et al., 2019). The carbonation sensation in goat milk kefir 
with butterfly pea flower extract is caused by the production of carbon 
dioxide and alcohol. The yeasts in kefir grains play a role in the produc-
tion of these substances (Surja et al., 2019). This carbonation contributes 
to a refreshing sensation that increases panelists’ acceptance of the kefir 
product. The addition of HFS affects the taste, aroma, texture, and car-
bonation of kefir, thus influencing overall panelists’ acceptance. Overall 
hedonic evaluation plays a critical role in consumer acceptance of goat 
milk kefir with butterfly pea flower extract.

The color was consistent because all treatments used a steady 5% 
concentration of butterfly pea flower extract. Additionally, HFS had no 
pigment. Similarly, the insignificance of aroma differences was due to the 
dominance of the characteristic goat milk aroma and the minimal contri-
bution from HFS and butterfly pea extract. The taste attribute showed a 
decrease in sourness intensity with increasing HFS concentration. Treat-
ment T1, with low HFS concentration, received the highest sourness score, 
indicating that the characteristic kefir flavor remained strong. Conversely, 
at high HFS concentrations, sourness tended to be masked, suggesting 
an interaction between fermentation-derived acidic compounds and HFS 
as a flavor balancer. The acidic conditions during the fermentation pro-
cess caused the precipitation of milk proteins (casein), which played an 
important role in forming the thick texture of kefir. The kefir texture was 
influenced by the viscosity of HFS, which increased total dissolved solids 
(Bielska et al., 2021). Treatment T3 produced the thickest and most bal-
anced texture organoleptically. Meanwhile, the highest soda sensation 
was observed in treatment T2, which was attributed to the HFS level at 
this point, supporting optimal microbial fermentation for CO₂ production, 
thereby creating a pronounced carbonation sensation.

Conclusion

Based on the conducted research, the addition of High Fructose Syr-
up (HFS) to goat milk kefir enriched with butterfly pea flower extract was 
found to increase total acidity up to a certain concentration, while pH 
and total yeast counts remained consistent. Increasing HFS concentration 
caused a decrease in antioxidant activity and an increase in total soluble 

solids and lactic acid bacteria (LAB) counts. Sensory evaluation showed 
consistent color and aroma across samples, with improved scores for 
aroma, taste, texture, soda sensation, and overall acceptance. The most 
favorable kefir characteristics were achieved at HFS concentrations be-
tween 7.5% and 10%, indicating that HFS concentration significantly af-
fects the physicochemical, microbiological, and sensory properties of the 
product.

Acknowledgments

The authors would like to express their sincere gratitude to the Food 
Technology Study Program, Faculty of Animal and Agricultural Sciences, 
Universitas Diponegoro, for providing the facilities, academic guidance, 
and technical support throughout the research process. The assistance 
and contributions from laboratory staff and academic supervisors are also 
gratefully acknowledged.

Conflict of interest

The authors declare that no conflict of interest through any financial, 
personal, or other relationships with other people or organization related 
to the materials discussed in the manuscript.

References

Aksornsri, T., Haturapornchai, C., Jitsayen, N., Rojjanapaitoontip, P., Peanparkdee, 
M., 2023. Development of kombucha-like beverage using butterfly pea flower 
extract with the addition of tender coconut water. International Journal of Gas-
tronomy and Food Science 34, 1-10. 

Al Khatib, A., Abed, A., Nsairat, H., El-Tanani, M., Yaqoob, M., Al-Obaidi, H., 2025. 
Evaluation of chloramphenicol derivative N-phenyl 2, 2 dichloroacetamide an-
ticancer and antibacterial properties. Therapeutic Delivery 16, 431–445. 

Al-Baarri, A.N.M., Setianingsih, D.A., Pramono, Y.B., 2020. Yeast detection in mango 
flavored kefir from small scale manufacture in Semarang, Central Java, Indone-
sia. Journal of Applied Food Technology 7, 12–14. 

Alfadila, R., Anandito, R.B.K., Siswanti., 2020. Effects of sweeteners on physical, 
chemical, and sensory quality of soymilk ice cream with orange juice (Citrus 
sinensis) addition. Journal Agricultural Product Technology 13, 1-11.

Azizi, N.F., Kumar, M.R., Yeap, S.K., Abdullah, J.O., Khalid, M., Omar, A.R., Osman, 
M.A., Mortadza, S.A.S., Alitheen, N.B., 2021. Kefir and its biological activities. 
Foods 10, 1-26. 

Bielska, P., Cais-Sokolińska, D., Teichert, J., Biegalski, J., Kaczyński, L.K., Chudy, S., 
2021. Effect of honeydew honey addition on the water activity and water hold-
ing capacity of kefir in the context of its sensory acceptability. Scientific Reports 
11, 1-9. 

Birwal, P., Gautre, D., Gunjal, M., Rasane, P., Singh, J., Azad, M.S., 2025. Development 
of a lemongrass-based kefir beverage and evaluation of its quality of life. South 
African Journal of Botany 176, 37-48.

Cahyaningsih, E., Sandhi, P.E., Santoso, P., 2019. Phytochemical screening and anti-
oxidant activity of butterfly pea flower extract (Clitoria ternatea L.) using UV-Vis 
spectrophotometry. Medicamento Scintific Journal 5, 51-57.

Codex Alimentarius Commission, 2003. Codex Standard for Fermented Milks: CSX 
243-2003. https://fao.org (Accessed 30 June 2025). 

Effendi, V.P. Parhusip, A.J.N., 2021. Literature review of the physicochemical and mi-
crobiological quality specifications of water kefir with variations in substrate 
and starter concentrations. The Journal of Food Technology and Health 3, 66-
76.

Fajarwati, N.H., Parnanto, N.H.R., Manuhara, G.J., 2017. Effect of citric acid concentra-
tion and drying temperature on the physical, chemical and sensory characteris-
tics of dried candied chayote (Sechium edule Sw.) soaked in natural dyes from 
dark red roselle (Hibiscus sabdariffa L.) extract. Journal Agricultural Product 
Technology 10, 50-67.

Farag, M.A., Jomaa, S.A., Abd El-Wahed, A., El-Seedi, H.R., 2020. The many faces of 
kefir fermented dairy products: Quality characteristics, flavour chemistry, nutri-
tional value, health benefits, and safety. Nutrients 12, 1–23.

Fiorda, F.A., de Melo Pereira, G.V., Thomaz-Soccol, V., Rakshit, S.K., Pagnoncelli, 
M.G.B., de Souza Vandenberghe, L.P., Soccol, C.R., 2017. Microbiological, bio-
chemical, and functional aspects of sugary kefir fermentation-A review. Food 
Microbiology. 66, 86–95. 

Gavriloska, E.D., Kalevska, T., Dimitrovska, G., Kljusurić, J.G.K.G., 2023. Sensory and 
pH evaluations of novel varieties of kefir. Horizons-International Scientific Jour-
nal 1,77–90.

Handayani, S., Kurniawati, I., Rasyid, F.A., 2020. Antioxidant assay of ficus elastica 
leaf extract with DPPH (1,1-diphenyl-2- phycrilhydrazyl) free radical scavenging 
method. Galenika Pharmacy Journal 6, 141-150.

Cheng, T., Zhang, T., Zhang, P., He, X., Sadiq, F.A., Li, J., Sang, Y., Gao, J., 2024. The 
complex world of kefir: Structural insights and symbiotic relationships. Compre-
hensive Reviews in Food Science and Food Safety 23, e13364. 

Chomphoosee, T., Seesuriyachan, P., Wattanutchariya, W., Tipbunjong, C., Therd-
tatha, P., Techapun, C., Insomphun, C., Panti, N., Moukamnerd, C., 2025. A novel 

H. Rizqiati et al. /Journal of Advanced Veterinary Research (2025) Volume 15, Issue 5, 615-621

620



beverage of coffee cherry (cascara) water kefir rich in antioxidants, bioactive 
compounds, and exhibiting promising antibacterial sensory qualities. LWT: 
Food Science and Technology 219, 1-12.

Indonesian National Standard, 2018. SNI 7552-2018: Fermented Milk Beverages. 
https://pesta.bsn.go.id (Accessed 30 June 2025). 

Jeyaraj, E.J., Lim, Y.Y., Choo, W.S., 2021. Extraction methods of butterfly pea (Clitoria 
ternatea) flower and biological activities of its phytochemicals. Journal of Food 
Science and Technology 58, 2054-2067.

Kwan, T.H., Ong, K.L., Haque, M.A., Tang, W., Kulkarni, S., Lin, C.S.K., 2018. High fruc-
tosesyrup production from mixed food and beverage waste hydrolysate at lab-
oratory and pilot scales. Food and Bioproducts Processing 111, 141-152.

Lynch, K.M., Wilkinson, S., Daenen, L., Arendt, E.K., 2021. An update on water kefir: 
Microbiology, composition and production. International Journal of Food Mi-
crobiology 345, 1-18. 

M`hir, S., Ayed, L., Pasquale, E. Fanizza, A.Z.A., Tlais, R., Comparelli, M., Verni, R., La-
tronico, M., Gobbetti, R.D., Cagno, P., Filannino., 2024. Comparison of milk kefirs 
obtained from cow’s, ewe’s and goat’s milk: antioxidant role of microbial-de-
rived exopolysaccharides. Antioxidants 13, 1-16.

Manurung, J.R., Rizqiati, H., Bintoro, V.P., 2022. Viscosity, total acid, protein, and 
hedonic level of kefir made from buffalo milk with different concentration of 
kefir grain. Journal of Applied Food Technology 9, 1–4. 

Margareth, L.L., Nurwantoro, N., Rizqiati, H., 2020. Effect of different kefir grain start-
er concentration on yield, pH, CO2 content, and organoleptic properties of buf-
falo milk kefir. Journal of Applied Food Technology 7, 15–18. 

McKernan, K., Helbert, Y., Kane, L., Houde, N., Zhang, L., McLaughlin, S., 2021. Whole 
genome sequencing of colonies derived from cannabis flowers and the im-
pact of media selection on benchmarking total yeast and mold detection tools. 
F1000Research 10, 624. 

Nur`Aini, K., Prabaningtyas, S., Ferbisiantosa, A., Trinugraha, A.C., 2023. Evaluation 
of butterfly pea powder addition to cow`s milk kefir on the antibacterial activity 
against bacteria causing foodborne disease. IOP Conference Series: Earth and 
Environmental Science 137, 1-10.

Pramono, Y.B., Al-Baarri, A.N., Mulyani, S., Raharjanti, Z. Puspitoasih, A.D., 2025. To-
tal lactic acid bacteria, total dissolved solids, and organoleptic properties of 
cocogurt with the addition of stevia leaf extracts. Food Research 9, 111-116.

Puspitasari, Y., Palupi, R., Nurikasari, M., 2017. Analysis of vitamin C content of kom-
bucha tea based on fermentation time as an alternative drink for antioxidants. 
Global Health Science 2, 245-253.

Putri, S.R.P.,Saati, E.A., Damat, D., 2022. Physicochemical characteristics of manalagi 
apple (Malus sylvestris) fruit leather with the addition of butterfly pea flower 
extract (Clitoria ternatea) and gum arabic. Food Technology and Halal Science 
Journal 5, 15-31.

Raharjanti, Z., Pramono, Y.B., Al-Baarri, A.N., 2019. pH value and viscosity of co-
cogurt with addition stevia leaf extract. Journal Food Technology 3, 305-308.

Rizqiati, H., Nurwantoro, N., Abdullah, S.F.J., 2025. The effect of butterfly pea flower 

(Clitoria ternatea) extract addition on total dissolved solids, yeast count, to-
tal acidity, and organoleptic properties of water kefir. Journal of Applied Food 
Technology 12, 45–51. 

Rizqiati, H., Nurwantoro, N., Bramadita, A.M., 2023. Physicochemical, microbiological 
and organoleptic characteristics of rosella water kefir with sucrose sweetener. 
Jurnal Teknologi Hasil Pertanian 16, 84–93.

Rohman, A., Dwiloka, B., Rizqiati, H., 2019. Effect of fermentation time on acidity, 
total lactic acid bacteria, total yeast and hedonic quality green coconut (Cocos 
nucifera) water kefir. Journal Food Technology 3, 127-133.

Santos, W.M.D., Gomes, A.C.G., Nobre, M.S.D.C., Pereira, A.M.D.S., Pereira, E.V.D.S., 
Santos, K.M.O.D., Florentino, E.R., Buriti, F.C.A., 2023. Goat milk as a natural 
source of bioactive compounds and strategies to enhance the amount of these 
beneficial components. International Dairy Journal 137, 1-12.  

Satir, G., Seydim, Z.B.G., 2023. The effect of kefir fermentation on the protein profile 
and the monoterpenic bioactive compounds in goat milk. International Dairy 
Journal 137, 1-6.

Sica, P., Tonoli, F., Silverio, M.S., Douradinho, R., Mota, L.A., Prado, Leite, L.G.M.GL., 
Carvalho, R.S., Pinto, A.U., Baptista, A.S., 2024. Pre-adaptation of yeast (Sac-
charomyces cerevisiae) strains to very high gravity can improve fermentation 
parameters and reduce osmotic stress. Biomass Conversion and Biorefinery 15, 
1–15. 

Singh, S., Kaur, G., Brar, R.P.S., Preet, G.S., 2021. Goat milk composition and nutrition-
al value: A review. The Pharma Innovation Journal 10, 536–540. 

Souza, E.L., Albuquerque, T.M.R., Santos, A.S., Massa, N.M.L., Alves, J.L.B., 2019. 
Potential interactions among phenolic compounds and probiotics for mutual 
boosting of their health-promoting properties and food functionalities – a re-
view. Critical reviews in food science and nutrition 59, 1645-1659. 

Suciati, F., Mukminah, N., Fathurohman, F., Permady, E., 2024. Effect of various types 
of sugars on antioxidant activity and physico-chemical properties of kombucha 
fermented whey. Livestock Journal 21, 105-114.

Surja, L.L., Dwiloka, B., Rizqiati, H., 2019. Effect of high fructose syrup (HFS) addition 
on chemical and organoleptic properties of green coconut water kefir. Journal 
of Applied Food Technology 6, 3–8.

Turkmen, N., 2017. The nutritional Value and Health Benefits of Goat Milk Com-
ponents. In: Nutrients in Dairy and their Implications on Health and Disease. 
Academic Press, Cambridge, Massachusetts, pp. 441–449. 

Vignesh, A., Amal, T.C., Sarvalingam, A., Vasanth, K., 2024. A review on the influence 
of nutraceuticals and functional foods on health. Food Chemistry Advances 5, 
1-13.

Yilmaz, B., Sharma, H., Melekoglu, E., Ozogul, F., 2022. Recent developments in dairy 
kefir-derived lactic acid bacteria and their health benefits. Food Bioscience 46, 
1-12. 

Zielińska, D., Marciniak-Lukasiak, K., Karbowiak, M., Lukasiak, P., 2021. Effects of fruc-
tose and oligofructose addition on milk fermentation using novel Lactobacillus 
cultures to obtain high-quality yogurt-like products. Molecules 26, 1-19. 

H. Rizqiati et al. /Journal of Advanced Veterinary Research (2025) Volume 15, Issue 5, 615-621

621


