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Abstract

Pumpkin muffins are rich in fiber but have low expansion volume and high  Received August 5, 2022
hardness. To date, research on pumpkin muffins has only been conducted  Accepted November 27, 2022
on a laboratory scale. Therefore, a pilot plant study is needed to optimize its  Published December 5, 2022
production on an industrial scale. This work aimed to determine the
processing conditions that could produce the optimum quality of pumpkin
muffins on a pilot plant scale. Water addition and baking time were chosen
as optimization variables, color, moisture content, expansion volume and
hardness were selected as response variables. Optimization was conducted
using Response Surface Methodology in Design Expert 7.0® program. The
mathematical models for brightness and hue were cubic models, and those
for moisture content, expansion volume, and hardness were quadratic
models. Optimization results with a desirability value of 0.884 were
obtained from the addition of 48% water and baking time of 22 minutes.
The resulting pumpkin muffins had lightness of 41.21, hue of 70.74,
moisture content of 27.96%, expansion volume of 185.39%, and hardness of
2.91 N and contained 27.96% moisture, 2.23% ash, 18.59% fat, 5.85%
protein, 45.37% carbohydrates, and 8.76% dietary fiber. These findings
provide new insights for researchers and bakery industries to improve the
quality of muffins from local food sources.
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High-fiber food products have been developed because of new trends in society
seeking for healthy food products with certain functional values. The high demand for high-
fiber foods is inseparable from the research on the potential and benefits of dietary fiber in
maintaining health, especially in the digestive tract. Dietary fiber has been widely studied
and found to promote intestinal health (1), prevent colonic mucus deterioration (2), and
reduce the risk of degenerative diseases, such as diabetes, cancer, obesity, and
cardiovascular diseases (3,4). High dietary fiber intake can help regulate insulin levels in the
blood, thereby reducing glucose levels and increasing glucose tolerance (5,6).

Muffins are quite popular and consumed by many people because they are considered
practical and have a good taste; however, the muffins made from 100% wheat flour have a
low crude fiber content of 0.72%. According to Kaur (7), the fiber content of wheat flour is
only 0.50%. High-fiber muffins made from nonwheat flour ingredients have been developed
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as a dietary supplement. Recent studies focused on the production of nonwheat-based
high-fiber muffins, including muffins added with upcycled orange fiber (8), long-grain indica
rice bran (9), spent espresso coffee (10), acorn (Quercus suber L.) (11), type 4 resistant
starch (RS 4) (12), and orange peel substitution (13). We also developed the production
process of high-fiber muffins with pumpkin flour substitution on a laboratory scale. Muffin
made from 100% pumpkin flour has a dietary fiber content of 19.56%—20.69% and therefore
is classified as high-fiber food (14). The high value of fiber in pumpkin muffins is due to the
high-fiber content of pumpkin flour at 23.72% (15).

The use of no wheat flour affects the fiber content and physical, chemical, and sensory
qualities of the muffins. In our previous research, we found that adding pumpkin flour to
the muffin formula decreased the expansion volume and sensory acceptance of muffin but
increased the hardness value of the muffin crumb; the maximum substitution of pumpkin
flour in the muffin formula that preserved sensory acceptability was 50% of the total weight
of the flour mixture (14). Thus, 50% pumpkin flour substitution was adopted in the current
study for the production of pumpkin muffins on a pilot plant scale to achieve the maximum
addition of dietary fiber while maintaining sensory acceptability.

The expansion volume and hardness of muffins are influenced by the quality of batter
muffins. Adding a dietary fiber component with high water absorption ability could affect
the batter muffin characteristics. The addition of fiber sources, such as apple, pea, or wheat,
can increase the batter muffin’s viscosity (16). In our previous work, we found that pumpkin
muffin batter had a thicker and stiffer consistency than wheat flour muffins (14). Stiff, thick
dough is difficult to hydrate, so a different kind of water must be added to the pumpkin
muffin batter. A certain amount of water is also needed for the formation of gluten and the
gelatinization of starch, which play an important role in forming the muffin framework. The
matrix network structure is crucial in trapping air or gas during baking, which in turn
determines the expansion volume (17). The negative effect of dietary fiber on dough
formation is minimized by adding an optimal amount of water to the dough formula (16,18).
Wheat flour and mixtures of different flour substitutions have varying water absorption
capacities (19), so different volumes of water must be added at varying levels of flour
substitution (20). Our hypothesis states that the baking time of muffins will vary with water
addition level. This study aims to determine the process conditions that could produce
optimum quality of pumpkin muffins on a pilot plant scale using the surface response
method (RSM) with water addition and baking time as factors.

Our previous studies focused on the processing of high-fiber pumpkin muffins on a
laboratory scale. The develop process would be difficult to apply in industrial scale
production. The fundamental problem in implementing laboratory scale optimum process
conditions on an industrial scale is the large difference in production capacity, process
conditions, and equipment. Upscaling to a pilot plant is the key link in the processing of
pumpkin muffins from a laboratory scale to an industrial scale.

The main ingredient of pumpkin muffins was pumpkin flour (80 mesh), which was
obtained from small and medium enterprises in Kusuka Ubiku, Kepuh Kulon, Wirokerten,
Banguntapan, Bantul Yogyakarta. Other ingredients included “Segitiga Biru” wheat flour
(100 mesh), margarine, water, salt, eggs, fine granulated sugar, and baking powder.
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The formula and procedure for making pumpkin muffins were adopted from our
previous research (14). The production processes included weighing ingredients, making
dough, and baking dough. The flour ingredients were sifted, weighed, and placed in a mixer
bowl (Planetary dough mixer B60A, China). Other ingredients (margarine, water, and salt)
were heated, poured into the mixer bowl, and stirred at medium speed. Eggs were added
gradually and stirred into the mixture until evenly mixed, and fine granulated sugar and
baking powder were then added and stirred into the mixture until evenly mixed. The dough
was poured into muffin cups to +3/4 height. The cup had a diameter of 3.8 cm and a height
of 4 cm. The muffin dough was baked in the oven (gas oven PCH 10303) at different levels of
water addition and baking time according to the treatment. The basic muffin formula is
presented in Table 1.

Ingredient Percentage (%) Amount (g)
Flour mixture 100 525
Margarine 66 345
Water 31 163
Salt 0.6 3

Egg 57 300 (£ 6)
Fine granulated sugar 72 380
Baking powder 2 10

On the basis of our previous research, a baking experiment was carried out at two
different temperatures of 200 °C on the laboratory scale (14) and 158 °C on the pilot plant
scale (21).

D-Optimal RSM design was used for randomization. The design begins with
determining the independent variables of the process conditions, namely, water addition
and baking time. The range of independent variables determined from literature review,
and trial and error were carried out to determine the upper and lower limits of each factor
based on the parameters of color (L* and Hue*), expansion volume, and hardness. The
obtained upper and lower limits were entered into the DX 7.0® program with the D-Optimal
RSM design for randomization. A total of 16 treatments were generated Table 4.

Each response was analyzed by ANOVA. Design Expert 7.0® software provided a
polynomial model that represents the response of each factor. Polynomial models can be
mean, linear, 2FI (two factors interaction), quadratic, or cubic. The model was represented
in the form of a 3D surface graph. The ANOVA model was chosen according to the
program's recommendation, namely, a model that can represent the response well by
meeting the following four criteria. First, the selected model should have: 1). a “prob>f"
value less than or equal to 0.05 (significant); 2). a lack of fit greater than 0.05 (not
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significant). The lack of fit value which was not significant indicated the suitability of the
response data with the model; 3) the difference between the predicted R-squared and
adjusted R-squared values which is less than 0.2; and 4). The last criterion is based on the
adequation precision value which must be greater than 4.

Responses are optimized by determining the criteria first. Thus, to get the optimum
process conditions, we needed to determine goals and importance. The goal value consists
of the target (the point to be achieved), in range (within a certain range), maximize
(maximum or upper limit), or minimize (minimum or lower limit). In addition, there is
importance which has a value of 1-5 (+) to (+++++) to determine the level of importance of
each response. The greater the importance indicated a high desire to achieve the ideal
optimal product. The output of the optimization phase was the recommendation of several
optimal process conditions created by program. The most optimal process conditions are
recognized by the high desirability value. The desirability values ranged from 0 to 1.0. The
high desirability value (close to 1.0) indicated the process condition suggested by program
will produce a more perfect product.

After obtaining the optimum process conditions based on the desirability value, thus
we proceed with the verification stage through response testing in the laboratory. The
response analysis results of verification were compared with the predicted responses given
by the Design Expert 7.0° software. To determine the conditions of the verified process, the
confidence interval (Cl) and prediction interval (Pl) values were given for each response
prediction value at a significance level of 5%. The Cl range showed the average expectation
of the next measurement results at a significance level of 5%, while the Pl range showed the
expected response measurement results with the same conditions at the 5% significance
level. Verification was carried out by testing in the laboratory with two experimental
repetitions and three measurement repetitions. Then, the results obtained were compared
with the value of the response variable predicted by the Design Expert 7.0®program, so that
it was seen the suitability at the verification stage.

Color analysis of pumpkin muffin crumbs referred to the method of Matos et.al., (22)
with modifications to the tools used. Their study used A Konica Minolta CM-3500, while
color measurements in this study used the Chromameter CR 300 Minolta. Pumpkin muffin
samples were cut at the top at muffin height, then placed in a sample container in the form
of a small petri dish. Measurement results in various notation systems were recorded or
printed. Color measurement results in L*, a*, b* and hue values calculated as tan™! (b*/a*).
L indicates lightness with values 0 (black) and 100 (white). A* values indicate green (-a*) to
red (+a*) and b* values indicate blue (-b*) to yellow (+b*). The color groupings based on
hue values are as follows (23).

Hue 342-18 : Red purple Hue 162-198 : Green

Hue 18-54 : Red Hue 306—-342 : Purple

Hue 54-90 : Yellow red Hue 270-306 : Blue purple
Hue 90-126 : Yellow Hue 198-234 : Blue green
Hue 126-162 : Yellow green Hue 234-270 : Blue
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The analysis of expansion volume referred to the method of Krisnawati et al. (24).
Modifications were how to calculate expansion volume. Their research used length, width,
and height for volume calculating, while this study used the seed displacement method with
barley seeds. The barley seeds were put into the measuring container until they were
completely flat. After the container was full of barley seeds, some of the seeds were
temporarily transferred to another container, then the muffins were put into the container
and filled again with the barley seeds that were previously temporarily transferred to
another container until they were full. The remaining barley seeds were measured using a
measuring cup as the muffin volume. Muffin dough volume was measured using a
measuring cup. The measuring cup was first weighed with a Camry EHA 401 digital scale
with an accuracy of two digits behind the comma, then calibrated. Then the dough was put
into a measuring cup and the volume and weight were recorded. The weight of the dough
was used as a reference to determine the volume of muffin dough.

Texture measurements were carried out objectively using the texture analyzer
instrument TA-XT2i (TAHDI, Stable Microsystem, UK) following the method of Feili et al.
(25). Modifications were made to the sample size of the pumpkin muffin test from a size of
2cmx 2 cm x 2 cm to a size of 3 cm x 3 cm x 3 cm. All test samples were prepared and
baked on the test day. The probes were calibrated according to the instructions before use.
The sample was cut and shaped like a cube in the center of the muffin sample (crumb) and
placed centrally under the probe [SMSP 75] using the following conditions: pretest speed:
1.0 mm/s, test speed: 1.0 mm/s, posttest speed: 10.0 m/s, compression distance: 25%, and
trigger type: auto-5 g.

Moisture content was analyzed using AOAC method (26). Empty aluminum crucibles
were dried in an oven at 105 °C for 15 minutes and cooled in a desiccator for 5-10 minutes
and then weighed (W,). Then, 2—-3 g (W) of the sample was placed in a cup and dried in an
oven at 105 °C for 6 hours or until the sample weight was constant. The cup containing the
dried sample was transferred to a desiccator, cooled for 15 minutes, and weighed again
(W), as formulated in equation (1).

W-(W,-W,)
Water content (% wet base) = —w x100 % (1)

Analysis of ash content referred to the AOAC method (26). The porcelain dish for
ashing was dried in an oven 105 °C for 15 minutes and then cooled in a desiccator and
weighed (A). The sample with a certain weight (B) was placed in a porcelain dish, burned in
a smoke chamber until it no longer emitted smoke, and burned again in a furnace at a
temperature of 400 °C-600 °C for 4—6 hours until white ash formed and constant weight.
The ash and the porcelain dish were cooled in a desiccator and then weighed (C). The ash
content of the sample was calculated by equations (2) and (3), where wb and db are wet
and dry bases, respectively.
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Ash content (%wb) = x100 %

(C-A) (2)
B

ash content (%wb) (3)

Ash content (%db) = x100 %
(%db) 100-water content (%wb) °

The fat content analysis was referred to the AOAC method (26). A total of 1-2 g of
sample was weighed (W) and put into filter paper. The filter paper containing the sample
was dried in an oven at 105 °C to dry. The dried filter paper was inserted into the sleeve
with a cotton plug. Thus, the sleeve was inserted into the Soxhlet extraction apparatus and
connected to the condenser and the fat flask. Then the fat was previously dried in an oven
at 105 °C to dry and weighed (W ). The condenser was placed on the top and the fat flask
was placed under it. The hexane solvent was added to the fat flask to taste. Subsequently,
extraction was carried out for 6 hours. The solvent in the fat flask was distilled and collected
again. Then the fat flask containing the extracted fat was dried in an oven at 105 °C, cooled
in a desiccator, and weighed (W,). Drying was repeated until a constant weight was
reached. Fat content was calculated by equations (4) and (5).

W,-W 4
Fat content (%wb) = % x100 % 4
Fat content (%wb) (5)
Fat content (%db) = x100 %

100-Water content (%wb)

Analysis of protein content referred to the AOAC method (26). A total of 0.1 g of
sample was weighed in a Kjeldahl flask, then 1.0£0.1 g Merck K;SO4 (Germany), 40+10 mL
Merck HgO (Germany), and 2.0+0.1 mL Merck H,S04 (Germany) were added. Then boil until
the liquid sample is clear and then cooled. This clear sample solution was transferred to a
distillation apparatus quantitatively. The Kjeldahl flask was rinsed with 1-2 mL of distilled
water, then the washing water was put into the distillation apparatus, and rinsing was
carried out 5-6 times. A total of 10 mL of a 60% NaOH-5% Na;S,03.5H,0 Merck (Germany)
solution was added to the distillation apparatus. Under the condenser is placed an
Erlenmeyer containing a mixture of 5 mL of Merck (Germany) saturated H3BO3 solution and
2-4 drops of indicator (2 parts 0.2% methylene red and 1 part 0.2% methylene blue in 95%
ethanol) Merck (Germany). The end of the condenser tube must be submerged in Merck's
(Germany) H3BOs solution, then distillation is carried out to obtain about 15 mL of distillate.
The distillate obtained was titrated with 0.02 N Merck (Germany) HCl which had been
standardized until the color changed from green to gray. Nitrogen content and crude
protein content by wb and db are determined by equations (6) to (8).
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(Vs - Vb) x N x 14.007 (6)
N content (%wet base) = W x100 %
Crude protein content (%wb)= %N x Fk (7)
Crude protein content (%wb 8
Crude protein content (%db) = P (6wb) %100 % (&)

100-water content (%wb)

Where, Vs = Volume of HCl spent titrating the sample (mL), Vb = Volume of HCl spent
on blank titration (mL), N = Normality of HCl which has been standardized (N), W = Sample
weight (mg), and Fk = Correction factor (6.25 for muffin products).

Carbohydrate content was calculated as the remainder of the moisture content, ash
content, fat content, and protein content. In this analysis, it is assumed that carbohydrates
were the weight of the sample in addition to moisture, ash, fat, and protein as formulated
by equation (9).

Carbohydrate content (% wb =100—(% moisture+% ash+% fat+% protein) (9)

Analysis of dietary fiber referred to the method of Asp et al. (27). The sample was
weighed as 1 g (W) with an accuracy of up to 0.1 mg into a 400 mL beaker. Furthermore, 25
mL of 0.1 M Merck phosphate buffer (Germany) pH 6.0 and 0.1 mL of Merck's Termamyl
solution (Germany) were added, covered with aluminum foil, and placed in a water bath
shaker at 99 °C for 15 minutes, shaking slowly every 5 minutes. Then, 20 mL of distilled
water was added, cooled to room temperature, then the pH value was adjusted to pH 1.5 by
adding Merck (Germany) 4 M HCI. After the pH was acidified, 100 mg of pepsin was added
and placed in a water bath shaker at 40 °C for 60 minutes with continuous agitation. After
that, 20 mL of distilled water was added, then the pH value was adjusted again until it
reached pH 6.8 by adding 4 M Merck NaOH (Germany). After the pH was reached 6.8, 100
mg of pancreatin was added and placed in a water bath shaker (D-30938 Burg wedel,
Germany) at 40°C for 60 minutes with continuous agitation. After the process was
completed, the pH value was adjusted again until it reached pH 4.5 by adding 4 M HCI. Then
280 mL of 95% ethanol which had been preheated (60°C) was added (volume measured
after heating). Incubate at room temperature for 60 minutes to form a precipitate. The
precipitate was filtered using a crucible of known dry weight. Furthermore, the residue from
the sample was washed with 2 x 10 mL of distilled water, 2 x10 mL of 95% ethanol, and 2 x
10 mL of Merck acetone (Germany), then the residue was dried at 105 °C to a constant
weight (about 12 hours), cooled in desiccator and weighed (Wres). One replicate sample
was placed in a furnace at 525°C for at least 5 hours, cooled in a desiccator, and weighed
(Wash). One replicate sample was calculated for protein content using the Kjeldahl (Wpro)
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method. Blank samples were used to determine the weight of contaminants from reagents
and enzymes (Wb). Total dietary fiber is calculated by equation (10).

(Wres-Wpro-Wash-Wb)x100 (10)
\

Total dietary fiber (%) =

Muffin baking temperature is important for physical characteristics, such as good
appearance, texture, and color. Upscaling from the laboratory to the pilot plant caused
differences in the quantity of materials, process conditions, and equipment. The use of
different baking ovens in the laboratory and pilot plant led to different heat distribution and
heat flow patterns. Baking at 200 °C using an electric oven (Oxone OX-898BR) in a laboratory
could not be applied directly to a pilot plant. Figure 1 shows the pumpkin muffins baked at
200 °C using a gas oven in a pilot plant (PCH 10303). Poor quality characteristics were
observed, including the dark brown spot on the surface (see red square in Figure 1a), low
expansion volume, and hard texture.

(a)

The pumpkin muffins baked at 158 °C h exhibited a perfect level of baking. They had
good appearance, high expansion volume, and low texture. Therefore, 158 °C was suitable
as the baking temperature of pumpkin muffins in a pilot plant. This temperature was also
adopted for the optimum process condition for baking muffins substituted with sweet
potato and corn flour composites using a pilot plant scale oven (21). Visual differences in
the muffins baked at the two temperatures are presented in Figure 1. This observation was
expected because of the differences in circulation or heat distribution, heat flow patterns,
drying air rates, and partial vapor pressures in electric ovens used in laboratories and gas
ovens used in pilot plants. Laboratory ovens utilize an electric heat source that maintains
temperature and humidity, so the drying process is relatively stable. Meanwhile, pilot plant
ovens employ gas fuel, which causes high air temperature and fast drying (28).
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The range of factors for the processing of pumpkin muffins was determined from
literature review (29,30) as follows: 30%—50% water addition and 20-30 minutes of baking
time at 200 °C. A trial and error approach was adopted for the two process conditions (X
and Y) of pumpkin muffins as presented in Table 2. Process condition X was the addition of
30% water with a baking time of 20 minutes, and process condition Y was the addition of
60% water with a baking time of 40 minutes. Independent samples t-test was performed
using SPSS V.22 to determine the significant difference between the measured response
values for the pumpkin muffins prepared using the two process conditions.

Process conditions

Parameter

X Y
Lightness (L*) 38.50° 40.96°
Hue (°h) 67.92° 69.80°
Expansion volume (%) 169.77° 174.90°
Hardness (N) 4.20? 3.70°

Table 2 shows that the pumpkin muffins produced using process condition X had lower
L values, hue, and volume expansion and higher hardness than the muffins produced from
process condition Y. Statistical analysis with independent samples t-test revealed a
significant difference in response values between the pumpkin muffins under process
conditions X and Y. In process condition X, the added water is not enough for the hydration
of the ingredients in the dough. Water plays an important role in the viscoelastic properties
of the dough through the formation of disulfide and ionic bonds between protein
components, which determines the expansion volume (18,31,32). A certain amount of
water is required for gelatinization so that starch swells and a gel is formed, which play an
important role in the formation of the muffin skeleton network. In addition, water is
required for the formation of gluten, which gives elastic properties to the dough together
with the gelatinized starch in the muffin skeleton network. The matrix network structure
traps air or gas during baking, which determines the expansion volume. Disproportionate
water addition in baking causes problems in the expansion volume of pumpkin muffins.
Analysis results showed that the interval for water addition was between 30% and 60%, and
that for baking time was around 20-40 minutes (Table 3). The upper and lower limits were
then entered into the DX 7.0® program, and 16 treatments were generated as presented in
Table 4

Factor Lower limit Upper limit
Water addition (%) 30 60
Baking time (minutes) 20 40
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Treatment Factor A: Factor B:
Water addition (%) Baking time (minutes)
1 30 20
2 60 34
3 51 40
4 30 40
5 60 20
6 43 29
7 54 28
8 45 20
9 30 30
10 38 23
11 41 39
12 60 20
13 30 20
14 30 40
15 60 34
16 51 40

The responses of pumpkin muffins measured in this study were lightness, hue,
moisture content, expansion volume, and hardness. The resulting values of the five
responses in Table 5 were then entered into the DX 7.0® program with the RSM D-optimal
design for response analysis. The results are presented in Table 6. Mathematical equations
were also generated for each response as listed in Table 7.

Treatment A B Lightness (L*)  Hue (°h) Wat;/:‘)vcvclnar)\tent viﬁi::'gz) Hardness (N)
1 30 20 39.19 67.95 22.99 168.93 4.60
2 60 34 41.25 69.63 24.78 177.92 3.88
3 51 40 38.06 66.94 24.23 182.27 3.49
4 30 40 36.62 65.52 21.33 169.35 5.19
5 60 20 42.82 70.83 29.50 184.38 3.25
6 43 29 39.03 68.03 26.28 189.04 2.73
7 54 28 40.99 70.14 27.67 180.66 3.78
8 45 20 41.56 69.79 28.20 185.36 2.93
9 30 30 37.04 65.79 21.76 169.91 4.28
10 38 23 40.44 69.10 25.50 182.80 3.81
11 41 39 36.72 65.93 22.87 186.30 3.25
12 60 20 41.61 70.24 28.92 173.14 4.13
13 30 20 39.05 68.60 22.15 169.38 4.29
14 30 40 36.20 65.20 19.89 169.56 5.03
15 60 34 41.12 69.90 23.60 173.58 3.78
16 51 40 37.82 66.90 23.24 182.41 3.58
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Mathematical I\{Ioc.le‘l Lack of fit Adjusted- Predicted- Adequation
Parameter models significance (p>0.05) R?model  R?model  precision
(p<0.05) '
Lightness (L*) Cubic <0.0001 0.5363 0.9644 0.8015 18.449
Hue (°h) Cubic <0.0001 0.4522 0.9752 0.8176 21.946
Water content (%wb) Quadratic < 0.0001 0.8960 0.9569 0.9239 23.817
Expansion volume (%) Quadratic 0.0005 0.8087 0.7951 0.6171 9.215
Hardness(N) Quadratic 0.0018 0.2538 0.7294 0.5611 8.866
Parameter Mathematical equations
Lightness (L*) -32.5529+3.0625A+3.3964B—0.0336AB—0.0581A2-0.1059B2 +5.9918x10*A2B-
2.9137x107*AB%+3.1355x10*A3+1.3633x1073B3
Hue (°h) +28.4379+1.2580A+2.5571B+0.0205AB-0.0339A2-0.1137B% +2.6303x10*A2B-
7.0044x10*AB? +2.0111x107*A3 +1.6179x1073B3
Water content (%wb) -8.2265+1.3654A+0.2768B-8.7902x103AB-0.0107A%-1.9208x103B?
Expansion volume (%) +32.443+6.008A+1.138B-0.011AB-0.061A2-0.012B?
Hardness (N) +15.0121-0.4668A-0.0844B-1.8918x10“AB+4.9816x1073A% +1.9221x1073B?

Color is an important factor in product development because consumers generally
judge a product from its visual appearance. Here, the measured color parameters were the
lightness level (L*) and hue degree. L* represents the lightness with a value of L*=0 meaning
black and L*=100 meaning white. Chromatic color or hue describes the actual dominant
color, such as red, blue, and yellow, based on the light reflected by the object (33). The hue
value was obtained from the conversion of the a* and b* chromaticity values from the color
measurement using a chromameter (22).

Response analysis in Table 6 shows that the predictive model for the lightness of the
pumpkin muffins was a cubic model because its “prob>f" (<0.0001) was smaller than 0.05
(significant). Meanwhile, the lack of fit F-value was 0.5363, which was greater than 0.05 and
indicated that the lack of fit was not significant relative to pure error. Insignificant lack of fit
is a requirement of a good model because it shows the suitability of the lightness response
data with the model. In addition, the difference between the predicted R-squared and
adjusted R-squared values was <0.2, and the adequation precision value was <4, namely,
18.449. On the basis of these four criteria, the cubic model is a good model and is expected
to provide good predictions for the lightness value.

ANOVA results showed a significant effect on lightness for factors B (baking time) and
A’B (quadratic interaction of adding water and baking time) but not for factors A (water
addition), AB (interaction of water addition with baking time), A% (quadratic interaction
between water addition), B (quadratic interaction between baking time), AB? (interaction
of water addition with quadratic interaction of baking time), A3 (cubic interaction between
water addition), and B3 (cubic interaction between water addition). As listed in Table 7, the
mathematical equation for the lightness response revealed the increasing lightness level
with factors A, B, A?B, A3, and B3 as indicated by positive coefficients. However, the lightness
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level decreased with the increase in factors AB, A?, B?, and AB? as indicated by negative
coefficient values.

The 3D surface graph (Figure 2) illustrates the relationship between the combination
of adding water, baking time, and the lightness value of the muffin. The red part of the
graph shows the highest lightness value of 42.82, and the blue part shows the lowest
lightness value of 36.20. The higher the lightness value, the brighter the pumpkin muffin
color. The highest lightness value was found in the muffins with 60% water addition and 20
minutes of baking time, and the lowest was found in the muffins with 30% water addition
and 40 minutes of baking time. These results were in accordance with Martunis’ research
(34), which stated that drying time reduced the lightness of potato starch. Other
researchers also stated that the length of the oven decreased the lightness value of paper
squid products (35) and instant spice “Rujak Cingur” (36). According to Ahrne et al. (37), the
low moisture content of the dough causes the bread color to darken and the sensory
reception to decrease.
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Hue response analysis (Table 6) showed that the model used to predict the hue
response was a cubic model because its “prob>f" value (< 0.0001) was smaller than 0.05
(significant) and its lack of fit value (cubic) was 0.4522 (not significant). The difference
between the predicted R-squared and adjusted R-squared values was <0.2, and the
adequation precision value met the requirement of >4, namely, 21.946. On the basis of
these four criteria, the cubic model is a good model and is expected to provide good
predictions for the hue response.

ANOVA results showed a significant effect on the hue response for factors A (water
addition), B (baking time), and AB? (interaction of water addition with quadratic baking
time) but not for factors AB (interaction of adding water and baking time), A? (quadratic
interaction between water addition), B? (quadratic interaction between water addition), A’B
(quadratic interaction between adding water and baking time), A3 (cubic interaction
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between water additions), and B3 (cubic interaction between baking times). According to
the mathematical equation for the hue response (Table 7), the hue value increased with the
factors A, B, AB, A%B, A3, and B3 as indicated by positive coefficients. However, the hue value
decreased with the increase in factors A%, B%, and AB? as indicated by negative coefficient
values.

The 3D surface graph (Figure 3) illustrates the relationship of the combination of
water addition factors and baking time with the hue response. The red part of the graph
shows the highest hue value of 70.82, and the blue part shows the lowest hue value of
65.20. The highest hue value was found in the muffins with 60% water addition and 20
minutes of baking time, and the lowest was found in the muffins with 30% water addition
and 40 minutes of baking time.
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The changes in lightness and hue of muffins were caused by a browning reaction
(Maillard reaction) that occurred during baking. The Maillard reaction is a reaction between
free amino groups and carbonyl groups that occurs under heating or storage for a long time
(38). Melanoidin, a brown pigment, is a product of the reaction and is formed with
prolonged baking time. Owing to this pigment, the muffins baked for a long time will have
low lightness and hue values. In addition to baking time, the water added to the muffin
batter also affects the lightness value because the Maillard reaction can either be inhibited
when water levels are high or triggered when water levels are low (39). At high levels, water
tends to shift the reaction to the left, indicating that the formation of N-substituted
glycosylamine is inhibited (40). N-substituted glycosylamine has an important role in the
formation of melanoidin compounds and is the final product of the Maillard reaction.

Moisture content is an important component that can affect the stability and
durability of foodstuffs. The presence of water can be used as an indicator to determine the
level of food safety (40). The moisture content of the product is influenced by the amount of
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water added to the pumpkin muffin formula, so measuring the moisture content is
important. After the measurement of the moisture content, a response analysis was carried
out for moisture content based on ANOVA (Table 6). The model used to predict the
moisture content was a quadratic model because its “prob>f” value (<0.0001) was smaller
than 0.05 (significant) and its lack of fit value was 0.8960 (not significant). The difference
between the predicted R-squared and adjusted R-squared values was <0.2, and the
adequation precision value met the requirement of >4, namely, 23.817. On the basis of
these four criteria, the quadratic model is a good model and is expected to provide good
predictions for the moisture content response.

ANOVA results showed a significant effect on the moisture content for factors A
(water addition), B (baking time), AB (interaction of adding water and baking time), and A?
(quadratic interaction between water addition) but not for factor B2 (quadratic interaction
between baking time). According to the moisture content response equation (Table 7), the
moisture content increased with A and B as indicated by the positive coefficient. However,
the moisture content decreased with the increase in AB, A%, and B? as indicated by a
negative coefficient.

The 3D surface graph (Figure 4) illustrates the relationship of the combination of water
addition and baking time with the moisture content. The red part shows the highest
moisture content (29.50%), and the blue part shows the lowest moisture content (19.89%).
The highest moisture content was found in the muffins with 60% water addition and 20
minutes of baking time, and the lowest was found in the muffins with 30% water addition
and 40 minutes of baking time.

A long baking time increases the evaporation of water from the material (41). The
decrease in moisture content is possibly due to the evaporation of water from foodstuffs to
the outside environment due to the heat difference between the material and the
temperature in the oven. When heat is applied, the temperature of the food increases and
the water in the food evaporates. The decrease in moisture content of baked goods such as
muffins because the heat from the oven evaporates the water in the baked dough.
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A long baking time increases the heat received by the ingredients. Hence, the amount
of water evaporating from the food increases, and the measured moisture content is low.
The results of this study were in accordance with the research of Kawai et al. (42) and Ureta
et al. (41), who stated that the moisture content of cookies and bread decreased with the
increasing temperature and baking time. lbrahim et al. (43) also reported that increasing
baking time reduced the moisture content of bread with green coffee beans. This result was
expected to be influenced by water diffusion, which drives water out of the product (44)
and simulates water transfer during baking. High water diffusion rate indicates an easy
transfer of water molecules and the formation of water vapor during baking. In addition to
baking time, the moisture content in the dough also affects the moisture content of the
baked product. If the amount of water in the food is high, then a large amount of energy is
needed to evaporate some of the water from the food. When baked at the same
temperature and time, a dough with high moisture content will produce a product with a
higher moisture content compared with a dough with low moisture content.

Expansion volume is an important parameter that affects the consumer acceptance of
muffin products. Muffins with large expansion are preferred by consumers because they
give the impression of a product that expands well because it has a hollow or porous
structure. The measurement results of expansion volume were obtained by response
analysis, which resulted in a quadratic model because its “prob>f" value (0.0005) was
smaller than 0.05 (significant) and its lack of fit value (quadratic) was 0.8087 (not
significant). The predicted R-squared and adjusted R-squared values for the response
volume development were close to 1.0, namely, 0.6171 and 0.7951, respectively. The
difference between the predicted R-squared and adjusted R-squared values was <0.2, and
the adequation precision value met the requirement of >4, namely, 9.215. On the basis of
these four criteria, the quadratic model qualifies as a good model and is expected to provide
good predictions for the expansion volume response.

ANOVA results indicated a significant effect on the expansion volume for factors A
(water addition) and A? (quadratic interaction between water addition) but not for factors B
(baking time), AB (addition interaction water with baking time), and B? (quadratic
interaction between baking time). According to the response equation (Table 7), the
expansion volume increased with A and B as indicated by a positive coefficient value.
However, the expansion volume decreased with the increase in AB, A%, and B? as indicated
by a negative coefficient.

The 3D surface graph (Figure 5) illustrates the relationship between the combination
of adding water and baking time with the expansion volume. The red part of the graph
shows the highest response volume expansion (189.04%), and the blue part shows the
lowest response value (168.93%). The highest expansion volume was found in the muffins
with 43% water addition and 29 minutes of baking time, and the lowest was found in the
muffins with 30% water addition and 20 minutes of baking time. According to the 3D graph,
the relationship of the combination of water addition and baking time with the expansion
volume response was as follows: the addition of too low or too much water decreases the
expansion volume. Hence, caution is needed in determining the amount of water added.
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The water in the dough affects the rheology of the dough and the quality of the final
product (45). Under certain water levels, proteins glutenin and gliadin can form an elastic
mass and expand to what is known as gluten. The elastic and expandable physical properties
of gluten allow the dough to retain gas and the bread product to have a smooth and
uniform hollow structure and a soft and elastic texture. In addition, water dissolves the
ingredients and allows the starch to gelatinize during baking. When the dough is thick,
starch hydration becomes difficult, and gelatinization is consequently hampered. The water
in the dough diffuses into the starch granules and causes starch gelatinization by heating.
The more water added to the dough, the more water will diffuse into the starch granules,
causing the starch granules to irreversible swell and thereby increasing the starch
gelatinization (46). Starch gelatinization causes starch swelling and gel formation, which,
together with the coagulated gluten protein, form a matrix structure for the muffin
network. The matrix network structure plays an important role in trapping air or gas during
baking, which determines the expansion volume of muffins.

The model used to predict the response to force is a quadratic model because its
“prob>f" (0.0018) was smaller than 0.05 (significant) and its lack of fit value (quadratic) was
0.2538 (not significant). The predicted R-squared and adjusted R-squared values for the
response to violence were close to 1.0, namely, 0.5611 and 0.7294, respectively. The
difference between the predicted R-squared and adjusted R-squared values was <0.2,
indicating the absence of outlier data. The adequation precision value met the requirement
of >4, namely, 8.866. On the basis of these four criteria, the quadratic model is a good
model for the force response.

ANOVA results showed that factors A (water addition) and A? (quadratic interaction
between water addition) have a significant effect on the hardness of pumpkin muffin
crumbs. Meanwhile, factors B (baking time), AB (addition interaction water with baking
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time), and B? (quadratic interaction between baking time) had no significant effect on the
hardness of pumpkin muffin crumbs. According to the hardness response equation (Table
7), an increase in the quadratic interaction between water addition and baking time also
increased the hardness of pumpkin muffins as indicated by the positive coefficient.
Meanwhile, an increase in water addition, baking time, and the interaction between these
two decreased the hardness value as indicated by the negative coefficient.

The 3D surface graph (Figure 6) illustrates the relationship of the combination of
adding water and baking time with the hardness response of pumpkin muffins. The red part
of the graph shows the highest hardness response (5.19 N), and the blue part of the graph
shows the lowest hardness response (2.73). The lowest hardness was found in the muffins
produced with 43% water addition and 29 minutes of baking time, and the lowest was
found in the muffins produced with 30% water addition and 40 minutes of baking time.

This finding was supported by several studies stating that the longer the baking time,
the more water is evaporated. As a result, the moisture content of the product decreases.
This observation was also in agreement with Dessev et al. (47), who reported that the
longer the heating, the harder the texture of a product. Mudgil et al. (48) also stated that
increasing the baking time decreased the moisture content and increased the hardness of
cookies. When the baking time is long, the water in the dough greatly evaporates. The
moisture content of the product decreases, causing its texture to harden. With a short
baking time, a sufficient amount of moisture is left in the dough and causes the bread to
remain soft (43).
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The hardness of pumpkin muffins can be related to the expansion volume. Muffins
with a low expansion volume have a dense and hard crumb structure (11). Meanwhile,
pumpkin muffins with a large volume expansion have a hollow and porous structure, so that
the force required for the deformation decreases. Pumpkin muffins with the addition of too
low or too much water have low volume expansion, so the resulting muffin structure is
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dense, compact, and rigid. As a result, the force required for the deformation increases. This
finding indicated that pumpkin muffins with low expansion volume have a harder texture
than those with large expansion volumes.

After the response were analyzed, the next step was to optimize the process. This
stage aimed to obtain the process conditions that could produce an optimal response of
pumpkin muffins according to the desired optimization criteria. The resulting optimization
target value is generally known as the desirability value, which is indicated by a value of 0-1.
Optimal response was presented from the desirability value, which is close to 1. Each
response in the optimization process was given importance with a value of 1 (+) to 5 (+++++)
depending on the level of importance of the response. The greater the value of importance,
the higher the level of importance of the response. The factors and response criteria used in
determining the optimum process conditions for pumpkin muffins are presented in Table 8.

Factor/response Goal Importance
Water addition (%) In range +++

Baking time (minutes) In range +++
Lightness (L*) Maximum +++

Hue (°h) Maximum +++
Moisture content (% wb) In range +++
Expansion volume (%) Maximum +++++
Hardness (N) Minimum 4+

Table 8 shows that for water addition and baking time, a range goal was given with
importance of three (+++). For lightness and hue response criteria, a goal maximized with
three importance (+++) was given because the pumpkin muffins are expected to have a high
lightness level and an optimum level of sensory reception. Our previous research revealed
that a decrease in lightness level reduced the panelists’ sensory acceptance of color
attributes (14). The moisture content response was given a goal range of 19.89%—-29.50%
with three importance (+++) because this range was within normal. Previous studies on
muffins substituted with other high-fiber flours showed that the moisture content of the
product was 20%—30%. The moisture content of muffins substituted with fiber-rich barnyard
millet flour was 22.40% (49), that of muffins substituted with soy flour was 30.2% (50), and
that of muffins substituted by spent espresso coffee as fiber source was 31.89%—32.25%
(10).

The response to force was given a goal minimized with an importance of five (+++++)
because it is expected that muffins prepared under optimum process conditions have a low
level of hardness. The expansion volume response is given a goal maximized with five
importance (+++++) because it is expected that muffins prepared under optimum process
conditions exhibit a large expansion. Our previous research revealed that the main
problems in upscaling the processing of pumpkin muffins in the laboratory were the low
volume of expansion and high hardness values. Pumpkin muffins that are optimum have
minimum hardness and maximum expansion volume, so these two parameters were
considered important responses in muffins. On the basis of these criteria, the optimization
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results obtained were 48% water addition and 22 minutes of baking time with a desirability
value of 0.884.

The verification stage aimed to compare the actual response value obtained from the
experimental results with the response value predicted by the program. The data from the
verification results of several tested responses (lightness, hue, moisture content, hardness,
and expansion volume) were compared with the predicted values from the program as
presented in Table 9.

Response Prediction Verification 95% CI 95% CI 95% PI 95% PI
low high low high
Lightness (L*) 41.51 41.21 40.76 42.34 40.29 42.80
Hue (°h) 70.05 70.74 69.49 70.67 69.14 71.02
Moisture content (%wb) 28.5 27.96 27.91 29.36 27.12 30.15
Expansion volume (%)  187.62 185.39 183.58 191.44 179.31 195.71
Hardness (N) 2.96 291 2.53 341 2.06 3.89

Comparison showed that the experimental results in the laboratory were in
accordance with the predicted values from the program. The verification results were still in
Cl or Pl range. The prediction results from the program indicated that muffins prepared
under optimum process conditions will have lightness value of 41.51, hue of 70.05, moisture
content of 28.54%, expansion volume of 187.62%, and hardness of 2.96 N. Meanwhile, the
verification results showed that the selected yellow pumpkin muffins had lightness value of
41.21, degree of hue (°h) of 70.74, moisture content of 27.96 %wb, expansion volume of
185.39%, and hardness of 2.91 N. The verification results were in accordance with the
predictions made by the Design Expert 7.0® program. Therefore, the mathematical equation
of each response is good enough to predict the value of the response in determining the
optimum process.

The optimum chemical characteristics of pumpkin muffins can be determined based
on proximate analysis. Chemical analysis carried out on the optimum pumpkin muffins
included the analysis of moisture content, ash content, fat, protein, and carbohydrates.
Total dietary fiber analysis was carried out to determine the optimum total dietary fiber
content of pumpkin muffins. The results of the proximate analysis and total dietary fiber
content of pumpkin muffins are presented in

Table
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Parameter (%wb) Measurement results
Moisture content 27.9610.04
Ash content 2.23+0.02
Protein content 5.85+0.00

Fat content 18.59+0.02
Carbohydrate content 45.37+0.03
Total dietary fiber content 8.7610.03

Proximate analysis showed that pumpkin muffins prepared under optimum process
conditions had a moisture content of 27.96 g/100g. The moisture content was classified as
high because the amount of water added to the dough reached 48% of the total weight of
flour (wheat and pumpkin flour). Analysis of the ash content of pumpkin muffins by the
gravimetric method revealed a value of 2.23 g/100 g, which was still in range of 1.91%—
2.41% for the pumpkin bread from Aljahani’s study (51). Previous studies stated that
pumpkin flour can increase the ash content of food products. Other researchers reported
that the ash content of taro flakes increased with the proportion of pumpkin flour addition
(52). Aljahani (51) showed that pumpkin flour can significantly increase the ash content of
bread. The difference in value is influenced by differences in the components that make up
the flour raw materials. According to Kaur et al. (7), the ash content of wheat flour is 0.38%
and that of pumpkin flour is 6.78% (15).

The protein content of pumpkin muffins prepared under the optimal process
conditions was 5.85 g/100 g. Aljahani (51) stated that the substitution of pumpkin flour
reduced the protein content of donuts because the protein content of the former was lower
than that of the latter. According to Kristiani et al. (15), the protein content of pumpkin flour
is 9.36% and that of wheat flour is 11.47% (7). Proximate analysis showed that the fat
content of pumpkin muffins was 18.59 g/100g. The high fat content is due to the addition of
margarine, which comprises a large proportion in the formula at 66% of the total weight of
flour. Carbohydrate content was measured by the by difference method, and the result was
45.37 g/100g. This value was due to the high carbohydrate content of pumpkin flour
(79.18%). By contrast, the carbohydrate content of blue triangle flour listed on the
packaging label is 71.82% (7).

Analysis of total dietary fiber showed that the pumpkin muffins prepared under the
optimal process conditions had a high-fiber content of 8.76+0.03 g/100 g. BPOM (53) states
that a food product is a source of dietary fiber when its fiber content is not less than 3 g/100
g and is high in fiber when its fiber content is not less than 6 g/100 g. Pumpkin muffins have
a high dietary fiber content due to the high dietary fiber content of the pumpkin flour used
as a raw material. According to Kristiani et al. (15), the total dietary fiber content of
pumpkin flour ranged from 23.67% to 23.72%. Similar results were reported by Tamba et al.
(54), who stated that the addition of pumpkin flour can increase the crude fiber content of
donut products.
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Process optimization was performed with a range of factors tested using the DX-7
program. The obtained optimum process conditions with the highest desirability value of
0.884 were as follows: 48% water addition and 22 minutes of baking time, which resulted in
41.21 lightness, 70.74 hue, 27.96% wb moisture content, 185.39% volume of expansion, and
2.91 N hardness. Verification carried out was in accordance with the predicted response
issued by the program. Proximate analysis showed that the optimum ash, fat, protein, and
carbohydrate contents of pumpkin muffins were 2.23% wb, 18.59% wb, 5.85% wb, and
45.37 % wb, respectively. The optimized pumpkin muffins were classified as high-fiber foods
because they contained 8.76% dietary fiber. The results of this research provide new
insights for researchers and bakery industries to improve the quality of muffins from local
food sources.
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