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ARTICLE INFO ABSTRACT

Keywords: Drying conditions such as temperature and duration leads to pepper modifications that can results into quality
CaPSicw“_f'w““”S degradation. In this study matured red fresh Capsicum frutescens var. Baccatum (FB) and Capsicum frutescens var
Icﬁ)r]f’ctenmds longum (FL) were dried using sun drying (SFB and SFL) and hot air cabinet drying (CFB and CFL) methods. Effects

of drying was investigated on moisture content, water activity, carotenoid (capsorubin, violaxanthin, capsanthin,
antheraxanthin and zeaxanthin) and colour characteristic (extractable, surface colour, non-enzymic browning
index [NEBI]). Cabinet drying significantly (P < 0.05) reduced the moisture content and water activity to 7.7%
and 0.41 in CFB and 7.5% and 0.42 in CFL compared to 8.5% and 0.45 in SFB and SFL by sun drying. Capsorubin
was the most abundant carotenoid in both species (51 and 29%) and capsanthin (43 and 25%) in FB and FL.
Extractable colour loss in FB was 31 and 26% due to sun and cabinet drying, while FL recorded 42 and 24%. The
chromatic coordinates (a*, b x and L*) in the fresh C. frutescens var baccatum and C. frutescens var longum were
significantly affected by the drying methods with values ranging from 23 to 28, 20-24 and 3641 in the dried
peppers. The highest NEBI values of 113 and 123 were recorded for the C. frutescens var baccatum while the
lowest colour difference was recorded in C. frutescens var longum. Cabinet drying method provided higher NEBI
with CFB having the highest values indicating that cabinet drying may be considered a better drying alternative

Extractable colour
Surface colour
Browning index

for dehydration of red pepper due to better colour retention of the dried products.

1. Introduction

Colour an important parameter in food quality is associated with the
presence of pigments in tissues. Carotenoid is an important pigment that
provides red colour to many food products. However, thermal process-
ing such as drying used to preserve some foods usually result into
reduction in their carotenoid concentration, thus causing colour
changes. Red colour of pepper derived from the capsanthin and cap-
sorubin components exclusively synthesized during fruit ripening in
capsicum are important bioactive substances [1]. Red pepper colour is
primarily caused by the xanthophylls capsanthin and capsorubin which
make up the largest pigment percentage and have many times the
tinctorial strength of red components. The pigment content increases as
the fruit ripens and this continues for a period after reaching full
maturity. The transition in colour of the fruit from green to red usually
takes a few days, during which the colour is brownish due to the
co-occurrence of chlorophyll and the red pigments [2]. The amount of
pigment in the tissues depends upon factors such as species, variety,
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maturity and growing conditions [3]. Carotenoids are increasingly
drawing the attention of researchers as a major natural food colour due
to their inherent nutritional characteristics and the implied possible role
in prevention and protection against degenerative diseases [1,4]. Cap-
santhin, the major carotenoid in ripe fruits, contributes up to 60% of the
total carotenoids. However, excessive heating during thermal processing
produces considerable losses in the quality and particularly in the
organoleptic properties of foods. Hence, red cultivars of Capsicum have
been the focus of a number of studies over many years on the compo-
sition of carotenoid pigments [4]. Pepper Capsicum frutescens is a valu-
able crop that is grown for cash by farmers all over the world [5].
Nigeria is known to be one of the major producers of pepper in the world
accounting for about 50% of the African production [6,7]. Nigeria has
good soils and weather that can readily support the growth and pro-
duction of pepper. Pepper grown in Nigeria is in high demand because of
its pungency and good flavour. It can readily be dried, ground and
packaged for export. Exportation of pepper in Nigeria has once been
reported to be a lucrative business [6,8]. Drying is a primary and
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suitable preservation technique of pepper to minimize mould develop-
ment before storage. Moulds are the main cause of quality deterioration
of chili peppers [9]. Therefore, the aim of the study is to investigate the
effect of drying methods on the pigments and colour characteristic of
two varieties from the species Capsicum frutescens varieties baccatum
locally known as ‘bawa’ and longum also known as ‘shombo’ in Nigeria.

2. Materials and methods
2.1. Materials

Matured pods of Capsicum frutescens var baccatum and Capsicum
frutescens var. Longum were harvested from farm locations in Ogbomoso,
Ibadan, Eruwa in Oyo state and Abeokuta, Ota and Alapoti in Ogun state
South western Nigeria. The variety obtained from each location were
mixed together and initially stored under refrigerated condition (4 °C)
for two days. Ten kilograms was removed from each cultivar of the two
species and subjected to sun and hot air cabinet drying. All reagents and
solvents used were of analytical grade.

2.2. Dried pepper preparation

Fresh pepper (C. frutescens) was washed and the stalk removed. The
pod was blanched using hot water at 90 °C for 3 min [10,11] cooled in
cold water and drained on a perforated tray before drying. The pepper
was subjected hot air cabinet and sun drying. Sun drying was carried out
by spreading blanched pepper on a tray in a single layer and exposed to
sunlight ranging between 33.6 and 37.5 °C and an average humidity
varying from 45 to 68% until constant weights was obtained [12]. This
drying process was carried out between the hours of 9.00am to 6.00pm
daily for a period of seven days in the month of November 2020. Cabinet
drying was carried out by placing the blanched pepper on perforated
tray in a forced draft oven (Serwell Instruments Inc., Bangalore, India)
which has an area of approximately 0.2 m2. A temperature of 60 °C was
used throughout the drying period which lasted for about 24 h [12].

2.3. Moisture

Moisture content of the fresh, sun and cabinet dried pepper were
determined using AOAC [13] method which entails drying at 60 °Cin a
hot air oven until insignificant consecutive weight changes.

2.4. Water activity (Ay)

Water activities of the samples were measured using Official
Methods of Analysis of the AOAC [13]. at 25 °C with a water activity
meter (Aqua Lab Series 3 TE, Pullman, WA, USA).

2.5. Determination of carotenoid profile

Fresh and dried pepper samples were homogenized, weighed and
subjected to carotenoid extraction as described by Minguez-Mosquera
and Hornero-Mendez [14]. After saponification, the organic layer of the
extract was vacuum-dried. HPLC quantification of carotenoid was car-
ried out with Rayleigh-LC100 system equipped with Surveyor Auto
Sampler Plus, Surveyor LC Plus quaternary pump and a surveyor
photodiode array (PDA) detector. The chromatographic conditions
were: Betasil C18 column (particle size 3 pm, and dimension 250 mm X
4.6 x 0.5), 25 °C column temperature, 9.24 mg/mL sample quantity,
460 nm UV detection wavelength. The mobile phase was a mixture of
acetonitrile and water (75:25 v/v) and a flow rate of 1.5 mL/min. A 20
pL aliquot was used for each HPLC injection. Capsanthin, capsorubin
and violaxanthin were determined by comparison with external stan-
dards from Sigma-Aldrich (St Louis, Missouri, USA). Carotenoid identi-
fication was based on retention time measured under identical HPLC
conditions, while quantitative determination in the pepper samples was
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achieved using the peak areas.
2.6. Capsanthin/capsorubin ratio

This was determined by dividing the amount of capsanthin by the
amount of capsorubin in the pepper samples as described by Kim et al.
[15] and Hornero-Méndez D and Minguez-Mosquera [16].

2.7. Extractable colour

The ASTA colour value of pepper sample was determined according
to Korkmaz et al. [17] method with slight modification. The amount of
0.1 g samples was extracted with 20 mL acetone for 3 h by using a water
bath (axially shaken at 140 rpm) maintained at 25 °C. Then the extract
was diluted 1/5 with acetone. The absorbance of the diluted extract was
measured against acetone at 460 nm by spectrophotometer (Shimadzu
UV160 U). The extractable colour of the samples was expressed in ASTA
units Equation (1)

ASTA=A X164 x I x W™, 1)

A is absorbance of the extract, If is the deviation factor of the spec-
trophotometer, which was calculated by dividing the theoretical
absorbance (A; = 0.600) by the real absorbance (A;) of standard colour
solution (0.001 M K5Cry07 and 0.09 M (NH4)2Co (SO4)2-6H20 in 1.8 M
H,S04) at 460 nm, and W is the sample weight (g) on dry basis. The
colour loss value (%) was calculated according to equation (2):

Colour loss :w x 100 )

vO

where, Cy, is the ASTA colour value of fresh pepper and Cy; ;s the ASTA
colour value of dried pepper.

2.8. Colour measurement

Colour measurements of the fresh, sun and cabinet dried pepper
slices were carried out as described by Azab et al. [18] using a
Hunter-Lab Colorimeter (Miniscan® XE Plus 4500 L) with some modi-
fication. The instrument (45°/0° geometry, D 65 optical sensor, 10°
observer) was calibrated with black and white reference tiles through
the tri-stimulus values X, Y, Z, taking as standard values those of the
white background (X = 79.01; Y = 83.96; Z = 86.76) tile. The colour
values were expressed as L, a, and b. A glass cell containing the fresh, sun
and cabinet dried samples was placed above the light source and
post-processing. L, a, b values were recorded. Colour measurements
were taken in triplicate and average values were taken for further
calculation. In addition, the total colour change (AE) (Equation (3)),
chroma (Equation (4)), hue angle (Equation (5)), and Browning index
(Egs. (6) and (7)) were calculated using measured L*, a x and b x values
to determine the colour changes induced by the drying methods as
compared with fresh samples:

AE:\/(Lo — L)’ + (a0 — @) + (b — b,)’ 3)

where Ly, ag, by are the initial colour measurements of raw pepper
samples and L, a, b; are the colour measurements at a specified time.

Chroma = (a; + bf)o‘s @)
Hue = tan™" <ll> . (5)
A

. [(100 (x — 0.31)]

B I =
rowning Index 017 (6)

1.75L

x: (a + 0) @

(5.645L, +a — 3.012b,) "
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2.9. Statistical analysis

Data analyses was done using statistical package for social sciences
software (SPSS, IBM, version 26). Triplicate data were analysed using
one-way analysis of variance (ANOVA) and differences within the means
were analysed using Duncan multiple comparison test at a confidence
level of 95% (p < 0.05).

3. Results and discussions
3.1. Moisture content (mc) and water activity (Ay)

The Mc and corresponding A, values for fresh Capsicum frutescens
var. Baccatum (FB) was 89.62%, 0.9913 and for Capsicum frutescens var.
Longum (FL) 88.88%, 0.9253 respectively (Table 1). There were signif-
icant differences (P < 0.05) among the varieties with FB having higher
values for both parameters compared to FL. The high moisture content
and Ay, observed in the fresh peppers could be attributed to the high-
water content associated with fresh fruits and vegetables. Cabinet dry-
ing significantly (P < 0.05) reduced the moisture content and water
activity to 7.7% and 0.4163 in CFB and 7.57% and 0.4163 in CFL
compared to 8.5% and 0.4446 in SFB and SFL by sun drying. The results
obtained are in line with Giuffrida et al. [14] who reported similar
values for different varieties of Capsicum sp. The relationship between
water activity and moisture content seems to be identical for both va-
rieties of pepper. Carotenoid loss in red pepper is affected by water ac-
tivity, package atmosphere, storage temperature, and treatment of
pepper [19,20]. The lower the water activity of pepper the longer will be
the shelf life due to less availability of free water for biochemical dete-
rioration, maximal stability for carotenoid oxidation is found at Ay, o 0.3
[21,22]. The degradation of dried pepper caused by the biochemical
reactions and micro-organisms can be arrested at a lower water activity
of less than 0.6 [23]. This implied that the A,, of all sun and cabinet dried
peppers were in the range (0.4 and 0.5) which will not facilitate dete-
riorative changes that may affect the pepper quality if properly stored.

3.2. Effect of drying methods on carotenoid

Five main carotenoids identified in the fresh and dried peppers were
capsanthin, capsorubin, violaxanthin, antheraxanthin and zeaxanthin.
Capsorubin concentration was 51 and 29% and capsanthin 43 and 25%
of the total carotenoids in fresh (FB, FL) pepper samples. Zeaxanthin was
not detected in FB but higher value of violaxanthin was recorded in FL
(Table 2). Hassan et al. [24] reported similar values in selected collec-
tions of sweet and hot pepper from C. annuum species. It is known that
the concentration of carotenoid in fresh pepper varies according to light
intensity, temperature, fruit maturity, location where the plant is grown

and genotype. Capsorubin, violaxanthin and capsanthin were
Table 1
Moisture content and A, of pepper samples.
TREATMENT MOISTURE (%) Aw
FRESH FB 89.62 + 0.016* 0.9913 + 0.0003*
FL 88.88 + 0.0157 0.9253 + 0.0017°
SUNDRIED SFB 8.50 + 0.028" 0.446 + 0.0035"
SFL 8.54 = 0.066" 0.4490 + 0.003"
CABINET DRIED CFB 7.70 + 0.054° 0.4163 + 0.004°
CFL 7.57 £ 0.044¢ 0.4163 + 0.0027¢

Values are means + standard deviation of three replicate samples. Mean values
with different superscripts in the same treatment are significantly different (P <
0.05). FB is Fresh Capsicum frutescens var. Baccatum, FL is Fresh Capsicum fru-
tescens var. Longum, SFB is sun-dried Capsicum frutescens var. Baccatum. SFL is
sun dried Capsicum frutescens var. Longum, CFB is cabinet dried pepper Capsicum
frutescens var. Baccatum and CFL is cabinet dried Capsicum frutescens var.

Longum.
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significantly different (P < 0.05) in the sundried (SFL, SFB) samples with
5.6, 3.2 and 7 mg/100 g in SFB while 7.4, 5.3 and 10 mg/100 g was
recorded in SFL. Capsorubin loss of 55.3 and 41% was higher in SFB and
SFL compared to 10.4 and 9% capsanthin. This is in agreement with the
findings of Ayuso et al. [25]. Increase in antheraxanthin concentration
in SFB was observed contrary to other carotenoids lost with the drying
methods. Zeaxanthin and antheraxanthin were not detected in sundried
(SFB, SFL) pepper samples (Table 2). C. frutescens var longum with higher
total carotenoid concentration had significantly (P < 0.05) higher losses
compared to C. frutescens var. Baccatum with increase in antheraxanthin
concentration. CFB had 1.6, 5.2 and 2.3 mg/100 g capsorubin, cap-
santhin and antheraxanthin compared to 1.1, 8.3, 1.1 and 4.0 mg/100 g
in CFL. This result was due to the duration of exposure, temperature and
sunlight. There are few reports on the effect of solar drying on cap-
santhin, but about 79.5% losses may occur in the drying of ground
pepper during a longer exposure to sun drying temperature [26]. A
fading colour appears upon prolonged exposure to temperature and
light, due to isomerization reactions shifting from trans to cis configu-
rations [27,28]. Capsorubin losses due to cabinet drying was 87 and
91% in CFB and CFL while 52 and 24% was recorded for capsanthin. The
relatively low concentration of violaxanthin in the dried peppers may be
attributed to the transformation to capsorubin. Li et al. [29] reported
that violaxanthin can theoretically be transformed into capsorubin by
progressive oxygenation. Shirkole et al. [30], reported that the colour
degradation of paprika follows a first order kinetics with higher rates at
enhanced temperature and water activity during storage. Topuz and
Feng [31] also reported that 10 months storage at ambient temperature
may results in 42.1% loss in capsanthin in Capsicum species.

3.2.1. Effect of drying on capsanthin to capsorubin (caps: caps) ratio in
pepper samples

The carotenoid profile of the Capsicum frutescens samples was
affected by drying consequently affecting the capsanthin to capsorubin
(caps: caps) ratio. The result (Fig. 1) showed the caps: caps ratio of 0.88
and 0.86 in fresh (FB, FL) pepper samples. The ratio in the sundried
(SFB,SFL) samples was 1.2 and 1.4 respectively. The more stable cap-
santhin was responsible for the higher concentration of the capsanthin
which accounted for the higher ratio after drying. The ratio of 1.8 and
7.7 in cabinet dried (CFB,CFL) pepper samples showed that the cap-
santhin was stable with cabinet drying. Carotenoid esters, particularly
monoesters in pepper (C. frutescens) and diesters in paprika (C. annuum)
showed higher process stability than the non-esterified pigments [32].
However, the susceptibility of the mono- and diesters such as cap-
santhin, zeaxanthin, capsorubin and f-cryptoxanthin established com-
parable processing stability as stability of the esterified pigments seemed
to be related to their more lipophilic nature which protects the carot-
enoids from thermal degradation [17,33,34]. The caps-to-caps ratio of
1.8 and 7.7 in cabinet dried (CFB, CFL) showed that the capsanthin in
the C. frutescens var longum belongs to the esterified group hence the
thermal stability. As reported, carotenoids esterified with lauric, myr-
istic and palmitic acids exhibited a lower susceptibility to degradation
than their non-esterified forms because esterified pigments with their
content of saturated fatty acids are more stable, being less prone to
photo- and thermo-oxidative degradation [35]. Available literature on
processing and storage stability of carotenoid esters are scarce and
sometimes contradictory. The results of this study confirmed a lower
susceptibility of capsanthin to thermal degradation during drying.

3.3. Effect of drying on the extractable colour of pepper samples

The drying methods brought about changes in the extractable colour
and colour loss of the peppers as shown in Fig. 2a and b. Surface colour
does not necessarily depend on the total amounts of pigments as colour
in pepper samples is also evaluated using extractable colour expressed in
ASTA units. Extractable colour is the official method used by the
American Spice Trade Association ASTA [36,37]. The ASTA colour
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Table 2
Effect of drying on carotenoids profile in pepper samples.
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Samples  Capsorubin (mg/100 Violaxanthin (mg/100 Capsanthin (mg/100 Antheraxanthin (mg/100 Zeaxanthin (mg/100 Total Carotenoid (mg/100
g) g) g) g) 8) )

FB 12.5%+0.16 4.3"°+£0.56 11.0%+0.08 2.1°+0.76 ND 25.6°40.32

FL 12.5%+0.96 12.5%+0.70 10.8%+0.06 2.7° +0.02 4.7°40.16 43.1%+0.20

SFB 5.6°+0.14 3.2°40.04 7.09 + 0.02 14°+0.64 ND 29.5° + 0.10

SFL 7.4° + 0.46 5.3" + 0.22 10° + 0.32 ND 3.2°40.06 25.7°+£0.00

CFB 164+ 0.2 ND 5.2°40.24 2.3%+0.34 ND 9.1°+0.26

CFL 1.19+0.16 ND 8.3°+0.06 1.1+ 0.16 4°+0.24 14.3% + 0.50

Values are means =+ standard deviation of three replicate samples. Mean values with different superscripts in the same treatment are significantly different (P < 0.05).
FB is Fresh Capsicum frutescens var. Baccatum, FL is Fresh Capsicum frutescens var. Longum, SFB is sun-dried Capsicum frutescens var. Baccatum. SFL is sun dried Capsicum
frutescens var. Longum, CFB is cabinet dried pepper Capsicum frutescens var. Baccatum and CFL is cabinet dried Capsicum frutescens var. Longum and ND is not detected.

Cap:Cap ratio

[eateetety|
S

PR
SFL

:

SFB

Ea%%b,\“iﬂ
FL

1
o e

FB CFB CFL

Samples

Fig. 1. Capsanthin to Capsorubin (Cap: Cap) ratio of dry-treated peppers
Values are means + standard deviation of three replicate samples. FB is Fresh
Capsicum frutescens var. Baccatum, FL is Fresh Capsicum frutescens var. Longum,
SFB is sun-dried Capsicum frutescens var. Baccatum. SFL is sun dried Capsicum
frutescens var. Longum, CFB is cabinet dried pepper Capsicum frutescens var.
Baccatum and CFL is cabinet dried Capsicum frutescens var. Longum.

values in fresh (FB, FL) samples was 380.48 and 350.22 respectively.
These values significantly differ (P < 0.05) with the drying methods as
FB recorded 32 and 26% losses due to sun and cabinet drying, while FL
recorded 42 and 24%. There was higher loss in C. frutescens var longum
variety compared to C. frutescens var. Baccatum. The ASTA value of red
pepper is affected by the quality of raw fruit, drying condition, number
of seed, packaging, storage temperature and area of cultivation. Cabinet
drying method indicated better colour retention based on ASTA values
in both varieties, however CFB had significantly (P < 0.05) higher ASTA
values compared to the other dried samples. Findings from this research
showed that cabinet drying provided greater colour retention than sun
drying. ASTA colour values of Korean red pepper powders have been
shown to reduce by 50% after 42 days of exposure to sunlight [38,39]
The difference obtained with this work is probably due to variety,
different climatic conditions, harvesting and drying method: In this

study, the cabinet drying temperature was set at 60 °C consequently the
difference observed between samples can be ascribed to the cultivar.
Major colour change in red pepper during drying was also due to the
increase in the content of brown pigments associated with Malliard re-
actions which proceeds at a much higher temperature (60 °C) in the
cabinet dryer compared to the sun drying temperature [40]. Brown
pigments in dried red peppers is due to their content of reducing sugars
and amino acids [39,41]. Red pepper contains appreciable amounts of
reducing sugars and amino acids which Korkmaz et al. [17] reported is
responsible for the susceptibility of dried pepper to Maillard reaction.
According to Addala et al. [42] there is a significant colour loss in stored
pepper products at elevated conditions and a good correlation between
moisture, water activity and ASTA have been established.

3.4. Effect of drying on colour characteristic of pepper

3.4.1. Chromatic coordinates (redness, yellowness and lightness)
Chromatic coordinates redness (a*), yellowness (b*) and lightness
(L*) of fresh red pepper were affected by the drying methods (Fig. 3a—c).
FB exhibited significantly (P < 0.05) higher colour retention irrespective
of the drying methods compared to the FL. This may be due to degra-
dation of pigments and formation of brown colour that may be caused by
the drying temperature. Surface colour of red pepper is related to
carotenoid content, particularly capsanthin which is the main red
pigment [43]. The cabinet dried samples (CFB, CFL) had redness (a*)
values of 28.28 and 25.64, yellowness (b*) 22.47 and 36.65 and light-
ness (L*) 38.28 and 36.65. In this study, the loss in redness which was
significantly higher in FL was due to alterations in carotenoid profile. L*
value reduced with sun and cabinet drying methods with C. frutescens
var baccatum having a higher value as shown in Fig. 3c. Since L* is a
measure of the colour in the light-dark axis, this reduction indicated that
the samples became darker with drying. It has been observed that the
variation in the brightness of heat-treated samples can be taken as an
indication of browning reaction [44]. Pigment oxidation and decom-
position may also be associated with higher exposure to oxygen as well

~450 50 Fig. 2. Extractable colour (a) and colour loss (b) of
;C 4000 4 45h a dried pepper samples
a 400 Mean values are represented with each bar and
< 350 - \’2 standard deviations are represented with error bars.
5300 b b =35¢ a Different superscripts above bars in the same treat-
o 250 ¢ % 30+ b ment are significantly different (P < 0.05). FB is Fresh
8 I e b Capsi tescens var. Baccatum, FL is Fresh
S c 25+ apsicum  fru . R
©200F 2 201 Capsicum frutescens var. Longum, SFB is sun-dried
2 150 ) Capsicum frutescens var. Baccatum. SFL is sun dried
° ol5p Capsicum frutescens var. Longum, CFB is cabinet dried
£ 100+
= 10+ pepper Capsicum frutescens var. Baccatum and CFL is
LE 50+ St cabinet dried Capsicum frutescens var. Longum. (For
0 0 interpretation of the references to colour in this figure
& Q& ) < < egend, the reader is referred to the Web version o
& L & & & S & L legend, the reader is referred to the Web version of
this article.)
(2 (b)
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Fig. 3. Colour characterisation of dried pepper
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ééb %Q,’\/ 63) Cfg\/
(b)

)
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Mean values are represented with each bar and standard deviations are represented with error bars. Different superscripts above bars in the same treatment are
significantly different (P < 0.05). FB is Fresh Capsicum frutescens var. Baccatum, FL is Fresh Capsicum frutescens var. Longum, SFB is sun-dried Capsicum frutescens var.
Baccatum. SFL is sun dried Capsicum frutescens var. Longum, CFB is cabinet dried pepper Capsicum frutescens var. Baccatum and CFL is cabinet dried Capsicum frutescens
var. Longum. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)

as longer period of vaporization from the pepper surface. Generally,
carotenoids decomposed easily via oxidation and isomerization re-
actions, especially when exposed to high oxygen, temperature, and light
[24]. These changes are higher in products having high moisture content
[45].

3.4.2. Hue value

The hue value is considered to be one of the most sensitive measures
of colour change, which must be taken into account during thermal
processing of capsicum for getting a quality product. The hue (H) values
for fresh (FB, FL) pepper sample are 32.36 and 36.77°. The H values for
the sundried C. frutescens var baccatum (37.47°) and C. frutescens var

Chroma
e L L P Y R FY )
O WO WO Wn

o W

ey LK L

(a)

Fig. 4. Effect of drying methods on (a) Hue and (b)
Chroma values

Mean values are represented with each bar and
standard deviations are represented with error bars.
Different superscripts above bars in the same treat-
ment are significantly different (P < 0.05). FB is Fresh
Capsicum frutescens var. Baccatum, FL is Fresh
Capsicum frutescens var. Longum, SFB is sun-dried
Capsicum frutescens var. Baccatum. SFL is sun dried
Capsicum frutescens var. Longum, CFB is cabinet dried
pepper Capsicum frutescens var. Baccatum and CFL is
cabinet dried Capsicum frutescens var. Longum.
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longum (38.38°) was lower compared to cabinet dried C. frutescens var
baccatum (38.88°) and C. frutescens var longum (38.40°) as shown in
Fig. 4a. The hue value was higher in the C. frutescens var longum than the
C, frutescens var baccatum indicating a higher loss in redness due to
drying in the cultivar. This trend is comparable to the findings of Swain
et al. [46] in colour degradation of yellow sweet pepper (Capsicum
annuum.) undergoing microwave assisted convective drying. A hue
angle of 0° is red and 90° yellow; therefore, the closer the value to 90°,
the more orange a powder will appear [47].

3.4.3. Chroma value

The chroma values for SFB and CFB were 33.33 and 36.12, while SFL
and CFL had 29.70 and 32.93, respectively (Fig. 4b). The chroma value
expresses the vividness and dullness of fruits and vegetables. A low
chroma value indicates a dull colour, while an increase in this value
indicates a vivid colour. The higher values in the cultivar baccatum
indicated a greater colour saturation and stability compared to the
longum [43]. Chroma values represents colour saturation of the samples,
with high values representing vivid colour and is proportional to the
strength of the colour. Other investigators have reported similar obser-
vations [48].

3.4.4. Total colour difference

Total colour difference (AE) which is the degree of colour variation
between two samples represents the overall surface colour change and it
is a function of the chromatic coordinates. The values for cabinet dried
(CFB, CFL) pepper samples were significantly lower than the sundried
(SFB, SFL) as shown in Fig. 5a, these lower values implied a better colour
retention. The surface colour of cabinet dried pepper was closer to fresh
(FB, FL) samples. The degree of colour difference between two samples
based on total colour change can be interpreted in the following way: AE
in the range of 0-0.5 indicates an imperceptible difference in colour,
0.5-1.5 aslight difference, 1.5-3.0 a just noticeable difference, 3.0-6.0 a
marked difference, 6.0-12.0 an extremely marked difference, and above
12.0 a colour of a different shade [49,50]. In this work there are visible
differences in colour for all dried samples compared to the fresh pepper
samples and more pronounced with sun drying method. Previous re-
searchers reported that high moisture levels (>80%) of fresh red pepper
fruits allow the fruits to have longer metabolic activity during sun drying
at mild temperatures and therefore yield dried products with equal or
more carotenoid content than the fresh pepper [51,52]. The sun drying
method used in this research significantly altered the surface colour of
the final products as the prolonged time of drying led to higher AE
values, indicating that cabinet drying may be considered a better drying
alternative for dehydration of red pepper due to better colour retention.
This result was consistent with a previous findings that temperature and
duration of drying were important factors for colour degradation during
drying [53]. Furthermore, browning reaction (BI) and carotenoid
changes were considered as the main causes of surface colour changes,
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since the trends of BI and extractable colour were consistent with the AE
value changes [54]. Reason for this may be that some other components
apart from browning substances and carotenoids, such as vitamins,
carbohydrates and amino acids in the material, affect the final product
colour [54].

3.4.5. Browning index

Another important factor that is related to the colour of dried pepper
is browning reactions, a reaction that occurs in products containing
groups of sugars and amino acids [55,56]. The cultivars and drying
methods had significant effect on the browning index values (Fig. 5b).
The cabinet drying method provided higher BI with CFB having the
highest values. This indicated that the fresh Capsicum frutescens var.
Baccatum was more vulnerable to colour change through non enzymatic
browning than the fresh Capsicum frutescens var. Longum with lower BI
values. However, the BI index for the sundried (SFB, SFL) samples were
not significantly different. According to Kaur and Kaur [57], for mini-
mum browning, the peppers should be stored at water activities below
0.3 and in the form of whole pods or coarse powder with seeds.

4. Conclusions

The influence of drying methods has been qualitatively and quanti-
tatively demonstrated on the pigment and colour characteristic of
C. frutescens var baccatum and C. frutescens var. Longum. The water ac-
tivity of the sun and cabinet dried pepper samples are in the range that
will not facilitate deteriorative changes that may affect the pepper
quality if properly stored. Five main carotenoids identified in the fresh
and dried peppers were capsanthin, capsorubin, violaxanthin, anther-
axanthin and zeaxanthin. Capsorubin was the predominant in both
pepper cultivars accounting for a higher percentage however capsanthin
was relatively more stable under the drying conditions. Major colour
change in red pepper during drying was also due to the increase in the
content of brown pigments associated with Malliard reactions which
proceeds at higher temperature of the cabinet dryer compared to the sun
drying temperature. Chromatic coordinates redness a*, yellowness b x
and lightness L* of fresh red pepper were affected by the drying
methods. The sun drying method used in this research altered the sur-
face colour of the final products as the prolonged time of drying led to
higher AE values indicating that cabinet drying may be considered a
better drying alternative for dehydration of red pepper due to better
colour retention.
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