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ABSTRACT

The aimed to analyze the effect of protein-sourced supplementary foods for pregnant women with CED 
to improve fetal growth. The pre-post study test involved 44 pregnant women with a Mid Upper Arm 
Circumference (MUAC) of <23.5cm in Bogor City, West Java. The subjects were divided into two groups, 
first was the PG group, consist of pregnant women who received the protein-sourced supplementary 
foods. The second was the PCG group where the pregnant women recieved the standard government 
supplementary food (GSF) for eight weeks. Data regarding the fetal growth was obtained using USG, 
the inidactor measured were the femur length and estimated fetal weight. The increase of femur length 
and estimated fetal weight were used as the fetal growth parameters. Analysis of Covariance was applied 
to obtain the effect of intervention by controlling other covariate variables. The result showed that 
the improvement of estimated fetal weight (EFW) and femur length (FL) in both groups were similar 
(p>0.05). Despite the fact that the PG group showed lower compliance compared to the PCG (p>0.05). 
The findings suggest that our protein-sourced supplementary foods had a similar effect with the GSF on 
fetal growth of pregnant women with CED.
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INTRODUCTION

The anabolic and catabolic processes 
during pregnancy leads to increase in maternal 
nutritional need to ensure optimal fetal growth 
(Brown 2005).  Inadequate nutritional intake 
during pregnancy causes substantial implications 
and increases maternal and offspring risks of poor 
outcomes (Wu et al. 2012; Black & Heidkamp 
2018). Chronic energy deficiency (CED) is a 
common nutrition problem for pregnant women 
in the developing countries. In Indonesia, women 
with a mid-upper arm circumference (MUAC) 
of below 23.5cm are classified as having CED 
(Kemenkes RI 2013). In 2007, the prevalence 
of CED among pregnant women was 13.6% and 
increased to 24.2% in 2013, however it declined 
in 2018 to 17.3% (Kemenkes RI 2007; Kemenkes 
RI 2013; Kemenkes RI 2018a). According 
to WHO (1995), CED is considered as poor 
nutritional condition.

The main cause for maternal CED are 
inadequate intake of energy and protein during 
pregnancy. About 53.9% and 51.9% of pregnant 
women in Indonesia were deficient in energy and 
protein (Kemenkes RI 2018b). While, inadequate 
nutritional intake during pregnancy leads to 

fetal growth failure, IUGR (Intrauterine Growth 
Retardation), low birth weight (LBW), preterm 
delivery, and birth defects (Wu et al. 2012; Black 
& Heidkamp 2018). The prevalence of newborn 
with birth length <48 cm had increased from 
20.2% in 2013 to 22.7% in 2018 (Kemenkes 
RI 2013; Kemenkes RI 2018a). Short birth 
length may result in stunting, a growth failure 
in children under 5 years. Stunting is considered 
as public health nutritional problem, since the 
prevalence of stunting in Indonesia was 30.8% 
(Kemenkes RI 2018a). Several health problems 
may occur as the result of stunting and lead to 
reduction of individual productivity in the future 
(TNP2K 2017). Stunting prevention starts from 
the first 1,000 days of life which include nutrition 
during pregancy.

Maternal supplementary feeding during 
pregnancy can support the improvement of 
maternal nutritional status (Dewey 2016). 
Balanced energy-protein supplementation 
(protein <25% of total energy in supplement) 
which given in the second trimester of pregnancy 
can significantly increase fetal weight, and if 
given at late pregnancy can improve fetal growth, 
increase birth weight and birth length, and also 
reduce the percentage of LBW up to 6%. The 
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protein content in supplementary food should 
be at least 12.3% to be efficient on improving 
fetal growth (Liberato et al. 2013). According 
to Imdad dan Bhutta (2012), balanced energy-
protein supplementation is more effective on 
increasing birth weight and reducing LBW in 
pregnant women with poor nutritional status than 
pregnant women with normal nutritional status.
Indonesian national program to fulfill nutritional 
needs of CED pregnant women has been done 
since 2016. The Ministry of Health in Republic 
of Indonesia distributes biscuits as supplementary 
food for pregnant women with CED (Kemenkes 
RI 2017). Thus, accessibility to the intervention is 
still a problem. Several studies about the efficacy 
of supplementary food CED pregnant women 
had beed conducted in Indonesia by measuring 
several indicators, such as hemoglobin levels 
(Sairuroh 2019), but none of it measure the fetal 
growth. This study aimed to determine the effect 
of protein-source supplementary foods given for 
pregnant women with CED on their fetal growth.

METHODS

Design, location, and time
This research was a pre-post test 

experimental study which was conducted from 
December 2018 to April 2019 and took place in 
8 Community Health Centers in Bogor City. The 
research location was chosen based on the highest 
prevalence of maternal CED in Bogor according 
to Bogor City Public Health Office. Baseline and 
endline data collection were conducted in Klinik 
Medika Utama, Bogor. Ethical approval for this 
research was issued by the Ethics Committee 
for Research Involving Human Subjects, IPB 
University No:129/IT3.KEPMSM-IPB/SK/2018.

Sampling
The subjects of this research were pregnant 

women in the second trimester of pregnancy. The 
inclusion criterias were pregnant women aged 
16–35 years old, Mid Upper Arm Circumference 
(MUAC) <23.5 cm, carried singleton pregnancy, 
and signed the informed consent. While the 
exclusion criterias were pregnant women whose 
allergic to eggs or nuts, had high blood pressure 
(diastolic blood pressure ≥90mmHg) (WHO 
2011), had high random blood glucose (≥11.1 
mmol/L) (WHO 2013), and suffered from chronic 
disease.

Screening process was performed before 
the baseline data collection. Screening process 
was conducted two times due to inadequate 
number of subjects for both groups. The first 
screening process was done to collect subjects for 
the intervention group (PG) group and 39 women 
were selected to follow the procedure, however 7 
women did not come to baseline data collection, 
resulting 32 women to continue the procedure. 5 
women were excluded from this study because 4 
women were pregnant >7 months and 1 woman 
had anembryonic pregnancy. 

Meanwhile, the second screening process 
was done to collect subjects for the positive 
control group (PCG) and 25 women were 
selected to follow the procedure with 22 women 
continued the procedure since 3 women did not 
come to baseline data collection. 1 woman was 
excluded because she was >7 months pregnant. 
48 women, with 27 women in PG and 21 women 
in PCG, were selected to follow the intervention 
period. Four subjects were dropped-out during 
the intervention period. 3 women in PG and 1 
woman in PCG were dropped-out because they 
did not consume the intervention products for a 
week, resulting in 24 women in PG and 20 women 
in PCG to continue the intervention. Pregnant 
women with CED belong to critical group, thus 
treatment should be given, and hence we need the 
PCG. The sample size calculation was conducted 
based on the study of Kaseb et al. (2002).

Procedure
Screening process was conducted in an 

eight predetermined community health center. 
The designated subjects who fulfill the inclusion 
criteria were asked to come to the location of 
baseline data collection. Maternal characteristics 
were collected using questionnaire. Maternal 
anthropometric data, namely weight, height, and 
MUAC were measured on digital weight scale, 
stature meter, and measuring tape respectively. 
Fetal growth, indicated by femur length (FL) and 
estimated fetal weight (EFW) was measured with 
an ultrasonography (USG) and was compared 
to a standard fetal growth scheme (Kiserud 
et al. 2017). Finger prick blood sample for 
haemoglobin (Hb) and random blood glucose 
level collection were performed using different 
lancets. The Hb was analyzed using HemoCue, 
while random blood glucose level was analyzed 
using a Glucometer. Maternal food intakes were 
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estimated using 1x24 hours food recall which 
was performed every two weeks during the 
intervention period. Maternal food intake before 
the intervention was measured by food frequency 
questionnaire (FFQ).

Subjects were distributed into two groups, 
PG and PCG, and were obliged to consume the 
products, the high protein supplementary food 
and the government biscuits for 8 weeks. Subjects 
in PG were given three types of protein-sourced 
supplementary foods in the form of snackbar 
(SB), instant powdered-drink (IPD), and instant 
cream soup (ICS), whereas subjects in PCG were 
given government supplementary food (GSF) 
in the form of biscuit. The products were given 
alternately, with SB to be given solely for the 
1st to 3rd week. And the addition of two other 
products were given as a combination with SB 
start from the 4th to 8th week. ICS and IPD were 
never given solely to the subjects, but always 
given as combination with SB. The average of 
protein content of the three products was 18.2% 
and this percentage meets the criteria of balanced 
energy-protein supplementary food according 
to Liberato et al. (2013). These products are 
also considered as protein-sourced food since 
the protein content is >20% of nutrition label 
recommendation per 100 g products. The nutrient 
content of each supplementary food are shown in 
Table 1.

The subjects received new products once 
a week which were delivered directly to them. 
PG subjects received 14 packages of products 
and were requested to consume 2 packages per 
day, that equal to 100 g of supplemented food. 
Whereas, PCG subjects received 7 packages of 
product with 3 pieces of biscuits in each package, 
and were asked to consume one package per 
day. Each package of biscuits weighed 60 g. 

The products’ consumption was monitored using 
a compliance form to record daily products 
consumption. The compliance form, used 
package, and product-waste should be returned 
once a week. After eight weeks, endline data 
collection was performed.

Data analysis
The collected data was processed and 

analyzed by using Microsoft Excel 2013 and 
SPSS Version 16.0. Maternal characteristics were 
analyzed descriptively. Independent t-test or 
Mann-Whitney test was performed to analyze the 
difference between the two groups. Paired T-test 
was performed to analyze the difference of fetal 
growth after intervention. Adjusted ANCOVA 
analyses was performed to determine the effect 
of intervention on fetal growth by adjusting the 
covariate variables. 

RESULTS AND DISCUSSION

Maternal characteristics
Maternal characteristics, namely maternal 

age, age of gestation, gap between pregnancy, 
parity, history of stillbirth, pre-pregnancy body 
mass index (BMI), and MUAC were examined 
and none showed any significant difference 
(Table 2).

Most subjects in the PG and PCG were 
aged between 17–25 years with a mean maternal 
aged  of 25.92±4.4 years and 23.95±3.6 years, 
respectively. The maternal age range with the 
lowest risk is 20–30 years (Bellieni 2016). 
Teen pregnancies increases the risk of pre-term 
labor, Low Birth Weight (LBW), post-partum 
hemorrhage, and maternal or infant mortality 
(Kemenkes RI 2015). The gestation age in both 
groups were ranged between 19–21 weeks. 
During this period, accelerated fetal growth, 
structural development, and the beginning of 
functional activity start to occur (Wiknjosastro et 
al. 1992).

Most of the subjects had a gap between 
pregnancy of more than two years, this in line 
to the WHO recommendation (2006). Almost 
all of the subjects belonged to the nullipara and 
primipara. Mothers who have had >5 parity 
have higher risks of fetal macrosomia, diabetes 
mellitus, and pregnancy induced hypertension 
(Alsammani & Ahmed 2015). A few of subjects 
had experienced miscarriage. Teen pregnancies, 

Tabel 1. Nutrient content of supplemented foods 
	  per 100 gram

Nutrient content
Protein-sourced 

supplementary foods GSF
ICS IPD SB

Energy (kkal) 432 423 447 487
Protein (g) 30.2 14.3 15.3 10.1
Fat (g) 14.2 9.9 21.4 20.9
Carbohydrate (g) 48.6 70.5 52.0 66.7

ICS: Instant cream soup; IPD: Instant powdered-drink; SB: 
Snackbar; GSF: Government supplementary food
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as well as advanced maternal age, and maternal 
malnutrition are the risk factors of miscarriage 
(Metwally et al. 2010). Mean maternal pre-
pregnancy BMI in the PG and PCG groups 
were 18.82±2.2 kg/m2 dan 18.7±2.1 kg/m2, 
respectively. Despite all mothers involved in 
the study had a MUAC of below 23.5 cm, only 
around half were categorized as underweight 
based on their BMI in both groups. According 
to Fakier et al. (2017) MUAC can significantly 
define maternal nutritional status up to 30 weeks 
of pregnancy.

Maternal nutrient intake (other than 
supplemented foods)

Mean nutrients intake were obtained using 
the 24 hours food recalls which were conducted 
four times through intervention period. All 
mean nutrients intake of subjects in both groups 
were below the dietary recommendation intake 
for pregnant women (AKG 2013) the subjects 

nutrient adequacy level was below 70%. The 
mean intake of all nutrients in both groups did 
not differ significantly (Table 3).

The mean energy intake in both groups 
were below the daily recommendation intake 
for pregnant women, which was 2,550 kkal per 
day. The subjects’ mean energy intake in both 
groups were approximately 1,600 kkal. The 
level of energy intake during the gestational 
period correlated significantly with the infant 
birth weight. Maternal energy intake  of below 
1,500 kkal will result in infant LBW (Durrani & 
Rani 2011). The subjects’ low energy intake was 
caused by low frequency in food consumption, 
which was less than 3 times a day. Low frequent 
food intake during pregnancy increases the risk 
of maternal CED (Engidaw et al. 2019).

The mean protein intake of the subjects in 
both groups were approximately 55 g per day, 
while the recommendation of protein intake 
for pregnant women is 76 g per day. According 

Table 2. Maternal characteristics in intervention group and positive control group

Indicators
Group

p valuePG
(n=24)

PCG
(n=20)

Maternal age (years) 25.92±4.4 23.95±3.6 0.118

<17 years (n,%) 1 (4.2) 0 (0.0)
17-25 years (n,%) 13 (54.2) 14 (70.0)
>25 years (n,%) 10 (41.6) 6 (30.0)

Gestation age (weeks) 19.7±4.1 20.9±3.8 0.313

Pregnancy gap2 0.408

<24 months (n,%) 5 (20.8) 3 (15.0)

>24 months (n,%) 10 (41.6) 7 (35.0)

1st pregnancy (n,%) 9 (37.6) 10 (50.0)

Parity2 0.550

Nullipara (n,%) 10 (41.6) 9 (45.0)

Primipara (n,%) 10 (41.6) 10 (50.0)

Multipara (n,%) 4 (16.7) 1 (5.0)

Miscarriage2 0.526

Yes (n,%) 4 (16.7) 2 (10.0)

No (n,%) 20 (83.3) 18 (90.0)

Pre-pregnancy BMI (kg/m2) 18.82±2.2 18.7±2.1 0.865

Underweight (n, %) 11 (45.8) 11 (55.0)

Normal (n, %) 13 (54.2) 9 (45.0)

MUAC (cm) 21.35±1.2 21.28±1.3 0.848
Independent T-test: 2Mann-Whitney; Significant at p<0.05; PG: Intervention Group; PCG: Positive Control Group; MUAC: Mid Upper Arm 
Circumference
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to Kominiarek & Rajan (2016), the minimum 
amount of daily protein intake to assure optimal 
fetal growth during pregnancy is 60 g per day. 
The low protein intake happened because of low 
intake of protein-sourceds foods consumption 
as obtained through FFQ. This low protein 
intake can lead to impaired fetal growth and 
development, cretinism, and IUGR (intrauterine 
growth restriction) (Wu et al. 2012).

According to Kemenkes RI (2014), the 
total fat intake should comprise 20–30% of the 
daily calories intake. The mean of maternal fat 
adequacy level for both groups were higher than 
the recommendation. On the other hand, the total 
carbohydrate intake should comprise 45–65% of 
daily calories intake (Kemenkes RI 2014). The 
mean maternal carbohydrate adequacy level of 
both groups were considered to be sufficient. 
This condition showed that all of the subjects had 
low energy intake, with fat and carbohydrate as 
the major macronutrient sources for their daily 
calories intake.

The recommended type of fatty acid 
during pregnancy are docosahexaenoic acid and 
eicosapentaenoic acid, which are beneficial for 
fetal brain development and proper functioning 
of the retina (Danielewicz et al. 2017). The major 
fat source of subjects were saturated fatty acid 
because most of the subjects consumed fried food 
in their daily food intake. Frequent high saturated 
fats consumption during pregnancy causes 
maternal and infant implications, such as anemia, 
impaired fetal growth and development, and 
LBW and/or excess weight (Santana et al. 2015). 
A study conducted using animal model showed 
that maternal high saturated fats consumption 
increased the plasma total cholesterol and low 

density lipoprotein cholesterol concentrations in 
the offsprings (Chechi & Cheema 2006).

Complex carbohydrate is recommended 
for pregnant women to improve the function 
of gut microbiome (Danielewicz et al. 2017). 
Maternal carbohydrate source in this study were 
mostly simple carbohydrate in the form of white 
rice or flour-based food. According to Starling et 
al. (2017), pregnant women with high intake of 
eggs, starchy vegetables, and nonwhole grains 
was correlated with higher maternal fasting 
glucose and greater newborn adiposity, than 
the pregnant women with high intake of whole 
grains, poultry, nuts, and cheese. 

Compliance level of supplementary foods 
consumption

Maternal compliance level in PG was lower 
than PCG and the difference  was statistically 
significant (Table 4). The low compliance level 
in PG group happened because there were three 
variances of products with diverse tastes and 
serving methods. Meanwhile the GSF which 
were given to subjects in PCG was more efficient 
and easy to be consumed, so the compliance 
level was higher.

The compliance level of each products 
in the PG were described in Figure 1. Low 
compliance level on ICS and IPD consumption 
might happened because of subjects’ infamiliarity 
to consume those products as supplementary 
foods, especially ICS which was uncommon to 
be consumed in Indonesia. Cream soup should 
be consumed as an appetizer or main course 
(Setiawati et al. 2017). The subjects could not 
consumed the entire ICS since it was way too 
fulfilling if consumed as supplementary food.

Table 3. Mean nutrient intake and adequacy level of subjects in intervention group and positive control 
	  group

Nutrients Intake and adequacy level Group p-value
PG PCG

Energy Intake (kkal) 1,619±480 1,687±436 0.631
Adequacy (%) 63.5±18.8 66.1±17.1 0.629

Protein2 Intake (g) 56.3±17.7 55.5±13.8 0.962
Adequacy (%) 74.1±23.3 73.0±18.2 0.953

Fat Intake (g) 55.0±18.2 61.7±19.4 0.241
Adequacy (%) 30.6±4.1 32.8±4.2 0.240

Carbohydrate2 Intake (g) 224.6±70.0 234.4±64.8 0.580
Adequacy (%) 55.4±4.5 55.5±3.4 0.580

Independent T-test: 2Mann-Whitney; Significant at p<0.05; PG: Intervention group; PCG: Positive control group
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IPD should be dissolved by hot water. 
However, although it had been already dissolved 
by hot water, it still had thick texture and not-
entirely dissolved, so it contained residual which 
stayed in the mouth and left certain after taste 
after being swallowed. Similar with the IPD, the 
ICS had the same problems and resulted in low 
compliance level. Moreover, ICS was uncommon 
for the subjects, so majority of the subjects 
disliked the product.  The highest compliance of 
protein sourced supplementary foods was from 
the SB, since the product was more efficient to 
be served and the taste was also more preferable 
than the others. Figure 1 Compliance level of 
each supplemented foods in PG.

Effect of protein-sourced supplementary foods 
on fetal growth

Fetal growth was determined by using 
two indicators, femur length (FL) and estimated 
fetal weight (EFW). Table 5 indicated the 
average growth of fetuses in each gestation 
week. Low birthweight may happened due to 
intrauterine growth restriction, preterm delivery, 
or both. Birthweight is also a determinant risk 
of noncommunicable diseases occurence, with 
cardiovascular disease, type II diabetes mellitus, 
and obesity as the prominent evidences.  Fetal 
growth observation should be done during 
pregnancy period as an early detection of 
imbalanced fetal growth. According to Kiserud et 
al. (2017) the fetal growth in both groups were 
already in accordance with the current gestation 
week, however there was no difference in both 
measurement of indicators in both groups.

The FL and EFW in both groups had 
improved significantly at the endline data 
collection (Table 6). However, the difference in 
both groups were not significant. Thus the PG 

had a similar effect with GSF in the PCG on 
fetal growth regardless of its lower compliance. 
After the covariate variables were adjusted using 
ANCOVA analysis, the result also showed no 
significant effect of the two supplementary foods 
on fetal growth.

The small impact of the supplementary 
food on fetal growth may occur because of the 
short intervention period and low compliance to 
the supplements. This result was similar to Nahar 
et al. (2009) who reported that small impact of 
supplementary food on maternal weight gain, and 
the difference could be explained by the time of 
supplementation starts, compliance, scheduled 
monitoring and supervision, also the nutrient 
content of the supplements. The compliance level 
in PG was significantly lower than the PCG and 
resulted on the products’ nutrient contents were 
partially consumed. However, it can be assumed 
that if the protein-sourced supplementary foods 
has a better compliance, it will give better 
result than the GSF. A better compliance of 
supplemented food showed an increase in infant 
mean birth weight up to 180 g (Tabrizi et al. 
2019). Malnourished and anemic women tended 
to have higher proportions on LBW (Mahajan 
et al. 2009), However, intervention to improve 
their nutritional status such as administration 
of supplementary food  showed more positive 
effects on lowering LBW and preterm births in 
this group (Tabrizi et al. 2019).

Based on the adjusted ANCOVA analysis, 
the covariate factors which were affecting the 
fetal growth were the maternal height for FL 
(p<0.05) and the gestational age, both for FL and 

Figure 1.  Compliance level of each supplemented 
                foods in PG

Table 4  Subjects distribution according to level 
	  of compliance

Compliance
Group

p
valuePG

(n=24)
PCG

(n=20)

65.0±9.1 85.3±2.6 0.000*

High (≥70%) 7 (30.4) 17 (85.0)

Moderate (50-70%) 14 (56.6) 1 (5.0)

Low (<50%) 3 (17.0) 2 (10.0)
Independent T-test: Significant at p<0.05; PG: Intervention 
group; PCG: Positive control group
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EFW (p<0.05). This study was started when the 
subjects were in the 2nd trimester of pregnancy 
and ended in the 3rd trimester of pregnancy. 
Maternal height gave the information on genetic 
potentials of the offsprings. Fetal FL was found 
to be positively related with maternal height on 
the last stage of pregnancy (29 weeks to birth) 
(Wills et al. 2010). Another study also showed 
similar effect and stated that positive relation 
between maternal height and fetal FL on singleton 
pregnancy at 25 weeks of pregnancy (Goldenberg 
et al. 1993).

Both of the fetal growth indicators in this 
study were positively correlated with gestational 
age. Women experienced hormone secretion 

changes during pregnancy which resulted on 
the alteration of carbohydrate, fat, and protein 
function. Adaptive responses were developed 
during pregnancy to ensure sufficient nutrient 
for fetus, regardless of the maternal nutritional 
status (Williamson 2006). Fetal growth increase 
rapidly at the last trimester of pregnancy, marked 
by the rapid growth and improvement of brain 
and organs functions (Santrock 2012).  However, 
poor outcomes might still be present both for 
mothers and the offsprings, such as increase of 
maternal and infant mortality, preterm delivery, 
and infant LBW, if the maternal nutritional needs 
still not be fulfilled (Erick 2008; Medhin et al. 
2010).

Table 5.  Average growth of fetuses in each gestation week in both groups

Group Fetal measurement
Gestation week

21–25 26–30 31–35 36–38

PG Estimated fetal weight (g) 567.5±194.4 1,290,7±300.0 222.8±349.9 2,540±56.6

Femur length (mm) 41.1±3.6 54.4±3.5 64.7±3.7 70.9±0

Total 4 6 12 2

PCG Estimated fetal weight (g) 388 1,187±302.7 1,956,4±330.1 2,974±185.3

Femur length (mm) 32.9 52.9±4.6 62.6±3.6 73.9±1.6

Total 1 5 12 2
PG: Intervention group; PCG: Positive control group

Table 6.  Effect of variation of protein-sourced supplementary foods on fetal growth 

Growth Group p-value
PG PCG

Femur length (mm)
Baseline 31.28±12.2 33.97±12.4
Endline 58.70±10.0    59.8±9.4
p-value1 0.000* 0.000*

Δ2 27.42±5.0 25.85±6.1 0.357
Adjusted Ancova3 (26.692) (26.722) 0.982

Estimated fetal weight (g)
Baseline 408.08±297.46    474.65±270.89
Endline 1,740,29±743.09 1,787,4±669.6
p-value1 0.000* 0.000*

Δ2 1,332,21±515. 9 1,312,75±487.0 0.899
Adjusted Ancova3 (1,250) (1,411) 0.293

1Paired T-test: Significant at p<0.05
2Independent T-test: Significant at p<0.05
3ANCOVA: Significant at p<0.05; Covariate: Maternal age, maternal height, maternal pre-pregnancy BMI, gestational age gain, maternal 
weight gain, parity
PG: Intervention Group; PCG: Positive control group
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CONCLUSION

The protein-sourced supplementary foods 
had lower compliance level than GSF, however 
both intervention showed similar effects on 
fetal growth (adjusted ANCOVA) (p>0.05). The 
main factors that affected the fetal growth were 
gestational age and maternal height. Optimal 
nutritional intake and supplementary food 
consumption based on the recommendations for 
CED pregnant women  can improve fetal growth. 
Improvement on the organoleptic aspects of 
the current product may lead to increase in the 
compliance level, hence it may show better result 
on fetal growth. In addition, longer intervention 
period and addition of micronutrients to the 
product may also support improvement on fetal 
growth indicators.
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ABSTRACT 

The research aimed to produce biscuits formulated with Bilih fish and to analyse the effect of Bilih-
fish-based biscuits on the growth of experimental rats. Six biscuit formulas were developed using three 
different amounts of Bilih fish flour (0 g, 20 g, and  30 g added to one formula dough) and two flavors 
(chocolate and vanilla). One biscuit formula was selected based on the best organoleptic test. Four 
treatments were applied to 24 male growing rats (21 day olds of the Spraque Dawley strain) for 28 
days using a completely randomized design study. The treatments used were P1 (standard feed), P2 
(standard feed + standard biscuits), P3 (standard feed + standard biscuits + pure omega-3 oil) and P4 
(standard feed + the best formula biscuit). The parameters measured on rats were weight and tail length. 
The best formula biscuit based on the organoleptic test was the chocolate-flavor biscuits prepared with 
20 g Bilih fish flour. The longest tail length was found in the P4 treatment (2,257±0.52 cm), which was 
significantly longer than the P2 (1.46±0.34 cm) and P1 (1.34±0.29 cm) treatments. No significant weight 
differences were found among the rats in all treatments. Hence, the chocolate-flavor biscuits formulated 
with the addition of 20 g Bilih fish flour increased the linear growth in experimental rats as shown by the 
significant difference in the tail lengths found in the treatment group. 
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INTRODUCTION

The first 1,000 days of life is a golden 
period for child development. It starts with 270 
days during pregnancy, followed by 730 days 
or two years after birth (BAPPENAS 2015). 
Omega-3 fatty acids play an important role in 
the growth and development within the first 
1,000 days. A previous study has reported that 
the lack of omega-3 fatty acids consumption 
may cause stunting in humans (Diana 2013). 

Many studies on experimental animals 
also show that omega-3-fatty-acid-deficient 
diet is associated with faltered growth. One 
of the omega-3 fatty acid components that 
plays an active role in growth is the DHA 
(docosahexaenoic acid). In addition, other 
studies have also mentioned that omega-3 fatty 
acids in the diet play an important role in fetal 
growth. However, the clinical mechanisms on 
how the omega-3 fatty acids affect growth still 
needs further research (Bernardi 2012). 

 Omega-3 fatty acids and proteins are 
widely present in various types of fish, and the 
increased consumption of local fish will improve 
the nutritional status in children and the local 
economy. However, fish has certain organoleptic 
properties which are not necessarily favored 
by children. Thus, there is a need to develop 
fish-based products that are able to improve 
acceptance among children as consumers. 

Widodo (2015) had demonstrated the 
use of locally processed food products with 
freshwater fish in the form of biscuits, namely 
the snakehead-murrel-based biscuits that can 
improve the nutritional status of under-five-
year-old children. Biscuits were chosen because 
they can be consumed by all ages and socio-
economic strata, are easy to store, have a long 
shelf life and are easy to produce and distribute. 
Furthermore, they can also be adjusted to the 
child's digestion and be shaped in such a way as 
to increase the children's acceptance. 
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Bilih fish (Mystacoleucus padangensis) 
is a local fish from Solok, West Sumatera. It 
contains nutrients such as proteins, fats, vitamins, 
and minerals (Syandri 2008). The results of the 
preliminary study in this research show that 
Bilih fish contains a high level of omega-3 fatty 
acids (0.553 g/100 g of fresh fish). Thus, it is 
important to study the potential Bilih fish has as 
an ingredient for nutritious biscuits development 
to improve children growth. The study should 
start with an animal study before further steps 
in human subject are taken. The study offers 
scientific evidence on the development process 
and effect of biscuits enriched with Bilih fish that 
is rich in omega-3 fatty acids in an animal study, 
which serves a basis for a further human study.

METHODS

Design, location, and time
The experimental design used was the 

Completely Randomized Design (CRD). The 
biscuit development was conducted in the 
Laboratory of the Department of Community 
Nutrition, IPB University, whereas macro- and 
micronutrient analyses were conducted at the GIS 
Laboratory (Saraswanti Indo Genetech), Bogor, 
West Java. Meanwhile, the growth assessment 
of the research animal was conducted at the 
Animal Veterinary Hospital (RSHP), Faculty 
of Veterinary Medicine, IPB University. This 
research was conducted from March 2016 until 
January 2018. The study had obtained an ethical 
clearance number 72–2017 from the Animal 
Ethics Committee of the Institute of Research and 
Community Service, IPB.

Materials and tools
The material used in this research was Bilih 

fish that was made into flour and then formulated 
into biscuits. The biscuits were made from wheat 
flour, egg, fine sugar, margarine, full cream milk, 
vanilla powder, and chocolate powder. The fish 
flour was made with dump dryer, oven, blender, 
grinding machine, spoon, spatula, knife, basin, 
pan, wok, blender, mixer, biscuit mold, flour 
sieve, and stove. The animal subjects were white 
rats aged 21 days of the Sprague Dawley strain.

 
Procedure

The research was divided into two phases. 
The first phase was the development of the Bilih 

Fish-based biscuits, and the second phase was the 
study of the effect of biscuit intervention on the 
rats’ growth.

Bilih fish-based biscuit development. The 
Bilih fish used were around 4.0–8.5 cm in length 
and 0.5–5.1 g in weight.  The fish was caught 
at 100–300 yards depth of Singkarak Lake at 
relatively low water temperatures between 24.0–
26.0°C. 

Fish flour preparation. The process of 
making the fish flour began by cleaning the fish 
then drying it under the sun for approximately 
11 hours/day from 7 am until 6 pm over 7 days, 
making up a total of 77 hours, until the moisture 
content reached ±4%. The dried fish was then 
smoothed in a drum dryer at a temperature of 
80°C for approximately 15 minutes for 1 kg of 
fresh Bilih fish, then mashed and sieved with a 
60-mesh sieve. The fish flour obtained from 1 
kg of fresh fish was around 290–320 g, or in the 
ratio of about 1:3, with light brown color and a 
smooth texture. The fish flour was then analysed 
for nutrient content before being used as an 
ingredient in biscuits. 

Formulation of the biscuit product made 
from Bilih fish. The aim of this phase was to 
develop the biscuit using six biscuit formulas. 
Table 1 shows the dough formulation of Bilih fish 
biscuits, then the biscuits were molded and baked 
for 35 minutes at temperatures of 160–165ºC, and 
then cooled. 

The amount of full cream milk used in the 
chocolate-flavored biscuit formula was lower 
than that used in the vanilla-flavored biscuit 
formula because some of the weight of the full 
cream milk was replaced by chocolate powder to 
result in the same weight of dry inggridients. The 
organoleptic test used was the hedonic test that 
involved 40 respondents. Respondents assessed 
the color, flavor, taste, texture, and overall quality 
of the six biscuit product formulas (Table 1). The 
selection of the best biscuit formula was done 
based on the respondents’ hedonic test, in which 
the biscuits were assessed and assigned a score of 
1 to 7, detailed as follows: score 1 was interpreted 
as extreme dislike, 2 as moderate dislike, 3 as 
slight dislike, 5 as slight like, 6 as moderate 
like, and 7 as extreme like. For the assessment 
of hedonic quality test, the best formula was 
assessed based on the color from score 1=dark 
chocolate to score 7=golden yellow, based on 
the texture from score 1=very hard to score 
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7=very crunchy, based on the aroma from score 
1=very hard to score 7=very weak, and based 
on other properties from score 1=very weak to 
score 7=very strong (Setyaningsih et al. 2010). 
The best formula obtained from the organoleptic 
test was then analysed for the nutrient content. 
The decision making on the selection of the best 
formula was based on the attributes that gave the 
highest value after standard biscuit.

Nutrient analysis. The proximate nutrient 
analysis and fatty acid analysis of the fresh Bilih 
fish, Bilih fish flour, the biscuit with the best 
organoleptic properties, and the standard biscuit 
were performed using AOAC methods (AOAC 
2005). The analyses included the protein content 
(Kjeldahl method), fat content (Soxhlet method), 
ash content (Gravimetric method), moisture 
content (oven method), carbohydrate content 
(by difference method), and total energy (by 
calculation). 

The fatty acid content, especially the 
omega-3 fatty acids, in fresh Bilih fish, Bilih fish 
flour, the selected biscuit, and standar biscuit 
was analysed using the Gas Chromatography 
method. The procedure stages for the analyses 
were as follows: 1. standard solution preparation; 
2. sample preparation (including a. fat content 
determination, b. fat extraction by cold extraction, 
c. methylation of fat); and 3. omega-3 fatty acids 
analysis with GC FID (Gas Cromatography-
Flame Ionization Detector) (AOAC 2001). The 
chromatography conditions were as follows: 
column=Supelco SPTM 2560 100 m 0.25 mm 0.2 

um; water rate=18.0 cm/sec with column length 
100 m; carrier gas=N2; detector FID=240ºC; 
injector temperature=225ºC; Split=1:100  (Khan 
et al.  2017).

The effects of biscuit intervention on the 
growth of Sprague dawley rats. The aim of this 
phase was to study the effect of administration 
of selected Bilih fish biscuit formula on the 
growth of the experimental rats. The rats were 
placed in pairs in a cage and in a room with a 
light and dark period of 12 hours each. The 
cage temperature ranged from 23.9oC to 26.6oC 
with an average temperature of 25.5oC, and the 
air humidity ranged from 67% to 88% with an 
average humidity of 81%. 

The rats were given standard daily rations 
(including water) ad libitum for 14 days of 
acclimatization period. All rats then entered 
the treatment period of 28 days. The rats were 
divided into four groups and were given 20 g/day 
of standard feed orally. In addition to that, during 
the treatment period each group of rats was also 
given one treatment feed by gastric tube feeding 
method. These included  P1 (0.2 g standard feed + 
6 ml aqua bidest per day), P2 (2.43 g of standard 
biscuit + 6 ml aqua bidest per day), P3 (2.43 g of 
standard biscuits + 0.014 g of pure omega-3 oil + 
6 ml aqua bidest per day), and P4 (2.09 g of the 
selected formula of Bilih fish biscuits + 6 ml aqua 
bidest per day). The doses of pure omega-3 oil 
and omega-3 in the biscuits were calculated based 
on the National Recommended Daily Allowance 
for omega-3 (0.7 g/day) for children aged 1–3 

Ingredients
Chocolate Vanilla

F0 F20 F30 F0 F20 F30

Fish flour (g) - 20 30 - 20 30

Wheat flour (g) 225 225 225 225 225 225

Egg yolk (unit) 1 1 1 1 1 1

Fine sugar (g 150 150 150 150 150 150

Margarine (g) 300 300 300 300 300 300

Full cream milk (g) 30 30 30 80 80 80

Vanilla powder (tsp) 0.5 0.5 0.5 0.5 0.5 0.5

Chocolate powder (g) 50 50 50 - - -

Liquid vanilla (tbsp) - - - 2 2 2

Table 1. Formulation of fish-based biscuit product
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years (Kemenkes 2013). Based on the Food and 
Drugs Administration (FDA 2005) guideline, the 
doses were then converted to rat doses, which 
were equivalent to 2.43 g/day of standard biscuit, 
0.014 g/day of pure omega-3 oil, and 2.09 g/day 
of selected Bilih fish biscuit respectively.

During the treatment period, the rat weight 
and tail length were measured once every 7 
days. The weight was measured using a digital 
weighing instrument with 0.1 g accuracy. Then, 
the tail length was measured using a caliper with 
1 mm accuracy. The tail length was measured 
from the position of anus to the tip of the tail, 
the hair at the end of the tail excluded (Sholichah 
2007).

Data analysis
Descriptive analysis was applied for 

the organoleptic test scores, including the 
average, variance, and standard deviation of 
any combination of the Bilih fish-based biscuits. 
The hedonic test scores were analysed using the 
Kruskal Wallis test and the post hoc Dunn test. 
Data on the body weights and tail lengths of the 
rats were analysed using the ANOVA and the 
post hoc Tukey test at a 95% confidence level 
(α=0.05) (Mattjik & Sumertajaya 2013).

RESULTS AND DISCUSSION

Research phase one: Bilih fish-based biscuit 
development 

Bilih fish (Mystacoleucus padangensis) 
is a lake-dwelling fish that migrates upstream to 
spawn. The main diet of this fish is detritus and 
zooplankton. It also feeds on phytoplanktons and 
other vegetable materials that fall into the water 
(Kartamihardja & Sarnita 2010). Mystacoleucus 
padangensis fishes spawn in the stream that 
empties into rivers around Singkarak River like 
Batang Sumpur River, Paninggahan River, and 
Muaro Pingai River. The females release eggs 
at the bottom of the river, which are fertilized 
by the males and sink to the bottom, then drift 
into the lake (Kartamihardja 2015). Bilih fish is 
a source of proteins, fats, vitamins, and minerals 
(Yuniritha  et al. 2014). 

Fresh Bilih fish contains 0.553 g omega-3 
fatty acids in 100 g, while the dry Bilih fish flour 
contains 1.691 g omega-3 fatty acids in 100 g 
(Table 2). According to LIPI (1999), the chemical 
composition of fish flour is determined by the 
type of the fish.

Table 3 shows the hedonic test results 
of the average score of each Bilih fish biscuit 
formula based on the characteristics such as 
color, aroma, taste, texture, and overall attribute. 
The most preferred formula was the F20 formula 
which featured the administration of 20 g Bilih 
fish flour to one formula dough with chocolate 
flavor. The hedonic test scores by the respondents 
for the F20 formula were 4.88 for color, 4.11 for 
flavor, 4.21 for taste, 5.46  for texture, and 4.70 
for the overall acceptance. This formula was then 
selected as the Bilih fish biscuit administered to 
the experimental rats. 

The omega-3 fatty acid content in the F20 
biscuit (20 g Bilih fish flour added to one formula 
dough with chocolate flavor) was 0.669 g/100 g 
biscuit while the F0 biscuit or the standard biscuit 
contained only 0.575 g/100 g biscuit of omega-3 
fatty acid.  The F20 biscuit also contained DHA 
(0.010 g/100 g biscuit) and EPA (0.012 g/100 g 
biscuit), which were not found in the F0 biscuit. 
The ratio of omega-3 to omega-6 fatty acids in 
the F20 biscuit was 1:5 (Table 4). 

The Indonesian RDA of omega-3 fatty acid 
for children aged 1–3 years is 0.7 g (Kemenkes 
2013). The data in Table 4 show that 0.7 g of 
omega-3 fatty acids can be obtained from around 
100 g of F20 biscuit as it contains 0.669 g of 
omega-3 fatty acids.

Table 5 presents the chemical composition 
of the F0 and F20 biscuits as compared  to the 

Table 2.  Omega-3 fatty acid content of Bilih fish
               fresh and Bilih fish flour obtained from
               Singkarak Lake 2016

Parameters Bilih fresh 
fish

Dry fish 
flour

Omega-3 fatty acid (g) 0.553 1.691

Alpha linolenic acid (g) Not 
analysed 0.423

DHA (g) 0.237 0.572

EPA (g) 0.207 0.732

Omega-6 fatty acid (g) 0.252 1.146

Linolenic acid (g) Not 
analysed 0.600

AA (g) 0.096 0.408

Moisture (%) 76.44 Not 
analysed
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Indonesia Recommended Daily Allowance 
(RDA) for children aged 1–3 years of energy, 
proteins, fats, carbohydrates, omega-3, omega-6, 
moisture, and fiber. The F20 biscuits in this study 
can be considered a good source of energy and 
omega-3 fatty acids.

Research phase two:  The study of the effect of 
biscuit intervention on the growth of Sprague 
dawley rats

Table 6 shows the mean and standard 
deviation of rat body weights for P1, P2, P3 
and P4 at six different measurement times. The 

ANOVA results show there was no significant 
difference in the body weights of the rats, 
although the average difference in weight gain 
of the rats in P4 (61.57±9.10 g) was higher than 
those in P3 (53.60±20.45 g), P2 (51.60±14.55 g) 
and P1 (45.20±18.21 g), respectively. The results 
were in line with those reported by Firmansyah 
et al. (2017), who state that the intervention of 
catfish oil fortified by omega-3 fatty acids and 
vitamin E increased the body weight in rats, but 
not significantly. 

Table 7 shows the mean and standard 
deviation of the tail lengths of the rats for P1, 

Table 3. Results of hedonic test of biscuits

Formula
Attributes

Color Flavor Taste Texture Overall
Chocolate

F0 6.08c 5.44c 5.78b  5.14ab 5.58b

F20 4.88a 4.11ab 4.21a 5.46a 4.70a

F30 5.56b 3.94ab 3.65a 5.29b 4.58a

Vanilla
F0  5.73bc 5.60c 5.84b 5.78c 5.75b

F20 5.45b 4.35b 4.15a 4.76a 4.63a

F30 4.70a 3.71a 3.86a 4.99a 4.34a

p value* 0.000 0.000 0.000 0.000 0.000
Different letters in the same column show significant differences (p<0.05) with Kruskal Wallis test; Colour: 1=dark chocolate 
to 7=golden yellow; Texture: 1=very hard to 7=very crunchy; Aroma: 1=very hard to 7=very weak; Others: 1=very weak to 
7=very strong

Table 4. Analysis of fatty acids in 100 g F0 and
              F20 chocolate biscuits

Parameters (g) F0 
Chocolate

F20 
Chocolate

Omega-3 fatty acid 0.575 0.669

Alpha linolenic acid 0.574 0.663

DHA ND 0.010

EPA ND 0.012

Omega-6 fatty acid 3,261 3,489

Linolenic acid 3,246 3,456

AA 0.005 0.013

ND: Not detected; F0: Standard biscuit with chocolate 
flavor; F20: Biscuit formulated by adding 20 g Bilih fish 
flour to one formula dough with chocolate flavor

Chemical 
composition of 
biscuit (/100g)

F0 
chocolate

F20 
chocolate

The 
Indonesia 
(RDA*) 

Energy (kcal) 528.16 518.09 1,125

Protein (g) 5.34 6.66 26

Total fats (g) 29.25 27.81 44

Carbohydrate (g) 60.28 60.29 155

Omega-3 (g) 0.58 0.69 0.7

Omega-6 (g) 3.26 3.49 7.0

Moisture  (g) 2.92 3.00 -

Fibre (g) 7.32 6.40 16
F0: Standard biscuit with chocolate flavor; F20: Biscuit 
formulated by adding 20 g Bilih fish flour to one formula 
dough with chocolate flavor; RDA*: Recommended daily 
allowance, for children aged 1–3 years

Table 5. Chemical composition of biscuits as 
              compared to RDA* 
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P2, P3, and P4 in six measurements. The tail 
lengths, at both the start and end times, have a 
greater length difference in P4 (2.257±0.52 cm) 
compared to P3 (1.64±0.34 cm), P2 (1.46±0.34 
cm), and P1 (1.34±0.29 cm), respectively. The 
ANOVA test results show that there was a more 
significant difference in the tail length growth in 
P4 treatment compared to other treatments. The 
Tukey test results show that P4 (2.257±0.52 cm) 
was more significantly different compared to 
P3 (1.64±0.34 cm), P2 (1.46±0.34 cm), and P1 
(1.34±0.29 cm).

The increase in weight gain tendency 
(although it was not significant) and significant 
improvement in tail length were resulted from 
the administration of 20 g Bilih fish flour in the 
chocolate flavor biscuits or the F20. The F20 
contains protein (6.66 g/100 g biscuit), omega-3 
fatty acid (0.669 g/100 g biscuit), alpha-linolenic 
acid (0.663 g/100 g biscuit), DHA (0.01 g/100 g 
biscuit), and EPA (0.01 g/100 g biscuit). Omega-3 
fatty acid and protein are nutrients that play a role 
in mammalian growth.

Both of the animal and human studies 
also show the same results where Watkins et 
al. (2003) and Wargo et al. (2005) state that the 
addition of omega-3 and omega-6 contained in 
fish oil could increase the body weight. Several 
previous research studies also mentioned that a 
higher intake of omega-3 fatty acids, especially 
DHA and ALA, is associated with improvement 
of birth weight and birth length in developing 
countries (Bernardi 2012).

The development of myelin in the 
neuroendocrine cells needs adequate intake 
of omega-3 fatty acids (EPA, DHA). These 
neuroendocrine cells produce growth hormone 
such as somatotropin which plays a role in the 
growth of weight and tail length. An increase 
in the intake of omega-3 fatty acids leads to 
increasing endocrine cells and growth hormone 
(Stewart et al. 2009). Omega-3 fatty acids 
which then are converted into DHA also affect 
growth hormone such as IGF-1 (Singh 2005). As 
Simarmata et al. (2012) state, various pre-clinical 
and clinical studies have already demonstrated 

Table 6. Measurement of the weight of the rats pre- and post-treatment 

Treatment
Measurement of  weight (g)

Pre Post ∆ p*

P1 109.80±13.55 155.00±20.50 45.20±18.21 -

P2 93.40±17.70 145.00±28.90 51.60±14.55 0.35

P3 93.00±11.70 146.60±26.10 53.60±20.45       -

P4 100.00±14.50 161.60±19.30 61.57± 9.10 -
*not significant with p>0.05 (ANOVA test); P1=standard feed; P2=standard feed + standard biscuit; P3=standard feed + 
standard biscuit + pure omega-3 oil and P4=standard feed + selected Bilih fish biscuit (administration of 20 g Bilih fish flour to 
one formula dough with chocolate flavor

Table 7. Measurements of tail length of rats pre- and post-treatment  

Treatment
Measurement of tail length (cm)

Pre Post ∆ p*

P1 12.74±2.30 14.08±2.30 1.34±0.29a -

P2 13.22±0.60 14.68±0.70 1.46±0.34a 0.007

P3 12.78±0.96 14.42±1.13 1.64±0.34a     -

P4 12.98±0.70 15.24±0.50 2,257±0.52b -
Different letters in the same column show *significant differences p<0.05 (ANOVA test); P1=standard feed; P2=standard feed 
+ standard biscuit; P3=standard feed + standard biscuit + pure omega-3 oil and P4=standard feed + selected Bilih fish biscuit 
(administration of 20 g Bilih fish flour to one formula dough with chocolate flavor)
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the role of n-long-chain polyunsaturated fatty 
acids (LCPUFAs) in growth.

 
CONCLUSION

In conclusion, the biscuit made from 20 
g Bilih fish flour added to one formula dough 
with chocolate flavor was found to be the best 
formula to achieve the nutrition density intended 
and the most preferred in terms of organoleptic 
properties. The administration of the selected 
biscuit to growing rats was able to significantly 
improve tail length and tended to increase body 
weight, but not significantly, in the experimental 
rats. Thus, Bilih fish biscuit may be considered 
a local-based potential alternative food that is 
rich in nutrients, especially omega-3 fatty acids, 
to help improve growth in human subjects in the 
future.
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ABSTRACT 

The purpose of this study was to analyse the intake of leucine as a determinant of muscle strength and 
gait speed in the elderly. This research is a cross-sectional   study that involved 132 elderly people in the 
community (34 men and 98 women), aged 60–69 years. Data were obtained from interviews, physical 
examinations (body weight, body height, muscle mass, muscle strength, and gait speed), as well as food 
recall 3x24 hours. The statistical analysis employed Pearson’s correlation coefficient and multiple linear 
regression. Intake of leucine was positively correlated with muscle strength (r=0.3; p<0.001) and gait 
speed (r=0.244; p<0.05). It was not intake of leucine that primarily determined muscle strength and gait 
speed but adequacy of energy intake.
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INTRODUCTION

An elderly person, one aged 60 years or 
over, will experience a decline in muscle mass, 
muscle strength, and gait speed in a process 
known as the sarcopenia process. Sarcopenia, 
according to the European Working Group on 
Sarcopenia in the Older people (EWGSOP), is 
a syndrome caused by many factors resulting in 
decreased skeletal muscle mass, muscle strength, 
and physical function, with a risk of physical 
disability, diminished quality of life, increased 
risk of falls, effect on independency, as well as 
death (Naseeb & Volpe 2017; Deutz et al. 2014; 
Cruz-Jentoft et al. 2010). The Asian Working 
Group for Sarcopenia (AWGS) states that the 
prevalence of sarcopenia in Asia ranges from 2.5% 
to 45.7% (Wu et al. 2016). The study by Vitriana 
et al. (2016) shows that, based on the AWGS 
recommended cut-off point, the prevalence of 
sarcopenia in the elderly (60–85 years of age) in 
Bandung and Jatinangor was 9.1%, while based 
on the Taiwan population cut-off point, it was 
40.6%. This discrepancy occurred because there 
was no cut-off value spesifically determined for 
the elderly population in Indonesia.

Skeletal muscle mass is relatively constant 
from a young age to adulthood, with the increase 

in the amount of protein absorption being offset 
by the increase in the amount of catabolism 
during fasting. Elderly people with sarcopenia 
experience changes in the protein turnover, 
which affects the balance of the protein amounts 
(Kim et al. 2010). Muscle mass, muscle strength, 
and gait speed are indicators for the assessment 
of quality of life and independence in the elderly. 
Protein intake, especially leucine, is important 
for increasing the muscle mass, muscle strength, 
and physical function of the elderly. The Society 
on Sarcopenia, Cachexia, and Wasting Disorders 
recommends 1.0–1.5 g of protein/kg body weight/
day, including the essential amino acid leucine 
(Naseeb & Volpe 2017). 

Essential amino acids are one of the amino 
acids needed by the body and can only come from 
food (Gropper & Smith 2013). Branched-chain 
amino acids (BCAA), especially leucine, help 
regulate the muscle protein signaling pathway 
(Deutz et al. 2014). Leucine is one of the main 
essential amino acids to stimulate insulin from 
the pancreas, protect muscles, increase energy 
production, accelerate healing, and repair the 
skin (Gropper & Smith 2013). The need for 
the amino acid leucine is higher (59 mg per g 
of protein per day) than that for other essential 
amino acids (WHO Report 2002). Food sources 
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of leucine include red meat, chicken, egg white, 
tuna, seaweed, and soybeans (Gropper & Smith 
2013).

Compared to young adults, the elderly 
consume fewer foods, including low energy and 
protein (Deutz et al. 2014; Kim et al. 2010). Based 
on the results of the Individual Food Consumption 
Survey in the Total Diet Study (Siswanto et al. 
2014), the proportion of calorie and protein intake 
in elderly people aged ≥55 years nationwide was 
low. It was 44.6% (<70% of RDA) for calories and 
45.8% (<80% of RDA) for protein. The same was 
found by Triatmaja et al. (2013) who found that 
the average consumption of protein in the elderly 
population in Panti Werdha Bandung was 32 g/
day, lower than that in the average Indonesian 
people (55.5 g/day). Meanwhile, Kobayashi et al. 
(2013) state that total protein intake (74±14.3 g/
day) was inversely correlated to the vulnerability 
of elderly women in Japan. Bauer et al. (2015) 
state that the administration of leucine-enriched 
whey protein for thirteen weeks can increase 
the muscle mass and lower the limb function in 
elderly community with sarcopenia.

Againts the backdrop above, this study 
aimed to analyse leucine intake as a determinant 
of muscle strength and gait speed. The results 
of this study will help set a basis for developing 
further epidemiological research in the prevention 
of sarcopenia.

METHODS

Design, location, and time
This observational study used a cross–

sectional design. The study was conducted 
in Girimaya Subdistrict, the working area of 
Girimaya Public Health Center, Pangkalpinang 
City, in October 2017–May 2018.

Sampling
The sample size was determined 

pourposively to represent all of the 5 (five) 
Integrated Development Posts in 5 (five) 
villages in Girimaya Subdistrict. Screening was 
performed on the potential study participants 
based on the inclusion and exclusion criteria, 
resulting in a total of 132 participants. The 
inclusion criteria were that the participants were 
elderly people aged 60–69 years, able to walk 
independently without tools, not staying in an 
elderly institution, able to grasp, and willing to 

participate in the study and to be cooperative. The 
exclusion criteria were that the participants were 
suffering from Alzheimer's disease, diabetes 
mellitus, severe cardiovascular, and/or muscle 
problems, and were undergoing hospitalization. 
The exclusion criteria were established based on 
the studies by Li et al. (2015) and Cruz-Jentoft 
et al. (2010), which state that chronic diseases, 
including organ failure, inflammatory factors, 
endocrine disease, diabetes, hypertension, 
arthritis, and osteoporosis, are associated with 
low muscle strength and physical performance. 

Data were collected after approval was 
obtained from the Health Research Ethics 
Commission of the Faculty of Medicine of 
Diponegoro University with certificate number 
19/EC/FK-RSDK/I/2018. Prior to data collection, 
each participant was asked for consent to the 
study procedures and signed the informed consent 
sheet.

Data collection
The independent variables were the intakes 

of leucine amino acid, protein, and energy, while 
the dependent variables were muscle mass, 
muscle strength, and gait speed.

Muscle mass measurement was performed 
by Bioelectrical Impedence Analysis (BIA), 
using the digital body fat monitor FEP-103 
(Oserio). The calculation of the muscle mass 
index was performed by dividing the muscle 
mass in kilograms by the square of height in 
meters (muscle mass/height2); measurement 
of muscle strength was performed with Camry 
digital hand dynamometer (EH101), three times 
on the dominant hand in a standing position, the 
highest value taken; measurement of gait speed 
was performed for 6 minutes by the American 
Thoracic Society (ATS) procedures (ATS 2012; 
Li et al. 2013). Mileage was calculated based 
on the ability of the subject during that period to 
determine the gait speed in meters per second; 
analysis of food intake was carried out using 
the recall method 1 x 24 hours for 3 consecutive 
days by recording the types and amounts of food 
consumed over the past 24 hours.

The study used the BIA method because 
it is reliable and easy to use. Hand grip strength 
(HGS) is a gold standard and is easier to use in the 
study of the community. Meanwhile, gait speed 
was also chosen due to the ease of implementation 
(Naseeb & Volpe 2017). The Taiwan population 
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cut-off points were chosen as indicators due to 
the resemblance in anthropometric characteristics 
and life expectancy with those of the elderly in 
Indonesia in terms of ethnicity, genetics, body 
size, lifestyle, and cultural background. Therefore, 
the indicators for muscle mass assessment were 
<8.87 kg/m2 for men and <6.42 kg/m2 for women, 
the indicators for muscle strength assessment 
were <22.5 kg for men and <14.5 kg for women, 
and the indicator for gait speed of an elderly was 
≤1 m/sec (Vitriana et al. 2016; Chen et al. 2016; 
Chen et al. 2014).

Data analysis 
All data were subjected to processing 

through editing, coding, and tabulation. Data 
on gender, age, body weight, body height, body 
mass index, muscle mass, muscle mass index, 
muscle strength, gait speed, protein, leucine, 
and energy intake were presented descriptively. 
It was followed by bivariate and multivariate 
analysis to measure the correlation between the 
independent and dependent variables as well as 
the diffrences between groups in the multivariate 
model. The bivariate analysis used the Pearson’s 
correlation test with a significance value of 
p<0.05. The multivariate analysis used multiple 
linear regression tests to test the variables; 
protein, leucine, and energy intake with a p value 
<0.25. The analysis were carried out using IBM 
SPSS Statistics version 21.

RESULTS AND DISCUSSION

The participants were elderly people 
in the community, aged 60–69 years with 
characteristics presented in Table 1. General 
description and the study variables are shown in 
Table 2.

Subject characteristics. The majority 
of the study participants were women (74.2%). 
It is known that sex, is one of the factors that 
can influence muscle strength and physical 
performance in the elderly. The study of Zeng et 
al. (2016) shows that the decrease in gait speed 
among the elderly was more common in women 
(40.69%) than in men (28.67%), whereas the 
decreased in muscle strength was more common 
in men (34.58%) than in women (28.54%). The 
average age of the elderly was 63 years, with 
the lowest age being 60 years and the highest 
69 years. Age is also one of the factors that can 

affect muscle strength and physical performance 
in the elderly. Zeng et al. (2016) study states that 
the decreases in gait speed and muscle strength 
occurred after the age of 60 years in the elderly 
population in China. There are significant 
differences in muscle strength and gait speed 
based on age group.

General description and study variables. 
More than half of the participants were obese 
(50.7%). Obesity and unstructured daily activities 
were associated with increased risk of lower gait 
speed with OR (95% CI): 1.25 (1.09–1.43) and 
2.77 (1.34–5.72) (Zeng et al. 2016). Obesity 
synergistically causes metabolic disorders and 
affects physical function, especially in the female 
elderly population in Asia (Wu et al. 2016). 
Obesity and sarcopenia are double burdens of 
health problem commonly found in the elderly 
who are less physically active, and further, this 
condition can lead to an increase in risk of insulin 
resistance, dyslipidemia, heart disease, and 
metabolic diseases (Bauer et al. 2015; Deutz et 
al. 2014; Naseeb & Volpe 2017). The frequency 
distribution of assessment of sarcopenia can be 
seen in Table 3.

Muscle mass index. It was known that the 
mean of muscle mass and muscle mass index of 
the elderly were respectively 35.1 kg and 15.6 kg/
m² (see Table 2). The lowest muscle mass index 
was 10.07 kg/m2, and the highest 20.20 kg/m2, 
meaning that even the lowest value has exceeded 
the normal cut-off for the Taiwan population. 
The study by Vitriana et al. (2016) used the cut-
off of the Taiwan population to determine the 
prevalence of sarcopenia in the elderly (60–85 
years) in Bandung.     

Table 3 describes that the muscle mass 
index of the elderly participating in this study 
was all in the moderate category (100%), so the 
diagnosis of sarcopenia could not be established 
based on the cut-off for the Taiwanese population. 
The process of sarcopenia is characterized by 

Table 1. Characteristics of participants (n=132)
Variable n %

Gender
Male 34 25.8
Female 98 74.2

Nutritional status (BMI*)
Low (<18.5 kg/m2) 9 6.8
Normal (≥18.5 – <24.9 kg/m2) 56 42.5
Obese (≥25 kg/m2) 67 50.7

BMI: Body mass index (Report of Riskesdas 2013)
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a lack of muscle mass index, coupled with low 
muscle strength or low physical performance 
(Cruz-Jentoft et al. 2010). The normal muscle 
mass index found in the participants was thought 
to correlate with the energy and leucine amino 
acid intake.

However, in early 2018, the European 
Working Group on Sarcopenia in Older People 
(EWGSOP2) revised the diagnosis of sarcopenia 
with the aim of raising awareness of sarcopenia 
and risk factors as we get older. Sarcopenia 
identification focuses on low muscle strength 
as the main characteristic, then detects low 
muscle quantity and quality, and poor physical 
performance as an indication of severe sarcopenia. 
Based on EWGSOP2 recommendations, it was 
known that the prevalence of elderly sarcopenia 
based on the decrease of muscle strength was 
29.6% (7.6% in men and 22% in women) (Cruz-
Jentoft et al. 2019).

Muscle strength. The average muscle 
strength of the elderly was 19.6 kg. The study 
by Vitriana et al. (2016) used the cut-off of the 
Taiwan population to determine the prevalence 
of sarcopenia in the elderly (60–85 years) 
in Bandung. The criteria for elderly muscle 
strength in China are determined based on 
recommendations of the Asian Working Group 
for Sarcopenia (Zeng et al. 2016).

Based on the study by Vitriana et al. 
(2016), the main factors that influence the hand 
grip strength of the elderly are age, gender, total 
body fat, and fat-free mass. The factors age, 
gender, life style, and health status can affect the 
muscle strength of the elderly (Zeng et al. 2016). 
The study by Zeng et al. (2016) states that the 

correlation between muscle strength and physical 
performance varies according to age categories.

Gait speed. The average gait speed of the 
elderly was 0.9 m/sec. The study by Vitriana et al. 
(2016) used the cut-off of the Taiwan population 
to determine the prevalence of sarcopenia in the 
elderly (60–85 years) in Bandung. Zeng et al. 
(2016) used the recommendations of the Asian 
Working Group for Sarcopenia (AWGS) in 
determining the criteria for elderly gait speed in 
China.

Protein intake. The average protein intake 
of the elderly was 48.2 g, which was lower than 
the national average of 61 g based on RDA 2013 
(BKPM 2013). Hence, low protein intake is one 
of the risk factors for sarcopenia in the elderly 
(Deutz et al. 2014). Sarcopenia interventions can 
be done by consumption of foods high protein 
and exercising (Wu et al. 2016). 

Leucine intake. The average leucine amino 
acid intake of the elderly was 3,820 mg (3.8 g) 
per day. The leucine source foods consumed by 
the elderly included: sea fish, white rice, bread/
cake, tempeh, tofu, eggs, chicken, meat and 
vegetables. The need for the amino acid leucine 
of the elderly was calculated as 39 mg/kg weight/
day. The World Health Organization (WHO) 
states that the estimated leucine requirement was 
39 mg/kg per day or 59 mg/g of protein per day 
(Report of FAO/WHO/UNU 2002). 

Energy intake. Energy intake was obtained 
from carbohydrates (rice, bread, tubers), proteins 
(sea fish, meat, chicken, eggs, tofu, tempeh), fats 
(oil, coconut milk), and vitamins (vegetables, 
fruits). Table 4 describes the correlation test of 
the amino acid leucine, protein, and energy intake 
to muscle strength and gait speed.

Table 2. General description and study variables (n=132 people)
Variable Mean±SD Median Min-Max p value

Age (years) - 63 60–69 0.000
Weight (kg) 58.7±11.8 - 28.2–92.1 0.200
Height (m) 1.5±0.1 - 1.4–1.7 0.062
Body mass index (kg/m2) 25.3±4.6 - 13.6–37.9 0.200
Muscle mass (kg) - 35.1 22.7–53.6 0.000
Muscle mass index (kg/m2) 15.6±1.5 - 10.1–20.2 0.200
Muscle strenght (kg) 19.6±7.3 - 6.6–45.3 0.060
Gait speed (m/s) 0.9±0.2 - 0.3–1.5 0.200
Protein intake (g) 48.2±1.4 - 23.6–88. 0.200
Leucine intake (mg) 3,820±1,092 - 1,866,7–7,200 0.055
Energy intake (kcal) 1.01±328 - 678.6–2,273,2 0.200

SD: Standard deviation; Kolmogorov-Smirnov test; p value>0.05 (normally distributed)
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Leucine amino acid intake was positively 
correlated with muscle mass index (p<0.05), 
muscle strength (p<0.001), and gait speed 
(p<0.05). The elderly who had essential amino 
acid intake for 16 weeks experienced an increase 
in muscle mass and its function without any 
exercise intervention (Deutz et al. 2014). Proper 
nutrition intake, especially energy and protein, and 
physical activity have a role in the management 
of sarcopenia (Naseeb & Volpe 2017; Kim et al. 
2010; Arnold & Bautmans 2014). Verhoeven et 
al. (2009) show that only long-term sources of 
leucine do not increase muscle mass or muscle 
strength.

Protein intake was positively correlated 
with muscle mass index (p<0.001), muscle 
strength (p<0.001), and gait speed (p<0.05) 
in the elderly in the community. The average 
protein intake of the elderly was 48.2 g, which 
was lower than the national average of 61 g based 
on RDA 2013 (BKPM 2013).  Deutz et al. (2014) 
state that when the daily protein intake cannot 
fulfill the increase in protein requirements of the 
elderly to maintain muscle function, negative 
nitrogen balance will occur and a decrease in 
protein levels, especially skeletal muscle protein 
happens. The habit of consuming the right 
amount of protein can reduce the loss of muscle 
function and inhibit the occurrence of sarcopenia 

in the elderly. Kobayashi et al. (2013) found that 
a total protein intake of (74±14.3 g/day) had a 
significant association with muscle susceptibility 
(p<0.05), regardless of source and type of amino 
acid consumed. Tieland et al. (2012) assessed 
that the dietary intake of protein sources, daily 
protein distribution, and use of food sources 
containing protein (such as bread and milk) in 
community-dwelling (n=707), frail (n=194), 
and institutionalized (n=276) elderly people, 
could delay the occurrence of sarcopenia. Data 
of dietary intake of elderly people of living in 
the community, frail, and institutionalized in the 
Netherlands was collected based on the food 
records method for 2 to 3 days.

Energy intake was positively correlated 
with the sarcopenia process based on muscle 
mass index, muscle strength, and gait speed. The 
energy intake in the majority of the elderly was 
in the moderate category (1,301 kcal) in 97.7% 
of subjects. Arnold and Bautmans (2014) state 
that proper nutritional intake, especially energy 
and protein, and physical activity had a role in 
sarcopenia management.

One of determine the relationship between 
nutritional intake and skeletal muscle mass is 
age. In addition, an increased skeletal muscle 
mass is associated with greater energy intake. 
Generally, men eat more sources of calories, so 

Table 3. Frequency distribution of assessment of sarcopenia (n=132)

Assessment of sarcopenia Male Female
n % n %

Muscle mass index (kg/m2)
Moderate/good (male: ≥8.87; female: ≥6.42) 34 25.8 98 74.2
Less (male: <8.87; female: <6.42) 0 0 0 0

Muscle strength (kg)
Moderate/good (male: ≥22.5; female: ≥14.5) 24 18.2 69 52.2
Less (male: <22.5; female: < 14.5) 10 7.6 29 22

Gait speed (m/s)
Moderate/good (male and female: >1) 20 15.1 17 12.9
Less (male and female: ≤1) 14 10.6 81 61.4

Table 4. Correlation test of leucine amino acid, protein, and energy intake to muscle strength and gait 
              speed in elderly people in community

Variable Muscle mass index Muscle strenght Gait speed
p value r value p value r value p value r value

Leucine intakea 0.001* 0.299 0.000** 0.31 0.005* 0.244
Protein intakeb 0.000** 0.315 0.000** 0.325 0.004* 0.251
Energy intakec 0.000** 0.375 0.000** 0.351 0.003* 0.255

a, b, c: Pearson’s correlation coefficient; p value<0.001**: very significant; p value<0.05*: significant; r value: direction of 
correlation (positive)
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there is a significant relationship between age and 
energy intake. Whereas in women less because 
it is influenced by patterns of age distribution 
and physiological changes (Jang & Bu 2018). 
The multiple linear regression analysis of energy, 
leucine amino acid, and protein intake can be 
seen in Table 5.

Leucine intake was not the most influential 
factor in the muscle mass index, muscle strength, 
and gait speed of the elderly. The average leucine 
amino acid intake of the elderly was 3.8 g per 
day. However, the amount could still influence 
the effectiveness of amino acid functions in 
maintaining muscle mass, muscle strength, and 
gait speed of the elderly. Based on the study by 
Verhoeven et al. (2009), leucine supplementation 
of 7.5 g per day for 3 (three) months was not 
effective in increasing the muscle mass or 
muscle strength of healthy elderly men. Total 
protein intake according to adequacy needs 
to be considered because it is related to amino 
acids. During the 3 months be seen the impact 
of leucine supplementation on skeletal muscle 
mass, strength, and/or glycemic control in 
healthy elderly men. Leucine supplementation 
could increase the upper leg cross-sectional area 
and change the type composition of muscle fiber, 
but did not affect the whole-body's fat-free mass 
and glycemic control and/or blood lipid profile.

Maintaining mobility, physical function, 
and independence of the elderly is important to 
inhibit the development of sarcopenia (Bauer et 
al. 2015). Physical activity and combination of 
nutritional intake, especially protein and energy, 

based on the recommended dietary allowance 
(RDA) can increase muscle mass, and physical 
function, and achieve a balance of positive 
muscle protein (Naseeb & Volpe 2017; Morley 
et al. 2010). The condition of sarcopenia or the 
risk factors for the cause of sarcopenia are not a 
barrier for the elderly to conduct physical activity 
(Liu et al. 2014).

Metabolic changes in the elderly cause less 
muscle protein synthesis despite the same amount 
of protein consumed by younger population 
(Morley et al. 2010). Protein food sources should 
be properly distributed, at a minimum of 25 to 30 
g of high-quality protein per food item containing 
2.5 to 2.8 g of leucine to stimulate muscle protein 
synthesis for the blunted sensitivity of older 
muscles to low doses of amino acids (Bauer et al. 
2015). The quantity, quality, and time of protein 
intake are important factors for maintaining 
muscle mass and function (Bauer et al. 2015; 
Tieland et al. 2012). 

The muscle mass and muscle strength 
in the elderly can be increased by intake high 
protein. Protein consumption of 1.1 g/kgW/
day can affect lean body mass (LBM) stronger 
than protein consumption of 0.7–0.9 g/kgW/
day. Protein intake between 1.1 and 1.6 g/
kgW/day is needed to achieve nitrogen balance 
(Deutz et al. 2014). The consumption of whey 
protein can increase muscle protein synthesis 
better than casein. Whey protein intake contains 
enough leucine amino acids in protein synthesis 
to maintain muscle mass and function in the 
elderly with sarcopenia (Bauer et al. 2015). The 

Table 5. Anylsis of multiple linear regression analysis of energy, leucine amino acid, and protein intake 
	  on muscle mass index, muscle strength, and gait speed

Variable Constant 
value

Regression 
coefficient

Correlation 
coefficient

Anova 
test

Adj R 
square

Muscle mass index
Leucine intake - - - - -
Protein intake - - - - -
Energy intakea 13.358 0.002 0.372 0.000 0.132

Muscle strength
Leucine intake - - - - -
Protein intake - - - - -
Energy intakea 8.819 0.007 0.318 0.000 0.162

Gait speed
Leucine intake - - - - -
Protein intake - - - - -
Energy intakea 0.747 0.0001 0.239 0.000 0.195

a: Variable that appeared at the end of the multiple linear regression test
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pattern of protein intake which varies in 4 times 
of administration can stimulate protein synthesis 
in the elderly, which is affected by differences 
in age and exercise. Bollwein et al. showed that 
the amount of protein intake was not associated 
with frailty, but the distribution in the morning, 
afternoon, and evening in a way was associated 
with vulnerability (Kobayashi et al. 2013).

CONCLUSION

Protein and leucine amino acid intakes 
were positively correlated with muscle mass 
index, muscle strength, and gait speed in the 
elderly in the community. Leucine food intake 
was not a major determinant for muscle mass, 
muscle strength, and gait speed. Energy intake 
was the most influential factor in muscle mass, 
muscle strength, and gait speed. The elderly in 
the community are expected to increase food 
intake of energy, protein, and leucine amino acid 
to increase muscle mass, muscle strength, and 
gait speed.
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ABSTRACT 

This study aimed to develop food products made from sago starch (Metroxylon sp.) and tempeh as 
alternative snacks for diabetics. This study used a completely randomized design (CRD) with two 
treatment ratios of sago starch to tempeh, F1 (2:1) and F2 (1:1), and two replications for three products, 
namely puddings, muffins, and cookies. The organoleptic attributes of the products were evaluated by 
fourty semi-trained panelists. The results of the hedonic test showed that F2 was the formula selected 
for the puddings and muffins and that F1 was the formula selected for the cookies. The puddings had 
hardness of 83.47 gf, 92.28% water, 0.28% ash, 1.04% protein, 0.64% fat, 5.76% carbohydrate, 3.95% 
dietary fiber, and 0.81% resistant starch. The muffins had hardness of 3,861,87 gf, 56.18% water, 0.79% 
ash, 6.49% protein, 10.26% fat, 26.28% carbohydrate, 7.13% dietary fiber, and 3.59% resistant starch. 
The cookies had hardness of 1,655,02 gf, 5.05% water, 0.90% ash, 4.90% protein, 19.66% fat, 69.49% 
carbohydrate, 9.57% dietary fiber, and 6.00% resistant starch. These products contained different levels 
of dietary fiber and resistant starch. Puddings are categorized as a high-fiber food with a negligible level 
of resistant starch, the muffin as a high-fiber food with an intermediate level of resistant starch, and 
the cookie as a high-fiber food with a high level of resistant starch. In conclusion, these products had 
relatively high fiber content and need a further study to confirm the health benefits for glucose control 
in diabetics.
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INTRODUCTION

Type 2 diabetes mellitus (DMT2) is a 
complex metabolic disorder with both short- and 
long-term undesirable complications (Mirmiran 
et al. 2014). If it is not managed properly, it will 
cause various organ damages (Deepa et al. 2014) 
manifested in many types of health problems. In 
addition to proper medical care, diet regulation, 
including that of snacks, can be used in managing 
DMT2.

Main foods and snacks are needed by 
diabetics to control the blood glucose levels.  
The food ingredients for diabetics should be 
high in fiber content and low in glycemic index. 
Scheduling for snack is between two main meal 
times. It aims to meet adequate calorie intake  
and nutritional needs, prevent hypoglycemia 
that usually occurs at night, achieve or maintain 
normal weight, and control blood glucose in an 
effort to prevent the risk of complications in 
diabetics (Almatsier 2010).

 A meta-analysis study by Post et al. (2012) 
showed that increased fiber consumption (4–40 

mg/day) could reduce fasting blood  glucose  
and HbA1c in patients with type 2 diabetes by 
0.05 mmol/L and 0.26%, respectively. Resistant 
starch, which is part of fiber, can also control 
blood glucose in the diabetic rats given an 
intervention of resistant starch of 2 g/day for 4 
weeks (Zhou et al. 2015).

Several studies related to snack 
development for diabetics with the use of various 
high-fiber, low-glycemic-index ingredients have 
been carried out, such as those developing black 
rice and black soybean flour cookies (Widiawati 
& Anjani 2017), bagel bread from the substitution 
of sorghum and sweet potatoes (Ashfiyah 2019), 
and pudding made from corn starch and tapioca 
(Gourineni et al. 2017). However, sago starch is 
rarely developed as snack for diabetics despite 
the fact that sago starch (Metroxylon sp.) contains 
3.69–5.96% dietary fiber (Ahmad et al. 1999) 
and 11% resistant starch (Purwani 2011) and has 
a low glycemic index (<55) (Wahjuningsih et al. 
2016).

The  local   ingredient   sago   starch   
has a potential to be developed to be snacks 



28                                                                               J. Gizi Pangan, Volume 15, Number 1, March 2020

Maya et al.

for diabetics. In addition to sago, as stated by 
Rudkowska (2009), beneficial additional sources 
in food products for diabetics will be able to help 
control blood glucose. Therefore, tempeh, which 
has been proven to improve blood glucose, will 
be added in the making of food products (Ghozali 
et  al.   2010).   Meanwhile,   food   processing 
by roasting, steaming, boiling, or burning is 
recommended for patients with type 2 diabetes 
with the aim of reducing calorie intake (Almatsier 
2010). Therefore, puddings, steamed muffins, 
and cookies from sago starch and tempeh offer 
some options for the development of snacks for 
patients with type 2 diabetes. 

This study aimed to explore the nutrient 
content, dietary fiber content, and resistant 
starch content of puddings, steamed muffins, and 
cookies made from sago strach and tempeh to 
confirm the benefits of the products.

METHODS

Design, location, and time
This study used a completely randomized 

design (CRD) with two treatment ratios of sago 
starch to tempeh, F1 (2:1) and F2 (1:1), with two 
replications for three products. The products’ 
formulation was conducted in the Processing and 
Food Experiment Laboratory of the Department 
of Community Nutrition, IPB University. Sensory 
evaluation was conducted in the Organoleptic 
Laboratory of the Department of Community 
Nutrition, IPB University. Product texture 
analysis was conducted in the Food Processing 
Laboratory of the Department of Food Science 
and Technology, IPB University. The analysis of 
nutritional and fiber content was conducted  in the 
Laboratory of Saraswanti Indo Genetech, Bogor. 
Analysis of resistant starch was conducted in the 
Biochemistry Laboratory of the Department of 
Food Science and Technology, IPB University. 
The study was conducted in March–October 
2018.

Materials and tools
The main materials used to manufacture 

puddings, muffins, and cookies were sago starch 
derived from the Meranti Islands  Regency, 
Riau, and tempeh obtained from Rumah Tempe 
Indonesia. The  additional  ingredients  used 
were pumpkin of the bokor variety (Cucurbita 
moschata Durch), sorbitol and erythritol, full 

cream milk, chicken eggs, margarine, baking soda, 
baking powder, carrageenan, vanilla powder, salt, 
succade cherry, water, and cinnamon powder. 
The  materials  for  the  proximate  analysis were 
selenium, H2SO4, distilled water, 40% NaOH, 
2%  boric  acid  (H3BO3),  methyl  red  indicator, 
0.1 N HCl, and hexane. The materials for the 
dietary fiber analysis were pH 8.2 buffer solution, 
α-amylase, protease, HCl, amyloglucosidase, 
95% ethanol, and 78% acetone. The materials for 
the resistant starch analysis were KCl-HCl buffer, 
pepsin, phosphate buffer, α-amylase, KOH, HCl, 
and sodium acetate buffer.

The tools used to make puddings, muffins, 
and cookies were pans, oven, pudding and muffin 
cups, and cookie molds. The analytical tools were 
TA-XT2i texture analyzer, oven, Kjeldahl flask, 
and Soxhlet extractor.

Procedures
Product preparation. The foods product 

formulation (Table 1) was based on the 
calculation of the nutritional need of diabetics 
per Perkeni (2015). Assuming that adult women 
would measure 51 kg in weight and 155 cm in 
height, the energy need would be 1,700 calories/ 
day. The main limitation in determining the 
product formula was the carbohydrate content  
of foods (45–65% of total energy requirements) 
(Perkeni 2015). The complete formula is under 
registration for patent.

The foods developed in this study were 
puddings, muffins, and cookies. The preparation 
of ingredients such as sago starch, tempeh, and 
pumpkin was performed in the same way, but  
the processing was different for each food type. 
Sago starch was roasted first with an addition of 
pandan leaves for reduced acid aroma. Tempeh 
and pumpkin were cut to a thickness of ±0.2 cm 
and steamed for 10 minutes, then mashed.

Pudding. Pudding processing began with 
determining the amount of water and carrageenan 
used. The proportion of water to sago starch in the 
pudding making was 20:1, while the carrageenan 
used amounted 1% of the total weight. The 
pudding was processed by boiling to ±80oC until 
the dough became thick.

Muffin. The muffin formula was modified 
from Kementan (2012). The first step was to 
mix eggs, sorbitol, and erythritol using a hand 
mixer at a medium speed until the mixture turned 
white. Next, tempeh, pumpkin, and some other 
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ingredients were added into the mixture using the 
hand mixer at a low speed. The next step was to 
put some dough into muffin cups, which was then 
steamed for 30 minutes at 100oC.

Cookie. The cookies formula was modified 
from Saputri and Damayanti (2015). The process 
of cookie making consisted of several stages, 
namely weighing ingredients, mixing, molding 
of dough, baking with an oven at 120oC for 80 
minutes, and cooling.

Sensory evaluation. The formula selected 
for the three products was determined based on 
the results of the hedonic test analysis. Sensory 
evaluation was conducted on 40 semi-trained 
panelists, who were students of the Department 
of Community Nutrition, Faculty of Human 
Ecology, IPB University. Sensory attributes 
analysis of the three products was conducted 
using a line scale. The scale used in the hedonic 
test was as follows: (1) dislike extremely, (2) 
dislikes very much, (3) dislikes moderately, (4) 
dislikes slightly, (5) neither dislike nor like, (6) 
like slightly, (7) like moderately, (8) like very 
much, and (9) like extremely. Panelists were 
considered to accept a product if the value given 
was greater than 4.5 (Peryam & Pilgrim 1957).

The nine-point quality hedonic scale for 
the pudding’s color atribute was as follows: (1) 
pale white, (5) pale yellow, and (9) brownish 
yellow. The nine-point quality hedonic scale for 
the muffin’s color atribute was as follows: (1) 
bright beige, (5) golden yellow, and (9) golden 
brown. The nine-point quality hedonic scale for 
the cookie’s color atribute was as follows: (1) 
extremely brown, (5) beige, and (9) extremely 

yellow. The nine-point quality hedonic scale for 
unpleasant aroma and aftertaste atribute was as 
follows: (1) extremely weak, (5) normal, and (9) 
extremely strong. The nine-point quality hedonic 
scale for the sweetness atribute was as follows: 
(1) not sweet at all, (5) normal, and (9) extremely 
sweet.

The  nine-point  quality  hedonic  scale for
the  pudding’s  texture  atribute  was  as follows: 
(1) chewy and extremely brittle, (5) normal,  and 
(9) chewy and extremely elastic. The nine-point 
quality hedonic scale for the muffin’s texture 
atribute  was  as  follows:  (1)  extremely  dense, 
(5) normal, and (9) extremely hollow. The nine- 
point quality hedonic scale for the cookie’ texture 
atribute was as follows: (1) extremely brittle, (5) 
normal, and (9) crunchy.

Physicochemical analysis of selected 
products. The 74-09 method was employed for 
the analysis of product hardness (AACC 2001). 
The analysis of water content (gravimetric 
method), ash content (dry ashing method), protein 
content (micro-Kjeldahl method), and fat content 
(Soxhlet method) was based on SNI 01-3775- 
2006 (BSN 2006). The carbohydrate content was 
calculated by difference. The enzymatic method 
was used for the analysis of dietary fiber (AOAC 
1995) and resistant starch (Goni et al. 1996).

Data analysis
Data processing was undertaken using 

Microsoft Excel 2010 and SPSS 15.0 for 
Windows. The data from the sensory evaluation 
were analyzed by a difference test of Mann 
Whitney with a 95% confidence interval to 

Table 1.  Formulation of puddings, muffins, and cookies from sago starch and tempeh

Materials
Comparison of sago strach and tempeh

Pudding Muffin Cookies
2:1 1:1 2:1 1:1 2:1 1:1

Sago strarch (g) 380 190 320 160 350 175
Tempeh (g) 190 190 160 160 175 175
Pumpkin (g) 180 180 150 150 150 150
Sorbitol and erythritol (g) 80 80 80 80 80 80
Full cream milk (ml) 150 150 150 150 50 50
Chicken egg (g) - - 150 150 - -
Egg yolk (g) - - - - 20 20
Margarine (g) - - 100 100 150 150
Carrageenan (g) 85.81 45.91 - - - -
Water (ml) 7,600 3,800 - - - -
Miscellaneous (g) 3 3 4.8 4.8 27 27
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determine the hedonic difference of each product. 
If the analysis result was p<0.05, the difference 
would be considered statistically significant.

RESULTS AND DISCUSSION

Panelists’ acceptance of the sensory attributes 
of the puddings, muffins, and cookies from 
sago starch and tempeh

Hedonic test. The hedonic test was used 
to find out the panelists' responses about product 
likes or dislikes. The sensory attributes evaluated 
in the pudding hedonic test were color, taste, 
aroma, texture (surface press), chewing texture 
(mealiness), and aftertase. The sensory attributes 
evaluated in the muffin and cookie hedonic tests 
were color, taste, aroma, texture, and aftertaste.

The data in Table 2 show that the F2 
pudding was the most acceptable product based 
on the color sensory attribute. The F2 formula 
used a ratio of sago starch to tempeh of 1:1. This 
study shows that a difference in the amount of 
sago used resulted in a significant difference in 
the panelists' preference in the pudding color 
(p<0.05). The average values of the panelists’ 
preference in the color, taste, aroma, texture, 
and overall attributes of the F2 pudding were 
significantly higher than those of the F1 pudding. 
The average value of the panelists’ preference in 
the color, taste, aroma, texture (press surface), 
chewing texture, aftertaste, and overall attributes 
of the F2 pudding were 6.2 (like slightly), 5.0 
(neither dislike nor like), 6.1 (like slightly), 6.0 
(like slightly), 5.3 (neither dislike nor like), 4.3 
(dislike slightly), and 5.3 (neither dislike nor 
like), respectively.

The F2 muffin was the most acceptable 
product based on the sensory attributes (taste, 
texture, aftertaste, and overall) (Table  2).  The 
F2 formula was used a ratio of sago starch to 
tempeh of 1:1. This study shows that a difference 
in the amount of sago used resulted in significant 
differences in the panelists' preference in the 
taste, texture, aftertaste, and  overall  attributes 
of the muffin (p<0.05). The average values 
of the panelists’ preference in the color, taste, 
aroma, texture, and aftertaste of the F2 muffin 
were significantly higher than those of the F1 
muffin. Increasing the amount of non-wheat 
flour in the muffin making would produce an 
increasingly dense texture. This would affect the 
level of preference for other attributes, resulting 
in reduced acceptance of the muffin (Goswami et 
al. 2015; Rismaya 2016). 

The average values of the panelists’ 
preference in the color, taste, aroma, texture, 
aftertaste, and overall attributes of the F2 muffin 
were 6.4 (like slightly), 6.6 (like slightly), 6.3 (like 
slightly), 6.2 (like slightly), 5.9 (neither dislike 
nor like), and 6.5 (like slightly), respectively.

The use of 100% sago flour and no wheat 
flour in the making of muffins was presumably the 
cause of the decrease in the value of the panelists' 
preference for muffins (like slightly). The high 
fiber and resistant starch content in sago would 
affect the amount of air trapped in the dough’s 
matrix, causing the muffin softness to reduce or 
the texture to become rather dense (Struck et al. 
2016). This would affect the panelists' preference 
for the muffins mainly in the texture attributes.

The data in Table 2 showed that the F1 
cookie was the most acceptable product based 

Table 2.  Panelists’ mean hedonic scales of the sensory attributes of the puddings, muffins, and cookies   
	     from sago starch and tempeh

Sensory attributes

Products Colour Taste Aroma Texture 
(surface press)

Chewing texture 
(mealiness) After-taste Over-all

Pudding F1 4.8a 4.5 5.7 5.8 5.1 4.9 5.0
F2 6.2b 5.0 6.1 6.0 5.3 4.3 5.3

Muffin F1 5.4 5.2a 5.2 3.5a - 4.8a 4.3a

F2 6.4 6.6b 6.3 6.2b - 5.9b 6.5b

Cookies F1 6.4a 6.3 6.2 5.9a - 5.6 6.3
F2 6.5b 5.6 6.2 4.3b - 5.4 5.4

Description: Attribute scales from 1 (dislike extremely) to 9 (like extremely); Different letters in the same column show 
significant differences (p<0.05)
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on the sensory attributes (color and texture). The 
F1 formula used a ratio of sago starch to tempeh 
of 2:1. This study shows that an addition of sago 
resulted in significant differences in the panelists' 
preference in the attributes of color and texture 
of the cookie (p<0.05). The average values of the 
panelists’ preference in the colour, taste, aroma, 
texture, aftertaste, and overall attributes of the 
F1 cookie were significantly higher than those 
of the F2 cookie. The dough structuring of the 
cookies was affected by the amount of water used 
in the formulation of the cookies (Norhidayah et 
al. 2014). The use of a small proportion of sago 
starch in the F2 cookie raised the water content 
of the cookie, leaving an effect on the texture 
(Budzaki et al. 2014) and decreasing the level of 
acceptance of the F2 cookie. The average values 
of he panelists’ preference in the colour, taste, 
aroma, texture, aftertaste, and overall attributes 
of the F1 cookie were 6.4 (like slightly), 6.3 (like 
slightly), 6.2 (like slightly), 5.9 (neither dislike 
nor like), 5.6 (neither dislike nor like), and 6.3 
(like slightly), respectively.

Hedonic quality test. The hedonic quality 
test was used to find out the panelists' responses 
based on good or bad impression of the puddings, 
muffins, and cookies from sago starch and 
tempeh.

The results of the hedonic quality test 
show that the puddings were yellowish white 
(F1) and yellow (F2) in color, the muffins golden 
yellow (F1) and yellow (F2), and the cookies 
beige (F1) and yellowish (F2) (Table 3). This 
study shows that a difference in the amount of 

sago used resulted in a significant  difference 
in the muffins’ color (p<0.05). The factors that 
might contribute to the color of the final products 
were the ingredient composition and cooking 
time (Cronin & Preis 2000). The muffins used 
cinnamon in the ingredient composition, while 
the puddings and cookies did not. This shows 
that the use of different amounts of sago and  
the use of cinnamon in making muffins would 
presumably produce different colors of the 
muffins. The use of cinnamon in conjunction 
with a greater amount of sago starch (F1 muffin) 
would produce less bright color  than  would  
the use of a smaller amount of sago starch (F2 
muffin). Cinnamon can function as coloring 
agents in food (Hernández-Ochoa et al. 2011). 
The color of the puddings, muffins, and cookies 
itself was obtained from the pumpkin added as a 
natural food coloring.

The langu (unpleasant) aroma of the 
puddings, muffins, and cookies ranged from 
weak to rather weak. The process of steaming 
tempeh and pumpkin for 10 minutes was thought 
to reduce the unpleasant aroma of tempeh and 
pumpkin, causing the unpleasant aroma of the 
product to be weak and rather weak. The use    
of certain processing methods was one way to 
reduce the unpleasant aroma of food (Liu 1997), 
for example, by boiling or steaming. This study 
shows that the difference in the amount of sago 
used resulted in a significant difference in the 
muffins’ unpleasant aroma (p<0.05).

The results of the hedonic quality test 
show that the puddings were not sweet (F1) and 

Sensory attributes

Products Colour Langu aroma Sweetness Texture Aftertaste

Pudding F1 4.0a 3.8 3.9a 5.1 5.1a

F2 6.0b 4.0 5.3b 5.0 6.0b

Muffin F1 5.3a 4.3a 5.1a 2.2a 5.1
F2 4.1b 3.3b 6.1b 5.8b 4.8

Cookies F1 5.5 3.5 6.0 5.5a 4.5
F2 6.0 3.5 6.3 4.0b 4.8

Description: The overall pudding’s colour of the scale 1=pale white to 9=brownish yellow; Muffin’s colour scale 1=bright 
beige to 9=golden brown; Cookies’ colour scale 1=brown extremely to 9=yellow extremely; Langu aroma and aftertaste scale 
1=weak extremely to 9=strong extremely; Sweetness scale 1=not sweet at all to 9=sweet extremely; Pudding’s texture 1=chewy 
and brittle extremely to 9=chewy and elastic extremely; Muffin’s texture 1=dense extremely to 9=hollow extremely; Cookies’ 
texture 1=brittle extremely to 9=crunchy; Different letters in the same column show significant differences (p<0.05)

Table 3. Panelists’ mean hedonic quality scales of the sensory attributes of the puddings, muffins, and  
	      cookies from sago starch and tempeh
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normal (F2) in taste, the muffins normal (F1) and 
rather sweet (F2), and the cookies rather sweet 
(both F1 and F2) (Table 3). This study shows that 
the difference in the amount of sago used resulted 
in a significant difference in the sweetness of the 
puddings and muffins (p<0.05) but no significant 
difference in the sweetness of the cookies. 
Lesser amount of sago starch used in making  
the products would produce a sweeter taste. The 
sweetness of the cookies of the two formulas did 
not show any significant difference, but the F2 
cookie had a higher sweetness value (6.3) than 
the F1 cookie (6.0).

The results of the hedonic quality test 
show that the puddings had a normal (both F1 
and F2) texture, the muffins very dense (F1) and 
normal (F2), and the cookies normal (F1) and 
rather brittle (F2) (Table 3). This study shows 
that a difference in the amount of sago used 
resulted in a significant difference in the texture 
of the muffins and cookies (p<0.05). Sago starch 
as the main ingredient of the muffins is a source 
of non-gluten starch. The research by Rismaya 
(2016) shows that an increased amount of non- 
gluten flour results in a dense muffin texture. 
The gluten network retains the fermentation gas 
and determines the stability of gas cells during 
expansion, contributing soft (spongy) and 
flexible (elastic) crumbs and also influencing 
the characteristic appearance of bread products 
like muffins (Wrigley et al. 2006). In making 
cookies, the higher level of use of non-wheat 
flour will result in better texture and hardness of 
the cookies (Ajila et al. 2008). This study shows 
that a difference in the amount of sago used did 
not result in a significant difference in the texture 
of the puddings (p>0.05) due to the controlled 

amount use of water and carrageenan for each 
formula.

Aftertaste is the trace, hint, smack, relish, 
and savor food leaves behind (World Food and 
Wine 2005). The results of the hedonic quality 
test show that the puddings had normal (F1) and 
rather strong (F2) aftertaste, the muffins normal 
(F1) and rather weak (F2), and the cookies rather 
weak (both F1 and F2) (Table 3).

Percentage of panelists’ acceptance
The formula for each product was  

chosen by considering the results of the sensory 
evaluation, namely the hedonic test, especially 
on the percentage of panelists’ acceptance in the 
overall attributes and panelists’ mean hedonic 
scales of the overall attributes.

Percentage of panelists’ acceptance in the 
overall attributes of the F2 pudding (70.0%) and 
F2 muffin (91.2%) were significantly higher than 
the F1 pudding and F1 muffin (Table 4). Beside 
that, panelists’ mean hedonic scales of overall 
attributes for the F2 pudding and F2 muffin were 
significantly higher than the F1  pudding  and  
F1 muffin too (Table 2). Therefore, F2 was the 
selected formula for puddings and muffins. The 
F2 formula used a ratio of sago starch to tempeh 
of 1:1. The low level of acceptance of the F1 
muffin was presumably caused by the use of a 
greater proportion of sago starch than that used 
in the F2 formula. An increased concentration  
of non-wheat flour would produce increasingly 
dense muffin textures, which caused a reduction 
in the level of acceptance (Goswami et al. 2015; 
Rismaya 2016).

The percentage of panelists’ acceptance in 
the overall attributes of the F1 cookie (91.2%) was 

Table 4.  Percentage of panelists’ acceptance on the sensory attributes of the puddings, muffins, dan 
cookies from sago starch and tempeh (%)

Sensory attributes

Products Colour Taste Aroma Texture 
(surface press)

Chewing 
texture 

(mealiness)
Aftertaste Over-all

Pudding F1 57.5% 45.0% 90.0% 85.0% 70.0% 56.2% 61.2%
F2 88.7% 60.0% 90.0% 81.2% 66.2% 35.0% 70.0%

Muffin F1 78.7% 70.0% 73.7% 18.7% - 61.2% 33.7%
F2 90.0% 90.0% 87.5% 86.2% - 83.7% 91.2%

Cookies F1 85.0% 88.7% 87.5% 76.2% - 81.2% 91.2%
F2 95.0% 75.0% 96.2% 31.2% - 73.7% 72.5%
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significantly higher than the F2 cookie (72.5%) 
(Table 4). Moreover, the panelists’ mean hedonic 
scales of overall attributes for the F1 cookie 
was also significantly higher than the F2 cookie 
(Table 2). Therefore, F1 was the selected formula 
for cookies. The F1 formula used a ratio of sago 
starch to tempeh of 2:1. A smaller proportion of 
sago starch in the F2 cookie produced high water 
content, which inflenced the texture of the cookie 
(Budzaki et al. 2014) and resulted in a decrease 
in the level of acceptance of the F2 cookie.

Physical characteristics of selected products 
(hardness)

Hardness is one of the important indicators 
should be taken into account in analyzing food 
texture, and it has an impact on the level of 
consumer acceptance of the food products. The 
hardness value of the pudding was 83.47 gf. This 
value is lower compared to those of the puddings 
in other research, such as the mocaf dextrin 
pudding with hardness of 151.78–657.93 g/cm2. 
The low strength of the pudding gel produces soft 
pudding (Darmawan et al. 2014). This means that 
the sago pudding’s chewy but brittle texture was 
due to the low gel strength value. This result was 
presumably caused by the distinct proportion 
of the composition, including the carrageenan, 
in  each  pudding.  An increased carrageenan 
concentration in the pudding mixture would 
increase the strength of the pudding gel (Trckova 
et al. 2004).

The hardness value of the muffins was 
3,861,87 gf. Fiber content and resistant starch   
in non-wheat flour can produce a high muffin 
hardness value. Food fiber and resistant starch 

would affect the amount of air trapped in the 
dough matrix, reducing the muffin tenderness 
(Struck et al. 2016).

The  hardness  value  of  the  cookies  was 
1,655,02 gf. The high amylose content (27%) in 
sago starch (Ahmad & Williams 1998) affected 
the hardness of the cookies (Horstmann et al. 
2016). Higher amylose content would produce   
a good texture of cookies, but starch containing 
high amylopectin tends to produce breakable 
cookies (Claudia & Widjanarko 2016).

Nutrient content, dietary fiber, and resistant 
starch of selected products

The serving size of the sago pudding is 
80 g (2 small cups), which refers to the food 
serving size for diabetics by Poetker (2010). A 
small cup of sago muffin weighs 38–39 g, which 
refers to the serving size of a muffin for diabetics 
by DHHS and USDA (2015) (1 small cup). One 
sago cookie weighs 6–7 g. The serving size for 
sago cookie is 20 g (3 pieces) as per the serving 
size of commercial cookies (sugar-free cookies). 
Nutrient content, dietary fiber, and resistant 
starch of pudding, muffin, and cookie per serving 
size are shown in Table 5.

The results in Table 5 show that the 
percentage of contribution of the puddings, 
muffins, and cookies (per serving size) as snacks 
to diabetics' needs (1,700 kcal) was very low  
and failed to meet the 10–15% needs of energy, 
protein, carbohydrate, fat, and dietary  fiber.  
The puddings, muffins, and cookies per serving 
size consumed as daily snacks (2–3 times per 
day) will contribute more than 1.4 g of resistant 
starch. Lockyer and Nugent (2016) showed that a 

Table 5.  Nutrient content, dietary fiber, and resistant starch of selected puddings, muffins, and      
cookies from sago starch and tempeh

Components

Nutrient content per serving
Diabetics’ 

needs*

Nutritional 
needs of 

snack 
(10-15%)

Contribution to nutritional needs (%)

Pudding 
(80g)

Muffin 
(38g)

Cookies 
(20g)

Pudding 
(80g)

Muffin 
(38g)

Cookies 
(20g)

Energy (kcal) 26 84 95 1,700 170–255 6.54–9.81 2.02–3.04 1.79–2.68

Carbohydrate (%) 4.61 9.98 13.89 275 27.50–41.25 5.97–8.95 2.76–4.13 1.98–2.97

Fat (%) 0.51 3.89 3.93 55.5 5.50–8.25 10.78–16.18 1.41–2.12 1.40–2.10

Protein (%) 0.83 2.46 0.98 3.5 3.60–5.40 4.34–6.51 1.46–2.20 3.67–5.51

Dietary fiber (%) 3.16 2.70 1.91 25.0 2.50–3.75 0.79–1.19 0.93–1.39 1.31–1.96

Resistant starch (%) 0.65 1.36 1.20 - - - - -
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decrease in blood glucose in diabetics can occur 
by eating foods containing 1.4–48 g of resistant 
starch daily. Other studies have also shown that 
consumption of 2 g resistant starch for 4 weeks 
in diabetic rats affected the postprandial insulin 
repair and glucose response (Zhou et al. 2015).

Fiber intake can maintain the satiety 
level that will lead to a decrease in calorie intake, 
beneficial for weight loss as well as improving 
insulin resistance. The fiber mechanism  in  
glucose  metabolism  is related to  the  function  
and  characteristics  of fibers. Water-soluble fiber 
can absorb fluids and form gels in the stomach. 
Gel slows down the gastric-emptying  process  
and  absorption  of nutrients. Gel can slow the 
peristalsis of nutrients (glucose) from the small 
intestine to the absorption area so that it can 
stabilize the blood glucose levels (Weickert & 
Pfeiffer 2018).

In addition, the undigested part of the  
fiber will go into the large intestine and will be 
converted into a substrate that can be fermented 
by bacteria. Fiber fermentation by bacteria 
produces short-chain fatty acids such as acetate, 
propionate, and butyrate. These fatty acids will 
be absorbed back into the bloodstream. Acetate 
may reduce free fatty acids in the bloodstream 
for a long time. Propionate can inhibit HMG- 
CoA reductase, inhibit fat mobilization, prevent 
the process of gluconeogenesis in the liver, and 
reduce the reduction of free fatty acids in the 
blood. This will improve the blood glucose levels 
and insulin sensitivity (Todesco et al. 1991; Luo 
et al. 2000).

Consumption of food with high resistant 
starch content is the most effective prevention  to 
maintain normal blood glucose concentration and 
prevent secondary complications resulting from 
sustained hyperglycemia (Koh & Rowling 2017). 
Resistant starch can also increase satiety because 
it can increase genetic expression stimulating 
satiety associated with GLP-1 and PYY 
hormones in the large intestine (Okoniewska & 
Witwer 2007). Resistant starch also functions 
in increasing insulin sensitivity and reducing 
abdominal adiposity in obese diabetics (Koh & 
Rowling 2017).

CONCLUSION

Based on the hedonic test, the pudding 
and muffin formulas selected were those with a 

ratio of sago starch to tempeh of 1:1, and for the 
cookies the selected formula was that with the 
ratio of sago starch to tempeh of 2:1. Puddings 
are categorized as a fiber-source food with a 
negligible level of resistant  starch,  muffins  as 
a high-fiber food with an intermediate level of 
resistant starch, and cookies as a high-fiber food 
with a high level of resistant starch. In conclusion, 
these products had fullfilled the expectation that 
they are able to help control diabetics’ blood 
glucose. Further research related to preclinical 
testing of puddings, muffins, and cookies needs 
to be conducted to determine the positive role   
of the products in controlling the blood glucose 
levels in diabetics.
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ABSTRACT 

The study aimed to gather evidence on the potential of golden berry (GB) juice  in improving blood 
glucose level, insulin level, and insulin resistance in type-2 diabetes mellitus (T2DM) in comparison to 
quercetin supplement in animal model. This study used true experimental pre-post-test study with control 
group design. Twenty five Wistar male rats were divided into five groups: healthy group (K-), T2DM 
positive control group (K+), T2DM group with 1 ml/200 g BW/day of GB juice (X1), T2DM group with 
5 ml/200 g BW/day of GB juice (X2), and T2DM group with 6 mg/200 g BW/day of quercetin (X3). 
The T2DM rasts were obtained from healthy rats induced by high-fat feed and Streptozotocin (STZ). 
The result showed that various dosages of GB juice (X1 and X2) were able to lower blood glucose level 
(-79.15; -110.44; -108.20) and HOMA-IR (-2.40; -2.92; -3.02). In addition, it was also able to increase 
insulin level (0.26; 1.99; 1.42) compared to (K+) group (p<0.05). In conclusion, GB juice was able to 
lower blood glucose level, insulin resistance, and increase insulin level in T2DM rats. The GB juice 
dosage of 1 ml/200 g BW/day and 5 ml/200 g BW/day were better in lowering the blood glucose level 
and improving insulin resistance compared to quercetin supplement.
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INTRODUCTION

Type-2 diabetes mellitus (T2DM) is a 
metabolic disorder marked by elevated blood 
sugar levels (hyperglycemia) due to decrease in 
pancreatic β-cell function or insulin resistance 
(Kahn et al. 2014). Type-2 diabetes mellitus, 
is a global pandemic. International Diabetes 
Federation (IDF) stated that in 2017, globally 
there was 425 million cases of T2DM and has 
been expected to reach 629 million cases in 2045. 
In Indonesia alone, the number of T2DM was 10 
million cases in 2015 (International Diabetes 
Federation 2017).

One of the underlying pathophysiology of 
T2DM is insulin resistance (Kahn et al. 2014), it 
is a complex metabolic disorder where the tissue 
capabilities to use insulin is reduced. Continous 
high intake of calories and accumulation of 
free fatty acids in some tissues can lead to 
insulin resistance, which perturb the utilization 

of glucose in the tissues (liver, muscle, and fat 
tissue). The insulin resistance causes reduction 
of insulin interaction with tissues and further 
disrupts the metabolic pathways of glucose, fat, 
and protein (Sah et al. 2016).

The hyperglycemia in type-2 diabetes 
mellitus increases the formation of advanced 
glycation end products (AGEs) and glucose 
oxidation which produce reactive oxygen species 
(ROS). The presence of ROS further plays a role 
in β-cell damage and reduces insulin sensitivity 
(Qatanani & Lazar 2007). The imbalance of 
free radicals and antioxidants in the body causes 
oxidative stress in T2DM (Chikezie et al. 
2015). Many studies have found that flavonoid 
content in food has a major role as antioxidant to 
improve T2DM (Anhe et al. 2013). The golden 
berry (Physalis peruviana) is one of such food 
that is also commonly utilized in Indonesia. The 
phenolic content in golden berry was 50–250 
mg/100 g of fruit and its antioxidant activity was 
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210.82 μmoltrolox/100 g of fruit (Puente et al. 
2011). Research also shown that golden berry 
has a role as anti-inflammatory, antioxidant, and 
anti-diabetic (Sathyadevi et al. 2014; Puente et al. 
2011). The main phenolic compounds in GB fruit 
are quercetin, myrecetin, and kaempferol (Puente 
et al. 2011).

Fruit juice is considered as functional 
food because it still contain the micronutrients or 
active substances from fresh fruits that provides 
physiological advantages (Ramadan & Moersel 
2006). Hassan & Ghoneim (2013) stated that 
the administration of GB juice with a 1 ml/200 
g BW/day dose in diabetic rats, could lower 
blood sugar significantly compared to untreated 
diabetic group. Quercetin content on golden berry 
extract in this study was able to improve pancreas 
β-cells function as an antioxidant agent.  In recent 
years, quercetin was not only available in food 
form but also in supplementation and generally 
introduced as therapy for bacterial infections, 
gout, hypertension, diabetes mellitus, asthma, and 
many more (Larson et al. 2012). Despite the ease 
of use of supplement, some patient prefer natural 
fresh remedies such as the golden berry fruit juice 
for long term use. Therefore, this study aimed 
to find evidences on the potential of the golden 
berry juice compared to quercetin supplement in 
improving blood glucose level, insulin level, and 
insulin resistance in type-2 diabetes mellitus rats. 
The results is expected to contribute to further 
study for Golden Berry functional food product 
development and efficacy testing in human 
subject.

METHODS

Design, location, and time
The study used true experimental study 

with completely randomized design pre-post-
test with control group design. This study was 
conducted at the Integrated Laboratory of 
Diponegoro University, Semarang for testing the 
content of quercetin in golden berry juice. Animal 
care and testing were conducted at Center for 
Food and Nutrition Research Laboratory, Gadjah 
Mada University, Yogyakarta from December 
2017 to February 2018.

Sampling
Determination of sample size in this study 

was based on World Health Organization (WHO 

2000) minimum sample for animal assay, which 
is 5 rats for each treatment group (WHO 2000). 
Twenty five male Wistar aged 8–12 weeks 
with 150–200 g of body weight were obtained 
from Center for Food and Nutrition Research 
Laboratory, Gadjah Mada University, Yogyakarta. 
GB fruits were obtained from the garden in 
Ciwidey, Bandung regency. Quercetin was 
obtained from Sigma Aldirch (Q4951, St.Louis, 
USA), Streptozotocin (STZ) was obtained from 
Nacalai Tesque Japan and Niconitamide (NA) 
was obtained from Nacalai Tesque, Japan. This 
study also used blood glucose check reagent 
(Dyasis) and insulin ELISA kit (Fine Test). 

The standard rat feed was consisted of 
Confeed AD II (composition: 12% water, 15% 
crude protein, 3–7% crude lipid, 6% crude 
fiber, 7% ash, 0.9–1.1% calcium, and 0.6–0.9% 
phosphorus) and the high-fat feed (composition: 
80% standard feed, 20% lard, and 1% extra 
cholesterol) were obtained from Center for Food 
and Nutrition Research Laboratory, Gadjah Mada 
University, Yogyakarta. Tools for animal care 
like cages, feeding plate, drinking bottle, digital 
scales, and blood sampling tools used micro 
hematocrit and syringe probe. 

GB juices were made using basins, 
blender, cheese cloth, spoon, and measuring cup. 
Blood analysis used a blood glucose check and 
insulin ELISA kit. Tools and materials used for 
testing the content of quercetin in GB juice were 
70% methanol, distilled water, Erlenmeyer tubes, 
beaker glasses, pipettes, ultrasonic (Branson), 
Whatman paper, micropipette 1,000 µL and 10-
100 µL, test tubes, and High Performance Liquid 
Chromatography (HPLC) (Shimadzu, Japan).

Procedures
Testing for Quercetin content in golden 

berry juice. Five ml of the sample juice were 
mixed with 25 ml of 70% methanol and 
extracted using the ultrasonic at 300C for 20 
minutes. Extracted sample was stored in freezing 
temperature for 24 hours and then filtered 
through a 0.45 µm filter. A 20 ml of sample was 
induced to HPLC instrument. The HPLC analysis 
was performed using a Shimadzu-LC system 
equipped with a UV-Vis detector (SPD-20AV), 
a column Purospher® STAR C18 (250 mm x 
4.0 mm, 5 µm), a flow rate of 1.1 ml/minutes, a 
column temperature of 300C, a mobile phase of 
Methanol : Acetonitrile : Water (60:20:20) % v/v 
and a detection wavelenght of 254 nm.
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Conditioning of type-2 diabetes mellitus.
Twenty-five Wistar male rats were acclimatized 
to individual cages for 7 days given the standard 
feed and water. The room temperature ranged 
25–280C with 12 hours light cycle (6:00 a.m. to 
6:00 p.m.). Rat’s cages was cleaned every day. 
Blood sampling was conducted through plexus 
retroorbitalis to standardize blood glucose before 
it was conditioned with type-2 diabetes mellitus. 
Twenty rats were conditioned T2DM with high-
fat feeding for 14 days (Sathyadevi et al. 2014) 
followed by NA induction with the dose of 
110 mg/kg body weight via the intraperitoneal 
injection and 15 minutes later were given the STZ 
intraperitoneal induction with a dose of 45 mg/kg 
body weight (Ghasemi et al. 2014). Before the 
STZ induction, rats were fasted for 8–10 hours. 
After 3 days of STZ induction, rats were fasted 
for 8–10 hours (Gheibi et al. 2017) and 2 ml blood 
drawn through the plexus retroorbitalis for blood 
glucose and insulin levels analysis. Rats full filed 
the T2DM criteria if the fasting serum glucose 
levels was ≥200 mg/   (Gheibi et al. 2017).

Treatments of golden berry juice and 
quercetin. Rats were divided into 5 groups: 
healthy group without treatments (K-), T2DM 
positive control group without treatments (K+), 
T2DM group with treatment of 1 ml/200 g 
BW/day of GB juice (X1), T2DM group with 
treatment of 5 ml/200 g BW/day of GB juice 
(X2), and T2DM group with treatment of 6 
mg/200 g BW/day of quercetin (X3). The dose 
of 1 ml/200 g BW/day of GB juice was based 
on Hassan & Ghoneim (2013) who stated that 
the dose could lower blood glucose in diabetic 
rats significantly, while the 5 ml/200 g BW/day 
dose of GB juice was based on ±1 glass of fruit 
juice consumed by humans. Quercetin was used 
as standard therapy in experimental animals with 
T2DM. The 6 mg/200 g BW/day dose of GB juice 
was the effective dose to lower blood glucose 
significantly compared to T2DM control group 
based on previous study of Chis et al. (2015). 

Quercetin was homogenized with a 0.5% 
Sodium-Carboxymethil cellulose (NA-CMC) 
each into 5 ml of volume. The making of GB 
juices and quercetin solution were prepared 
every day in the morning then immediately 
administered to T2DM rats via a gastric tube once 
a day. The GB juice and quercetin in T2DM rats 
were administered for 28 days. Blood sampling 
was conducted at the end of the study through 

plexus retroorbitalis for analysis of blood glucose 
and insulin levels. Insulin resistance level was 
indicated by the value of Homeostasis Model 
Assessment Insulin Resistance (HOMA-IR) 
with the formula as follow; HOMA-IR = (blood 
glucose level (mg/dl) x insulin level (μU/ml) 
divided by 405  (Esteghamati A et al. 2010). 
The study methods had received approval from 
the Ethics Committee for Health Research in 
Diponegoro University and Dr. Kariadi Hospital, 
register number 89/EC/H/FK-RSDK/XII/2017.

Data analysis
Data normality was tested by Shapiro-Wilk 

test. All of the data had normal distributions, thus 
the testing for the differences between before and 
after treatments used the paired t-test. Analysis of 
the effects of the differences between groups used 
the One-Way ANOVA test followed Tamhane 
post hoc (p<0.05) for blood gluce and  HOMA-
IR analysis, while for insulin analysis it was 
followed by Bonferroni post hoc test (p<0.05).

RESULTS AND DISCUSSION

The quercetin content in GB juices and 
fruit form have been reported previously (Puente 
et al. 2011). The quercetin’s content of GB juice 
in this study was 20.775 µg/ml of juice. 

Conditioning of type-2 diabetes 
mellitus. Prior to the treatment of GB juice and 
quercetin, blood glucose level was tested as a 
standard category of healthy rats and showed 
the homogeneous level of blood glucose level 
in the samples (Table 1). Conditioning of type-
2 diabetes mellitus in this study was conducted 
by high-fat feeding for 14 days and induction of 
STZ. Blood glucose levels of all rats were more 
than 200 mg/dl after conditioning of T2DM 
(Table 2). 

High-fat feeding aimed to establish 
condition of insulin resistance. It led to reduction 
in the activation of phosphatidylinositol 
3-kinase (PI3K)/Akt, which affected tyrosine 
phosphorylation and decreased IRS so it could 
reduce insulin signaling (Gheibi et al. 2017). 
The STZ inducted later causes a breakdown 
of deoxyribonucleic acid strand (DNA) and 
overexpression activation of poly synthase (ADP-
ribose) which was an enzyme to repair DNA. The 
rats was induced with NA at 15 minutes prior the 
STZ, it aimed to provide protection for pancreatic 
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β-cells from toxic effects of excessive STZ and 
created type-2 diabetes mellitus in rats (Zuloaga 
et al. 2014)

The administration of golden berry 
juice on levels of blood glucose, insulin, and 
HOMA-IR. Paired t-test showed that there were 
a decrease in blood glucose level (Table 2), an 
increase in insulin level (Table 3), and a decrease 
in HOMA-IR value (Table 4) with treatment of 
GB juice with a 1 ml/200 g BW/day dose and 
5 ml/200 g BW/day dose significantly in the 
before and after treatments (p<0.05). There 
were significant differences in changes of mean 
value with  GB juice X1 and X2 treatments 
compared to the K(+) in lowering blood glucose 

level, increasing insulin level, and decreasing 
HOMA-IR (p<0.05). This findings were in line 
with Hassan & Ghoneim (2013) who stated that 
administration of GB juice 1 ml/day could lower 
blood glucose significantly compared to diabetic 
control group and blood glucose level in group 
with The GB juice treatment was comparable 
to healthy rats group. Further, Sathyadevi et 
al. (2014) also found that GB extract could 
lower blood glucose and increase insulin levels 
significantly compared to diabetic control group.

The decreased values of blood glucose 
level in treatments of GB juice 1 ml/200 g BW/
day and 5 ml/200 g BW/day were equal to 
quercetin at dose of 6 mg/200 g BW/day. It was 
no significant differences between treatments in 
X1, X2, and X3 in the Tamhane post hoc test 
(p>0.05) (Table 3). The largest decrease in blood 
glucose level was shown by the GB juice tearment 
of 5 ml/200 g BW/day with the value of 110.44 
± 10.63. It was most likely influenced by the rich 
antioxidants contents of GB juice in addition to 
its quercetin content. Previous study found that 
GB juice contains several phenolic substance, 
including quercetin as major phenolic content and 
followed by myrecetin and kaempferol (Puente et 
al. 2011) which could play a role in decreasing 
blood glucose level.

As anti-diabetic agents, quercetin, 
myrecetin, and kaempferol available at various 
tissues, such as in the muscle. Quercetin for 
example, promotes glucose uptake in the skeletal 
muscle tissue by increasing the glucose transporter 
4 (GLUT4) translocation. In the liver, these agents 

Table 1. The initial glucose level standardization

Treatment groups Initial glucose levels p 

K(-) 73.94±15.76

K(+) 69.26±5.77

X1 87.46±9.06 0.319

X2 73.27±5.93

X3 69.26±10.59
p; One-Way ANOVA test. K(-): healthy group + without 
treatments, K(+): T2DM + without treatments; X1: T2DM 
group + GB Juice 1 ml/200 g BW/day (X1); X2: T2DM 
group + GB Juice 5 ml/200 g BW/day; X3: T2DM group + 
Quercetin 6 mg/200 g BW/day; n: 25 samples

Table 2. Blood glucose levels before and after treatments of golden berry juices and quercetin

Treatment groups
Blood glucose level (mg/dl)

Δ p' p
Before After

K(-) 82.76±6.17 100.93±4.50 18.17±6.16a 0.003*

K(+) 212.93±9.42 282.30±20.75 69.37±25.31a 0.004*

X1 221.02±9.97 141.87±6.05 -79.15±12.56ab 0.000 0.000*

X2 224.16±11.91 113.72±4.43 -110.44±10.63ab 0.000*

X3 214.05±14.04 105.85±2.51 -108.20±14.12a 0.000*

p': Paired t-test; p: One-Way ANOVA test; a p<0.05 Tamhane post hoc test with K(+); b p<0.05 Tamhane post hoc test with 
X1; no significant differences in X2 and X3; K(-): healthy group + without treatments; K(+): T2DM + without treatments; X1: 
T2DM group + GB Juice 1 ml/200 g BW/day (X1); X2: T2DM group + GB Juice 5 ml/200 g BW/day; X3: T2DM group + 
Quercetin 6 mg/200 g BW/day; n: 25 samples
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improve the glucokinase activity to increase 
glucose storage in the liver through activation of 
AMP-activated protein kinase (AMPK). AMPK is 
an enzyme that regulates the homeostatic energy 
in the body through several mechanisms such 
as inhibiting the gluconeogenesis, increases the 
fatty acid oxidation, and increases the expression 
of GLUT4. In the gut, these agents help to 
decrease maltase activity and glucose transporter 
2 (GLUT2) that can reduce the absorption of 
glucose in the gut (Anjani et al. 2018; Alkhalidy 
et al. 2015).

The decreased insulin levels indicated 
a functional disorder of pancreatic β-cells and 
a reduction in pancreatic islet cells because 

conditioning of type-2 diabetes mellitus by 
high-fat feeding and induction of STZ. Antony 
et al. (2017) stated that histopathology test of 
pancreatic tissue in animal fed by high-fat and 
STZ induction showed reduction in pancreatic 
islet cells. This condition could form amyloid 
which triggered the ROS. The changes in insulin 
levels were significantly different between X1, 
X2, and X3 in Bonferroni post hoc test (p<0.05) 
(Table 4). The highest elevated levels of insulin 
could be seen in treatment of GB juice of 5 ml/200 
g BW/day with a mean value of 1.99±0.30. It 
was thought because of other active substances 
contents in addition to quercetin that help protect 
pancreatic β-cell and worked as an antioxidant 

Table 3. Mean values of insulin level before and after treatments of GB juices and quercetin

Treatment groups
Blood glucose level (mg/dl)

Δ p' p
Before After

K(-) 16.49±0.19 15.65±0.22 -1.09±0.39abc 0.003*

K(+) 12.72±0.16 11.82±0.14 -0.90±0.19bc 0.000*

X1 12.76±0.12 13.02±0.14 0.26±0.11ac 0.007* 0.000*

X2 12.74±0.26 14.53±0.17 1.99±0.30ab 0.000*

X3 12.69±0.23 14.12±0.18 1.42±0.35abc 0.001*

p': Paired t test; p: One-Way ANOVA test; a p<0.05 Bonferroni post hoc test with K(+); b p<0.05 Bonferroni post hoc test with 
X1; c p<0.05 Bonferroni post hoc test with X2; K(-): healthy group + without treatments; K(+): T2DM + without treatments; 
X1: T2DM group + GB Juice 1 ml/200 g BW/day (X1); X2: T2DM group + GB Juice 5 ml/200 g BW/day; X3: T2DM group 
+ Quercetin 6 mg/200 g BW/day; n: 25 samples

Table 4. Mean values of HOMA-IR before and after treatments of GB juices and quercetin

Treatment groups
Blood glucose level (mg/dl)

Δ p' p
Before After

K(-) 3.42±0.28 3.89±0.13 0.48±0.22 0.028*

K(+) 6.69±0.29 8.24±0.61 1.55±0.82 0.027*

X1 6.96±0.33 4.56±0.17 -2.40±0.39a 0.000* 0.000*

X2 7.06±0.40 4.14±0.19 -2.92±0.29a 0.000*

X3 6.71±0.34 3.68±0.09 -3.02±0.37a 0.000*

p': Paired t test; p: One-Way ANOVA test; a p<0.05 Tamhane post hoc test with K(+); K(-): healthy group without treatments; 
K(+): T2DM + without treatments; X1: T2DM group + GB Juice 1 ml/200 g BW/day (X1); X2: T2DM group + GB Juice 5 
mL/200 g BW/day; X3: T2DM group + Quercetin 6 mg/200 g BW/day; n: 25 samples  
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agents. Puente et al. (2011) stated that GB juice 
contained vitamin C, vitamin E, quercetin, 
myericetin, and kaempferol. Those contents 
can help quercetin in GB juice in providing 
more protection to β-cells as antioxidant agents. 
(Garcia-Bailo et al. 2011; Al-Numair et al. 2015) 
compared to quercetin alone.

GB juice with a dose of 1 ml/200 g BW/
day and 5 ml/200 g BW/day had same effect with 
a 6 mg/200 g BW/day of quercetin treatment 
in improving insulin resistance as shown in 
Tamhane post hoc test with p>0.05 at X1, X2 and 
X3 treatments (Table 4).  Previous study found 
that phenolic compounds and antioxidant activity 
in GB juice was high. Phenolic compound in GB 
juice provides a great potential for prevention or 
management of chronic disease. 

Our findings supports the Choi et al. 
(2015) findings which stated that administration 
of quercetin for 10 weeks to rats induced by STZ 
could lower HOMA-IR significantly compared 
to diabetic control group (Choi et al. 2015). 
Quercetin is a powerful antioxidant that can 
capture free radicals and bind transition metal 
ions. Quercetin is also one of the best ROS 
(O2- and ONOO-) catcher. Anti-inflammatory 
effect of quercetin was able to reduce levels of 
pro-inflammatory cytokines like tumor necrosis 
factor alpha (TNF-α) by inhibiting the expression 
of Nuclear Factor Kappa Beta (NF-Kβ) (Choi 
et al. 2015; Luo et al. 2015). The inhibition of 
NF-Kβ expression could reduce insulin receptor 
substrate (IRS)-1 serine phosphorylation and 
increase expression of IRS-1 (Luo et al. 2015). 
IRS-1 protein was an important protein in 
improving insulin sensitivity.

CONCLUSION

We found evidences that GB juice was 
able to lower blood glucose level, increase 
insulin level, and improve insulin resistance. The 
effect of GB juice with a dose of 1 ml and 5 ml 
is comparable to quercetin with an adimistration 
dose of 6 mg/200 g BW/day in improving the 
blood glucose and HOMA-IR. In addition, the GB 
juice was better than quercetin in improving the 
insuline level. This corroborated the findings that 
GB juice is a potential nutrition support for type-
2 diabetes mellitus. Further research is necessary 
to test the complete phytochemical contents of 
GB juice and to analyze its effect on other anti-

inflammatory and antioxidant parameters in 
T2DM to deepen our understanding on the role 
and mechanisms of GB juice in T2DM.
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ABSTRACT

This present work aimed to investigate the in vitro antioxidant activity and α-glucosidase inhibitory 
effect of mulberry leaf ethanolic extract. Antioxidant analysis was performed using Thiobarbituric Acid 
(TBA) assay at concentrations of 125, 200, 500, and 1,000 ppm. The results showed that the optimum 
incubation time was four days and the extracts could reduce the formation of MDA, i.e. 41.21%, 45.33%, 
44.19%, and 36.00%, respectively. This suggests that concentration of 200 ppm was found as the best 
treatment. In addition, the result showed that ethanolic extract of mulberry leaf also showed inhibition 
against α-glucosidase with the IC50 of 309.82 µg/mL. 
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INTRODUCTION

Free radical is an atom or group of at-
oms that possess one or more unpaired elec-
trons, which make it highly chemically reactive 
towards electrons in other molecules of human 
cells (Amrun et al. 2007). It causes disruption of 
important macromolecules such as protein, lipid, 
carbohydrate, and DNA, which in turn causing 
physiological disorders such as diabetes melli-
tus (DM). Nowadays, the prevalence of DM has 
been growing around the globe, especially type 
2 diabetes mellitus (T2DM). Factors contributing 
to the disease are aging, social-economic prob-
lems, lifestyle, lack of physical activities, and 
obesity (WHO 2015). In addition, glycemia was 
proposed as another contributor to T2DM (Bar-
clay et al. 2008).

A noticeable increase in glucose level af-
ter carbohydrate loading (postprandial glycemia) 
that exceeds the normal level (hyperclycemia 
postprandial) is deemed as one of the significant 
factors causing T2DM (Barclay et al. 2008). One 
way to control postprandial glycemia is via in-
hibition of glucose absorption in the intestine. 
In this case, inhibiting the action of intestinal 
enzymes, such as α-glucosidase,  that converts 

carbohydrate into glucose can be a promising at-
tempt (Castellano et al. 2013). This inhibitory ac-
tion against α-glucosidase is meaningful in man-
agement of DM.

Mulberry (Morus alba L.) has been re-
ported as a source of glucose inhibitors (Efendi 
et al. 2010) and widely used for various diseases 
such as diabetes, hyper cholesterolemia, and kid-
ney diseases (Huang et al. 2013). The beneficial 
properties of the plant are attributed to its active 
compounds such as alkaloid, flavonoid, polyphe-
nol, Calcium, Phosphor, Iron, Manganese, vi-
tamins (A, B, C). Numerous reports have been 
published regarding the physiological effects 
of mulberry leaf extracts in controlling glucose 
level  after carbohydrate consumption (Chung et 
al. 2013; Jeszka-Skowron et al. 2014), while the 
extract was known as capable of alleviating the 
absorption of sucrose and maltose in intestine. 
Intake of mulberry leaf ethanolic and asetone ex-
tracts in streptozotocin (STZ)-induced diabetic 
rats remarkably reduced glucose level, while also 
increased insulin concentration and antioxidant 
activity (Jezka-Skowron et al. 2014).

A study on antioxidant activity of mulberry 
twig and root bark extract estimated using DPPH 
assay showed protective activities on phospho-
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lipids against free radical attacks; the extract was 
also effective in avoiding biomolecules from oxi-
dative disruption (Chang et al. 2011). The anti ox-
idant activity of mulberry leaves extracted using 
different solvents (acetone, methanol, aqueous) 
were also investigated. The research found that 
the methanol extract exhibited the highest content 
of phenolic and antioxidant activity (Arabshahi-
Delouee & Urooj 2007). 

Further, Jeszka-Skowron et al. (2014) 
demonstrated that mulberry leaf extract isolated 
with ethanol 65% showed the strongest action 
on alleviating glucose level of experimental ani-
mals. In addition, the experiment showed that 
such glucose level-lowering effect contributed to 
increace secretion of insulin and antioxidant ac-
tivity. However, there is no any scientific report 
on in vitro experiment uncovering the effects of 
mulberry leaf ethanolic extract on inhibition of 
α-glucosidase. This present work aimed to inves-
tigate the antioxidant activity using TBA (Thio-
barbituric Acid) assay, and evaluate the inhibi-
tory properties of mulberry leaf ethanolic extract 
against α-glucosidase.

METHODS

Design, location, and time 	
Antioxidant activity was evaluated accord-

ing to Completely Randomized Design (CRD) 
consisting of three groups: negative control (dis-
tilled water),  positive control (α-tocopherol) at 
concentration of 200 ppm, and mulberry leaf eth-
anolic extract at various levels (125, 200, 500 and 
1,000 ppm). Each experimental unit was carried 
out at triplicates. 

Materials and tools 
Mulberry leaves were collected from 

UKBB, Indonesia. Chemicals used were etha-
nol 65%. Ethanol 30%, chloroform, ammonia, 
H2SO4, Dragendorf reagent, Meyer reagent, 
Wagner reagent, FeCl3, ether, NaOH 10% were 
used for phytochemical analysis. In terms of 
MDA analysis and incubation time determina-
tion, some chemicals were used, including etha-
nol 70%, absolute ethanol, linoleic acid 50 mM, 
buffer phosphate 0.1 M (pH 7), α-tocopherol (vi-
tamin E), TMP (1,1,3,3-tetramethoxypropane) 6 
M, TCA (trichloroacetic acid), TBA (thiobarbitu-
ric acid), and glacial acetic acid. Chemicals used 
for α-glucosidase inhibition analysis included 

DMSO (Dimethyl Sulfoxide), α-glucosidase, 
p-nitrophenyl-α-D glucopyranoside (p-NPG), 
natrium bicarbonate (Na2CO3), buffer phosphate, 
bovine serum albumin (BSA), starch, alloxan, 
and acarbose (Glucobay). All chemicals used are 
analytical grade. 

Experimental instruments for antoxidant 
activity analysis were oven, electrical blender, 
shaker, filter paper, spectrophotometer, centri-
fuge. While, the instruments used for sample 
preparation and inhibition analyss were oven, 
rotary evaporator, microplate, microplate reader 
Bio Rad, digital balance, vortex.

Procedure 
Preparation of mulberry leaf powder 

(Jeszka-Skowron et al. 2009). Mulberry leaves 
were sorted (young leaf, bright green-dark green 
in color, no blackspots). The sorted leaves were 
washed, shredded, and sun-dried for 1 hour. Next, 
the leaves were re-dried in oven for 6 hours at 
60°C, powdered and filtered.

Moisture analysis (AOAC 2012). Moisture 
content was analyzed using standard method of 
AOAC (2012). Briefly, mulberry leaf powder (2 
g) was dehydrated in oven for 6 hours at 105°C, 
desiccated for 15 minutes, and weighed.

Extraction (Jeszka-Skowron et al. 2014, 
modified). Mulberry leaves were macerated for 
24 hours using ethanol 65% at a ratio of 1:10 (leaf 
powder: solvent). At the first 6 hours, the mix-
ture was shaken in a shaker at 125 rpm, and left. 
Macerated substance was collected after filtration 
using filter paper. This maceration condition was 
replicated 3 times. The solvent was then removed 
using rotary evaporator, yielding an extract paste. 
The % extract yield was then determined as fol-
lows:

Phytochemical Analysis (Harborne 
1987). In this section, determination of alkaloid, 
tanin, flavonoid,saponin, steroid, and triterpenoid 
was carried out. 

Determination of incubation time using 
conjugated dienes (Esterbauer 1989). A mix-
ture consisting of 2 ml buffer phosphate (0.1 
M, pH 7), 2 ml linoleic acid (50 mM; in ethanol 
99.80%), and 1 ml deionized water was prepared 
and then placed in screw pan bottle. The mixture 

% %
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was incubated at 400°C, and its absorbance was 
measured till obtaining the maximum one, with a 
descending value. Absorption intensity was mea-
sured by adding 50 µL of linoleic acid previously 
incubated with 6 ml of ethanol 75%. The absorp-
tion was read at a wavelength of 234 nm, while 
ethanol 75% was used as blank solution. 

Determination of Antioxidant Activity us-
ing TBA assay (Kikuzaki & Nakatami 1993). 
Ethanolic extract of mulberry leaf was made at 
different concentrations: 125, 250, 500 and 1,000 
ppm. The α-tocopherol (200 ppm) was used as 
positive control, while distilled water was used as 
negative control. All of these samples were taken 
1 ml, added with 2 ml of buffer phosphate (0.1 M, 
pH 7) and 2 ml of linoleic acid 50 mM in ethanol 
99.8%. 

Solution was transferred into a dark bottle 
with a screw cap, and incubated at 400°C for a 
particular period of time as determined previ-
ously. MDA level was measured by TBA method 
exactly 2 days after incubation. Briefly, one ml of 
each solution was added with 2 ml of TCA 2% 
and 2 ml of TBA 1% in a glacial acetic acid 50%. 
Distilled water was used as blank solution, with 
a similar procedure. The mixture was heated at 
100°C for 10 minutes, cooled, and centrifuged at 
3,000 rpm for 15 minutes. The absorbance was 
read at 532 nm wavelength using spectrophotom-
eter.
	 Furthermore, standard curve was made. 
TMP solution was prepared at the following lev-
els: 1,5; 3; 6; 9; 12; 15; and 18 µM. One ml of 
each solution was reacted with 2 ml of TCA 20% 
and 2 ml of TBA 1% in a glacial acetic acid 50%. 
The mixture was heated at 100°C for 10 minutes, 
centrifuged at 3,000 rpm for 15 mininutes. The 
absorbance of each level of TMP was spectro-
photometrically measured at 532 nm. Distilled 
water was applied as blank solution.

Determination of α-glucosidase inhibitory 
activity (Sancheti et al. 2009). Inhibition against 
α-glucosidase (Sigma-Aldrich, Singapore) was 
tested, using  p-nitrophenyl-α-D glucopyranoside 
(p-NPG) as substrate. In this experiment, sub-
strate p-NPG was hydrolyzed by α-glucosidase to 
form glucose and pnitrophenol that produces yel-
low color. Microplate reader was used to check 
color changes spectrophotometrically at 410 nm. 
The measurement results were then used to cal-
culate IC50, representing concentration of the ex-
tract able to inhibit 50% of enzyme activity.

Enzyme solution was made by dissolv-
ing 1 mg of α-glucosidase in 100 ml of buffer 
phosphate (pH 7) containing 200 mg of bovine 
serum albumin (BSA). Prior to use, one ml of en-
zyme solution was diluted 25 times using buffer 
phosphate (pH 7) 100 mM containing 200 mg of 
BSA. The reagent mixture was presented in Table 
1, consisting of 25 of µL p-NPG 20 mM as sub-
strate, 50 µL of buffer phosphate (pH 7) 100 mM, 
and 10 µL of sample in DMSO 1% (b/v) (concen-
tration: 10, 100, 250, 500, 1,000, 2,500, 5,000, 
and 10,000 µg/ml) and 25 µL of enzyme. The re-
agent was incubated at 37°C for 30 minutes, and 
the enzymatic reaction was stopped by adding 
100 µL of Na2CO3 200 mM. Spectrophotomet-
ric measurement was used to check absorbance 
at wavelength of 410 nm using microplate reader. 

Negative control represented the reaction 
between substrate and enzyme in the absence 
of inhibitor, while blank solution represented 
reaction system in absence of both enzyme and 
inhibitor. All experimental units were made at 
triplicates. The % inhibition was calculated as 
follows:

Acarbose was applied as positive control, 
acting as inhibitor of α-glucosidase. Acarbose 
was dissolved in buffer solution and HCL 2 N 
(1:1), at various concentrations: 0.10; 0.50; 1.00; 
5.00; and 10.00 ppm (each 10 µL). The solution 
was reacted with reagent mixture, with similar 
procedure as tested samples. The absorbance was 
read using microplate reader at 410 nm.

Solution Blank
(µL)

Control
(µL)

So
(µL)

S1
(µL)

Extract - - 10 10
DMSO 10 10 - -

Buffer 75 50 75 50

Substrate 25 25 25 25

Enzyme - 25 - 25

Incubation at 37°C 30 minutes

Na2CO3 100 100 100 100
Note: So = control; S1= tested sample

Table 1. Reaction system of α-glucosidase
	  inhibition

%%
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Data analysis
Data were expressed as mean±standard 

deviation, and evaluated statistically using One-
Way Analysis of Variance (ANOVA) in IBM 
SPSS Statistics 22. The significant difference 
among means was compared using Duncan test 
at α=0.05. IC50 was calculated using linear regres-
sion, plotting % inhibition vs ln concentration.

RESULTS AND DISCUSSION

A previous report showed that moisture 
content of mulberry leaf reached 7.26±0.76%, 
with a yield of 24.52%. The desirable results of 
experiment could be achieved due to low mois-
ture level of the simplicia, i.e. <10% (BPOM 
2014). 

In this research, ethanol 65% was used as 
solvent since some studies suggested that ethano-
lic extracts of the mulberry plant is the best for 
significantly reducing glucose level. Ethanol 65% 
exhibited a higher efficiency in extraction of ac-
tive compounds in mulberry leaf, approximately 
twice higher than aqueous solvent (Jeszka-Skow-
ron et al. 2009). Further findings are also report-
ed that ethanol and methanol at concentration of 
40%–80% can isolate more polyphenol, flavonol, 
glycoside, and flavonoid over other solvents such 
as water, absolute ethanol and methanol.

Phytochemical Profile of Mulberry Leaf Ex-
tract

As presented in Table 2, the extract was 
confirmend to contain flavonoid, tanin and ste-
roid, evidenced by positive result, while other 
compounds such as alkaloid, saponin, and alka-
loid were confirmed negative. 

Agustina et al. (2014) found that etha-
nolic extract of mulberry leaf was confirmed to 
contain quercetin and anthocyanin. In addition, 
the 45-days aged leaf was also known to have 
β-carotene at concentration of 2,04 μg/g. Another 
report showed that mulberry fruit possessed anti-
oxidant properties reaching up to 86.79% based 
on DPPH assay (Natic et al. 2015). In other parts 
of the plant, ethanolic extract of mulberry’s twigs 
and root barks was also confirmed to exert an-
tioxidant and anti-tyrosine activity, in which the 
twig extract showed a stronger activity (Chang et 
al. 2011). 

Incubation Time
Determination of optimum incubation 

time was based on conjugated diene method. 
As depicted in Figure 1, absorbance tends to co-
tently increase. This is due to the generation of 
carbon radicals during propagation phase as well 
as continuous reactions (Allouche et al. 2010). 
The increment of absorbance from day 0 to day 
4 could indicate formation of conjugated diene 
hydroperoxide reaching maximum level. After 
this period, the absorbance showed a fluctuative 
condition, suggesting that conjugated diene hy-
droperoxides began to decompose, which in turn 
forms malonaldehyde (MDA) as product of lipid 
peroxidation. 

We also found that the absorbance was re-
corded to rise in day 6, which could be ascribed to 
temperature level and less stable oxygen during 
period of incubation. Compared to absorbance in 
day 4, the value in day 6 was lower; thus, incu-
bation time was considered to reach maximum 
level for 4 days. Based on this finding, analysis of 
potential antioxidant could be carried out about 
2 days after optimum production of conjugated 
diene hydroperoxide. This is understandable that, 
in day 6, most hydroperoxide compounds were 
decomposed to form MDA.

Formation of conjugated dienes is influ-
enced by several factors, such as heat, light, pH, 
oxygen, metal ions, and lipid radicals. 

Oxidation of Linoleic Acid
Figure 2 showed that the highest concen-

tration of MDA was attributed to negative con-
trol. This is clear that MDA radicals are exten-
sively produced due to absence of antioxidant 
compounds. In this case, high quantity of MDA 
is a result of oxidation process towards linoleic 
acid.

Compounds tested Results

Alkaloid -
Flavonoid +
Tannin +
Saponin -
Steroid +
Triterpenoid -

Positive sign (+) indicates that the compound is present 
in the extract; Negative sign (-) indicates absence of the 
compound in the studied extract

Table 2. Results of phytochemical analysis on 
	  mulberry leaf extract
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The opposite result was found in group of 
positive control (α-tocopherol), in which the for-
mation of MDA was significantly lower compared 
to other groups (α=0.05), reaching up to 3.08 with 
inhibitory activity of 62.06% (exhibited in Figure 
3). This discrepancy may result from some fac-
tors, such as purity and quality of α-tocopherol, 
as well as incubation time. However, the MDA 
concentration was remarkably altered by mulber-
ry leaf ethanolic extracts. Administration of the 
extract at dose of 125, 200, 500, and 1,000 ppm 
caused a meaningful effect on level of MDA, re-
sulting in inhibition of 41.21%; 45.33%; 44.20%; 
and 36.00%, respectively. Meanwhile, Alfarabi et 
al. (2010) investigated the linoleic acid inhibition 
generated by extract of Piper crocatum leaves at 
25, 50, 75, 100, 200 ppm dose, yielding inhibi-

tion of 44.31%, 56.30%, 63.00%, 72.68% and 
80.4% respectively.  In this present study the % 
of inhibition up to 200 ppm dose of showed the 
highest alteration. Based on this finding, the rec-
ommended concentration of the extract was 200 
ppm. However, we need to emphasize that statis-
tical evaluation demonstrated a non sisgnificant 
difference in the level of MDA as well as in % in-
hibition among mulberry extract treatments. Ad-
ditionally, our data confirmed that α-tocopherol, 
as positive control, was noted as  the strongest 
inhibitor over all other groups of treatments in 
this experiment.

Research focusing on antioxidant proper-
ties of mulberry leaf has been discussed by other 
researchers. Katsube et al. (2009) reported the 
antioxidant activity of mulberry leaf ethanolic 
extract against oxidation of LDL. The leaf ex-
tract was isolated by ethanol 60% as solvent, in 
which quercetin and rutin were found as the pre-
dominant flavonol glycosides. Jezka-Skowron  et 
al.  (2014) revealed that mulberry leaf extracted 
by ethanol 65% contained an appreciable amount 
of total phenolic, being 20% higher than sample 
extracted by acetone, while also producing lower 
TBA value. All of these reports could enrich the 
scientific evidence of mulberry leaf as a source 
of antioxidative compounds.

Inhibitory activity against α-glucosidase 
Our experiment successfully confirmed 

the inhibitory activity of mulberry leaf extracts 

Figure 1. Changes in linoleic acid absorbance 
               during 7 days of incubation time

Figure 2. Effects of various treatments on MDA
               concentration. EM: extract ethanol mul-
               lberry.Those with different letters differ    
               significantly at p<0.05

Figure 3. Effects of various treatments on % inh-
   	   ibition. EM: extract ethanol mullberry.  

	   Those with different letters differ sign-    
     ificantly at p<0.05
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towards α-glucosidase, as exhibited in Figure 4. 
In this case, inhibitory activity of the extract was 
expressed as IC50, reaching up to 309.82±5.72 
µg/ml (Table 3). The value of IC50 from mulberry 
leaf extracts was higher than that from acarbose 
(0.25±0.02 µg/ml), meaning that acarbose was 
much stronger as inhibitor over the studied ex-
tracts.

Inhibitory properties of mulberry leaf ex-
tracts against α-glucosidase are linked to presence 
of bioactive compounds such as alkaloid which is 
present in form of 1-deoxynojirimycin (DNJ). As 
reported by Kwon et al. (2011), DNJ acts as com-
petitive inhibitor against α-glucosidase, thereby  
causing the reduction of glucose level after car-
bohydrate intake (postprandial hyperglycemia). 
Another study also found that chemical structure 
of DNJ is identic to D-glucose; therefore, it could 
alleviate absorption of D-glucose in the walls of 
small intestine (Voss et al. 2007).

Regarding to phytochemicals, it is note-
worthy that alkaloid is not found according to 
qualitative experiment, which caused the low 
content of DNJ. Absence of alkaloid in the studied 
extract could be the major reason of the weak in-
hibition against α-glucosidase. Besides alkaloid, 
flavonoid is also reported as a significant com-
pound responsible for inhibition of α-glucosidase 
(Kazeem et al. 2013). Flavonoind compound may 
exist in many forms, such as rutin, quercetin, and 
chlorogenic acid, in which they are scientifically 
confirmed able to inhibit α-glucosidase (Hunyadi 
et al. 2012). Previously, in vitro experiments re-
ported that flavonoid and polyphenol are bioac-
tive compounds that enable to reduce activity of 
α-glucosidase in intestine and α-amylase pancre-
atic (Koh et al. 2010, Pereira et al. 2011).

Furthermore, inhibition of such enzymat-
ic actions could be performed by other sources. 
Yilmazer-Musa et al. (2012) investigated the in-

hibition of α-glucosidase generated by extracts 
of grape seed, green tea, teavigo, and white tea, 
yielding IC50 value of 1.20; 0.50; 0.30; and 2.50 
µg/ml, respectively. IC50 of rich grape pomace 
extract was 1,630 µg/ml, reported by Hogan et al. 
(2010); meanwhile, Rubilar et al. (2011) reported 
IC50 of various extracts, such as murta (Ugni mo-
linae Turcz.) leaf and fruit (215.70 and 61.30 µg/
ml, respectively), and maqui (Aristotelia chilen-
sis) leaf and stem (2.40 and 189.40 µg/ml respec-
tively). Gomathi et al. (2012) investigated IC50 of 
ethanolic extract of Evolvulus alsinoides, reach-
ing value of 86 µg/ml. In this present work, the 
IC50 of mulberry leaf ethanolic extract was higher 
than that of other extracts reported. As conclu-
sive remark, we need higher concentration of the 
extract enabling to generate a stronger inhibition 
against α-glucosidase.

CONCLUSION

Mulberry (Morus alba L.) leaf extract iso-
lated by ethanol 65% could alleviate production 
of MDA. Some bioactive compounds (i.e. flavo-
noid, tannin,steroid) present in the extract are re-
sponsible for bioactivity of the extract. Moreover, 
the extract was also confirmed capable of pro-
ducing inhibitory action against α-glucosidase, 
although the inhibition was lower compared to 
acarbose.
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ABSTRACT 

Mothers with better self-efficacy are tend to have intent to breastfeed, initiate early and have 
lengthier of exclusive breastfeeding. This study aimed to evaluate the level of breastfeeding self-
efficacy and to investigate the determinants of breastfeeding self-efficacy among pregnant mothers. 
A total of 180 expecting mothers were recruited in this cross sectional study from chosen Maternal 
and Child Health Clinics in Selangor. Self-administered questionnaires of Iowa Infant Feeding 
Attitude Score (IIFAS) and Breastfeeding Self-Efficacy (BSES-SF) were used to attain information 
on maternal attitudes and knowledge of breastfeeding and breastfeeding self-efficacy. Findings 
showed subjects had high level of breastfeeding self-efficacy (mean 51.79±11.94) and majority 
of them had fair knowledge in breastfeeding. Breastfeeding self-efficacy is found associated with 
number of children, while, residential area, occupation and household income were associated 
with breastfeeding knowledge (p<0.05). The best-fit regression analysis revealed three variables 
that explained 41.0% of the variance in breast feeding self-efficacy among expectant mothers. 
They were being housewife, multiparous and had positive breastfeeding attitudes (p<0.05). For 
that reason, healthcare providers can tactically identify women vulnerable to low breastfeeding 
self-efficacy by providing early intervention through increasing the awareness and knowledge in 
breastfeeding during prenatal and antenatal. 
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INTRODUCTION

Breastfeeding can improve development, 
well-being and survival of children. Breast 
milk not only defenses the well-being during 
childhood, but also offers long term protection 
throughout life (Binns et  al. 2016). There is 
a vast evidence on both long and short term 
benefits of breastfeeding for mothers and 
children and its positive effects on supporting 
mental, physiological health and development 
through nutrition in breast milk in reducing 
morbidity and mortality rates in children 
especially during the first few months of life 
(Victora et al. 2016; Eidelman et al. 2012). 

In Malaysia, despite numerous supports 
and campaigns piloted by the government, 
the breastfeeding rates are still lower than the 
rate recommended by WHO (2019). Despite 
the fact that the breastfeeding rates have 
increased since year 2006, according to the 

National Health and Morbidity Survey, only 
47.1 % and 98.1% of infants under 6 months 
were exclusively breastfed and ever breastfed 
respectively (Institute for Public Health 2016). 
In addition, prevalence of timely initiation 
was 65.3% and the continued prevalence 
of breastfeeding up to two years was only 
39.4%. However, the rates were far below 
than the recommended by WHO regardless of 
numbers of awareness programs on benefits 
of breastfeeding extensively moderated by the 
government.  

Present study also has observed the 
relationship between many variables and 
their impact on breastfeeding outcomes; 
timely initiation, duration of breastfeeding 
and exclusivity of breastfeeding (Castro 
et al. 2017). Key factors such as maternal 
attitudes, breastfeeding self-confidence and 
breastfeeding self-efficacy demonstrate 
a positive relationship with sustained 
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breastfeeding and some evidence exists that 
these variables may be modifiable towards 
experiences in breastfeeding (Leahy-Warren et 
al. 2014; Meedya et al. 2010). 

Breastfeeding self-efficacy denotes to 
a mother’s ability or confidence to breastfeed 
her newborn as she perceived and this inflict 
her choices on early initiation of breastfeeding, 
exclusivity and duration of breastfeeding as 
well as how she will tackle any breastfeeding 
issues (Dennis 1999). To increase breastfeeding 
self-efficacy, a mother must have the beliefs that 
breastfeeding will produce positive outcomes 
and also mothers must display the confidence 
in executing the specific behaviour which is 
breastfeeding. Past exposure to breastfeeding 
experiences plays an important roles to explain 
attitude, subjective norms and self-efficacy of 
mothers to their next breastfeeding practice 
as intention to breastfeed were predicted by 
subjective norms and attitude mothers to the 
formula-feeding and also mothers breastfeeding 
experience (Bartle & Harvey 2017).

Higher perceived breasfeeding self-
efficacy mothers tend to initiate breastfeeding 
early and continue to breastfeed despite facing 
challenges during breastfeeding, meanwhile, 
mothers with a lower perceived self-efficacy 
may do not have the intention, delay the initiation 
or wean in advance due to lack of confidence 
or ineffective coping skills. Therefore, mothers 
with have higher self-efficacy or breastfeeding 
control are tend to have positive breastfeeding 
outcomes (Zhu et al. 2016). 

According to Dennis (1999), who 
developed Theory of Breastfeeding Self-
Efficacy, the choice to breastfeed is influenced 
by four processes which are; if the mother 
decides to breastfeed or not, how much effort 
that the mother needs, is the mother has a self-
encouraging pattern of thinking and how the 
mother tackles the problem of breastfeeding 
difficulties (Dennis 1999). Bandura (1977) 
suggested that social supports, personal 
experience, vicarious involvement, verbal 
encouragement and emotional and physiological 
condition may influence a mother’s efficacy to 
breastfeed. Higher perceived social support 
mothers were associated with higher level 
of breastfeeding self-efficacy and linked 
to increased intention to breastfeed, early 
initiation of breastfeeding and longer duration 

of breastfeeding (Mannion et al. 2013; Yang et 
al. 2016; Mirghafourvand et al. 2018).

Therefore, breastfeeding self-efficacy 
during pregnancy could be a predictor of 
positive breastfeeding outcomes. It also can 
be an indicator to identify those who need 
further assistance to warrant continuance of 
breastfeeding. However, no study has been 
carried out to measure breastfeeding self-
efficacy level and investigate the predictors of 
breastfeeding self-efficacy among Malaysian 
expectant mothers. 

METHODS

Design, location & time
This cross sectional study was conducted 

among expecting mothers who attending 
chosen Maternal and Child Health Clinics in 
Selangor, Malaysia. 

Convenience sampling was used in this 
study with inclusion criteria as follows; eligible 
pregnant mothers and willing to participate in 
the study, singleton pregnancy, age between 
18–41 years old, could speak and read in 
English or Malay. They will be excluded from 
participation if they had serious medical or 
obstetric conditions and multiple pregnancies 
(twins, triplets).

This study was conducted in Selangor 
from September to November 2017. Selangor 
is one of the most populous state located in 
Peninsular Malaysia. Two Maternal and Child 
Health clinics in Kuala Selangor district were 
chosen for this study. 

Sampling
The sample size was calculated based 

on any given population using Krejcie and 
Morgan (1970) table in determining sample 
size. Given the nearest population size of 360, 
the determined sample size was 180 subjects. 
Thus, for the purpose of this study, 180 
pregnant mothers were recruited during their 
antenatal examinations.  

Data collection
The data collection was in the form of 

self-administered questionnaire. Data included 
were socio-demographic, maternal attitudes 
towards infant feeding and breastfeeding self-
efficacy. 
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This study used a validated Breastfeeding 
Self Efficacy Scale-Short Form (BSES-SF) that 
was translated into Malay language instrument 
to evaluate level of breastfeeding self-efficacy 
among expectant mothers.   The Cronbach's 
Alpha value for Malay version of antenatal 
BSES-SF questionnaire was 0.94 (Husin et  
al. 2017). This Breastfeeding Self Efficacy 
Scale-Short Form (BSES-SF) was originally 
has 33 questions and has been simplified into 
14 questions (Dennis 2003). In this instrument, 
all questions are begin with phrase “I can 
always”. The score uses the Likert scale which 
start from 1 for not confident at all to 5 for very 
confident. Higher marks directed higher levels 
of breastfeeding self-efficacy. Furthermore, 
outcome expectancy and self-efficacy 
expectancy are two components in self-efficacy 
concept. In order to predict how long mothers 
will continue to breastfeed, Breastfeeding self-
efficacy Scale (BSES) is the best predictor that 
can be used. In BSES-SF, the minimum and 
maximum scores were 14 and 70 respectively. 
The scores of less than 50 indicates higher risk 
for breastfeeding cessation. The information 
used in BSES-SF is about the confidence in 
producing adequate breast milk, exclusive 
breastfeeding, using formula milk, correct 
latching, breastfeeding in public and satiety of 
the baby. 

The Iowa Infants Feeding Attitude Scale 
(IIFAS) consists of 17 questions to measure the 
level of attitude in breastfeeding. The questions 
were divided into positive to breastfeeding 
and positive to artificial feeding. Scoring for 
questionnaires is based on a Likert scale from 
1 to 5 (1=absolutely disagree, 2=disagree, 
3=no idea, 4=agree, and 5=absolutely agree).  
The IIFAS has been translated and validated 
in Malay language and have been used among 
mothers in Malaysia (Shukri et al. 2017). 
The Cronbach’s alpha for this instrument was 
0.7–0.8 (Karande & Parkar 2012). Greater 
scores directed to a more positive attitude to 
breastfeeding. Questions of 1, 2, 4, 6, 8, 10, and 
13 were scored reversely. This questionnaire 
is reliable and valid, the Cronbach’s alpha 
was stated between 0.85-0.86 (Mora et al. 
1999).  The total attitude scores range from 17 
(indicating positive attitudes towards artificial 
feeding) to 85 (reflecting positive attitudes 
towards breastfeeding) while the score of 51 
indicated a neutral attitude.

Permissions were attained from the 
subjects by written informed consent. The 
subjects were informed that the participation 
was voluntarily and their administered data 
would be assured confidentially for the purpose 
of the study only. This study was approved 
by UiTM Research Ethics Committee 
(REC/151/17) and Medical Research Ethics 
Committee, Ministry of Health (NMRR-17-
1299-36056).

Data analysis 
Data is analyzed using the Statistical 

Package for Social Sciences (SPSS) version 
21.0 software. Descriptive statistics were 
calculated for socio-demographic data such 
as age, ethnicity and household income. 
Normality test was carried out using 
Kolmogorov-Smirnov  Test  of  Normality. 
Differences of breastfeeding self-efficacy 
among mothers from different socio-
demographic characteristics were analysed by 
one-sided independent sample t-test or one way 
ANOVA. Significant variables (p<0.05) were 
included in the multiple linear regressions to 
investigate the predictors of the breastfeeding 
self-efficacy. 

RESULTS AND DISCUSSION

Sample characteristics
Table 1 showed a total 180 pregnant 

women took part in this study. The age of 
participants diversed from 19 and 41 years 
old. More than half of the expectant mothers 
(69.4%) were aged between 19 to 30 years 
old. Most participants were Malay (91.7%) 
and only (8.3%) are non-Malay. More than 
half (62.8%) of our participants were working 
mothers. A total of 65.6% of respondents 
received education up to (more than 12 years 
of education) and 58.3% of the mothers had 
children more than one. The majority (81.1%) 
of the mothers were neutral and only 16.7% 
of the mothers had positive attitude towards 
breastfeeding. 

In addition, this study reported that 
majority mothers who had high knowledge, 
imposed more positive attitude towards 
breastfeeding with mean score of 63.32±5.96. 
The finding is supported by a randomized 
controlled study done to evaluate the 
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effectiveness of prenatal breastfeeding 
workshop. It is suggested mothers with higher 
knowledge on breastfeeding practices and 
benefits of breast milk had higher possibilities 
to have higher score of breastfeeding self-
efficacy and resulted to longer duration of 
exclusive breastfeeding (Noel-Weiss et al. 
2006). Similar finding from Bartle and Harvey 
also found higher maternal breastfeeding self-
efficacy during pregnancy is associated with 
higher intention to breastfeed and therefore, 
predicted better breastfeeding outcomes 
(Bartle & Harvey 2017).  

There was a significant statistical 
association between breastfeeding self-
efficacy and parity in this study as seen in 
Table 1. This finding aligned with study done 
by Draman and friends in 2017, they found 
that previous breastfeeding practice had a 
significant association with current exclusive 
breastfeeding practices. However, results of a 
study by Bartle and Harvey (2017) on mothers 
who were multiparous showed that past 
experience of birth and breastfeeding practices 
predicted attitudes and subjective norms 
that were in favor of breastfeeding but not to 
their breastfeeding self-efficacy. While in the 
other hand, having experienced difficulties in 
breastfeeding imposed lower breastfeeding 
self-efficacy. 

Breastfeeding self-efficacy
The objective of this present study 

was to assess the level of breastfeeding self-
efficacy and investigate its determinants among 
pregnant mothers. Table 2 showed mean, 
median and standard deviation values for each 
question on the BSES-SF. The present study 
found that the mean score of breastfeeding 
self-efficacy among expectant mothers was 
51.79 (SD=11.94). A similar pattern of mean 
scores were observed in two psychometric 
analysis studies which were 56.20 (SD=8.75) 
and 58.52, respectively (Husin et al. 2017; 
Alus-Tokat et al. 2010). These mothers had 
high self-efficacy towards breastfeeding and 
it is suggested could be due to more than 
50% of the expecting mothers had more than 
one child and they may have past exposure 
in breastfeeding as discussed in several other 
studies (Mirghafourvand et al. 2018; Husin et 
al. 2017). 

The three items that had the uppermost 
scores were ‘confidence to be able to breastfeed 
exclusively’, ‘coping with breastfeeding’ and 
‘personal desire to breastfeed’. The items that 
had the bottommost score were ‘continue to 
breastfeed at every feed’ and ‘finishing feeding 
my baby before switching to the other breast’, 
suggesting mothers had lowest confidence in 
these perspectives.

Further investigation on the breastfeeding 
self-efficacy items in the present study 
proposed that mothers had minimal confidence 
on appropriate timing to finish feeding and 
either their milk supply is adequate to sustain 
with the baby’s demand. The findings were 
similar to Finnish and Chinese studies which 
highlighted the mothers’ concern on milk 
insufficiency to achieve the baby’s demand 
and breastfeeding without supplementing with 
formula milk (Yang et al. 2016; Koskinen et 
al. 2014). 

Predictors of breastfeeding self-efficacy
Table 3 shows the variables that have 

significant relationship with BSES-SF scores 
which were counted in the stepwise regression 
model. The best-fit regression model 
discovered that there are three variables that 
explained 41.0% of the variance in BSES-SF 
scores. The final determinants for breastfeeding 
self-efficacy among expectant mothers were 
having more than one child, being housewife 
and positive attitude towards breastfeeding. 
Therefore, the predicted of expected 
breastfeeding self-efficacy is written in this 
equation: Y (BSES)=21.00 + (0.579 x positive 
towards breastfeeding) + (4.826 x housewife) 
+ (4.208 x multiparous). From this equation, 
each one score increase in breastfeeding self-
efficacy is associated with a 0.579 increase 
with positive attitude towards breastfeeding, a 
4.826 increase with being housewife and 4.208 
increase in mothers with multiparous. These 
variable statistically significant in predicting 
breastfeeding self-efficacy, F (8.171) = 4.323, 
p<0.05, R2=0.410. 

In the present study, it is understood 
that parity was a predictor of breastfeeding 
self-efficacy. In Table 1 depicted multiparous 
mothers (54.05±10.82) had higher breastfeeding 
self-efficacy compared to uniparous mothers 
(48.60±12.76). This is also supported by a 
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study done by Husin et al.(2017), they agreed 
on new and uniparous mothers who had no 
breastfeeding experience tend to have limited 
confidence in breastfeeding compared to 
multiparous mothers with multiple children. 
This is also coincided with literature that 
breastfeeding self-efficacy linked to exposure 
to past personal breastfeeding experience 
compared to first-time mothers (Bartle 
& Harvey 2017). Personal experience of 
breastfeeding practices among mothers play an 

important role to explain attitude, subjective 
norms and self-efficacy of mothers to their 
next breastfeeding practices as intention to 
breastfeed were predicted by subjective norms 
and attitude of the mothers towards formula-
feeding. It is also suggested that previous 
breastfeeding experience and prior exposure 
in breastfeeding predict one’s intention and 
attitudes towards positive breastfeeding 
outcomes (Abdul Hamid & Yahya 2018).

Table 1. Characteristics of respondents (n=180)

Socio-demographic factors n Percentage (%) Mean (SD) p value

Age (years) 0.292

19–31 125 69.4 51.16 (12.18)

31–41 55 30.6 53.20 (11.35)

Race 0.325

Malay 165 91.7 52.04 (11.67)
Non-Malay 15 8.3 48.87 (14.73)

Area of residency 0.613

Klang 148 82.2 51.99 (12.19)
Kuala Selangor 32 17.8 50.81 (10.81)

Employment status 0.064

Working 113 62.8 50.51 (13.36)

Housewife 67 37.2 53.93 (8.75)

Education level 0.570

<12 years 62 34.4 52.48 (10.75)

>12 years 118 65.6 51.42 (12.55)

Parity 0.020*

Uniparous 75 41.7 48.60 (12.76)

Multiparous 105 58.3 54.05 (10.82)

Level of income (Ringgit Malaysia, RM) 0.861

<RM3000 92 51.1 51.63 (10.74)

>RM3000 88 48.9 51.94 (13.14)

Attitude to infant feeding 0.000*

Positive to formula feeding 4 2.2 53.5 (9.33)

Neutral 146 81.1 49.97 (11.87)

Positive to breastfeeding 30 16.7 60.37 (8.57)
*statistically significant p<0.05
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Our study found that mothers’ 
breastfeeding self-efficacy was correlated to 
their perceived attitude towards breastfeeding. 
In the Table 1, pregnant mothers who had 
higher score in IIFAS and had positive attitude 
towards breastfeeding (60.37±8.57) had higher 
breastfeeding self-efficacy compared to those 
who were positive attitude towards formula-
feeding (53.55±9.33) and were neutral on infant 
feeding (49.97±11.87). Higher score in IIFAS 
is associated with having good knowledge in 

breastfeeding (Dungy et al. 2008). Meanwhile, 
pregnant mothers who had more knowledge 
in breastfeeding displayed positive attitudes 
towards exclusive breastfeeding Utari et 
al. 2014) and is one of the predictor of 
breastfeeding intention (Abdul Hamid  et al. 
2017). Meanwhile, mothers with intention 
to exclusive breastfeed their newborns is 
linked to greater maternal confidence in 
breastfeeding and therefore, may foresee 
positive breastfeeding practices. Breastfeeding 

BSES-SF Mean Median Standard deviation

I can always determine that my baby is getting enough milk 3.82 4.00 1.11

I can always successfully cope with breastfeeding like I have with 
other challenging tasks 3.94 4.00 1.01

I can always breastfeed my baby without using formula as a 
supplement 3.56 3.00 1.15

I can always ensure that my baby is properly latched on for the 
whole feeding 3.99 4.00 0.99

I can always manage the breastfeeding situation to my satisfaction 3.87 4.00 1.07

I can always manage to breastfeed even if my baby is crying 3.58 4.00 1.10

I can always keep wanting to breastfeed 3.88 4.00 0.98

I can always comfortably breastfeed with my family members 
present 3.50 3.00 1.13

I can always be satisfied with my breastfeeding experience 3.69 4.00 1.16

I can always deal with the fact that breastfeeding can be time 
consuming 3.84 4.00 1.02

I can always finish feeding my baby on one breast before switching 
to the other breast 3.38 3.00 1.13

I can always continue to breastfeed my baby for every feeding 3.32 3.00 1.17

I can always manage to keep up with my baby’s breastfeeding 
demands 3.69 4.00 1.08

I can always tell when my baby is finished breastfeeding 3.73 4.00 1.08

BSES-SF: Breastfeeding Self Efficacy Scale-Short Form

Table 2.  BSES-SF scores by mean, median and standard deviation (n=180)
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intention is defined as a mother’s anticipated 
duration of breastfeeding, and this may predict 
the actual breastfeeding duration. Mothers 
with moderate to low level of breastfeeding 
self-efficacy tend to wean breastfeeding earlier 
two times higher than mothers with high self-
efficacy. Mothers with high self-efficacy had 
intents to breastfeed for a lengthier period and 
this association is correlated well with parity 
whereby the exclusivity period was longer for 
the second child (Kronborg et al. 2018).

Employment status was also a predictor 
of breastfeeding self-efficacy. In Malaysia, 
percentage of labor force participation by 
female is 50.98 % (The Global Economy 2018), 
meanwhile, the prevalence of breastfeeding 
among working mothers were high at 97.6% 
(Rashid et al. 2018). This study found that there 
is a correlation between breastfeeding support 
at workplace and breastfeeding self-efficacy. 
Working mothers tend to breastfeed their 
babies longer when their employer supporting 
breastfeeding practices by providing adequate 
facilities at work place such as breast pump 
and nursing room and also longer maternity 
leave (Alzaheb 2017).

To our knowledge, this present study is 
the first of its kind in Malaysia that discovered 

the predictors of breastfeeding self-efficacy 
among mothers during antenatal period. 
Breastfeeding self-efficacy is a modifiable 
factor, therefore early intervention should be 
carried out by targeting expectant mothers to 
improve breastfeeding rates (Brockway et al. 
2017). 

However, this present study has 
several limitations. This study was piloted 
in government health clinics. Majority of the 
participants came from average social class 
with high level of educational background. 
These findings may not be extrapolated to 
other settings with subjects who are less 
educated and from lower social class. On top 
of that, as of breastfeeding self-efficacy, it is 
self-reported and was taken only once from 
the mothers at various different trimesters. In 
addition, some predictors of breastfeeding self-
efficacy was not taken into measurement such 
as past breastfeeding experience and social 
supports. 

CONCLUSION

There are several autonomous variables 
that can influence maternal breastfeeding 
self-efficacy whether in form of modifiable 
factors or non-modifiable factors. This study 
suggested that determinants of breastfeeding 
self-efficacy among pregnant mothers in 
Malaysia are having positive attitude towards 
breastfeeding, being a housewife and had more 
than one child. Therefore, in order to increase 
breastfeeding rates, exposure to breastfeeding 
awareness and skill campaign should be given 
to expectant mothers especially mothers with 
their first child who have little experience 
in breastfeeding. In addition intervention to 
improve attitudes toward breastfeeding is also 
needed. Increasing supports from family and 
society as well as the employers by offering 
well-equipped breastfeeding facilities at 
workplace for working mothers are also crucial 
to increase the breastfeeding rate.
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