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Abstract: Due to the large nutritional and biological variations between the different
varieties of each species of fruit or vegetable, the identification of the best genotypes is
important for producers and consumers, in order to obtain high quality products. The first
use of spices in food was for preserving meat, due to their antimicrobial properties. Over
time, spices have become indispensable in gastronomy to enhance the aroma and taste of
culinary dishes. With the development of spice extraction procedures, spices have been
widely used in the pharmaceutical industry and beyond. At the same time, spices have
become important sources of natural colors, flavors, antimicrobials and antioxidants for
the food industry. The aim of the present study is to evaluate the quality of pepper powder
(paprika) as a spice, and the nutritional value of capsicum, in generally.
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INTRODUCTION

The results of many studies show that the consumption of fruits and vegetables are
beneficial for human health in preventing and even treating many chronic diseases. Thus,
in recent years, a number of plant substances have attracted attention due to their role in the
prevention of cardiovascular disease, oncological diseases, as agents for the prevention of
atherosclerosis and in slowing down the aging process. Also, many of these substances
have special biological properties, such as antimicrobial, antiviral, antifungal activity.
Interest in the antimicrobial properties of active compounds is reinforced by the suggestion
that they may influence the behavior of microorganisms. Thus, their use as natural
additives in the food industry is increasing in recent years [2,8,10,14].

By definition, “spices are aromatic flavorings from seeds, fruits, bark, rhizomes,
and other plant parts, used in to season and preserve food, and as medicines, dyes, and
perfumes” [16].

The capsicums, also known as pepper or chili produce pods which contain their
seeds and due to the fact than “any seed-containing part of a plant is a fruit”, capsicum,
practically are fruits [17], but from culinary perspective they can be considered vegetables
[18] as well as spices, because paprika powder can be referred as a powdered spice made
from a mixture of capsicum fruits [19].

Peppers belong to the Solanaceae family, the genus Capsicum and the species
Annum, Frustescens or Chinense. Due to their sensory properties, color, aroma and other
chemical properties, they are widely used in the food industry, gastronomy and everyday
consumption [5,12].

Hot pepper (Capsicum annuum L.) is a widespread plant. Its fruits have different
shapes and sizes, the colors varying from yellow to red, from intense purple to dark green,
depending on the genotype or the period of reproduction. Hot pepper is used primarily as a
spice, then as a flavoring and coloring agent, but at the same time as an alternative
medicine for treating various diseases such as inflammation, diabetes, back pain, etc.
[3,6,12].
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Fresh peppers are an excellent source of nutrients, especially ascorbic acid,
carotenoid pigments (including B-carotene), polyphenols and capsacinoids, all of which are
of considerable interest due to their antioxidant properties. It is also widely used as a
colorant in cosmetics and is also valuable due to its nutritional and therapeutic properties
[2,9].

The assortment of colors is associated to the occurrence of pigments such as a- and
[-carotene (orange- red), anthocyanins (purple), chlorophyll (green), as well as lutein,
zeaxanthin, and B-cryptoxanthin (yellow / orange). The genus Capsicum also has a great
variety in health-promoting chemical compounds, such as carotenoids, capsaicinoids,
flavonoids, different vitamins and minerals (K, Ca, Mg, Fe, S and P) and essential oils,
with antimicrobial, anticancer, anti-inflammatory and antioxidant properties [4,5].

Based on the definition that "quality is the ongoing process of building and
sustaining relationships by assessing, anticipating, and fulfilling stated and implied needs”
[20], the main purpose of the study intends to evaluate the quality of capsicum, as a spice,
as a fruit and as a vegetable.

MATERIALS AND METHODS
For the study case were used over 100 selected research papers as well as USDA

nutritional database. The nutritional values were analyzed using PAST statistical program
[21].

RESULTS AND DISCUSSION

Quiality characteristics of pepper

Due to the biodiversity of capsicum species, the chemical composition has a vast
variability. The domesticated forms differ in the colors of the fruits and flowers and, at the
stage of maturity, retain the fruits on the stalk. The genus Capsicum can be classified
according to the structure of the flower and the fruit. Pepper fruits of diverse varieties have
a sequence of colors from white to burgundy [1,4]. The intensity of the color (red) and the
scale of sharpness are the key quality parameters [1,4].

Other studies reported large variations in fruit morphology, particularly the shape,
size and length between C. chinense, C. annuum and C. frutescens. C. annuum has the
major variant in shape, size and color of fruits. According to various descriptors, the shape
of the fruit can be elongated, almost round, triangular. Other differences are the shape of
the fruit at the end of the flower (sharp, blunt, clogged and pointed), the cross-section
ripening of the fruit (slightly wavy, intermediate and wavy) and the surface of the fruit
(smooth, semi-wrinkled and wrinkled) [4,10].

Chemical composition of the pepper

Peppers show large nutritional benefits, due to their phytochemical content, which
is influenced by environmental conditions, stage of ripening and genotype.
Characterization of phytochemical modifications in peppers at all stages of maturity or
during storage time, are crucial, as they influence aroma and taste, antioxidant activity as
well as consumer preferences [7,10].

C. annuum varieties represent good sources of vitamins C, E and A. Vitamin
contents depend on genotype, stage of ripening, harvest time, processing and storage after
harvest. Pepper fruits contain large levels of ascorbic acid with vary from 20 - 247 mg /
100 g and can raise during fruit ripening. The differences in fruit growth and maturity,
generated by the genetic profile and environmental conditions, also affect their chemical
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composition. For example, some pepper varieties grown under water stress, in greenhouse
conditions, had a lower ascorbic acid content [4,5].

The most important minerals found in peppers are: potassium, magnesium, calcium,
sodium, zinc, iron, phosphorus, manganese, selenium and boron. Their content varies
greatly depending on the variety, stage of maturity and changes in the environment during
growth. It can also be influenced by agricultural practices [4,10].

Pepper is considered a source of phenolic compounds, including phenolic acids,
flavonoids, capsaicin. Numerous studies have shown the health benefits of phenolic
compounds due to their capability to reduce free radicals in vivo and in vitro, with an
essential role in heart disease and several forms of cancer. These health measures can be
attributed to the antioxidant capacity of the pepper, which is largely influenced by the stage
of growth and ripening of the fruit, but also by the influence of the growing area and
environmental factors. The effect of ripening stage on the total content of phenolic
compounds in hot peppers measured by the Folin-Ciocalteu method and phenolic
concentration in C. annuum, were similar in the first and second stage of ripening, (76.0
and 73.8 mg / g in small, green fruits); amounts that decreased in the last stage of maturity
(43.2mg/ g in red fruits) [3,6,7,10,11].

Pepper is considered a carotenogenic fruit, due to the fact that the color of the fruit
is changeable (unripe fruit are green, yellow or white) and have the capacity to change to
red - dark red, brown and sometimes dark-brown (almost black) in the ripening stage. The
carotenoid content can vary from 0.1 to 3.2 g / 100 g. Ketocarotenoids give the bright red
color, while B-carotene, violaxanthin, zeaxanthin and B-cryptoxanthin produce yellow-
orange color of fruits. Carotenoids have many important functions in the human body with
physiological benefits [1,13,14].

Capsaicinoids are secondary metabolites in charge for the spicy and strong taste of
pepper fruits. The two major capsaicinoids (capsaicin and dihydrocapsaicin), over 90%
content, are found in the “fruit pericarp, placenta and seed tissues of all peppers” [9,12].
Their biosynthesis is a genetically controlled feature, and environmental conditions play an
significant role, in accordance with the genotype. Capsaicinoid concentration is an key
parameter to show the measure of hotness of hot peppers, and SHU is a drop measurement
developed by Scoville. There are five classes of sting developed by Scoville: non-stinging
(0 - 700 SHU), mild stinging (700 - 3000 SHU), moderate stinging (3,000 - 25,000 SHU),
stinging (25,000 -70,000 SHU) and very stinging (> 80,000 SHU) [4, 9, 12].

According to USDA FOOD DATABASE, Figures 1 and 2 show the nutritional
profiles of sweet red pepper [15] and hot pepper [22].

The sweet pepper is described by high content of water (92.2 g/100g), total folate
(46 pg /100g), carotene(1,6 mg/100g), lutein and zeaxanthine (51 pg/100g ), vitamin C
(128 mg/100g) and vitamin A (3130 UI). The pepper is characterized by: high content of
K (211 mg/100g), Mg (12 mg/100g), P (26 mg/100g), Zn (0,25 mg/100g), Mg (0,112
mg/100g) and Fe(0,43 mg/100 g) - (https://fdc.nal.usda.gov/fdc-app.html#/food-
details/170108/nutrients).
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Figure 1. Star representation of sweet red pepper, nutritional compounds

The sweet pepper is described by high content of water (92.2 g/100g), total folate
(46 pg /100g), carotene(1,6 mg/100g), lutein and zeaxanthine (51 pg/100g ), vitamin C
(128 mg/100g) and vitamin A (3130 UI). The pepper is characterized by: high content of
K (211 mg/100g), Mg (12 mg/100g), P (26 mg/100g), Zn (0,25 mg/100g), Mg (0,112

mg/100g) and Fe(0,43 mg/100 g) - (https://fdc.nal.usda.gov/fdc-app.html#/food-
details/170108/nutrients).
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Figure 2. Star representation of hot red pepper, nutritional compounds

The hot pepper is described by high content of lutein and zeaxanthin (785ug/100
g), beta carotene (548 ug/100 g), vitamin C (131mg/100 g), and potassium (285 mg/100 g),
high content of K (285 mg/100g), Mg (19 mg/100g), P (34 mg/100g), Zn (0.20 mg/100g),
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Mg (19 mg/100g) and Fe(0.64 mg/100 g) - (https://fdc.nal.usda.gov/fdc-app.html#/food-
details/1103367/nutrients).
If we compare the two assortments of pepper based on the USDA nutritional values
(table 1) we discover that we can obtain a more complete paprika spice due to their
complementary nutritional values (figures 3 and 4).
Table 1.
Comparative presentation of main nutritional values for two capsicum (pepper)

species based on the information collected from USDA databases

Name Unit *Hot pepper raw | **Sweet Pepper raw

Water g 89.9 92.2
Energy kcal 34 26
Protein g 1.39 0.99
Total lipid g 0.4 0.3
Carbohydrates g 7.66 6.03
Fiber g 2.2 2.1
Sugars g 471 4.2
Calcium, Ca mg 13 7
Iron, Fe mg 0.64 0.43
Magnesium, Mg mg 19 12
Phosphorus, P mg 34 26
Potassium, K mg 285 211
Sodium, Na mg 6 4
Zinc, Zn mg 0.2 0.25
Copper, Cu mg 0.088 0.017
Selenium, Se Kg 0.4 0.1
Vitamin C mg 131 128
Thiamin mg 0.056 0.054
Riboflavin mg 0.078 0.085
Niacin mg 1.26 0.979
Vitamin B-6 mg 0.463 0.291
Folate, total Mg 25 46
Choline, total mg 9.2 5.6
Vitamin A, Hg 51 157
Carotene, beta Hg 548 1620
Carotene, alpha Hg 52 20
Cryptoxanthin, beta Hg 72 490
Lutein + zeaxanthin Hg 785 51
Vitamin E mg 2.13 1.58
Vitamin K Hg 16.2 4.9
Fatty acids g 0.067 0.059

*Hot pepper raw - USDA FOOD DATABASE, https://fdc.nal.usda.gov/fdc-app.html#/food-details/1103367/nutrients
**Sweet Pepper raw - USDA FOOD DATABASE, https://fdc.nal.usda.gov/fdc-app.html#/food-details/170108/nutrients
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Figure 3. Comparative representation of the nutritional values of sweet pepper and
hot red pepper
Legend: HPR = hot pepper raw, SPR = sweet pepper raw

As we can observe the hot pepper or chili is described by higher content of most of
the components, while sweet pepper is describe by ten times higher content of beta
carotene, 3 times higher content of vitamin A, two times higher content of folate and seven

times more beta cryptoxanthin.

Figure 4. The average values of potential combination of the two pepper assortments
Legend: HPR = hot pepper raw, SPR = sweet pepper raw

Analysing chart 4 we recommend the use of bot assortments when preparing
paprika, due to the high potential of increasing the nutritional compounds profile and

indirectly the quality of spice.
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CONCLUSIONS

The quality of paprika spice is in accordance with the chemical and nutritional
composition of the peppers assortments.

The use of multiple assortments of peppers might improve the nutritional values of
the spice, in special if we add sweet pepper powder.
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