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INTRODUCTION
	
Diabetes is a chronic disease that occurs either 

when the pancreas does not produce enough insulin, 
or when the body cannot effectively use the insulin 
produced (WHO, 2016). This condition results in high 
blood glucose levels. Regulation of blood glucose 
levels through inhibition of glucose absorption in the 
intestine is one of therapeutic approach for manag-
ing type-2 diabetes including the use of ɑ-glucosidase 
inhibitors. α-Glucosidase is an enzyme located in the 
brush-border membrane of the intestine that catalyzes 
the transformation of complex carbohydrates into glu-
cose to be absorbed by the gut (Arungarinathan et al., 
2011). Inhibiting the activity of α-glucosidase can reduce 
glucose absorption, thereby decreasing blood glucose 
levels. The mechanism of α-glucosidase inhibitors has 
been used in therapeutic drugs for type-2 diabetes such 
as acarbose. However, the use of acarbose, a synthetic 
drug, has certain side effects such as abdominal pain, 
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ABSTRACT

This study aimed to evaluate the anti-diabetic potency by in vitro method and the characteristics 
of probiotic goat-milk yogurt supplemented with roselle extract during cold storage. The experiment 
used three treatments namely yogurt, probiotic yogurt, and probiotic yogurt supplemented with 
roselle extract. Yogurt was stored in cold storage (4 oC) and was evaluated for the characteristics and 
anti-diabetic potency on days 0, 5, 10, and 15. The anti-diabetic potency was analyzed by a-glucosi-
dase inhibitory activity. The results showed that goat milk in this study had a good quality including 
fat, SNF, protein, lactose content, density, and freezing point. Roselle extract had anti-diabetic po-
tency with 87.72% inhibition at 25% concentration and also had 13.64% IC50 value. The anti-diabetic 
potency was affected by the type of yogurt, storage duration, and their interaction (P<0.05). Viscosity 
and water activity were affected by storage duration (P<0.05), meanwhile titratable acidity and pH 
value were affected by the type of yogurt. Total lactic acid bacteria were affected by storage dura-
tion, and there was an interaction between the type of yogurt and storage duration. In conclusion, 
probiotic yogurt supplemented with roselle extract had the highest anti-diabetic potency among all 
treatments with 36.70% inhibition. The inhibitory activity of probiotic yogurt supplemented with 
roselle extract decreased during 15 days of cold storage. The inhibition was comparable with acar-
bose at 0.1-0.5 ppm concentration. Physical, chemical, and microbiological characteristics of yogurt in 
this study were good and could be consumed up to 15 days of cold storage.

Keywords: yogurt, goat milk, probiotic, roselle extract, anti-diabetic potency

flatulence, and possibly diarrhea (Nakhaee & Sanjari, 
2013).

Functional foods are food that can be satisfactorily 
demonstrated to affect beneficially one or more target 
functions in the body, beyond adequate nutritional ef-
fects, in a way relevant to an improved state of health 
and well-being and or reduced the risk of diseases 
(Jitendra & Amit, 2015). One of the most popular func-
tional foods is yogurt. Yogurt is fermented milk using 
lactic acid bacteria as starter culture. Mixed culture of 
Streptococcus thermophilus and Lactobacillus bulgaricus are 
commonly used as starter culture for yogurt, but both 
of them cannot survive in the digestive tract. Therefore, 
it requires probiotics that not only capable of surviving 
passage through the digestive tract but also have the 
capability to proliferate in the gut. Lactobacillus acidophi-
lus IIA-2B4 is one of the probiotics that can be used as 
a starter culture. L. acidophilus IIA-2B4 was isolated 
from beef obtained from Indonesian cattle, Peranakan 
Ongole (Arief et al., 2015). These bacteria had met the 
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requirements to be classified as probiotic and also had 
displayed a remarkable ability to prevent EPEC-causing 
diarrhea (Arief et al., 2010). These bacteria had been 
used as a starter culture for yogurt and fermented lamb 
sausage (Suharto et al., 2016; Sulaiman et al., 2016). In 
this research, L. acidophilus IIA-2B4 was used as a pro-
biotic. Yogurt is commonly made from cow milk, but 
there is the other milk that can be used such as goat 
milk. Although the production of goat milk is lower 
compared to cow milk, there are many advantages of 
goat over cow milk from a nutritional point of view 
including smaller and a greater surface area of milk fat 
globules and casein micelles allowing a better digestion, 
a higher proportion of fatty acids with health benefits, 
and casein composition closer to human casein composi-
tion associated with a lower allergenicity (Arora et al., 
2013).

Yogurt has much functionalities, including its po-
tency as an anti-diabetic food through the mechanism 
of α-glucosidase inhibition (Apostolidis et al., 2006). 
Yogurt generates bioactive peptide during fermentation 
through proteolysis activity. Several bioactive peptides 
found to be able to inhibit the activity of α-glucosidase 
enzyme (Lacroix & Li-Chan, 2013). Probiotic also has 
been reported to have an anti-diabetic effect. Zeng et al. 
(2016) reported that Lactobacilli probiotic has a potency 
to be anti-diabetic probiotics due to its ability to act as 
α-glucosidase inhibitor.

Currently, yogurt is served with the addition of a 
natural agent to improve the functional properties and 
also for food diversity. Roselle (Hibiscus sabdariffa L.) 
is one of natural agents that can be added to yogurt. 
Roselle is known as a folk medicinal plant. The plant 
is mostly appreciated for its anthocyanin and organic 
acids contents (Al-Mandawi, 2015). Recent studies have 
shown that plant-based food containing high phenolic 
compounds and flavonoids yield can be linked to intes-
tinal α-glucosidase inhibitory activities (Abou-arab et al., 
2011). Goat milk yogurt with addition of L. acidophilus 
IIA-2B4 and roselle extract had been studied previously 
and reported to have antihypertensive, antimicrobial, 
and antioxidant activity (Arief et al., 2016; Hanifah et al., 
2016; Suharto et al., 2016). To our knowledge, another 
potency of goat milk yogurt with addition of L. acidophi-
lus IIA-2B4 and roselle extract that has not been report-
ed is anti-diabetic potency. The anti-diabetic potency is 
certainly coupled with the good quality of yogurt and is 
expected to be durable through storage. However, the 
quality and functionality of food product such as yogurt 
may change during storage. Therefore, the objective of 
this study was to evaluate the anti-diabetic potency 
by in vitro method and the characteristics of probiotic 
yogurt made from goat milk supplemented with roselle 
extract during cold storage.

MATERIALS AND METHODS

Materials

Goat milk was obtained from Cordero Farm, 
Bogor, Indonesia. Yogurt cultures starter (S. thermophiles 

RRAM-01, L. bulgaricus RRAM-01, and L. acidophilus IIA-
2B4 1:1:1) were obtained from culture collection of the 
Laboratory of Animal Product Technology, Faculty of 
Animal Science, Bogor Agricultural University. Roselle 
flowers were obtained from Gunung Batu traditional 
market, Bogor, Indonesia.

Analysis of Raw Goat-Milk Quality

The qualities of raw goat milk including fat, solid 
non-fat (SNF), protein, and lactose contents, density and 
freezing point were analyzed using Lactoscan SP60 se-
rial number 0129.

Roselle Extraction

A 50-mesh sieve dried roselle-flowers powder was 
dissolved in the water (20 g: 100 mL) and pasteurized 
at 63-65 oC for 30 min. The filtrate was evaporated and 
lyophilized to yield a freeze-dried roselle extract. The 
freeze-dried roselle extract kept in freezer (20 oC) for 
subsequent use (Modification Tsai et al., 2002).

Yogurt Production

Bacteria used as starter in this research were 
sub-cultured by inoculating 10% of yogurt starter into 
sterile milk, and then incubated at 37 oC for 18 h to form 
coagulation in order to obtain bulk culture. Goats milk 
was heated at 85-90 oC for 35 min, then cooled until the 
temperature reached 40-45 oC. Bulk culture containing S. 
thermophillus RRAM-01 and L. bulgaricus RRAM-01 (1:1) 
were added to goats milk for yogurt treatment, and bulk 
culture containing S. thermophillus RRAM-01, L. bul-
garicus RRAM-01, and L. acidophilus IIA-2B4 (1:1:1) were 
added to goats milk for probiotic yogurt and roselle 
probiotic yogurt treatment. Incubation was conducted at 
37 oC for 16 h to form coagulation. Then, it was added 
with 1% of roselle extract for roselle probiotic yogurt 
treatment. All types of yogurt were stored at cold tem-
perature (±4 oC) with different storage times (Donkor et 
al., 2006)

Analysis of Yogurt Quality

The quality of yogurt was determined for its vis-
cosity by Rion VT-04F viscotester (Japan), water activ-
ity by Novasina aw meter ms1 set aw (Swiss), titratable 
acidity, pH by pH meter Schoot Instrument Lab 850 
(Deutschland) (AOAC, 2005), and Total lactic acid bac-
teria (BAM, 2001).

Yogurt Extraction (Shori & Baba, 2014)

The amount of 10 g of sample was homogenized 
with 2.5 mL of sterile distilled water, and the pH was 
adjusted to 4.0 using 1 M HCl. The mixture was incu-
bated in waterbath at 45 oC for 10 min, then centrifuged 
(10060 g, 4 oC 10 min). The supernatant was harvested, 
and the pH was adjusted to 7.0 using NaOH (0.5 M) fol-
lowed by another centrifugation (10060 g, 4 oC 10 min). 
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The supernatant was harvested and kept refrigerated 
until subsequent analysis.

α-Glucosidase Assay (Sancheti et al., 2009)

A 10 µL of sample (acarbose, roselle extract, yogurt 
extract), 50 µL of 0,1M phosphate buffer (pH 7), 25 µL 
of α-glucosidase solution (0.04 U/mL), and 25 µL of 
P-nitrophenyl ɑ-D-glucopyranoside 10 mM were dis-
solved in 0.1 M phosphate buffer pH 7.0. The mixtures 
were then incubated at 37 oC for 30 min. The reaction 
was terminated by the addition of 100 µL of 0.2 M so-
dium carbonate. Absorbance was recorded at 410 nm 
using micro plate reader. All experiments were carried 
out in triplicates.

Statistical Analysis

The experimental design used in this study was a 
randomized block design with a 3 x 4 factorial arrange-
ment. The first factor was the type of yogurt consisted 
of 3 levels i.e., yogurt, prebiotic yogurt, and prebiotic 
yogurt supplemented with roselle extract. The second 
factor was duration of storage in cold temperature con-
sisted of 4 levels i.e., 0, 5, 10, and 15 days. An ANOVA 
was performed using the general linear model’s pro-
cedure to determine the significant differences among 
the samples. Means were compared using Least square 
Means procedure. Three replications were used in this 
study. All statistical analysis were performed using SAS 
version 9.0 (SAS Institute Inc., Cary, NC, USA) (Steel & 
Torrie, 1980).

RESULTS

Quality of Raw Goat-Milk

The quality of raw goat-milk used in this study 
is shown in Table 1. The data were compared to 
Indonesian National Standard 01-3141-2011 for raw milk 
and Thai Agricultural Standard 6006-2008 for raw goat-
milk. Fat and protein contents in this milk had fulfilled 
Indonesian National Standard and Thai Agricultural 
Standard, solid non-fat had fulfilled Indonesian 
National Standard, and freezing point had fulfilled Thai 
Agricultural Standard. However, the density was below 
Indonesian National Standard and Thai Agricultural 
Standard. Goat milk in this study contained 3.54% 
lactose.

α-Glucosidase Inhibitory Activity of Acarbose

Acarbose was used in this study as a positive 
control. Data of α-glucosidase inhibitory activity of acar-
bose is shown in Table 2. The data showed that acarbose 
had a strong α-glucosidase inhibitory activity. Various 
concentrations of acarbose were used in this study and 
showed inhibitions from 24.88% to 96.27% with 2.69 
ppm IC50 value. 

Characteristics of Roselle Extract

Roselle extract in this experiment was analyzed for 
its pH, moisture content, yield, α-glucosidase inhibitory 
activity, and IC50 value. The results showed that roselle 
extract has 2.34 pH value, 18.76% yield, and contained 
11.67% moisture content (Table 3). The α-glucosidase 
inhibitory activity of roselle extract at the highest con-
centration (25%) was 87.72% with 13.64% IC50 value.

Physical, Chemical, and Microbiological Quality of 
Yogurt

The viscosity of yogurt in this experiment was 
significantly affected by storage duration (P<0.05), but it 
was not affected by the type of yogurt (Table 4). There 
was no interaction between the type of yogurt and stor-
age duration. On the day-5 of cold storage, the viscosity 
values significantly increased (P<0.05), and then stable 
until day-15 of cold storage. The water activity value 
(Table 4) was significantly affected by the storage dura-
tion (P<0.05), but it was not significantly affected by 
the type of yogurt (Table 4). There was no interaction 
between the storage duration and the type of yogurt. 
Water activity value obtained ranged from 0.80 to 0.83. 

Note: 	SNI= Indonesian National Standard No 01-3141-2011 year 2011; 
TAS= Thai Agricultural Standard No 6006-2008 year 2008.

Variables Cordero farm SNIa TASb

Fat (%) 8.89 Min 3 >4
SNF (%) 7.82 Min 7.8 >8.25
Density (g/mL) 1.024 Min 1.027 1.028
Lactose (%) 3.54 - -
Protein (%) 3.7 Min 2.8 >3.4 to 3.7
Freeze point (oC) -0.462 -0.520 to -0.560 <-0.530

Table 1. Quality of goat milk

Table 2.	 Concentration and α-glucosidase inhibitory activity of 
acarbose

Sample Concentration 
(ppm)

Inhibition 
(%)

IC50 
(ppm)

Acarbose 0.1 24.88±0.98 2.69±0.02
0.5 33.45±0.00
1 41.23±0.00
5 73.59±3.75
10 96.27±0.04

Table 3. Characteristics of roselle extract

Variables
pH 2.34±0.01
Water content (% bb) 11.67±0.39
Rendemen (%) 18.76
Concentration (%) Inhibition of 

α-glucosidase (%)
IC50 (%)

0.1 4.52±0.00 13.64±0.13
0.5 10.78±0.01
5 31.21±0.46
20 68.26±0.00
25 87.72±6.63
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The value of water activity increased during 15 days of 
cold storage.

The pH value of yogurt in this experiment was sig-
nificantly (P<0.05) affected by the type of yogurt, but it 
was not affected by the storage duration (Table 4). There 
was no interaction between the storage duration and 
the type of yogurt. The averages of pH values from the 
highest to the lowest were 4.36, 3.85, and 3.71 for yogurt, 
probiotic yogurt, and probiotic yogurt supplemented 
with roselle extract, respectively. The type of yogurt had 
shown to significantly affect titratable acidity (P<0.05), 
meanwhile the storage duration did not significantly 
affect titratable acidity of yogurt.  There was no interac-
tion between the type of yogurt and the storage dura-
tion. The averages of titratable acidity from the lowest 
to the highest for yogurt, probiotic yogurt, and probiotic 
yogurt supplemented with roselle extract were 1.23%, 
1.47%, and 1.84%, respectively (Table 4). Titratable acid-
ity of all types of yogurt were stable during 15 days of 
cold storage. The population of lactic acid bacteria was 
significantly affected (P<0.05) by the storage duration 
(Table 4). Total lactic acid bacteria of yogurt was stable 
during 15 days of cold storage, meanwhile the popula-
tion of lactic acid bacteria on probiotic yogurt and pro-
biotic yogurt supplemented with roselle decreased on 
day-5, then stable until day-15. There was an interaction 
between the type of yogurt and the storage duration 
(P<0.05).

α-Glucosidase Inhibitory Activity of Yogurt

The α-glucosidase inhibitory activity was sig-
nificantly affected (P<0.05) by both types of yogurt and 

storage duration as was shown in Figure 1. There was 
also an interaction between the type of yogurt and the 
storage duration (P<0.05). Probiotic yogurt supple-
mented with roselle extract had the highest activity 
with 36.70% inhibition. The activity of probiotic yogurt 
supplemented with roselle extract was able to compare 
with acarbose at 0.1-0.5 ppm concentration (Table 2). 
The inhibitory activity of probiotic yogurt supple-
mented with roselle extract was significantly higher 
than those of yogurt and probiotic yogurt, but there was 
no significant difference between yogurt and probiotic 
yogurt. α-Glucosidase inhibitory activity of yogurt and 
probiotic yogurt were found to be consistent during 15 
days of cold storage, meanwhile, the inhibition activity 

Table 4. Physical, chemical, and microbiological qualities of yogurt during cold storage

Variables Type of 
yogurt

Storage duration (days on-)
Average

0 5 10 15
Viscosity (dPa.s) Y 3.11±0.01 3.52±0.1 3.59±0.07 3.59±0.11 3.45±0.08

PY 3.22±0.01 3.49±0.12 3.50±0.05 3.57±0.02 3.45±0.05
PYR 3.17±0.14 3.47±0.26 3.49±0.07 3.47±0.06 3.40±0.13

Average 3.17±0.05ᵇ 3.49±0.17ᵃ 3.53±0.06ᵃ 3.54±0.06ᵃ
Water activity Y 0.82±0.01 0.83±0.01 0.83±0.01 0.82±0.01 0.83±0.01

PY 0.82±0.01 0.81±0.01 0.82±0.01 0.83±0.01 0.82±0.01
PYR 0.80±0.00 0.81±0.03 0.82±0.01 0.83±0.01 0.82±0.01

Average 0.81±0.01ᵇ 0.82±0.02ab 0.83±0.01ᵃ 0.83±0.01ᵃ
pH Y 4.37±0.04 4.36±0.05 4.38±0.07 4.34±0.02 4.36±0.04ᵃ

PY 3.80±0.01 3.85±0.06 3.86±0.02 3.87±0.04 3.85±0.03ᵇ
PYR 3.65±0.04 3.72±0.04 3.73±0.01 3.74±0.04 3.71±0.03c

Average 3.94±0.03 3.98±0.05 3.99±0.03 3.98±0.04
Titratable acidity 
(%)

Y 1.06±0.05 1.33±0.09 1.31±0.19 1.20±0.16 1.23±0.12ᵃ
PY 1.45±0.06 1.49±0.31 1.50±0.15 1.44±0.28 1.47±0.20ᵇ

PYR 1.89±0.14 1.88±0.27 1.80±0.31 1.80±0.09 1.84±0.21c
Average 1.47±0.08 1.57±0.23 1.54±0.22 1.48±0.18
Total LAB (Log 
cfu/mL)

Y 9.23±0.20ᵇ 9.18±0.29ᵇ 9.17±0.28ᵇ 9.13±0.25ᵇ 9.18±0.25
PY 9.48±0.09ᵃ 9.01±0.19bc 9.01±0.16bc 9.00±0.04bc 9.13±0.12

PYR 9.47±0.10ᵃ 9.03±0.17bc 8.87±0.07c 8.85±0.12c 9.05±0.12
Average 9.39±0.13 9.07±0.22 9.02±0.17 8.99±0.14

Note: 	Mean in the same row or column with different superscripts differ significantly (P<0.05); Y= yogurt; PY= Probiotic yogurt; PYR= Probiotic yogurt 
yoselle.

Figure 1. 	α-Glucosidase inhibitory activity of yogurt (-•-), pro-
biotic yogurt (-■-) and probiotic yogurt supplement-
ed with extract Roselle (-▲-) during 15 days of cold 
storage
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of probiotic yogurt supplemented with roselle extract 
decreased on day-5 and day-15 of cold storage.

DISCUSSION

The Quality of Raw Goat Milk

Fat content of goat milk in this study was classified 
into premium grade which had above 4% fat content 
according to Thai Agricultural Standard. Fat content is 
influenced by the quality and quantity of feeds, genet-
ics, and the stage of lactation (Getaneh et al., 2016). 
Digestible fibre contained in the feeds increases the ace-
tic acid availability for milk fat synthesis and stimulates 
energy partitioning towards milk synthesis instead of 
body fat reserve deposition (Jaafar et al., 2018). Protein 
content was classified into a good grade according to 
Thai Agricultural Standard. Goat milk in this study had 
the same protein content with goat milk in the study 
conducted by Cyrilla et al. (2015) that is 3.70%. Protein 
content in goat milk is affected by protein content in the 
feeds. Feed with high protein content contributes to the 
increasing of milk protein content (Jaafar et al., 2018). 
Usually, concentrate becomes the source of protein 
for goat. The protein content is an important feature of 
the milk that determines the market value of the milk 
(Guetouache et al., 2014).

Freezing point of milk in this study had fulfilled 
Thai Agricultural Standard. The freezing point of milk 
depends upon the concentration of water-soluble com-
ponents. As milk is more diluted, the freezing point 
will raise closer to zero (Zagorska & Ciprovica, 2013). 
The percentage of solid non-fat had fulfilled Indonesian 
National Standard. Solid non-fat content is affected by 
protein and lactose content. The higher protein and lac-
tose contents in milk contribute to the higher solid non-
fat content. Lactose is a main carbohydrate contained in 
milk. Lactose in this milk is also a main source of energy 
for the growth of lactic acid bacteria in fermented milk. 
Milk density was below standard. It might be due to the 
high content of fat on milk. The density of milk depends 
on fat and solid contents because fat have lower density 
than water. 

α-Glucosidase Inhibitory Activity of Acarbose

Acarbose is a commercial drug for diabetes 
management with the mechanism of α-glucosidase 
inhibition (Arungarinathan et al., 2011). The data in 
Table 2 show that acarbose had a strong α-glucosidase 
inhibitory activity with 2.69 ppm IC50 value. This result 
is consistent with the result reported by Sulistyani et al. 
(2011) that acarbose had lower IC50 value i.e., 2.154 ppm. 
Acarbose belongs to the group of noninsulinotropic oral 
anti-diabetic agents through inhibition of α-glucosidase 
activity. To enable glucose uptake and absorption by the 
body and its availability as an energy source, intestinal 
cleavage of starch and oligosaccharides is necessary, 
because only monosaccharide that can be taken up into 
the blood. Oligosaccharides are cleaved into monosac-
charide by enzyme complexes called α-glucosidase, 
which are present in the brush border membrane of 

the small intestine. Acarbose is structurally similar to 
natural oligosaccharides, but has a 104 to 105 time higher 
affinity for α-glucosidase which means these enzymes 
are completely inhibited. Thus, monosaccharide forma-
tion decreases and less insulin is required for further 
metabolism, leading to a reduction of food-induced 
postprandial increases in blood glucose and insulin 
(Rosak & Mertes, 2012).

Characteristics of Roselle Extract

The pH value of roselle extract in this experiment 
was higher than that in the research of Kilima et al. 
(2014) who obtained 2.26, but similar to Chumsri et al. 
(2008) who obtained 2.30-2.38. The pH value of roselle 
extract was low and acid. The acidity in roselle extract 
is contributed by organic acids such as citric, malic, 
tartaric, hibiscus, succinic, oxalic, and ascorbic acids 
(Cid-Ortega & Guerrero-Beltran, 2014). Roselle extract in 
this experiment had low moisture content because there 
was a freeze-drying process. Freeze-drying technol-
ogy is currently used in food industry to produce better 
quality and flavour of dried food products. The advan-
tages of freeze-dried product was minimal shrinkage or 
structural change, minimal change in odor, flavour and 
color, and the prevention of bacterial spoilage because 
freeze-drying process could remove water content and 
decreased water activity (Hariyadi, 2013).

Roselle extract in this experiment proved to have 
α-glucosidase inhibitory activity. That inhibitory activ-
ity might be due to the presence of dietary phytochemi-
cals in roselle extracts such as anthocyanin, flavonoids, 
and phenolic compounds. Previous study by Hanifah et 
al. (2016) who used the same method of extraction and 
solvent with this study showed that aqueous extracts 
of roselle positively contained phenol hydroquinone, 
flavonoid, triterpenoid, steroid, and tannin. The pres-
ence of phenolic compound and flavonoid promotes 
roselle extract to exhibit anti-diabetic activity. Phenolic 
compound and flavonoid contained in roselle extract act 
as inhibitors of α-glucosidase enzyme. It was found that 
non-covalent interactions occur between polyphenols 
and enzymes (proteins). The phenolic groups can form 
hydrogen bonds with the polar groups of enzyme. 
In contrast, there are many hydrophobic amino acids 
found in enzymes (protein). Therefore, polyphenols 
can bind enzymes through hydrophobic association 
(Asgar, 2013). Roselle extract affected the α-glucosidase 
inhibitory activity. Roselle extract with high content of 
anthocyanins and phenolic compounds could possibly 
increase α-glucosidase inhibitory activity. α-Glucosidase 
inhibitory activity of roselle extract obtained in this 
study was lower than that of Roselle extract and ethanol 
extract of roselle in the study of Ademiluyi & Oboh 
(2013) and Gondokesumo et al. (2017) who obtained IC50 
values of 25.2 µg/mL and 15.81 µg/mL, respectively. 
This lower activity might be due to the difference of ex-
traction method, type of solvent, and the ratio of roselle 
and solvent used. Nevertheless, IC50 value of roselle ex-
tract was higher than acarbose (Table 2), indicating that 
acarbose had a stronger inhibition activity.
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Physical, Chemical, and Microbiological Quality of 
Yogurt

Storage duration of yogurt in cold temperature 
(±4 oC) increased the viscosity of yogurt on day 5. The 
increase in viscosity could be due to the existence of 
exopolysaccharide. Exopolysaccharide produced by 
lactic acid bacteria acts as a protection from extreme 
environmental conditions. These exopolysaccharides 
are produced at the stationary phase of bacteria. 
Exopolysaccharide can act as a stabilizer, emulsifier, 
thicker, and has a good water-binding ability (Nudyanto 
& Zubaidah, 2014). Astawan et al. (2012) stated that 
cooling and storage process after fermentation increased 
viscosity caused by protein hydration and compaction 
of yogurt gel structure. The viscosities on day 5 until 
day 15 of cold storage were almost similar because the 
temperature remain stable at ±4 oC and the production 
of exopolysaccharide by lactic acid bacteria was not as 
much as from day 0 until day 5. Meanwhile, on the day 
0, the yogurt was assessed for its viscosity right after 
incubation process at 37 oC temperature and then placed 
in cold temperature (±4 oC); it was a shocking tempera-
ture changes for bacteria. 

Microorganisms have different minimum levels of 
water activity for growth. Higher aw substances tend to 
support more microorganisms. On the range of water 
activity value obtained in this experiment, bacteria 
possibly did not grow because according to Abbas et al. 
(2009), most of bacteria could not grow at water activity 
below 0.90, meanwhile most of molds that had a typical 
growth limits of water activity at 0.70-0.80 was possible 
to grow. The water activity value increased during 15 
days of cold storage. This increase in water activity 
might be due to the molecular degradation by micro-
organism on yogurt resulting in the release of bound 
water.

As expected, yogurt treatment in this experiment 
had the highest pH due to the strains used in this treat-
ment only S. thermophillus and L. bulgaricus. Meanwhile, 
probiotic yogurt which contained L. acidophilus IIA-2B4 
as addition had lower pH. This decrease in pH is pos-
sible since the higher lactic acid bacteria present in 
the yogurt, the higher acid compounds are produced. 
Probiotic yogurt supplemented with roselle extract 
in this experiment had the lowest pH value due to the 
presence of roselle extract. Roselle extract in this ex-
periment had pH 2.34. The organic acids, oxalic, tartaric, 
ascorbic, citric, and malic were found to exist in roselle 
(Al-Mandawi, 2015). Organic acid contained in roselle 
extract contributed to the increase of total acid and the 
decrease of pH.  During 15 days of cold storage, pH 
values of yogurt in this experiment were stable. The sta-
bility of pH value was caused by the low temperature at 
cold storage (±4 oC). In addition, the lactic acid bacteria 
used in this experiment might have passed logarithmic 
phase when fermentation process was completed, so the 
decrease of pH was not occured during the storage.

Titratable acidity obtained in this experiment 
ranged from 1.06% to 1.89%. These percentages meet 
the requirement of SNI for titratable acidity of yogurt 
which is ranged from 0.5% to 2.0% (BSNI, 2009). The 

titratable acidity in yogurt was inversely proportional to 
the pH value in Table 3. These results were in line with 
Tomovska et al. (2016) who reported the decrease in pH 
value and an increase in titratable acidity in fermented 
milk. The content of titratable acidity of probiotic yogurt 
was shown to be higher than yogurt due to the presence 
of L. acidophilus IIA-2B4 as a probiotic. The addition 
of L. acidophilus IIA-2B4 has resulted in a fast lactic 
acid production. Probiotic yogurt supplemented with 
roselle extract had the highest titratable acidity among 
all treatments. This high titratable acidity was due to 
the addition of roselle extract besides the presence of L. 
acidophilus IIA-2B4. The increase in titratable acidity due 
to the addition of roselle extract was possibly related to 
the high content of organic acid and proved to have pH 
2.34. Abdel-Moemin (2016) reported that a high percent-
age of organic acids contained in roselle contributed 
to the titratable acidity. El-Baily (2016) also reported 
that total acidity was increased gradually by increasing 
roselle percentage. In line with pH value, the titratable 
acidity in this experiment was found to be consistence 
during 15 days of cold storage.

The population of LAB in probiotic yogurt and pro-
biotic yogurt supplemented with roselle extract on day-
0 was not significantly different, but both had a higher 
population than yogurt. This difference was due to the 
strain used as a starter culture in yogurt only 2 strains, 
namely S. thermophillus and L. bulgaricus, meanwhile 
probiotic yogurt and probiotic yogurt supplemented 
with roselle extract used 3 strains with the addition of  
L. acidophilus IIA-2B4. The use of mixed strain culture 
resulted in a fast fermentation process.

The decrease in total LAB on day-5 was occurred 
because of the lack of substrate. Substrate becomes a 
factor affecting microbial growth. Lactic acid bacteria in 
this experiment might be in a stationary phase during 
cold storage. In this phase, the rate of bacterial growth 
was equal to the rate of death, and the growth rate be-
gan to decline (Marwati et al., 2018). Papadimitriou et al. 
(2016) stated that the LAB enters stationary phase due 
to the exhaustion of nutrients and/or the accumulation 
of toxic metabolic product in their environment dur-
ing growth. Sulistijowati (2012) also stated that during 
stationary phase, lactic acid bacteria competed to get 
nutrient. Therefore, on probiotic yogurt and probiotic 
yogurt supplemented with roselle which used 3 strains 
of bacteria, the competition became stricter. Population 
of lactic acid bacteria in probiotic yogurt supplemented 
with roselle extract decreased more quickly. This higher 
decrease in the population of lactic acid bacteria was 
due to the addition of roselle extract that had antimi-
crobial activity. Research conducted by Malelak et al. 
(2017) showed that the addition of 2% and 3% of Roselle 
extract on se’i decreased total plate count number due 
to the antimicrobial content in the roselle. The anti-
microbial activity is contributed by its phytochemical 
constituents such as flavonoids, tannins, and saponins 
(Al-Mamun et al., 2011). These compounds have the 
ability to form combined complex with bacterial walls 
(Purbowati et al., 2015). Nevertheless, total LAB in this 
experiment during 15 days of cold storage still fulfill the 
standard for the presence of viable bacteria in yogurt. 
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National Standardization Agency of Indonesia has 
established a standard that requires the presence of ≥107 
colony/g in yogurt (BSNI, 2009), meanwhile CODEX 
(2003) requires 106 cfu/mL for minimum viable bacteria 
in yogurt.

α-Glucosidase Inhibitory Activity of Yogurt

Yogurts in this experiment were found to have 
α-glucosidase inhibitory activity. The ability of yogurt 
to inhibit α-glucosidase activity due to the presence of 
bioactive peptides produced through proteolysis by 
LAB. During fermentation, protein contained in the 
goat milk was degraded by LAB into peptides. In these 
processes, varieties of peptides were formed. Once 
liberated and absorbed, these bioactive peptides may 
exert a physiological effect on the body. The activity of 
these peptides was based on their inherent amino acid 
compositions and the sequences. Many milk-derived 
peptides reveal multifunctional properties because 
specific peptide sequences might exert two or more 
different biological activities (Tidona et al., 2009). In the 
previous study conducted by Arief et al. (2016), goat 
milk yogurt using L. acidophilus IIA-2B4 proved to have 
11.41-12.80 µg/mL peptide content with <10 kDa frag-
ments. Those bioactive peptides proved to have antihy-
pertensive potency through inhibition of angiotensin 
converting enzyme. Patil et al. (2015) stated that milk-
derived peptides were capable of inhibiting the activity 
of α-glucosidase so that could be used as ingredients for 
functional food for the management of diabetes. Lacroix 
& Li-Chan (2013) found that whey protein hydrolysates 
obtained from dairy protein displayed α-glucosidase in-
hibitory activity. It had been suggested that the binding 
ability of bioactive peptide to the active site or another 
side of enzyme resulting in a decrease in enzyme activi-
ties. Through inhibition of α-glucosidase enzyme, the 
absorption of glucose could be retarded; as a result, less 
glucose was absorbed because the carbohydrates were 
not rapidly hydrolyzed down into glucose molecules. 
The effect of these inhibitors was to decrease the current 
blood glucose level or act as anti-diabetes. Even Yu et al. 
(2011) found the sequence of bioactive peptides derived 
from egg white protein that could inhibit α-glucosidase 
activity. α-Glucosidase inhibitory activities of yogurt 
and probiotic yogurt in this experiment were found to 
be higher than that of cow milk yogurt in the research 
of Shori & Baba (2014) which obtained 11.3% inhibition. 
The differences can be attributed to the type of strains 
and milk used.

The highest α-glucosidase inhibitory activity of 
probiotic yogurt supplemented with roselle extract 
indicated that the addition of roselle extract enhanced 
the inhibitory activity. Roselle extract in this experi-
ment had α-glucosidase inhibitory activity by 87.72% 
at 0.25% concentration which comparable to acarbose 
at 5 ppm concentration (Table 3). That inhibitory 
activity occurs due to the presence of phytochemical 
compounds in roselle extract such as anthocyanins, 
flavonoids, and phenolic compounds. Anthocyanins 
are sub-types of organic compounds of flavonoid fam-

ily and are members of a large group of compounds. It 
was proven by the previous study that the used of the 
same extraction method and solvent with this study 
that aqueous extracts of roselle positively contained 
phenol hydroquinone, flavonoid, triterpenoid, steroid, 
and tannin (Hanifah et al. 2016). The presence of phe-
nolic compound and flavonoid promote roselle extract 
to exhibit anti-diabetic activity. Phenolic compound 
and flavonoid contained in the roselle extract act as 
inhibitors of α-glucosidase enzyme. The interaction 
between chemical compound from roselle extract 
and α-glucosidase enzyme caused the changes in the 
enzyme’s molecular configuration and hydrophilic 
and hydrophobic properties, resulting in a decrease in 
enzyme activities (Adisakwatanna et al., 2012). Shori & 
Baba (2014) conducted a similar research using medici-
nal plant as a supplementation in yogurt and obtained 
15.2% α-glucosidase inhibitory activity from cow milk 
yogurt supplemented with Allium sativum extract.

Although yogurt and probiotic yogurt had less 
inhibition activities than probiotic yogurt supplemented 
with roselle extract, during 15 days of cold storage  
the α-glucosidase inhibitory activity of yogurt and 
probiotic yogurt were stable, meanwhile the activity 
of probiotic yogurt supplemented with roselle extract 
decreased from 36.70% to 24.27%. This decrease was 
due to the loss of anthocyanin stability in the roselle 
extract. Anthocyanins are highly unstable molecules 
in food matrix. The stability is strongly affected by 
pH, solvents, temperature, anthocyanin concentration 
and structure, oxygen, light, enzymes, and other ac-
companying substances (Arueya & Akomolafe, 2014). 
Lawin & Kongbangkerd (2010) showed the decrease in 
antioxidant activity of yogurt supplemented with roselle 
syrup during 6 days of cold storage due to the loss of 
anthocyanins stability. This result show that even in the 
cold temperature, there is a possibility of anthocyanin 
losing its stability. The decrease in α-glucosidase inhibi-
tory activity of yogurt was also found in the research of 
Shori & Baba (2014) from 15.2% to 12.8% during 21 days 
of cold storage. Nevertheless, yogurt, probiotic yogurt, 
and probiotic yogurt supplemented with roselle extract 
still have α-glucosidase inhibitory activity up to 15 days 
of cold storage.

CONCLUSION

Probiotic yogurt supplemented with roselle extract 
had the highest anti-diabetic potency among all treat-
ments with 36.70% α-glucosidase inhibitory activity. The 
inhibitory activity of probiotic yogurt supplemented 
with roselle extract decreased during 15 days cold stor-
age, but the inhibition was comparable with acarbose 
at 0.1-0.5 ppm concentration. Physical, chemical, and 
microbiological characteristics of yogurt in this study 
were good and could be consumed up to 15 days of cold 
storage.
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