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a chemical point of view, carotenoids are polyisoprenoid
compounds and can be divided into two main groups: (a)
carotenes or hydrocarbon carotenoids only composed of

INTRODUCTION

Carotenoids are yellow, orange, and red lipophilic compounds
found in plants, fruits and vegetables. Carotenoids can also be
used as dyes in food, pharmaceutical products, cosmetic
products, and can reduce the risk of various diseases such as
eye diseases, degenerative diseases, and antioxidants (El-
Qudah, 2009; Putri et al.,, 2021). Carotenoids are fat soluble
compounds that are associated with the lipidic fractions. From

carbon and hydrogen atoms and (b) xanthophylls that are
oxygenated hydrocarbon derivatives that contain at least one
oxygen function such as hydroxyl, keto, epoxy, methoxy or
carboxylic acid groups. Their structural characteristic is a
conjugated double bond system, which influences their
chemical, biochemical and physical properties (Dincel et al,
2019). Among all carotenoids, 3-carotene (Figure 1) is widely
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distributed in fruits and vegetables (Biswas et al., 2011). -
Carotene has the structural formula C40Hss which contains 40
carbons with 11 conjugated double bonds and two {3-ionone
rings at the end of the molecule. This structure makes (-
carotene highly hydrophobic and non-polar in nature (El-
Qudah, 2009). It is a fat-soluble pigment (Putri et al., 2021).

B-Carotene is the carotenoid compound present in
abundance in the human diet and subsequently found in all
human tissues including blood. Due to its high bioactivity, it is
also widely used in medicine. Among the numerous functions
of B-carotene in the human body, the important one is related
to pro-vitamin A supply, further affecting embryonic
development, correct growth, and sight (Berman et al., 2014;
Harasym and Oledzki, 2014). B-Carotene in the body is
converted into retinol (vitamin A). Retinol is very beneficial
for the retina of the eyes, skin, and mucous membranes. (-
Carotene also has properties such as reducing the risk of
cancer, infectious diseases, antioxidants (El-Qudah, 2009;
Eroglu and Harrison, 2013). B-Carotene can lower the risk of a
number of diseases, including eye disorders, degenerative
diseases, and antioxidants. It is utilized as a color in food,
pharmaceutical items, and cosmetic products. It is advised
that we eat these vegetables for a healthy lifestyle.

Not only bioactivity makes (3-carotene a valuable food
additive but the industrial importance also results from its
coloring properties. In food industry, 3-carotene is used as an
orange-red pigment in many products, including non-
thermally treated non-alcoholic beverages with a taste of
tropical fruits, edible fats, cheese, pastry, and ice cream. In the
pharmaceutical industry, it acts as a coloring agent for tablets,
and in cosmetics industry, it is used as a bioactive ingredient
of creams, which protects skin lesions against oxidation and
exposure to UV radiation (Meléndez-Martinez et al.,, 2010;
Fratianni et al, 2010). The recommended daily intake of
vitamin A is 900 mcg for men, 700 mcg for women, and 300-
600 mcg for children (Nisa and Walanda, 2021).

B-Carotene is a substance found in various food
ingredients, especially in many green, yellow, orange, and red
vegetables and fruits (Derradji-Benmeziane et al, 2014).
However, the levels of (-carotene are influenced by several
factors such as, type of the vegetables and fruits, level of
maturity, climatic conditions, geographical location, part of
the vegetables and fruits utilized, storage conditions, and
types of solvent used for the extraction (Derradji-Benmeziane
et al, 2014; Hagos et al., 2022). The B-carotene content in
pumpkin, summer squash, tomato, red spinach, red chili,
moringa, cherry, pineapple, banana, cabbage, sweet potato,
and carrot (Biswas et al.,, 2011; Naid et al.,, 2012; De Carvalho
et al, 2012; Sukmawati and Flanng, 2013; Octaviani et al,,
2014; Tahir et al,, 2016; Chandra et al.,, 2017; Zarnila et al.,
2018; Makahity et al., 2019; Putri et al., 2021) cultivated in
different countries has been determined. However, to the best
of our knowledge, there is only, one reported data on (-
carotene content in pumpkin (flesh, peel, and seeds) grown in
Ethiopia (Hagos et al, 2022). In this study five vegetables such
as pumpkin, butternut squash, zucchini, eggplant, and carrot
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were selected to determine and compare the content of f3-
carotene.

Pumpkin (Cucurbita maxima) is considered as an
important vegetable due to its nutritional values. It is widely
cultivated and consumed throughout the world (Hagos et al,
2022). It is low in calories but rich in vitamins and minerals,
all of which are also in its seeds, leaves, and juices. It has a
range of fantastic benefits, including being one of the best-
known sources of B-carotene. Many studies have suggested
that eating more plant foods, such as pumpkin, decreases the
risk of obesity and mortality (Zuhanis, 2014).

Butternut squash (Cucurbita moschata Duchesne) is
in the same family and genus as pumpkin with higher (-
carotene content. Butternut squash is vegetable harvested in
stages during the summer season and preserved for 3-6
months. “Butternut squash” varieties consumed in worldwide
have orange colored peel and flesh. The change in peel color
from green to orange is used as an indicator of fruit maturity
and harvesting time. The yellow and orange color, on peel and
pulp, are attributed to carotenoids contents (Zaccari and
Galietta, 2015).

Eggplant (Solanum melongena) is among the
nutritionally important and valuable crop in the Solanaceae
family and grown worldwide for its edible vegetables (Mibei
et al,, 2016). Eggplant is from the nightshade family (which
also includes tomatoes, okra, and zucchini) that grows in a
variety of shapes, sizes, and colors, and thrives in hot climates
and during the summer months. They range from small globes
about two inches in diameter to more oblong and tubular
varietals 12 inches long or larger. Eggplant vegetable is rich
source of carbohydrate, fibers, minerals, vitamins (B1, B2, B,
C, K, thiamine, niacin, and ascorbic acid and f-carotene)
(Hornal et al.,, 2007; Shukla and Kumar, 2012; (Mibei et al,,
2016).

Zucchini (Cucurbita pepo subsp. pepo) is a
monoecious species grown as a vegetable, most parts are
smooth and cylindrical; they are in general uniformly dark or
light green but some cultivars are variegated. They have soft
and edible skin (Rio-Celestino et al., 2012). Like pumpkins,
melons and cucumbers, zucchini belongs to the family of
Cucurbitaceae (Cucurbita). Zucchini is a seasonal vegetable
with high nutritional and medicinal values (Martinez-
Valdivieso et al., 2017). Zucchini is rich in several vitamins,
minerals, carotenoids, and other beneficial compounds
(Blanco-Diaz et al.,, 2014).

The carrot (Caucus Carlota L.) belongs to the family
Apiaceae, which is widely cultivated throughout the world.
Edible part of carrot is root, which contains carotenoids,
flavonoids, polyacetylenes, vitamins, and minerals. It possess
numerous nutritional and health benefits. Besides lending
truth to the old adage that carrots are good for eyes,
carotenoids, polyphenols and vitamins present in carrot act as
antioxidants, anticarcinogens and immunoenhancers (Aremu
and Nweze, 2017).
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Fig. 1: Structure of 3-carotene

Different analytical methods have been reported in the
literature for the determination of f3-carotene in fruits and
vegetables such as HPLC (Kreck et al.,, 2006; Norshazila et al,,
2014; Pritwani and Mathur, 2017), NMR (Moh et al., 1999;
Norshazila et al,, 2014; Quijano-ortega et al.,, 2020) and FTIR
(Moh et al, 1999; Norshazila et al, 2014). UV-Visible
spectrophotometry is a useful tool in identifying major
carotenoids because the long conjugated polyene chain
absorbs light in the range of 400 to 500 nm. It is important to
note that the absorption spectra only allow for distinguishing
different chromophore of the carotenoids. For quantitative
analysis of carotenoids, UV-Vis spectrophotometry is the most
convenient method (Moh et al.,, 1999; Barba, 2006; Carvalho et
al.,, 2014; Zahra et al.,, 2016; Aremu and Nweze, 2017; Nisa and
Walanda, 2021), by measuring the absorbance at different
wavelengths (Moh et al., 1999; Norshazila et al., 2014; Zahra
et al, 2016; Nisa and Walanda, 2021) UV-Vis
spectrophotometry requires little sample amounts and
preparation, and rapidly provides valuable and robust
information about the presence of particular classes of
metabolites, such as carotenoids (Moresco et al., 2015; Hagos
etal,, 2022).

Hence, the objective of the present study was to
determine and compare the [-carotene content in five
different selected Ethiopian vegetables and their different
parts such as pumpkin (flesh, peel, and seeds), butternut
squash (flesh, peel, and seeds), eggplant (flesh and peel),
zucchini (flesh and peel) and carrot using UV-Vis
spectrophotometric method.

MATERIAL AND METHODS
Instruments and apparatus

Samples were weighed using electronic balance (ARA520,
Ohaus Corp, China). Blending device mortar and pestle was
used to ground the dried samples. Centrifuge machine (800D,
China), double-beam spectrophotometer (Lambda 950-UV-
Vis-NIR, Perkin Elmer, UK) interfaced with a computer using 2
nm resolution in a 1 cm path length quartz cell were used for
determination of 3-carotene.

Chemicals and reagents

Acetone (Acsiso-Reagent, European Pharmacopoeia, 99.8%)
was used for B-carotene extraction. (-Carotene standard

(Sigma-Aldrich, 99%) were obtained from Ethiopian Public
Health Institute.

Preparation of 3-carotene standard solutions

The standard stock solution (15 pg/mL) of -carotene was
prepared by dissolving 750 pg of the standard (-carotene in
50 mL volumetric flask in acetone. From this stock solution,
serial dilutions were made to obtain 0.1, 0.5, 1.5, 3, 6,9,and 12
pg/mL of B-carotene. The working standard solutions were
scanned in the spectral range (350-600 nm) selected for this
study. The absorption spectral data were collected from their
typical absorption peak maximum obtained at 453 nm for
plotting the calibration curves.

Sample collection and preparation

The five different ripen vegetables were purchased from local
market in Addis Ababa, Ethiopia. The vegetables included
pumpkin (Cucurbita maxima), butternut squash (Cucurbita
moschata Duchesne), zucchini (Cucurbita pepo), eggplant
(Solanum aethiopicum), and carrot (Daucus carota). The
pumpkin (Cucurbita maxima) and butternut squash
(Cucurbita moschata Duchesne) have three parts (peel, flesh
and seed), zucchini (Cucurbita pepo) and eggplant (Solanum
aethiopicum) have two parts (peel and flesh) while carrot
(Daucus carota) has only one part. Each of the five selected
vegetables samples were washed with fresh running water
and then with distilled water to remove any foreign materials
attached. The separation of the three parts (peel, flesh, and
seed) of the pumpkin and butter squash and the two parts
(peel and flesh) of eggplant and zucchini was done manually
with the help of a knife. The samples were cut in to small
pieces and dried at room temperature for one week. The dried
samples were ground with mortar and pestle. Finally, the
powdered samples were used for the extraction of $-carotene.

Extractions of 3-carotene

B-Carotene extraction was done according to the method
reported by Hagos et al. (2022) with some modifications. The
B-carotene was extracted by soaking 0.5 g of samplesin 10 mL
of acetone at room temperature under dark condition in order
to get a complete extraction. The mixture was magnetically
stirred for 30 min.
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The extracts were centrifuged to separate the
supernatant, and these operations were repeated until the
pulp was completely colorless. The volume was made up to 30
mL with the extracting solvent.

Statistical analysis of data

All measurements were done in triplicates and results were
presented as mean+SD (standard deviation) (n = 3). Statistical
analyses were conducted using Origin 6.0 (Microcal Software,
Inc., Northampton, USA).

RESULTS AND DISCUSSION
Identification of B-carotene in vegetable samples

Acetone was used as the extraction solvent for the UV-Vis
spectroscopic methods (Hagos et al. (2022). The UV-Vis
spectrum of standard [3-carotene in acetone was scanned
from 350 to 600 nm, and maximum absorption was obtained
at 450 nm. This was in good agreement with that reported in
literature (Moh, et al,, 1999; Barba et al., 2006; Norshazila et
al,, 2014; Zahra et al,, 2016; Nisa and Walanda, 2021; Hagos
et al. 2022). The UV-Vis spectra of all vegetables extracts
showed the maximum UV-Vis absorption at the same
wavelength (Figure 2). This confirmed that the extraction
procedure was valid and the extract contained (3-carotene.

Method validation

The method was evaluated in terms of linearity, accuracy,
precision, limits of detection (LOD), and quantitation (LOQ).
Linearity of the method was performed in a range of 0.1 to
12 pg/mL, and the method showed good linearity with a
regression equation: y = 0.25549x - 0.00344 (R2 = 0.999)
(Table 1 and Figure 3). In addition, both the detection limit
and quantification limit were calculated to be 0.034 pg/mL
and 0.10 pg/mL, respectively. Method precision showed
RSD% of 1.5% to 11%. Method accuracy was evaluated by
standard addition to the sample, and the results obtained
showed good percent recovery (%R) of 83% to 95% (Table
1). The analytical parameters obtained are better than
results in the literature reported (Karnjanawipagu et al,,
2010; Biswas et al., 2011) (Table 1).

Quantification B-carotene

The concentration of $-carotene in the acetone extract of the
samples of pumpkin (peel, flesh, and seeds), butternut
squash (peel, flesh, and seeds), eggplant (peel and flesh),
zucchini (peel and flesh), and carrot (flesh) was determined
using the UV-Vis method. 3-Carotene content in the samples
(ug/g) were calculated using calibration curve. The levels of
-carotene were determined in the five-flesh part of
pumpkin, butternut squash, eggplant, zucchini and carrot.
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Table 1: Analytical parameters of this (UV-Vis) method such as R%, LODs, LOQs, RSDs, and recoveries compared with the

previously published methods

Linearity range R2 LOD (pg/mL) LOQ RSD % Recovery % Reference
(ng/mL) (ng/mL)
0.1-12 0.999 0.034 0.10 1.5-11 83-95 This study
1-8 0.999 0.04 0.11 6.4 100 (Karnjanawipagu
etal, 2010)
0.015-8 0.994 NR NR 3.4-8.9 67.8-98.8 (Biswas et al.,
2011)

Table 2: 3-Carotene content (pg/g) of the flesh, parts of the five different vegetables

Flesh parts of different vegetables

[-Carotene (pg/g)

Pumpkin
Butternut squash
Zucchini
Eggplants
Carrot

341+0.12
188+0.11
70.4+0.09
33.0+0.05
632+0.22

Table 3: B-Carotene content (ug/g) of the peel, parts of the four different vegetables

Peel parts of different vegetables

B-Carotene (ug/g)

Pumpkin
Butternut squash
Zucchini
Eggplants

445+0.13
70.9+0.08
437%0.12
344+0.15

Table 4: Comparison of the 3-carotene content (ug/g) of five different Ethiopian vegetables and their parts (peel, flesh and

seed)
Vegetables types Content of 3-carotene (ug/g)
Peel Flesh Seed
Pumpkin 445+0.13 341+0.12 17.0+0.02
Butternut squash 70.9+0.08 188+0.11 120+0.21
Zucchini 437+0.12 70.4+0.09 ND
Eggplants 344+0.15 33.0+0.05 ND
Carrot ND 632+0.22 ND

ND = not determined

The B-carotene content was found 33 pg/g in the eggplant
flesh, 70.4 pg/g in the zucchini flesh, 188 pg/g in the
butternut squash flesh, 341 pg/g in the pumpkin flesh and
632 pg/g in the carrot flesh. Content of 3-carotene was
obtained higher amount in the carrot followed by pumpkin,
butternut squash, zucchini and eggplant. There was
statistically significant difference (p<0.005) among the flesh
parts in B-carotene content (Table 2).

Due to the absence of a peel on the carrot, -
carotene levels were also determined in the four vegetables
with peels of pumpkin, butternut squash, eggplant, and
zucchini. The -carotene concentration was determined to
be 70.9 pg/g in the peel of the butternut squash, 344 pg/gin
the peel of the eggplant, 437 pg/g in the peel of the zucchini

http://bosaljournals.com/chemint

and 445 pg/g in the peel of the pumpkin. Pumpkin peels had
the highest concentration of f-carotene, followed by those
from zucchini, eggplant, and butternut squash. In terms of 3-
carotene content, there was a statistically significant
difference (p<0.005) between the peel components (Table
3). Since zucchini, eggplant, and carrot do not contain seeds,
B-carotene was only determined in pumpkin and butternut
squash seeds. B-Carotene was found 17 pg/g and 120 pg/g
in pumpkin and butternut squash seeds, respectively (Table
4). A comparison was made between the amounts of -
carotene found in the flesh, peel, and seeds of various
vegetables, including pumpkin, butternut squash, zucchini,
eggplants, and carrots (Table 4 and Figure 4).
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B-Carotene in the vegetable parts were found in the range of
70.4 to 632 pg/g in the flesh, 70.9 to 445 pg/g in the peel,
and 17 to 120 pg/g in the seeds. In this study, carrots' -
carotene content was shown to be higher than that of the
other vegetables. When f3-carotene content in the three parts
of a pumpkin were compared, it was found that the pumpkin
peel contained higher B-carotene than the flesh and seed.
However, B-carotene in the pumpkin flesh was found higher
than in the peel and seed when the three parts of a butternut
squash were compared. The (3-carotene content of the flesh
and peel of zucchini and eggplants were compared, it was
found that the peel had the highest levels, followed by the
flesh (Table 4 and Figure 4). In terms of -carotene content,
there was a statistically significant difference (p<0.005)
between the flesh, peel and seed parts of vegetables. In this
study, the variation in -carotene content was noted. This
variation in -carotene content may depend on the type of
vegetables as well as the parts of the vegetables.

The amount of B-carotene found was compared to
previously published research. In one study, between 156
and 2137 pg/g of B-carotene were found in pumpkin flesh
(Quijano-ortega et al.,, 2020). The amount of (-carotene in
pumpkin (C. moschata) flesh ranged in a study from 168 to
202 pg/g (Carvalho et al,, 2014). In a research utilizing the
HPLC-DAD method on pumpkin (C. maxima) flesh and peel,
the amount of 3-carotene varied from 17 to 263 pg/g in the
flesh and 10 to 403 pg/g in the peel (Pritwani and Mathur,
2017). The concentration of 3-carotene was found to be 17
pg/g in flesh, 123 pg/g in peel, and 31 pg/g in seed powder
samples, according to Kim et al. (2012).

Comparison of the [3-carotene content in the fresh
pumpkin and pumpkin powder was done in order to use itin
various baking goods (Pongjanta et al, 2006). Fresh
pumpkin and powdered pumpkin both contained 24 and 73
ug/g of B-carotene, respectively. In three different types of
pumpkin flesh samples, Nakazibwe et al. (2020) also showed
B-carotene contents ranging from 27 to 1215 pg/g. Utilizing
HPLC-UV-Vis, the presence of B-carotene in pumpkin
(Cucurbita moschatav D.) was examined. -Carotene content
was also determined, with a result of 244 ng/g (Carvalho et
al, 2014). The results of the B-carotene study on carrots
(Daucus carota) were found 41 pg/g (Dai and Row, 2019). In
carrot, B-carotene levels were measured, and the results
ranged from 61.9-1459 pg/g (Karnjanawipagu et al,
2010). In addition, when B-carotene levels in carrots were
assessed, the findings ranged from 47.5 to 1030 ug/g (EI-
Qudah, 2009). In butternut squash, B-carotene levels were
determined, and the results ranged from 75.6 to 119.8 pug/g
(Mahmoud and Mehder, 2022). In zucchini, -carotene levels
were determined, and the results ranged from 0.1 to 24 pg/g
(Dai and Row, 2019) in flesh and 7.43-157 pg/g in peel (Xu
etal, 2021). B-Carotene levels in zucchini and eggplant flesh
were also assessed, the results revealed 1.46 pg/g and 0.18
ug/g respectively (El-Qudah, 2009) (Table 5). In this study,
the B-carotene concentration of pumpkin seed, flesh, and
peel was found to be 17, 344, and 445 ng/g, respectively. 3-
Carotene levels were found 120 pg/g, 188 pg/g and 70.9
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ug/g, in seed, flesh, and peel parts of butternut squash
respectively. B-Carotene levels were found 437 pg/g, 70.4
ug/g in zucchini peel and flesh. 344 pug/g and 33 pg/g of B-
carotene were found in peel and flesh parts of eggplant,
respectively (Table 5).
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peel and flesh. The levels of (-carotene among the five
vegetables and their distinct parts varied significantly in this
study. Varied amounts of $-carotene in vegetables were due to
several environmental factors like types of vegetables and
parts of vegetables.

Table 5: Comparison of 3-carotene content (pg/g) in the five selective Ethiopian vegetables with previously reported

researches
Sample B-Carotene content (ug/g) Reference
Peel Flesh Seed
Pumpkin 445 341 17 This study
Pumpkin ND 156 - 2137 ND (Quijano-ortega et al., 2020).
Pumpkin 123 17 31 (Kim et al., 2012)
Pumpkin ND 24-73 ND (Pongjanta et al., 2006).
Pumpkin ND 27-1215 ND Nakazibwe et al. (2020)
Pumpkin 450 771.1 1393.7 (Hussain et al., 2021)
Butternut squash 70.9 188 120 This study
Butternut squash ND 75.6-119.8 ND (Mahmoud and Mehder, 2022)

Carrot ND 632 ND This study

Carrot ND 61.9-145.9 ND (Karnjanawipagu et al., 2010)

Carrot ND 47.5-1030 ND (E1-Qudah, 2009)
Zucchini 437 70.4 ND This study
Zucchini ND 0.1-24 ND (Dai and Row, 2019)
Zucchini 7.43-157 ND ND (Xuetal, 2021)
Zucchini ND 1.46 ND (E1-Qudah, 2009)
Eggplant 344 33.0 ND This study
Eggplant ND 0.18 ND (E1-Qudah, 2009)

Correlation of the 3-carotene contents REFERENCES

The relationship between (3-carotene content in the two
parts of the pumpkin, butternut squash, eggplant, and
zucchini were investigated. The correlation between the (3-
carotene content of flesh and peel (r = 0.02886) was
determined using the Pearson correlation and the result
found positive weak correlation (Figure 5).

CONCLUSION

B-Carotene was determined in five different selective
Ethiopian vegetables using UV-Vis spectrophotometric
method. Acetone was used as extraction solvent in this study.
The method is applicable to determine 3-carotene content in
pumpkin, butternut squash, eggplant, carrot and zucchini with
good linearity, precision, accuracy, and sensitivity. f-Carotene
content was found to be 632 pg/g in carrots, 17-445 pg/g in
pumpkin and butternut squash flesh, and 70.9 pg/g in their
peels and seeds, respectively. 3-Carotene is present in the
flesh and peel of the zucchini and eggplant and the amounts
found 70.4-437 pg/g and 33-344 pg/g, respectively. In this
study, the carrot had the highest concentration of $-carotene,
followed by the peel parts of pumpkin, zucchini, and eggplant.
[3-Carotene was determined only in the seed of pumpkin and
butternut squash and the result were found lower than the

Aremu, S.0., Nweze, C.C., 2017. Determination of vitamin A
content from selected Nigerian fruits using
spectrophotometric method. Bangladesh Journal of
Scientific and Industrial Research 52(2), 153-158.

Barba, A.L].,, Hurtado, M.C., Mata, M.C.S., Ruiz, V.F.,, Tejada,
M.L.S.D., 2006. Application of a UV-Vis detection-HPLC
method for a rapid determination of lycopene and (-
carotene in vegetables. Food Chemistry 95(2), 328-336.

Berman, J., Zorrilla-Lépez, U., Farré, G., Zhu, C., Sandmann, G.,
Twyman, R.M.,, Capell, T., Christou, P., 2014. Nutritionally
important  carotenoids as consumer products.
Phytochemistry 14, 727-743.

Biswas, A.K,, Sahoo, ], Chatli, M.K,, 2011. A simple UV-Vis
spectrophotometric method for determination of f-
carotene content in raw carrot, sweet potato and
supplemented chicken meat nuggets. Lebensmittel-
Wissenschaft und-Technologie. LWT-Food Science and
Technology 44(8), 1809-1813.

Blanco-Diaz, M.T., Del Rio-Celestino, M., Martinez-Valdivieso,
D., Font, R, 2014. Use of visible and near-infrared
spectroscopy for predicting antioxidant compounds in
summer squash (Cucurbita pepo ssp. pepo). Food
Chemistry 164, 301-308.

117

http://bosaljournals.com/chemint

editorci@bosaljournals.com


mailto:editorci@bosaljournals.com

ISSN: 2410-9649

Carvalho, L.M.].D., Smiderle, A.S.M., Carvalho, ].L.V.D., Cardoso,
F.D.S.N., Koblitz, M.G.B., 2014. Assessment of carotenoids
in pumpkins after different home cooking conditions.
Food Science and Technology Campinas 34(2), 365-370.

Chandra, B., Dinda, A., Handayani, H., 2017. Analysis of B-
carotene from red spinach leaves (Amaranthus hybridus
L.) by spectrophotometry visible method. Journal Farmasi
Higea 9(2), 149-58.

Dai, Y., Row, K.H., 2019. Isolation and determination of beta-
carotene in carrots by magnetic chitosan beta-
cyclodextrin extraction and high-performance liquid
chromatography (HPLC). Analytical Letters 52(11), 1828-
43.

De Carvalho, L.M.]., Gomes, P.B., Godoy, R.L., Pacheco, S., do
Monte, P.H.F., de Carvalho, ]J.L.V., 2012. Total carotenoid
content, a-carotene, and f-carotene, of landrace
pumpkins (Cucurbita moschata D.). Food Research
International 47(2), 337-340.

Derradji-Benmeziane, F., Djamai, R. Cadot, Y., 2014.
Antioxidant capacity, total phenolic, carotenoid, and
vitamin C contents of five table grape varieties from
Algeria and their correlations. OENO One 48(2), 153-162.

Dincel, D., Tekkeli, S.E.K., Onal, C, Onal, A., Sagirli, 0., 2019.
Liquid chromatographic analysis of carotenoids in foods.
Journal of the Chilean Chemical Society 64(2), 4492-4495.

El-Qudah, ].M., 2009. Identification and quantification of major
carotenoids in some vegetables. American Journal of
Applied Sciences 6(3), 492-497.

Eroglu, A. Harrison, E.H., 2013. Carotenoid metabolism in
mammals, including man: formation, occurrence, and
function of apocarotenoids. Journal of Lipid Research 54,
1719-1730.

Fratianni, A., Cinquanta, L., Panfili, G., 2010. Degradation of
carotenoids in orange juice during microwave heating.
LWT-Food Science and Technology 43, 867-871.

Hagos, M., Redi-Abshiro, M., Chandravanshi, B.S., Yaya, E.E,,
2022. Development of analytical methods for
determination of B-carotene in pumpkin (Cucurbita
maxima) flesh, peel, and seed powder samples.
International Journal of Analytical Chemistry 2022,
Article ID 9363692.

Harasym, ]., Oledzki, R.,, 2014. Effect of fruit and vegetable
antioxidants on total antioxidant capacity of blood
plasma. Nutrition 30, 511-517.

Hornal, D., Timpo, S. Guillaume, G., 2007. Marketing of
underutilized crops: the case of the African eggplant
(Solanum aethiopium) in Ghana.

Hussain, A., Kausar, T., Din, A., Murtaza, A., Jamil, M.A., Noreen,
S., Igbal, M.A, 2021. Antioxidant and antimicrobial
properties of pumpkin (Cucurbita maxima) peel, flesh and
seeds powders. Journal of Biology, Agriculture and
Healthcare 11(6), 42-51.

Karnjanawipagu, P., Nittayanuntawech, W. Rojsanga, P,
Suntornsuk, L., 2010. Analysis of beta-carotene in carrot
by  spectrophotometry.  University = Journal of
Pharmaceutical Science 37(1-2), 8-16.

Kassaye et al / Chemistry International 9(3) (2023) 111-119

iscientic.org.

Kim, M.Y., Kim, EJ, Kim, Y.N., Choi, C, Lee, BH., 2012.
Comparison of the chemical compositions and nutritive
values of various pumpkin (Cucurbitaceae) species and
parts. Nutrition Research and Practice 6(1), 21-27.

Kreck, M., Kuerbe, P., Ludwig, M., Paschold, P.]., Dietrich, H.,,
2006. Identification and quantification of carotenoid in
pumpkin cultivars (Cucurbita maxima L.) and their juices
by liquid chromatography with UV-DAD. Journal of
Applied and Food Quality (80), 93-99

Mahmoud, E.A., Mehder, A.0.A,, 2022. The manufacture of
three types of organic butternut squash flour and their
impact on the development of some oat gluten-free
products. Arabian Journal of Chemistry 15(9), 104051.

Makahity, A.M., Dulanlebit, Y.H., Nazudin, N. 2019.
Concentration analysis of carbohydrate, vitamin C, (-
carotene, and iron (Fe) from cherry fruit (Muntingia
calabura L) by spectrophotometry UV-Vis. Molluca
Journal of Chemistry Education 9(1), 1-8.

Martinez-Valdivieso, D., Font, R., Fernidndez-Bedmar, Z.,
Merinas-Amo, T. Gdémez, P. Alonso-Moraga, A. Rio-
Celestino, M.D., 2017. Role of zucchini and its distinctive
components in the modulation of degenerative processes:
genotoxicity, anti-genotoxicity, cytotoxicity and apoptotic
effects. Nutrients 9, 755.

Meléndez-Martinez, A.]., Escudero-Gilete, M.L., Vicario, I.M,,
Heredia, F.J., 2010. Study of the influence of carotenoid
structure and individual carotenoids in the qualitative and
quantitative attributes of orange juice color. Food
Research International 43, 1289-1296.

Mibei, E.K., Ambuko, J., Giovannoni, ].]., Onyango, A.N., Owino,
W.0., 2016. Carotenoid profiling of the leaves of selected
African eggplant accessions subjected to drought stress.
Food Science and Nutrition 370, 1-10.

Moh, Y.B., Man, C., Badlishah, B., 1999. Quantitative analysis of
palm carotene using Fourier transform infrared and near
infrared spectroscopy. Journal of the American Oil
Chemists’ Society 76(2), 149-254.

Moresco, R., Uarrota, V.G., Pereira, A., Tomazzoli, M., Nunes,
E.C., Peruch, M.L.A.,, Gazzola, ], Costa, C., Rocha, M,
Maraschin, M., 2015. UV-Visible scanning
spectrophotometry and chemometric analysis as tools for
carotenoids analysis in cassava genotypes (Manihot
esculenta Crantz). Journal of Integrative Bioinformatics
12(4), 280.

Naid, T., Muflihunna, A., Ode, 1., 2012. Analysis of 3-carotene
concentration from ternate pare (Momordica charantia L.)
by spectrophotometry UV-Vis. Maj Farm Dan Farmakol
16,127-130.

Nakazibwe, L., Olet, E.A., Kagoro-Rugunda, G., 2020. Nutritional
physico-chemical composition of pumpkin pulp for value
addition: case of selected cultivars grown in Uganda.
African Journal of Food Science 14(8), 233-243.

Nisa. K.K., Walanda. R.M., 2021. Analysis of -carotene from
jongi (Dilleniaserrata thunb.) as a source of vitamin A.
World Journal of Advanced Research and Reviews 10(2),
184-190.

118

http://bosaljournals.com/chemint

editorci@bosaljournals.com


mailto:editorci@bosaljournals.com

ISSN: 2410-9649 Kassaye et al / Chemistry International 9(3) (2023) 111-119 iscientic.org.

Norshazila, S., Irwandi, ], Othman, R, 2014. Carotenoid
content in different locality of pumpkin (Cucurbita
moschata) in Malaysia. International Journal of Pharmacy
and Pharmaceutical Sciences 6(3), 29-32.

Octaviani, T., Guntarti, A., Susanti, H., 2014. Determination of
[B-carotene concentration from various chili (Genus
Capsicum) by spectrophotometry visible. Pharmaciana.
4(2),171-176.

Pongjanta, ], Naulbunrang, A., Kawngdang, S., Manon, T,
pjaikat, T., 2006. Utilization of pumpkin powder in bakery
products. Songklanakarin Journal of Science and
Technology 28(1), 71-79.

Pritwani, R., Mathur, P., 2017. B-Carotene content of some
commonly consumed vegetables and fruits available in
Delhi, India. Journal of Nutrition and Food Sciences 7(5),
Article 625.

Putri, A, Yetti, R.D.,, Rusdi. 2021. Analysis of B-carotene
content in plants using some methods. International
Journal of Pharmaceutical Research and Applications
6(1), 480-489.

Quijano-ortega, N., Fuenmayor, C.A., Zuluaga-dominguez, C.,
2020. FTIR-ATR spectroscopy combined with
multivariate regression modeling as a preliminary
approach for carotenoids determination in Cucurbita spp.
Applied Sciences 10(11), 3722.

Rio-Celestino, M.D., Gémez, P.M., Villatoro-Pulido, M., Moya,
M., Dominguez-Pérez, 1., Martinez-Valdivieso, D., Font, R,,
Serrano, A.M., Alonso-Moraga, A., 2012. Quantification of
carotenoids in zucchini (Cucurbita pepo L.) cultivars
cultivated in Almeria by liquid chromatography.
Desjardins Acta Horticulturae 939.

Shukla, S.K., Kumar, V., 2012. Bioactive foods in chronic
disease states. In: Bioactive food as dietary interventions
for liver and gastrointestinal disease, 1st Edition, Watson,
R., Victor Preedy, V. (Eds.), eBook.

Sukmawati, S., Flanng, M., 2013. Analysis of -carotene content
from Chinese cabbage (Brassica pekinensia L.) and
mustard  green  (Brassica  juncea L)  using
spectrophotometry UV-VIS. As-Syifaa [Internet] 5(01),
55-61.

Tahir, M., Hikmah, N., Rahmawati, R., 2016. Analysis of vitamin
C and B-carotene content in Moringa oleifera Lam. Leaves
using the UV-VIS spectrophotometric method. Journal
Fitofarmaka Indonesia 3(1), 135-140.

Xu, X, Lu, X,, Tang, Z., Zhang, X,, Lei, F.,, Hou, L., Li, M., 2021.
Combined analysis of carotenoid metabolites and the
transcriptome to reveal the molecular mechanism
underlying fruit coloration in zucchini (Cucurbita pepo L.).
Food Chemistry and Molecular Sciences 2(30), 100021.

Zaccari, F., Galietta, G.,, 2015. a-Carotene and [-carotene
content in raw and cooked pulp of three mature stage
winter squash type butternut. Foods 4, 477-486.

Zahra, N., Nisa, A., Arshad, F., 2016. Comparative study of beta
carotene determination by various methods. Biological
Bulletin 2(1), 74-106.

Zarnila, Z., Napitupulu, M., Jura, M.R,, 2018. Analysis of beta-
carotene of plantain (Musa paradisiacal L.) dan kepok

banana (Musa paradisiaca) using spectrophotometry UV-
Vis method. Journal Akademika Kimia 7(4), 164.

Zuhanis, Y., 2014. Carotenoid content in different locality of
pumpkin (Cucurbita moschata) in Malaysia. International
Journal of Pharmacy and Pharmaceutical Sciences 6(3),
29-32.

Visit us at: http://bosaljournals.com/chemint
Submissions are accepted at: editorci@bosaljournals.com

119

http://bosaljournals.com/chemint

editorci@bosaljournals.com


mailto:editorci@bosaljournals.com
mailto:editorci@bosaljournals.com

