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Abstract

Green bell peppers (California Wonder-C. annuum L., var. grossum) are widely used in various processed products
in the food industry. Therefore, it is important to store it for a long time without losing its quality characteristics
so that it can be used not only in its season but throughout the year. To extend the shelf life of peppers and preserve
their quality attributes, different methods such as blanching, freezing, and frozen storage are used in the industry.
Previous studies have examined the effects of blanching and short-term freezing; however, the impact of blanching
followed by long-term frozen storage on the quality of California Wonder peppers has not been investigated. This
study aimed to examine the quality changes in California Wonder (C. annuum L., var. grossum) green bell peppers
subjected to water blanching under different conditions (control (C), 75°C-2 min, 75°C-3 min, 90°C-65 s) during
a 12-month long-term frozen storage period at -18°C. For this purpose, protein content, polyphenol oxidase (PPO)
enzyme activity, ascorbic acid, and chlorophyll content were determined in the samples. It was found that the
protein content in blanched samples significantly decreased compared to the control. PPO enzyme activity
increased during the storage period, while ascorbic acid and chlorophyll content showed a significant decrease
(p<0.05). At the end of the storage period, PPO enzyme activity was highest in the control sample, followed by
samples blanched at 75°C-3 min, 75°C-2 min, and 90°C-65 s, respectively. High temperature and short blanching
time were found to be effective in reducing PPO enzyme activity. Compared to blanched samples, the control
sample exhibited a significant decrease in ascorbic acid content (p<0.05). Chlorophyll degradation during storage
led to the loss of green color, but chlorophyll content was preserved in samples blanched at 75°C-2 min and 90°C-
65 s (p<0.05). Among all processing conditions, the sample blanched at 90°C-65 s was determined to exhibit the
best product quality.
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Oz

Yesil dolmalik biberler (California Wonder-C. annuum L. var. grossum) gida endiistrisinde bir¢ok islenmis iiriinde
yaygin olarak kullanilmaktadir. Bu nedenle sadece mevsiminde degil tiim y1l boyunca kullanilabilmesi amaciyla
kalite 6zelliklerini kaybetmeden uzun siire saklanmasi 6nem tagimaktadir. Biberlerin raf dmriinii uzatmak ve kalite
ozelliklerini korumak amaciyla endiistride haslama, dondurma ve dondurarak saklama gibi farkli yontemler
kullanilmaktadir. Gergeklestirilen ¢calismalarda haslamanin ve kisa siireli dondurmanin etkileri incelenmis ancak
haglanarak uzun siire dondurarak depolamanin California Wonder biber kalitesi {lizerine etkilerinin incelenmedigi
belirlenmistir. Bu ¢alismada farkli kosullarda (kontrol (C), 75°C-2 dk, 75°C-3 dk, 90°C-65 sn) su ile haglama
islemi uygulanmig California Wonder (C. annuum L. var. grossum) yesil dolmalik biberlerin kalite degisimleri,
-18°C’de 12 ay boyunca dondurulmus depolama siiresi boyunca incelenmesi amaclanmistir. Bu amagcla drneklerde
protein miktari, polifenol oksidaz (PPO) enzim aktivitesi, askorbik asit ve klorofil igerigi belirlenmistir. Haglanmis
orneklerde protein igeriginin kontrole gore 6nemli dlgiide azaldig1 belirlenmistir. PPO enzim aktivitesi depolama
siiresi boyunca artmis, askorbik asit icerigi ve klorofil iceriginde belirgin bir azalma gozlenmistir (p<0.05).
Depolama siiresinin sonunda PPO enzim aktivitesi en yiiksek kontrol 6rneginde, ardindan sirasiyla, 75°C-3 dk,
75°C-2 dk ve 90°C-65 sn haglanmig 6rneklerde gozlenmistir. Yiiksek sicaklik ve kisa haglama siiresi uygulamasi,
PPO enzim aktivitesini azaltmada etkili bir yaklasim olarak bulunmustur. Kontrol 6rnegi, haslanmis 6rneklerle
karsilagtirildiginda, askorbik asit igeriginde 6nemli 6lgiide azalma gostermistir (p<<0.05). Depolama sirasinda
klorofil bozulmasi, yesil rengin kaybina neden olmus, 75°C-2 dk ve 90°C-65 sn haslama islemi uygulanmis
orneklerde klorofil igerigi korunmustur (p<0.05). Tiim islem kosullar1 arasinda, 90°C-65 sn haglanma islemi
uygulanmis 6rnegin, en iyi tirlin kalitesini sergiledigi belirlenmistir.

Anahtar Kelimeler: California Wonder, Yesil dolmalik biber, Suda haglama, Polifenol oksidaz enzimi, Askorbik
asit, Klorofil
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1. Introduction

Bell pepper (Capsicum annuum L.) is classified as a vegetable commonly consumed fresh or utilized in various
processed food products. In recent years, the need for sliced and cubed frozen peppers has significantly increased,
driven by growing consumer preferences for safe food, healthy eating habits and the desire to consume raw,
minimally processed vegetables (Castro et al., 2008; Niyaz and Demirbas, 2018). Since it is one of the common
vegetables grown in Tiirkiye (Canan and Uluisik, 2024), to prolong the shelf life and preserve the quality attributes
of green bell peppers, it is essential to employ blanching, freezing, and frozen storage techniques. Blanching is a
crucial heat treatment before many preservation processes, having a significant impact on the overall quality of
the product, such as drying, canning, and freezing. The primary objectives of the blanching process include
inactivating enzymes like polyphenol oxidase (PPO) and peroxidase (POD), preventing undesirable changes in
flavor, color, and texture, extending shelf life by reducing microbial load, and inhibiting oxidation by limiting air
exposure in the intracellular space (Wang et al., 2017; Xiao et al., 2017). Freezing and frozen storage effectively
preserve the original appearance, taste, and nutritional content of fruits and vegetables. The freezing process
reduces water activity and enzymatic activity, which are factors that negatively affect the shelf life of these
products (Alexandre et al., 2013; Alhamdan et al., 2018).

During blanching, freezing, and frozen storage of green bell peppers, changes occur in protein content, PPO
activity, ascorbic acid (AsA), and chlorophyll content. It has been reported that 25-35% of total production of
sweet peppers occur as post-harvest loss (Cheema et al., 2018). Bell peppers have a short shelf life and require
proper treatment and maintenance to preserve their post-harvest quality. Enzymatic browning occurs due to the
catalytic effect of the PPO enzyme during the industrial processing of fruits and vegetables. This impairs the
appearance and taste of the product, reduces its nutritional value, decreases consumer acceptance, and leads to
significant economic losses in the food industry (Pekyardimci, 1992; Nuifiez-Delicado, et al, 2005; Nguyen et al.,
2019, Gil and Tudela, 2020). POD enzyme causes issues in the processing and storage of fruits and vegetables,
including color deterioration, the formation of off-flavors, and a loss of nutritional value (Wu et al., 2024). Since
the thermal resistance of the PPO enzyme in green bell peppers (Capsicum annuum L.) is higher than that of the
POD enzyme, PPO was determined to be the blanching indicator enzyme for green bell peppers (Castro et al.,
2008). Generally, exposure of PPO to temperatures between 70-90°C eliminates its catalytic activity, with the
required inactivation time depending on the product (Kaur and Kaushal, 2019; Nguyen et al., 2019).

Generally, AsA is selected as the primary component to assess nutrient loss during the blanching process. The
retention of AsA after blanching is considered as an indicator that other nutrients are preserved (Xiao et al., 2017).
The catabolism of AsA occurs during the freezing process and frozen storage, and this parameter is used to
determine the optimal frozen storage time for vegetables and fruits. AsA content serves as a reliable index for
frozen fruits and vegetables, allowing the estimation of product degradation at any stage, from the market to the
consumer (Turmanidze et al., 2017). It has been reported that AsA or its derivatives directly inactivate the PPO
enzyme (Derardja et al., 2019).

Intense green color is considered a key quality criterion in green vegetables. The color of fresh green vegetables
fades and deteriorates, often turning to a dull brownish-yellow color when processed. Chlorophylls, which are
unstable compounds, can degrade into various derivatives during blanching, a crucial step before freezing, drying,
or canning green vegetables (Nguyen et al., 2023; Durgawati et al., 2025).

In studies conducted on green bell pepper, many researchers have investigated the total protein content (Kahlon
et al., 2007; Castro et al., 2008; Dorantes-Alvarez, et al., 2011) examined PPO activity of green bell pepper at
different process parameters. Barbagallo et al. (2012) studied the PPO activity of California Wonder green bell
pepper during a 30 day storage period at 4°C. The effects of blanching on AsA content in green peppers (Howard,
et al, 1994; Castro et al., 2008) and chlorophyll content in Jalapefio peppers (Cervantes-Paz et al., 2014) were also
evaluated. Wang et al. (2012; 2016) and Chen et al. (2018) observed that as the storage time of peppers increased
chlorophyll content declined at temperatures ranging from 3°C-7°C temperature.

Although numerous studies have been published on the impact of blanching and short-term cold storage on the
quality characteristics of green bell peppers, no research has investigated the impact of blanching and long-term
frozen storage of green bell peppers. Hence, the aim of our study was to evaluate the effects of water blanching
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and individual quick freezing (IQF) under varying process conditions (C, 75°C-2 min, 75°C-3 min and 90°C-65 s)
on California Wonder (C. annuum L., var. grossum) green bell peppers during 12 months of frozen storage at -
18°C, focusing on protein, PPO enzyme activity, ascorbic acid (AsA), and chlorophyll content.

2. Materials and Methods
2.1. Materials

Green bell peppers (California Wonder genus - C. annuum L. var. grossum) were supplied from Bursa province,
Turkey. The samples were washed, cut into 1x1 ¢cm cubes, and subjected to water blanching before freezing. The
blanching time and temperature were selected based on industrial processing conditions for frozen green bell
peppers. The samples were blanched at 75°C for 2 minutes, 75°C for 3 minutes, and 90°C for 65 seconds. Both
the C and blanched samples were frozen using the IQF method (Advanced 1.Q.F Spiral Freezer, Advanced
Equipment Inc., Richmond, BC, Canada) and stored at -18°C. Analyses were conducted at 0, 2, 4, 6, 8, 10, and 12
months of storage. All chemicals used in this study were of analytical grade.

2.2. Protein content

The protein content of the green bell peppers was measured using the Dumas method (AOAC, 2007). The
thawed samples were dried at 75°C until constant weight before the analysis. Factor of 6.25 was used to calculate
the protein content of peppers.

2.3. PPO enzyme activity

The spectrophotometric assay outlined by Cemeroglu (2018) was modified to determine PPO enzyme activity
of the samples.

Acetone powder (AP): A Waring blender was used to homogenize the frozen bell peppers (50 g) for 2 min with
125 mL cold acetone (-40°C) and 0.25 g polyvinylpyrrolidone (PVPP). After filtering, the residue was subjected
to a second extraction with 100 mL of cold acetone and filtered. The resulting AP was allowed to air-dry overnight
at ambient temperature.

PPO extraction: A total of 2.0 g of AP was dissolved in 150 mL of 0.25 molL"! Na-phosphate buffer (pH 6.8,
4°C) and 0.25 g PVPP was added. The suspension was agitated with a magnetic stirrer for 20 min at a temperature
of 4°C. After filtration and centrifugation (1400 g, 10 min), the filtrate was stored at 4°C until spectrophotometric
measurement.

Determination of PPO activity: The obtained extract was filtered using a 0.45 pm PTFE filter (Isolab). The
spectrophotometer cuvette was preheated to 30°C in a heated spectrophotometer (Thermo Scientific™
GENESYS™ 10S UV-Vis Spectrophotometer) and the temperature was kept constant throughout the
measurement process. A total of 2.8 mL of 0.05 molL"' Na-phosphate buffer (30°C, pH 6.8) was placed in the
quartz spectrophotometer cuvette followed by the addition of 0.1 mL of liquid enzyme extract. The mixture was
incubated in the spectrophotometer for 3 min. After incubation, 0.1 mL of 0.5 molL 'pyrocatechol solution was
added and PPO enzyme activity was measured at 410 nm for 3 min. The reaction rate was determined by
calculating the slope of the initial linear segment of the absorbance versus the time curve (Eq. 1).

Activity [U g~ fresh weight (fw)] = [(E/0,001) x (1/He) x (Hrk) x (Sf) x (V) x (A/H)]/T (Eq. 1)
E: Absorbance (Abs/min)

H.: Volume of the enzyme extract in the reaction mixture

H,i: Total volume of the reaction mixture

Sr: Dilution factor

V: Total volume of the enzyme extract (mL)

A: Amount of obtained acetone powder (g)

H: Amount of used raw material (g)

T: Amount of used acetone powder in the analysis (g)
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2.4. AsA content

For the determination of AsA content, 5 g of frozen bell pepper was used. The measurement was performed at
518 nm using UV-visible spectrophotometer (Varian Cary 60 Scan) (ISO, 1984) (Eq. 2).

AsA content (mg/100 g fw) = [(100 X (A — b)] /(10 X a) (Eq. 2)
A: Absorbance

b: b constant in the equation y = ax + b

a: Slope constant in the equation y = ax + b

The concentration corresponding to the absorbance value (Agye - Asample) Of the sample was determined using
the standard curve. Since the sample was diluted twenty-fold, the calculated concentration was multiplied by 20
to obtain the final value.

2.5. Chlorophyll content

Chlorophyll content was determined according to Ozkan and Bilek (2015) using 5 g of frozen pepper sample.
The absorbance values of the blank sample (80% acetone solution) and the filtrate were measured at 663 and 645
nm using a UV-visible (Varian Cary 60 Scan) spectrophotometer (Eq. 3).

Total chlorophyll (mg g~*fw) = [(20.02 x A645 + 8.02 x A643) X Dilution factor] / 1000 (Eq.3)
A: Absorbance
2.6. Statistical analysis

Analyses were conducted in triplicate and repeated three times. Statistical evaluation of the data was conducted
using the IBM SPSS software package (IBM SPSS version 20). The differences between means were evaluated
using ANOVA (Analyses of Variance) and Duncan multiple comparison tests. Correlation tests were performed
using the Pearson r test. ANOVA and Duncan multiple comparison tests were statistically evaluated at a 95%
confidence level, while the Pearson r test was assessed at a 99% confidence level.

3. Results and Discussion
3.1. Protein content

The protein content of the C, 75°C-2 min, 75°C-3 min and 90°C-65 s blanched green bell peppers were
determined as 13.07%, 12.41%, 12.43% and 12.29% dry matter (dm), respectively (Figurel). A significant
decrease in protein content was observed for the blanched samples in comparison to the C (p<0.05). However, the
difference was not significant among the blanched samples (p>0.05). Similarly, in research carried out by Castro
et al. (2008), the total protein content of green bell peppers (Capsicum annuum L.) was found to be 13.8 g kg™!
protein (fw) with a significant decrease of about 15-60% were observed after blanching. This effect increased
progressively with higher blanching temperatures and longer times. Kahlon et al. (2007) reported the protein
content of green bell peppers (Capsicum annuum L.) as 16.9% (dm).
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Figure 1. Effects of blanching parameters on residual protein content of green bell peppers

Table 1.PPO enzyme activity, AsA and chlorophyll content of the green bell peppers during frozen storage

Frozen storage C 75°C-2 min 75°C-3 min 90°C-65 s
time (month)
PPO enzyme 0 19.83 £0.1242 13.09 £ 1.754® 15.20 £ 0.174¢ 8.51+£0.3344
activity 2 22.25 4+ 1.89AB.a 15.91 £ 1.254B.b 17.47 £1.924° 9.87 £0.214 ¢
(U g''tw) 4 2445 +1.71B2 17.62 £2.148:® 21.05+2.318°¢ 12.89 £0.175:4
6 28.52£2.27%2 18.63 £ 1.698¢:> 22.29 £2.078C¢ 14.26 +1.128:4
8 33.81 £1.96P:2 21.51 & 1.45¢P-b 23.90 £ 1.81BGb 16.60 = 1.02C¢
10 35.36 = 1.26P 22.18 £ 2.40PE:b 25.37£2.376°b 17.59 £1.28C¢
12 36.64 +1.62D:2 25.39 £ 1.96%° 29.42 +1.94P:¢ 19.26 = 1.31>:d
AsA content 0 92.79 + 6.964 2 79.86 +9.8542 73.43 +£8.2042 81.54 £ 8.93A2
(mgl00 g 2 72.96 £ 6.418-2 75.74 +7.504B2 69.84 £ 6.9442 75.83 +5.98AB 2
fw) 4 50.87 + 8.80C:2 72.04 £ 7.26ABC.b 68.20 & 8.03A:° 66.24 £ 6.918¢0
6 45.70 & 7.30¢P-2 65.04 + 5.058¢D.b 63.44 + 4.54AB.b 62.85 +1.20¢P:b
8 42.80 + 6.95¢D-2 59.71 £ 4.326P:0 62.97 £ 4.0148:° 61.67 £2.01¢P-b
10 37.16 £6.11P-2 54.06 £ 6.01P:° 55.40 + 6.71BCb 58.48 +£6.12CP:b
12 36.35£4.53P-2 52.44 £6.33D:b 50.48 +7.52C:P 54.04 = 7.86P-°
Chlorophyll 0.0415 + 0.00064 2 0.0395 £ 0.0010% b¢ 0.0388 + 0.00074¢ 0.0403 + 0.00044

content
(mg g

0.0397 + 0.0006"B- 2
0.0385 + 0.0016ABC 2
0.0383 £ 0.00148C.»
0.0379 + 0.00098¢ 2
0.0375 £ 0.0010%°
0.0373 £0.0011¢:®

0.0378 £ 0.0017AB.2
0.0371 £ 0.00104B-2
0.0362 +0.00108¢2
0.0350 +0.0015%2
0.0342 + 0.0005%2
0.0345 +0.0010% ¢

0.0396 + 0.000542
0.0389 + 0.00164B-2
0.0378 £ 0.000645C 2
0.0372 +0.00118¢2
0.0367 = 0.0010%:®
0.0368 + 0.0009¢:®

0

2 0.0405 + 0.0014AB. 2
fw) 4 0.0387 +£0.0010% 2

6 0.0363 = 0.0011¢2

8 0.0350 + 0.0016¢P-2
10 0.0336 + 0.0009PE-2
12 0.0324 +0.001152

Each value is expressed as mean + SD (n = 4).

AB.C.D.E refers to the differences of PPO enzyme activity, AsA and chlorophyll content among the treatments for each month at 0.05 level

b d refers to the differences of PPO enzyme activity, AsA and chlorophyll content by month for each process parameter on column basis at
0.05 level

3.2. PPO enzyme activity

PPO activity of peppers was determined as 19.83, 13.09, 15.20 and 8.51 U g! (fw), for the C, 75°C-2 min,
75°C-3 min and 90°C-65 s blanched samples, respectively, at the beginning of storage (7able 1). The PPO activity
of the C sample significantly increased at the end of the 4™ and 6" months (p<0.05) and the increase after 8 months
was not significant (p>0.05). The PPO activity of 75°C-2 min and 75°C-3 min blanched samples increased
significantly by the 4" month compared to 0" month, with both samples showing a gradual increase in PPO activity
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throughout the storage period. However, the PPO activity of 75°C-3 min blanched sample increased significantly
at the 12" month of storage, with this change being different from other months (p<0.05). Significant increases in
PPO activity were observed at the 4, 8 and 12" months for the 90°C-65 s blanched sample (p<0.05).

The residual activity of PPO in green bell peppers during 12 months of frozen storage are illustrated in Figure?.
The residual PPO activities of the 75°C-2 min, 75°C-3 min and 90°C-65 s blanched samples were determined as
66.01%, 76.65% and 42.91%, respectively (Figure2). Schweiggert et al. (2005) reported complete inactivation of
PPO when peppers and ground (powdered) peppers were boiled at 80°C-10 min. Similarly, Castro et al. (2008)
determined the residual PPO activity of green bell peppers blanched at various temperatures and times (70°C-1
min, 70°C-2.5 min, 80°C-1 min, 80°C-2.5 min, 98°C-1 min and 98°C-2.5 min) finding values of approximately
66%, 61%, 57%, 66%, 50% and 24%, respectively.

200
g l /"
> 50
Z
3
= 100 <
Q
=
)
8 50 +
(=¥
=
S
:m) 0 - T T T T T T |
a7 0 2 4 6 8 10 12 14

Storage time (month)
—&o— Control 75°C-2 min 75°C-3 min 90°C-65 s

Figure 2. Effects of blanching parameters on residual PPO enzyme activity of green bell peppers during
frozen storage

Residual PPO activity increased for each process parameter as the storage time progressed, with blanching
treatments causing significant decreases in activity (p<0.05) (Figure2). Similarly, when minimally processed
California Wonder peppers were kept at 4°C, PPO activity showed an increase as the storage time extended
(Barbagallo et al., 2012). Upon assessing each process parameter over the months, the PPO activities of the green
bell peppers were ranked from highest to lowest as follows; C, 75°C-3 min, 75°C-2 min and 90°C-65 s.

3.3. AsA content

The AsA content of green bell peppers was determined as 92.79 mg100 g™ (fw) at the beginning (0" month)
of storage (7able 1). In research carried out by Yahia et al. (2001), the AsA content of green peppers ranged from
12-180 mg100 g (fw). AsA content varies depending on the degree of ripeness and pepper variety. For example,
AsA content in different types of unripe and ripe peppers ranged from 19.55-253.56 mg100 g*! (fw) (Bae et al.,
2014). Barbagallo et al. (2012) reported the AsA content of fresh green bell pepper as 124 mg100 g!, while Kaur
et al. (2020) reported 120 mg100 g™! for the Indira variety. Negative effect of freezing on AsA content have been
observed in both red bell peppers (Castro et al., 2008; Alexandre et al., 2013; Wang et al., 2017) and green bell
peppers (Capsicum annuum L.) (Castro et al., 2008). In Castro et al.'s (2008) study, the AsA content for C sample
after freezing was reported as 88.5 mg100 g (fw).

The AsA content of peppers throughout 12 months frozen storage is shown in Table I and Figure3. When
examining the differences between the process parameters, the difference was not significant for the AsA content
of the C and the blanched samples at the beginning of storage (p>0.05). A significant difference was observed
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between the C sample and the blanched samples starting from the 4™ month of storage (p<0.05). However, the
differences were not significant among the blanched samples at the 4, 6, 8, 10 and 12 months (p>0.05).

100 f\
80 &
60 AN _

40 \\’\‘\

AsA content (mg/100 g fw)

T
20
0 T T T T T T 1
0 2 4 6 8 10 12 14
Storage time (month)
—&— Control 75°C-2 min 75°C-3 min 90°C-65 s

Figure 3. Effects of blanching parameters on AsA content of green bell peppers during frozen storage

Xiao et al. (2017) stated that the loss of AsA depends on blanching temperature and time, with higher
temperatures and shorter processing times leading to higher retention of AsA. Howard et al. (1994) reported that
Jalapefio peppers lost 75% of their AsA content when blanched before pasteurization. Castro et al. (2008) observed
that 70°C-1 min blanching followed by freezing did not cause a significant change in AsA content in comparison
with frozen C sample (C. annuum L.), but significant changes were noted with increased blanching temperature
and time. Similar results regarding the decrease in AsA have been documented in research on California Wonder
(Capsicum annuum L. var. grossum) green peppers, red bell peppers (Alexandre et al., 2013), peas (Gokmen et al.,
2005), and chicory (Francis et al., 2014) as the duration of frozen storage increased. The presence of ascorbic acid
oxidase in the C samples contributed to the lower AsA content compared to the blanched samples as storage time
increased. Blanching can inactivate ascorbic acid oxidase and remove residual oxygen from vegetable tissue,
thereby promoting higher retention of ascorbic acid (Turmanidze et al., 2017; Wang et al., 2020).

According to the Pierson r test, a negative correlation was found between AsA content and PPO activity
(r=-0.739). Similar results were observed in sugar cane (Mao et al., 2007), mung bean sprouts (Sikora and Swieca,
2018) and apricot (Derardja et al., 2019).

3.4. Chlorophyll content

Chlorophyll content of each process parameter significantly decreased as the storage time increased (7able 1).
The decrease in chlorophyll content of the C sample after the 10™ month was not significant (p>0.05). Chlorophyll
content of the 75°C-2 min, 75°C-3 min and 90°C-65 s blanched samples significantly decreased on the 8", 6 and
6™ month, respectively. By the end of 12 months, the chlorophyll content of 75°C-2 min, 75°C-3 min and 90°C-
65 s blanched samples had decreased by 11.33%, 16.87% and 10.12%, respectively, in comparison with the C
sample (Table 1). Chen et al. (2018) reported the chlorophyll content of green bell peppers (C. annuum var.
grossum) as 0.72 £ 0.05 mg g™ (fw), Wang et al. (2016) for Capsicum annuum L. cv. Mutiangiushuo as 0.1544 g
kg ! (fw), and Wang et al. (2012) for C. annuum L. cv. “Zhongjiao 7 as 0.12 g kg™' (fw).

The chlorophyll content of peppers throughout 12 months frozen storage is shown in Figure 4. The blanching
process caused a significant decrease in chlorophyll content for the 75°C-2 min (4.82%) and 75°C-3 min (6.51%)
blanched samples (p<0.05). The difference was not significant between the chlorophyll content of the 75°C-2 min
and 90°C-65 s blanched sample (p>0.05). However, the chlorophyll content of these two samples was significantly
higher than that of the C and the 75°C-3 min blanched sample at 12" month (p<0.05). Consistent with the findings
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of our study, Cervantes-Paz et al. (2014) reported that boiling medium ripe brown 50% red Jalapefio peppers at
92°C-12.48 min, reduced chlorophyll content. Lisiewska et al. (2004) and Murcia et al. (2000) stated that
chlorophyll content decreased between 12-66% during blanching, while Lisiewska et al. (2004) explained that
chlorophyll losses could range from 3-9% in blanched leafy vegetables. In general, high temperature and short
time applications provide more chlorophyll protection than low temperature and long time applications (Martinez,
et al., 2020).
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Figure 4. Effects of blanching parameters on chlorophyll content of green bell peppers during frozen storage

Some publications have reported that chlorophyll content decreases as the storage time increases (from 9 days
to 18 days) for green bell pepper stored in the refrigerator (at 3°C as opposed to 7°C) (Wang et al., 2012; Wang et
al., 2016; Chen et al., 2018). However, there is no consensus on the extent of chlorophyll loss depending on the
storage time. In their study, Mondragon-Portocarrefio et al. (2006) reported that chlorophyll content in turnip
greens did not show a significant decline during frozen storage. Grzeszczuk et al. (2007) reported minimal
chlorophyll losses during frozen storage of spinach, while Olivera et al. (2008) found greater chlorophyll losses in
frozen unboiled spinach. Kmiecik, et al. (2008) stated that chlorophyll preservation depends on species,
pretreatment before freezing and storage temperature during frozen storage. Lisiewska et al. (2004) found that dill
could be stored for 6 months at -20°C without blanching. Thermal treatments increased chlorophyll content for
boiled (10 min), water blanched (90°C-60 s) chicory (Cichorium intybus L.) (Francis et al., 2014). Petzold et al.
(2014) and Ferreira et al. (2020) pointed out that the blanching process stimulates the disintegration of chlorophyll
containing organelles, making chlorophyll pigments more prone to degradation. The blanching and frozen storage
period may cause the conversion of chlorophylls into pheophytins, thereby leading to chlorophyll losses.

4. Conclusions

The blanching treatments applied to California Wonder genus (C. annuum L., var. grossum) green bell peppers
significantly reduced their protein content. Both blanching and frozen storage of green bell peppers had clear
effects on PPO activity, AsA, and chlorophyll content. As storage time increased, PPO activity increased for each
processing parameter, leading to a decline in the quality of peppers. This increase in PPO activity, along with a
reduction in chlorophyll content, caused a decrease in the characteristic dark green color and brightness of the bell
peppers. Given the importance of PPO enzyme activity for peppers, the 90°C-65 s blanching treatment resulted in
the lowest PPO enzyme activity by the end of the 12th month of storage. This long-term frozen storage research
on green bell peppers marks a significant contribution to the field. The findings will serve as a valuable guide for
producers, helping them optimize the long-term use of green bell peppers, an essential ingredient in the food
industry.
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