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ABSTRACT

Peppers are important sources of digestible carbohydrates, minerals and vitamins. These crops are
highly perishable and high postharvest losses often result if handled poorly or stored in unfavorable
conditions. This study is to assess how the period of storage actually affects the properties of the
fresh pepper and to obtain the optimum period that they can be stored without losing their essential
properties. An alternative non-refrigerated storage that can potentially maintain quality longer is the
use of evaporative coolers. In this study, the effects of evaporative cooling system lower
temperature (28.31+3.85°C, 83.84+9.33% RH) on the proximate analysis of pepper species
(Capsicum annuum, Capsicum genus and Capsicum chinense) were evaluated. The evaporative
cooler was stored under ambient condition (33.21+£1.67°C, 68+3.78% RH). This experiment was
carried out in Makurdi, Benue State Nigeria between November and December. The samples of
three species of pepper used for this study were washed with distilled water and treated with
200ppm hydrochloride, allowed to drained and stored in basket wrapped with polythene and foam
(evaporative cooler) for 21 days, during which tests carried out to quantify some nutritional
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parameters of moisture, ash, protein, lipid, carbohydrate and crude fiber contents were assessed,
7days interval. The sack wall of evaporative cooler was constantly wet with water. The study
revealed that, there were continuous decrease in the quality parameters as the days increasing,
such as moisture content dropped from 6.55 to 3.70 for Capsicum annuum, 5.58 103.60 for
Capsicum genus and 5.54 to 3.56 for Capsicum chinense. Ash content dropped from 4.38 to 2.40,
4.00 to 2.70 and 4.13 to 2.60 respectively. Carbohydrate content dropped from 63.22 to 43.98,
61.15 to 41.30 and 60.00 to 43.22 respectively. Protein content dropped from 11.33 to 8.30, 11.26 to
8.10 and 11.29 to 8.90 for respectively. Crude fiber content dropped from 2.10 t01.40, 2.08 t01.29
and 2.24 to 1.70 respectively. These findings we observed that, the three species of pepper
contains large amount of nutrients; however, it was also suggested that fresh peppers should not
exceed 14 days in storage, in other not to lose substantial part of the nutrients.

Keywords: Evaporative cooler; pepper; storage; proximate analysis.

1. INTRODUCTION

Fruits and vegetables constitute an important
part of a healthy diet. They are an essential part
of the agricultural produce, but their production
volumes cannot be compared to that of grains
[1]. They are sources of digestible food. Peppers
contain carbohydrates, vitamins and minerals,
they are mostly used for stew and soup
ingredient in Nigeria [1]. Pepper is among the
vegetables grown in Nigeria, at least five types of
pepper grown in Nigeria [2]. Pepper species can
be classified as sweet, mild or hot according to
the amount of capsaicin present [3,4]. They
contain antioxidant properties which are good
source of vitamins A, C and phenol compounds
[6,6]. They are recently the object of much
attention due to possible links to prevent a
certain type of cardiovascular diseases,
atherosclerosis, hemorrhage, delaying of the
ageing process, avoiding cholesterol, improving
physical resistance and increasing appetite [7].

The quality and shelf-life of pepper depends on
some biochemical reactions that take place after
harvest. [1]. The main factors for the quality
degradation of pepper during storage include
poor external appearance, decay development,
shriveling which is cause by water loss and its
high sensitivity to chilling injury [8]. The most
effective way of maintaining the quality and
prolonging shelf life of fresh vegetables and fruits
during storage period is  temperature
management. [9]. However, the high cost
implication involve in using refrigeration and
power source cannot be afford by most peasant
farmers, retailers and wholesalers in developing
countries [5,10]. They can only afford low cost
method of cooling their perishable produce in
storage [1]. There is need to understand the
interactions among the many operations
necessary for delivering pepper to consumers so

as to be able to predict their impacts on produce
quality [11]. Storage of pepper at ambient
conditions is commonly practiced in Nigeria but
their potential in maintaining produce quality is
not well understood. Determining the best
packaging material and storage temperature for
pepper may assist the growers, dealers and
consumers in maintaining the quality of the
pepper Amaijal et al. [12] reported result on effect
of packaging material and different storage
regimes on shelf life and biochemical
composition of green hot pepper fruit. During the
period of storage one of the major problems is
what takes place in the nutritional quality
parameters of the fresh pepper produce. [1].
Evaporative cooler is mostly used by rural and
peasant farmers as postharvest treatment. It is a
physical process wherein evaporation of a liquid
cools an object in contact with it [5]. The
evaporative cooler works on the principle of
cooling resulting from the evaporation of water
from the surface of the structures. The cooling
obtained from this method also results in the high
relative humidity of the air in the chamber from
which the evaporation takes place relative to the
ambient air [1]. To preserve vegetables,
controlled storage conditions are essential [1]. It
is cheaper than refrigeration cooling. Bautista et
al. [13] explained that the heat that respired from
the produce evaporates the water applied to its
immediate environments. During windy period or
when air movement is greater, the evaporation is
faster compared to its surrounding and a lower
temperature and a higher relative humidity is
maintain in the storage chamber [5,14]. Studies
have shown the efficiency of evaporative coolers
as a good postharvest treatment for fresh crops.
Awole et al. [15] conducted a study on the yield
and two storage conditions (ambient and
evaporative cooling) for hot peppers harvested
mature green. After 16 days of storage, most
pepper fruit stored at ambient condition were




unmarketable. The objective of this study is to
assess the optimum storage period of fresh
pepper without losing their essential properties

(1]
2. MATERIALS AND METHODS

The samples of fresh peppers were obtained
from  University of Agriculture  Makurdi,
Experimental farm very early in the morning; the
harvesting was done properly to avoid the rough
handling. Forty fruits per sample uniformly-sized
and unblemished-free peppers were sorted,
washed in distilled water, and then surface-
sterilized was done by dipping pepper in 200
ppm sodium hypochlorite for 5 min [5]. They
were allowed to drain then stored in a basket
wrapped with polythene and foam (evaporative
cooler) (28.31£3.85°C, 83.84+9.33% RH). This
experiment was carried out in Markurdi, Benue
State Nigeria between November and December
2017. The sack wall of evaporative coolers was
constantly wet with water. To get the initial
nutritional qualities, some samples were
immediately before storage assessed. The
samples of the peppers parameter were taken
every 7days intervals to assess nutritional
qualities for 21 days.

The temperature and the relative humidity of the
EC conditions were taken daily, using a digital
data logger placed inside the EC [5].

2.1 Proximate Analysis

Association of Official Analytical chemist’s
method was used to determine the proximate
composition of each sample [16].

2.2 Moisture Content

Moisture content of the samples were
determined by the use of thermal drying.
Sample of 1.0g was weighed in friplicate,
washed, dried and weighed crucible. This was
oven-dried at 105°C for three hours to complete
dryness. The samples were reweighed after
cooling in desiccators [17]. The percentage of
moisture cantent was calculated using the
formular:

W,
MC (%) = 5= x 100

Where Wo = loss in weight (g) on drying
Wi = initial weight of sample (g)
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2.3 Ash Content

The method used to determine ash content was
ignition. Thoroughly washed crucibles and pre-
heated in a muffle furnace at 500°C were used.
The dried sample of 1.0 g used in moisture
determination were weighed in triplicate, pre-
heated, allowed to cool, weighed crucible and
then reweighed. The crucible was covered tidily;
the number was noted and then placed in a cold
muffle furnace. The temperature was allowed to
rise to 500°C and it took three hours for the
ashing process. Then crucible was removed from
the furnace, placed in desiccators to cool and
reweighed [17]. The ash content percentage was
calculated using the formula:

Ma
Ash (%) = Vs x 100

Where, Ma = Mass of ash (g)
Ms = Mass of sample used (g)

2.4 Crude Protein

In  determining crude protein, total organic
nitrogen was first determined using the macro-
Kjeldhal method. This involved digestion,
distillation and titration. The sample of 1.0 g was
weighed in triplicate and placed in digestion
flasks. Few granules of anti-bumps and about
3.0 g of copper catalyst mixture (96% anhydrous
sodium sulphate, 3.5% copper sulphate and
0.5% selenium dioxide) were put together in
each of the flasks. Digestion commenced when
20 cm® concentrated of sulphuric acids were
added to each flask and heated on a heating
mantle. Digestion was continued until a clear
solution was observed and it was allowed to cool,
filtered and then distilled water was added to
make up 100 cm® [17]. Exactly 20 cm® of the
diluted digest was pipette into round-bottomed
flasks and used in the distillation step.

2.5 Crude Lipid

Soxhlet type of the direct solvent extraction
method was used to determined crude lipid
content. Petroleum ether (boiling range 40°C -
60°C) was used as the solvent. A dried sample
of 3.0 g was weighed in triplicate and secured in
soxhlet extraction thimble. The thimble was then
put into 20 cm?® capacity soxhlet extractor. A
Round-bottomed flask of 100 cm?® was washed,
oven-dried, weighed and approximately 60 cm®
of the 40-60°C boiling range petroleum ether
added to it. The flask was then placed on the



heating mantle and connected to the extractor
(with condenser). The condenser and heating
mantle were then activated and extraction carried
on for four hours. At the end of the extraction, the
solvent was evaporated and the flask oven dried
(at 60°C). The flask was then cooled and
reweighed [17]. Crude lipid percentage was
calculated using the formula:

Mex

Where, = Mex = mass of extract (g)

Ms = Mass of sample used (g)
2.6 Carbohydrate Content

Total carbohydrate content was estimated by
addition of the percentages of all the other
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proximate components and was subtracted from
100 ie total carbohydrate (%) = 100 — (%
moisture + % crude protein + % crude lipid + %
ash) [17].

2.7 Statistical Analysis

The results are presented with their means,
coefficient of variation, standard deviation and
standard error.

3. RESULTS AND DISCUSSION

The results of the proximate composition of C.
annuum are shown in Table 1, that of C. genus
are shown in Table 2 and C chinense shown in
Table 3.

Table 1. Proximate composition of Capsicum annuum stored in evaporative cooler

Composition (%) Day 1 Day 7 Day 14 Day 21
Moisture 6.55 + 0.11° 6.37 + 0.01° 5.70 + 0.15" 3.70+0.12°
Ash 438 +0.10° 430+0.13° 4.25+0.10° 2.40+0.15°
Crude protein 11.33 £ 0.01° 11.28 + 0.01° 11.10 £ 0.13° 8.30 £ 0.15"
Crude fat 12.72 +0.01° 11.65 + 0.13° 12.50 + 0.10° 9.50 + 0.15b"
Carbohydrate 63.22 + 0.01° 62.15+ 0.01° 61.94 + 0.01° 43.98 + 0.15°
Crude fibre 2.10 £ 0.01° 2.05+0.13° 2.01+0.01° 1.40 + 0.15°

Values are mean *+ SD of 3 replicates. a-c Test values along the same row carrying different superscripts for
each parameter are significantly different (p < 0.05). [18]

Table 2. Proximate composition of Capsicum genus stored in evaporative cooler

Composition (%) Day 1 Day 7 Day 14 Day 21
Moisture 5.58 +0.11° 5.27 +0.01° 4.40+0.15° 3.60 £ 0.15°
Ash 4.20+0.10° 417 +0.13° 413 +0.10° 2.70 £ 0.15°
Crude protein 11.26 + 0.012 11.21 +0.01° 11.18 £ 0.13° 8.10 £ 0.15°
Crude fat 11.68 + 0.01° 11.55+0.13° 11.20 + 0.10° 9.30 £ 0.15°
Carbohydrate 61.15+0.01° 59.35 + 0.02° 57.24 + 0.01° 41.30 £ 0.15°
Crude fibre 2.08 +0.01° 2.05 +0.13° 2.01+0.01° 1.29 + 0.15°

Values are mean + SD of 3 replicates. a-c Test values along the same row carrying different superscripts for
each parameter are significantly different (p < 0.05). [18]

Table 3. Proximate composition of Capsicum chinense stored in evaporative cooler

Composition (%) Day 1 Day 7 Day 14 Day 21
Moisture 554 +0.11° 5.37 + 0.01° 422 +0.15° 3.56 +0.15°
Ash 4.13+0.10° 4.09 +0.13° 4.05+0.12° 2.50 + 0.05°
Crude protein 11.29 + 0.01° 11.18 £ 0.01° 11.10 £ 0.3° 8.90 + 0.15°
Crude fat 11.72 £ 0.01° 11.65+0.13° 11.50 + 0.10° 8.70 £ 0.10°
Carbohydrate 60.00 + 0.01° 59.15+ 0.01° 54.94 + 0.02° 4372 +0.15°
Crude fibre 2.24 +0.01° 2.15+0.13° 2.11+0.01° 1.70 £ 0.15°

Values are mean + SD of 3 replicates. a-c Test values along the same row carrying different superscripts for
each parameter are significantly different (p < 0.05). [18]



3.1 Moisture Content

The moisture content of C. annuum obtained in
the day 1 was 6.55 that of C. genus were 5.58
and 5.54 for C. chinense. In all the tables the
moisture content of the stored products reduced
from the initial value to 5.70 after been stored for
14 day for C annuum, 4.40 for C. genus while
that of C chinense was 4.22. The reduction in
moisture content related well to the change in
relative humidity [1]. The pepper retained
moisture because of the relative humidity within
the inner chamber.

3.2 Ash Content

The results of ash content shown that as the
storage period increases there was a gradual
decrease in ash quality [1]. The initial values of
the ash content recorded on the day 1 were 4.38
for C. annuum, 4.00 for C. genus and 4.13 for C.
chinense. After 14 days of storage, the values
were reduced to 4.25 for C. annuum, 4.13 for C.
genus and 4.05 for C. chinense. Ash content of
pepper is usually low, this is as a result of low
inorganic mineral content in pepper [17,19]. The
ash content ranging between 4.13 in C. chinense
to 4.38 for C. annuum, Tchiegang and
Mbougueng reported a range higher than 2 to 9
[20]. This difference in value may be due to the
difference in the origin and species of the
samples [18].

3.3 Protein Content

The protein content results shown that C.
annuum, C. genus and C. chinense gave 11.33,
11.26 and 11.29 respectively. On day 14, these
results 11.10, 11.18 and 11.10 were obtained for
C. annuum, C. genus and C. chinense
respectively. This observation in protein content
shows a similar trend as observed in ash content
that is protein content of the samples decreases
as the days increases, Cheema and Karmarkar
observed a lower value [21]. This difference may
be probably due to diversity in species and
environmental conditions [1].

3.4 Lipid Content

The lipid content result shown that C. annuum,
C. genus and C. chinense were generally low,
this agree with the findings of many researcher
that pepper are poor source of lipid [22]. Though,
pepper may not be classified as an oil seed, but
the small oil extracted could be use as an
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essential oil. [18,23]. The results dropped from
12.72 t011.50, 11.68 to11.20 and 11.72 to 11.50
respectively, within day1 to day 14 of storage.
The result also has shown decrease in value of
lipid content as the storage period increase [1].

3.5 Carbohydrate Content

The result of carbohydrate content shown that C.
annuum, C. genus and C. chinense gave 63,
61.15 and 60.00 respectively, in day1 and day
14 of storage, the carbohydrate content of C.
annuum, C. genus and C. chinense gave 61.94,
57.24 and 54.94 respectively. Although, the high
valve of carbohydrate shown in pepper but it
cannot be regarded as carbohydrate sources
when compared to tubers and cereals which are
spread all over the world [24,17].

The results obtained in this study were good
indications that shown the relevance in this area,
especially the use of evaporative cooler for
storage system for fresh peppers [1]. The results
also serve as a guide, to know how long pepper
can be stored without losing the essential part of
the nutrients, even though their appearance
make look fresh. Though physical appearance is
one of the major quality parameters used to
measure if fruits and vegetables are good but
nutritional quality cannot be compromised.

4. CONCLUSION

These samples of pepper species; C. annuum,
C. genus and C. chinense used in this work have
generated important information on nutrition
properties as they change with storage time. It
can be concluded that these qualities generally
change with time [1]. The study revealed that
there were continuous decreases in the quality
parameters such as moisture, ash, protein,
carbohydrate, lipid and crude fiber content. From
these results, it can be generally concluded that
for the consumer to get the best-required
nutrients from their products, they should not
store fresh pepper beyond two weeks as
evaporated coolers storage system is concerned.
However, preservation of fruits and vegetables in
the rural areas can be more effective in Nigeria
with  some careful modifications in the
evaporative cooler storage system [1].
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