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Abstract
Purpose – This study aims to obtain empirical data regarding the application of the Design Expert
program in the development of a linear program. The objective is to obtain the optimal formula
for gluten-free vermicelli products that can be used to reduce production costs in the green food
industry.
Methodology - The method that is used in this study is a linear method and it computes with
Design-Expert program version 11.0.
Findings - The results of this study are expected to find the best formula of gluten-free product in
the green food industry using The Design-Expert program. The result showed that Design-Expert
program has given verified similar data with laboratory analysist, so this program has been
acceptable to be applied both in gluten-free product and the green food industry product
optimization.
Practical Implications – This paper highlight the used of Design-Expert program in
manufacturing industry to optimize the product formula and reduce the time of formulation trial.
Originality/value – Although the studies of Design-Expert program have been conducted for
several years, the used of Design-Expert program to optimize gluten-free product is still unknown.
This study considers the relationship among Design-Expert program, time of production trial, and
cost saving of industrial practice.
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Production
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Introduction
Green practices have been applied by the organizations as their initiative innovations of
competitiveness because of global and local issues. Many factor have been affected industrial
green practices (Aziz et al., 2018) such as internal factors of organization which have explained
green practice diversity (Li et al., 2019). Many industrial activities have made formulating
progress in green strategy which was showed that implementation and innovation competencies
were crucial (Moini, Sorensen and Szuchy-Kristiansen, 2014). So-called “green food” products
are the result of innovations in food industries that partially fuel current consumer trends towards
minimizing the use of ingredients that have a negative health impact. Consumers choose green
food products not only because they are attractive, but also because of their health benefits (Junior,
da Silva, Gabriel, and Braga, 2015). The green food industry is considered an important sector of
the food industry. It processes and handles green food products in accordance with standardized
requirements in order to maintain their benefits (Sari and Hasnelly, 2012).
Hasnelly and Sari (2012) conducted research on the importance of implementing resourcebased strategies in the green food industry. They concluded that the industry must provide new
recipes, implement advanced skills in producing products, and market these products in an easily
accessible manner in order to maintain high customer value and satisfaction. Green industry needs
to innovate and develop their product which creates new value, low cost, and beneficial advantage
(Foo et al., 2019).
Green food companies must be able to influence consumer perception of their products in
order to achieve their target goals. Customer perception of product value, which heavily influences
consumer purchasing, will directly influence how companies produce their products (Sari and
Hasnelly, 2012).
In order to achieve increased product value, companies may implement cost-effective
strategies and reduce activities that do not add product value (Hasnelly and Yusuf, 2012).
Industries used regular regression to analyze their performance to increase the improvement
presence (Knol et al., 2019). Since 1950, linear methods of OR, or mathematical modeling
techniques, have had a significant impact on numerous industries. This, in turn, has made it
possible for business enterprises in many sectors to save tens to hundreds of millions of dollars in
production costs (Hillier and Lieberman, 1980).

Product reports allow management to evaluate possible strategies for each product which
can harmonize focus of strategy and operational activities (Lee Park and Paiva, 2018). This
strategy can be used to increase a company’s cash flow, to increase market segmentation, or to
reduce production costs. The report can also provide information to management about which
products should be optimized to provide further investment. Product analysis per value focuses on
the strategic direction for each product (Heizer and Render, 2014). Industries will be set the
product customization strategy to oppose the standard product (Sousa and da Silveira, 2019) such
as optimizing the old product to be more competitive and valueable. The main challenges in
product optimization is the high number of parameters that need to be optimized simultaneously.
The challenge is often exacerbated by the fact that not all parameters are initially known (Schmidt,
Schöbel, and Thom, 2019). One such strategy involves leveraging operational research (OR) to
find the optimal formula for raw materials with low production costs in the manufacturing of green
food products.
Gluten-free products are products intended for consumers who have gluten-intolerance, but
gluten-free products must still be formulated so that the quality is not inferior to products that
contain gluten. Gluten-free products are reformulated using composite flour which can replace the
role of flour containing gluten (Drabińska, Ciska, Szmatowicz, and Krupa-Kozak, 2018).
This study will discuss processes of gluten-free vermicelli optimization using composite
flour which was made from comparison among brown rice flour, mung bean flour, and arrowroot
starch flour. Brown rice contains anthocyanin and proanthocyanidin as color pigments. These color
primers provide health benefits like antioxidants (Huang and Lai, 2016). Mung beans are known
to be one source of vitamin B1. Mung beans are very popular in Indonesia because they are easy
to process and cheap (Gunarti, Rahmi, and Sadikin, 2013). Arrowroot starch flour has good
digestibility, good gel-forming ability, and other advantages of physicochemical properties such
as high amylose content (16-27%) which can be used as an additional ingredient (Nogueira,
Fakhouri, and de Oliveira, 2018). This study aimed at how Design Expert software can be used to
optimize the gluten-free product in the green food industry.
Methodology
The linear method, or linear operations research programming, is commonly utilized in
order to minimize production costs. This study demonstrated how linear programs can be applied

in the green food industry. Statistical analyses were carried out by Design Expert software (version
11.0 licensed by Stat-ease Co., Minneapolis, MN) to research optimal formulas for gluten-free
organic vermicelli, using the D-Optimal method. This method allows the optimization of variables
based on a chosen optimality criterion and model fitting, enabling quick optimization with limited
resources.
Three independent variables were used in researching optimum formulas: brown rice flour
(A), mung bean flour (B), and arrowroot starch flour (C). Initially, The Design Expert software
produced several draft product formulas with varying combinations of the aforementioned
variables. These formulas were then created and laboratory-tested in terms of four responses: ash
content, water content, protein content, and cooking loss. The results were then entered into The
Design Expert program for statistical analysis, resulting in recommended optimum formulas.
Finally, the optimum formulas were verified through laboratory tests. Formulas were created and
laboratory-tested based on the four responses mentioned above to compare the results.
Result and Discussion
The Design Expert software produced initial product formulas that were produced and
tested in a laboratory. The results of these tests were then statistically analyzed in order to
determine the effects of the independent variables on the formulas. These are represented by the
following test responses: ash content, water content, protein content, and cooking loss. Design
Expert was used to producing a mathematical model that could predict the extent to which each of
these test responses was affected by the three independent variables and in what combinations.
Ash Content
Design Expert recommended a linear model connecting the independent variables to the
ash content of the formula. The model recommendations were selected based on the smallest pvalue, where the p-value for the particular linear model was 0.0560 (Table 1).

Table 1. Polynomial Model of Gluten-free Organic Vermicelli in Ash Content Response
Source
Linear
Quadratic
Special Cubic
Cubic
Sp. Quartic vs. Quadratic
Quartic vs. Cubic
Quartic vs. Sp. Quartic

Sequential pvalue
0.0560
0.5503
0.9602
0.1891
0.6671

Adjusted
R2
0.3920
0.3394
0.1748
0.9266
0.1418

Predicted R2
0.0652
-0.8384
-3.1322
-2.8022
-7.9606

Suggested

Aliased
Aliased

The results of the analysis of variance (ANOVA) for the ash content response with a p =
0.05 level of significance showed a non-significant variance analysis with a calculated p-value
"prob. > F" of 0.056 (Table 2). This suggests that the three aforementioned parameters do not
influence the ash content of gluten-free organic vermicelli.
Table 2. ANOVA for The Linear Model of Gluten-free Organic Vermicelli in Ash Content
Response
Source
Model
(1)

Linear

Mixture
Residual
Core Total

Sum of
Squares

df

Mean Square

Fvalue

pvalue

0.4193

2

0.2096

4.22

0.0560

0.4193

2

0.2096

4.22

0.0560

0.3971
0.8164

8
10

0.0496

Not
significant

Design Expert formulated an equation for the prediction of ash content in terms of brown
rice flour (A), mung bean flour (B), and arrowroot starch flour (C):
Ash Content = 1.58A + 0.9388B + 0.3926C
The equation shows that the ash content is strongly influenced by the amount of brown rice flour.
This relationship is illustrated (Figure 1).

Figure 1. Contour Plot Graphs and Three-Dimensional Graph of Gluten-free Organic Vermicelli
Ash Content
Water Content
Regarding the water content response, Design Expert recommended a special cubic model
with a p-value of 0.0883 (Table 3).
Table 3. Polynomial Model of Gluten-free Organic Vermicelli in Water Content Response
Source
Linear
Quadratic
Special Cubic
Cubic
Sp. Quartic vs. Quadratic
Quartic vs. Cubic
Quartic vs. Sp. Quartic

Sequential Pvalue
0.8538
0.3133
0.0883
0.5856
0.4154

Adjusted
R2
-0.2016
0.0010
0.4469
0.4926
0.2487

Predicted
R2
-0.7532
-3.5009
-5.0099
-25.2985
-10.1922

Suggested
Aliased
Aliased

Similar to the ash content response, ANOVA was also conducted for the water content
response at the level of significance of p = 0.05. A non-significant result with a p-value "prob. >
F" of 0.2142 was obtained (Table 4). This also shows that neither brown rice flour, mung bean
flour, nor arrowroot starch flour had any effect on the water content response of gluten-free organic
vermicelli products.

Table 4. ANOVA for The Linear Model of Gluten-free Organic Vermicelli in Water Content
Source
Model
(1)

Linear

Mixture
AB
AC
BC
ABC
Residual
Core Total

Sum of
Squares
9.60

df

Mean Square
1.60

Fvalue
2.35

pvalue
0.2142

6

0.4778

2

0.2389

0.3502

0.7242

2.03
2.45
4.21
3.43
2.73
12.33

1
1
1
1
4
10

2.03
2.45
4.21
3.43
0.6822

2.98
3.59
6.18
5.03

0.1596
0.1311
0.0678
0.0883

Not
significant

The mathematical model for the effect of brown rice flour (A), mung bean flour (B), and
arrowroot starch flour (C) on water content is as follows:
Water Content = 123.51A + 6.25B + 8.44C – 123.33AB – 132.08AC + 13.31BC – 97.56ABC
The equation shows that an increase in all three variables does not affect the water content of
gluten-free organic vermicelli. However, individuals increased in the variables as well as the
interaction between the B and C variables does increase the water content. Meanwhile, the
interactions between variable pairs AB and AC, and also between all three variables A, B, and C,
reduce the water content. These results suggest that brown rice flour is the main factor affecting
the water content of gluten-free organic vermicelli.
A contour plot of the various formulas containing different combinations of each type of
flour shows a low water content value (blue) of 7.69% and a high water content value (red) of
11.43% (Figure 2).

Figure 2. Contour Plot Graphs and Three-Dimensional Graph of Gluten-free Organic Vermicelli
Water Content Response
Protein Content
The recommended polynomial model for the protein content response is a cubic model
with a p-value of 0.1404 (Table 5).
Table 5. Polynomial Model of Gluten-free Organic Vermicelli in Protein Content Response
Source
Linear
Quadratic
Special Cubic
Cubic
Sp.
Quartic
vs.
Quadratic
Quartic vs. Cubic
Quartic vs. Sp. Quartic

Sequential pvalue
0.8207
0.4360
0.2621
0.1404
0.8087

Adjusted
R2
-0.1898
-0.1538
-0.0118
0.9506
-0.9268

Predicted R2
-0.9012
-2.1565
-2.7945
-1.5616
-18.4425

Suggested
Aliased
Aliased

The ANOVA analysis for the protein content response also produced a non-significant
result with a p-value of 0.5330 (Table 6), indicating that the brown rice flour, mung bean flour,
and arrowroot starch flour formulations do not influence the protein content of gluten-free organic
vermicelli products.

Table 6. ANOVA for The Linear Model of Gluten-free Organic Vermicelli in Protein Content
Source
Model
(1)

Linear

Mixture
AB
AC
BC
ABC
Residual
Core Total

Sum of
Df
Squares
4.54 6

0.7569

Fvalue
0.9805

2

0.1838

0.2381

pvalue
0.5330 Not
significant
0.7985

0.0008 1
0.0314 1
0.0168 1
1.31 1
3.09 4
7.63 10

0.0008
0.0314
0.0168
1.31
0.7720

0.0010
0.0407
0.0217
1.70

0.9766
0.8500
0.8899
0.2621

0.3677

Mean Square

The resulting equation for the relationship between protein content and the three
aforementioned variables is as follows:
Protein Content = -0.4147A + 6.32B + 5.33C + 2.38AB + 14.96AC - 0.8397BC - 60.36ABC
This model shows that the addition of brown rice flour, mung bean flour, or arrowroot starch flour
does not influence the protein content of gluten-free organic vermicelli. The addition of
components B and C separately or two components of AB and AC does increase the protein
content, as indicated by a positive coefficient. While the interaction of the two components of BC,
and the interaction between the components of ABC reduces the protein content. The protein
content level is strongly influenced by the addition of mung bean flour.
The magnitude of the relationship between the three types of flour and their effects on the
protein content is shown (Figure 3). The lowest protein content response recorded (blue) was
4.24% while the highest protein content response (red) was 6.73%.

Figure 3. Contour Plot Graphs and Three-Dimensional Graph of Gluten-free Organic Vermicelli
Protein Content Response
Cooking Loss
Similar to the ash content response, the recommended polynomial model for the cooking
loss response is a linear model with a p-value of <0.0001 (See Table 7).
Table 7. Polynomial Model of Gluten-free Organic Vermicelli in Cooking Loss Response
Source
Linear
Quadratic
Special Cubic
Cubic
Sp.
Quartic
vs.
Quadratic
Quartic vs. Cubic
Quartic vs. Sp. Quartic

Sequential Pvalue
< 0.0001
0.7026
0.5405
0.2785
0.1880

Adjusted R2

Predicted R2

0.9800
0.9753
0.9722
0.9946
0.9920

0.9709
0.9495
0.9200
0.7195
0.8785

Suggested

Aliased
Aliased

The ANOVA analysis of the effects of varying flour content on cooking loss resulted in a
significant link, with a p-value of less than 0.0001 (Table 8). This shows that brown rice flour,
mung bean flour, and arrowroot starch flour significantly affect the cooking loss response of
gluten-free organic vermicelli products.

Table 8. ANOVA for The Linear Model of Gluten-free Organic Vermicelli in Cooking Loss
Response
Source
Model
(1)

Linear

Sum of
Df
Squares
71.88 2
71.88 2

Mean Square
35.94
35.94

Fp-value
value
245.49 < 0.0001 Significant
245.49 < 0.0001

Mixture
Residual
1.17 8
0.1464
Core Total
73.06 10
A simple linear relationship was found between the cooking loss response and brown rice
flour (A), mung bean flour (B), and arrowroot starch flour (C), as shown in the following equation:
Cooking loss = 14.58A + 18.13B + 10.25C
While all three types of flour greatly affect the cooking loss response of the vermicelli products,
mung bean flour was found to be the most significant factor. This can also be seen from a contour
graph depicting the magnitude of the effects of different flour content on cooking loss (Figure 4).
Large amounts of mung bean flour in the formulation resulted in the highest cooking loss (17.43%,
red), while arrowroot starch flour had the least influence on cooking loss (10.55%, blue).

Figure 4. Contour Plot Graphs and Three-Dimensional Graph of Gluten-free Organic Vermicelli
Cooking Loss Response
Selected Optimal Formula
Once the statistical analysis of the four test responses was completed, Design Expert was
able to optimize the independent variables and formulate several solutions according to the desired
optimization targets. The most optimal formula was then selected based on a “desirability” score.

The desirability value ranges from zero to one; a value that approaches “one” indicates that the
formula reaches the optimal formula according to the desired response variables.
Each optimized variable is given a particular weight, called the “importance” value (Table
9). The importance value for each variable can be adjusted to fine-tune the optimization process
in order to achieve an optimal formula that reflects current market demand or product standards.
Table 9. Importance of Interests for Selected Formula on Gluten-Free Organic Vermicelli
Optimization
Name

Optimization target

A
B
C
Water Content
Protein Content
Ash Content
Cooking Loss
Note: * in %
A: Brown rice flour
B: Mung bean flour
C: Arrowroot starch flour

In range
In range
In range
Minimize
In range
Minimize
Minimize

Lower Upper
Limit* Limit*
33.4
34.8
0
6.2
21
28.6
7.69 11.43
4.24 6.729
0.2
1
10.55 17.43

Importance
3
3
3
3
3
3
3

The desirability value generated for each potential formulation is influenced by the number
and complexity of the components, the range of flour content, the test responses, and the target to
be achieved in obtaining the optimal formula. A higher number and a greater complexity of
components decreases desirability, as does a large range of flour content, due to greater difficulties
in determining the optimum formula.
Table 10. Optimal Formula for Gluten-free Organic Vermicelli
Brown
Bean
Flour
33.680

Mung
Bean
Flour
0.000

Arrowroot
Water Protein
Starch
Content Content
Flour
28.320
7.996
5.652

Ash
Content
0.437

Cooking
Desirability
Loss
10.413

0.865

The contour plot and the three-dimensional diagram based on the desirability value of the
selected gluten-free organic vermicelli formula can be seen (Figure 5).

Figure 5. Contour Plot Graph and Three-Dimensional Graph of Desirability of the Selected
Gluten-Free Organic Vermicelli Formula
Verification
Using the selected optimum formula, Design Expert could predict the quality of the
formula with a 95% confidence interval in terms of water content, ash content, protein content,
and cooking loss. The calculated quality parameters were then verified through laboratory tests
(Table 11). The verification results show that laboratory verification of the quality parameters did
not significantly differ from the calculated values.
Table 11. Results of Gluten-Free Organic Vermicelli Formula Verification
Response
Water Content
Ash Content
Protein Content
Cooking Loss

Results (%)
Prediction Verification
7.996
8.94
0.437
0.50
5.652
4.96
10.413
10.6

95% CI
Low
High
6.3713
9.61945
0.163251
0.709806
3.92441
7.37934
9.94366
10.8824

CONCLUSION
Through the use of the D-optimal method, this study has demonstrated that Design Expert
can be used in the optimization of product formulations with multiple parameters in the vermicelli
sample, but this method could be applicable in each type product of the green food industry. The
Design Expert can reduce the trial and error process and production costs. The time needed for

formulating green food products can also be shortened. The program also makes it possible for
manufacturers to adjust easily to the demands and needs of consumers.
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