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Green chilli was dried by different drying methods viz., lyophilize drying, Tray drying and
Sun drying. Physio-chemical parameters, Scanning Electron Microscopy and X-Ray
Diffraction in green chilli powder were investigated. Best results were observed by using
lyophilize drying method in terms of Vitamin C and other qualities attribute in comparison
to other drying methods. The characterization of green chilli powders was evaluated by
Scanning Electron Microscopy and X- Ray Diffraction. The shape of green chilli powders
particle was observed spherical and an amorphous form by using Scanning Electron
Microscopy. The results obtained by X- Ray Diffraction indicated that there is no
difference in the backbone structures of the green chilli powders.

Introduction
Green chilli is one of the most important
spices in the world. It can be consumed as
fresh or processed. It is seasonable crop that
can be cheaper in season and expensive in off
season. It is more important for processing
green chilli to powder that can be available in
off season in reasonable price to consumer.
Alsebaeai, (2017a) has been developed method
for production of green chilli powder;
Different drying method was used for
production of green chilli powder. The result
found that Lyophilize method the best for
producing green chilli powder. The effect of
the drying methods on the quality and

bioactive compounds of green chilli powder
was studied by (Alsebaeai et al., 2016;
Alsebaeai et al., 2017b). Alsebaeai et al.,
(2017c) studied the effect of storability on the
shelf life of green chilli powder using different
packaging materials. It was found that green
chilli packed on flexible aluminum foil at 5 Cº
can be extended Storability more than Six
months without preservation.
Microscopy analysis is being progressively
used in recent years to study the effect of
material and conditions of processing on food
structure (Wilson, 1991). Electron microscopy
(EM) has been broadly utilized for the
analysis of the microstructure of ingredients,
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food products and biological samples. In this
method, electron waves are used to observe
the specimen not light and there is different
preparation is requiring for biological samples.
The methods for preparation of biological
samples are more complicated in comparison
to other samples. Different electron
microscopy methods including Transmission
Electron Microscopy (TEM), Scanning
Electron Microscopy (SEM), CryoSEM, CryoTEM, and Environmental Scanning Electron
Microscopy (ESEM) have been applied for the
determined related to process of food (Fazaeli
et al., 2012).
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Ajayan et al., (1997) found that the scanning
electron microscope (SEM) is the most
versatile and widely used electron beam
instrument all over the Globe. It owes because
of its popularity such as easily interpreted and
generates the nature of the micrographs, the
use of the SEM for characterization of food
materials. Yang et al., (1997) also reported
that the basic use of the SEM has always been
in the imaging of surface topography. Fultz
and Howe (2012) reported that size and
composition are the most fundamental
attributes like- crystals. X-Ray diffraction
methods (XRD) is very useful characterization
tool and a quick analytical method which is
used to identify and characteristic of phase
like crystalline material and also provides data
to unit cell measurements came about as finely
ground, homogenized and average bulk
composition. All diffraction analyses are
based on creating of X-Rays in X-ray tube
(Dorset, 1998; Sharma et al., 2012). The aim
of this study was to studied the microstructure
of green chilli powders produced by different
drying methods

After that the powder was passing through
mash than packed in polyethylene and storage
at 5º for future study.

Materials and Methods
The samples of green chilli were procured
from local market of Varanasi, UP, India. The
experiments were conducted at Centre of Food

Processing of green chilli powder
The producing of green chilli powders were
done by using three drying methods viz.,
Lyophilize, Tray and Sun drying. The dried
green chilli was grinding by using electric
machine.

Chemical analysis of fresh green chilli and
powders
Moisture content, crud fat, crud protein, ash,
crud fiber and vitamin C contents were
analyzed by the method of (Intl AOAC, 1995).
Reducing sugar was estimated by Lane and
Eynon’s method reported by Ranganna
(1986).
Microstructure analysis of green chilli
powders
Scanning Electron Microscopy (SEM)
All samples of green chill powders were
examined by Scanning Electron Microscopy
(SEM) Hitachi S-570 camera (Hitachi Ltd.,
Tokyo, Japan) operated at an accelerating
voltage of 20 kV(Caparino et al., 2012).
A small quantity (180–250 μg) of all green
chilli sample of powders were mounted on
aluminum stubs and coated with a fine layer of
gold (15 nm) using a Sputter gold coater.
After that the lower mentioned pictures were
obtained.
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X-Ray Diffraction
X-Ray Diffraction (XRD) characteristics of
green chilli powders were obtained using a
Siemens D-500 diffractometer (Bruker,
Karlsruhe, Germany) of different drying
processes. The powder samples (180–250 μg)
were placed and slightly pressed in an
aluminum holder using a glass slide. The
diffractometers were working at a wavelength
of 0.15 nm and the input energy was adjusted
at 35 kV and 30 mA. Diffract grams were
taken at (2θ) with a step angle of 0.02° and
scan rate of 1 s per step. The XRD patterns of
all green chilli powder samples were plotted
for comparison (Caparino et al., 2012).

0.55-0.65%, Ascorbic acid 23.25-29.33
mg/100g. Ozgur and Ozcan (2011) reported
that the moisture of green chilli was 94.50 %,
Total ash 0.31% Ascorbic acid 64.07 and
Total phenols 96.04 (mg GAE g DW-1).
Singh et al., (2015) has reported that green
chilli contained 86.3-87.5% moisture, 1.42.3% protein, 0.9-1.5% fat, 1.02-1.2% mineral
and 98-104 mg per % of vitamin C. Take et
al., (2012) also reported that the composition
of green chilli viz. Moisture content (98-92%),
Ash (0.55-0.65%), Reducing sugar (2.8-3.6 g
/100 g), Ascorbic acid (23.25-29.33 mg/100g)
were agreed with this research.
Effect of drying methods in the Quality of
green chilli powder

Statistical analysis
Means of the triplicate values and standard
deviations from the obtained data were
calculated and statistically analyzed using
SAS version 9.1. Meanwhile, Duncan’s
multiple range tests were applied to determine
the differences in the different among the
samples.
Results and Discussion
Composition of fresh green chilli
The fresh green chilli was analyzed for
moisture, protein, fat, ash, fiber and vitamin C
and the results are presented in Table 1. The
fresh green chilli contained 86.53% moisture,
5.30% protein, 1.39% fat, 0.95% ash, 109.24
mg/100g vitamin C, 2.90% fiber and 5.69
mg/g reducing sugar.
The
results
of
proximate
chemical
composition of fresh green chilli is similar to
results reported by Srivastava et al., (2005).
Who found 85.5% moisture, 5.4 % protein, 1.1
% fat, 1.2 % mineral, 110 mg per % of
vitamin C. Also Take and Bhotmange (2012)
found that the moisture was 89-92%,Total ash

The quality of green chilli powders was
depended on the methods of drying processing
viz., Lyophilize, Tray and Sun. The chemical
parameter like- moisture, ash, protein, fat and
vitamin C were analyzed and the results are
presented in Table 2.
The moisture content of samples was found
7.44-9.26 %. Krishnamurthy and Natarajan,
(1973) reported that moisture content of green
chilli powders is 8-10%. Also results were
agreed with Singh et al., (2015).
Rani and Usha Rani, (1996) also resulted that
ash content ranging from 4.53 to 7.39% in
green chilli powder. Similarly, Luhadiya and
Kulkarni, (1978) found that the ash content
was 5.60%. The result was more than (3.94.8%) that reported by Singh et al., (2015).
The protein content in green chilli powders
were ranging between 14.85 -16.27%. The
results are presented in Table 2. The results
were agreed with Srivastava and Kumar,
(1994) who reported that the protein content
was 15.4%. There are significant (P < 0.05)
differences between all drying methods due to
drying method.
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Table.1 Chemical composition of fresh green chilli
Compounds

Raw green chilli

Moisture (%)

86.53±0.96

Ash (%)

0.95±0.12

Crud Protein (%)

5.30±0.17

Reducing sugar (mg/ g)

5.69±0.32

Crud fat (%)

1.39±0.02

Ascorbic acid (mg/100g)

109.24±0.32

Crud Fiber (%)

2.90±0.17

* Each value is Mean ± Standard Deviations (n = 3).

Table.2 Chemical composition of green chilli powders
Compounds

Samples
SGCP

TGCP

LGCP

Moisture content (%)
Fat (%)
Protein (%)

8.37±0.50a
5.09 ±0.20a
14.85 ±0.18a

7.44 ±0.15 b
5.28±0.60 a
14.95±0.09a

9.26±0.12c
5.50 ±0.51 a
16.27±0.37 c

Ash (%)
Reducing sugar mg/g
Fiber (%)
Ascorbic acid mg/100g

9.18±0.23a
95.16±0.57a
24.44±0.17a
90.70±0.30a

7.57±0.32b
80.55±0.33b
24.52±0.19a
130.50±0.10b

6.99±0.17c
89.05±0.20c
24.64±0.16 a
165.20±0.20c

* Each value is Mean ± Standard Deviations (n = 3).
Different superscripts in row are significantly different (P < 0.05).
LGCP: Lyophilize Green Chilli Powder
TGCP: Tray Green Chilli Powder
SGCP: Sun Green Chilli Powder

Table.3 XRD parameter of green chilli powders
No.

2-theta (deg)

D (ang.)

Height
(counts)

FWHM
(deg)

Size
(ang.)

Rel. int. I
(a.u.)

LGCP

21.50a

4.129a

2321a

6.35

13.30

100.00

TGCP

21.20a

4.187a

2081b

6.41

13.17

100.00

SGCP

21.75a

4.083a

2819c

6.71

12.59

100.00
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Fig.1 Scanning electron micrographs obtained from lyophilize green chilli powder

Fig.2 Scanning electron micrographs obtained from tray green chilli powder

Fig.3 Scanning electron micrographs obtained from sun green chilli powder
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Fig.4 XRD of lyophilize green chilli powder

Fig.5 XRD of Tray green chilli powder

Fig.6 XRD of Sun green chilli powder
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Crud fat content of green chilli powders are
presented in Table 2. The result ranged
between 5.09-5.50%. The results were more
than (6.2% dry chilli per 100 g) reported by
Srivastava and Kumar, (1994). Also results
were agreed with (3.7- 4.3%) (Singh et al.,
2015). The result of reducing sugar content of
green chilli powder was presented in Table 2.
The results were ranged between 80.55- 95.16
mg/100 g, and the results were similar to (41180 mg /100 g) reported by Take et al.,
(2012).
The Ascorbic acid content in green chilli
powders were ranged between 90.70165.20%. The results are presented in Table
2. The results were agreed with the finding
184 mg per 100 g dry chilli Wu Leung et al.,
(1972). Simultaneously, results were also
similar to 85.7-124.3 mg/100 g reported by
Singh et al., (2015).
Moisture content was higher in Lyophilize
Green Chilli Powder that due to condition of
Lyophilize drying in comparison to tray
drying (Time and temperature). While there
was no significant differences between drying
method on fat contain. increasing ash contain
in sun green chilli powder sample due to the
condition of sun drying, the sample was lift in
outside so that maybe allowed some dust to
mixed with samples. Decrease Ascorbic acid
in sun green chilli powder maybe due to
different chemical reaction motivate by air
and light during sun drying. Kaya et al.,
(2010) found that increasing temperature of
drying causes more loss in vitamin C in the
dried fruits while degradation of vitamin C is
reduced with increasing relative humidity of
drying air.
Morphological characterization of green
chilli powders by SEM
Scanning Electron Microscopy (SEM) is very
useful characterization tool to provide images

about the morphology, size, shape, and
organization of the surface topography of
samples (Egerton, 2005; Otunola et al., 2017).
The analysis of the surface of powder
particles from green chilli obtained by
different drying methods were carried out in a
three-dimensional
character
through
electronic
microscopy.
The
photomicrographies are shown in figure 1, 2
and 3. The typical pulverized particles were
showed that the dried green chilli was crushed
into very small particle the edge of the
particle was rounded and it was destroyed in
the amorphous region. It was observed that
the morphology of lyophilize, tray and sun
green chilli powders was almost similar. It is
verified with the help of Figure 1, 2 and 3 that
the green chilli powders samples presented
several forms of particles.
Tremlová (2001) reported that SEM can be
used for determination of verify the
adulteration in food sample, also Zhu and
Zhao, (2014) studied apply the microscopic
powder
identification
technique
to
determining the adulterated seasoning
powders from several plant origins, such as
chili, cumin, pepper and mustard. It has
ability to detect the micro-morphology of the
adulterating substances directly that will help
for detected foreigner material in any product.
Also it will give idea about purity of the
material.
XRD characterization
powders

of

green

chilli

Crystallization is a great importance for the
stability of powder and can be determined by
X-ray diffraction analysis. The presence of
spread and large peaks in X-Ray Diffraction
containing amorphous material is due to the
fact that, in the amorphous state, the
molecules are disorderly displayed producing
disperse bands whereas crystalline materials
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yield sharp and defined peaks since they are
presented in a highly ordered state
(Athmaselvi et al., 2014; Cano-Chauca et al.,
2005).
The structural properties of the three green
chilli powders were studied by XRD (Fig. 4,
5, 6). The parameters of the main diffraction
peaks from green chilli powders are shown in
Table 3. The typical diffraction patterns of
green chilli powders had high peaks at 2θ
value ranged between 21.20- 21.750. It was
observed that the curve of lyophilize, Tray
and sun green chilli powders was similar.
Green chilli powders obtained through sun
drying showed a high crystalline peak at a 2θ
value of about 21.75° and a small peak at a 2θ
value were found on sample obtained from
tray drying (21.20°). The angle locations of
three sample of green chilli powder were not
statistically significantly different (P < 0.05).
The average distance between particles (dhkl)
of green chilli powders obtained by different
drying methods at 2θ was not significantly
different (P < 0.05) (Table 3). Lyophilize
green chilli powders sample was 4.129 while
tray green chilli powders found 4.187 and the
lowest result was found in sun green chilli
powder sample. The results indicated that
there is no difference in the backbone
structures of the green chilli powders.
The shape of curve will decided the type of
material. According to the curve the green
chilli powders in all sample had single peak
that means, green chilli powder is amphorae
materials. There was not significantly
different (P< 0.05) between all green chillies
powders. Zhao et al., (Zhao et al., 2015) was
studied the microstructure of soy protein and
the results showed that the a crystalline peak
at a 2θ value was ranged between 19.6019.80°. The result was found lower than our
finding.

Based on the results obtained, it can be
concluded that the green chilli powder
produced by lyophilize methods has better
qualities attributes in term of vitamin c and
color. By using Scanning Electron
Microscopy it was observed that the shape of
green chilli powders particle was spherical
and in amorphous form. The results obtained
by X- Ray Diffraction indicated that there is
no difference in the backbone structures of the
green chilli powders.
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