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ABSTRACT

ESTIMATION OF CAPSAICINOID COMPOUNDS AND OTHER NUTRITIONALLY

IMPORTANT COMPOUNDS IN COLORADO GROWN PEPPER CULTIVARS

Peppers (Capsicum annum L.) are an important crop usually consumed as food or spice.
Peppers contain a wide range of phytochemicals such as capsaicinoids, phenolics, anthocyanins,
carotenoids, and vitamin C . However, capsaicinoids are the major group of compounds that give
them their characteristic pungent taste. Capsaicinoid compounds have been used in the food and
pharmaceutical industries because of their potential antioxidant, anticancer, and antibiotic
properties. The first project (chapter 2) evaluated the capsaicinoid compounds and other bioactive
compounds in fresh and roasted pepper cultivars. In addition, the effect of roasting on their
nutritional content was investigated. Samples in this study were collected from Colorado State
University’s Arkansas Valley Research Center in Rocky Ford (AVRC) at different pepper pod
stages. Capsaicin and dihydrocapsaicin were quantified using a Waters HPLC system equipped
with a fluorescence detector for the capsaicinoid compounds. The levels of capsaicin were in the
range of 0 — 3636 pg/g in the green stage and 0- 4831 pg/g in the red stage in the selected peppers
with the highest levels in Habanero and the lowest level in Sweet Delilah. Scoville Heat Units
(SHU) were in the range of 0 - 112,588, helping to determine which peppers could be classified as
hot, mild, and sweet. Capsaicinoids were not detected in sweet pepper varieties such as
Flavorburst, Canario, Sweet Delilah, and Aristotle. There was a significant difference in the levels
of capsaicinoid compounds after the roasting method in all pepper cultivars. The TF content of the

pepper cultivars ranged from 204.44 (Habanero) to 756 (Flavorburst) p g/g in the green stage and
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from 557.28 (CSU 321) to 962.71 (Numex Joe E Parker) pug/g in the red stage.

Both raw and roasted peppers possessed strong antioxidant activity as determined by 2,2-
diphenyl-1-picrylhydrazyl) reagent (DPPH, 61-87%) and 2,20-azino-bis (3-ethylbenzthiazoline-

6-sulphonic acid) (ABTS, 73—159 ug/g) assays.

The highest antioxidant potential in the green and red stages was observed in Canario. There was
areduction of antioxidant activity in cooked peppers in both the DPPH and ABTS assays. Ascorbic
acid and antioxidant activity decreased after roasting in the mature green and red stages, whereas
total phenolics and flavonoids increased except in the mature green stage of Sweet Delilah and
yellow stage of Canario.

Peppers are a perishable commodity and have a limited shelf life. Therefore, the (chapter
3) objective of this project ( chapter 3) was to evaluate the effect of storage time, packaging, and
the 1-MCP on weight loss, firmness, respiration rate, ethylene production, ascorbic acid, and
antioxidant activity, and bioactive compounds of Sweet Delilah pepper. Four packaging films were
tested in this study, Polypropylene (P12F), Laminated Poly-Nylon (30NV), Coextruded Vacuum
Pouch (B30NVC), and polyethylene (P15G) with different thicknesses. The packaged peppers
showed the lowest reduction of weight loss compared to the control. During the red stage's storage
time, firmness loss was 13% in peppers treated with 1-MCP, whereas 25% loss in firmness in
control samples. The results indicate that the respiration rates and the ethylene production
significantly decreased as storage time increased in packaged peppers compared to control
samples. At the end of storage time, the highest respiration rate was in control samples, whereas
the lowest rate of respiration rate was in packaged peppers with (P12F) films. The range of total
phenolic and total flavonoid compounds were 3782, 5090, and 519, 646.84 ug/g, respectively, in

the green and red stages.
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Peppers treated with 1-MCP- maintained high levels of phenolic and flavonoid compounds
compared with control samples. Moreover, the results showed that the highest phenolic and
flavonoid loss was in control samples, while the lowest phenolic and flavonoid loss was in
packaged peppers. The highest ABTS activity was 150 umol TE/g in when packaged P12G films,
whereas the lowest ABTS activity was 143.20 umol TE/g in control samples in the red stage.
Peppers packaged with films retained ascorbic acid levels than other peppers packaged with other

films and control samples.

Peppers are rich source of bioactive compounds such as phenolics, flavonoids, carotenoids,
and capsaicinoid compounds. These compounds have been shown various health benefits effect
on human health. Therefore, these compounds must be bioavailable to achieve their health
beneficial effects. The bioaccessibility of total phenolics, total flavonoids, total carotenoids, and
capsaicinoid compounds in different cooked potatoes mixed with two roasted peppers, Joe Parker
(hot) and Sweet Delilah (sweet), were investigated using an in-vitro method. In this (chapter 4) the
objective was to identify differences in the bioaccessibility of bioactive compounds among potato
cultivars (Purple Majesty (PM), Yukon Gold (YG), and Rio Grande Russet (RG)) and a numbered
line (CO 97226-2R/R (R/R) combined with roasted pepper varieties. The bioactive compounds
and capsaicinoid compounds in potatoes and peppers were estimated before and after the digestion.
Our results indicated that 53 - 75% of phenolic compounds content was released from potatoes
cultivars mixed hot roasted pepper, whereas 53.4-88% in potatoes varieties mixed sweet roasted
pepper respectively. The highest level of carotenoids was 194.34 pg/g in YG and 42.92 ng/g in
the RG cultivar when mixed with roasted Joe Parker pepper (JP). No capsaicinoid compounds

were detected in potato cultivars mixed with roasted Sweet Delilah pepper (SD).

After in-vitro digestion, a significant reduction was observed in bioactive compounds.
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Based on the results of the included studies, the bioaccessible amount of total phenolics ranged
from 485-252 pg/g in potato cultivars mixed with hot roasted peppers. The bioaccessible amount
of flavonoids ranged from 185.1-59.25 pg/g. The results indicated that the YG cultivar mixed with
JP and SD showed the highest phenolics and carotenoids bioaccessibility. In contrast, the PM
mixed with JP and SD the lowest phenolics and carotenoids bioaccessibility. Our results indicated
that the highest flavonoid bioaccessibility showed in R/R mixed with hot and sweet roasted
peppers. The lowest flavonoids bioaccessibility showed in PM and the RG. Additionally, the
capsaicinoid bioaccessibility was studied in different potato cultivars mixed with roasted peppers.
The maximum bioaccessible amount of capsaicin was observed in YG mixed with JP, while the

minimum bioaccessibility was observed with PM.
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CHAPTER 1: GENERAL INTRODUCTION AND LITERATURE REVIEW

1-Introduction

Peppers are one of the most commercially important crops that grow in tropical regions
around the world (Gonzélez-Zamora et al., 2013; Park et al., 2012). Pepper is herbaceous plant of
the Capsicum genus belonging to the Solanaceae family, including many other important
commercial crops such as tomato, potato, and eggplant (Al Othman et al., 2011; Gebhardt., 2016;
Bayogan et al., 2017). The genus Capsicum comprises many wild and cultivated species, and five
species of peppers grown commercially are including Capsicum annuum, C. baccatum, C.
chinense, C. frutescens, and C. pubescens (Bae et al., 2012; Asnin and Park., 2015; Thuphairo et
al., 2019; Zhuang et al., 2012). Furthermore, pepper fruits have been typically classified as non-
climacteric fruits, there is a huge diversity of pepper cultivars on the market varying in shape,

color, and taste (Ili¢ et al., 2012; Palma et al., 2014).

Pepper is a crop like tomato, eggplant, corn, cucumber, and melons that require specific
conditions for growing. In the USA, peppers are widely grown all over the United States for local
consumption. Pepper fruits are mainly produced in the field on raised beds using the drip irrigation
system (Biswas et al., 2017). According to USDA, in 2019, the total planted area of bell peppers
in the USA was 39,200 acres, while the total planted area of chile peppers was 10.600 acres
(USDA, 2019). Furthermore, the total harvested acreage of bell peppers in the USA slightly
decreased from 42,200 acres in 2017 to 38,300 acres in 2019. The total harvested acreage
decreased from 16,000 acres in 2017 to 10,200 acres in 2019. The total production volume of bell

peppers in the USA slightly decreased from 14,390.0 cwt in 2017 to 12,134.5 cwt in 2019, whereas



the total production volume of chile peppers decreased from 3,336.0 cwt in 2017 to 1,644.0 cwt in
2019 (USDA, 2019). In 2019, the value of utilized production of vegetable crops was $14.2 billion,
while the value of utilized production of bell pepper 557,660 million and 63,711 million of chile
peppers (USDA 2019). Furthermore, from a global perspective, the USA ranked 6 in production
of green peppers both chile and bell peppers between 2007 and 2011 with approximately 3% of

reported world production (USDA 2013).

Recently, the consumption of peppers has increased, mainly due to the high potential of
their bioactive compounds. Pepper fruits can provide an important number of bioactive compounds
such as phenolics, flavonoids, and carotenoids to the human diet (Ornelas-Paz et al., 2010; Zhuang
et al., 2012; Sora et al., 2015). These bioactive compounds are known to add health promoting
benefits to the diet (Lillywhite et al., 2013; Chavez-Mendoza et al., 2015). Interestingly, pepper
fruits can be consumed at different ripening stages (green, yellow, and red) either with salads or
as side dishes (Abbie et al., 2005). In the USA, the per capita use of bell peppers remained
relatively steady through 2000 and 2001 at 7.4 and 7.5 pounds per person, respectively but
increased slightly in 2010 and 2012 (9.5 and 10.7 pounds per person, respectively), reaching the
maximum consumption in 2019 (11.3 pounds per person) (Shahbandeh 2020). Due to the
combination of color, taste, and nutritional value, peppers are the most popular fresh vegetables in
the world. They have been used as a color, flavor, and preserve foods, as well as for medicinal
purposes (Blanco-Rios et al., 2013; Chopan et al., 2017). The attractive colors of pepper fruits are
due to carotenoid pigments that include B-carotene and oxygenated carotenoids such as capsanthin,

capsorubin, and cryptocapsin (Chavez-Mendoza et al., 2015; Hassan et al., 2019).



Pepper fruits are an excellent source of phytochemical compounds such as capsaicinoid,
polyphenolics (Bae et al., 2012; Campos et al., 2013). Capsaicinoid compounds are the major
group of alkaloid compounds responsible for the pungency taste of hot pepper varieties (Viktorija
et al., 2014; Barbero et al., 2014). Besides the capsaicinoids compound, pepper fruits contain a
varied range of phytochemical compounds such as carotenoids, anthocyanins, and vitamin C
(O’Sullivan et al., 2010; Caporaso et al., 2013). Due to their antioxidant activities, anticancer and
antibiotic properties, these compounds have been used in the food technologies and pharmaceutical
industries (Hervert-Hernandez et al., 2010; Sora et al., 2015). The levels of these compounds are
increased in the advanced stage of ripening due to the degradation of chlorophylls and increase the
enzymatic activity during the ripening process. The concentrations of these bioactive compounds
among pepper varieties are influenced by various factors, including environmental conditions,
stress factors, postharvest storage conditions, genotype, and ripening stages of the fruits (Alvarez-

Parrilla et al., 2011; Ghasemnezhad et al., 2011).

Pepper fruits are harvested at different maturity stages requiring specific conditions for
maintaing commercial quality as long as possible (Tsegay et al., 2013). Pepper fruits are highly
perishable, the pepper quality is affected by numerous factors such as postharvest handling,
transportation, storage time, and marketing conditions (Tan et al., 2012; Manolopoulou et al.,
2010; Mabhajan et al., 2016). Pepper fruits are not suitable for long-term, several factors cause
pepper fruit losses, including increased respiration rate, hormone production such as ethylene,
physiological disorders, and senescence (Chitravathi et al., 2016). Moreover, pepper fruits are
requiring optimal postharvest technologies to maintain their storage stability and extend their shelf
life during storage time. Due to chilling injury, pepper fruits cannot be stored at low temperatures.

Therefore, to maintain a high quality of pepper fruits it is essential to control the temperature and



relative humidity during the storage time (Ili¢ et al., 2012). Studies have suggested that optimum
storage temperature and high relative humidity may slow down the water loss and increase the
shelf life of peppers fruits (Sharma et al., 2013). For instance, pepper fruits can be more susceptible
to physiological and pathological deterioration when stored in optima storage conditions (Malik et
al., 2016; Sharma et al., 2018). The storage life of pepper fruits is limited by many factors such as
water loss, shriveling, tissue softening, physiological disorders, and fungal infection (S¢etar et al.,
2010;). Several technologies have been applied to increase the shelf life of vegetables and fruits
during storage time. These techniques are used for pepper fruits to reduce water loss, delay the

ripening process, chilling injury symptoms, and therefore to extend the shelf life.

Peppers fruits have a wide range of bioactive compounds that provide various health
benefits such as, anti-inflammatory, antimicrobial activities, protecting against
hypercholesterolemia, and atherosclerotic cardiovascular diseases (Campos et al., 2013; Caporaso
et al., 2013; Chavez-Mendoza et al., 2015). Therefore, the bioactive compounds in our daily diet
must be bioavailable to achieve beneficial effects (Rein et al., 2013; Pugliese et al., 2013; Thakur
etal., 2020). Furthermore, bioactive compounds are present at high concentrations in pepper fruits;
however, the bioaccessibility of these can be highly variable. Although various studies have been
conducted on the bioactive compound in pepper fruits, only limited information is available
regarding their bioaccessibilities. Several studies have demonstrated that the bioaccessibility of
bioactive compounds depends on factors such as food matrix, digestion conditions, uptake,
interaction with other dietary ingredients, cooking methods, and metabolism reactions (Actis-
Goretta et al., 2013; Thakur et al., 2020). It is important to note that the most common bioactive
compounds in the human diet have different bioaccessibility. The bioaccessibility of bioactive

compounds can be defined as the part of the compound released from the food matrix and becomes



available for absorption (Buggenhout et al., 2010; Tagliazucchi et al., 2010; Pugliese et al., 2013).

The overall objectives of this dissertation are: -

1-To estimate the capsaicinoid compounds, polyphenols, and the antioxidant activities of

Capsicum annuum and to investigate the changes in phytonutrients after the roasting method.

2-To evaluate the effect of different packaging films and 1-Methylcyclopropane application on
peppers quality parameters, i.e., weight loss, firmness, respiration rates, bioactive compounds,

antioxidant activities, and ascorbic acid during storage.

3-To investigate the bioaccessibility of bioactive compounds, phenolics, flavonoids, carotenoids,
and capsaicinoids in cooked potato cultivars mixed with different roasted pepper varieties in in-

vitro digestion experiment.



2. LITERATURE REVIEW

2.1 Capsaicinoid compounds

Capsaicinoids are the most abundant group of alkaloids compounds and one of the many
phytochemicals that pepper contains (Bley et al., 2012). The level of capsaicinoids determines
whether the pepper is hot, milled, or sweet. Along with capsaicinoids, peppers also encompass
flavonoids, flavanols, phenolics, and vitamins (Liu et al., 2010; Caporaso et al., 2013; Fattori et
al., 2016). Due to their pungency properties, capsaicinoid compounds have been used commonly
in food products as spice or food additives. According to previous studies, pepper verities contain
varying concentrations of capsaicinoid compounds. The primary capsaicinoid in chili pepper is
capsaicin and dihydrocapsaicin. They represent more than 90% of the total capsaicinoids content
in hot varieties (Reyes-Escogido et al., 2011; Orellana-Escobedo et al., 2013). Besides capsaicin
and dihydrocapsaicin, other minor capsaicinoid compounds found in chile peppers include nor-
dihydrocapsaicin and homo-capsaicin homo-dihydrocapsaicin Figurel (Barbero et al., 2014;
Fattori et al., 2016). Studies have showed that capsaicinoid compounds are synthesized in the
epidermal cells of the placenta tissues. Capsaicinoid compounds are much higher in the placenta
than in the pericarp of the pepper fruits (Ornelas-Paz et al., 2010). Capsaicin (trans-8-methyl-N-
vanillyl-6 nonenamide) is the main capsaicinoid compound in hot pepper varieties and its major
parameters determine its commercial quality and the levels of pungency (Bley et al 2012;
Gonzélez-Zamora et al., 2013). Capsaicin is a crystalline and lipophilic compound with the

molecular formula C1sH27NO3 and molecular weight 305.40 g/mol (Reyes-Escogido et al., 2011).



Capsaicin (cip: 1548943)

Dihydrocapsaicin (cip: 107982) Homodihydrocapsaicin (cip: 3084336)

Nordihyd rocapsaicin (CID: 168836) Homocapsaicin (CID: 6442566)

=

Figure 1.1 The chemical structure of capsaicinoid compounds (Fattori et al., 2016).

Capsaicinoids are synthesized naturally from valine and phenylalanine by enzymatic condensation

and different-sized fatty acid chains which are elongated by a fatty acid synthase (Reyes-Escogido

et al., 2011 Gonzélez-Zamora et al., 2013). They have three regions in their structure, aromatic

ring containing a OH- group, an amide bond, and a hydrophobic side (Figure 1.1). Two pathways

involved in the biosynthesis of capsaicinoid compounds: fatty acid metabolism and the

phenylpropanoid pathway. The first pathway determines the phenolic structure, and the second

pathway determines fatty acid molecule’s fatty acids (Figure 1.2).
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Figure 1.2 The capsaicin synthesis pathways (Zhang et al., 2016).

Several studies suggested that capsaicinoid compounds have pharmacological and
physiological effects on the gastrointestinal tract, cardiovascular and respiratory system (Al
Othman et al., 2011). In various applications, capsaicin has been reported to show protective
effects against high cholesterol levels and obesity. Due to their pharmacological properties,
capsaicin can be used as a topical cream to treat neuralgia, musculoskeletal pain, diabetic
neuropathy, osteoarthritis, and rheumatoid arthritis (Korkutata and Kavaz 2015). Furthermore,
capsaicinoid compounds have been shown beneficial health effects such as analgesia, anticancer,

anti-inflammatory, antioxidant, and anti-obesity activities (Liu et al., 2010; Huang et al., 2013).



Due to antioxidant properties, capsaicinoid compounds play an important role in protecting cellular
systems from oxidative damage (Park et al., 2012; Zheng et al., 2017).

The concentrations of capsaicinoid compounds in pepper fruits depend on various factors,
including varieties, maturation stages, growing conditions, and climate (Hwang et al., 2012;
Zhuang et al., 2012; Aza-Gonzalez et al., 2011). In the early stages of fruit development, the
capsaicinoid compounds increase until reaching a maximum level. Then, the levels of these
compounds decrease with the fruit development due to the activity of peroxidase enzyme (Reyes-
Escogido et al., 2011; Barbero et al., 2014). Different methods are used to quantify the capsaicin
and dihydrocapsaicin in peppers. The concentrations of capsaicinoid compounds in hot peppers
can be calculated by Scoville Heat Units (SHU) (Nadeem et al., 2013). There are five degrees of
pungency by using Scoville heat units (SHU): non-pungent (0—700 SHU), mildly pungent (700—
3,000 SHU), moderately pungent (3,000-25,000 SHU), highly pungent (25,000—70,000 SHU) and
very highly pungent (>80,000 SHU) (Al Othman et al 2011). Several studies suggest that the
diversity of capsaicinoid compounds has been shown in different pepper varieties (Gonzélez-
Zamora et al., 2013). A study carried out by Ornelas-Paz et al. (2010) that the Mexican raw peppers
are rich in capsaicinoids, and in raw peppers the concentration of capsaicin is (0.6-913.8 pg/g),
while dihydrocapsaicin (0-756.9 ng/g).

The maximum concentration of capsaicinoid compounds in the Cayenne pepper (Capsicum
annuum L.) was 1789 pmol/Kg FW during peppers fruits development (Barbero et al., 2014). Huge
variability in the capsaicinoid contents was observed. The capsaicin level was ranged from 1.24-
746.80 ug/g FW, while the dihydrocapsaicin level was ranged from 55.56 — 496.08 png/g FW
(Zhuang et al., 2012). Similar observations were made by Alvarez-Parrilla et al., (2011) the total

capsaicinoid content in fresh Jalapeno and Serrano were ranged from 78.65 to 386.38 ug g/g. In



a study conducted by Korkutata and Kavaz (2015), the total capsaicinoid compounds in five hot
peppers (Capsicum annum L.) were ranged from 72.30 + 21.6 to 128.40 + 42.3 mg/kg. Pepper
verities can be classified as highly pungent as the Scoville Heat Unit (SHU) values, thus the highest
concentration of capsaicin was 9.177 + 0.268 mg/g, whereas the lowest concentration of capsaicin
was 1.189 £ 0.073mg/g in yellow peppers varieties (Nwokem et al., 2010).

There was a significant difference in capsaicin and dihydrocapsaicin in chili pepper
genotypes using ultra-fast liquid chromatography. It ranged from 0-13,076 pg/kg and 0-7,155
ng/kg for both capsaicin and dihydrocapsaicin, respectively (Usman et al., 2014). Victoria-Campos
et al, (2015) noted that the total capsaicinoid compounds ranged from 1057.9 and 2294.6 pg/g in
fresh green and red Jalapefio peppers, respectively and the level of total capsaicinoid content was
higher in fresh red peppers than in green peppers. The difference of capsaicinoid compounds in
pepper fruits could be attributed to the difference in fatty acids available for capsaicin biosynthesis
(Aza-Gonzalez et al., 2011).

2.2 Polyphenolics compounds

Polyphenolics, secondary plant metabolites, constitute the largest groups of phytochemical
compounds that are beneficial to human health, mainly due to their antioxidant properties (Arnnok
et al., 2012; Medina-Juérez et al., 2012; Scalbert et al., 2011; Campos et al., 2013). In addition,
phenolics contribute to the taste, color, and nutritional value of many vegetables and fruits. There
is a wide diversity of phenolics in vegetables and fruits (Blanco-Rios et al., 2013; Igbal et al 2015).
Phenolics are complex of organic substances, which contain more than one phenolic group and
there is large variability in the levels of polyphenolics in vegetables and fruits (Bayili et al., 2011;

Campos et al., 2013). Phenolics are produced in the shikimic acid and pentose phosphate pathways

10



through phenylpropanoid route. According to their structure, phenolic acids can be divided into

two subgroups: the hydroxybenzoic and the hydroxycinnamic acids.
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Figuer 1.3 diagram of polyphenol compounds (Dirimanov et al., 2019).
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Polyphenols play an important role in the protection of plants against plant feeding insects
and herbivores (Buer et al., 2010; Mierziak et al., 2014). Besides their importance for plants,
polyphenolics are important for human health as antioxidant agent due to their ability to inhibit
and prevent the free radical compounds such as reactive oxygen species (ROS) and reactive
nitrogen species (RNS) (Park et al., 2012; Wang et al., 2018). The potential activity of phenolic
compounds is based on the redox properties of their hydroxyl groups in their chemical structure
(Oboh and Rocha., 2007; Mierziak et al., 2014). The polyphenols content is varying among pepper

varieties and the concentration depends on the varieties, maturity stage, growth conditions, and
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geographical origin. For instance, the level of the total polyphenol content of the hot pepper fruits
increased from 2138.1 GAE/kg! FW in green stage to 7915.7 GAE/kg! FW in red stage (Maria
et al., 2018). Mexican raw peppers are also rich in phenolic compounds, and the total phenolics in
raw pungent peppers were ranged from1150.5 to 2190 ug/g GAE (Ornelas-Paz et al., 2010).

In study carried out by Arnnok et al. (2012) the total phenolics in hot chili pepper (Capsicum
annuum L.) were ranged from 0.796-4.70 g GAE kg “!. The total phenolic contents were ranged
from 19.21 to 28.43 and 21.81 to 37.64 mg GAE/g DW in fresh and boiled peppers, respectively
(Shaimaa et al., 2016). The highest level of total phenolics was 14.80 mg GAE/g DW in green
varieties, while the lowest level of phenolics was 12.35 mg GAE/g DW in orange varieties
(Blanco-Rios et al., 2013). Also, Sora et al. (2015) reported that the phenolic contents of the
peppers (pulp and seed) ranged from 119.97 + 3.44 to 2060.12 + 20.56 mg GAE/100 g. These
differences could be explained by quantification methods, diversity of varieties and genotypes,
and maturity stage (Hervert-Herndndez et al., 2010). The increase in phenolic compounds could
be attributed to the ability of a plant to acclimate and stimulate these compounds under biotic or
abiotic stress (Isah et al., 2019).

Flavonoids, a large class of polyphenols compounds in plants, thus these compounds
provide flavor and color in fruits and vegetables (Agati et al., 2012; Kanazawa et al.,2012;
Mierziak et al., 2014). There are subclasses of flavonoid compounds such as flavones, flavanones,
flavanols, anthocyanidins, and isoflavones (Bae et al., 2012; Perla et al., 2012). Flavonoid
compounds have been shown high antioxidant activities and anticancer activities (Bae et al., 2012;
Shaimaa et al., 2016). The concentrations of these compounds depend on several factors such as
varieties, maturation stages, growth conditions (Ghasemnezhad et al., 2011; Veraet al., 2017). The

total flavonoids of green and red pepper were 7.8, 4.1 and 10.4 mg QE/100 g FW, respectively
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(Lin and Tang 2007). The highest total flavonoids were 60.36 +£9.94 mg QE/100g FW in (Caribe)
variety, while the lowest level of total flavonoids was 25.38 +3.44 in Anaheim variety (Medina-
Juérez et al., 2012). The total flavonoids in different sweet bell peppers were 7.53, 4.80, 4.26, and
4.27 mg CE/g DW in green, orange red, yellow varieties, respectively (Blanco-Rios et al., 2013).
The highest level of flavonoid was 441 mg CE/100 g DW in the Serrano variety, while the lowest
level of total flavonoid was 201 mg CE/100 g DW in the Meoqui variety (Alvarez-Parrilla et al.,
2011). In a study conducted by Thuphairo et al. (2019), the different colored sweet peppers
contained different levels of flavonoids, including quercetin 71.71-102.33 pg/g dw and luteolin
56.34-95.89ug/g dw. The yellow peppers had higher concentrations of quercetin than other colored

peppers.

2.3 Ascorbic acid

Peppers fruits are a rich source of antioxidants compounds such as vitamin C, vitamin E,
and carotenoids (Zhang and Hamauzu., 2003; Bicikliski et al., 2018). Due to its health promoting
effects, vitamin C is one of the most essential phytochemical compounds in pepper fruits
(Korkutata and Kavaz., 2015; Figueroa-Méndez and Rivas-Arancibia., 2015). Several studies
suggested that vitamin C plays an essential role in chelating heavy metal ions, scavenging free
radical compounds, and suppressing peroxidation (Tan et al., 2012; Patrick et al., 2016; Nerdy.,
2018). The levels of vitamin C in vegetables and fruits can be influenced by several factors such
as types of cultivars, climatic conditions, maturity stage, harvesting methods (Bicikliski et al.,
2018). Various studies suggested that the level of ascorbic acid in fruits is associated with
carbohydrate metabolism. The level of ascorbic acid is high in ripening fruits due to the conversion
of sugars (Martinez et al., 2005). The higher levels of vitamin C found at advanced stages of

ripening might be related to increased glucose levels, which is the precursor of vitamin C
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biosynthesis (Ornelas-Paz et al., 2013). The levels of ascorbic acid were ranged from 584 mg
AA/100 g DW in Serrano to 2153 mg AA/100 g DW for in Jalapenio (Alvarez-Parrilla et al., 2011).
There was a significant difference in the levels of ascorbic acid in pepper varieties and the level of

ascorbic acid was ranged from 121.14 to 251.60 mg/100g FW (Medina-Juarez et al., 2012).

In study carried out by Teodoro et al. (2013), it was reported that vitamin C contents in
Habanero pepper accessions (Capsicum chinense) ranged from 54.1 to 129.8 mg/100g. Nerdy
(2018) reported that a significant difference in the content of vitamin C among different bell
peppers. For instance, the highest level of ascorbic acid was 1.74 mg/g DW in green varieties,
while the lowest level of ascorbic acid was 0.49 mg/g DW in orange varieties (Blanco-Rios et al.,
2013). The quantity differences in levels of vitamin C among the varieties could be attributed to
several factors, including soil, climate, growing conditions, cultivar, production practices. The
level of vitamin C decreases in advanced ripening stages due to the degradation of vitamin C by

peroxidase enzymes (Mendoza et al., 2015).

2.4 Antioxidant Activities

Bioactive compounds in peppers have been reported to possess several biochemical and
pharmacological properties such as antioxidant, anti-inflammatory, anti-allergic, and
anticarcinogenic activities (Ozgur et al., 2011; Hwang et al., 2012; Zhuang et al., 2012)
Antioxidant activity describes the ability of redox molecules in foods and biological systems to
scavenge free radical compounds such as Reactive Oxygen Species (ROS) and Reactive Nitrogen
Species (RNS) (Alvarez-Parrilla et al.,, 2011; Kalita and Jayanty., 2014). Interestingly, the
antioxidant activity of bioactive compounds is mainly due to their redox properties which allow

them to act as reducing agents, hydrogen donors, single oxygen quenchers, and metal chelators
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(Deepa et al., 2007; Lobo et al., 2010; Zhuang et al., 2012). These compounds can delay or inhibit
cellular damage through their free radical scavenging property (Lobo et al., 2010; Marti et al.,
2011).

Due to their beneficial effects, several methods have been developed to study free radical
scavenging antioxidant activity. The 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2'-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid (ABTS) assays are the most popular radicals for measuring
antioxidant activity of bioactive compounds. Sora et al., 2015 reported that the ABTS method
yielded better antioxidant values than the DPPH assay. As the health promoting capacities of
pepper fruits depend on type of varieties, maturation stage, and food processing. Several studies
reported that antioxidant activity of peppers increased due to increasing the levels of bioactive
compounds in the maturation stage (Ghasemnezhad et al., 2011; Nadeem et al., 2013). Medina-
Juarez et al. (2012) reported that Bell and Caribe varieties had the highest DPPH activity, while
Serrano, Anaheim and Jalapeno varieties had the lowest DPPH activity. In a study carried out by
Zhang and Hamauzu (2003), the red pepper variety showed a higher level of DPPH radical
scavenging activity compared to green and yellow pepper varieties. Similar observations were
made by Blanco-Rios et al. (2013) that the red pepper extract showed the highest antioxidant
activity, while the orange pepper extract showed the lowest antioxidant activity. Medina-Juarez et
al. (2012) reported that Bell and Caribe varieties showed higher antioxidant activity (34.44 +0.43
and 33.60 £1.35 uM ET/g FW, respectively. The trolox equivalent antioxidant capacity in
habanero pepper (Capsicum chinense) genotypes was ranged from 1.55 to 3.23 mM/mg (Campos
etal., 2013). The variation in total antioxidant activity between Chiltepin (Capsicum annuum) and
Habanero (Capsicum chinense) peppers may be attributed to several factors such as fertilization

process, fruit maturity, and temperature (Gonzalez-Mendoza et al., 2012). The variation of
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antioxidant activity in pepper varieties could be attributed to the differences in carotenoid,
phenolic, and flavonoid contents in peppers varieties (Zhang and Hamauzu 2003; Medina-Juarez
et al., 2012; Park et al., 2012; Alvarez-Parrilla et al., 2013; Vera et al., 2017).

3. Effect of cooking methods on bioactive compounds

3.1 Capsaicinoid compounds

Peppers can be eaten raw or cooked in different ways such as roasting and boiling. Cooking
methods have been shown a significant impact on the content of bioactive compounds and
antioxidant activities in several vegetables and fruits. A few studies have been conducted to study
the effects of cooking on the capsaicinoid compounds in pepper fruits. In some of these studies,
the impact of cooking methods on the bioactive compounds are contradicting with some reported
increase, while others reported a decrease in the bioactive compounds in several vegetables and

fruits.

The stability of capsaicinoid compounds can be influenced by several factors, including
processing and storage conditions. For instance, the level of capsaicinoids in paprika was
significantly decreased as storage time increased, and the maximum decrease was in
dihydrocapsaicin (Topuz et al., 2004). The highest loss of capsaicin in red pepper (Capsicum
annuum) was ranged from 18% to 36% after boiling, while the maximum loss was observed after
pressure cooking method (Suresh et al., 2007). Similarly, the levels of both capsaicin and
dihydrocapsaicin in chili pepper were decreased after heating for 15 min at 100 °C (Wang et al.,
2009). Several studies suggested that heat treatment of vegetables results in greater liberation of
bioactive compounds (Lemmens et al., 2010). The impact of heat processing on the capsaicinoid

concentration depends on the capsaicinoid type and ripening stage. For instance, the grilling caused
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significant increases in capsaicin (6.1-924.9%), dihydrocapsaicin (2.6-57%) and nor-
dihydrocapsaicin (6.6-206.8%) (Ornelas-Paz et al., 2010). Similarly, the lowest concentration of
total capsaicinoids was (1057.9 pg/g dry weight) in fresh green, while the highest level of total
capsaicinoids (3538.3 pg/g dry weight) in grilled green pepper (Victoria-Campos et al., 2015). The
capsaicin content in dried pepper was 4 to 10 times higher than in fresh peppers (Popelka et al.,
2017). In a study conducted by Toontom et al., (2012), the drying methods increase the level of
capsaicinoid compounds, thus the highest level of capsaicin was in dried pepper fruits compared
to fresh samples. The increases of capsaicinoid compounds by cooking methods could be attributed
to dehydration of food matrices, improved extractability, liberation of conjugated capsaicinoids,
and inactivation of capsaicinoids destroying enzymes such as peroxidases (Schweiggert et al.,

2006; Ornelas-Paz et al., 2010; Lemmens et al., 2010; Victoria-Campos et al., 2015).

3.2 Polyphenolics

The effect of heat processing on polyphenolic compounds in vegetables and fruits has been
studied, and cooking methods can both decrease or increase the levels of bioactive compounds
including polyphenolics (Ornelas-Paz et al., 2010). However, all the three used cooking methods
led to increasing the total phenolics in the following order: microwaving > boiling > steaming >
fresh (Turkmen et al., 2005). Ornelas-Paz et al. (2010) reported that the boiling caused an increase
in total phenolic content in all pungent peppers from 1745.9 to 2549.7ug GAE/g FW, whereas the
total phenolic content was decreased in non-pungent peppers. Shaimaa et al. (2016) reported that
the total phenolic contents in sweet and peppers ranged from 19.21 to 28.43 and 21.81 to 37.64
mg GAE/g DW in fresh and boiled peppers, respectively, indicating that the boiling treatment

increased the total phenolic contents. The total phenolic compounds in dried chili extract was
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significantly increased after roasting (Muangkote et al., 2019). These changes can be ascribed to
dehydration of food matrix and inactivate the polyphenol oxidase enzyme during cooking, leading
to the inhibition of polyphenol degradation (Schieber et al., 2006; Victoria-Campos et al., 2015;
Montoya-Ballesteros et al., 2014; Minatel et al., 2018; Gunathilake et al 2018). In addition,
Turkman et al. (2005) reported increase in total phenolics in several vegetables due to the
disruption of cell walls, which liberate soluble phenolic compounds from insoluble ester bonds.
The increase in phenolic compounds during cooking methods could be attributed to the breakdown
and hydrolysis of the complex polyphenolic compounds such as tannins to simple polyphenols
(Gunathilake et al., 2018; Buratti et al., 2020). On the other hand, various studies indicated that
the degradation of the polyphenolic compounds depends on their chemical structure of these
compounds in the fruit or vegetable (Lopez-Garcia et al 2018). The highest reduction of total
phenolics in red peppers was observed after boiling, followed by steaming and roasting (Hwang
et al., 2012). These results were like those reported by El-Hamzy et al., (2016) that the total
phenolics levels of the red Jalapeno slices were decreased after drying methods. The reduction in
the levels of polyphenols, flavonoids, and flavonols has been attributed to the selective leaching
of these compounds from commodity during the cooking methods (Perla et al., 2012). Reduced
polyphenolic compounds during cooking methods has been ascribed to thermal damage of
polyphenolic compounds, and the leaching of polyphenolic compounds into the cooking water

(Doymaz et al., 2002; Lopez-Garcia et al., 2018).

3.3 Ascorbic acid

Peppers are excellent sources of antioxidant compounds such as -carotene, vitamins E, K,

and ascorbic acid (Ghasemnezhad et al., 2011; Park et al., 2012; Teodoro et al., 2013). The
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concentrations of these compounds in our daily diet have been affected by cooking methods such
as boiling and roasting. Ascorbic acid is extremely sensitive and unstable in response to the
oxidation process. Therefore, it is easy to lose by a varied range of oxidizing agents such the high
temperature, high intensity of light, metal content, and the higher the activity of the ascorbate
oxidase enzyme (Oyetade et al., 2012; Diengdoh et al., 2015; Singh and Harshal., 2016).

According to previous studies, the level of vitamin C decreased during cooking methods,
and there are significant differences in the levels of ascorbic acid before and after heat processing.
In this regard, the cooking methods such as roasting lead to a substantial loss in ascorbic acid
compared with fresh peppers (Hwang et al., 2012). The content of vitamin C in red chili pepper
was found to be reduced to 90% after drying at high temperatures (Montoya-Ballesteros et al.,
2014). The levels of ascorbic acid were ranged from 306 to 3438 pg/g in raw peppers, while the
level of ascorbic acid was reduced 15-87% after heat treatments (Ornelas-Paz et al., 2013). The
reduction of vitamin C during heat processing has been attributed to that vitamin C is unstable at
high temperatures. Peppers showed the highest loss of vitamin C, while Croat showed the lowest
loss of vitamin C after heat treatments (Igwemmar et al., 2013). The levels of ascorbic acid in all
dried peppers varied between 14.21 and 51.55 mg/100g whereas, the ascorbic acid level of fresh
pepper was 53.19 mg/100g (Toontom et al., 2012). A similar result was reported by (Hwang et al.,
2012). Several studies reported that vitamin C is highly sensitive to oxidation, thus vitamin C can
be destroyed rapidly after harvesting or during storage (Balan et al., 2016). Finally, the losses of
vitamin C are influenced by the cultivar, the stage of maturity, the cooking temperature, and the

duration of cooking.
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3.4 Antioxidant activity

Similar to polyphenols and ascorbic acid, the antioxidant activity of vegetables and fruits
is affected by cooking methods. Cooking methods such as boiling, microwaving, and roasting
could cause a high loss of bioactive compounds, resulting in reduced antioxidant activities. The
DPPH radical scavenging activity was 117.82 mg AA eq/100g in raw red pepper, whereas the
DPPH radical scavenging activity was decreased by 46.56-68.29, 82.10-90.10, 99.25-112.44, and
99.68-104.15 mg AA eq/100 g for boiling, steaming, stir-frying, and roasting, respectively (Hwang
et al., 2012). Ornelas-Paz et al. (2013) have reported that boiling and grilling caused a 6-93%
reduction in the antiradical activity of pungent peppers. A higher reduction in the antioxidant
activity of red pepper was observed in boiling and steaming than stir-frying and roasting (Hwang
et al., 2012). The redaction of antioxidant activity has been ascribed to loss of ascorbic acid and
polyphenols because of the dissolving of these compounds into the cooking water (Perla et al.,
2012; Victoria-Campos et al., 2015).

On the other hand, several studies have shown that different cooking methods can improve
the antioxidant capacity of some vegetables due to the release of phytochemical compounds from
the food matrix (Turkmen et al., 2005; Ornelas-Paz et al., 2013). Turkmen et al. (2005), who
studied the effect of cooking methods on total phenolics and antioxidant activity of selected green
vegetables, found that the antioxidant activity of pepper, green beans, broccoli, and spinach
significantly (p < 0.05) increased during different cooking methods compared to fresh values. In a
study carried out by Shotorbani et al. (2013) that the various temperatures influenced the
antioxidant activity of sweet bell pepper phenolic extracts and therefore the scavenging activity of
DPPH radical of red and gijlar pepper extract was increased at 50 °C and 65 °C, respectively. The

roasting method at 90 °C for 25 min increased the antioxidant activity of dried peppers (Muangkote
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et al., 2019). El-Hamzy et al. (2016) have studied the effect of different drying methods on
antioxidant activity in red Jalapeno pepper. They found that the antioxidant activities of all dried
samples were higher than in the fresh samples.
4. Effect of packaging films and 1- MCP on the quality parameters and bioactive compounds.
Pepper fruits are an excellent source of micronutrients, and phytochemical compounds and
these compounds should be preserved during the storage time of pepper fruits (Alvarez-Parrilla et
al., 2011; Tsegay et al., 2013; Hameed et al., 2013). Reducing the respiration rate, delaying the
ripening and senescence processes are the most important factors in maintaining a high quality of
bioactive compounds and extending the shelf life of pepper fruits. The quality of pepper fruits
during storage time depends on the temperature and relative humidity of storage (Samira et al.,
2013). Therefore, controlling temperature, relative humidity, and as well as the use of chemical
preservatives can extend the shelf life of pepper fruits during storage time (Ilic et al., 2017). The
shelf life of pepper fruits depends on various factors such as production time, quality, storage
conditions, and handling methods (Manolopoulou et al., 2010). Several studies indicated that
softening, shrinkage, wilting, and pathogenic disorders are the most common issues of pepper
fruits, which reduce the quality and acceptability of peppers (Rao et al., 2011; Mahajan et al., 2016;
Sharma et al., 2018). Recently, various techniques such as packaging films and chemical
applications have been used to extend the shelf life and storability of perishable commodities
(Manolopoulou et al., 2012). Packaging films, one of the most important techniques that have been
successfully used to prevent decay in various vegetables and fruits (Sahoo et al., 2014), and
chemical treatments can delay physiological processes such as water loss, respiration rate,
transpiration, ethylene production, and softening (Ilic et al., 2017; Barbosa et al., 2020). Therefore,

polyethylene and polypropylene are the most common packaging films that have been used for
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extending the shelf life of fresh pepper fruits.

Several studies suggested that use packaging films can create modified atmospheric
conditions around the product, thus reducing the respiration rate, transpiration, and other metabolic
processes (Chitravathi et al., 2015; Soltani et al., 2016). Sahoo et al. (2014) have studied the effect
of packaging materials low-density polyethylene (LDPE) and polypropylene (PP) on the shelf life
of bell pepper. They found that the maximum weight loss was in control, unpackaged pepper
samples, while the minimum loss of weight was in packaged ones. Also, a study carried out by
Sharma et al. (2018) exhibited that control samples had the maximum loss in weight, followed by
the peppers packaged in two different packaging materials and stored at different storage
temperatures. The low weight loss could be attributed to the reduction of physiological processes
such as respiration and transpiration (Edusei et al., 2012). In addition, firmness is one of the most
important factors determining the quality of vegetables and fruits (Pozrl et al., 2010). Peppers
stored in packaging films showed the lowest reduction of firmness, while the control samples
showed the highest reduction of firmness (Manolopoulou et al., 2012). These results are in
accordance with those reported by Ornelas-Paz et al. (2015) who reported that the firmness of the
packed peppers was significantly higher than that of the unpackaged peppers. Pepper fruits stored
in polypropylene bags were higher firmness than those in polyethylene bags (Shehata et al., 2013).
These data agree with another study reported by Mahajan et al., (2016) that pepper fruits packed
in shrink packaging film maintained the highest average firmness, while the control fruits
registered the lowest mean of firmness under SMC. Similarly, green pepper packaged exhibited a
lower flesh softening and cell wall disassembly during low-temperature storage (Chitravathi et al.,
2016). A high reduction of firmness could be explained by the increase of transpiration rate in

pepper fruits.
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The respiration rate is one of the most important physiological processes that determined
the shelf life of pepper fruits. A significant difference in the respiration rate was observed between
peppers packaged with different materials and control samples of green chili (Capsicum annum
L.) during storage at 8 = 1 °C (RH 85-95%). Therefore, the respiration rate decreased significantly
with the increase in storage period (Chitravathi et al., 2016). Interestingly, these results are in
accordance with those reported by Manolopoulou et al., (2012) who, observed that the levels of
O2 were decreased in packaged peppers, whereas the levels of CO2 were increased during storage
time. There is little published information on the effects of packaging on the bioactive compounds
and their antioxidant activity in peppers. The total phenolic was decreased during storage time in
both polyethylene and jute bags, and the lowest reduction was 14.1% in polyethylene, while the
highest reduction was 22.8% in jute bags (Igbal et al., 2015). On the other hand, the content of
total phenolic compounds increased in the unpacked peppers that had been stored at 23 °C, and

then the content decreased (Ornelas-Paz et al., 2015).

The highest reduction of ascorbic acid was noted in control samples (unpacked) during
storage time as compared with packaged pepper fruits (Manolopoulou et al., 2012). During storage
time of dry, hot peppers, the reduction of ascorbic acid was 87.8%, 77.9% and 72.4% at 20 °C, 25
°C and 30 °C in polyethylene bags, while 85.3%, 73.8% and 66.8% at 20 °C, 25 °C and 30 °C in
jute bags (Igbal et al., 2015). Antioxidant compounds can delay or inhibit the oxidation or free
radical-mediated oxidation of a substrate. In the study carried out by Chitravathi et al. (2016), the
authors found that chilies packaging maintained pigment stability, lower loss of phenolic
compound, and lower reduction of ascorbic acid as compared with control unpackaged samples
(Dhall et al., 2013; Grzegorzewska et al., 2020). During storage, ethylene production can cause

both an increase in respiration rate and color changes in several vegetables and fruits, and studies
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have demonstrated that ethylene exhibits both beneficial and deleterious effects on produce.
Promotion of senescence, fruit softening, and discoloration are examples of deleterious effects of
ethylene. Therefore, controlling ethylene production during storage time may extend the shelf life
of pepper fruits. Several studies reported that physical, chemical, and gaseous treatments have
been applied to maintain the quality of products with high nutritional value (Mahajan et al., 2010;
Lima et al., 2015). Ethylene production can be inhibited by some chemical inhibitors such as 2-
aminoethoxyvinyl glycine (AVG), silver ions (Ag), and the gaseous compound 1-
methylcyclopropene (Schaller and Binder., 2017). 1-MCP one of the most common methods used
to reduce ethylene production in several fruits and vegetables (Thakur et al., 2017). The application
of 1-MCP has been shown to delay the ripening process by slowing respiration rate, lower
lipoxygenase activities, delayed color changes, and inhibiting ethylene production ( Ili¢ et al.,
2012; Relox et al., 2015). 1-MCP acts as an ethylene inhibitor. It binds to ethylene receptors in the
plant cell and prevents ethylene from binding, thereby inhibiting ethylene signal transduction

(Alabboud et al., 2017).

Several studies suggested that vegetables and fruits treated with 1-MCP had better quality
and storability than untreated vegetables and fruits. The red pepper fruits treated with 1-MCP
showed less ethylene production compared with the untreated fruits (Fernandez-Trujillo et al.,
2009). Cao et al. (2012) reported that 1-MCP treated peppers had lower respiration rates and
ethylene production than control fruits. Huang et al. (2003) have demonstrated that pepper fruits
treated with 1-MCP delayed color loss, fruit softening and extended the storage life of pepper fruits
by inhibiting ethylene production. Similar observations were made by Ilic et al. (2012) that the
green peppers treated with 1-MCP had a significant effect on delaying ripening processes,

inhibiting color changes, decreasing decay of pepper fruits. In study conducted by Tan et al.,
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(2012) pepper fruits treated with 1-MCP maintained high levels of phenolic compounds and high

antioxidant activities.

6. The bioaccessibility of bioactive compounds in peppers.

Pepper fruits comprise various phytochemical compounds such as capsaicinoids,
phenolics, flavonoids, and carotenoids, which are highly desirable in our daily diet (Alvarez-
Parrilla et al., 2011). Due to the presence of the phytochemical compounds, peppers fruits have
been shown various health benefits effect on human health (Alvarez-Parrilla et al., 2011;
Shotorbani et al., 2013). Therefore, these compounds must be bioavailable to achieve their health
beneficial effects (Thakur et al., 2020). Although research indicates that the bioactive compounds
provide health benefits effects, a few studies have been published on the bioaccessibility of
bioactive compounds in pepper fruits. Furthermore, studies have demonstrated that the
bioaccessibility of bioactive compounds depends on various factors, such as physicochemical
properties, food matrix, heat processing, preservation methods, and interactions with other
compounds (Tydeman et al., 2010; Actis-Goretta et al., 2013; Thakur et al., 2020). The
bioaccessibility of bioactive compounds can be analyzed by in-vitro methods.

The in-vitro methods are one of the most reliable, accurate, and frequently employed
methods for estimating the bioaccessibility of bioactive compounds (Thakur et al 2020). A few
studies have investigated the bioaccessibility of polyphenolic and capsaicinoid compounds in
pepper fruits. In a study conducted by Hervert-Hernandez et al., (2010), who found that 75% of
total polyphenols amount released from the food matrix by the action of digestive enzymes. The
bioaccessibility of capsaicin in fresh green peppers was 120%, while the bioaccessibility of
dihydrocapsaicin was 150% in fresh green peppers, respectively (Victoria-Campos et al., 2015).

The bioaccessibility of bioactive compounds depends on several factors such as physical properties
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of the food matrix, genotype, chemical structure of carotenoids, polarity and solubility of
carotenoids, food processing, and potential susceptibility of carotenoids (Andre et al., 2015;
Hervert-Hernandez et al., 2010). Moreover, carotenoids' bioaccessibility in red peppers ranged
from 48.0 to 97.0% (Granado-Lorencio et al., 2007). A similar observation was made by Aherne
et al., (2010) that the carotenoid bioaccessibility varied within and between the three pepper
varieties, and the bioaccessibility of carotenoids from peppers ranged from 6.2% to 100%.
Different hot peppers' bioaccessibility values ranged from 33 to 49% for B-carotene, from 20 to
41% for B-cryptoxanthin, and from 25 to 49% for zeaxanthin, respectively (Hervert-Hernandez et
al., 2010). The capsanthin and zeaxanthin of red chili peppers (Capsicum annuum) had the highest
bioaccessibility, while b-cryptoxanthin, violaxanthin, and b-carotene had the lower
bioaccessibility (Pugliese et al., 2013). Additionally, the bioaccessibility of lutein and zeaxanthin
in the yellow potato ranged from 76 to 82% for lutein and from 24 to 55% for zeaxanthin (Andre
et al., 2015). It was observed that thermal processes and dietary fat could improve the
bioaccessibility of bioactive compounds. Therefore, there was a significant variation in the
bioaccessibility of bioactive compounds during heat processing. Cooking methods can influence
the bioaccessibility of bioactive compounds, mainly through changes in the plant cell wall
structure and properties (Rein et al., 2013; Thakur et al., 2020). Therefore, the impact of heat
processing on the capsaicinoid bioaccessibility depends on the capsaicinoid type and ripening
stage. For instance, the bioaccessibility of dihydrocapsaicin was improved after boiling, while the

bioaccessibility of capsaicin was improved after grilling (Victoria-Campos et al., 2015).
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