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Abstract. Background and aim: Biscuits are very popular in Indonesia, but the most common types in the 
market have low nutritional value. Meanwhile, red bean flour and Mocaf (Modified Cassava Flour) are rich 
in nutrients, especially fiber, and their combination is expected to form a biscuit product that is nutritious and 
highly liked. Therefore, this study aims to analyze the nutritional value, organoleptic quality, resistant starch 
and digestibility starch, as well as the shelf life of red bean and Mocaf biscuit. Methods: A total of four for-
mulation of red bean flour to Mocaf ratio were compared, 44:0 (F1), 31:13 (F2), 22:22 (F3), and 13:31 (F4). 
Results: F2 was the best formulation which had protein (12.38%), dietary fiber (14.95%), and total sugar con-
tents (4.09%) appropriate to the quality requirements of biscuits according to SNI and it shelf life was 31 days 
at a temperature of 25 o C. Conclusions: The addition of Mocaf in the biscuits increased starch digestibility and 
resistant starch, thus formula without Mocaf had the highest resistant starch (2.07%) and the lowest starch 
digestibility (43.61%).
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Introduction

The majority of foods often consumed by 
 Indonesians tend to be high in sugar and low in fiber (1).  
Meanwhile, alternative snacks high in fiber and low in 
sugar are not widely available (2). High fat and sugar in-
take can reduce insulin sensitivity and raise blood sugar 
levels that can lead to degenerative diseases, particularly 
type 2 diabetic mellitus (T2DM) and obesity (3–5). 
Consuming fibre has various health advantages, includ-
ing the prevention of obesity and T2DM (6).

Biscuits are widely consumed in Indonesia (7) 
revealed by the Indonesian Basic Health Research 

survey in 2013, where 13.4% of the population con-
sumed more than once a day (8). The biscuit consump-
tion per capita in 2018 was almost tripled compared 
to 2014 (9). Biscuits are typically high in fat and sugar 
while poor in fibre and protein contents (7,10,11). As 
a result, biscuit modifications with high fibre and low 
sugar were required to boost the nutritional value of 
the biscuit. Red bean flour and Mocaf are two local 
ingredients that have the ability to increase the value 
of biscuits (12,13).

Red bean flour is often used because it contain 
high contents of protein and fiber, low fat as well as 
glycemic index, and is also rich in micronutrients (14). 
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It is also widely available. The production of red beans 
in Indonesia reached 67,876 tonnes in 2018 (15). The 
processing of red beans into biscuits is expected to in-
crease red bean consumption.

Mocaf is a product made from cassava flour by fer-
menting cassava cells, where the role of microbial en-
zymes is dominant during the fermentation. It is used 
because it has characteristics similar to wheat flour, but 
have higher complex carbohydrates and fiber content 
(10). Cassava and its derivatives are considered to have 
a low glycemic index which is recommended for peo-
ple with diabetes (16). Furthermore, raw  materials for 
Mocaf flour are readily available in Indonesia (17,18).

Biscuits can be formulated using special medical 
needs food (SMNF) requirements for diabetes (19). 
Foods are categorized as low in sugar when they do not 
contain monosaccharides or disaccharides above 5g/100g 
(20). Meanwhile, they are categorized as high in fiber as 
they contain at least 6 grams per 100 grams (20).

Based on this background, this study aims to 
analyze the nutritional value comprising sugar, di-
etary fiber, carbohydrates, protein, fat, ash, and water 
contents; organoleptic quality, starch digestibility, and 
shelf life of combined red bean and Mocaf biscuit. Or-
ganoleptic quality was determined using hedonic test. 
Meanwhile, the digestibility of starch was analyzed to 
determine the value of the glycemic index in a food 
product. The product’s shelf life was determined based 
on the parameters of water and free fatty acid content.

Material and method

Biscuit formulation

Raw materials

Red bean flour (Keola) and mocaf (Lingkar 
Organik) were obtained by considering organic and 
safety claims through the Home Industry Food 
Certificate Number. Meanwhile, other raw mate-
rials such as cornstarch (Maizenaku®), Rice flour 
(Rose Brand®), Cinnamon (Kupu-Kupu®), Liquid 
Skimmed Milk (Greenfield®), Oil (Bimoli®) were 
obtained from supermarkets and department stores 
in Semarang city.

Biscuits formulation and production

The biscuits were prepared by mixing all the 
ingredients, starting with the dry ingredients (red 
bean flour, Mocaf flour, corn starch, rice flour, and 
cinnamon) then the wet ingredients (coconut oil, 
egg white, egg yolk, sorbitol, and skim milk) were 
added and the mixture was stirred until all compo-
nents were well mixed. Afterward, the biscuit dough 
was molded and baked at a temperature of 150oC for 
20 minutes. Table 1 showed the red bean and Mocaf 
formulation.

Table 1. Red Bean Flour biscuits and Mocaf formulation.

Biscuit Ingredients
F1

(44:0)
F2

(31:13)
F3

(22:22)
F4

(13:31)

Red Bean Flour (%) 44 31 22 13

Mocaf Flour (%) 0 13 22 31

Cornstarch (%) 5.9 5.9 5.9 5.9

Rice flour (%) 5.9 5.9 5.9 5.9

Cinnamon (%) 0.7 0.7 0.7 0.7

Liquid Skimmed Milk (%) 19.2 19.2 19.2 19.2

Egg White (%) 5.9 5.9 5.9 5.9

Egg Yolk (%) 8.8 8.8 8.8 8.8

Oil (%) 5.9 5.9 5.9 5.9

Sorbitol (%) 2.9 2.9 2.9 2.9
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Nutritional content

The chemical analysis carried out included the 
water and ash content using gravimetry method, 
sugar content by the Nelson Somogyi, and protein 
by Kjeldahl method. Furthermore, the fat content 
analyzed by Soxhlet method, carbohydrate content 
by difference and total dietary fiber by enzymatic 
method (21).

Organoleptic quality

In total thirty panelists, undergraduate students 
of the Universitas Diponegoro, Nutrition Program 
participated in the organoleptic quality testing. The 
organoleptic quality was tested using a hedonic anal-
ysis for taste, color, aroma, and texture in five scales, 
namely 1 = Very dislike, 2 = Dislike, 3 = Slightly like, 
4 = Like, and 5 = Very like (22). This study was regis-
tered with ethical clearance number 273/EC/KEPK/
FK-UNDIP/VII/2022.

Starch content and digestibility

The starch content was determined with the Di-
rect Acid Hydrolysis method (23), while the amylose 
content was assessed using the IRRI method (24). The 
amylopectin content was calculated from the differ-
ence between the starch and amylose content values, 
while the resistant starch content was determined us-
ing a combination of the AOAC method (25) and Di-
rect Acid Hydrolysis (23). The starch digestibility was 
measured with the AOAC method (26).

The best formulation determination

Determination of the best formulation was ob-
tained by multi-attribute decision using compensatory 
model, additive weighting technique (27). Starting with 
the parameter with the highest importance, this method 
assigns a weight to each variable on a scale of 0 to 1. De-
termine the effectiveness (Ne) value for each variable. For 
each retrieved variable, calculate the outcome value (Nh). 
The best formulation chosen was the one with the high-
est total Nh when all Nh variables were added together. 
Only the nutritional contents and organoleptic tests vari-
ables were used for the best formulation determination.

Shelf life

The shelf life was determined using the best for-
mulation based on nutritional value and organolep-
tic quality, namely F2. The shelf life was performed 
using the Accelerated Shelf-Life Testing (ASLT) 
method at 25oC, 35oC, and 45oC with the Arrhenius 
model (28). Ten degrees increasement was chosen 
based on Q10 approach. Q10 is defined as the ra-
tio of the reaction rate constant with a temperature 
interval of 10 o C. This model can describe how fast 
the reaction proceeds when the product is stored at 
various temperatures (29).

The application of mathematical modelling can 
describe the effect of the storage temperature on the 
desired quality attributes (30). The major quality at-
tributes affected during storage of biscuit are the mois-
ture and free fatty acid. The orde 1 and 0 model was 
compared on the slope (k), intercept (constant), and 
correlation coefficient (R2) values. Subsequently, the 
value of k for each storage temperature against the se-
lected factors was determined. The value of k increases 
with increasing temperature (28). The daily degrada-
tion rate at a particular temperature were calculated 
using eq.1 (28).

k k . exp
E
RT0= − α

 
(eq.1)

The red bean and Mocaf biscuit shelf life were 
estimated using the Arrhenius equation with order 0 
(eq.2) and order 1 (eq.3) (28).

At A0
t =  

k
−

 
(eq.2)

=
k

t
LnAt – LnA0

 
(eq.3)

Statistic analysis

The data normality was determined using 
 Shapiro-Wilk. The effect of the red bean flour and 
Mocaf formulations in energy, water, ash, protein, 
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Table 2. Red bean and Mocaf flour biscuits nutritional content. Numbers followed by different superscript letters (a, b, c, d) show a 
significant difference.

Nutrients F1 F2 F3 F4 p Standard

Energy (Cal/100g) 281±1.8a 296±6.1b 329±3.5c 341±15d 0.000* -

Water content (%) 21.29±0.45 20.25±1.75 18.36±1.89 17.71±4.33 0.083 Max 5 (31)

Ash Content (%) 2.30±0.070d 1.88±0.07c 1.52±0.07b 1.14±0.08a 0.000* Max 1,5 (32)

Proteins (%) 14.69±0.28d 12.38±0.22c 9.73±0.49b 7.40±0.24a 0.000* Min 5 (31)

Fat (%) 9.36±0.25a 9.28±0.23a 11.55±1.34c 10.46±0.1d 0.000* -

Total Dietary Fiber (%) 17.64±0.52d 14.95±0.51c 11.33±0.55b 7.56±0.13 a 0.000* Min 6 (33)

Soluble Dietary Fiber (%) 0.87±0.06d 0.62±0.06c 0.40±0.03b 0.31±0.04a 0.000* -

Insoluble Dietary Fiber (%) 16.77±0.51d 14.33±0.54c 10.94±0.58b 7.25±0.12a 0.000* -

Carbohydrates (%) 34.73±0.55a 41.27±1.4b 47.50±3.12c 55.73±4.0d 0.000* -

Total Sugar (%) 7.63±2.62a 4.09±0.26b 3.56±0.22c 2.46±0.19d 0.000* Max 5 (33)

Reducing Sugar (%) 1.56±0.05c 1.28±0.05b 1.21±0.06b 1.07±0.04a 0.000* -

Sucrose (%) 6.07±2.8b 2.81±0.27a 2.35±0.23a 1.39±0.24a 0.000* -

fat, total fiber, water soluble fiber, insoluble fiber, 
carbohydrate, reducing sugar, sucrose was deter-
mined using One Way ANOVA with Duncan 
meanwhile total sugar, aroma, taste texture, and col-
our using  Kruskal-Wallis with Mann-Whitney post 
hoc tests. The statistical analysis of amylose, amylo-
pectin, starch, resistant starch, and starch digestibil-
ity was done using Two Way ANOVA with the Post 
Hoc test. SPSS was used to perform the statistical 
analyses.

Results

Nutritional content

Table 2 showed that the water content in all bis-
cuit formulations was more than 5 %, which is exceed-
ing the required by Indonesian National Standard 
(SNI) biscuit quality. The protein content in all biscuit 
formulations was more than 5% met the SNI biscuits 
quality. The ash contents of F3 and F4 complied with 
the SNI biscuits quality, while F1 and F2 did not ex-
ceed the maximum ash content of 1.5%. The biscuits 
met the requirements for high fiber (6%) and low sugar 
(5%) except for F1 because it had total sugar more than 
5% (7.63 ± 2.62%).

Organoleptic quality

Based on the results of the color hedonic test, F1 
had the highest average value (3.93 ± 0.90) and F4 had 
the lowest color preference (2.63 ± 0.928) (Table 3). 
The taste hedonic test showed that F3 had the highest 
mean value (3.10 ± 0.99) and F1 had the lowest taste 
preference (2.80 ± 0.925). Based on aroma parameters, 
F1 was the most preferred formula with an average of 
3.63 ± 0.66 and F4 with an average of 3.10 ± 1.0 was 
the least preferred biscuit formulation. Meanwhile, the 
texture hedonic test showed that F3 had the highest 
value (2.77 ± 1.13) and F4 had the lowest preference 
(2.47 ± 0.97).

Based on the results of statistical tests, it can be 
concluded that there were no significant differences in 
the taste, aroma and texture of the biscuits, but there 
were significant differences in the color of the biscuits. 
The color indicator showed panelist liked biscuit with 
darker color.

Starch content

Red bean and Mocaf biscuit contained starch 
of 43.36-49.50%, their amylose contents were 8.14-
13.28%, amylopectin contents were 34.90-36.24%, 
resistant starch contents were 0.97- 2.07%, and starch 
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Table 3. Organoleptic test results of Red Bean and Mocaf Flour biscuits. Numbers followed by different superscript letters (a, b, c, d) 
show a significant difference.

Formula

Acceptance (Average ± Standard Deviation)

Colour Taste Aroma Texture

F1 3.93±0.90a 2.80±0.925 3.63±0.66 2.57±0.77

(like) (quite like) (like) (quite like)

F2 3.83±0.83a 2.93±1.0 3.50±0.77 2.57±0.93

(like) (quite like) (like) (quite like)

F3 3.27±0.74b 3.10±0.99 3.40±0.81 2.77±1.13

(like) (like) (like) (quite like)

F4 2.63±0.928c 3.03±0.99 3.10±1.0 2.47±0.97

(quite like) (like) (like) (quite like)

p 0.000** 0.634** 0.091** 0.784**

Abbreviation: (**) Kruskal Wallis Test.

Table 4. Results of starch, amylose, amylopectin, resistant starch, and starch digestibility on red bean and Mocaf Flour biscuits. 
Numbers followed by different superscript letters (a, b, c, d) show a significant difference.

Formulation Starch (%) Amylose (%) Amylopectin (%)
Amylose-

Amylopectin Ratio
Resistant 

Starch (%)
Starch 

Digestibility (%)

F1 43.36±0.24a 8.14±0.07d 35.22±0.16a 1:4.32 2.07±0.01a 43.61±0.41a

F2 45.78±0.15b 10.87±0.05c 34.90±0.10a 1:3.21 1.36±0.02b 50.38±0.16b

F3 47.59±0.15c 11.34±0.02b 36.24±0.14b 1:3.20 1.06±0.02c 55.32±0.17c

F4 49.50±0.41d 13.28±0.05a 36.22±0.38b 1:2.73 0.97±0.02d 54.33±0.23d

digestibility range was 43.61-55.32%. The results of 
Table 4 showed that there were significant differences 
between the levels of starch, amylose, amylopectin, re-
sistant starch, and starch digestibility in the four for-
mulations of red bean and Mocaf biscuit.

Best formulation

Based on calculations using multi-attribute deci-
sion using compensatory model, additive weighting 
technique, on Table 5, the highest total Productivity 
Value (NP) shows F2 with the addition of 31% red bean 
flour and 13% Mocaf as the best formulation results.

Shelf life

Water content

The water contents of red bean and Mocaf bis-
cuit for 30 days were shown in Figure 1. The results 
indicated that higher drying temperature lowered 

Table 5. Calculation results for determining the best formulation.

Formulation/
Productivity Value (NP)* F1 F2 F3 F4

Texture 0.01 0.01 0.04 0.00

Taste 0.00 0.01 0.04 0.03

Color 0.04 0.04 0.02 0.00

Aroma 0.04 0.03 0.02 0.00

Water content 0.00 0.02 0.05 0.06

Ash content 0.05 0.03 0.02 0.00

Protein content 0.05 0.04 0.02 0.00

Fat content 0.05 0.05 0.00 0.02

Insoluble dietary Fiber content 0.09 0.06 0.03 0.00

Soluble Dietary Fiber content 0.09 0.05 0.01 0.00

Total Dietary Fiber Content 0.09 0.06 0.03 0.00

Carbohydrate 0.05 0.04 0.02 0.00

Energy 0.07 0.05 0.01 0.00

Total Sugar 0.00 0.06 0.07 0.09

Sucrose content 0.00 0.05 0.06 0.09

Reducing Sugar Level 0.00 0.06 0.07 0.09

Total 0.63 0.67 0.53 0.38
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Figure 1. Graph of the decline in biscuit quality relationship on water content parameters. Abbreviations: Storage at 25oC (■); 
storage at 35oC (▲); storage at 45oC (×); critical limit of water content based on Indonesian National Standard (○); The error bar 
represents the standard deviation (SD); n = 9 (3 replicates of experiment x 3 replicates of analysis).
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Figure 2. Graph of the relationship between biscuit quality decline on free fatty acid parameters. Abbreviations: Storage at 25oC (■); 
storage at 35oC (▲); storage at 45oC (×); critical limit of free fatty acid content based on Indonesian National Standard (●); The error 
bar represents the standard deviation (SD); n = 9 (3 replicates of experiment x 3 replicates of analysis).

water content of the biscuits. Similarly, snack bars 
were stored at 15 o C, 30 o C, and 45 o C for 35 days, 
with observations every seven days showing decreased 
water contents of 22.7%, 17.83%, and 17.19% in the 
fifth week (34).

The water content of red bean and Mocaf biscuit 
decreased because the product experienced evapora-
tion due to temperature and length of storage which 
accelerated the evaporation process. High temperature 
and air velocity accelerated the evaporation process on 
the surface and inside of the particles due to differ-
ences in the vapor pressure of the liquid (35).

Free fatty acid

Observation of free fatty acids showed increased 
free fatty acid levels during storage, with the highest of 
0.296% (Figure 2). Table 6 showed the free fatty acid 
contents of the biscuits at the three temperatures were 
below the maximum limit based on the SNI Biscuit 
Quality No. 01-2973-2011, which is 1% (31).

An increase in storage temperature can acceler-
ate the decline in the quality of biscuits, leading to 
shorter shelf life. Higher storage temperature leads 
to faster reaction rate of various chemical compounds 
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Table 6. Decreasing the rate of free fatty acid content (k) of biscuits. Abbreviations: temperature (T); natural logarithm (ln); a  constant 
or frequency factor that does not depend on temperature or intercept (k0); slope (-Ea/R); activation energy (cal/mol) (Ea);  ideal gas 
constant (1,986 cal/molK) (R); exponential function (exp); and the rate of deterioration constant (k).

T(oC) ln ko ko -Ea/R -Ea/RT exp-Ea/RT k

25

0.0264 1.0267 -2422.9

-8.1305 0.00029 0.00030

35 -7.8666 0.00038 0.00039

45 -7.6192 0.00049 0.00050

Table 7. Linear regression equations and R2 Order 0 and Order 1.

Parameter Order T (oC) y = bx + a R2

Water content

0

25 y = -0.0018x + 0,1997 0,8858

35 y = -0.0019x + 0,2086 0,9376

45 y = -0.0031x + 0,1795 0,7888

1

25 y = -0.0105x + 1,6052 0,8849

35 y = -0.0106x + 1,5587 0,9120

45 y = -0.0218x + 1,7164 0,8645

Free Fatty Acid content

0

25 y = 0.0003x + 0.0009 0,8981

35 y = 0.0004x + 0.0004 0,9127

45 y = 0.0005x + 0.0005 0,9427

1

25 y = 0,2094x + 7,0071 0,7815

35 y = 0,3206x + 7,6130 0,8313

45 y = 0,3469x + 7,3307 0,8812

Abbreviations: temperature (T); linear regression equation (y = bx + a); correlation coefficient (R2).

in foodstuffs, hence, the temperature factor must be 
considered for estimating the speed of deterioration 
(34). This is consistent with previous studies which 
assessed free fatty acid contents in the Mocaf formu-
lation and corn flour stored for four weeks at 60oC, 
50oC, and 40oC to be 4.86%, 3.75%, and 3.73%, re-
spectively (36).

Shelf life estimation

Shelf life was determined using Arrhenius meth-
ods by plotting the results of quality changes for 
30 days on quality change and time curve for selecting 
the reaction order. Linear regression equations and co-
efficient of determination order 0 and order 1 of water 
and free fatty acids contents are shown in Table 7. Order 
0 was selected to determine the Arrhenius equation 
in the relationship of decreasing water content with 

time because its coefficient of determination value was 
greater than that of order 1. The relationship between 
ln K and 1/T of order 0 and order 1 based on water 
content parameters is shown in Figure 3.

The shelf life is determined based on the high-
est coefficient of determination value (37). The pa-
rameter with the highest coefficient of determination 
(R2 = 0.9971) in red bean and Mocaf biscuit was the 
free fatty acid content (the equation was y = -2422.9x 
+0.0264) showed in Figure 4.

This parameter also had the lowest activation en-
ergy, indicating that the parameter was the easiest to 
deteriorate so can be selected as parameter in estimat-
ing shelf life. The activation energy is the lowest col-
lision energy required to form an activated complex 
molecule for the reaction to take place (28). Table 8 
showed the values of the coefficient of determination 
and activation energy based on the selected order.
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Table 8. Value of correlation coefficient (R2) and activation energy (Ea) of each parameter by chosen order.

Test Parameters y = bx + a R2 Ea (kcal/mol)

Water content y = -2552.5x + 2.1725 0.8093 5068.7

Free fatty acid content y = -2422.9x + 0.0264 0.9971 4811.9

Notes: linear regression equation (y = bx + a); correlation coefficient (R2); activation energy (kcal/mol) (Ea).

y = –2552.5x + 2.1725
R² = 0.8093

y = –3423.7x + 6.8141
R² = 0.7435
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–3
0.0031 0.00315 0.0032 0.00325 0.0033 0.00335 0.0034

Figure 3. Relationship between Ln K and 1/T Water Content on Order 0 and Order 1. Abbreviations: Linear regression equation on 
the order of 0 (■); linear regression equation of order 1 (●); linear line (⸺).

y = –2422.9x + 0.0264
R² = 0.9971

y = –2408.8x + 6.5729
R² = 0.8764

–10
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–4

–2

0
0.0031 0.00315 0.0032 0.00325 0.0033 0.00335 0.0034

Figure 4. Relationship between Ln K and 1/T Free Fatty Acid content on Order 0 and Order 1. Abbreviations: Linear regression 
equation on the order of 0 (■); linear regression equation of order 1 (●); linear line (⸺).

Discussion

Nutritional content

Protein

The results showed that the protein content de-
creased along with the reduction of red bean flour. This 
was because red bean flour contained higher protein 
than Mocaf. The protein content of F1-F4 biscuits met 

the quality requirements according to the SNI, namely 
at least 5% (31). Furthermore, the protein content 
in the biscuits on the market was 6.14% (38), lower 
than all of the formulated red bean and Mocaf biscuit 
formulations.

Fat

The fat content in biscuits experienced a fluctuat-
ing increase from F1-F4. This is due to several factors, 
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including the difference in the location of the biscuits 
in the oven and the use of two different ovens, which 
might cause variations in the temperature (39). Higher 
temperature led to lower fat content. Fat can melt or 
evaporate due to the breakdown of fat components into 
volatile products such as ketones and hydrocarbons 
(40). According to previous studies (38), the average fat 
content of biscuits from the market was 20.32%, higher 
than all of the formulated red bean and Mocaf biscuit.

Carbohydrate

The results showed that the carbohydrate con-
tent increased from F1-F4 along with the increase of 
Mocaf. Mocaf have a higher carbohydrate content than 
red bean flour. These results are in line with a previous 
study in which cookies had a higher carbohydrate con-
tent as well as a higher percentage of Mocaf (41).

Fiber

The results showed that the contents of total di-
etary fiber, soluble, and insoluble fibers decreased from 
F1-F4, along with the decrease in the percentage of red 
bean flour. This is because red bean flour has a higher 
fiber content than Mocaf, especially insoluble fiber. 
Having more than 6% of dietary fiber, enable the for-
mulated biscuit categorized into high fiber food (19).

Ash content

The ash content decreased from F1-F4 along with 
the reduction of red bean flour content since red bean 
flour had higher ash content than Mocaf. Ash content 
is correspondence to the minerals content in a product 
(42). Red beans are rich in minerals such as potassium, 
iron, calcium, and magnesium, this causes the amount 
of ash reduces along with the reduction in red bean 
flour percentage (43). The ash contents of F3 and F4 
were meet the biscuit quality standard according to the 
SNI, which has a maximum of 1.5% (32).

Water content

The water content decreased from F1-F4 along 
with the decline in the red bean content. The results of 
the insignificant water content were suspected because 

the biscuits contained the same amount of support-
ing ingredients. Besides, the water content in the 
main ingredients was not significantly different due to 
the variations in the formulations. The quality of the 
foodstuff is affected by the water content, which also 
determines the product’s acceptability, shelf life, and 
freshness. High water content causes yeast, bacteria, 
and molds to breed easily and accelerate decay (44). 
Furthermore, the water content of the F1-F4 formu-
lations exceeded the SNI biscuit quality requirement 
limit (5%) (Badan Standarisasi Nasional Indonesia, 
2011). The high-water content was probably caused by 
the raw materials used. Therefore, it was necessary to 
optimize the temperature and baking time (13).

Total sugar

The total and reducing sugars, as well as sucrose 
content, decreased from F1-F4, along with the per-
centage of red bean flour. The red bean flour contained 
more total sugar, reducing sugars, total sucrose than 
Mocaf. The sugar content in the F2-F4 biscuit formu-
lation was appropriate to the low sugar claim except in 
F1 (20). The total sugar content in biscuits was affected 
by the basic and other supporting ingredients such as 
sweeteners. This study used sorbitol instead of sucrose 
as a sweetener since it had fewer calories and can be 
used to generate a sweet taste in low-sugar products.

Energy

The energy of red bean and Mocaf biscuit in-
creased from F1-F4 along with the percentage of 
Mocaf. Mocaf had a higher energy content than red 
bean flour. The energy content in the biscuit products 
fulfilled the recommendation for snacks, which was 
10% of the average total energy requirement in a day 
of approximately 200 kcal. One serving of red bean 
flour and Mocaf of up to nine biscuits (67.5 grams) 
contained 189-229 kcal (45).

Organoleptic properties

Color

The color of the biscuit formulation was accept-
able to the panelists and the most preferred was F1 for 
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brown products. This color in the biscuit products came 
from red bean flour due to its anthocyanin content 
(46). The high-temperature around 140oC – 165oC ac-
celerate the process of Maillard reaction between re-
ducing sugars and amino acids, thereby leading to the 
formation of a brown color (47).

Taste

Overall, the taste of the biscuit formulation was 
acceptable to the panelists. This was presumably due 
to the addition of equal amounts of sweeteners to each 
F1-F4 formulation. The sweetness level of sorbitol is 
0.5 to 0.7 times that of sucrose (31). Furthermore, the 
unpleasant beany taste of red bean was thought to be 
greatly reduced/masked due to the roasting process 
and the addition of cinnamon powder. This made all 
biscuits have an acceptable taste to the panelists (48).

Texture

The biscuit texture was acceptable to the panelists, 
although with a preference level of slightly like (neu-
tral). The texture of biscuits was affected by several fac-
tors including amylopectin, amylose, fiber, and water 
contents. High water content in the biscuits formed 
a plastic structure, thereby making it difficult to break 
(46). Meanwhile, high fiber content reduced crunchi-
ness because fiber bound water and hindered the starch 
gelatinization process. This was also affected by other 
ingredients such as rice flour and cornstarch which 
contained amylose.

Aroma

Overall, the aroma of the biscuit formulation was 
acceptable to the panelists. This was due to the roast-
ing process and the addition of cinnamon powder 
which removed the unpleasant beany aroma (48). Ac-
cording to previous studies, processing red bean flour 
can eliminate the unpleasant beany taste and aroma 
caused by the activity of the lipoxygenase enzyme that 
was naturally found in red beans. Meanwhile, lipoxy-
genase enzymes hydrolyzed peanut fat and produced 
hexanol compounds that caused an unpleasant taste 
and aroma.

Starch content

Starch, amylose, and amylopectin contents

The total starch, amylose, and amylopectin con-
tents in red bean and Mocaf biscuit showed a sig-
nificant difference (α=0.05). Based on the results, the 
reduced red bean flour and the high Mocaf content 
increased the total starch and amylose contents in the 
biscuits. In other words, the reduced red bean flour 
content and the increased Mocaf content caused the 
amylose-amylopectin ratio to increase. Previous stud-
ies stated that higher amylose content and amylose-
amylopectin ratio related to a lower glycemic index 
(49). However, there was no significant difference in 
all group. The addition of 13% Mocaf (F2) did not af-
fect amylopectin levels. However, at higher content, 
the addition of 22% Mocaf (F3) produced a signifi-
cant change in amylopectin levels, while 31% (F4) also 
did not induce a significant difference compared to the 
previous formula (F3).

Resistant starch and starch digestibility

The analysis results of the resistant starch content 
and digestibility in red bean and Mocaf biscuit showed 
a significant difference (α=0.05). Based on the results, 
less red bean flour and more Mocaf used reduced resist-
ant starch in the biscuits. The resistant starch contents in 
the formulations ranged between 0.97-2.07 %. Resistant 
starch can be metabolized by the body 5-7 hours after 
consumption which causes a decrease in postprandial 
blood sugar levels and insulinemia. A previous study 
stated that consuming resistant starch for four weeks up 
to 30 g per day can improve insulin sensitivity (50). This 
implied that the resistant starch content in red bean and 
Mocaf biscuit was low.

Reduced red bean flour and increased Mocaf con-
tent increased starch digestibility. F1 had the lowest 
starch digestibility value because it contained the high-
est percentage of red bean. Red beans were known to 
contain complex carbohydrates and a high dietary fibre 
content, making starch digestion low. The highest re-
sistant starch content and the lowest starch digestibil-
ity were found in F1 with values of 2.07% and 43.61%, 
respectively. This is consistent with previous studies, 
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R: gas constant ( J mol-1 K-1); R2: correlation coefficient; SMNF: 
special medical needs food; SNI: Indonesian National Standard;  
t: time (days); T: temperature (K); T2DM: type 2 diabetic mellitus.
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