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Abstract: In this study, nitrogen (N), protein, total phenolics, total flavonoids and antioxidant activity were investigated in dried
samples of the Moringa oleifera plant grown in Bulancak, Camoluk, Espiye, Sebinkarahisar and Tirebolu districts of Giresun
province in Tirkiye. The analyses were performed by DPPH and FRAP methods for antioxidant activity. In the study, the plants
grown in Bulancak location had significantly higher nitrogen, protein and antioxidant activity than other growing regions. On
the contrary, significantly lower nitrogen and protein were measured in plants grown in Espiye and Tirebolu. The total phenolics
and total flavonoids were determined the highest in plants grown in Espiye and Tirebolu locations, the lowest values in Camoluk
and Sebinkarahisar locations. According to the antioxidant activity tests, the antioxidant activity of the plants grown in Espiye
location was significantly higher than in other growing regions. The lowest antioxidant activity was measured in Sebinkarahisar
and Camoluk locations. As a result, it was revealed that region conducted the cultivation affects on the protein and bioactive
compounds of the Moringa oleifera plant. Espiye, Bulancak and Tirebolu locations can be recommended for cultivation.
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Giresun-Tiirkiye'nin farkh lokasyonlarinda yetistirilen Moringa oleifera’min toplam
fenolikler, toplam flavonoidler ve antioksidan aktiviteleri

Oz: Bu calismada Giresun iline bagh Bulancak, Camoluk, Espiye, Sebinkarahisar ve Tirebolu ilgelerinde yetistirilen Moringa
oleifera bitkisinin kurutulmus orneklerinde azot (N), protein, toplam fenol, toplam flavonoid ve antioksidan aktivitesi
incelenmistir. Antioksidan aktivitesi i¢gin DPPH ve FRAP testlerine gore analizler yapilmistir. Aragtirmada, Bulancak ilgesinde
yetistiriciligi yapilan bitkilerin, diger yetistiricilik bolgelerine gére 6nemli derecede daha yiiksek azot, protein ve antioksidan
aktivitesine sahip oldugu tespit edilmistir. Espiye ve Tirebolu’da yetigen bitkilerde 6nemli derecede daha diisiik azot ve protein
Olciilmiistlir. Toplam fenol ve toplam flavonoid bakimindan, Espiye ve Tirebolu’da yetisen bitkilerde en yiiksek; Camoluk ve
Sebinkarahisar’da yetisen bitkilerde en diisiik degerler belirlenmistir. Antioksidan aktivite testlerine gore, Espiye’de yetigen
bitkilerin antioksidan aktivitesinin diger yetistiricilik bolgelerine kiyasla 6nemli derecede daha yiiksek oldugu saptanmustir.
Aksine en diigiik antioksidan aktivitesi, Sebinkarahisar ve Camoluk lokasyonlarinda 6l¢iilmiistiir. Sonug olarak, yetistiricilik
yapilan bolgenin Moringa oleifera bitkisinin protein ve biyoaktif bilesikleri iizerine etkisinin oldugu a¢iga ¢ikarilmistir.
Yetistiricilik i¢in Espiye, Bulancak ve Tirebolu lokasyonlari tavsiye edilebilir.

Anahtar Kelimeler: Antioksidan, DPPH, fenol, flavonoid, Moringa oleifera, protein

1. Introduction

In the rapidly developing world, people's changing
living conditions and eating habits and the increasing
interest in healthy nutrition constantly increase the
interest in products with different tastes, consumption
possibilities, and rich nutritional content. One of these
products is Moringa oleifera. Moringa oleifera is the
most well-known and cultivated species of the Moringa
genus in the world. Moringa oleifera, whose homeland
is the north of India, is grown in countries such as
Indonesia, Sri Lanka, Malaysia, Philippines, Mexico,
South and Central America, Africa and Middle East.
Although it grows well in tropical and subtropical
climates, especially in sandy soils, its lack of soil
selectivity, formation of pile roots, high adaptability to

cold and high drought tolerance has caused Moringa
oleifera to be cultivated and spread in more expansive
areas around the world in recent years (Anwar et al.,
2007). The wide spread of the Moringa oleifera plant
has caused it to gain different local names in many
regions. These are brief; Mulangay, Drumstick tree,
Mlonge, Kelor, Horseradish tree, Marango, Benzolive,
Saijihan and Sajna (Fahey, 2005).

Moringa oleifera is described as a miracle tree, due
to its rich content of bioactive compounds, mineral and
protein content. Especially the leaves contain high
levels of vitamin C, vitamin Bsg, provitamin A, vitamin
E, beta carotene, protein, potassium, phosphorus,
sodium, sulfur, zinc, copper, iron, amino acids, calcium
and magnesium. These make a significant contribution
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to antioxidant capacity (Bharali et al., 2003; Anwar et
al., 2007; Lea, 2010; Moyo et al., 2011). Due to the rich
nutritional content of its seeds, roots and leaves, its use
as a raw material in the pharmaceutical, food, dye and
animal feeding industries has become widespread. Its
seeds are used in oil, perfume and hair care, and its wood
is used in lumbering. The leaves are used in daily
nutrition, salads and animal nutrition. In addition, it is
consumed in daily diets because it has a high nutritional
content and gives a feeling of satiety when consumed.
Also, its leaves are dried and used to increase the shelf
life of foods due to its anti-bacterial properties and being
a source of disinfectants and natural antioxidants. It is
also reported to be used as a dietary product because it
gives a feeling of satiety (Nellis, 1996; Siddhuraju &
Becker, 2003; Fahey, 2005; Anjorin et al., 2010;
Khalafalla et al. 2010; Mishra et al. 2011).

This study aimed to determine the protein, total
phenolics, total flavonoids and antioxidant capacity of
Moringa oleifera grown in different districts (Bulancak,
Camoluk, Espiye, Sebinkarahisar and Tirebolu) of
Giresun province of Tiirkiye.

2. Materials and Methods

2.1.Plant materials

Moringa oleifera (cv. PKM-1), which constitutes the
plant material of the research, was grown from seed.
When the plants reached 10-15 c¢cm in size, they were
planted by hand in the first week of June 2019, with 1.0
m row spacing and 0.8 cm row spacing in different
districts of the Giresun province of Turkey (Bulancak,
Camoluk, Espiye, Sebinkarahisar and Tirebolu). 90 days
after planting, which they were about 120 cm high, the
stem and branches of the plant were cut by hand from
the plant, then stems and leaves were separated with
hand, and sun-dried at 30 °C for 3-5 days. Only leaves
were used in the analyses. The samples obtained from
each cultivation region were ground into powder by
milling using a grinder (Waring, UK).

Table 1. Climate data of study areas
Cizelge 1. Calisma alanlarmn iklim verileri
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Mean. temperature (°C) 249 214 243 248 242
Max. temperature (°C) 26.0 26.7 254 263 26.0
Min. temperature (°C) 185 124 191 120 187
Rainfall (mm) 13.8 83 184 3.6 206
Relative humidity (%) 73.0 540 785 552 79.0

36

2.2.Climate date
Climate data were presented in Table 1.

2.3.Nitrogen and protein content

Nitrogen was detected according to the Kjeldahl
distillation method (Bremner, 1965). The protein
content of Moringa oleifera was calculated from the
nitrogen content (N=6.25) as determined by the
Kjeldahl method.

2.4. Total phenolics, total flavonoids, antioxidant
activity

A suspension of 5% Moringa oleifera leaves was
prepared in pure water and stirred at 45°C for 8 hours.
The samples were then filtered on Whatman filter paper
1. The filtrates were used to determine total phenolics,
total flavonoids, and antioxidant activity (Ozturk et al.,
2019).

Spectrophotometric  measurements  for  total
phenolics, total flavonoids and antioxidant activity were
performed at the UV-Vis spectrophotometer (Shimadzu,
Kyoto, Japan). Total phenolics were determined
following the method described by Singleton and Rossi
(1965) and were expressed as g GAE (gallic acid
equivalent) kg drying weight (dw). Total flavonoids
were measured according to the method described by
Chang et al. (2002) and were expressed as g QE
(quercetin equivalent) kg™ dw. The antioxidant activity
of Moringa oleifera was determined according to two
different procedures of 2,2-diphenyl-1-picryl-hydrazyl-
hydrate (DPPH) (Aglar et al., 2017) and Ferric lons
(Fe*®) Reducing Antioxidant Power (FRAP) (Benzie &
Strain, 1996), and the results were expressed in mmol
Trolox equivalent (TE) kg™ dw.

2.5. Statistical analysis

Whether the data was typically distributed was
checked by Kolmogorov-Smirnov Test. Levene's test
confirmed homogeneity control of the group variances.
After the variance analysis of the data, Tukey's multiple-
comparison test was used to check whether there were
significant  differences between treatments. The
statistical analyses were performed by using SAS
software (SAS 9.1 version, USA).

3. Results and Discussion

3.1. Nitrogen and protein

The nitrogen content was between 1.53% and 2.80%;
the protein content varied between 9.54% and 17.50%.
The nitrogen and protein contents of samples among
locations were significant differences. The nitrogen and
protein content of samples in Bulancak location were
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significantly higher than other locations. Again,
significantly higher nitrogen and protein were
determined in plants grown in Sebinkarahisar compared
to Espiye and Tirebolu. Whereas, similar levels of
nitrogen and protein were measured from Camoluk,
Espiye and Tirebolu locations. The protein and nitrogen
levels were changed from 9.54% to 16.04% and from
1.53% to 2.57%, respectively. Also, Tirebolu locations
samples for nitrogen (1.53%) and protein (9.54%) were
the lowest among all locations (Table 2).

Proteins are organic compounds formed by the
combination of many amino acids and provide the
necessary energy for the body to repair, strengthen and
regenerate tissues damaged in human health, regulate
metabolism, strengthen the immune system (Cetiner &
Bilek, 2018). Therefore, consumers' interest in foods
with high protein content is increasing day by day. In
our study, it was observed that the nitrogen and,
accordingly, the protein content varied according to the
locations.

Table 2. Protein and nitrogen content of Moringa
oleifera grown in different locations

Cizelge 2. Farkli lokasyonlarda yetistirilen Moringa
oleifera’nin protein ve azot igerigi

Locations N Protein
(%) (%)
Bulancak 2.80a 1750 a
Camoluk 2.57 bc 16.04 bc
Espiye 251¢c 15.67 ¢
Sebinkarahisar 2.67b 16.69 b
Tirebolu 153¢ 954 ¢

Means in columns with the same letter do not differ according
to Tukey's test at P<0.05.

It was determined that the plants samples Bulancak
location had a higher content compared to other growing
regions. As a matter of fact, it has been reported in
studies that genetic and climatic factors (temperature,
lighting, etc.) and cultural practices such as irrigation
and fertilization may affect protein content (Makinde,
2013; Sarwar et al., 2018; Sarwar et al., 2020).
According to Gidamis et al. (2003) the protein content
of Moringa oleifera leaves grown in Tanzania was
33.12%; Moyo et al. (2011) 30.30% in South Africa;
Nouala (2006) West Africa 23.27%; Sanchez et al.
(2006) found it to be 26.7% in Nicaragua. It has been
observed that the reported values are higher than our
findings. This difference is because the climates where
the studies are carried out are within the natural
cultivation areas of Moringa oleifera; The reason may
be that our locations have a lower temperature compared
to the climate in which the research was conducted.

3.2. Total phenolics, total flavonoids, antioxidant
activity

In terms of bioactive compounds, significant
differences were seen between locations. Total
phenolics were between 68.23 and 92.30 g GAE kg

dw; total flavonoids content ranged from 37.75 to 70.29
g QE kg dw. Similar levels of total phenolics and total
flavonoids were measured in Espiye and Tirebolu
locations, significantly higher than in other locations.
However, samples of Camoluk and Sebinkarahisar
locations had similar levels of lower total phenolics and
total flavonoids than samples of Espiye, Tirebolu and
Bulancak locations (Table 3).

Moringa oleifera contains high amounts of
polyphenols, flavonoids, ascorbic acid and phenolic
acids. Due to its rich nutritional content, it has been used
as a therapeutic in traditional medicine from past to
present (Ma et al., 2020). However, it has been reported
that this rich content may differ according to
geographical location and environmental conditions
(Panwar & Mathur, 2020). Indeed, in a study conducted
by Saini et al. (2014), Moringa oleifera plants grown in
Pakistan contain higher bioactive compounds than those
grown in India, Thailand, Nicaragua, and the USA. The
total phenolic content of Moringa oleifera leaves grown
in Mexico was between 241.3 and 468.4 ug GAE/mL; it
has been reported that the total flavonoids content is
between 107.9 and 316.3 uL. RE/mL (Coz-Bolanos et
al., 2018).

Table 3. Total phenolics, total flavonoids and
antioxidant activities of Moringa oleifera grown in
different locations

Cizelge 3. Farkli lokasyonlarda yetistivilen Moringa
oleifera'min toplam fenolikler, toplam flavonoidler ve
antioksidan aktiviteleri

Locations Phytochemical characteristics
Total Total FRAP DPPH
phenolics flavonoids (mmol  (mmol
(g GAE (gQEkg? TE TE
kgldw)  dw) kgt kgt
dw) dw)
Bulancak 77.78 b 63.22 b 40.83b 2160a
Camoluk 7151c 41.68¢ 31.15¢ 13.62c
Espiye 92.30a 70.29 a 47.40a 23.78a
Sebinkarahisar  68.23 ¢ 37.75¢ 2641d 12.20c
Tirebolu 89.32a 67.35a 37.52b 16.78b

Means in columns with the same letter do not differ according
to Tukey's test at P<0.05.

Goémez-Martinez et al. (2020) in 3 different regions
in Spain, and Siddhuraju and Becker (2003) in their
research in Nicaragua determined that the regions where
cultivation is carried out have a significant effect on
antioxidant activity. Similarly, in our study, differences
in total phenolics, total flavonoids and antioxidant
activity were detected between growing regions. It can
be stated that this difference is caused by climatic
differences such as light, temperature and humidity in
the cultivation region. As a matter of fact, in our
research, it was observed that low altitude growing
regions (locations of Espiye, Bulancak and Tirebolu)
had higher bioactive compounds compared to high
altitude regions such as Camoluk and Sebinkarahisar
locations.
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4. Conclusion

As a result, it has been determined that the Moringa
oleifera plants grown in different districts of the Giresun
province of Tirkiye have differences in protein, total
phenolics, total flavonoids and antioxidant activity, and
plants grown in the Black Sea coastal climate with
relatively subtropical climate conditions at low altitude
contain higher bioactive compounds. Espiye, Bulancak
and Tirebolu locations can be recommended for
cultivation. There is a need for more detailed studies on
adaptation, yield and nutrient content in different
climate conditions of Tiirkiye.

References

Aglar, E., Saracoglu, O., Karakaya, O., Ozturk, B., & Gun, S.
(2019). The relationship between fruit color and fruit quality
of sweet cherry (Prunus avium L. cv. ‘0900 Ziraat’). Turkish
Journal of Food and Agriculture Sciences, 1(1), 1-5.

Anjorin, T.S., lkokoh, P., & Okolo, S. (2010). Mineral
composition of Moringa oleifera leaves, pods and seeds from
two regions in Abuja, Nigeria. International Journal of
Agriculture and Biology, 12(3), 431-434.

Anwar, F., Latif, S., Ashraf, M., & Gilani, A.H. (2007). Moringa
oleifera: a food plant with multiple medicinal
uses. Phytotherapy Research: An International Journal
Devoted to Pharmacological and Toxicological Evaluation of
Natural Product Derivatives, 21(1), 17-25.

Benzie, I.F., & Strain, J.J. (1996). The ferric reducing ability of
plasma (FRAP) as a measure of “antioxidant power”: the

FRAP assay. Analytical  Biochemistry, 239(1), 70-76.
https://doi.org/10.1006/abio.1996.0292
Bharali, R., Tabassum, J., & Azad, M.R.H. (2003).

Chemomodulatory effect of Moringa oleifera, Lam, on
hepatic carcinogen metabolising enzymes, antioxidant
parameters and skin papillomagenesis in mice. Asian Pacific
Journal of Cancer Prevention, 4(2), 131-140.

Bremner, J.M. (1965). Inorganic Forms of Nitrogen 1. Methods
of soil analysis. Part 2. Chemical and Microbiological
Properties, 9, 1179-1237.

Chang, C.C., Yang, M.H, Wen, H.M., & Chern, J.C. (2002).
Estimation of total flavonoid content in propolis by two
complementary colorimetric methods. Journal of Food and
Drug Analysis, 10(3), 178-182.
https://doi.org/10.38212/2224-6614.2748

Coz-Bolanos, X., Campos-Vega, R., Reynoso-Camacho, R.,
Ramos-Gomez, M., Loarca-Pina, G.F., & Guzman-
Maldonado, S.H. (2018). Moringa infusion (Moringa
oleifera) rich in phenolic compounds and high antioxidant
capacity attenuate nitric oxide pro-inflammatory mediator in

vitro. Industrial Crops and Products, 118, 95-101.
https://doi.org/10.1016/j.indcrop.2018.03.028

Cetiner, M., & Bilek, S.E. (2018). Bitkisel protein
kaynaklari. Cukurova  Tarim  ve  Gida  Bilimleri

Dergisi, 33(2), 111-126.

Fahey, J.W. (2005). Moringa oleifera: a review of the medical
evidence for its nutritional, therapeutic, and prophylactic
properties. Part 1. Trees for life Journal, 1(5), 1-15.

Gidamis, A.B., Panga, J.T., Sarwatt, S.V., Chove, B.E., & Shayo,
N.B. (2003). Nutrient and antinutrient contents in raw and
cooked young leaves and immature pods of Moringa oleifera,
Lam. Ecology of Food and Nutrition, 42(6), 399-411.
https://doi.org/10.1080/03670240390268857

Gomez-Martinez, M., Ascacio-Valdés, J.A., Flores-Gallegos,
A.C., Gonzélez-Dominguez, J., Goémez-Martinez, S.,
Aguilar, C.N., & Rodriguez-Herrera, R. (2020). Location and
tissue effects on phytochemical composition and in vitro

38

antioxidant activity of Moringa oleifera. Industrial Crops
and Products, 151, 112439.
https://doi.org/10.1016/j.indcrop.2020.112439

Khalafalla, M.M., Abdellatef, E., Dafalla, H.M., Nassrallah,
A.A., Aboul-Enein, K.M., Lightfoot, D.A., & EI-Shemy,
H.A. (2010). Active principle from Moringa oleifera Lam
leaves effective against two leukemias and a
hepatocarcinoma. African Journal of Biotechnology, 9(49),
8467-8471. https://doi.org/10.5897/AJB10.996

Lea, M. (2010). Bioremediation of turbid surface water using
seed extract from Moringa oleifera Lam. (drumstick)
tree. Current Protocols in Microbiology, 16(1), 1G-2.
https://doi.org/10.1002/9780471729259.mc01g02s16

Ma, Z.F., Ahmad, J., Zhang, H., Khan, I., & Muhammad, S.
(2020). Evaluation of phytochemical and medicinal
properties of Moringa (Moringa oleifera) as a potential
functional food. South African Journal of Botany, 129, 40-46.
https://doi.org/10.1016/j.5ajb.2018.12.002

Makinde, A.l. (2013). Effects of inorganic fertilizer on the growth
and nutrient composition of Moringa (Moringa
oleifera). Journal of Emerging Trends in Engineering and
Applied Sciences, 4(2), 341-343.

Mishra, G., Singh, P., Verma, R., Kumar, S., Srivastav, S., Jha,
KK, & Khosa, R.L. (2011). Traditional uses,
phytochemistry and pharmacological properties of Moringa
oleifera plant: An overview. Der Pharmacia Lettre, 3(2),
141-164.

Moyo, B., Masika, P.J., Hugo, A., & Muchenje, V. (2011).
Nutritional characterization of Moringa (Moringa oleifera
Lam.) leaves. African Journal of Biotechnology, 10(60),
12925-12933. https://doi.org/10.5897/AJB10.1599

Nellis, D.W. (1996). Poisonous plants and animals of Florida and
the Caribbean. Pineapple Press Inc.

Nouala, F.S., Akinbamijo, O0.0., Adewumi, A., Hoffman, E.,
Muetzel, S., & Becker, K. (2006). The influence of Moringa
oleifera leaves as substitute to conventional concentrate on
the in vitro gas production and digestibility of groundnut
hay. Livestock Research for Rural Development, 18(9).
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.54
5.8082&rep=repl&type=pdf

Ozturk, A., Yildiz, K., Ozturk, B., Karakaya, O., Gun, S., Uzun,
S., & Gundogdu, M. (2019). Maintaining postharvest quality
of medlar (Mespilus germanica) fruit using modified
atmosphere packaging and methyl jasmonate. LWT-Food
Science and Technology, 111, 117-124.
https://doi.org/10.1016/j.1wt.2019.05.033

Panwar, A., & Mathur, J. (2020). Genetic and biochemical
variability among Moringa oleifera Lam. accessions
collected from different agro-ecological
zones. Genome, 63(3), 169-177. https://doi.org/10.1139/gen-
2019-0102

Saini, R.K., Shetty, N.P., & Giridhar, P. (2014). Carotenoid
content in vegetative and reproductive parts of commercially
grown Moringa oleifera L. cultivars from India by LC-
APCI- MS. European Food Research and Technology, 238,
971-978. https://doi.org/10.1007/s00217-014-2174-3

Sanchez, N.R., Ledin, S., & Ledin, I. (2006). Biomass production
and chemical composition of Moringa oleifera under
different management regimes in Nicaragua. Agroforestry
Systems, 66(3), 231-242. https://doi.org/10.1007/s10457-
005-8847-y

Sarwar, M., Patra, J.K., & Jihui, B. (2018). Comparative effects
of compost and NPK fertilizer on vegetative growth, protein,
and carbohydrate of Moringa oleifera lam hybrid PKM-
1.Journal of Plant Nutrition, 41(12), 1587-1596.
https://doi.org/10.1080/01904167.2018.1462385

Sarwar, M., Patra, J.K., Ali, A., Magbool, M. & Arshad Ml
(2020). Effect of compost and NPK fertilizer on improving
biochemical and antioxidant properties of Moringa


https://doi.org/10.1006/abio.1996.0292
https://doi.org/10.38212/2224-6614.2748
https://doi.org/10.1016/j.indcrop.2018.03.028
https://doi.org/10.1080/03670240390268857
https://doi.org/10.1016/j.indcrop.2020.112439
https://doi.org/10.1002/9780471729259.mc01g02s16
https://doi.org/10.1016/j.sajb.2018.12.002
https://doi.org/10.5897/AJB10.1599
https://doi.org/10.1016/j.lwt.2019.05.033
https://doi.org/10.1139/gen-2019-0102
https://doi.org/10.1139/gen-2019-0102
https://doi.org/10.1080/01904167.2018.1462385

OZTURK et al. / JAFAG (2022) 39(1) 35-39

oleifera. South African Journal of Botany, 129, 62-66. Food Chemistry, 51(8), 2144-2155.
https://doi.org/10.1016/j.5ajb.2019.01.009 https://doi.org/10.1021/jf020444+

Siddhuraju, P., & Becker, K. (2003). Antioxidant properties of  Singleton, V.L., & Rossi, J.A. (1965). Colorimetry of total
various solvent extracts of total phenolic constituents from phenolics with phosphomolybdic-phosphotungstic  acid
three different agroclimatic origins of drumstick tree reagents. American Journal of Enology and
(Moringa oleifera Lam.) leaves. Journal of Agricultural and Viticulture, 16(3), 144-158.

39


https://doi.org/10.1016/j.sajb.2019.01.009

	Total phenolics, total flavonoids and antioxidant activity of Moringa oleifera grown in  different locations of Giresun-Türkiye 
	Giresun-Türkiye'nin farklı lokasyonlarında yetiştirilen Moringa oleifera’nın toplam  fenolikler, toplam flavonoidler ve antioksidan aktiviteleri 

