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ABSTRACT

The objective of the study was to evaluate the total phenolic, flavonoids and free radical scavenging activity of red pepper (Capsicum annum L.) along
the production stages of berbere (Ethiopian spice). Melka awaze, melka zola, melka dehera, mareko fana and melka shote pepper varieties were harvested
from wolkite. The samples were prepared with oven dried, destalked, washed and dried, faded, toasted, milled and boiled. Total phenolic, total flavonoids,
and free radical scavenging activity during the production stages of berbere were studied by spectrophotometry. The result of total phenol and flavonoids
were ranged from 74.87+2.28 up to 163.29mgGAE/g and 12.96up to 93.79mgQE/g respectively. Mareko fana, melka dehera and melka shote variety had
the highest value of total phenol (128.58mgGAE/g), flavonoids (51.45mgQE/g) and free radical scavenging activity (88.23%) respectively. An appropriate
ripening stage of pepper should be used for harvesting and dried at optimum temperature is reccommended.
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Introduction

Peppers are one of the popular vegetables. It is subgroup of the
plant genus Capsicum, which is a member of the Solanaceae
family. Capsicum annum, C. baccatum, C. chinense, C. frutescens,
and C. pubescens are the five domesticated species of the genus
Capsicum. C [1].

The most widely grown pepper species in Ethiopia are C.
frutescens and C. annum and both are mostly grown in Tigray,
Gondar, Wollega, Illubabor, Keffa, Gamogofa, Bale, and Harerege.
Pepper is the most widely grown vegetable crop, accounting for
approximately 67.53% of the total estimated area under vegetables
in the country, whereas green pepper accounts for approximately
3.82%. Five pepper varieties have been released by the Ethiopian
Institute of Agricultural Research (EIAR), including mareko fana,
melka awaze, melka zola, melka dehera, and melka shote [1].

Ethiopians have a high priority for red pepper, which is prized
for its extreme pungency. Since ancient times, the red pepper
(Capsicum annum) has been used as a source of pigment to add
or to make foods more appealing and acceptable to consumers
as well as for preserving and therapeutic uses. Red pepper, in the
form of paprika (pepper powder), has traditionally been used as
a food colorant, and oleoresins are widely used. On average, 15
grams of pepper per day is eaten by Ethiopian adults, which is
greater than tomatoes and most other vegetables [2,3].

The ripe dried fruits of capsicum have been used for the preparation
of berbere flour. In the regular preparation of different Ethiopian
sauces (‘wet’), the fine pungent flour of red pepper (‘berbere’) is

an essential flavoring and coloring component. After tomatoes, red
pepper is the world’s second most important vegetable crop, and
it’s one of the most extensively used spice flavors and coloring in
food. It is inextricably linked to practically every Ethiopian kitchen
and the fourth most often consumed food item in Ethiopia [1,4].

Peppers (Capsicum annum) contain anticancer, antibacterial, and
energy metabolism acceleration properties, as well as being functional,
nutritional human diet, color, taste, pungency, physiologically
important and phytochemicals (phenol, flavonoids, antioxidants).
The value of proximate composition and minerals were studied.
Yet, the value of total phenol, flavonoids and antioxidant activity
(DPPH) of different varieties of red peppers along the production
stage of berbere in Ethiopia was not studied [5-8].

Materials and Methods

Study Area and Sample Collection

The representative variety of five red peppers (Melka awaze,
Melka zola, Melka dehera, Mareko fana and Melka shote) was
collected from Wolkite which is located 07010 08 North latitude
and 370 37°50” East longitude and 158km distance from Addis
Ababa. The red peppers planting was carried out in the main rainy
season (Jun 2020) on the 100-meter square with a highly verity-
soil type at an altitude of 1500 meters above sea level. During
planting nitrogen, phosphorus, and potassium-containing fertilizer
(150kg/hectare) were added to the soil, and also urea was added
(200kg/hectare) two times. The first one was at vegetative (before
flowering) and the second was at the green pod.

Sampling Technique and Sample size

Purposive sampling techniques were used to select five red pepper
varieties from the other varieties. Three kilograms of fully matured
red pepper samples were harvested from the land randomly. A
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total of 35 samples were taken from five varieties of red peppers
for the analysis by following the production stages of berbere.

Sample Preparation

The collected samples were transported to the Ethiopian public
health institute and the samples were prepared by drying,
destalking, washing and drying, fading, milling, and boiling for
the analysis total phenol, flavonoids antioxidant activity including
the pericarp, placenta, and seed parts. The sample preparation
process are presented below.

Drying: the collected red pepper samples were dried with a dry
oven (GX-65B) at 1050C for 2hours.

Destalking: The unwanted stem of the peppers was removed by
sizers and/ or hands.

Washing: The dried destalked sample was washed with tap water
three times and dried at 1050C for 2hours.

Fading (Medelez): The red pepper samples were faded with
mortar and pistil for one minute.

Toasting: The faded red pepper samples were toasted with a hot
plate at 50 oC for 10 minutes.

Milling: the toasted red peppers were milled by a miller
(RRH-A400) with 2500rpm for 5 minutes. Until the sieve size is
0.05mm repeat the milling.

Boiling: In stainless steel pots, 200 milliliters of water were
boiled and covered to avoid water loss. At 92.5 £5°C, 20 grams
of homogenized red peppers were added to boiling water and
boiled for 45 minutes. The sample was transferred to a clean,
dry Petri dish and labeled. Finally, the samples were dried with
a freeze-drier before being analyzed at ambient temperature [9].

Determination of Moisture Content

The moisture content of red peppers was determined by the AOAC
925.10, 2016 method. A clean aluminum cup on its inverted lid
was dry in the drying oven at 1000C for 30 minutes. The cup was
covered with its lid and cooled with desiccators for 30 minutes.
Two grams of the well-mixed test portion of the sample were
accurately weighed and transferred to the dried cup. The samples
were dried for 2 hours at 1050C. The drying cup and the sample
were transferred to the desiccators and stayed there for 30 minutes
to reduce the temperature to room temperature and weigh. The
moisture content of the samples can be calculated as [10]:

. W1-W2)x100
Moisture (%) = (W1-W2)x100

sw

Determination of Total Phenolic Content

The total phenolic content of the extracted samples was evaluated
using the Uv-visible spectrophotometer method according to
Folin-Ciocalteu. One hundred milligrams of red pepper were
homogenized in ten milliliters of acidic methanol (80%). The
homogenate was shaken for 24 hours before being centrifuged
for 10 minutes at 4,000rpm. The supernatant was collected, and
0.1 mL of the extract was combined with 0.2 mL Folin-Ciocalteau
phenol reagent (1:9 mL distilled water) and 2 mL distilled water.
Two milliliters of 7.5% sodium carbonate solution were added
to the reaction solution after it has been incubated at room
temperature for 5 minutes. The mixture was placed for 2 hours
at room temperature. A UV-Visible spectrophotometer was used
to determine the solution’s absorbance at 765nm. The standard
reference was gallic acid. Total phenonics was calculated as [11]:

C (mg/g, in GAE) = C1*V/m (2)

Determination of Flavonoids

The total flavonoid concentration was determined using the
aluminum chloride colorimetric test technique. One hundred
milligrams of red pepper were homogenized in ten milliliters of
acidic methanol (80%). The homogenate was shaken for 24 hours
before centrifuging at 4,000rpm for 10 minutes and collecting the
supernatant. In a 15mL test tube, 500 microliters of the extracted
sample, 2000 microliters of distilled water, and 150 microliters of
5% sodium nitrate were combined. After Sminutes, 150 liters of
10% aluminum chloride solution were added. After one minute,
2000L of sodium hydroxide (1M) was added, followed by 1000
liter of distilled water. For 30 minutes, the mixture was incubated.
The absorbance was measured at 510 nm against a prepared blank.
The presence of flavonoids was indicated by the yellow color. A
calibration curve was calculated using quercetin standard (1mg/
mL). The total flavonoid content in each sample was expressed as a
term of mg quercetin equivalents (QE), per g of each sample [11].

C (mg/g, in QAE) = C1*V/m (3)

Determination of Antioxidant Activity

The 2,2,diphenyl-1-picrylhydrazyl (DPPH) free radical scavenging
technique was used to determine the antioxidant activity of red
pepper extracts. Powdered pepper samples (0.1g) were extracted
in 10mL ethanol (80%) for 24 hours by shaking at room
temperature. Then centrifuged at 4,000rpm for 10min and collect
the supernatant. The DPPH solution was prepared by dissolving
4mg of DPPH in 100mL of methanol. Three milliliters of the
DPPH solution were mixed with 300uL of extract solution and
700uL of methanol. The mixtures were well vortex and keep at
room temperature in the dark for 30min. The absorbance of the
reaction mixture was measured at 517nm. The absorbance of the
DPPH radical without antioxidant, i.e. blank was also measured.
A calibration curve was created by plotting the percentage of
DPPH scavenged versus the concentration of standard antioxidant
(AA). The following equation was used to calculate the ability to
scavenge the DPPH radical [12].

DPPH Scavenged (%) = ((Ap—Aa)/Ag)x100 (5)

Statistical Data Analysis

The results were reported as mean = SD and the values were
analyzed in triplicate. An analysis of variance was used to examine
the data two-way ANOVA. The least significant difference (LSD)
test was used to examine differences across varieties and stages of
production, with a significance level of a= 0.05 and a confidence
interval of 95%. The data were analyzed by Microsoft Excel and
SPSS version 25.0 software.

Result and Discussion

Moisture Content

The result was indicated that there was a significant difference
(p<0.05) between the five varieties of red peppers. The highest
and lowest moisture value were in melka zola (79.87+0.45) and
melka dehera (65.53+0.32) respectively (Table 1). This result was
not significantly different from the moisture content of fresh red
peppers reported by the Ethiopian food composition table. Yet the
other studies have reported the results of moisture content after
milling and the result was a significant difference at p<0.05. The
difference is may be due to genetics, analytical method, growth
conditions, maturity stage, and sample method. The moisture
content of the five different red pepper varieties was presented
in Table 1 [7,8,13].
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Table 1: Moisture Result of Pepper Variety (mg/100g) for Fresh

stages significantly affects (p<0.05) the result of total phenolic

*  Data are expressed as mean+ SD (n=3). Mean values within
the same column with different superscripts are significantly
different at P<0.05.

Total Phenolic Content

The result of total phenolic contents of fresh, dried, washed and
dried, faded, toasted, milled, and boiled five red pepper varieties
were presented in Figure 1. The total phenolic contents of the
production stages of berbere including boiling were presented
in Figure 1 A. The total phenolic content of fresh varieties of red
peppers was ranged from 79.4-143.33 mg GAE/g in dry base.
The result was not similar to with other studies in raw red pepper
148.66mg/100g and 64.5mg/100g in fresh weight. The variations
may be due to variety, environmental conditions, testing methods
used [9,14].

Drying stages significantly affected (p<0.05) the total phenolic
content from the other production stages of berbere. Furthermore, in
the drying stage, a considerable rise in total phenolic concentration
was found because of the formation of the anther polyphenol
compounds and non-enzymatic interconversion between phenolic
compounds could provide precursors for phenolic molecules
[15,16].

The production stages such as washed and dried, faded, toasted,
and milled of berbere were not a significant difference (p<0.05)
in total phenolic content (Figure 1A). The result of total phenolic
content in all milled red peppers was ranged from 82.52-117.81mg
GAE/g. The total phenolic content of the study was different from
other studies of red peppers powder 173.2mg/100g, 1040mg/100g,
277mg/100g, 495.26 mg/100g and 180.3mg/100g. The variation
of the results might be due to the variety difference, condition of
the environment, methods, sample type, soil type, ripening stages
and geographical area [8,17-20].

Boiling increased the total phenolic content by 14.78% from
the initial concentration of all red peppers varieties. The
finding was agreed with, who found that boiling increased in
total phenolic content in all pungent peppers from 7.4—137%.
Similarly, discovered that boiling increases the phenolic content of
peppers by 2-26%. Dehydration of the food matrix and increased
extractability of phenolic from the food have been linked to
increases in phenolic content of vegetables after boiling. Cooking
significantly enhanced total phenolic content in several vegetables
by disrupting cell walls and allowing soluble phenolic chemicals
to be released from insoluble ester bonds. The amount of phenols
produced is determined by the temperature, the amount of time
spent boiling, and the size of the red peppers [21-26].

Melka awaze verity was significantly different (p<0.05) from the
other red pepper varieties (Figure 1B). Melka zola, melka dehera,
mareko fana, and melka shote varieties have comparable total
phenolic content. Melka fana has the highest value (128.58mg
GAE /g) and melka awaze has the lowest (88.58mg GAE/g) total
phenolic content. The interaction between variety and production

Variety Moisture content.
Melka awaze 76.19+0.86b Total phenalic content (A) Total phenolic content (
Melka zola 79.87+0.45a . jg = !
Melka dehera 65.530.32d 3 S
Mareko fana 76.07+0.32b :' &

2 60
Melka shote 69.46+0.88¢c E e b

&

melka melka melka mareko melka
p'& awaze zola dehera fana  shote

F m\s W

b

0’5 <\ b
&
variety

prnduchcn stgages of berbere

Figure 1: Total phenolic content (mg GAE/g) in the production
stage of berbere (A) and red peppers varieties (B)

Flavonoids

The result of the flavonoids content of fresh, dried, washed and
dried, faded, toasted, milled, and boiled five red pepper varieties
were presented in Figure 2. The result was ranged from 12.96-
93.79 mg QE/g in dry base. The flavonoid content in all fresh red
peppers varieties was ranged from 6.88 to 17.05mg QE/g in weight
base. The result of flavonoid content was not agreed with other
studies found in red peppers 10.28 -15.52mg CE/g fresh weight.
The variation of results might be due to genetic differences, agro-
climate conditions, and analytical methods [11].

The drying stage reduced significantly (p<0.05) the content of
flavonoids by 38.03% from the initial concentration. Due to the
heat effect, it forms the new product and the newly generated
compounds would differ depending on the type of degradation
(temperature, oxygen, light) and the native flavonoid structure.
There was no significant difference (P>0.05) between washed and
dried, faded, toasted, and milled production stages of berbere in
the content of flavonoids [27,28].

Flavonoid (A) Flavonoid (B
&0 60
B 70 ¥
g 60 &
E 50 g 40
£ 40 =
o c 30
g g
£ 20 = 20
g 1 &
5 c 10
S 0 8
n L & d \&b &
& i { e
& & q_} \"’Q & a“\ L melka melka melka mareko melka
gt ,\;c?’ awaze zola dehera fana shote
& production stages pepper variety

Figure 2: Flavonoids (mg QE/g) in the production stage of berbere
(A) and red peppers varieties (B)

The result of the flavonoid content of all milled red peppers was
ranged from 39.29-45.18mg QE/g in dry weight. The previous
report on flavonoids content of powder red pepper includes
13.7mg/100g, 4.91mg/100g, 4.8mg CE/g and 10.4 mg QE/g.
The variations might be due to genetics, geograph1ca1 location,
environmental growth condition, sample size, and analytical
method used [17,20,29,30].

The highest flavonoid value was recorded in the boiling process
and similar studies were found. Melka dehera (51.45mg QE/g)
and mareko fana (44.81mg QE/g) have the highest and lowest
flavonoid contents but there is no statistically significant difference
between the five varieties in flavonoid contents at P<0.05 (Figure
2B). Two-way ANOVA showed that the interaction between
variety and production stages significantly affect (p<<0.05) the
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result of flavonoid content [11,31].

Antioxidant Activity

The DPPH radical scavenging activity of fresh, dried, washed
and dried, faded, toasted, milled, and boiled red pepper varieties
were presented in Table 3. Scavenging of DPPH free radicals
ranged from 31% to 183% in all red pepper varieties. According
to the antioxidant activity of red pepper was ranged from 20% to
72% as measured by the DPPH radical. In addition, scavenging
of DPPH free radicals ranged from 59% to 87% and 52.3%. In
red peppers. The antioxidant activity of the peppers differed due
to the nature and concentration of antioxidant chemicals in the
peppers and either in potency or in the concentrations of reducing
substances [2,14,32,33].

The free radical scavenging activities of the five red pepper
varieties were statistically significantly different (p>0.05) between
the production stages of berbere shown in Figure 3A. Fresh red
peppers have the highest (88.54%) of free radical scavenging
activity. This result was agreed with other studies of fresh peppers
having a high antioxidant activity due to having the combination
of sugars with ascorbic acid, vitamin E, provitamin A, carotenoids,
xanthophylls, and phenolic compounds. Also observed that the
free radical scavenging of fresh red peppers is a higher value than
boiled red peppers [31,34,35].

Flavonoid (A)

60
: T 50
J 60
£ 40
0
2 3 s 30
£ 20 s 20
] )
. 10
5 P Py DD
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= w
=

concentration (mg QE/g)
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& awaze zola dehera fana shote

)
054

production stages pepper variety

Figure 3: Antioxidant activity (%) in the production stage of
berbere (A) and red peppers varieties (B)

The production stage includes oven-dried, washed and dried, faded,
and toasted; the free radical scavenging activity of red peppers was
decreased. Heat is significantly reduced the antioxidant properties
because of the depletion of vitamin C and other heat-sensitive
compounds [36].

In the production stage of berbere such as milled and boiling an
increase in free radical scavenging concentration due to particle
size and heat is attributable to the production of several antioxidant
molecules with diverse degrees of antioxidant activity. In addition,
at high temperatures, the synthesis and accumulation of Millard-
derived melanoidins with variable degrees of antioxidant activity
may improve antioxidant characteristics. Each variety was
significantly different (p<<0.05) from other varieties in radical
scavenging. Melka awaze and melka shote have the lowest
(49.42%) and highest (88.23%) free radical scavenging activity
respectively (Figure 3B). The interaction between variety and
production stages of berbere significantly affects (p<0.05) the
result of antioxidant activity of red peppers [16,37].

Correlation between Total Phenolic, Flavonoids and
Antioxidant Activity

According to the correlation data strong positive correlation of total
phenolic and flavonoids with DPPH antioxidant activities. The
DPPH antioxidant activity was highly correlated (r = 0.619) with
total phenolic followed by flavonoids with positive correlation (r =

0.518). These results agreed with the previous report of correlation
of total phenolic and flavonoids with antioxidant activities.
According to a strong correlation between DPPH scavenging
activities and total phenolics, capsaicin, and ascorbic acid, with
r=0.9in C. frutescenes. In addition, also another similar finding
of study [32,34].

Conclusion

The production stages are hige impacts on the contents of total
phenol, flavonoids and free radical scavenging activity. Generaly
melka zola, melka dehera, mareko fana, melka ashote are not
significantly different in the content of total phenol and flavonoid.
While the free radical scavenging activities of melka shote variety
are preferable from melka awaze, melka zola, and melka dehera
varieties.
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