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Abstract
Sweet pepper purees (red, yellow and green) were examined for FTIR (Fourier-transform infrared spectroscopy), chemical,
bioactive, color and rheological parameters. FTIR technique was used to evaluate the functional groups. FTIR wave numbers are
associated with the absorption bands that depicted the presence of several phytocompounds in the purees. Among the chemical
parameters, water activity varied non-significantly whereas, total soluble sugars (TSS), sugars and pH increased after processing
of the fruits into purees. The presence of bioactive compounds depends on the variety of sweet pepper. The red puree had
significantly higher carotenoids, phenolics and antioxidant capacity followed by yellow and green pepper purees. The minimal
change was observed in the color of purees during processing. The purees were subjected to different shear rate (1 to 50 s−1) to
evaluate the effect on viscosity and shear stress that is desirable for its end use in different food products. All purees show the
shear thinning behavior as shear rate increased. Results revealed that heat processing of sweet peppers didn’t affect color, sugars,
carotenoids, phenolics and antioxidant capacity to a greater extent. The finding will be helpful to manage seasonal bulk
production efficiently and make them available as an ingredient in various food products.
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Abbreviations
ATR Attenuated total refection
FTIR Fourier-transform infrared spectroscopy
GSP Green sweet pepper
RSP Red sweet pepper
SHU Scoville heat units
TSS Total soluble solids
YSP Yellow sweet pepper

Introduction

Historically, the consumption of fruits and vegetables has
been proved to reduce the risk of several diseases such as

inflammation, hypertension, diabetes, carcinogenic and car-
diovascular diseases [1]. Sweet peppers (Capsicum annuum)
are a popular vegetable crop that is consumed and cultivated
worldwide and their popularity is increasing due to varied
aroma, flavor, color and nutritional value [2]. Capsicum spe-
cies are generally divided into two main groups based on their
pungency and measured in Scoville heat units (SHU): non-
pungent or sweet fruits (sweet pepper, bell pepper, paprika,
sweet chili) and pungent or hot fruits (chili, spicy pepper, hot
pepper, hot paprika, cayenne). Pungency, flavor and aroma
characteristics make this product an important component in
millions of people’s routine diets. Capsaicinoids, piperine and
other related compounds in addition to their medicinal prop-
erties impart pungency to hot peppers [3, 4].

Capsicum fruits vary in shape, size and color among the
species. The bright red color of red sweet pepper is ascribed to
capsorubin, capsanthin and cryptocapsin while the yellow col-
or is due to β-cryptoxanthin, β-carotene, violaxanthin and
zeaxanthin. The green color of sweet pepper is due to its
chlorophyll content [5]. In the sweet peppers, flavonoids are
ubiquitous polyphenols along with other bioactive com-
pounds. These are abundant in aglycones and glycosides of
quercetin, myricetin, kaempferol, luteolin, and apigenin.
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These bioactive compounds exhibit excellent antioxidative,
anti-mutagenic, anti-inflammatory and anti-carcinogenic
properties. The possible health benefits of these compounds
rely on their absorption and metabolism during passage
through the small intestine walls into the circulatory system
and subsequent transport to the liver in the portal vein.
Polyphenols improve the quality of blood vessel walls and
regulate the action of various enzymes and cell receptors [6].

Despite their health benefits, the use of sweet peppers
is limited as these are highly perishable since the crop
shows the signs of deterioration like shriveling, wilting
and decay during storage [7]. So it is important to de-
vise processing methods to extend the shelf life along
with the retention of nutrients. Various studies reported
the shelf life extension and preservation of sweet pep-
pers by different ways such as mild pressure treatments
and thermal blanching of yellow sweet pepper [8], pro-
cessing of red bell pepper into paste [9], preparation of
bell pepper based instant chutney powder [10], variation
in packaging material and ozone gas treatment improves
pepper paste quality [11].

Sweet pepper purees and paste are added in a variety of
foods as a flavoring and coloring ingredient and also used as
the base ingredient for the development of other products such
as sauces, ketchup, etc. [9]. High-temperature processing is
the most widely used method for the production of purees
and pastes due to its low cost and simple technique.
However, the processing of purees resulted in changes in color
and bioactive composition. Moreover, only a few studies are
available on the preparation of red, yellow and green sweet
pepper purees. There is also a need to study the rheological
properties of purees that affects its end-use. Therefore, the
objective of the present work is to study the effect of process-
ing on rheology, color and bioactive attributes of different
colored sweet peppers.

Materials and Methods

Plant Materials

Fresh and good quality red (var. Inspiration), yellow (var.
Bachata) and green (var. Indra) sweet peppers were purchased
from the commercial green house. Fruits were washed and
stored under refrigeration conditions (±4 °C) until further use.

Preparation of Puree

All sweet peppers (500 g) were sliced into 5–8 mm thickness
and then blanched at 85 °C for 3–4 min to inactivate enzyme
activity. Slices were cooled immediately with fresh cold water.
After the drainage of water, purees were obtained by blending
the slices separately in the mixer (Philips 750-W Mixer

Grinder) and stained through 14 mesh screen to obtain uni-
form purees (Fig. 1). After that, purees were poured in the
sterilized glass containers (500 ml) and stored under refriger-
ation conditions (±4 °C) until further analysis.

Chemical Analysis

Raw fruits and purees of red, yellow and green sweet peppers
were analyzed for water activity, TSS, pH, total and reducing
sugars [12], color and FTIR (see Supplementary Material for
additional details).

Bioactive Analysis

All the samples of sweet peppers were analyzed for caroten-
oid, chlorophyll and ascorbic acid by following the standard
method [12]. For bioactive analysis, samples were extracted
using methanol by following the procedure of Kaur et al. [13].
The total phenols and flavonoids of samples were measured
by the method described by Aludatt et al. [14] and Bagul et al.
[15], respectively with slight modifications. The in vitro anti-
oxidant was measured by DPPH [14], reducing power assay
[16] and metal chelating activity [17] (see Supplementary
Material for additional details).

Rheological Measurements

Rheological measurements were carried out using MCR 74
rheometer (Anton Paar, GmbH, Germany) with stainless steel
plate-plate (PP 50) geometry. The 2 g sample was placed and
compressed to a gap size of 1 mm. The steady shear (η vs. γ)
and (τ vs. γ) experiments were conducted at increasing strain
rate values ranging from 1 to 50 s−1. The power model has
been employed to describe the rheological properties of the
purees using SPSS 18.0 stat ist ical software (see
Supplementary Material for additional details).

Statistical Analysis

The results of all analysis were expressed as the mean ± S.D.
of three replicates. The results of all the samples were
expressed on 12% moisture content. The data were subjected
to ANOVA followed by Duncan’s multiple range tests with
p ≤ 0.05 significance level on SPSS 18.0 statistical software
(SPSS Inc.).

Results and Discussion

FTIR Spectra of Sweet Pepper Purees

FTIR spectra and characteristic peaks of all purees (red, yel-
low and green) are presented in Table 1 and Fig. 2. FTIR
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spectroscopy was applied to identify the functional bonds in
different sweet pepper purees. All samples which showed the
absorption bands in the range of 3273–3310 cm−1 indicate the
presence of hydroxyl groups. The peak ranging between 2920
and 2924 cm−1 (aliphatic C-H stretch) and 913–958 cm−1

(stretching C-CH, C-OH) represents the presence of carbohy-
drates. Whereas, CH3 asymmetrical/ symmetrical stretch
(1379–1396), asymmetrical C-O-C stretch (1242–
1247 cm−1), stretching CH-CH, C-CH and C-OH (1027–
1052 cm−1), show the presence of phenolic compounds. The
highest peak (wave-number) among different functional
groups was observed in red followed by yellow and green
puree. The interpretation of the functional group was done
according to the previous studies [18, 19].

Effect of Processing on the Chemical Parameters
of Sweet Peppers

The small difference was observed in the chemical parameters
of the purees during processing as depicted in Table 2. The
water activity of fresh sweet peppers was 0.855 ± 0.01 (red),
0.850 ± 0.01 (yellow) and 0.846 ± 0.01 (green). These results
confirm that peppers are highly perishable due to their high
water activity. Non-significant (p ≤ 0.05) variation was

observed in water activity between the fresh and processed
samples. The TSS of sweet peppers ranged between 5.40
(green) to 6.40 (red). The TSS of the sweet peppers was in
line with values obtained by Alsadon et al. [20]. However,
significant (p ≤ 0.05) upsurge of TSS was observed in purees
samples irrespective of the variety of sweet pepper. This may
be contributed to the release of sugars during processing due
to the disintegration of the structure of the fruit. The pH of the
food is also an important parameter that acts as a hurdle for
enzymatic and microbial action, and enhances the shelf life of
the food products [21]. The pH of pepper varied from 4.80 ±
0.01 (yellow) to 5.40 ± 0.02 (green). Variation in the pH of the
purees indicates the loss of volatile organic acid during the
processing of sweet peppers. Similarly, little but significant
(p ≤ 0.05) increase was observed in total sugar content of pu-
rees after processing from 6.29 ± 0.03 to 6.34 ± 0.02 (red),
6.11 ± 0.05 to 6.18 ± 0.02 (yellow), 5.78 ± 0.04 to 5.84 ±
0.02 mg/100 g (green). However, reduction in soluble sugars
was observed due to the loss of some water-soluble sugars
during processing [22].

Table 2 shows the color values of fresh sweet peppers and
after subjecting it to heat treatment. Color of purees is highly
desirable since purees are utilized as a coloring agent in the
development of various products [9]. The values for the L*,

Table 1 FTIR spectra (wave-
number cm−1) of red, yellow and
green sweet pepper purees

Functional groups RSP YSP GSP

Hydroxyl group, H-bonded OH stretch (water) 3289.6 3273.0 3309.8

Aliphatic C- H stretch (carbohydrates) 2922.3 2924.2 2920.4

CH2 asymmetrical/symmetrical stretch 2855.0 2854.0 2853.0

C=O stretch 1620.1 1619.7 1606.0

CH3 asymmetrical/symmetrical stretch, (phenols) 1396.3 1381.5 1379.5

Asymmetrical C-O-C stretch, Aromatic -O-H, C-O stretch (alcohols, phenols) 1247.0 1242.0 1247.4

Stretching (CH-CH), C-O stretching (phenols) 1051.3 1052.4 1027.0

Stretching C-CH, C-OH (carbohydrates) 922.3 913.7 958.1

Aromatic phosphates (P-O-C) stretch, C-O epoxy and oxirane ring 866.3 866.6 806.9

Skeletal C-C vibrations 777.5 817.9 769.2

Out-of-plane CH bending 700.0 776.4 728.3

RSP, Red sweet pepper; YSP, Yellow sweet pepper; GSP, Green sweet pepper

(a)                                     (b) (c)

Fig. 1 Image of (a) red (b) yellow
and (c) green sweet pepper purees
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Fig. 2 FTIR spectral (cm−1) of sweet red (RSP), yellow (YSP) and green (GSP) pepper purees

Table 2 Chemical and bioactive composition of fresh sweet peppers and purees

Parameters RSP RSP puree YSP YSP puree GSP GSP puree

Water activity 0.855 ± 0.02aA 0.858 ± 0.02A 0.850 ± 0.01bA 0.848 ± 0.02A 0.846 ± 0.02cA 0.850 ± 0.02A

TSS (o brix) 6.40 ± 0.01aA 7.00 ± 0.01B 6.30 ± 0.01bA 7.00 ± 0.01B 5.40 ± 0.01cA 6.00 ± 0.01B

pH 5.20 ± 0.01aA 5.27 ± 0.02B 5.08 ± 0.01bA 5.23 ± 0.01B 5.40 ± 0.02cA 5.53 ± 0.02B

Total sugars (Glu mg/100 g) 6.29 ± 0.03aA 6.34 ± 0.02B 6.11 ± 0.05aA 6.18 ± 0.02B 5.78 ± 0.04aA 5.84 ± 0.02B

Reducing sugars (Glu mg/100 g) 3.86 ± 0.04aA 3.71 ± 0.02B 3.74 ± 0.03aA 3.57 ± 0.02B 3.41 ± 0.06aA 3.32 ± 0.02B

Carotenoids (mg/100 g) 745.34 ± 0.04aA 734.36 ± 0.07B 648.59 ± 0.05aA 640.28 ± 0.06B 11.31 ± 0.09aA 10.44 ± 0.05B

Chlorophyll (mg/g) 5.23 ± 0.05aA 4.56 ± 0.04B 6.14 ± 0.06aA 4.87 ± 0.08B 15.08 ± 0.11aA 13.87 ± 0.07B

Vitamin C (AAE mg/100 g) 188.21 ± 0.04aA 145.26 ± 0.07B 167.32 ± 0.03aA 121.57 ± 0.05B 120.34 ± 0.07aA 81.56 ± 0.05B

Total phenols (GAE mg/100 g) 803.25 ± 0.11aA 786.52 ± 0.11B 785.65 ± 0.11aA 744.32 ± 0.11B 611.75 ± 0.11aA 598.36 ± 0.11B

Flavonoids (QE mg/100 g) 376.32 ± 0.11aA 351.28 ± 0.11B 412.52 ± 0.11aA 396.54 ± 0.11B 303.55 ± 0.11aA 271.65 ± 0.11B

In vitro antioxidant activity

DPPH (%) 78.32 ± 0.07aA 73.21 ± 0.03B 73.45 ± 0.04aA 67.46 ± 0.05B 29.58 ± 0.06aA 22.36 ± 0.04B

Reducing power assay (AAE mg/100 g) 478.85 ± 0.05aA 451.36 ± 0.07B 454.12 ± 0.09aA 437.56 ± 0.08B 375.29 ± 0.08aA 368.84 ± 0.05B

Metal chelating activity (EDTA mg/100 g) 205.47 ± 0.07aA 188.57 ± 0.05B 185.64 ± 0.09aA 169.47 ± 0.09B 125.25 ± 0.10aA 107.82 ± 0.05B

Colour

L* 13.5 ± 0.07aA 17.21 ± 0.07B 49.86 ± 0.07aA 53.14 ± 0.07B 36.79 ± 0.07aA 38.87 ± 0.07B

a* 56.32 ± 0.07aA 53.41 ± 0.07B 7.98 ± 0.07aA 6.32 ± 0.07B −15.24 ± 0.07aA 11.87 ± 0.07B

b* 8.37 ± 0.07aA 9.75 ± 0.07B 53.21 ± 0.07aA 50.14 ± 0.07B 23.59 ± 0.07aA 20.47 ± 0.07B

Values are expressed as mean ± SD (n = 3); RSP- Red sweet pepper; YSP-Yellow sweet pepper; GSP-Green sweet pepper

Mean values within a row with different letters are significantly different (p ≤ 0.05); Small letters shows significant difference between fresh samples
whereas, capital letters shows significant difference between fresh and puree samples
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a*, and b*coordinates of the sweet pepper was 13.50 ± 0.07,
56.32 ± 0.11, 8.37 ± 0.11 (red), 49.86 ± 0.08, 7.98 ± 0.07 and
53.20 ± 0.09 (yellow) and 36.79 ± 0.11, −15.24 ± 0.13, 23.59
± 0.11 (green), respectively. Processing causes little but sig-
nificant (p ≤ 0.05) change in color parameters (L*, a* and b*)
of sweet peppers. The retention of the red and yellow color of
the purees indicates the stability of carotenoids during pro-
cessing. Whereas, in the case of green sweet pepper, after
processing remarkable change was observed. The L* (38.87
± 0.10) and a* (−11.87 ± 0.08) coordinate of the puree ele-
vates whereas, b* (20.47 ± 0.12) coordinate decreased, which
indicates the color turned to yellowish as compared to fresh
sweet pepper related to the degradation of chlorophyll at
blanching temperature. These findingswere in agreement with
the findings of Kaur et al. [13] who reported the degradation
of the color of green pepper at high temperature.

Effect of Processing on the Bioactive Parameters
of Sweet Peppers

The carotenoids and chlorophylls of sweet peppers are an impor-
tant quality index as these are susceptible to oxidation and isom-
erization reactions during processing hence, affects the color and
nutritional value of the product [23]. For carotenoids, the minor
loss was observed showing that the processing did not negatively
affect the carotenoids in the purees (Table 2). These results were in
accordance with the study of Provesi et al. [24] who reported the
stability of carotenoids in pumpkin puree after heating. Retention
of carotenoids may also be attributed to the inactivation of en-
zymes, which are responsible for the degradation of carotenoids.
However, chlorophyll oxidation takes place at a high temperature
which results in loss of green color and chlorophyll content of

sweet pepper puree [13]. The ascorbic content of fresh sweet pep-
pers was 188.21 ± 0.04 (red), 167.32 ± 0.03 (yellow) and 120.34
± 0.07 mg/100 g (green). After processing, a significant decrease
was observed in ascorbic acid among all the purees. This is due to
the high susceptibility of ascorbic acid to the chemical and enzy-
matic reactions during the processing of food products [13].

Phytochemicals have been associated with antioxidant and
anticancer properties [1] hence, retaining of these compounds
through the processing is very important. The study of raw
fruits confirmed that sweet peppers are abundant in phenolics
and other antioxidant compounds. After processing, red and
yellow purees showed a loss of about 2–3% of phenolics,
while 5–6% of decrease was observed in green purees. The
retention of phenolics is more significant during wet heating
than dry heating. This retention was may be due to breakdown
cell walls and weaken the bonding forces between phenolics,
flavonoids and the tissue matrix during heating, which en-
hances the release of phytochemicals from the matrix [25].
From Table 2, it can be seen that the flavonoid content of
yellow puree was higher as compared to red and green purees.
These results were agreement with the study of Ribeiro et al.
[26] who reported the stability of bioactive compounds during
the processing of fruit Smoothie.

The in vitro antioxidant activity was assessed in terms of
DPPH, reducing power assay and metal chelating activity.
Antioxidant maintains the integrity and functioning of the
cells by scavenging the free radicals [6]. The highest antioxi-
dant activity was determined by reducing power assay, i.e.,
478.85 ± 0.05 (red), 454.12 ± 0.09 (yellow) and 375.29 ±
0.08 mg/100 g (green). As expected, the antioxidant activity
of red and yellow sweet pepper was 2.7 and 2.5-fold higher
than that of green sweet pepper. The antioxidant activity of
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sweet peppers may be attributed to flavonoids, ascorbic acid,
carotenoids, and phenolics. After processing, little but signif-
icant loss was observed in all samples. These results were
comparable with the findings of Nguyen et al. [27], who re-
ported the loss of antioxidant activity of plant material at high
temperature processing.

Effect of Processing on the Rheological Characteristics
of Sweet Peppers

The Fig. 3a represents the viscosity of sweet pepper (red,
yellow and green) purees at different shear rate (1 to 50 s−1).
The highest values of viscosity were shown by yellow (89,000
mpa s−1) puree due to high TSS value followed by red (78,000
mpa s−1) and green (76,000 mpa s−1) purees. It was observed
that the viscosity decreased as the shear rate increased, which
indicates the pseudoplastic nature of purees. This viscosity
reduction of the purees could be the result of the molecular
structure breakage caused by the arrangement of molecular
constituents and generated hydrodynamic forces. All sweet
pepper purees showed a shear-thinning behavior as observed
in other fruit purees [26, 28]. The second graph (Fig. 3b)
showed the value of shear stress (τ) versus shear rate (γ). It
can be observed that there is non- linear relationship between
the shear stress and shear rate, which characterize the non-
Newtonian behavior of the purees. These results were in ac-
cordance with the studies of Ribeiro et al. [26], who reported
the shear-thinning behavior of apple puree.

The data was well fitted (R2 > 0.98) to the power model as
shown in Table S1. The behavior index was less than 1 in all
the purees, confirmed the non-Newtonian behavior character-
istic of the puree samples. Similar behavior was observed for
other fruit purees [26, 28].

Conclusion

This study demonstrates that the bioactive compounds
of sweet pepper purees were well preserved during pro-
cessing, presenting the retention of carotenoids (93–
98%), ascorbic acid (68–77%), phenolics (94–98%), fla-
vonoids (90–95%) and antioxidant activity (90–92%) in
all sweet pepper purees. The sweet pepper purees show
shear thinning behavior with pseudoplastic characteris-
tics (n < 1). This study concludes that processed sweet
pepper purees were rich in bioactive and chemical com-
pounds, thus seasonal bulk can be handled by process-
ing to make them available as an ingredient in various
food products.
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