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Abstract 

The high prevalence of stunting and low fiber intake among toddlers in Indonesia led to the development 
of cookies as a supplementary food to support adequate protein and fiber intake. Therefore, this study 

aims to determine the optimal cookie formulation based on sorghum, moringa leaf, and bran flours.  

This study used an experimental method based on response surface methodology (RSM) with a central 

composite design (CCD). The resulting responses were protein (Y1) and crude fiber (Y2), which were 
maximized. The optimal formula for cookies was 29.04% sorghum, 2.34% moringa leaf, and 18.74% 

bran flours. This formulation produces cookies with protein content of 10.01%, crude fiber of 2.36%, 

moisture of 4.89%, ash of 3.21%, fat of 22.29%, and carbohydrate of 59.61%. The physical 
characteristics were hardness 4,219.53 g, fracturability 5.62 mm, °hue 84.15, and sensory with  

an attractive overall appearance. The results indicate that the cookies’ protein and fiber content met  

the supplementary food requirements of the Ministry of Health, Republic of Indonesia. However,  
the values were lower than predicted by the optimization, while maintaining favorable physical, 

chemical, and sensory characteristics. 

Keywords: response surface method; substituted flour; supplementary food 

 
 

INTRODUCTION 

Nutritional content, such as protein and fiber, 
is vital for toddlers and pregnant women because 

it affects fetal growth. Poor nutrition can lead  

to babies being born with low birth weight or 
stunting. According to the Indonesian Nutrition 

Status Survey (SSGI) in 2024, the stunting  

rate among toddlers is 19.8%, which affects  

a child’s physique, intelligence, and productivity 
(Wulandari and Kusumastuti, 2020). According to 

Statistics Indonesia, the average protein 

consumption in Indonesia is 62.3 g, exceeding the 
daily limit of 57 g. However, Indonesia still has  

a lower average than other countries, such as  

the Philippines (73.1 g) and Malaysia (89.1 g) 

(Statistics Indonesia, 2023). The effects of protein 
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deficiency are stunted growth, increased disease 
susceptibility, and decreased cognitive and  

motor development (Yuliantini et al., 2022). 

Furthermore, fiber intake in Indonesia is also 
insufficient, averaging 10.5 g per day compared to 

the recommended 29 to 37 g per day 

(Djojosaputro and Prihantini, 2023). Fiber affects 

children’s digestive system, maintains healthy 
gastrointestinal function, and prevents 

constipation (Salvatore et al., 2023). 

To meet protein and fiber requirements,  
this can be achieved by providing supplementary 

foods such as cookies. The use of cookies is  

deemed suitable in terms of consumer acceptance 

and practicality, and they have a prolonged  
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shelf life (Mileiva et al., 2017). However,  

it should be noted that cookie production typically 
involves wheat flour, which contains gluten.  

So an alternative main ingredient is sorghum 

flour. Sorghum flour has a content similar to  

that of wheat flour, and is even superior in  
fiber and minerals. Compared to rice, sorghum 

contains 1.5 times more protein, 4.8 times more 

fat, and 2.3 times more fiber (Dhanasatya et al., 
2021). 

Regarding protein content, the protein limit of 

cookies for the supplementary feeding program 

(Pemberian Makanan Tambahan/PMT), 
according to the Ministry of Health of the 

Republic of Indonesia, is 8 to 12% (Ministry of 

Health of the Republic of Indonesia, 2016).  
One ingredient that can increase the protein 

content of cookies is moringa leaves. Moringa leaf 

flour contains 28.25% protein per 100 g (Aryani 
et al., 2019). According to Adi et al. (2024), the 

addition of 3% moringa leaf powder to gluten-free 

cookies increased protein content to 8.69%, 

compared with 4.44% in the control formulation. 
Meanwhile, fiber intake can be increased by using 

rice bran. Rice bran contains various nutrients, 

such as 4.97% of crude fiber and 13.11 to 10.13% 
protein (Auliana and Rahmawati, 2023). 

Furthermore, rice bran is rich in vitamin B, 

especially B1 (thiamin) (Luthfianto et al., 2022). 
Sofianti et al. (2021) reported that rice bran flour 

substantially increased fiber content; substituting 

30% rice bran flour increased cookie fiber content 

from 0.45 to 8.47 g. 
Despite the acknowledged potential of the 

ingredients, no research has been conducted on 

the use of a combination of those 3 flours as local 
food substitutes for wheat flour in functional 

products for supplementary foods. This study 

aimed to determine the optimal formulation of 

sorghum, moringa leaf, and bran flours for the 
production of high-protein, high-fiber cookies 

using the response surface method (RSM), along 

with their effects on physical, chemical, and 
organoleptic characteristics. 

MATERIALS AND METHOD 

Materials 
The materials used in this study were sorghum 

flour from TanahKita.co, moringa leaf from 

Bandung (Indonesia), rice bran flour from 

Sumedang (Indonesia), margarine from Blue 
Band, egg yolk, milk powder from Dancow, 

powdered sugar from Superindo, and baking 

powder and vanilla essence from Koepoe Koepoe.  

Experimental design 

The study used RSM-based optimization with 

a central composite design (CCD) via Design 

Expert 13 software. The 3 independent variables 
are sorghum flour (X1), moringa leaf flour (X2), 

and rice bran flour (X3). Determination of the 

upper and lower limits of the independent 
variables was based on a literature review.  

To produce cookies with good physical, chemical, 

and organoleptic qualities, sorghum flour can be 

used in a range of 50 to 60% (Hermeni et al., 2023; 
Syifahaque et al., 2023), moringa leaf flour 3 to 

5% (Amadi, 2017; Adi et al., 2024), and rice bran 

flour 30 to 40% (Mulyani et al., 2015; Sofianti  
et al., 2021). The cookie dough also contained 

additional ingredients, including margarine, 

sugar, egg yolks, powdered milk, baking powder, 
and vanilla essence as fixed variables. For all 

materials, the upper and lower limit percentages 

for the factors are shown in Table 1. 

 
Table 1. The upper and lower limits of the 

independent variables 

Variable 
Upper 

limit (%) 
Lower 

limit (%) 

Sorghum flour (X1) 29.04 23.42 

Moringa leaf flour (X2) 02.34 01.41 

Bran flour (X3) 18.74 14.05 

 

Based on the limits of each independent 

variable, the data were processed, and 19 runs 

were generated. The resulting responses were 
protein (Y1) and crude fiber (Y2). Testing protein 

and crude fiber levels in response to 19 formula 

variations was performed by calculating mass 
balance using ingredient content as inputs. 

Proximate and physical analysis 

The optimized cookies were analyzed for 
chemical composition, including protein content, 

crude fiber, water, ash, fat, and carbohydrates, 

using standard methods described by the 

Association of Official Analytical Chemists 
(AOAC, 2005). Physical analysis included color 

using a spectrophotometer (Marta et al., 2024)  

and hardness and fracturability using a texture 
analyzer (Indrianti et al., 2021). Sensory 

evaluation was conducted by 50 semi-trained 

panelists from the Department of Food Industrial  

Technology, Universitas Padjadjaran, using a 5-
point scale for quantitative descriptive analysis to 
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assess color, aroma, texture, bitterness, aftertaste, 

and overall appearance. 

Cookies-making 

All ingredients were weighed according to the 

optimized formula. Margarine and powdered 

sugar were creamed for 2 minutes, then egg yolk 
and vanilla essence were added. Dry ingredients,  

including sorghum flour, moringa leaf flour,  

rice bran flour, milk powder, and baking powder, 
were mixed to form a dough. The dough was 

rolled and shaped, and baked at 130 °C for 25 

minutes. After baking, the cookies were cooled to 

room temperature. 

Statistical analysis and ethics 

The data was entered and analyzed using 

Microsoft Excel version 2509 to determine the 
mean, standard deviation, and relative standard 

deviation. Ethical clearance was obtained from 

the Research Ethics Committee of Universitas 
Padjadjaran, Bandung (ethical approval number: 

681/UN6.KEP/EC/2025). 

RESULTS AND DISCUSSION 

Optimization of cookie formulation 
The optimization results showed that the 

higher the flour concentration, the greater the 

increase in protein and crude fiber. The data were 

then processed using Design Expert 13 to obtain 

the equation model, ANOVA results, and the 
optimal point. Data analysis of composite flour 

optimization results is presented in Table 2.  

The optimization responses presented in Table 

2 demonstrate that variations in ingredient 
composition influenced the measured parameters 

across formulations. Minor variations among 

reactions may be attributed to the relatively 
narrow range between the upper and lower limits 

of the variables. The optimal formulation 

consisted of 29.04% sorghum flour, 2.34% 

moringa leaf flour, and 18.74% rice bran flour, 
achieving a desirability value of 0.999. The high 

desirability value indicates that the optimized 

formulation successfully met the predefined 
criteria (Montgomery, 2017). 

Analysis of protein response  

The protein content was analyzed using the 
software, which yielded a selected model.  

The recommended model is quadratic because  

it has the best p-value and an adjusted R² of  

1.000. All 3 variables have p-values < 0.05 and  
a significant effect on the response. Equation 1 is 

the linear regression of protein response. 

Y1 = 10.39 + 0.3691A + 0.2082B + 0.3218C – 
0.0007AB – 0.0015AC – 0.0030BC + 

0.0010A2 + 0.0012B2 + 0.0008C2     (1) 

 

 

 

 

 

Table 2. Data analysis of optimization responses 

Run 

Variable Response 

Sorghum flour 

(%) 

Moringa leaf 

flour (%) 

Rice bran 

flour (%) 

Protein content 

(%) 

Crude fiber 

content (%) 

1 21.50 1.88 16.40 09.77 2.62 

2 29.04 1.41 14.05 10.23 2.55 
3 26.23 1.88 16.40 10.39 2.77 

4 26.23 1.88 16.40 10.39 2.77 

5 26.23 1.88 20.34 10.93 3.16 
6 26.23 1.88 12.45 09.85 2.38 

7 26.23 1.88 16.40 10.39 2.77 

8 23.42 2.34 18.74 10.55 2.99 
9 29.04 2.34 14.05 10.65 2.71 

10 26.23 2.66 16.40 10.74 2.90 

11 26.23 1.09 16.40 10.04 2.64 

12 23.42 2.34 14.05 09.91 2.53 
13 23.42 1.41 18.74 10.14 2.84 

14 29.04 1.41 18.74 10.88 3.02 

15 23.42 1.41 14.05 09.49 2.37 
16 26.23 1.88 16.40 10.39 2.77 

17 30.96 1.88 16.40 11.01 2.92 

18 29.04 2.34 18.74 11.29 3.17 

19 26.23 1.88 16.40 10.39 2.77 
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The effect of variables on protein content of 

cookies in order is sorghum flour (A) > rice bran 
flour (C) > moringa leaf flour (B). This relates to 

the percentages of the ingredients in the cookie 

formulation. The contour plot and 3D graph 
(Figure 1) show a color progression from green 

(lower response) to red (highest response).  

The contour patterns tend to be parallel across the 
3 factor combinations tested (AB, AC, and BC), 

indicating that changes in protein levels are 

influenced more by each ingredient’s effects  

than by simultaneous changes across multiple 
ingredients. 

The software-based formula showed lower 

protein levels than the prediction would suggest 
(Table 3), possibly due to thermal processing. 

Baking at 130 °C for 25 minutes may have 

induced protein denaturation and Maillard 
reactions, which alter both structure and 

nutritional quality (Ibe et al., 2025). In addition, 

the composition of the raw materials contributed 

significantly. While moringa leaf flour and egg 
yolk are known to have relatively high protein 

levels, their impact was limited because they were 

used in lower proportions than sorghum flour. 
The optimized cookies contained 10.01% 

protein. This value falls within the 8 to 12% range 

recommended by the Ministry of Health of the 
Republic of Indonesia (2016) for PMT. These 

results indicate that the optimized cookie 

formulation successfully achieved the desired 
balance of ingredients, producing a product that 

meets both regulatory standards and nutritional 

requirements. 

Analysis of crude fiber response 
The recommended model for crude fiber 

content, based on software, is quadratic, with  

an adjusted R2 of 0.999. All 3 variables have  
p-values < 0.05 and a significant effect on the 

response. The impact of variables on the crude 

fiber content of cookies, in order, is rice bran flour 
(C) > sorghum flour (A) > moringa leaf flour (B). 

This relates to the crude fiber content and the 

ingredient percentages in the cookie formulation. 

Equation 2 is the linear regression of crude fiber 
response. 

Y2 = 2.77 + 0.0901A + 0.0775B + 0.2323C + 

0.0011AB – 0.0029AC – 0.0016BC + 
0.0004A2 + 0.0011B2 – 0.0017C2    (2) 

The contour plot and 3D graph (Figure 2) show 

a relatively uniform pattern across the 3 factor 

combinations, with almost parallel contour lines  
 
 

   

   
a. b. c. 

Figure 1. Contour plot and 3D graph of protein response interaction AB (a), AC (b), BC (c) 

 

  

Table 3. Optimum model and validation of 

protein content cookies 

Protein content (%) 

Prediction Actual Percentage 

11.29 10.01 88.66 
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and regular color gradation from low (blue) to 

high (red) values. Increasing the proportion of 

each ingredient increases crude fiber content, with 
linear or individual effects rather than interaction 

effects. 

The software-based formula yielded crude 
fiber below the predicted value (Table 4). Baking 

conditions significantly influence fiber levels. 

Elevated temperatures reduce moisture and 
soluble components, increasing the concentration 

of heat-resistant crude fiber fractions. At the same 

time, the evaporation of volatile substances during 

heating increases the relative fiber content. 
Nevertheless, excessive baking temperatures can 

cause thermal degradation, reducing fiber 

availability. Dough thickness is another factor,  
as thicker dough often results in uneven heat 

distribution, leading to less optimal fiber retention 

(Ibe et al., 2025). 

However, according to the Indonesian 
Ministry of Health Regulation No. 51/2016,  

this value remains below the 5% upper threshold 

for supplementary foods. Although crude fiber 
accounts for only part of dietary fiber,  

its relatively high level suggests these cookies 

have the potential to contribute to meeting daily 

fiber intake. 

The physical characteristics of cookies 

Texture 

The texture of cookies has an average hardness 

of 4,219.53±113.71 g and fracturability of 

5.62±0.09 mm. Cookies made with gluten-free 
flour generally have a hard texture and a less 

hollow structure that doesn’t expand completely 

(Purnamasari et al., 2022). Higher protein content 

strengthens starch-protein bonds, making cookies 
denser (Subaktilah et al., 2023). The fiber content 

also makes the cookies less crisp due to the hard 

cellulose structure (Jagat et al., 2017). On the 
other hand, adding high-lipid ingredients such as 

margarine can improve cookie texture (Rifada and 

Kurnia, 2024). 

Color 

The color profile of the sample collected data 

is read in L*, a*, and b* values (Table 5).  
The cookies exhibited a lower L* value (50.85) 

compared to sorghum and rice bran flours, 

indicating a darker appearance after baking. This 
decrease in L* may be attributed to the combined 

effects of naturally pigmented raw materials  

and non-enzymatic browning during baking.  
The positive a* value (2.95) and relatively high  

b* value (28.82) indicate a tendency toward  

   

   
a. b. c. 

Figure 2. Contour plot and 3D graph of crude fiber response interaction AB (a), AC (b), BC (c) 

 

  

Table 4. Optimum model and validation of crude 

fiber content in cookies 

Crude fiber content (%) 

Prediction Prediction Prediction 

3.17 2.36 74.45 
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reddish-yellow coloration, which is consistent 

with the Yellow Red (YR) °hue value of 84.15. 
Sorghum flour contributes a darker, reddish tone 

due to its tannin protein content (Rahayu et al., 

2019). Rice bran flour also changes the color  

due to its yellowish brown natural color, and 
moringa leaf flour darkens due to its chlorophyll 

oxidation (Idora et al., 2017; Azzahra and 

Suryaalamsah, 2024). 

The chemical characteristics of cookies 

The cookies with the optimal formulation  

had an average water content of 4.89%, which  

was below the maximum threshold of 5% set by 
the Indonesian Ministry of Health Regulation No. 

51/2016, thus meeting the quality requirement. 

This amount affects the texture of the cookies, 
making them hard and dry, which is associated 

with a longer shelf life. Moisture levels are 

influenced by the physicochemical properties of 
the ingredients, particularly fiber and starch, 

which can bind water during baking. Sorghum 

flour, the primary raw material, has relatively low 

amylose content, which contributes to higher 
water retention (Suarti, 2024). Baking conditions 

further affect moisture, as higher temperatures 

and longer baking times increase water 
evaporation (Setyaningsih et al., 2019). 

The ash content of the cookies was 3.21%.  

The elevated ash content was primarily derived 
from sorghum, moringa leaf, and rice bran flours 

(Table 6), as well as contributions from 

margarine, powdered sugar, egg yolks, and milk 

powder. This ash content may influence the  
 

nutritional profile of the cookies by contributing 

to the mineral value (Al-Marazeeq et al., 2024).  
The fat content averaged 22.29%, exceeding 

the specified range of 10 to 18% (w/w) under 

Indonesian Ministry of Health Regulation No. 

51/2016. This level was strongly influenced by 
margarine (80 to 81% fat) and egg yolks (31% fat) 

(Rosida et al., 2020; Wulandari and Arief, 2022). 

Additional contributions came from sorghum 
flour, rice bran, and moringa leaves (Table 6). 

This relatively high fat content is essential for 

maintaining product moisture, a soft texture, and 

a longer shelf life (Rifada and Kurnia, 2024). For 
toddlers, a higher fat content may help meet 

energy needs for physical and cognitive activities. 

However, adherence to portion control is essential 
to ensure a balanced diet for toddlers (Yuliana  

et al., 2025). 

The carbohydrate content, determined by 
difference, was 59.61%. The carbohydrate level 

reflects the composition of the raw material 

(Table 6). As carbohydrates are calculated 

inversely to other components, the higher fat  
and ash contents in this formulation contributed to 

the lower carbohydrate value (Syifahaque et al., 

2023). However, the amount contained in the 
cookies may contribute to daily energy intake as  

a supplementary food.  

The sensory evaluation of cookies 
The spider web graph and the average sensory 

evaluations for 6 cookie attributes are shown  

in Figure 3. The color value of the cookies 

averages 3.54 (brownish green). The green color  
 

 

 

 

 
 

 

 

 

 
 

Table 5. Color profile of flours and cookies 

Notation Sorghum flour Moringa leaf flour Rice bran flour Cookies 

L*(D65) 87.05±0.00 044.55±0.03 75.94±0.01 50.85±0.84 

a*(D65) 00.72±0.01 00-4.26±0.01- 01.96±0.01 02.95±0.04 

b*(D65) 12.62±0.01 022.52±0.11 15.60±0.01 28.82±0.47 
°Hue 86.76±0.03 100.71±0.02 82.85±0.02 84.15±0.02 

Interpretation Yellow Red (YR) Yellow (Y) Yellow Red (YR) Yellow Red (YR) 
Note: Values are presented as mean±standard deviation 

 
Table 6. Chemical characteristics of flours and cookies 

Parameter Sorghum flour Moringa leaf flour Rice bran flour Cookies 

Water 10.45±0.33 07.68±0.05 07.62±0.08 04.89±0.01 

Ash 01.56±0.04 05.22±0.04 07.64±0.01 03.21±0.08 
Protein 11.92±0.01 41.34±1.68 12.73±0.01 10.01±0.02 

Fat 03.34±0.09 10.46±0.20 10.15±0.27 22.29±0.08 

Carbohydrate 72.74±0.22 35.30±2.12 61.86±0.24 59.61±0.02 
Note: Values are presented as mean±standard deviation 
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of moringa leaves is influenced by chlorophyll, 

which darkens upon heating due to oxidation 

(Azzahra and Suryaalamsah, 2024). The brown 

color of cookies is due to the Maillard reaction 
triggered by baking, which produces melanoidin 

compounds and intensifies surface color (Medho 

and Mohamad, 2024). Additionally, rice bran 
flour has a slightly brown tint and contains 

phytochemical compounds (Idora et al., 2017). 

The cookies’ aroma is slightly off, likely  
due to compounds in rice bran and moringa leaf 

flours. Bran flours contain lipase and lipoxidase 

enzymes that can hydrolyze fats into rancid 

compounds, even at low concentrations 
(Damayanti et al., 2020). High levels of moringa 

flour help mask the unpleasant odor caused by 

secondary metabolites, such as saponins (Mazidah 
et al., 2018). 

The texture of the cookies is a bit hard,  

with an average score of 3.22. According to 

Medho and Mohamad (2024), high levels of 
protein and fiber contribute to dough structure, 

resulting in a denser, firmer final texture.  

This aligns with the physical testing of cookies 
using a texture analyzer, which yields a high 

hardness value. 

The bitterness is weak (3.60), but the aftertaste 
is slightly strong (3.30), due to tannin and saponin 

compounds in the flour. Tannins in the moringa 

leaf are astringent that produce a dry and smooth 

taste after consumption (Mazidah et al., 2018). 
The same thing happens with rice bran flour:  

the higher the concentration, the lower the level  

of panelist liking due to a bitter aftertaste 

associated with saponin content (Damayanti et al., 

2020). 

The cookies’ overall appearance is considered 

attractive (3.60). The quality assessment of 
cookies’ appearance is impacted by factors  

such as uniform coloration, the absence of shape 

defects, appropriate proportions, and adequate 
surface texture. Sensory evaluation was not 

conducted in the primary target population, which 

may limit the representation of actual cookie 
acceptance. 

CONCLUSIONS 

The optimal formula for adding 29.04% 

sorghum flour, 2.34% moringa leaf flour, and 
18.74% bran flour to gluten-free cookies resulted 

in protein and crude fiber contents of 10.01%  

and 2.36%, respectively. The cookies contained 
4.89% moisture, 3.21% ash, 22.29% fat, and 

59.61% carbohydrates. Physical characteristics 

were 4,219.53 g hardness, 5.62 mm fracturability, 

and 84.15 °hue. The sensory was acceptable,  
as the overall appearance received an attractive 

score. Further research is recommended to refine 

the optimized cookie formulation by reducing 
protein and fiber losses and to evaluate 

digestibility for a more robust nutritional quality 

assessment. 
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