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Abstract: Improved phytochemicals and antioxidant properties in crops are becoming important traits in many breeding programs. In
this study, along with several other horticultural attributes, total phenolic content (TP) and antioxidant capacity (ferric reducing ability
of plasma (FRAP) and Trolox equivalent antioxidant capacity (TEAC)) of 52 superior pepper genotypes from the Alata Pepper Breeding
Program were examined. The fruits from these plants were harvested at immature and mature stages. The genotypes greatly varied for
TP, FRAP, TEAC, soluble solids, vitamin C content, and fruit color as determined by L, a and b values. The range for TP was 319-4047
ug GAE/g fresh weight (fw), while FRAP and TEAC varied between 0.22 and 0.56 pmol of TE/g fw and 0.08 and 1.88 umol TE/g fw.
All these characteristics were considerably variable between immature and mature stages. These characteristics were also found to be
significantly correlated. Principal component analyses conducted for all the characters used in the study and constructed separately for
immature and mature stages demonstrated no obvious patterns for pepper types. Therefore, our overall results suggest that individual
pepper cultivars having high total phenolic and antioxidant capacity can be utilized in developing new pepper cultivars with rich
phytochemical content.

Key words: Ascorbic acid, breeding, germplasm, ferric reducing ability of plasma, phenolic, Trolox equivalent antioxidant capacity

1. Introduction

Pepper is an important vegetable crop in many countries
and Turkey ranks fourth in world pepper production with
2.2 x 10° t (faostat.fao.org). Turkey has a large number of
local and popular cultivars (Aktas et al., 2011; Bozokalfa
and Esiyok, 2011).

Pepper is considered an important vegetable crop,
not only due to its economic importance, but also
for the nutritional value of its fruits. They are rich in
phytochemicals and a good source of vitamins C and E
and provitamin A. A wide spectrum of antioxidants such
as flavonoids, phenolic compounds, and carotenoids, are
also present in pepper fruits (Guil-Guerrero et al., 2006;
Carvalho et al, 2015). Materska and Perucka (2005)
identified 10 specific phenolic compounds in pepper
fruit. Hot cultivars contain capsaicinoids alkaloids with
pharmacological properties giving the specific taste to
pepper fruit (Jayaprakasha et al., 2012).
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With regard to human health, some studies indicated
that these compounds have an important protective
role given their antioxidant activity. They can neutralize
free radicals or their actions can modulate the activity
of enzymes involved in detoxification, oxidation, and
reduction processes (Edge et al., 1997). Antioxidant
vitamins A and C help to prevent cell damage, cancer, and
diseases related to aging, and support immune function
(Howard et al., 2000). Red peppers are also a good source
of the carotenoid called lycopene, which is earning a
reputation for helping to prevent prostate cancer as well as
cancer of the bladder, cervix, and pancreas (Rao and Rao,
2007). Several epidemiological studies reported an inverse
correlation between a high intake of carotenoids and a
reduced risk of colon cancer (Rao and Rao, 2007).

Many studies related to antioxidant activity and
composition analysis of pepper have been performed.
From the agronomic point of view, researchers found that
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other than genotypic variation (Lee et al., 1995; Frary et al.,
2008), maturity (Hornero-Mendez et al., 2000; Howard et
al., 2000; Fox et al. 2005) and color (Zhang and Hamauzu,
2003; Sun et al. 2007) can influence the antioxidant
properties of peppers. The fruits can be consumed at
different ripening stages from green to red-colored fully
ripe stages. Green peppers are harvested earlier, before
they have a chance to turn yellow, orange, and then red.
Compared to green peppers, the red ones have almost
10 times more beta-carotene and 1.5 times more vitamin
C (Howard et al., 2000; Matsufuji et al., 2007). Sun et al.
(2007) demonstrated that antioxidant activity increased
with fruit maturation. Biologically active carotenoids
such as [-carotene and lycopene reach their highest
levels in red fruits. Beneficial effects of maturation on the
other antioxidant compounds showed the red stage to be
optimal from the nutritional point of view. Bae et al. (2014)
examined the impacts of cultivar, fruit maturity stage, and
two growing season on the concentration of bioactive
compounds in diverse pungent and nonpungent peppers.
They observed significant interactions among cultivars,
maturity stages, and growing seasons. Mature peppers
generally had the highest content of ascorbic acid (782.0-
2305.3 mg/g fresh weight (fw) in 2008 and 693.5-2817.2
mg/g fw in 2009) and capsaicinoids (115.5-338.9 mg/g
fw in 2008 and 93.8-326.3 mg/g fw in 2009) compared to
immature peppers.

After many scientific studies of the health benefits of
plant-based antioxidants, consumers are seeking out rich
antioxidant contents of fruits and vegetables to avoid the
onset of cancer and other diseases (Scheerens, 2001).
This has directly influenced plant breeders’ goals for new
cultivar development studies. Improved phytochemicals
and antioxidant properties in crops have become important
trait in many breeding programs. Although Turkey is not
a germplasm center of pepper, due to consumer demand
and traditional Turkish cuisine, wide ranges of pepper
cultivars are grown in this region where rich genetic
diversity exists. Collection and characterization of plant
genetic resources and assessment of horticultural, genetic,
and phytochemical variations play a fundamental role in
plant breeding programs.

In this study, Turkish and popular pepper genotypes
have been evaluated for their antioxidant properties.
The aim of this study was to determine antioxidant and
phytochemical content of the germplasm for future
breeding targets.

2. Materials and methods

2.1. Plant material and pomological analysis

From the Alata Pepper Breeding Program, 52 superior
genotypes were selected for determination antioxidant and
phenolic diversity of peppers. These superior genotypes

were selected as they were identified as a “core collection”
for the Alata Pepper Breeding Program based on their
phenotypic variation. All genotypes and cultivars in this
breeding program were grown in controlled greenhouse
conditions in the Alata Horticultural Research Institute,
Erdemli, Mersin, Turkey. The characteristics of these
peppersare presented in Tables 1 and 2. Peppers atimmature
and mature stages were hand-harvested and transferred to
the laboratory for physical and phytochemical analysis.

The color was measured at the time of harvest using a
Minolta portable chromameter (Minolta, Model CR-400),
which provided CIE L*, a* and b* values. Peppers were
cut in half and seeds were removed. Three replicates of 10
peppers were then frozen immediately and stored at —-80
°C until analyzed. For extraction, samples were thawed at
room temperature and homogenized in a standard food
blender. Obtained slurries were used to determine total
soluble solid (TSS) contents by refractometer (Pal-1,
Atago). Remaining slurries were used for antioxidant and
phenolic assays.

2.2. Analytical procedures

2.2.1. Determination of total phenolic (TP) content

TP content was measured according to Singleton and
Rossi (1965). Briefly, slurries were extracted with buffer
containing acetone, water, and acetic acid (70:29.5:0.5 v/v)
for 2 h in darkness. Samples were replicated three times
and then extract, Folin-Ciocalteu phenol reagent, and
water were incubated for 8 min followed by adding 7%
sodium carbonate. After 2 h, the absorbance was measured
with an automated UV-Vis spectrophotometer (Model
T60U, PG Instruments) at 750 nm. Gallic acid was used
as a standard. The results were expressed as pg gallic acid
equivalent per g fresh weight (GAE/g fw).

2.2.2. Total antioxidant activity (TAC)
TAC was estimated using two standard procedures, ferric
reducing ability of plasma (FRAP) and Trolox equivalent
antioxidant capacity (TEAC) assays, as suggested by Ozgen
et al. (2006). The results were expressed as pmol Trolox
equivalent per g fresh weight (TE/g fw).

2.2.2.1. FRAP

FRAP was determined according to the method of Benzie
and Strain (1996). The assay was conducted using three
aqueous stock solutions containing 0.1 mol/L acetate
buffer (pH 3.6), 10 mmol/L TPTZ [2,4,6-tris(2-pyridyl)-
1,3,5-triazine] acidified with concentrated hydrochloric
acid, and 20 mmol/L ferric chloride. These solutions were
prepared and stored in the dark under refrigeration. Stock
solutions were combined (10:1:1 v/v/v) to form the FRAP
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reagent just prior to analysis. For each assay a laboratory
duplicate from each replicate, 2.97 mL of FRAP reagent,
and 30 pL of sample extract were mixed. After 30 min, the
absorbance of the reaction mixture was determined at 593
nm on a spectrophotometer.

2.2.2.2. TEAC

For the standard TEAC assay, ABTS (2,2-azino-bis-3-
ethylbenzothiazoline-6-sulfonic acid) was dissolved in
acetate buffer and prepared with potassium persulfate as
described by Ozgen et al. (2006). The mixture was diluted
in an acidic medium of 20 mM sodium acetate buffer (pH
4.5) to an absorbance of 0.700 + 0.01 at 734 nm for longer
stability (Ozgen et al., 2006). For the spectrophotometric
assay, 2.97 mL of the ABTS™ solution and 30 pL of fruit
extract were mixed and incubated for 10 min and the
absorbance was determined at 734 nm.

2.2.3. Chromatographic conditions and ascorbic acid
determination

Pepper slurries (5 g) were diluted with metaphosphoric
acid (2.5%) solution for individual organic acid analysis.
The homogenate was centrifuged at 6000 rpm for 5 min.
Supernatants were filtered through a 0.45-um membrane
filter (Iwaki Glass) before HPLC analysis, and the mobile
phase solvents were degassed before use. The HPLC
analyses were carried out using a PerkinElmer HPLC
system with Totalchrom Navigator 6.2.1 software, a pump,
and a UV detector (PerkinElmer, Series-200) (Waltham,
MA, USA). Separation and determination of organic acids
was modified from Ozgen et al. (2009). The separation
was carried out on an SGE Wakosil C18RS 5-pm column
(250 x 4.6 mm L.D.). Detection was performed at 215 nm.
Optimum efficiency of separation was obtained using
sulfuric acid solution of pH 2.5 (solvent A) and methanol
(solvent B). Other parameters adopted were as follows:
injection volume, 20 pL; column temperature, 30 °C; and
detection wavelength, 215 nm.

2.3. Statistical analysis

Data were analyzed using SAS procedures and software
(SAS Institute, 2006). Means and standard deviations were
obtained using TABULATE. Principal component analysis
(PCA) was performed using the PRINCOMP procedure
and the accessions were plotted on the first three principal
components (PCs) using the G3G procedure.

3. Results and discussion

The TP and TAC and several horticultural attributes of
52 superior genotypes from a diverse genetic background
were determined. The plant material contained genotypes
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from long green pepper, bell pepper, Kahramanmaras,
capia, Hungarian, chinense, Charleston, ornamental,
and tomato-pepper types. Fruit diameter, fruit weight,
and thickness of fruit wall greatly varied among these
genotypes at both immature and mature stages (Tables 1
and 2). Flesh color and immature and mature fruit colors
of these genotypes are presented in Table 3. The averages
of TP, FRAP, TEAC, soluble solids, and vitamin C contents
are also presented for two different maturation stages
in Table 3. The stages had a compound effect on these
variables. For instance, the averages of TP for immature
and mature stages were 1349 vs. 2025 pug GAE/g fw, while
the averages for FRAP and TEAC were 0.43 vs. 1.40 and
0.64 vs. 1.01 pmol TE/g fw. These represent 50%, 164%,
and 195% increases for TP, FRAP, and TEAC respectively.

Similar to our findings, Sun et al. (2007) demonstrated
that antioxidant activity increased with fruit maturation.
Biologically active carotenoids such as P-carotene and
lycopene reach their highest levels in red fruits. Bhandari
et al. (2013) observed continuous increases in vitamin C,
total phenol, vitamin E, total free sugar, beta-carotene,
linolenic acid content, and antioxidant activity during
ripening of pepper fruits at three different ripening stages
of green mature, intermediate breaker, and red ripe stages.
Bae et al. (2014) confirmed these findings with eight
cultivars and three different ripening stages of peppers.

ANOVA was conducted for TP, FRAP, TEAC, soluble
solids, vitamin C content, and color measurements (L, a,
and b) by using both immature and mature measurements
(Table 4). The range for TP was 319-4047 ug GAE /g fw,
while FRAP and TEAC varied between 0.22 and 0.56 yumol
TE/g fw and 0.08 and 1.88 umol TE/g fw. Soluble solids
varied between 3.8% and 12.8%. A greater deal of variation
was found for Vitamin C (5.3-77.8 mg/100 g fw). The L,
a, and b values were greatly varied (32.7 to 64.7, -94 to
18.7, and 16.0 to 48.3 for L, a, and b, respectively) at both
maturation stages.

All these horticulturally important attributes were
found to be significantly correlated with each other (Table
5). TP, FRAP, TEAC, soluble solids, vitamin C content,
and “@” were positively correlated while “L” and “b” were
negatively correlated with these characteristics. Bhandari
et al. (2013) observed similar patterns throughout the
ripening processes whereby positive correlations with
antioxidant activity were observed in vitamin E (r =
0.814), beta-carotene (r = 0.772), vitamin C (r = 0.610),
and total phenol (r = 0.595) contents while capsaicinoids,
total flavonoid, and phytosterols exhibited no or slightly
negative correlations. Bae et al. (2014) indicated a positive
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Table 1. Several horticultural characteristics of 52 superior pepper genotypes from the Alata Pepper Breeding Program.

Mature (2)

Fruit
weight

12
10
11

10

11

10
11
11

13

10

Thickness
of fruit
wall (skin)

Fruit
diameter

Fruit
length

Thickness
of fruit
wall (skin)

Type

12

10

Fruit
color

Immature (1)

Fruit
weight

12
10
11

10

11

10
11
11

13

10

Fruit
diameter

Fruit
length

Thickness
of fruit
wall (skin)

Type

12

11

10

Fruit
color

4
4
4

3

1

Genotype

15
31

32
35
47

74
81

93

107
173
200
202
215
226
261
269
276
302
304
388
390

1029
1676
1719
1721

1738
1763

1779
1780
1788
1839
1842
1866
1882
1883
1885
1886
1888
161

19a

242-b
283a
3a

405a

764-2-1b
765-4-2b
765-4-3b

769-5

769-5-1b
771-8

774-3

774-4-2b
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Table 2. Several characteristics and their classes used to evaluate of 52 superior pepper genotypes from the Alata Pepper Breeding

Program.
Maturity period Fruit color Type Thickness of fruit wall (skin) Fruit length Fruit diameter
1: Green maturity 1: Dark green 1: Long green pepper 1: Thin skin (unripe) 1: Very short 1: Extremely narrow
2: Red maturity 2: Green 2: Charleston 2: Thick skin (unripe) 2: Short 2: Very narrow
3: Light green 3: Kahramanmaras 3: Thin skin (ripe) 3: Medium 3: Narrow
4: Yellow 4: Sanhurfa 4: Thick skin (ripe) 4: Long 4: Medium narrow
5: Orange 5: Bell 5: Medium
6: Purple 6: Ornamental pepper 6: Medium wide
7: Red 7: Hatay 7: Wide
8: Light red 8: Hungarian 8: Very wide
9: Dark red 9: Tomato Pepper 9: Extremely wide
10: Frutenses
11: Chinense
12: Capia

correlation between total phenolics and DPPH radical
scavenging activity in their study that included 8 cultivars
and three different ripening stages.

PCA was conducted using all 17 characteristics
recorded in the study and for two maturation stages
separately. The first three PCs explained 65% and 63% of
the total variation for immature and mature stages (Table
6). For the immature data set, PC1 was highly correlated
with fruit weight, diameter, and thickness of the fruit
wall. Fruit length, color, and fruit measurements (L, a,
and b) were important for PC2 while the most important
characters for PC3 were fruit color and a. The importance
of the characters forming the PCs had some differences
for the mature stage. Although similar characters were
highly correlated with PCI1 for the mature stage as well,
the highest correlations between PC2 and characteristics
were found with FRAP and TEAC. For PC3, the most
important characteristics were maturity period, fruit color,
and thickness of fruit wall. The genotypes and their first
three PCs for immature and mature stages are presented
in Figures 1 and 2. As revealed by the figures, there are
no apparent group formations for either of the maturation
stages.
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In conclusion, these results revealed a great deal of
variation for TP and TAC for the pepper genotypes coming
from diverse genetic backgrounds. TP and TAC and both
TEAC and FRAP increased with fruit maturation. The
results also showed that several horticultural attributes are
highly correlated with these characteristics. The fact that
PCA conducted for all the characteristics used in the study
and constructed separately for immature and mature stages
demonstrated no obvious patterns suggests that individual
pepper cultivars having high total phenolic compounds
and antioxidant activities can be developed in pepper
types. The genetic variability in antioxidant capacity found
in this study constitutes a useful genetic base for improving
the phytonutrient quality of peppers. Our results also shed
light on the selection of parental genotypes to develop new
cultivars with high phytochemical content.
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Table 4. Variation of pomological properties of 52 superior pepper genotypes from the Alata Pepper Breeding Program.

Genotype TP FRAP® TEAC* TSS¢ Vitamin C* L a b

15 1758 0.72 0.26 6.4 27.1 55.6 8.9 36.3
31 1765 1.04 0.70 6.8 30.7 50.2 5.2 39.2
32 1467 0.60 0.43 5.8 23.2 50.0 4.3 37.7
35 1862 0.99 0.54 7.5 7.7 50.4 7.7 40.4
47 2306 0.60 0.54 7.9 17.2 35.1 9.8 18.8
74 2181 0.91 0.74 6.4 43.2 55.9 8.8 34.8
81 1994 1.28 0.95 7.8 279 53.2 6.6 44.0
93 1526 0.75 0.60 6.6 21.5 58.3 10.8 42.2
107 1755 1.22 0.71 7.7 8.0 48.2 7.4 40.0
173 1359 1.07 0.80 7.2 43.5 59.8 11.1 37.2
200 1683 0.94 0.76 6.3 30.3 48.6 6.1 38.2
202 1571 0.70 0.56 6.7 9.0 49.2 6.1 39.6
215 2678 1.38 0.98 12.8 27.1 45.1 6.0 33.1
226 1327 0.72 0.60 4.2 29.8 56.0 9.7 38.1
261 2602 1.28 0.99 7.8 23.0 48.3 4.3 38.3
269 1575 1.04 0.53 5.4 39.1 53.7 7.2 40.0
276 1429 0.83 0.58 6.3 19.6 61.5 7.8 45.8
302 910 0.57 0.52 3.8 22.6 47.8 6.0 34.5
304 1478 0.88 0.69 6.6 32.1 49.4 4.2 37.0
388 2286 1.16 0.96 8.5 7.2 49.6 6.1 37.8
390 2669 1.30 1.09 11.7 10.5 32.7 18.7 16.0
1029 2584 1.24 1.01 11.7 40.1 46.9 4.9 35.8
1676 1269 0.40 0.39 53 219 52.2 3.1 40.5
1719 1340 0.71 0.53 6.8 329 43.1 3.5 30.0
1721 2186 1.23 1.01 9.7 43.7 48.9 3.4 37.1
1738 1988 1.32 0.93 9.1 29.7 43.6 4.7 30.9
1763 1339 0.72 0.55 6.5 35.2 46.5 5.4 35.1
1779 1087 0.48 0.35 5.1 12.4 49.8 5.2 37.8
1780 2092 1.00 0.58 8.9 5.3 47.2 4.8 37.7
1788 1147 0.59 0.41 6.1 20.4 50.6 4.5 39.4
1839 1912 1.25 0.88 8.3 40.9 56.6 9.5 40.9
1842 2038 0.96 0.68 9.9 8.2 51.2 9.8 42.2
1866 1701 1.05 0.88 7.7 23.0 62.5 15.0 40.0
1882 887 1.26 0.90 42 49.4 53.7 -2.3 45.1
1883 1016 2.08 0.49 6.0 65.5 58.1 -9.4 48.3
1885 1060 0.70 0.54 5.7 37.5 37.6 14.7 23.6
1886 1124 0.93 0.59 5.6 49.1 58.6 9.9 35.2
1888 1327 0.65 0.53 5.1 37.4 42.0 3.0 28.3
16_1 2270 1.08 0.54 8.1 33.0 47.0 5.8 34.0
19a 1428 0.54 0.41 6.6 24.0 56.5 7.5 44.0
242-b 1614 0.55 0.40 6.5 19.9 58.5 14.8 43.7
283a 1118 0.55 0.38 4.6 13.1 58.5 8.8 43.1
3a 1301 1.00 0.62 6.9 42.4 41.7 5.5 28.8
405a 1296 0.75 0.62 5.7 31.0 53.8 6.6 33.2
764-2-1b 2085 1.46 0.80 5.0 77.8 64.7 9.0 38.9
765-4-2b 1709 1.26 1.15 6.5 66.8 58.6 7.8 31.7
765-4-3b 1362 0.79 0.63 4.7 32.7 61.5 7.7 32.5
769-5 1208 0.55 0.38 4.7 18.0 49.7 2.5 36.6
769-5-1b 1435 1.14 0.76 6.7 54.2 49.9 2.4 37.7
771-8 2372 1.24 0.98 10.6 29.9 42.1 9.4 30.6
774-3 1853 1.30 0.81 9.0 29.7 41.0 8.7 32.4
774-4-2b 2410 1.48 1.03 8.4 27.9 48.2 10.4 35.5
Mean 1687 0.97 0.68 7.0 29.9 50.8 6.9 36.5
St. dev. 486 0.33 0.22 2.0 15.6 7.0 4.3 6.2

“Total phenolic contents were estimated by the Folin-Ciocalteu assay of Singleton and Rossi (1965). Values are expressed as pg GAE/g fw.
"FRAP values were determined by the method of Benzie and Strain (1996). Values are expressed as pmol TE/g fw.

“TEAC values were determined by the method of Ozgen et al. (2006). Values are expressed as pmol TE/g fw.

4TSS values were determined by digital refractometer and values are expressed as % basis.

¢Vitamin C values were determined by the method of Ozgen et al. (2008). Values are expressed as mg/100 g fw.
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Table 5. Correlation coefficients and significance of several pomological properties used to evaluate 52 superior pepper genotypes from
the Alata Pepper Breeding Program.

Variable FRAP? TEAC® TSS¢ Vit C¢ L a b

TPe 0.64*4 0.74* 0.80% 0.36* -0.52* 0.53% -0.45*
FRAP 0.84* 0.67* 0.71* -0.46* 0.63* -0.25%
TEAC 0.76* 0.71* -0.58* 0.76* -0.42*
TSS 0.41* -0.57* 0.66* -0.45%
Vit C -0.45* 0.70* -0.37*
L -0.69* 0.74*
a -0.60*

“Ferric reducing ability of plasma (FRAP) values were determined by the method of Benzie and Strain (1996). Values are expressed as
pumol TE/g fw.

Trolox equivalent antioxidant capacity (TEAC) values were determined by the method of Ozgen et al. (2006). Values are expressed as
pumol TE/g fw.

“Total soluble solids (T'SS) values were determined by digital refractometer and values are expressed as % basis.

4Vitamin C values were determined by the method of Ozgen et al. (2008). Values are expressed as mg/100 g fw.

“Total phenolic (TP) contents were estimated by the Folin-Ciocalteu assay of Singleton and Rossi (1965). Values are expressed as pig
GAE/g fw.

Table 6. First three principal component (PC) scores of the variables used to evaluate immature and mature pepper genotypes of the
Alata Pepper Breeding Program.

Immature Mature
Variable PC1 PC2 PC3 PC1 PC2 PC3
Maturity period 0.00 0.00 0.00 0.02 0.21 0.48
Fruit color -0.05 0.27 0.51 -0.11 0.23 0.47
Type 0.17 0.23 -0.30 0.19 0.08 0.14
Thickness of fruit wall (skin) 0.31 0.25 0.06 0.30 0.04 0.39
Fruit length 0.01 -0.30 0.41 -0.10 -0.15 0.06
Fruit diameter 0.37 0.19 -0.16 0.38 0.06 0.11
Thickness of fruit wall (skin) 0.37 0.18 -0.02 0.37 -0.08 0.10
Fruit weight 0.39 0.14 -0.05 0.37 0.02 0.15
Maturity 0.00 0.00 0.00 0.00 0.00 0.00
TP? -0.34 0.21 -0.13 -0.24 0.36 -0.04
FRAP® -0.32 0.21 -0.07 0.06 0.48 -0.23
TEAC* -0.33 0.27 0.02 -0.10 0.50 0.02
TSS¢ -0.31 0.22 -0.20 -0.26 0.32 -0.01
Vitamin C 0.11 0.15 -0.18 0.17 0.32 -0.04
L 0.10 -0.26 0.27 0.27 0.11 -0.36
a 0.03 0.36 0.50 -0.36 -0.15 0.07
b 0.00 -0.45 -0.18 0.25 0.13 -0.36
Eigenvalue 4.76 341 1.66 5.13 2.95 2.06
Proportion 0.32 0.22 0.11 0.32 0.18 0.13
*TP: Total phenolic contents. ‘TEAC: Trolox equivalent antioxidant capacity.
PFRAP: Ferric reducing ability of plasma. “TSS: Total soluble solids.
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Figure 1. Plots of immature 52 superior pepper genotypes from the Alata Pepper Breeding Program
on the first three principal components (PCs) that resulted from principal component analysis
conducted for 17 characteristics. The genotypes were grouped based on their fruit color.

Figure 2. Plots of mature 52 superior pepper genotypes from the Alata Pepper Breeding Program
on the first three principal components (PCs) that resulted from principal component analysis
conducted for 17 characteristics. The genotypes were grouped based on their fruit color.
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