
 
Copyright © 2018 Authors. This is an open access article distributed under the Creative Commons Attribution License, which permits unrestricted 

use, distribution, and reproduction in any medium, provided the original work is properly cited. 
 

 

International Journal of Engineering & Technology, 7 (4.43) (2018) 149-153 
 

International Journal of Engineering & Technology 
 

Website: www.sciencepubco.com/index.php/IJET  

 

Short communication  

 

 

 

Drying and Extraction Methods Effect on Biochemical and  

An-tioxidant Capacity of Malaysian Wild Edible Vegetables 
 

Zalilawati Mat Rashid
1,2*

, Natasha Aziz
1
, Nashriyah Mat

1
 

 
1School of Food Industry, Faculty of Bioresources and Food Industry, 

 2Institute of Agricultural Production and Food Innovation (AGROPOLIS),  
Universiti Sultan Zainal Abidin, Besut Campus, 22200 Besut, Terengganu, Malaysia. 

*Corresponding author E-mail: zalilawati@unisza.edu.my 

 

 

Abstract 
 
Some wild edible vegetables are rarely been studied albeit freshly consumed by local people as ‘ulam’. Due to their perishable nature, 
drying is applied to extend their shelf life which causes substantial changes in phytochemicals content. Hence for collection of optimum 

yield of phenolics, the use of solvents of different polarities is crucial. In this study, the effect of drying (freeze-drying and oven-drying) 
and extractants solvents (ethanol and water) methods on phenolics and flavonoids contents as well as antioxidant activity of ten immature 
wild edible vegetables extracts (Acrosticum aureum, Erechtites hieraciifolia, Erechtites valerianifolia, Gnetum gnemon, Manihot 
esculenta, Oroxylum indicum, Phyllanthus acidus, Piper sarmentosum, Terminalia catappa and Ziziphus mauritiana) collected in 
Terengganu, Malaysia were investigated. Extraction were carried out using ultrasonication-assisted method. The results indicated that 
some vegetables were good sources of antioxidants with the lowest IC50 value of DPPH scavenging was 6.19 μg/mL. Ethanolic freeze 
dried (EFD) extracts (0.5 mg/mL) showed stronger DPPH scavenging activity (Inhibition rates: 76 to 88%) compared to ethanolic oven 
dried (EOD) (56 to 88%) and aqueous freeze dried (AFD) (35 to 89%). Total phenolics content (TPC) and total flavonoid contents (TFC) 

were found to exhibit strong to moderate correlations with antiradical power. Among all samples, T. catappa following EFD, EOD and 
AFD showed the strongest antioxidant potential. The findings revealed that different drying methods and extracting solvents did influ-
ence the biochemicals isolation and antioxidant activity.  
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1. Introduction 

Medicinal plants have important contributions in the healthcare 
system of local communities. The plants become the main source 
of medicine for the majority of rural population [1] such as in 

India where traditional healers use about 2500 plant species and 
100 species of plant to serve as common sources of medicine [2]. 
Strong antioxidant, greater level of phenolics, rich in dietary fi-
bers, minerals, vitamin C and various phytochemicals sustained 
the use of medicinal plants in healthcare in preventing non-
communicable disease [3, 4].  
In Malaysia, traditional vegetables or ‘ulam’ are freshly consumed 
or half-boiled at a medium temperature. They contain vitamins, 

fibres and minerals as well as exhibit medicinal properties against 
diabetes, heart disease and problems with the digestive tract [5]. 
For example, some common ‘ulam’ species namely, Centella 
asiatica (L.) Urban (pegaga), Anacardium occidentale L. (gajus), 
Colubrina asiatica (peria pantai), Pluchea indica (beluntas) and 
Premna cordifolia (bebuas)were studied for phenolic compounds 
and analysed for antioxidant activities [6].  
There are various methods used in plant extraction which affect 
the extraction yield and antioxidant activity. Drying is a process of 

removing the moisture content to preserve the phytochemicals/ 
bioactive constituents and prolong their shelf life by retardation of 
microbial spoilage [7, 8]. Different drying methods may affect the 
chemicals and biological activities of the vegetables. Generally, 

three drying methods are used in drying process of leafy vegeta-
bles, which are freeze dry, oven dry and air dry. Freeze drying is 
regarded as the better method for moisture removal since the leaf 
is shock freezing with liquid nitrogen upon plucking in order to 
stop any metabolic reaction and produce highest quality of the 
final product. The ice crystals formation within the plant matrix 
can rupture the cell structures which provide the release of cellular 

components [9]. Oven drying would exposed excess heat on the 
leaves which could on lead to degradation of certain heat-sensitive 
compounds and resulting in reducing the chemicals amount and 
reaction [10, 11]. Air dry and oven dry are commonly used in 
herbal drying process among domestic industry due to their rapid, 
simple and inexpensive methods [12]. Besides, the extractant solu-
tion used may also affect the extraction yield and antioxidant ca-
pacity [13]. Polar solvents are applicable to recover polyphenols 

from plant samples. For examples, flavonoids from tea isolation 
were better carried out using water/ethanol than water/methanol 
and water/acetone [14]. 
However, the information on the effect of drying as well as 
extraction solvents on the antioxidant activity of Malaysian wild 
edible vegetables are limited. Therefore, the aim of this study was 
to investigate the concentrations of polyphenols compounds and 
antioxidant activity of ethanol and aqueous extracts of Malaysian 
wild edible vegetables prior to freeze and oven drying. 
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2. Materials and Methods 

2.1. General 

 
Folin-Ciocalteu’s (FC) reagent, sodium carbonate anhydrous, 
sodium nitrite, sodium hydroxide, aluminium chloride anhydrous, 
2,2-diphenyl-1-picrylhydrazyl (DPPH), quercetin, gallic acid, and 
bovine serum albumine (BSA) were purchased from Sigma-
Aldrich GmbH (Sternheim, Germany). D-glucose, sulfuric acid 

(H2SO4), ethanol (analytical grade), methanol (analytical grade) 
were obtained from Merck (Darmstadt, Germany). Bradford re-
agent was obtained from Sigma-Aldrich (St. Louis, MO, USA). 
Phenol solution was purchased from Thermo Fisher Scientific 
(MA, USA). Absorbances in colorimetric tests were read using 
ELISA microplate reader (TECAN, US). Distilled water (dH2O) 
was used in related experiments. Stock solution of all samples 
were prepared at concentration of 1 mg/mL and diluted to a final 

concentration of 100 µg/mL in all chemical content assays. The 
standard calibration curve were established using standards with 
concentration ranging from 200 to 1.56 µg/mL (2-fold dilution) 
versus absorbances. The mean of four replicate results was used in 
all analysis.  

 

2.2. Sample collection, drying and extraction  

 
Ten wild edible vegetables; Acrosticum aureum, Erechtites 
hieraciifolia, Erechtites valerianifolia, Gnetum gnemon, Manihot 
esculenta, Oroxylum indicum, Phyllanthus acidus, Piper 
sarmentosum, Terminalia catappa and Ziziphus mauritiana were 
collected from several localities in Terengganu and authenticated 
by Prof Dr Nashriyah Mat, Faculty of Bioresources and Food 

Industry (FBIM), Universiti Sultan Zainal Abidin, Terengganu. 
The vouchers specimens were deposited in FBIM Herbarium. 
Immature leaves collected, were ensured to be free of dirt and 
latex, and immediately frozen in liquid nitrogen to quench meta-
bolic reaction. 
The sample was then dried using two different drying methods; 
Freeze-drying (FD) and oven-drying (OD) [15]. For FD method, 
the leaves were ground to rough powdered form under liquid ni-

trogen and then stored overnight at -20 °C and lyophilized (Freeze 
Dryer CHRIST Alpha 1-4Ldplus, Protocols; Main drying: -20 °C 
at 1.0 mBar, Final drying: -56 °C at 0.0018 mBar). For OD 
method, the leaves were dried at 37 °C for 48 hours (h) and 
ground to rough powdered form. Samples were stored in vacuum 
desiccator prior to extraction. Sample (5 g) was macerated in 
ethanol or water (25 mL), heated at 70 °C for 15 minutes (min), 
followed by sonication (15 min) and centrifugation (4000 rpm, 15 

min). The supernatant was concentrated under vacuum and com-
pletely dried to crude extract under nitrogen gas flow. The crude 
extract was stored at -20 °C before analyzed. 

 

2.3. Total phenolics content 

 
Total phenolics content (TPC) was determined based on the reduc-
tion of FC reagent (phosphomolybdate and phosphotungstate) by 
phenolic compounds [16]. Gallic acid was used as a standard. 
Sample or gallic acid (20 µL, methanol) was added to 40 µL of 
10% FC reagent (v/v, dH2O) and mixed thoroughly (3 min). So-
dium carbonate (160 µL, 7.5% w/v, dH2O) was added and the 
mixture was incubated in dark condition for 2 h at room tempera-
ture (RT). The mixture absorbance was measured at 765 nm using 

microplate reader. TPC was expressed as milligrams of gallic acid 
equivalents, mg GAE/g extract). The total of phenolic content of 
sample (GAE mg/g extract) was calculated by the following 
formula: 
C = c × V / m 
Where; C = TPC of crude extracts (mg GAE/g extract); c = TPC 
of crude extracts obtained from gallic acid calibration curve 

(mg/mL); V = volume of extract (mL); m = weight of pure plant 
extract (g). 

 

2.4. Total flavonoids content 

 
Total flavonoid content was measured according to a modified 
protocol [17]. Quercetin was used as standard. Sample or 
quercetin (60 µL, diluted in methanol) was mixed with aluminium 
chloride (30 µL,  10% w/v), potassium acetate (30 µL, 1 M) and 
52 µL dH2O and incubated (30 min, RT). The absorbance was 
read at 415 nm. The total flavonoid content was expressed as mil-
ligram of quercetin equivalent per gram of dry sample (mg QE/g 
extract) as shown in equation below: 

 

C = c × V / m 
Where; C = TFC of crude extracts (mg QE/g extract); c = TFC of 
crude extracts obtained from gallic acid calibration curve (mg/mL); 
V = volume of extract (mL); m = weight of pure plant extract (g). 

 

2.5. DPPH free radical scavenging assay 

 
DPPH free radical scavenging assay was adopted with some modi-
fications to determine DPPH free radical scavenging ability of 
wild edible vegetables [18]. Quercetin was used as standard refer-
ence. DPPH solution (200 μL, 0.125 mM in methanolic) was 
mixed with samples or quercetin (50 μL, 1 mg/mL in DMSO) and 

followed by two-fold dilution to obtain a series of concentrations. 
The mixture was incubated under dark condition (30 min, RT) and 
DPPH reduction was read at λ 517 nm against a blank (50 μL 
methanol with 200 μL DPPH solution) using microplate reader. 
The inhibitory concentration at 50% (IC50) was determined from 
the graph of percentages inhibition versus extracts concentration 
ranging. Antiradical power (ARP) is defined as reciprocal of IC50. 
DPPH scavenging activity and antiradical power were calculated 
using the following equations: 

 
Inhibition (%) = [(Ao - A1)/ Ao)] × 100 
Antiradical = 1/IC50 

Where; Ao = absorbance of the control reaction; A1 = absorbance 
of the sample itself. 

 

2.6. Statistical analysis 

 
The readings were measured in triplicate. Data was expressed as 
mean values ± standard error (SE)/ standard deviation (SD). Sim-
ple regression analysis was performed to discuss the relationships 
between antiradical capacity and polyphenols amount. All data 
collected were analysed using descriptive analysis in SPSS soft-

ware version 20.0. Differences were considered significant at 
p<0.05. 

 

3. Results 

 
The results revealed that most of ethanolic freeze dried (EFD) 
samples contained higher phenolics composition (TPC and TFC) 

and better antioxidant potential compared to ethanolic oven dried 
(EOD). The highest TPC was determined in EFD of T. catappa 
with 65.55, while its EOD contained 48.33 (mg GAE/g extract). 
The least was found in EFD of P. acidus (17.51) and EOD of E. 
hieraciifolia (11.31) (mg GAE/g extract). For TFC, EFD and EOD 
of O. indicum contained the highest amount with 55.96 and 30.14, 
respectively, while EFD of E. hieraciifolia and EOD of P. 
sarmentosum had the least with 17.07 and 11.32, respectively (mg 

QE/g extract) (Fig. 1).  
On the other hand, further study was carried out to compare the 
effect of extractant solvent towards polyphenols composition. The 
results revealed that the phenolics and flavonoids content as well 
as antioxidant activity of almost all ethanolic extracts (EFD) were 
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respectively higher and stronger than aqueous extracts (AFD). 
Among AFD samples, T. catappa contained higher amount of 
TPC (53.73 mg GAE/g extract) and TFC (41.51 mg QE/g extract) 
compared to others. The least amount of TPC was found in AFD 
of E. hieraciifolia (11.56 mg GAE/g extract), while for TFC, P. 
sarmentosum contained the least (2.25 mg QE/g extract) (Fig. 2).  
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Fig. 1: Effect of drying methods on phenolics components in wild edible 

vegetables extracts. A) Total phenolics content (TPC), B) Total flavonoids 

content (TFC). *EFD = ethanolic freeze-dried extracts, EOD = ethanolic 

oven-dried extracts. Data represents means ± SD, n = 4. Differences were 

considered significant at: * = p<0.05. 
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Fig. 2: Effect of extraction solvents on phenolics components in wild 

edible vegetables extracts. A) Total phenolics content (TPC), B) Total 

flavonoids content (TFC). *EFD = ethanolic freeze-dried extracts, AFD = 

aqueous freeze-dried extracts. Data represents means ± SD, n = 3. Differ-

ences were considered significant at: * = p<0.05, ** = p<0.01. 

Furthermore, DPPH free radical inhibition by EFD samples at 0.5 
mg/mL were in range of 76.1% to 88.1% (Fig. 3A), while EOD 
samples inhibited 56.9% to 87.9% (Fig. 3B). Among EFD samples, 
O. indicum and T. catappa was the most active with IC50 values 
15.56 and 22.71 μg/mL, respectively. The weakest activity was 
displayed by G. gnenom (194.05 μg/mL). Similarly, among EOD 
samples, O. indicum and T. catappa indicated more antioxidant 
potential, while the least inhibition was also shown by G. gnenom 

(Table 1). Meanwhile, DPPH inhibition of AFD samples at 0.5 
mg/mL were ranging from 35.2% to 89.4% with IC50 values from 
6.19 µg/mL to 635.14 µg/mL (Fig. 3C). AFD of T. catappa 
demonstrated the strongerest antioxidant potential, while E. 
hieraciifolia was the weakest (Table 1). 

 

3. Discussion 

 
The recent study proved that most of samples following freeze-
drying (FD) and ethanol extraction retained higher polyphenolics 
amount while displaying stronger antioxidant potential compared 
to oven-drying (OD). In the recent study, the antiradical power 
(ARP) calculated as reciprocal of IC50 of DPPH scavenging activi-
ty (1/IC50) was used to define the antioxidant action of a sample 
antioxidant capacity. In addition, antioxidant capacity correlation 

with TPC and TFC were also investigated since the polyphenols 
have been discussed to contribute significant role in antioxidant 
activity [19]. 
These findings indicating more TPC (6.9 to 50.2%) and TFC (18.5 
to 46.0%) in FD than OD samples correspond to the previous re-
searches which suggested that FD preserve natural compounds by 
quenching metabolism via enzymes denaturation and microbial 
activities inhibition [20]. For example, freeze dried persimmon 
was reported to contain the highest total phenolics due to limited 

thermal and chemical degradation [9]. Generally, thermal treat-
ments are known to contribute to the depletion of polyphenols in 
food products [12]. Additional of heat to heat-sensitive compo-
nents such as polyphenols could lead to their loss due to enzymat-
ic degradation by the Maillard reaction [21]. Thus, FD is often 
considered to be the most effective technique for preserving tem-
perature sensitive compound. Besides, the samples ARP after 
undergoing OD thermal treatment was found to be reduced at 

about 33.6 to 92.0% compared to ARP of samples following FD. 
Therefore, FD is regarded as the better method for moisture re-
moval in preserving metabolic features of herbs [7, 9]. 
The current study employed ethanol and aqueous as extractants 
due to the fact of its efficiency as good extractant of phenolic 
constituents while gave higher scavenging activity [22, 23]. Polar 
solvents are found to be effective to recover phenolics from plant 
samples. For examples, the highest amount of phenolics from 

barley flour were determined in ethanol/acetone extract [24] and 
lower molecular weight polyphenols were found to be extracted 
effectively using methanol, while bigger flavanols have high affin-
ity with aqueous/acetone [25]. This study also revealed that most 
of ethanolic extracts recovered more TPC (17.7 to 53.3%) and 
TFC (13.9 to 94.4%) compared to aqueous extracts. In addition, 
ARP of ethanolic extracts also higher at about 33.7 to 94.6% than 
ARP of aqueous extracts. However, some aqueous extracts have 

more ARP (A. aureum, M. esculenta and T. catappa), TPC (A. 
aureum and M. esculenta) and TFC (T. catappa) compared to 
ethanolic extracts. This possibly due to the active compounds of 
different chemical properties and polarities may be soluble or 
insoluble in a certain particular solvent [13]. 
The presence of bioactive compounds in alcoholic T. catappa and 
O. indicum extracts are in agreement with the work of other re-
searchers. Previous works also recorded that major polyphenols 

compounds in ethanolic extracts of T. catappa including 
phenolics, flavonoids, and tannins [26]. Meanwhile, O. indicum 
was also reported to be rich in flavonoids constituents [27, 28].  
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Fig. 3: DPPH free radical scavenging activity (%) of wild edible vegeta-

bles extracts at different concentration. A) Freeze-dried samples extracted 

with ethanol (EFD), B) Ovendried samples extracted with ethanol (EOD), 

C) Freeze-dried samples extracted with water (AFD). Data represents 

means ± SE, n = 3.  

 

Table 1: IC50 values of DPPH radical scavenging activity of ethanolic and 

aqueous extracts of Malaysian wild edible vegetables after freeze and oven 

drying. 

Vegetables 
DPPH scavenging activity (IC50; μg/mL) 

EFD EOD AFD 

A. aureum 39.13±5.02 58.88±16.46 25.67±6.71 

E. hieraciifolia 66.79±5.18 143.87±27.03 635.14±15.34 

E. valerianifolia 67.52±16.17 145.17±58.18 357.28±15.55 

G. gnemon 194.05±14.59 405.75±51.83 292.71±93.81 

M. esculenta 83.93±7.52 160.46±18.21 48.04±8.95 

P. acidus 122.00±24.23 276.19±43.9 219.36±33.47 

P. sarmentosum 20.79±2.08 260.24±23.44 325.33±79.26 

O. indicum 15.56±1.70 23.45±2.05 285.92±77.08 

T. catappa 22.71±3.47 10.26±4.45 6.19±0.87 

Z. mauritiana 33.54±12.29 91.45±14.78 101.07±24.98 

*EFD = ethanolic freeze-dried extracts, EOD = ethanolic oven-dried ex-

tracts, AFD = aqueous freeze-dried extracts. Data represents means ± SE, 

n = 4.  

 
The antioxidant activities of T. catappa and O. indicum also could 
also attributable to other bioactive compounds such as reducing 
sugars, alkaloids, glycosides, tannins, flavonoids gums and 

terpenoid which also soluble in other polar solvents besides etha-
nol [29-31].  
To discuss antioxidant capacity correlation with TPC and TFC, 
linear correlations between ARP and polyphenols were deter-
mined (Fig. 4). The TPC were found to has strong positive corre-
lation with antioxidant activity with correlation coefficient, R was 
0.7331 and determination coefficient, R2 was 0.5374. However, a 
weak correlations were observed between antiradical and flavo-

noids content (R = 0.5302; R2 = 0.2812). These are consistent with 
previous literatures that discussed the positive correlation between 
plants extracts antioxidant activity and phenolic compounds [19]. 
The polyphenols were reported to function as antioxidants due to 
their ability to donate electrons or hydrogen as well as react as 
stable radical intermediates [32]. 
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Fig. 4: Antioxidant capacity correlation with A) Total phenolics content 

(TPC) and B) Total flavonoids contents (TFC). 

 

4. Conclusion  

 
Most of the samples following freezed-drying and ethanol extrac-
tion were proved to retain higher polyphenolics amount while 
displaying stronger antioxidant potential. Interestingly, aqueous 

extracts of certain species showed more potential. Thus, specific 
methods could be explored to warrant retention of the highest 
amount of naturally occurring antioxidant active compounds from 
individual vegetable.  

 

Acknowledgement 

 
This project is funded under University Research Grant 
(UniSZA/2016/DPU/05), Universiti Sultan Zainal Abidin 
(UniSZA). The authors also thank all science officers at Faculty of 
Bioresources and Food Industry (FBIM), UniSZA for assistance 
during working with the laboratory facility. 

 

References  

 
[1] Ahmad, M., Khan, M.A., Rashid, U., Zafar, M., Arshad, M. & Sul-

tana, S. (2009) Quality assurance of herbal drug valerian by chemo-

taxonomic markers. African Journal of Biotechnology 8(6), 1148-

1154. 



International Journal of Engineering & Technology 153 

 
[2] Pei, S.J. (2001) Ethnobotanical approaches of traditional medicines 

studies: Some experiences from Asia. Pharmaceutical Biology 39, 

74-79. 

[3] Mustafa, A.M. (1994) Ulam. FRIM & Penerbit Fajar Bakti Sdn. 

Bhd., Petaling Jaya, pp.1–8. 

[4] Hounsome, N., Hounsome, B., Tomos, D. & Edward, J.G. (2008) 

Plant metabolites and nutritional quality of vegetables. Journal of 

Food Science 73, R48-R65. 

[5] Berdanier, C.D., Dwyer, J. & Feldman, E.B. (2007) Handbook of 

Nutrition and Food. CRC Press, Boca Raton. 

[6] Saidin, I. (2000) Sayuran Tradisional Ulam dan Penyedap Rasa. 

UKM, Bangi, pp.147. 

[7] Ratti, C. (2001) Hot air and freeze-drying of high-value foods: A 

review. Journal of Food Engineering 49, 311–319. 

[8] Ahmed, M., Faridah, A., Alfi, K., et al. (2012) H-NMR-based 

metabolomics approach to understanding the drying effects on the 

phytochemical in Cosmos caudatus. Food Research International 

49(2), 763–770. 

[9] Korus, A. (2011) Effect of preliminary processing, method of dry-

ing and storage temperature on the level of antioxidants in kale 

(Brassica oleracea L. var. acephala) leaves. LWT - Food Science 

and Technology 44, 1711–1716. 

[10] Attanasio, G., Cianquanta, L. & Matteo, M.D. (2004) Effect of dry-

ing temperature on physic-chemical properties of dried and rehy-

drated chestnuts (Castanea sativa). Food Chemistry 88, 583–590. 

[11] Ahmed, M., Faridah, A., Alfi, K., et al. (2015) Relationship be-

tween metabolites composition and biological activities of 

Phyllanthus niruri extracts prepared by different drying methods 

and solvents extraction. Plant Food for Human Nutrition 70(2), 

184–192. 

[12] Vega-Gàlvez, A., Di Scala, K., Rodriguez, K., et al. (2009) Effect 

of air-drying temperature on physico-chemical properties, antioxi-

dant capacity, colour and total phenolic content of red pepper (Cap-

sicum annuum, L. var. Hungarian). Food Chemistry 117, 647–653. 

[13] Turkmen, N., Sari, F. & Velioglu, Y.S. (2006) Effects of extraction 

solvents on concentration and antioxidant activity of black and 

black mate tea polyphenols determined by ferrous tartrate and 

Folin–ciocalteu methods. Food Chemistry 99, 835–841. 

[14] Wang, H. & Helliwell, K. (2001) Determination of flavonols in 

green and black tea leaves and green tea infusions by high-

performance liquid chromatography. Food Research International 

34, 223–227. 

[15] Ahmed, M., Faridah, A., Ching, P.T. & Alfi, K. (2014) Effects of 

different drying methods and storage time on free radical scaveng-

ing activity and total phenolic content of Cosmos caudatus. Antiox-

idants 3, 358–370. 

[16] Ainsworth, A.E. & Gillespie, K.M. (2007) Estimation of total phe-

nolic content & other oxidation substrates in plant tissues using  

Folin-ciocalteu’s reagent. Nature Protocols 2(4), 875–877. 

[17] Bag, G.C. & Devi, P.G. (2015) Assessment of total flavonoid con-

tent and antioxidant activity of methanolic rhizome extract of three 

Hedychium species of Manipur Valley. International Journal of 

Pharmaceutical Sciences Review and Research 30, 154–159.  

[18] Manzocco, L., Anese, M. & Nicoli, M.C. (1998) Antioxidant prop-

erties of tea extracts as affected by processing. Lebens-mittel-

Wissen schaft Und-Technologie 31(7-8), 694–698. 

[19] Djeridane, A., Yousfi, M., Nadjemi, B., Boutassouna, D., Stocker, 

P. & Vidal, N. (2006) Antioxidant activity of some Algerian medic-

inal plants extracts containing phenolic compounds. Food Chemis-

try 97 654–660. 

[20] Jayaraman, K.S. & Das Gupta, D.K. (1992) Dehydration of fruits 

and vegetables-recent developments in principles and techniques. 

Drying Technology 10, 1–50.  

[21] Arslan, D. & Özcan, M.M. (2010) Dehydration of red bell-pepper 

(Capsicum annuum L.): Change in drying behavior, colour and an-

tioxidant content. Food and Bioproducts Processing 89(4), 504–

513. 

[22] Manaharan, T., Palanisamy, U.D. & Cheng, M.H. (2012) Tropical 

plant extracts as potential antihyperglycemic agents. Molecules 17, 

5915–5923. 

[23] Shi, J., Yu, J., Pohorly, J., Young, J.C., Bryan, M. & Wu, Y. (2003) 

Optimization of the extraction of polyphenols from grape seed meal 

by aqueous ethanol solution. Food, Agriculture & Environment 

1(2), 42–47. 

[24] Bonoli, M., Verardo, V., Marconi, E., et al. (2004) Antioxidant 

phenols in barley (Hordeum vulgare L.) flour: Comparative spec-

trophotometric study among extraction methods of free and bound 

phenolic compounds. Journal of Agricultural and Food Chemistry 

52, 5195–5200. 

[25] Dai, J. & Mumper, R.J. (2010) Plant phenolics: Extraction, analysis 

and their antioxidant and anticancer properties. Molecules 15, 

7313–7352. 

[26] Shikha, M., Renu, M., Ranjana, V., Binu, V. & Jagrati, T (2013) A 

study on phytochemical and antifungal activity of leaf extracts of  

Terminalia catappa. International Journal of Pharma and Bio Sci-

ences 4(4), 1385–1393. 

[27] Sankara, S. & Nair, A.G.R. (1972) Flavonoids from the leaves of 

Oroxylum indicum and Pajanelia longifolia. Photochemistry 11, 

439–440. 

[28] Rojsanga, P., Bunsupa, S., Brantner, A.H. & Sithisarn, P. (2017) 

Comparative phytochemical profiling and in vitro antioxidant activ-

ity of extracts from raw materials, tissue-cultured plants, and callus 

of Oroxylum indicum (L.) vent. Evidence-Based Complementary 

and Alternative Medicine 1–11.  

[29] Ahad, A., Ganai, A.A., Sareer, O., et al. (2012) Therapeutic poten-

tial of Oroxylum indicum: A review. Journal of Pharmaceutical Re-

search and Opinion 2(10), 163–172. 

[30] Shikha, M., Renu, M., Ranjana, V., Binu, V. & Jagrati, T. (2013) A 

study on phytochemical and antifungal activity of leaf extracts of 

Terminalia catappa. International Journal of Pharma and Bio Sci-

ences 4(4), 1385–1393. 

[31] Annegowda, H.V., Mordi,  M.N., Ramanathan, S. & Mansor,  S.M. 

(2010) Analgesic and antioxidant properties of ethanolic extract of 

Terminalia catappa L. leaves. International Journal of Pharmacol-

ogy 6, 910–915. 

[32] Cuvelier, M.E., Richard, H. & Berset, C. (1992) Comparison of the 

antioxidant activity of some acid phenols: structure–activity rela-

tionship. Bioscience, Biotechnology and Biochemistry 56, 324–332. 


