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ABSTRACT

Research was conducted to discover the ideal microwave blanching parameters for producing high-quality
tomatoes. The experiment employed response surface methodology (RSM) with Box Behnken Design (BBD) and
consisted of 17 treatments; each treatment combination was tested in duplicate. The independent variables were
power (W) (X1), time (sec) (X2), and blanching water (mL) (X3). The experimental results were analyzed using ANOVA,
and the optimization process was carried out and verified. The best treatment outcomes were obtained using a
combination of 200 W power, 120 sec duration, and 450 mL of blanching water. After validation, the optimal yield
response was 100.01%, with total soluble solids at 3.6 °Brix, vitamin C at 154 mg/100 g, and total tomato carotene at

3.3 mg/100 g. Overall, these data have a 95% confidence interval ranging from low to high.
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INTRODUCTION

Tomatoes (Solanum lycopersicum L.) are among
the most popular fruit vegetables, having a significant
economic worth. Tomatoes contain vital nutrients and
antioxidants for human health and illness prevention
(Rahmadani et al. 2021). 100 g of tomato contains
1500 IU of vitamin A (carotene), 60 mg of vitamin B
(thiamine), 40 mg of vitamin C, 27 mg of phosphorus,
1 g of protein, 4.2 g of carbohydrates, 0.3 g of fat, 5 mg
of calcium, and 0.5 mg of iron (Mardaus et al. 2019).
Tomatoes are quite perishable. This is owing to their
high-water content, which amounts to 94% of their
entire weight (Ashadi et al. 2021). According to John et
al. (2020), tomatoes collected at the red ripening stage
of 10-20% can only be stored at room temperature for
four days. Based on this, pretreatment of tomatoes is a
key step in preserving quality. Blanching is one
approach that can be employed.

Blanching is a brief heat treatment designed to
suppress enzyme activity, reduce microbial burden,
maintain color, and aid in skin peeling (Saidi 2019).
Blanching is also used to protect nutritional quality and
make following processing procedures faster and more
effective. Water blanching and steam blanching are
traditional blanching processes widely utilized in the
food processing sector. However, these technologies
have drawbacks, such as taking more time and energy
(Nguyen et al. 2019).
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Advances in the food business promote the
adoption of novel procedures that are more efficient
and capable of inactivating enzymes with minimum
impact on texture, flavor, and nutritional alterations
(Bagkaya & Demirddven 2015). Microwave blanching
is a modern blanching technique that can be used as
an alternative. This approach employs high-frequency
electromagnetic waves to rapidly and uniformly heat
food items (Hanif et al. 2021). Microwave blanching is
three times faster than conventional procedures.
However, this method has some disadvantages, such
as difficulty managing temperature and heating
duration, as well as the possibility of hot areas that
cause overcooking. Higher temperatures or longer
treatment durations have a negative impact on the
product, including flavor and texture loss, color
alterations, and vitamin and nutrient deterioration
(Baskaya & Demirddéven 2015). The purpose of this
study was to discover the optimal microwave-assisted
blanching settings for producing high-quality tomatoes
utilizing response surface method (RSM).

METHODS

Research Period

The study was carried out from December 2023 to
February 2024 at the Laboratory of Technology and
Industrial Environmental Engineering, Faculty of
Agricultural Technology, University of Jember.

Materials and Tools
The major ingredient was tomatoes sourced from
Tanjung Market in Jember. Other supporting materials
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were water, distilled water, starch indicator solution
(1%), iodine solution 0.01 N, technical n-hexane, and
buffer solutions with pH 4, 7, and 9. Design Expert 13
application, digital balance, knife, mortar and pestle,
measuring cylinder, beaker glasses, spatula,
Erlenmeyer flask, LG MC8188HRC microwave oven,
aluminum foil, plastic clip (LDPE), drop pipette, UV-Vis
spectrophotometer, pH meter, color reader,
refractometer, and refrigerator were all used.

Procedures

The blanching conditions were optimized utilizing
the DX-13 (Design Expert 13) application and the
Response Surface Methodology (RSM) approach,
which employed Box Behnken Design (BBD). The
independent variables used were adapted from the
studies of Bagkaya & Demirdéven (2015) and Nguyen
et al. (2019), which were modified as follows: power
(W) (X1) with a minimum value limit of 200 W and a
maximum value limit of 600 W, blanching time (X2) with
a minimum value limit of 20 sec and a maximum value
limit of 120 sec, and blanching water volume (X3) with
a minimum value limit of 150 mL and a maximum value
limit of 450 mL (Table 1).

The microwave power range was chosen because
it is often used in fruit and vegetable blanching
research to inactivate enzymes while preserving
sensory quality (Baskaya & Demirdéven 2015). The
blanching time of 20—120 sec was chosen because too
short a time is ineffective in deactivating enzymes, and
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150-450 mL was utilized to ensure that the sample had
even contact with water while being energy efficient
and preventing excessive nutrient leaching (Quaye et
al. 2022). There were 17 experimental treatments
tested (Table 2). The acquired data was then entered
into the DX-13 application for ANOVA. After analyzing
all responses, an optimization process was performed.
The optimization findings were then checked to verify
they matched the application's projected results.

Yield Determination

The yield was calculated by weighing the tomato
fruit before and after blanching using the following
formula (Syamsul et al. 2020):

Weight after blancing (g)

Y' ld 0, =
ield (%) Initial weight (g)

X 100%

Total Soluble Solids Measurement

The total soluble solids (TSS) were determined
using a refractometer. A 1-2 mL sample of tomato juice
was put onto the refractometer prism, and the °Brix was
determined. The reported °Brix value indicates the
soluble solids in the solution (Wahyuni et al. 2021).

Vitamin C Content Analysis

The measurement of vitamin C levels was carried
out using the titration method (Amelia 2016). The
formula for calculating vitamin C was as follows:

Voll, x0,88 X Fp

i iti % Vitamin C = X 1009
too lengthy a time can harm sensory and nutritional % Vitamin W Sample (g) %
quality (Nguyen et al. 2019). The water volume of
Table 1 Variables of tomato blanching treatment

. Level
Variable Symbol - 0 1
Microwave power (W) X1 200 400 600
Blanching time (sec) X2 20 70 120
Blanching water (mL) X3 150 300 450

Table 2 Optimization of microwave power, blanching time, and blanching water volume of tomatoes

Coded variables

Microwave power

Treatment X1 X2 X3 (W) Blanching time (sec) Blanching water (mL)
1 0 0 0 400 70 300
2 1 0 1 600 70 450
3 1 -1 0 600 20 300
4 0 -1 -1 400 20 150
5 0 0 0 400 70 300
6 0 -1 1 400 20 450
7 -1 1 0 200 120 300
8 0 1 -1 400 120 150
9 -1 -1 0 200 20 300

10 1 0 -1 600 70 150
11 0 0 0 400 70 300
12 0 0 0 400 70 300
13 -1 0 -1 200 70 150
14 0 0 0 400 70 300
15 -1 0 1 200 70 450
16 1 1 0 600 120 300
17 0 1 1 400 120 450
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where:

Vol I, = Volume of iodine (mL)

0.88 =0.88 mg of vitamin C is equivalent to 1 mL of
I, 0.01 N solution

Fp = Dilution factor

Ws = Sample weight (g)

Total Carotenoid Content Analysis

The measurement of total carotenoids was carried
out using a spectrophotometer at a wavelength of 446
nm (Novita et al. 2015). Total carotenoids were
calculated using the following equation:

(25 x (a—b) x 383)

Total carotenoid (ppm) =

100 xW
where
A = Absorbance of the sample
B = Absorbance of the blank
w = Sample weight (g)

RESULTS AND DISCUSSION

Yield

The yield obtained ranged from 99.66% to 100.03%.
According to the findings of the analysis of variance
(ANOVA) (Table 3), the F-value was 18.15, suggesting
that the model was significant. This demonstrates that
each variable (microwave power, blanching duration,
and blanching water) had a significant impact on yield.
The ANOVA test's p-value was less than 0.0500,
indicating statistical significance. The model's p-value
(<0.0001) demonstrates its significance. The obtained
lack of fit F-value (1.36) was non-significant. A non-
significant lack of fit suggests that the model utilized
matches the yield response data (Zakaria et al. 2021).

The suggested prediction model is linear (Table 4).
The R? value of 0.8073 shows that the effect of
microwave power, blanching duration, and blanching
water on the yield response was 80.73%, with the

Table 3 ANOVA response on yield
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remaining 12.27% due to other factors not included in
the model. The corrected R? value (0.7628) and
projected R? value (0.6434) differed by 0.1194,
indicating a positive outcome. According to Hanif et al.
(2021), a discrepancy of less than 0.2 between
adjusted and projected R? is considered acceptable.
The mathematical model equation for the link between
the three factors to optimize yield as a response is
shown below.

Yield (%) = 99,88 — 0,17°A — 0,04"B + 0,06*C

where

A = Microwave power
B = Blanching time

C = Blanching water

The given equation has negative coefficient values
for variables A and B and a positive coefficient for
variable C. This suggests that increasing microwave
power and blanching duration reduces yield, whereas
increasing water volume enhances yield. This means
that using more water during the blanching process can
assist maintain tomato mass stability, whereas using
too much heat may induce weight loss owing to
evaporation or tissue softening.

The 3D plot graph of the yield response is typically
linear in shape (Figure 1). The results demonstrate that
the yield increases as the microwave power and
blanching time decrease. Treatment 9 (200 W, 20 sec
blanching time, and 300 mL blanching water) had the
highest yield, 100.3%. Meanwhile, treatment 16 (600
W, 120 sec blanching duration, and 300 mL blanching
water) had the lowest yield at 99.66%. The low
microwave power and short blanching duration provide
for enough time to blanch the tomatoes without
harming them. This is consistent with the findings of
Kusumiyati et al. (2018), that softening of fruit held at
higher temperatures happens quickly due to internal
disintegration during respiration. Polysaccharide
degradation during respiration softens the fruit and

Source Sum of squares df Mean square F-value P—value
Model 0.1314 3 0.0438 18.15 < 0.0001 Significant
A: Microwave power 0.08 1 0.08 33.15 < 0.0001
B: Blanching time 0.0136 1 0.0136 5.64 0.0336
C: Blanching water 0.0378 1 0.0378 15.67 0.0016
Residual 0.0314 13 0.0024
Lack of fit 0.0237 9 0.0026 1.36 0.4088 Not significant
Pure error 0.0077 4 0.0019
Cor total 0,1628 16
Table 4 Model summary statistics of yield response

Source Std. dev. R? Adjusted R? Predicted R? PRESS
Linear 0.0491 0.8073 0.7628 0.6434 0.0581 Suggested
2F| 0.0514 0.8375 0.74 0.3598 0.1042
Quadratic 0.0524 0.8818 0.7298 —-0.2068 0.1965
Cubic 0.0439 0.9526 0.8103 * Aliased
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breaks down cell wall molecules, which were initially
insoluble protopectin, into soluble pectin.

The amount of blanching water utilized had an
impact on yield, but it was not substantial. Yield value
comparisons can be seen in several treatments with
the same power and time combination but different
amounts of water used, such as treatment 2 (99.9%)
compared to treatment 10 (99.78%); treatment 4
(99.77%) compared to treatment 6 (99.99%); treatment
8 (99.76%) compared to treatment 17 (99.89%); and
treatment 13 (99%) compared to treatment 15
(100.2%). The more water used, the greater the area is
in direct touch with the material. According to
Sabahannur et al. (2023), boiling brings food into direct
touch with water, weakening its linkages. This
increases yield because water may more easily enter
the food material.

The yield percentages of 100.02% in treatment 15
(200 W, 70 sec, and 450 mL blanching water) and
100.03% in treatment 9 demonstrate that the tomatoes
weighed more after blanching than before. This
occurred during immersion in cold water following
blanching, where water was absorbed via osmosis.
Osmosis is the diffusion of water through a semi-
permeable membrane. Water travels from a low-
pressure location to a high-pressure area (Kaur et al.

en (%)

Rendem:

8: Waktu (detik)
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2024). Blanching treatment reduces yield, indicating a
drop in tomato quality. Lower yield implies mass loss
due to water evaporation, tissue softening, and
degradation of cell wall components, which reduces the
physical quality and freshness of tomato.

TSS (Total Soluble Solids)

The TSS value of tomatoes ranged from 3.43 to
4.02 °Brix. This finding is consistent with recent
research conducted by Khathir et al. (2019), that the
TSS value of tomatoes ranged from 3.3 to 4.4 °Brix.
Another study by Sholeha et al. (2015) found similar
results, noting that the TSS value of fresh tomatoes
ranged from 3.5 to 5.5 °Brix. The analysis of variance
(ANOVA) results (Table 5) revealed that the F-value
was 217.19 (significant). The model's p-value was less
than 0.0001, indicating significance. Meanwhile, the F-
value for the model's lack of fit was 1.45, indicating that
it was not statistically significant. The ANOVA test
utilized a significance threshold of 5% (0.0500), and the
model's lack of fit result was not significant (Ashshiddiqi
et al. 2019).

The suggested model method was linear (Table 6).
The R? result of 0.9804 indicates that microwave
power, blanching duration, and blanching water had a
98.04% influence on the TSS reaction, with the

A: Daya (watt)

Figure 1 3D Plot of yield.

Table 5 ANOVA response of Total Soluble Solids (TSS)

Sum of

Source df Mean square F-value P—value
squares

Model 0.3251 3 0.1084 217.19 < 0.0001 Significant

A: Microwave power 0.2415 1 0.2415 484.01 < 0.0001

B: Blanching time 0.08 1 0.08 160.33 < 0.0001

C: Blanching water 0.0036 1 0.0036 7.24 0.0185

Residual 0.0065 13 0.0005

Lack of fit 0.005 9 0.0006 1.45 0.3821 S Not
significant

Pure error 0.0015 4 0.0004

Cor total 0.3316 16
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remaining 1.96% driven by non-model factors. The R?
number indicates how much independent variables
influence the response value. According to Hanif et al.
(2021), the model performs better when the R? value is
close to 1. The adjusted R? (0.9759) and anticipated R?
(0.9635) values showed a 0.0124 difference, indicating
a positive outcome. According to Hanif et al. (2021), if
the gap between adjusted and anticipated R? is lower
than 0.2, the predicted R? value can improve the
adjusted R? value. The mathematical model equation
for optimizing the TSS response based on microwave
power, blanching time, and blanching water is shown
below.

TSS (%) =3,72+ 0,17"°A + 0,1"B - 0,02*C

where

A = Microwave power
B = Blanching time

C = Blanching water

The preceding equation has positive coefficient
values for variables A and B, but a negative coefficient
for variable C. This means that the higher the power
and blanching time, as well as the usage of less water,
the higher the TSS value. The 3D plot graph for the
TSS response has a linear form (Figure 2). This result
indicates that the higher the power and blanching
duration, the greater the TSS value produced.
Treatment 16 (600 W, 120 sec, and 300 mL water)
produced the highest TSS value of 4.04 °Brix.
Meanwhile, treatment 9 with 3.43 °Brix, which used 200
W, 20 sec, and 300 mL of blanching water, had the
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lowest TSS result. Longer cooking time and increased
microwave power resulted in the breakdown of
complex chemicals in tomatoes into more soluble
forms. This is consistent with Fitriani et al. (2022), that
the higher the applied temperature, the higher the
respiration rate produced. The sugar content of
tomatoes increases throughout the respiration process
as starch (carbohydrates) is digested into simple
sugars like glucose and fructose.

The volume of blanching water decreases as the
TSS value increases. The more water is utilized, the
longer it takes for heat energy to get from the water to
the tomatoes. This is consistent with Fitriani et al.
(2022), that water with a lower volume absorbs more
heat. This notion is supported by Yunita & Rahmawati
(2015), that the TSS value increases with higher
temperature and longer processing time. This is related
to a drop in product moisture content. Higher
temperatures and longer processing times allow more
water to evaporate, increasing the product's total
solids. Changes in TSS value owing to blanching
treatment indicate a decline in tomato quality. Unstable
TSS values reflect fluctuations in the levels of simple
sugars and water in the tissue, which affects the
tomatoes' taste, freshness, and overall quality.

Vitamin C

The vitamin C content of tomatoes ranged from
127.6 to 167.2 mg/100 g. Yunita & Rahmawati (2015)
findings of this investigation indicate that vitamin C
content reduced during the blanching process. The
vitamin C content in fresh tomatoes ranged between

Table 6 Model summary statistics of Total Soluble Solids (TSS) response

Source Std. dev. R? Adjusted R? Predicted R? PRESS
Linear 0.0223 0.9804 0.9759 0.9635 0.0121 Suggested
2FI 0.0235 0.9833 0.9733 0.9328 0.0223
Quadratic 0.0233 0.9886 0.9738 0.8831 0.0388
Cubic 0.0195 0.9954 0.9817 * Aliased

i)

TPT (b

Figure 2 3D Plot of Total Soluble Solids (TSS).
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217.31 and 257.31 mg/100 g. The ANOVA test (Table
7) revealed that the model was significant, with an F-
value of 17.89. The model's p-value was 0.0005,
indicating significance. Meanwhile, the F-value for lack
of fitness in the model was 8.56, indicating that it was
not significant. The ANOVA test utilized a 5%
significance threshold (0.0500), and the model's lack of
fit resulted in no significant results (Zewide et al. 2025).

The preferred predictive model designs were linear
and quadratic (Table 8). The quadratic model was
chosen based on the results in Table 7, which revealed
three quadratic variables. According to Hanif et al.
(2021), a difference of less than 0.2 between adjusted
and projected R? is considered satisfactory. Based on
this, the difference of 0.1632 suggests that the resulting
model was satisfactory. The R? value (0.8514)
suggests that the influence of microwave power,
blanching duration, and blanching water on the
response of TSS was 85.14%, with the remaining
14.86% explained by non-model parameters. The
mathematical model equation defining the link between
the three factors to optimize vitamin C content as a
reaction is shown below.

Vitamin C (mg/100 g) = 144,32 — 6,3*A — 10,4*B +
7,5*C— 0,5 *AB + 1,1*AC +
1,7°BC + 4,79*A% + 4,39*B?
~0,61C?

where

A = Microwave power
B = Blanching time

C = Blanching water

Table 7 ANOVA response of vitamin C

JIPI, Vol. 31 (2): 201-210

The equation above indicates that variables A and
B have negative coefficient values, while variable C has
a positive coefficient. This indicates that the higher the
power, the longer the blanching time, and the less
water used, the lower the vitamin C level.

The 3D plot response for vitamin C demonstrates
that lower microwave power and shorter blanching time
result in higher vitamin C content (Figure 3). Treatment
9 (200 W, 20 sec, 300 mL water) had the highest
vitamin C content, measuring 167.2 mg/100 g. The
lowest value was 127.6 mg/100 g in treatment 8 (400
W, 120 sec, 150 mL water). This finding suggests that
vitamin C is extremely sensitive to heat and heating

Vitamin € (mg/100g1)

200

B: Waktu (detik)

120 ~ 600 A: Daya (watt)

Figure 3 3D Plot of Vitamin C.

Sum of

Source df Mean square F-value P—value
squares

Model 1837.83 9 204.2 17.89 0.0005 Significant

A: Microwave power 317.52 1 317.52 27.82 0.0012

B: Blanching time 865.28 1 865.28 75.82 <0.0001

C: Blanching water 450 1 450 39.43 0.0004

AB 1 1 1 0.0876 0.7758

AC 4.84 1 4.84 0.4241 0.5357

BC 11.56 1 11.56 1.01 0.3477

A2 96.61 1 96.61 8.46 0.0227

B2 81.15 1 81.15 7.11 0.0322

c? 1.57 1 1.57 0.1373 0.722

Residual 79.89 7 11.41

Lack of fit 25.68 3 8.56 0.6316 0.6322 . Not
significant

Pure error 54.21 4 13.55

Cor total 1917.72 16

Table 8 Model summary statistics of vitamin C response
Source Std. dev. R? Adjusted R? Predicted R? PRESS

Linear 4.68 0.8514 0.8171 0.7572 465.72 Suggested

2FI 517 0.8605 0.7768 0.5666 831.14

Quadratic 3.38 0.9583 0.9048 0.7416 495.58 Suggested

Cubic 3.68 0.9717 0.8869 * Aliased
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duration. At high temperatures, ascorbic acid is
unstable and readily degraded. Vitamin C's reactive
and unstable nature allows it to rapidly oxidize into
dehydroascorbic acid after heating, according to Dewi
(2019).

Based on the findings, blanching time had the
largest impact. This is demonstrated by the highest F-
value (75.82) and the lowest p-value (<0.0001) (Table
7). Vitamin C levels decreased dramatically with longer
blanching durations and lesser quantities of water. This
combination generates high temperatures that stay
longer, hastening ascorbic acid breakdown. According
to the research conducted by Icha (2022), quick
heating is more successful in maintaining heat-
sensitive chemicals than medium-temperature heating
with longer durations, because prolonged time
increases the possibility for degradation. This can be
seen in treatment 16 (600 W, 120 sec, 300 mL) against
treatment 8 (600 W, 120 sec, 150 mL), where a large
water volume necessitated more heat energy and a
longer heating time. Microwave blanching reduces
vitamin C concentration, indicating a drop in tomato
quality. This is because vitamin C is a key predictor of
tomato freshness, nutritional content, and antioxidant
activity. Thus, lower vitamin C levels indicate lesser
tomato quality.

Total Carotene

The total carotene concentration of tomatoes was
found to range between 1.63 and 4.6 mg/100 g. When
compared to standard blanching treatment,
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tomatoes after standard blanching was 1.376 mg/100
g. According to Perveen et al. (2015), the total
carotenoid concentration of fresh tomatoes ranges
between 3.0 and 7.0 mg/100 g. Based on this, the total
carotene concentration in tomatoes after microwave
blanching is higher than the conventional approach.

The ANOVA (Table 9) showed that the F-value of
34.38 indicates the model is significant. The p-value of
the model is < 0.0001 (significant). Meanwhile, the F-
value for lack of fit in the model was 6.23, showing that
this value is not significant. The significance level used
in the ANOVA test is 5% (0.0500), and the lack of fit
result of the model was not significant(Zhang et al.
2024).

The suggested prediction model pattern is quadratic
(Table 10). The R2 value (0.9779) suggests that the
effect of microwave power, blanching duration, and
blanching water on the response of total carotene value
is 97.79%, with the remaining 2.21% owing to
unaccounted-for factors. The R? value indicates how
much the combination of independent factors
influences the response value. The model improves as
the R? value approaches 1. The mathematical model
equation for the relationship between the three
variables to optimize the total carotene value as a
response is shown below.

Total carotene (mg/100 g) = 2,82 + 0,65*A + 0,93"B —
0,22*C + 0,21 *AB -
0,09*AC - 0,025*BC +
0,027*A% — 0,04*A% +

2
monoclonal antibody (MAb) in tomatoes was able to 0,46 C
limit the reduction in total carotene content. Lilik et al. h
(2014) found that the total carotene concentration in w _ere.
A = Microwave power
Table 9 ANOVA response of total carotene
Source Sum of df Mean square F-value P—value
squares
Model 11.96 9 1.33 34.38 < 0.0001 Significant
A: Microwave power 3.46 1 3.46 89.44 < 0.0001
B: Blanching time 6.96 1 6.96 179.91 < 0.0001
C: Blanching water 0.414 1 0.414 10.71 0.0136
AB 0.1849 1 0.1849 4.78 0.065
AC 0.0361 1 0.0361 0.9336 0.3661
BC 0.0025 1 0.0025 0.0647 0.8066
Az 0.0031 1 0.0031 0.0794 0.7863
B2 0.0078 1 0.0078 0.2013 0.6672
cz 0.8987 1 0.8987 23.24 0.0019
Residual 0.2707 7 0.0387
Lack of fit 0.2229 3 0.0743 6.23 0.0547 . Not
significant
Pure error 0.0477 4 0.0119
Cor total 12.23 16
Table 10 Model summary statistics of total carotene response
Source Std. dev. R? Adjusted R? Predicted R? PRESS
Linear 0.3288 0.8852 0.8586 0.7807 2.68
2FI 0.3437 0.9034 0.8455 0.5916 5
Quadratic 0.1966 0.9779 0.9494 0.7023 3.64 Suggested
Cubic 0.1092 0.9961 0.9844 * Aliased
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B = Blanching time
C = Blanching water

The above equation has positive coefficient values
for variables A and B and negative coefficients for
variable C. This indicates that the higher the power, the
longer the blanching time, and the less water utilized,
the higher the total carotene content.

The 3D response plot of total carotene
demonstrates that the higher the microwave power and
the longer the blanching time, the higher the total
carotene content (Figure 4). Treatment 8 (400 W,
blanching period 120 sec, blanching water 150 mL) had
the highest total carotene content (4.6 mg/100 g).
Meanwhile, treatment 9 (200 W, 20 sec, and 300 mL
water) had the lowest total carotene level, measuring
1.63 mg/100 g. Lycopene is among the most abundant
carotenoids found in tomatoes. Heating damages cell
walls and plastid membranes, namely chromoplasts,
which store carotenoid compounds like lycopene and
B-carotene, leading to an increase in carotene
concentration. This technique allows carotenoids to be
released from the lipid matrix and measured in their
free form. According to Salingkat et al. (2020),
carotenoid content rises during respiration and ripening
but tends to plateau at advanced maturity. However,
excessive heating might result in carotenoid loss via
isomerization and oxidation (Hasri 2015), therefore
temperature and duration control are critical.

Water volume is inversely related to heat transfer
from water to material. This can be observed in
treatment 16, which had the maximum power
combination of 600 W for 120 sec, yet consumed less

Karoten (mg/100gr

B Waktu (detik)
A: Daya (watt)

Figure 4 3D Plot of total carotene.

Table 11 Verification of optimum formula solution
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water than treatment 8. The more blanching water is
used, the more energy is necessary to heat the
material. This is consistent with Rosari et al. (2014),
that using less water reduces the necessary heat
capacity and causes the water temperature to rise
faster. Blanching treatment reduces total carotene
levels, indicating a decline in tomato quality. Carotene,
particularly lycopene, is a significant red color as well
as a bioactive molecule with antioxidant activity; thus,
a decrease in carotene content affects the visual,
nutritional, and functional quality of tomatoes.

Blanching Optimization

The DX-13 optimization results showed that the
anticipated most optimal parameters for tomato
blanching were 200 W, 120 sec, and 450 mL of water.
This formula solution was chosen based on the highest
attractiveness value, 0.716 (71.6%). This is consistent
with Prabudi et al. (2018) finding, that the desirability
value shows the amount to which specified criteria are
met, resulting in a product of expected quality. The
optimization model will be more accurate as the value
approaches one.

Verification of Optimum Blanching

The adjusted formulation was then confirmed by two
repetitions. The verification results under optimal
conditions showed a yield response value of 100.01%,
a TSS response value of 3.6 °Brix, a vitamin C content
response value of 154 mg/100 g, and a total carotene
content response value of 3.3 mg/100 g. All microwave
blanching verification data remained within the 95%
confidence interval (Cl) low to high (Table 11).

The optimal condition was achieved through a
combination of microwave power, time, and water
volume, which collectively regulate the intensity of
heating: appropriate  power accelerates heat
penetration to inactivate enzymes such as polyphenol
oxidase and peroxidase; controlled time prevents
vitamin C degradation; and water volume keeps the
temperature stable. Overall, this approach preserves
yield, reduces nutrient loss, and maintains tomato
quality.

CONCLUSION

The optimal treatment solution found by RSM
utilizing DX-13 software was 200 W, 120 sec, and 450
mL water. Following the validation process, the optimal

- T 95% CI 95% PI
Response Prediction Verification Low High Cow High
Yield (%) 100 100.01 99.93 100.07 99.76 100.25
TSS (°Brix) 3.62 3.6 3.59 3.66 3.51 3.74
Vitamin C (mg/100 g) 157.39 154 148.06 166.71 133.64 181.35
Total carotene (mg/100 3.17 33 2.59 3.75 1,69 4.65

g)
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values were yielding response of 100.01%, vitamin C
response of 154 mg/100 g, and total carotene response
of tomatoes of 3.3 mg/100 g. All these results fell within
the 95% confidence intervals for low and high. This
suggests that the DX-13 solution can be used for
tomato blanching to reduce the potential impact of
quality deterioratsion.

REFERENCES

Amelia FR. 2016. Penentuan jenis tanin dan penetapan
kadar tanin dari buah bungur muda (Lagerstroemia
speciosa Pers.) secara spektrofotometri dan
permanganometri. Calyptra. 4(2): 1-20.

Ashadi R, Syam N, Alimuddin S. 2021. Pengaruh suhu
dan jenis kemasan terhadap daya simpan dan
kualitas buah tomat (Solanum lycopersicum L.).
AGrotekMAS Jurnal Indonesia: Jurnal limu
Pertanian. 2(3): 19-28.
https://doi.org/10.33096/agrotekmas.v2i3.209.

Ashshiddiqgi H, Kusuma W, Kumalaningsih S, Pranowo
D. 2019. Optimasi suhu dan konsentrasi
maltodekstrin pada proses pembuatan serbuk lobak
dengan metode foam mat drying. Optimization of
temperature and maltodexstrin concentration in
radish powder production using foam mat drying
method. Jurnal Teknologi dan Manajemen
Agroindustri. 8(3): 171-182.
https://doi.org/10.21776/ub.industria.2019.008.03.2

Baskaya SD, Demirdéven A. 2015. The effects of
microwave blanching conditions on carrot slices:
Optimization and comparison. Journal of Food
Processing and Preservation. 39(6): 2188-2196.
https://doi.org/10.1111/jfpp.12463.

Dewi AP. 2019. Penetapan kadar vitamin C dengan
spektrofotometri UV-Vis pada berbagai variasi
buah tomat. JOPS (Journal of Pharmacy and
Science). 2(1): 9-13.
https://doi.org/10.36341/jops.v2i1.1015.

Fitriani A, Tamrin T, Rahmawati W, Kuncoro S. 2022.
Pengaruh suhu penyimpanan dan varietas terhadap
mutu buah tomat. Jurnal Agricultural Biosystem
Engineering. 1(4): 549.
https://doi.org/10.23960/jabe.v1i4.6567.

Hanif A, Widyasanti A, Putri SH. 2021. Optimization of
microwave assisted extraction process on oleoresin
of kuweni mango peel extracts using surface
response methodology. Agrointek: Jurnal Teknologi

Industri Pertanian. 15(4): 1084-1098.
https://doi.org/10.21107/agrointek.v15i4.10175.
Hasri. 2015. Kandungan likopen buah tomat

(Lycopersicum esculentum 1.) terhadap waktu dan
suhu pemanasan. Jurnal Illmiah Kimia &
Pendidikan. 16(2): 28-35.

209

John FM, Patrick OA, Moses SA. 2020. Effect of
maturity stage on quality and shelf life of tomato
(Lycopersicon esculentum Mill) using refrigerator
storage system. Eurasian Journal of Agricultural
Research. 4(1): 23-44.

Jumaini, Astija. 2021. Kandungan vitamin C dari buah
tomat pada tingkat kematangan yang berbeda.
Jurnal  Pendidikan  Biologi.  6(2):  92-98.
https://doi.org/10.30605/biogenerasi.v6i2.543

Kaur J, Kaur S, Assouguem A, El Kadili S, Ullah R,
Igbal Z, Nanda V. 2024. Enhanced osmotic
dehydration of watermelon rind using honey—
sucrose solutions: A study on pretreatment efficacy
and mass transfer kinetics. Open Life Sciences
19(1): 1-13. https://doi.org/10.1515/biol-2022—
0946.

Khathir R, Sarmedi S, Putra BS, Agustina R. 2019.
Pendugaan umur simpan tomat (Lycopersium
esculentum Mill) berdasarkan kandungan total
padatan terlarut dengan model Arrhenius dan Q10.
Rona Teknik  Pertanian. 12(1): 32-38.
https://doi.org/10.17969/rtp.v12i1.12605..

Kusumiyati K, Farida F, Sutari W, Hamdani JS,
Mubarok S. 2018. Pengaruh waktu simpan
terhadap nilai total padatan terlarut, kekerasan, dan
susut bobot buah mangga arum manis. Kultivasi.
17(3): 766-771.
https://doi.org/10.24198/kultivasi.v17i3.18698.

Lilik K, Evy D, Henry F. 2014. Pengembangan produk
minuman sari buah tomat dan bekatul sebagai
minuman fungsional. Jurnal Agroteknologi. 8(1): 8—
14.

Mardaus, Intan S, Yusuf EY. 2019. Produksi tanaman
tomat (Solanum lycopersicum L.) dengan
pemberian SP-36 dan dolomit di tanah gambut.
Jurnal Agro Indragiri. 4(2): 25-35.
https://doi.org/10.32520/jai.v4i2.1271.

Nguyen TVL, Tran TYN, Lam DT, Bach LG, Nguyen
DC. 2019. Effects of microwave blanching
conditions on the quality of green asparagus
(Asparagus officinalis L.) butt segment. Food
Science and  Nutrition. 7(11):  3513-3519.
https://doi.org/10.1002/fsn3.1199.

Novita M, Satriana S, Hasmarita E. 2015. Kandungan
likopena dan karotenoid buah tomat (Lycopersicum
pyriforme) pada berbagai tingkat kematangan:

Pengaruh pelapisan dengan kitosan dan
penyimpanan. Jurnal Teknologi dan Industri
Pertanian Indonesia. 7(1): 35-39.

https://doi.org/10.17969/jtipi.v7i1.2832.

Perveen R, Suleria HAR, Anjum FM, Butt MS, Pasha I,
Ahmad S. 2015. Tomato (Solanum lycopersicum)
carotenoids and lycopene chemistry; metabolism,
absorption, nutrition, and allied health claims: A

Copyright © 2026 by Authors, published by Indonesian Journal of Agricultural Sciences.
This is an open-access article distributed under the CC-BY-NC 4.0 License

(https://creativecommons.org/licenses/by-nc/4.0/)



https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.21776/ub.industria.2019.008.03.2
https://doi.org/10.30605/biogenerasi.v6i2.543

210

comprehensive review. Critical Reviews in Food
Science  and  Nutrition.  55(7):  919-929.
https://doi.org/10.1080/10408398.2012.657809.

Prabudi M, Nurtama B, Purnomo H. 2018. Aplikasi
response surface methodology (RSM) dengan
historical data pada optimasi proses produksi
burger. Aplication of response surface methodology
(RSM) using historical data on optimation burger
production process. Jurnal Mutu Pangan. 5(2): 109—
115.

Quaye B, Zebede AA, Amoako-Andoh F, Dadzie RG,
Ampofo-Asiama J. 2022. Effect of hot water, steam
and microwave blanching on Colocasia esculenta
leaves. Agricultural and Food Science Journal of
Ghana. 14(1): 1406-1412.
https://doi.org/10.4314/afsjg.v14i1.6.

Icha R. 2022. Pengaruh suhu pemanasan dan lama
pemanasan terhadap kadar vitamin ¢ dalam buah
melon. Herbal Medicine Journal. 4(1): 16-21.
https://doi.org/10.58996/hmj.v4i1.68.

Rahmadani PD, Budiman, Ady D, Sigit W. 2021.
Evaluasi keragaan dan karakter komponen hasil
tanaman tomat (Solanum lycopersicum L.) generasi
F6 di rumah kaca dataran rendah. Jurnal Pertanian
Presisi (Journal of Precision Agriculture). 5(2): 95—
108. https://doi.org/10.35760/jpp.2021.v5i2.5042

Rosari MI, Ma’aruf WF, Agustini TW. 2014. Pengaruh
ekstrak kasar buah mahkota dewa (Phaleria
Macrocarpa) sebagai antioksidan pada fillet ikan
bandeng (Channos Channos). Jurnal Pengolahan
dan Bioteknologi Hasil Perikanan. 3(2): 34—43.

Sabahannur S, Netty N, Ralle A, Ikhsan M. 2023. Efek
metode blansing dan suhu pengeringan terhadap
mutu tepung ubi jalar (lpomoea batatas L.).
Agritekno: Jurnal Teknologi Pertanian. 12(2): 143—
152.
https://doi.org/10.30598/jagritekn0.2023.12.2.143.

Saidi IA. 2019. Pengeringan sayuran dan buah-
buahan. UmsidaPress.
https://doi.org/10.21070/2019/978-602—-5914—67—
6.

Salingkat CA, Noviyanty A, Syamsiar S. 2020.
Pengaruh jenis bahan pengemas, suhu dan lama

JIPI, Vol. 31 (2): 201-210

penyimpanan terhadap karakteristik mutu buah
tomat. Agroland: Jurnal llmu—Ilimu Pertanian. 27(3):
274-286.
https://doi.org/10.22487/agrolandnasional.v27i3.60
6.

Sholeha FS, Soedibyo WD, Sutarsih. 2015. Kajian sifat
fisik dan kimia buah tomat (Lycopersicum
escelentum Mill.). Teknologi Pertanian. 1(11): 2—-7.

Syamsul ES, Anugerah O, Supriningrum R. 2020.
Penetapan rendemen ekstrak daun jambu mawar
(Syzygium jambos L. Alston) berdasarkan variasi
konsentrasi etanol dengan metode maserasi. Jurnal
Riset Kefarmasian Indonesia. 2(3): 147-157.
https://doi.org/10.33759/jrki.v2i3.98.

Wahyuni YAT, Puspawati GAKD, Putra INK. 2021.
Pengaruh jenis pelarut pada metode microwave
assisted extraction (MAE) terhadap karakteristik
ekstrak daun singkong (Manihot utilissima Pohl.).
Jurnal llmu Dan Teknologi Pangan (ITEPA). 10(4):
566-578.
https://doi.org/10.24843/itepa.2021.v10.i04.p03

Yunita M, Rahmawati. 2015. Uji Rangking Berdasarkan
Tekstur. Konversi. 4(14): 17-28.
https://doi.org/10.24853/konversi.4.2.17-28

Zakaria F, Tan JK, Faudzi SM, Abdul Rahman MB,
Ashari SE. 2021. Ultrasound-assisted extraction
conditions optimisation using response surface
methodology from Mitragyna speciosa (Korth.) Havil
leaves. Ultrasonics Sonochemistry. 81(11): 105851.
https://doi.org/10.1016/j.ultsonch.2021.105851.

Zewide YT, Yemata TA, Ayalew AA, Kedir HJ, Tadesse
AA, Fekad AY, Shibesh AK, Getie FA, Tessema TD,
Wubieneh TA, Kululo WW, Mihiret MT. 2025.
Application of response surface methodology
(RSM) for experimental optimization in biogenic
silica extraction from rice husk and straw ash.
Scientific Reports.15(1): 1-17.
https://doi.org/10.1038/s41598-024—-83724-6.

Zhang J, Zheng X, Xiao H, Shan C, Li Y, Yang T. 2024.
Quality and process optimization of infrared
combined hot air drying of yam slices based on BP
neural network and gray wolf algorithm. Foods.
13(3): 1-29.
https://doi.org/10.3390/foods13030434.

Copyright © 2026 by Authors, published by Indonesian Journal of Agricultural Sciences.
This is an open-access article distributed under the CC-BY-NC 4.0 License

(https://creativecommons.org/licenses/by-nc/4.0/)



https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.35760/jpp.2021.v5i2.5042
https://doi.org/10.24843/itepa.2021.v10.i04.p03
https://doi.org/10.24853/konversi.4.2.17-28



