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ABSTRACT
This study aims to explore ways to improve the postharvest green preservation of cowpea pods and
subsequent quality changes during frozen storage. Chlorophyll content was the main evaluation indicator.
In single-factor and orthogonal experiments, the best results were obtained by storing sliced pods at =20 °C
after blanching them at 100 °C for 50 seconds in a mixture containing 0.09% baking soda and 1.5% soybean
oil, with a solid-to-liquid ratio of 1:10. These conditions resulted in the highest chlorophyll and vitamin C
content, reduced weight loss and decay rates, and superior sensory quality, significantly extending market

quality from 15 to 25 days of storage.
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INTRODUCTION

The cowpea (Vigna unguiculata (L.) Walp.), an
annual herbaceous plant belonging to the Fabaceae
family, is a crucial summer crop in China and is
commonly known as the yardlong bean or asparagus
bean (Wangmene et al. 2024). It is valued not only
for its rich content of high-quality proteins, carbo-
hydrates, vitamins, and trace elements (Luo et al.
2006; Wang et al. 2024) but also for its medicinal
properties, such as strengthening the spleen, kid-
neys, and immunity (Zhang et al. 2023). However,
due to its strong seasonality and regional depend-
ence, the cowpea is highly perishable (Zhang 2008;
Han et al. 2023). Without prompt postharvest prep-
aration, the cowpea is susceptible to dehydration,
discoloration, and rusting, significantly reducing its
quality and economic value (Zhang 2008; Han et al.
2023). Therefore, developing effective preservation
techniques is essential.

Various methods have been used to preserve
cowpeas, including irradiation, chemical treatment,
modified atmosphere storage, ozonation, and freez-
ing (Zhang 2023; Simon et al. 2024; Duan et al.
2025; Li 2025; Li et al. 2025a). However, each of
these methods has noticeable drawbacks. Irradiation
and chemical treatment raise concerns about poten-
tial health risks and nutrient degradation (Xu 2024;
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Zhao et al. 2025). Modified atmosphere and ozone
preservation techniques are limited by ineffective
respiration control and strict temperature and hu-
midity requirements (Tang 2016; Wei et al. 2024).
Freezing, on the other hand, offers considerably
longer storage times, making it particularly suitable
for long-term storage (Wu et al. 2006). Studies indi-
cate that blanching prior to freezing effectively pre-
serves vitamin C, polyphenols, and chlorophyll in
frozen vegetables (Favell 1998; Mazzeo et al. 2015).

Despite its advantages, freezing poses specific
quality challenges. A key issue is the deterioration
of the original texture upon thawing, especially for
delicate vegetables (Baardseth 1978; Giannakourou
& Taoukis 2003). Furthermore, color stability re-
mains a significant concern, as vegetables often yel-
low during frozen storage or quick freezing due to
chlorophyll degradation (Liu & Dong 2015). There-
fore, effective prefreezing treatments are crucial to
preserving both texture and color.

Research shows that texture, and particularly
crispness, can be preserved using methods such as
the addition of metal ions (e.g., calcium salts)
(Fraeye et al. 2010; Krajewski et al. 2015) and heat
treatments that activate endogenous pectin meth-
ylesterase (PME) (Abu-Ghannam & Crowley 2006;
Wang et al. 2016; Zhang et al. 2017). These pro-
cesses promote the formation of stable pectin salts,
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thereby strengthening plant tissues (Li et al. 2018;
Fraeye et al. 2010). To preserve color, a brief im-
mersion in boiling water (blanching) is a key pre-
treatment that inactivates enzymes responsible for
quality degradation. Although various prefreezing
techniques exist, such as radiofrequency, ohmic, and
far-infrared blanching, they often face limitations re-
lated to uneven heating, high cost, or potential texture
softening (Xie et al. 2013a; Liu & Dong 2015; Zhang
et al. 2015). In contrast, blanching at high water tem-
perature ensures uniform heating regardless of sam-
ple shape, with minimal adverse effects on texture,
making it a practical and effective option (Mandalari
et al. 2006; Lyu et al. 2023).

Although blanching is widely known, the syn-
ergistic effect of combining it with specific additives,
such as baking soda (an alkalizing agent) and soy-
bean oil (a lipophilic agent), to enhance chlorophyll
retention in cowpeas during freezing has not been
thoroughly investigated. Therefore, this study aims
to systematically assess the effect of key factors,
such as baking soda and soybean oil concentration,
solid-to-liquid ratio, and blanching time, on the
green preservation of cowpeas, using chlorophyll
content as the primary indicator. Furthermore, it
compares the quality changes between blanched and
unblanched cowpeas during frozen storage. The ul-
timate goal is to optimize a prefreezing protocol that
effectively extends the shelf life of frozen cowpeas
while maintaining sensory and nutritional quality.

MATERIALS AND METHODS

Fresh cowpeas (a local cultivar of Vigna unguic-
ulata) were purchased at the Yangzitang Vegetable
Market. Cowpeas were selected that were uniform in
size, had a tender texture, were fresh and shiny, and
were free from pests, diseases, and damage. They
were thoroughly rinsed with distilled water and then
placed in a well-ventilated area to air-dry naturally.
After drying, they were cut into 3-cm long strips.

Table 1. Orthogonal experiment
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For each treatment, the blanching solution contained
distilled water and additives such as baking soda or
soybean oil. Typically, 10 g of fresh cowpeas, prepared
as above, were added, setting the solid-to-liquid
ratio at 1: 10 when the temperature reached 100 °C.
After each experiment, chlorophyll was extracted
and measured at 652 nm absorbance. All chemical
reagents were of analytical grade.

Single-factor experiments

1. The experimental mixture contained 1% of soybean
oil and baking soda at concentrations of 0.06%, 0.07%,
0.08%, 0.09%, and 0.10%. Samples were removed
after 30 seconds and immediately cooled in ice water.
2. The experimental mixture contained 0.08% baking
soda and soybean oil at concentrations of 1.0%, 1.5%,
2.0%, 2.5%, and 3.0%. Samples were removed after
30 seconds and immediately cooled in ice water.

3. The experimental mixture contained 0.08% baking
soda and 2.0% soybean oil. Samples were removed
after 30, 40, 50, 60, and 70 seconds and immediately
cooled in ice water.

4. The experimental mixture contained 0.08% bak-
ing soda and 2% soybean oil. Cowpeas were
blanched at various solid-to-liquid ratios: 1:6, 1:10,
1:14, 1:18, and 1:22, with the addition of 60, 100,
140, 180, and 220 mL of water, respectively.
Blanching time was 60 seconds.

Orthogonal experiment

Based on the results of the single-factor experiments,
an orthogonal experiment was conducted with 4 fac-
tors: A — baking soda addition (%), B — soybean oil
addition (%), C — blanching time (s), and D — solid-
to-liquid ratio, and with 3 factor levels (Table 1).
Validation experiment

To verify the validity of the optimal processing con-
ditions determined by the orthogonal experiment,
fresh cowpeas were blanched using an optimized
combination of parameters (0.09% baking soda,
1.5% soybean oil, a solid-to-liquid ratio of 1:10,
and 50 seconds of blanching) and then cooled. This
experiment was conducted three times.

Factor
Level A — baking soda (%) B — soybean oil (%) C — blanching time (s) D — solid-to-liquid ratio
1 0.07 1.5 50 1:6
0.08 2.0 60 1:10
3 0.09 2.5 70 1:14
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Chlorophyll content measurement

The method for determining chlorophyll content de-
scribed by Yan (2015) was slightly modified. Briefly,
1 g of cowpeas was weighed and ground to a uni-
form paste in a mortar with 5 mL of anhydrous eth-
anol and 1 g of quartz sand, then left to stand for 5
minutes. The mixture was filtered into a 50 mL vol-
umetric flask and diluted to the mark with anhydrous
ethanol. Absorbance was measured at 652 nm. The
chlorophyll content (mg per 100 g) was calculated
according to the following formula (1): Chlorophyll
= (Ass2 X V)/(m % 34.5) x 100; where V is the total
filtrate volume (mL) and m is the cowpea mass (g).
Determination of vitamin C content

The method for determining vitamin C content de-
scribed in GB 5009.86-2016 and by Okafor et al.
(2024) was slightly modified. Briefly, 2 g of cow-
peas were weighed and 5 mL of 20 g-L! oxalic acid
solution and 1 g of quartz sand were added. The
mixture was thoroughly ground to a uniform paste
in an ice bath. The resulting solution was transferred
to a 50 mL volumetric flask, together with three
mortar washes with 20 g-L! oxalic acid solution.
The flask was then filled to the mark and mixed
thoroughly. The solution was allowed to stand at
room temperature for 5 minutes, then filtered, and
the filtrate was collected. A 10 mL aliquot of the fil-
trate was accurately measured into a conical flask
and titrated with 2,6-dichlorophenolindophenol so-
lution. The titration was considered complete when
the solution turned slightly pink and remained stable
for at least 30 seconds. The oxalic acid solution was
used as a blank control. Vitamin C content (mg per
100 g) was calculated using the following formula
(2): Vitamin C= (V| — Vo) X V x p)/(m X Vs) x 100;

Table 2. Sensory evaluation standards

where V| — volume of 2,6-dichlorophenolindophenol
solution consumed during titration of the sample
(mL); Vo — volume of 2,6-dichlorophenolindophe-
nol solution consumed during the titration of the un-
blanched sample (mL); p—mass of vitamin C equiv-
alent in 1 mL of 2,6-dichlorophenolindophenol so-
lution (mg per mL); Vs — volume of filtrate used for
titration (mL); m — mass of cowpea (g).
Determination of weight loss rate

The method described by Li et al. (2025b) was used
to determine the rate of weight loss. The initial mass
of each cowpea sample was set to 50 g. A total of
42 groups were included in the study: 21 control and
21 experimental. During storage, samples were col-
lected every 5 days, measuring 3 samples at each
time point from both the control and experimental
groups, and each sample was measured three times.
The weight loss rate (%) of cowpea was calculated
according to the following formula (3): Weight loss
= (initial mass — final mass)/initial mass x 100.
Determination of the decay rate

The method described by Liu et al. (2024) was used
to determine the decay rate. During the storage pe-
riod, the number of decayed cowpeas in each group
was counted every five days. The decay rate (%) of
cowpeas was calculated using the following for-
mula (4): Decay = (number of decayed cow-
peas)/(total number of stored cowpeas) x 100.
Sensory evaluation

The sensory evaluation method described by An et
al. (2024) and Fernandez-Ledn et al. (2013) was
used with minor modifications. The sensory evalu-
ation panel consisted of 10 trained individuals (5 fe-
male and 5 male), and the evaluation was conducted
at room temperature (23 °C+2 °C). Detailed sen-
sory evaluation standards are shown in Table 2. The
overall evaluation was based on the average score
for each experimental group.

Score

Appearance of cowpea

9-10 Bright color, luster, crisp texture, no browning, perfect condition, commercial value and available for sale

7-8 Relatively vibrant color, odorless, no signs of browning, good quality, available for sale

6  Dull color, loss of shine, slight browning, slight odor, reduced commercial value and limited for sale

3—5 Dull and matte color, browning, noticeable thaw odor, decay and spoilage, unsaleable

1-2 Dull and lifeless color, severe browning, strong thaw odor, severe decay, unsaleable
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Changes in cowpea quality during frozen storage
after blanching

Cleaned and sliced cowpeas were divided into two
groups: blanched and unblanched. The treated group
received the optimal factors determined in the orthog-
onal experiment, while the control group received no
treatment. Each 50-g group was then placed in poly-
ethylene (PE) bags, sealed with two loops of rubber
bands, and stored in a freezer at —20 °C. Every 5 days,
the cell structure of the cowpeas in each group was
observed under a microscope. A section of cowpea
(approximately 0.5 cm?) was cut with a razor blade.
The epidermis was then carefully peeled off with
forceps, immersed in a drop of water on a glass slide,
and gently flattened. The coverslip was lifted with
forceps, initially placing one edge in contact with
the drop water on the glass slide, and slowly low-
ered to cover the sample. The microstructure of
cowpeas was observed under a microscope using
a 10x objective lens. Sensory evaluation was con-
ducted, and the weight loss rate, decay rate, chloro-
phyll content, vitamin C content, and other indica-
tors of cowpeas in each group were measured.
Data analysis

All experiments were repeated three times, and data
are presented as mean + standard deviation. Data
analysis was performed using the STDEV.P func-
tion in Excel to calculate standard deviation. Graphs
were generated using Origin Pro 2021, and all sig-
nificance analyses were performed using IBM SPSS
Statistics 24.0. A one-way analysis of variance
(ANOVA) was performed on the chlorophyll con-
tent data obtained from each single-factor experi-
ment. When the ANOVA results indicated signifi-
cant differences (p <0.05), the Tukey’s honestly sig-
nificant difference (HSD) post hoc test was used for
pairwise comparisons at multiple levels. The level
of significance was set at p < 0.05.

RESULTS AND DISCUSSION

Baking soda effect

Chlorophyll content initially increased with baking
soda concentration up to 0.08% and then decreased
(Fig. 1). This may be attributed to the ester groups
present in the chlorophyll structure. In alkaline bak-
ing soda, the ester groups saponify, forming alkaline
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chlorophyll salts, which help stabilize it (Gugouch
& Elghorba 2024). However, as the baking soda
concentration increases further, saponification pro-
duces soap particles that can adsorb some of the
chlorophyll, leading to a decrease in its concentra-
tion (Huang 2022). Therefore, to maintain the qual-
ity of cowpeas, the amount of baking soda must be
strictly controlled.

Soybean oil effect

Chlorophyll content increased up to 2% of the oil
and then decreased (Fig. 2). This may be due to the
increased release of chlorophyll, a fat-soluble pig-
ment, after the addition of oil. However, this effect
is limited to a certain extent (Bianchi et al. 2015).
Appropriate addition of soybean oil significantly
improves cowpea quality.

204
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Figure 1. Effect of different concentrations of baking soda on
the chlorophyll content in blanched cowpeas
Vertical lines represent SD for n =3
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Figure 2. Effect of different soybean oil concentrations on chlo-
rophyll in blanched cowpeas
Vertical lines represent SD forn =3
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Effect of blanching time

Chlorophyll content initially increased up to 60
seconds and decreased with increasing blanching
time (Fig. 3). This may be due to disruption of the
chlorophyll structure during blanching, which
leads to the release of a substantial amount of free
chlorophyll. The decrease in chlorophyll content
during blanching should be similar to the degrada-
tion of chlorophyll by heat (Lipova et al. 2010).
Prolonged exposure to heat accelerates degrada-
tion and promotes the conversion of chlorophyll to
pheophytin, causing a color to change from the
original shiny green to a dull yellow and a com-
plete loss of luster (Kong et al. 2023).

Effect of solid-to-liquid ratio on chlorophyll
content

Of the solid-to-liquid ratios tested, a 1 : 10 ratio
proved most effective, with both lower and higher
ratios resulting in lower chlorophyll content
(Fig. 4). However, as water content increased,
chlorophyll content began to decline, which may
be related to its release into the mixture. With
a smaller solution, the cowpea concentration gra-
dient is greater, leading to higher chlorophyll con-
tent. However, with a higher solution concentra-
tion, the concentration gradient is smaller, leading
to lower chlorophyll content. Furthermore, exces-
sive use of the solution leads to waste (Guo et al.
2007; Xie et al. 2013a).

Results of the orthogonal experiment

Based on the results of the single-factor experiments,
a three-level orthogonal experiment was conducted
using chlorophyll content as the evaluation measure
(Table 3). It can be seen that factor B has the greatest
influence on the preservation of the green color of
cowpeas, followed by factors C and A, and factor D
has the least influence. The optimal preservation
process for cowpeas is A3B1C1D2, which corre-
sponds to the addition of 0.09% baking soda, 1.5%
soybean oil, a blanching time of 50 seconds, and
a solid-to-liquid ratio of 1 : 10.

Verification experiment

Optimal process conditions, determined in an or-
thogonal experiment, were used to blanch cowpeas
three times. The experimental results indicated that
the chlorophyll content of the blanched cowpeas
was 20.87 £ 0.033 mg per 100 g.
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Figure 3. Effect of different blanching times on chlorophyll
content in blanched cowpeas
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Figure 4. Effect of different solid-to-liquid ratios on chlorophyll
content in blanched cowpeas

Vertical lines represent SD forn =3
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Table 3. Experimental design and signal-to-noise ratio expressed as chlorophyll content

Factor
Experiment A B c b Signal-to-noise ratio

1 1 1 1 1 18.97+0.13
2 1 2 2 2 15.20+0.08
3 1 3 3 3 16.62+0.06
4 2 1 2 3 17.34+0.09
5 2 2 3 1 16.55+0.15
6 2 3 1 2 17.86+0.04
7 3 1 3 2 20.54+0.07
8 3 2 1 3 18.46+0.09
9 3 3 2 1 16.12+0.05

Level
1 16.93 18.95 18.43 17.21
2 17.15 16.73 16.22 17.86
3 18.37 16.86 17.90 17.47

Range 1.44 222 221 0.65

Rank 3 1 2 4

Changes in the appearance and texture of
blanched cowpeas during frozen storage

Changes in appearance and microstructure could
reflect the degree of browning and quality
changes in blanched cowpeas during frozen stor-
age (Guo et al. 2007). Changes in the appearance
and microscopic structure of blanched cowpeas
during frozen storage are shown in Figure 5. On
day 0, cowpeas from the control group had intact
cell structures, tightly packed and orderly. Those
from the treatment group also had orderly and
structured cells, with a fresh green surface, plump
shapes, and no signs of browning, with little no-
ticeable difference between the two groups. After
5 days of frozen storage, cowpeas from the con-
trol group remained intact with unchanged cell
structures. Those from the treatment group exhib-
ited tightly arranged, orderly cells with a more vi-
brant color than the control group. After 10 days
of frozen storage, cowpea cells from the control
group began to disperse, showing slight defor-
mation. Those from the treatment group retained

intact cell structure without deformation, and the
color was more vibrant than those from the con-
trol group. After 20 days of frozen storage, the
cell structure of cowpeas from the control group
was severely damaged and deformed, with no
visible intact cells. Those from the treatment
group still exhibited some orderly cell arrange-
ment, although more structured than in the con-
trol group, but with some disruptions and defor-
mations. The cowpeas in the treatment group had
yellow, shriveled epidermis, but their appearance
was better than that of the control group. By day
30 of frozen storage, the cowpeas in the control
group no longer exhibited any visible cell struc-
ture. However, the cowpeas in the treatment
group showed collapsed and deformed cells. The
cowpeas in both groups turned yellow, developed
unpleasant odor upon thawing, and both groups
substantially lost their edible value. In conclu-
sion, blanching helped preserve the green color
and cell morphology of the cowpeas in both
groups for longer periods.
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Figure 5. Effect of blanching with 0.09% baking soda and 1.5% soybean oil for 50 seconds, with a solid-to-liquid ratio of 1:10,
on the appearance and microstructure of cowpea (10x magnification)

Changes in sensory quality

As shown in Table 2, for cowpeas to be considered
marketable and commercially viable, their sensory
score needed to exceed 6. When the sensory score
was below 6, the cowpeas were considered to have
lost their commercial value (Fig. 6). Over time, both
the control and treatment groups showed a decreas-
ing trend in appearance scores, corresponding to
changes in phenotypic appearance. During the fro-
zen storage period, the sensory score in the control
group dropped below 6 after day 15, while the score
in the treatment group only dropped below 6 after
30 days. In conclusion, the green preservation treat-
ment helped the cowpeas maintain a higher sensory
score, thereby extending their shelf life by 10 days.
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Figure 6. Effect of blanching with 0.09% baking soda and 1.5%
soybean oil for 50 seconds, with a solid-to-liquid ratio of 1:10,
on the sensory evaluation of cowpeas during frozen storage
Different lowercase letters indicate significant differences (P < 0.05)
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Changes in the rate of weight loss during frozen
storage

Changes in the weight loss rate of blanched cowpeas
during frozen storage are shown in Figure 7. Both
the control and treatment groups exhibited an in-
creasing trend in the weight loss rate with increasing
of frozen storage time. At the same frozen storage
time, the control group had a significantly higher
weight loss rate than the treatment group. After 20
days of frozen storage, the weight loss rate in the
control group reached 3.4%, while that in the treat-
ment group was 2.3%. After 30 days of frozen stor-
age, the weight loss rate in the control group was
4.9%, while that in the treatment group was only
3.0%. These results indicate that blanching can slow
moisture loss in cowpeas.

Changes in cowpea decay rate during frozen
storage

Decay began after 15 days (4%) in the control group
and after 20 days (less than 1%) in the treatment
group (Fig. 8). Although both groups exhibited an
increasing rate of decay during frozen storage, the
control group always showed a greater rate of decay.
After 30 days of frozen storage, the decay rate in the
control group increased to 10%, while in the treat-
ment group it was a constant 5%. These results sug-
gest that blanching inhibited cowpea decay during
storage, extending its shelf life by 20-25 days.
Changes in chlorophyll content during frozen
storage

Changes in chlorophyll content in blanched cow-
peas during frozen storage are shown in Figure 9.
From day 15, chlorophyll content in the control
group was significantly lower. With increasing fro-
zen storage time, all cowpeas exhibited a decreasing
trend in chlorophyll content, with a greater decrease
in the control group. After 20 days of frozen storage,
chlorophyll content in the control group decreased
to 85.82% of the initial value, while in the treatment
group, chlorophyll content decreased less, reaching
90.54%. After 25 days of frozen storage, the control
group had 73.12% of the initial chlorophyll content
(a 26.88% decrease), while the treatment group had
77.29% of the initial value (a 22.71% decrease).
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In conclusion, blanching can maintain higher chlo-
rophyll levels and reduce its loss, slow down the rate
of yellowing in cowpeas, and thus extend shelf life
by approximately 20 days.

Il Control group
[ | Treatment group

Weight loss rate (%a)
"

5 10 15 20 25 30
Storage days (d)

Figure 7. Effect of blanching on the rate of weight loss during
frozen storage
Different lowercase letters indicate significant differences (P < 0.05)
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Figure 8. Effect of blanching on the decay rate during frozen
storage
Different lowercase letters indicate significant differences (P < 0.05)
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Figure 9. Effect of blanching on chlorophyll content during fro-
zen storage
Different lowercase letters indicate significant differences (P < 0.05)
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Changes in vitamin C content during frozen
storage

Changes in vitamin C content during frozen storage
are shown in Figure 10. During frozen storage, a de-
creasing trend in vitamin C content was observed in
both control and treated cowpeas, with a signifi-
cantly faster decline in the control group. However,
the decline in vitamin C content in the treatment
group was relatively slower. In conclusion, blanch-
ing effectively slowed the degradation of vitamin C
in cowpeas, maintaining its content at a higher level
and thereby extending the shelf life of cowpeas to
approximately 20 days.

I Control group
Treatment group

B
1

Vitamin C content/mg. 100g™
=

5 10 15 20 25 30
Storage days/d
Figure 10. Effect of blanching on vitamin C content during fro-

zen storage
Different lowercase letters indicate significant differences (P < 0.05)

A combination of chemical and physical factors
influences the chlorophyll preservation and the over-
all quality of cowpeas. Chlorophyll, a photosyn-
thetic pigment first identified by Pelletier and
Caventou in 1817 (Davies 2004), plays a vital role in
converting solar energy into chemical energy (Jubert
& Bailey 2007). Although leaf color may vary
among species due to the presence of other pigments
(Humphrey 1980), the chlorophyll molecule itself
has a structure consisting of a porphyrin ring coordi-
nated to a central magnesium ion (Mg>*) and a phy-
tol tail (Ferruzzi & Blakeslee 2007). However, this
structure is susceptible to degradation under the in-
fluence of factors such as temperature, light, oxygen,
pH changes, and enzymatic activity. Degradation
typically begins with the loss of the central Mg?* ion,
leading to the formation of pheophytin and a color
change from intense green to olive-brown (Solymosi
& Mysliwa-Kurdziel 2017; Kong et al. 2023).

Several strategies have been developed to
counteract chlorophyll degradation. The alkaline
properties of baking soda promote saponification of
the ester groups in the chlorophyll molecule, lead-
ing to the formation of more stable alkaline chloro-
phyll salts (Gugouch & Elghorba 2024). Addition-
ally, the presence of metal ions such as Cu?* or Zn**
can help preserve the green color by binding to the
porphyrin ring, stabilizing the central magnesium
ion and increasing resistance to acidity and heat,
thus preventing color loss (Kidmose et al. 2002; Da-
vies 2004; Ngamwonglumlert et al. 2017). Because
chlorophyll is fat-soluble, the addition of soybean
oil increases its release efficiency. However, this ef-
fect is concentration-dependent and optimal within
a specific range (Bianchi et al. 2015). Furthermore,
solution volume influences chlorophyll extraction
and retention through its effect on mass transfer.
A smaller volume creates a steeper concentration
gradient, which favors higher extraction yields.
Conversely, excessive volume reduces this gradient,
decreasing efficiency and resulting in resource
waste (Guo et al. 2007; Xie et al. 2013b).

In fruit and vegetable processing, blanching is
an effective pretreatment method that controls enzy-
matic browning, microbial survival, improves mar-
ketability, and preserve sensory qualities (Dai et al.
2023; Zhang et al. 2024). However, this process re-
quires careful optimization because excessive heat
exposure can damage the chlorophyll structure, ac-
celerating its degradation to pheophytin (Kong et al.
2023). Therefore, it is important to explore blanch-
ing in combination with additives such as metal salts.
In this study, treatment with 0.09% baking soda,
1.5% soybean oil, a solid-to-liquid ratio of 1:10,
and a blanching time of 50 seconds resulted in cow-
pea samples with higher chlorophyll content. This
combined approach effectively delayed deterioration
during frozen storage, reduced weight loss and decay,
and minimized chlorophyll and vitamin C losses.

These findings are consistent with previous re-
search. For example, the addition of Zn** ions during
extraction creates a stable zinc—chlorophyll complex
that helps preserve the color of products such as
bread and syrup after storage. At the same time, Mg?*
contributes to improved stability (Bui et al. 2021).
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Similarly, the addition of sodium chloride (NaCl)
during extraction has been shown to significantly
prolong the stability of the green color compared to
the control (Li et al. 2022). These interrelated mech-
anisms and empirical results highlight the importance
of optimizing multiple parameters, including blanch-
ing, metal ion addition, oil addition, and the solid-to-
liquid ratio, for practical color preservation and over-
all quality in cowpeas.

CONCLUSION

Conditions favorable for frozen storage of
cowpeas included blanching at 100 °C for 50 sec-
onds, using a 1:10 ratio of cowpea to blanching
mixture containing 0.09% baking soda and 1.5%
soybean oil. After these blanching preconditions,
the frozen storage period at —20 °C was extended to
20-25 days. These conditions inhibited the decline
in chlorophyll and vitamin C content, reduced
weight loss and decay rates, and preserved the ex-
cellent sensory properties of the cowpeas.
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