
Vol.:(0123456789)1 3

Journal of Food Measurement and Characterization (2022) 16:1559–1571 
https://doi.org/10.1007/s11694-022-01289-2

ORIGINAL PAPER

Biological activities of Egyptian grape and mulberry by‑products 
and their potential use as natural sources of food additives 
and nutraceuticals foods

Hanan H. Abdel‑Khalek1  · Zakaria Ahmed Mattar1

Received: 14 October 2021 / Accepted: 3 January 2022 / Published online: 21 January 2022 
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2022

Abstract
Interest in the biological role of bioactive compounds present in plant by-products has increased over the last few years. This 
study aimed to investigate the nutritive value and biological activities of Egyptian Grape leaves (GL), Grape seeds (GS) 
and Mulberry leaves (ML), as well as investigate the impact of γ-irradiation for improving the utilization of these plant by-
products. The dose level 5.0 kGy showed highest the content of crude protein (24.42, 19.41 and 13.50 mg/100 g), as well as 
crude fiber (34.26 and 21.18 mg/100 g) for ML, GL and GS, respectively. Mulberry leaves has a highest content of protein 
and fiber at dose 5.0 kGy compared with GL and GS. The highest total phenolic content was found in GS (9.75 mg/g DW), 
followed by GL (7.32 mg/g DW) and the lowest in ML (5.97 mg/g DW). While ML had a higher total flavonoids content 
(5.61 mg/g DW) than GS (4.88 mg/g DW) and GL (2.86 mg/g DW). Total phenolic and flavonoid contents were significantly 
increased at 5.0 kGy. The highest level (83.25% and 80.24%) of scavenging activity (DPPH %) and inhibition activity of 
HCT 116 cells was recorded at 5.0 kGy by GS. All extracts irradiated at 5.0 kGy exhibited varying degrees of antibacte-
rial activity against (Gram+ve and Gram–ve), the GS followed by GL then ML showed strong antibacterial activity with 
a diameter of inhibition zone of 26.2, 24.5 and 19.7 mm, against L. monocytoganes, respectively and 24.4, 21.4 and 17.2 
against S. typhimurium, respectively. This study suggests that γ-irradiation is an effective technique to enhance the recovery 
of phenolics and flavonoids from GL, GS and ML. Also in current study, antioxidant, antibacterial and anticancer activity 
has been suggested to appear a clear positive relationship with the total phenolic material. This study has proved that the 
Egyptian GL, GS and ML are rich sources of valuable phytochemicals and nutrients that can serve as a potential source of 
nutraceuticals and multifunctional food additives (antimicrobial, antioxidant, and anticancer). Phenolic compounds recovered 
from GL, GS and ML may have a potential role in fighting the COVID-19.

Keywords Egyptian grape and Mulberry-by-products · Antimicrobial · Antioxidant · Anticancer · Food additives · 
Nutraceuticals foods

Introduction

Food loss and waste (FLW) along the food value chains 
in the Near East and North Africa (NENA) is estimated 
to reach 250 kg per individual and over USD 60 billion 

annually, based on a study prepared by the Food and Agri-
culture Organization [1]. For an area that relies heavily on 
global food imports, has limited capacity to increase food 
production, and faces shortages of water and arable land, 
the social, economic and environmental impacts are serious. 
Although food requirements are increasing, FLW is high in 
Egypt, especially for perishable products. Fruit and vegeta-
ble FLW is expected to 45–55% of production across the 
country annually. Therefore, attention must be paid to the 
fruits and vegetables by-products and to make maximum 
use of them in order to contribute to solve these problems 
[2]. The residues resulting from agro-industrial processes 
could lead to a major pollution problem are important 
sources of natural products with antimicrobial, antioxidant 
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and anti-cancer properties [3, 4]. The large quantity of waste 
generated by agro-industries, in addition to the significant 
loss of useful resources, also poses serious management 
problems, both from an economic and environmental per-
spective [5].

Plant By-products contain oligosaccharides, phenolic 
compounds, proteins and other substances, which make them 
a rich source of natural compounds which can potentially be 
used in the food industry as sources of food additives at no 
additional cost of production and at reduced industrial costs 
[6, 7].

Artificial additives change human enzymes and lipids and 
have a possible carcinogenic effect [8]. Therefore, recent 
research has been carried out to replace chemical additives 
with natural additives that can be produced from agricul-
tural wastes [9]. Growing attention to natural antioxidants, 
anticancer and antimicrobial compounds has led to plant by-
product research as a source of these bioactive compounds 
[10]. Consumers today look forward not only to food items 
that are safe or nutritious but also to the need for natural, 
organic, or healthy foods. Increasing the consumer attention 
on functional foods has contributed to an increase in demand 
for natural foods [11]. For certain food additives already in 
use, the reuse of fruit waste or by-products can reflect a sus-
tainable source or even produce new added-value ingredients 
with functional compounds and properties that will support 
the entire food system [12, 13].

The bioactive compounds produced by plant by-products 
are the source of phenolic bioactive compounds, and their 
pharmacological activities, such as anti-inflammatory, anti-
allergic, antimicrobial, antiviral, anti-cancer, cardioprotec-
tive and vasodilatory activities, play an important role in 
human health [14, 15]. Grape and mulberry leaves are a 
major source of phenolic compounds. Recently, growing 
interests in phenolic compounds from grapes and mulberry 
leaves have focused on their biological activities linking to 
human health benefits, such as antioxidant, cardioprotective, 
anticancer, antiinflammation, antiaging and antimicrobial 
properties [16–18].

Due to the phenolic content of grape leaves and berries, 
it may have a possible effect on the Corona virus. Several 
studies and clinical trials increasingly proved the role of 
polyphenols in controlling various human pathogens, like 
SARS and MERS which are quite similar to COVID-19. As 
a result, polyphenols may potentially fight the Coronavirus 
by enhancing the host immune response against viral infec-
tions by different biological mechanisms. Thus, polyphe-
nols ought to be considered as a potential source for design-
ing new drugs that could be used effectively in the combat 
against COVID-19 and other rigorous diseases [19, 20].

Gamma irradiation as a phytosanitary treatment has been 
proven to be safe and effective in improving the hygienic qual-
ity of various foods and herbal materials in order to extend 

their shelf life [21]. Irradiation of any commodity up to an 
overall average dose of 10 kGy presents no toxicological haz-
ard and introduces no special nutritional or microbiological 
problems World Health Organization (WHO) and Food and 
Agricultural Organization (FAO) [22]. Studies have shown that 
irradiation treatment can increase the contents of certain phy-
tochemicals and enhance the biological value of some plants 
[23, 24].

Egypt is one of the largest countries in Africa and the 
Middle East producing grapes and berries, which results in 
the production of large quantities of secondary waste. Cur-
rently, grapes seeds and leaves and mulberry leaves as plant 
by-products have attracted scientific interest to confirm their 
production of nutrient and bioactive compounds and which 
can they are used in the food and pharmaceutical applica-
tions to the development of innovative added-value prod-
ucts [18, 19, 25]. The biological functions of these plants 
by-products are responsible for multiple benefits and that is 
through their integration into functional foods, nutraceuti-
cals, nutritional therapy and cosmetics. Therefore, this study 
was conducted to identify the bioactive compounds of Egyp-
tian grape seeds, grape leaves and mulberry leaves to esti-
mate their nutritive values besides the biological activities 
(antioxidants, antibacterial and anticancer activities), as well 
as studying the effect of the role of γ-irradiation in improv-
ing these activities, so that they can be potentially used as a 
multifunctional food additive or as nutraceutical ingredients.

Materials and methods

Plant by‑products

Grape leaves (GL), Grape seeds (GS) and Mulberry leaves 
(ML) samples were collected from the Agricultural Research 
Center (Cairo, Egypt). The obtained plant by-products were 
washed with distilled water, dried, and powdered with an 
electric grinder.

Irradiation treatment

Gamma irradiation of grape leaves, grape seeds and mul-
berry leaves was performed in the National Center for Radia-
tion Research and Technology (NCRRT), Cairo, Egypt by 
using 60Co (Indian Gamma cell) Ge-4000 A. Samples were 
placed in clean plastic bags and exposed to various dose 
levels; 0.0, 3.0 and 5.0 kGy at the time of the experiment the 
dose rate was 1.49 kGy/h.

Determination of nutritive values (crude protein, 
fiber and carbohydrates) of plant by‑products

According to A.O. A. C, [26] methods were used to calculate 
crude protein and crude fiber. All of the above measurements 
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were made in triplicate and expressed as g/100 g dry sam-
ples. The total carbohydrates were calculated as %. Carbo-
hydrates % = 100 − % (protein, fat, ash and fibers).

Determination of biological activity

Preparation of plant by‑products extracts

Unirradiated and irradiated (3.0 and 5.0 kGy) GL, GS and 
ML extracts were prepared by transferring 20 g from each 
powder sample to dark bottles and blended with 200 ml of 
methanol solvent and stored at room temperature. Extracts 
were filtered with filter paper after 24 h and residues were 
re-extracted with an equal solvent volume. The method was 
repeated after 48 h. The combined supernatant was evapo-
rated to dryness using a rotary evaporator, then converts to 
a powder form and stored at 4 °C.

Determination of total phenolics

Folin Ciocalteu’s method was used to assess the total con-
tent of phenols as defined by Singleton et al. [27]. An ali-
quot of methanol extract (300 µl) was mixed with 0.5 ml of 
Folin-Denis and 1.0 ml of concentrated  Na2CO3 solution, 
total volume was adjusted to 10 ml by distilled water. The 
absorbance was evaluated at 765 nm against the blank after 
an hour. Mean of three readings has been used to calculate 
total phenol content; results had been displayed as gallic acid 
equivalent (GAE) milligram per g of samples dry weight.

Determination of total flavonoids

According to Jelena et al. [28], the total flavonoid content of 
plant by-product extracts were calculated using aluminium 
chloride. Methanolic extract sample (600 µl) was combined 
with 0.3 ml of 5% sodium nitrite. Five minutes later, 0.3 
ml of 10% aluminum chloride was added, 2.0 ml of 1.0 M 
sodium hydroxide was added after 6 min, and the complete 
volume with distilled water was made up to 5.0 ml. The 
absorption of the mixture against the reagent blank was 
recorded at 510 nm. Results were displayed as the samples 
dry weight of mg quercetin equivalent (QUE)/g.

Phenolic HPLC analysis

Phenoilc compounds were determined according to Goupy 
et al. [25], In brief, one gram of each ethanol plant extract 
individually was mixed with 2 ml methanol for 5 min and 
then centrifuged. The supernatant was filtered using a 0.2 
mm Millipore membrane filter and then 1 ml of filtrate was 
injected into HPLC Win Chrome Chromatography (GBC 
1100) equipped. The phenolic acid standard (Sigma) was 
dissolved in a mobile phase, and then injected into HPLC. 

The phenolic compounds concentration was calculated from 
retention time and peak area. The data were analyzed using 
Win Chrome Chromatography Ver.13 software.

Based on the dose (5.0 kGy) that resulted in an increase in 
total phenolics and flavonoids content, all following biologi-
cal tests were performed on irradiated samples at 5.0 kGy.

Antioxidant activity

DPPH radical‑scavenging activity

The 1, 1-diphenyl-2-picrylhydrazyl (DPPH) radical scaveng-
ing activity of sample extracts was determined according to 
the previous method reported by Park et al. [29], and was 
conducted at 515 nm. The following formula was used to 
calculate the radical scavenging activity.

A0 = The absorbance of control reaction (containing rea-
gents except the test compounds).

A1 = The absorbance in the presence of the tested 
extracts.

The  IC50 is defined as the concentration of antioxidants 
necessary to decrease the initial DPPH concentration by 
50%.

Antibacterial activity

Bacterial strains

Following bacterial food-borne pathogen was used in our 
study comprising both Gram-negative and Gram-positive 
species: Listeria monocytoganes, Salmonella typhimurium, 
Pseudomonas. aeruginosa and Escherichia. coli. They were 
obtained from Microbiology Resources Centre (MIRCEN), 
Faculty of Agriculture, Ain- Shams University, Cairo-Egypt. 
All bacteria strains were employed to test the antimicrobial 
activities of tested plant by-product extracts.

Disc diffusion method

National Committee for Clinical Laboratory Standards 
(NCCLS) [30] has proposed this procedure as a consen-
sus standard. Plant by-product extracts were dissolved at a 
concentration of 10 mg/ml of Dimethyl sulfoxide (DMSO) 
(10%). Antibacterial tests were carried out by the disc-dif-
fusion method using 100 µl  108 CFU/ml bacterial inoculum 
on Mueller Hinton agar (MHA, Torlak) in sterilized Petri 
dishes. The discs (6mm in diameter, Hi Media Laboratories 
Pvt. Limited) were impregnated with 40 µl of the solution 
extracts and placed on the inoculated agar. As negative and 
positive controls, two control discs containing DMSO (10%, 

DPPH scavenging effect% = [(A0 − At∕A0] × 100
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in sterile water) and Gentamicin (10 µg/disc) were used, 
respectively. The plates were incubated at 37 °C for 24 h, 
and the experiments were carried out in duplicate.

Determination of minimal inhibitory concentration (MIC)

Minimal Inhibitory Concentration (MIC) was determined by 
the micro-broth dilution assays, according to Wiegand et al. 
[31]. The concentrations of the extracts used for MICs were 
ranged from 1600 to 6.25 µg/ml. In brief, the 100 µl culture 
(MHA) containing two-fold dilutions of extracts for each 
strain were loaded in sterile 96-well plates duplicate wells, 
100 µl of tested bacteria inoculum  (108 CFU/ml) was added 
to each test well. Positive and negative controls consisted of 
wells without plant extracts and without microorganisms, 
respectively. Plates were then incubated at 37 °C, for 24 h. 
Minimal Inhibitory Concentration (MIC) was defined as the 
lowest concentration of sample tested at which microorgan-
isms show no visible growth.

Anticancer activity

Cell culture

In a humidified  CO2 incubator with a 5%  CO2 atmosphere 
at 37 °C, human colorectal HCT 116 cancer cells were pre-
served in Roswell Park Memorial Institute (RPMI 1640 
medium) supplemented with 10% (v/v) Fetal Bovine Serum 
(FBS), and 1% penicillin-streptomycin.

Cell viability assay

Using the MTT [3-(4, 5-dimethylthiazol-2-yl)-2,5-diphe-
nyltetrazolium bromide] assay, cell viability was calculated 
[32]. At a density of 1 ×  104 cells/well, HCT 116 cells were 
seeded into 96 well plates. After an incubation time of 24 h, 
the cells were treated with different sample concentrations 
(100, 200 and 400, 800 µg/ml) for 24 h. Half mg/ml of MTT 
reagent (100 µl) was added to each well after incubation 
with samples, and the cells were incubated at 37 °C in a 
humidified incubator to allow the MTT to be metabolized. 
The sample absorbance was measured using a microplate 
reader at a wavelength of 540 nm. 

Statistical analysis

The Randomized Complete Block Design (RCBD) was used 
for the experiment using three replications per treatment. 
The data was analyzed using an ANOVA and Duncan’s 

Inhibition percentage = 100 − (abs of treated cells∕abs. of untreated cells) × 100

multiple range test Duncan, [33] were applied to compare 
the results of the experiment (p ≤ 0.05).

Results and discussion

Crude protein, crude fiber, and carbohydrates

The nutritive values of GL, GS, and ML were provided in 
Fig. 1A, B and C. The results indicate that ML had higher 
total crude protein content (22.80 g/100 g DW) than GL and 
GS (17.41 and 13.50 g/100 g DW), respectively. The highest 
total crude fiber was recorded in ML and GL, (33.36 and 
31.46 mg/100 g DW), respectively, it was the lowest in GS 
(18.38 mg/100 g DW), while the GL contained the high-
est total carbohydrates (49.92%) than ML (44.58%) and GS 
(43.53%). For all the analyzed parameters, there are signifi-
cant differences among the three varieties. There are limited 
studies on the nutritional values of the plant’s by-products 
understudy. The protein content found in this study is lower 
than those found by Yu et al. [34] in China Mulberry leaves 
of nineteen varieties (27.63–37.36 g/100 g DW), while, the 
content of fiber in this study was higher than that reported 
by Yu et al. [34] in China Mulberry leaves of 19 varieties 
(11.46–16.61 g/100 g DW). In this study, the protein and 
carbohydrate values of the grape seeds were greater than 
those observed by Hanaa et al. [35], they found that the pro-
tein and carbohydrate values in the grape seeds are 10.7 and 
22.37 g/100 g, respectively. The differences could be due to 
the different cultivars, ecology, etc. The plant by-products in 
this study revealed that their content of crude protein, fiber 
and carbohydrates was equal to or greater than that of com-
mon leafy vegetables recorded in the Egypt Food Composi-
tion Tables, like cabbage, pakchoi and spinach.

This study proved that GL, GS, and ML are good 
resources of protein, fibers and carbohydrates. Fiber-rich by-
products may be incorporated into food products as inexpen-
sive, non-caloric bulking agents to replace flour, fat or sugar, 
and enhances water and oil retention to improve emulsion or 
oxidative stabilities [36], besides the health benefits, dietary 
fibers have several functional properties, like water-holding 
capacity, swelling capacity, raising viscosity, and gel forma-
tion, all of which are important in the formulation of specific 
foods [37].

Serious protein deficiencies and the high costs of animal 
protein sources have stimulated research on developing new 
sources of protein from unexploited sources of wastes and 
by-products [38]. The plant by-products which have high 
protein content can be contributed to protein’s recommended 



1563Biological activities of Egyptian grape and mulberry by‑products and their potential use as…

1 3

dietary allowance (RDA), which is 0.8 g/kg of body weight 
[39]. The current study indicated that, the utilization of 
GL, GS, and ML in the production of value-added protein 
adjuncts can help to reduce waste and hence contribute to 
environmental sustainability. Although plants are high in 
protein, carbohydrate fibers and other bioactive nutrients, 
due to the presence of high proportions of different antinu-
trients, their bioavailability and utilization are relatively low 
for humans or animals, a potential strategy for inactivating 

these compounds may be through the irradiation process. 
This study aims at the possibility of using gamma irradia-
tion for enhancing nutrient availability of the tested plant 
by-products for their potential use in the food industry as 
food additives sources.

Figure 1A, B and C also, presents the results obtained by 
investigating the effect of gamma irradiation dose levels (3.0 
and 5.0 kGy) on the nutritive values of GL, GS and ML. No 
significant changes in the protein and fiber content of the 
tested samples were detected by gamma irradiation at a dose 
of 3.0 kGy; the high dose of gamma irradiation (5.0 kGy) 
caused a significant increase in protein and fiber content 
(Fig. 1). The results obtained in our study suggest that the 
dose of 5.0 kGy may be a beneficial method for inhibiting 
antinutritional compounds in GL, GS and ML. As a result, it 
was enhancing protein, fiber and carbohydrates availability. 
The present finding corresponds to reports by Hamza et al. 
[40], gamma irradiation at levels of up to 10.0 kGy was 
efficient in inactivating antinutrients like protease inhibitors, 
lectin, phytic acid, non-starch polysaccharides and oligosac-
charides without affecting the nutritional value of food/feed. 
The benefits of gamma irradiation on the nutritional proper-
ties of soy flour were achieved by reducing its antinutritional 
content and improving functional nutrients [41].

This study showed that dietary proteins, fiber, and carbs 
found in irradiated GL, GS and ML can be potentially 
employed to enhance the nutritional and sensory properties 
of food products. According to Iuga and Mironeasa [42], 
Grape by-products can be used as functional ingredients in 
the bread, pastry, and pasta industries without compromising 
product quality provided they are used in the right ratios. 
Grape seeds are a potent antioxidant and antimicrobial 
for the food industry [10]. Grape seeds and grape pomace 
extracts can be used in the production of active packaging 
materials so that they can be used in food preservation [43]. 
Grape by-products can be considered a valuable source of 
pectin with a wide range of applications in the food indus-
try, e.g., texture/rheology additives and edible film ingredi-
ents [44]. Grape seed extracts (GSE) as potential nitrite and 
nitrate replacements in dry fermented Italian Cinta Senese 
sausage and Cinta Senese fermented sausage [45, 46].

Total phenolics and flavonoids contents

Polyphenols are bioactive plant secondary metabolites that 
are found naturally in commonly consumed plant foods. 
Figure 2A and B) shows the results for the total phenolic 
content (TPC) and the total flavonoid content (TFC) of GL, 
GS and ML. The content of phenolic and flavonoids were 
significantly different in the tested plant by-products. The 
highest total phenolic content was found in GS (9.75 mg/g 
DW), followed by GL (7.32 mg/g DW) and the lowest in ML 
(5.97 mg/g DW). While, ML had a higher total flavonoids 

Fig. 1  A Effect of γ- irradiation on crude protein values of Egyptian 
grape leaves, grape seeds and mulberry leaves. B  Effect of γ- irra-
diation on crude fiber values of Egyptian grape leaves, grape seeds 
and mulberry leaves. C  Effect of γ- irradiation on carbohydrate % 
values of Egyptian grape leaves, grape seeds and mulberry leaves. 
Bars ± SD (n = 3). Different letters indicate statistically significant 
differences at p ≤ 0.05
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content (5.61 mg /g DW) than GS (4.88 mg /g DW) and GL 
(2.86 mg /g DW). There are significant variances in phenolic 
contents between the three tested plants. When comparing 
these results with those described in the literature, Katalinic 
et al. [47] reported that the total phenol content in leaves of 
red grape (Vitis vinifera L.) ranged from 9.4 to 23.4 g GAE/
kg of dry leaves which was less than that of our sample. 
Also, Matloub [48] reported that the content of total phenols 
and flavonoids of grape leaves were 380, 94 µg GAE/mg and 
107, 21 µg QEs/mg, respectively. Kupe et al. [49] reported 
that grape seeds are richer sources of total phenolic content 
than peel and pulp, and total phenolic content in grape seeds 
of nine varieties was found to be significant (245–207 mg 
GAE/100 g). The phenol and flavonoid values of these stud-
ies were lower than the values obtained by this study, While, 
high values were shown by Yu et al. [34] the total phenol 
(TP) content of six China mulberry leaves ranged from 30.4 
equivalents (GAE) mg/g DW to 44.7 GAE mg/g DW. It is 
known that genotype, agronomic and environmental fac-
tors can affect on phytochemical production and playing an 
important role in the synthesis or accumulation of phenolic.

Also, Fig. 2A and B represented the effects of gamma 
irradiation on TPC and TFC of GL, GS and ML. The results 
revealed that the increase in TPC and TFC content was due 
to the doses applied (3 & 5 kGy). In all of the tested samples 
irradiated at 5.0 kGy, the maximum TPC value was observed 
as opposed to the lowest in the control. Total flavonoids 
content (TFC) increased significantly in reaction to gamma 
irradiation, and the increase followed a TPC-like trend. The 
maximum content of TFC was detected in irradiated samples 
at 5.0 kGy. This finding suggests that gamma irradiation is 
an effective technique to enhance the recovery of pheno-
lics and flavonoids from GL, GS and ML. The results are 
agreed with Abdelaleema and Elbassionya [50], irradiation 
process of quinoa flour increased both total phenolic and 
flavonoid content. In the same concern, El-Beltagi et al. [51, 
52] found that gamma irradiation dose levels (2.5–10.0 kGy) 
enhanced phenolic and flavonoids contents of celery seeds 
and dates fruits. The antioxidant activity of mulberry and 
persimmon leaves was enhanced by irradiation, especially 
at a dose of 1.5 kGy [53]. The current study proved that the 
dose of 5.0 kGy caused enhance in the polyphenols content 
of the studied extracts. Therefore, the phenolic compounds 
of the extracts were identified at this dose by HPLC, as well 
as the biological activity of these extracts was also studied at 
this dose and illustrated that (there is a positive relationship 
between phenolic content and biological activities).

The HPLC analysis of the phenolic compounds in the 
Egyptian grape leaves, grape seeds and mulberry leaves was 
identified in Table 1. It is clearly shown that methanolic 
extracts from tested samples in all varieties exhibited vari-
able patterns of phenolic compounds. Gallic acids, Ferulic 
acids, Catechin, Chlorogenic acids, Caffeic acids and Cou-
maric acids were the main phenolic compounds present 
in the three tested extracts. Protocatechuic aldehyde and 
Querctin were only recorded in GS, while Syringealdehyde 
was only recorded in ML. The phenolic compounds of the 
irradiated extracts at 5.0 kGy were variable compared to 
the non-irradiated extracts; there was an increase in most 
compounds, a limited decrease in other compounds, and also 
the appearance and disappearance of some compounds. In 
all samples, these variations in profiling analyses may be due 
to exposure to gamma irradiation that alters/converts certain 
chemical compounds into each other. The increased phenolic 
content may also be related to the release of phenolic com-
pounds from a glycosidic component and the breakdown of 
bigger phenolic compounds into smaller ones due to irradia-
tion treatment [54]. Studies have shown that irradiation treat-
ment can increase the contents of certain phytochemicals 
and enhance the biological value of some plants [23, 24].

Also, the present study revealed that polyphenols 
recovered from irradiated GL, GS and ML has the poten-
tial to provide a wide range of food products with numer-
ous health benefits. Moreover, these by-products possess 

Fig. 2  A Effect of γ-irradiation on phenolic contents (mg/g DW) 
Egyptian grape leaves, grape seeds and mulberry leaves. Bars ± SD 
(n = 3). Different letters indicate statistically significant differences at 
p ≤ 0.05. LSD interaction was 0.6289. B Effect of γ-irradiation on fla-
vonoid contents (mg/g DW) Egyptian grape leaves, grape seeds and 
mulberry leaves. Bars ± SD (n = 3). Different letters indicate statisti-
cally significant differences at p ≤ 0.05. LSD interaction was 0.6407
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multifunctional properties and could be used as natural anti-
oxidants, antimicrobial and anticancer agents. In the study 
by Aquilani et al. [46], GSE polyphenol reduced the nitrite 
residue and suppressed the formation of n–nitrosamines in 
meat products. Mulberry leaves and grape-derived polyphe-
nols have a wide range of biological activity (pleiotropic), as 
well as possible health-promoting effects [6, 55], they have 
anti-inflammatory, anti-amyloidogenic, anti-cholinesterase, 
anti-amnesic, hypolipidemic, anti-aging agents and immu-
nomodulatory and they are dietary supplements that can help 
delay the neurocognitive deterioration that occurs with age 
and Alzheimer’s disease (AD) [56, 57]. Mulberry leaves 
polyphenols reduced acetaldehyde toxicity and oxidative 
stress-induced apoptosis, suggesting that they could be used 
to treat alcohol-induced liver disease [58]. Several studies 
and clinical trials have established the importance of poly-
phenols in controlling numerous human illnesses, includ-
ing SARS and MERS, which are related to COVID-19, by 

enhancing the host immune response to viral infections 
through multiple biological processes [20].

Antioxidant activity

The DPPH free-radical scavenging activity was used to 
assess the antioxidant activity of irradiated samples at 
5.0 kGy (GL, GS and ML), BHT was used as standard and 
the results are listed in Table 2. Data showed that all tested 
extracts have a strong antioxidant activity; the effect was 
based on the concentration, with the same pattern as BHT. 
Grape seed extract showed higher antioxidant activity than 
GL and ML at the same concentrations (p < 0.05).

IC50 of GL, GS and ML were 156.86, 59.47 and 
165.90 µg/ml, respectively. According to  IC50 grape seed 
extract showed higher antioxidant activity. Higher anti-
oxidant activity was observed in grape seeds (82.25%) 
as expected from the high contents of total phenolics. In 

Table 1  Phenolic composition 
of the Egyptian grape leaves, 
grape seeds and mulberry leaves

All values are the mean of three replicates + SD. Mean values followed by different superscript are signifi-
cantly different at p > 0.05 ND  Not detected

Phenolic compound Content of phenolic compounds (µg/ml)

Grape leaves Grape seeds Mulberry leaves

0 5 kGy 0 5 kGy 0 5 kGy

Epicatechin 1.32b ± 0.5 2.4a ± 0.8 9.12a ± 0.3 8.79b ± 0.4 NDb ± 0.5 1.35a ± 0.2
Gallic acids 2.98b± 0.1 3.34a ± 0.6 3.1b ± 0.5 7.2 a ± 0.5 4.7b ± 0.3 5.58a ± 0.6
Catechin 6.6 b ± 0.3 7.94a ± 0.5 4.8b ± 0.8 6.63a ± 0.1 1.65b ± 0.9 3.82a ± 0.4
Ferulic acids 1.78b± 0.6 4.53a ± 0.3 2.04b ± 0.1 3.52a ± 0.4 6.14b ± 0.2 8.21a ± 0.2
Chlorogenic acids 1.66a ± 0.4 1.24b ± 0.1 1.22b ± 0.4 2.4a ± 0.2 7.2b ± 0.4 8.31a ± 0.1
Caffeic acids 3.11b ± 0.3 3.72a ± 0.2 0.9b ± 0.7 1.62a ± 0.1 3.78a ± 0.8 4.15a ± 0.8
Coumaric acids 0.5b ± 0.1 1.15a ± 0.5 0.2 a ± 0.2 0.3a ± 0.5 3.56a ± 0.2 3.41a ± 0.1
Vanillic acids 5.45a ± 0.5 5.89b ± 0.4 0.3a ± 0.4 NDb ± 0.9 NDb ± 0.1 0.7 a ± 0.2
Syringealdehyde NDb± 0.7 0.8a ± 0.3 NDa ± 0.6 NDa ± 0.1 0.9a ± 0.6 1.2a ± 0.6
Protocatechuic aldehyde NDa ± 0.9 NDa ± 0.5 0.3b ± 0.1 1.57a ± 0.6 NDa ± 0.5 NDa ± 0.5
Querctin NDa ± 0.1 NDa ± 0.8 0.4a ± 0.5 NDb ± 0.8 NDa ± 0.2 NDa ± 0.8

Table 2  Antioxidant capacity (% inhibition) and  IC50 of irradiatedgrape leaves, grape seeds and mulberry leaves at 5.0 kGy

Values are mean ± SD (n=3). Different letters indicate statistically significant differences at p ≤ 0.05

Concentration (µg/ml) Scavenging activity (%)

          Grape leaves           Grape seeds           Mulberry leaves           BHT

          10 10.39w ± 0.960 18.19t ± 0.980 5.35x ± 0.950 22.17r ± 0.980
          20 12.93u ± 0.820 25.24q ± 0.995 12.25v ± 1.02 29.35n ± 0.950
          40 27.24p ± 1.05 43.38k ± 0.955 19.80 s ± 0.970 39.46 L ± 0.875
          80 31.57 m ± 0.905 58.85f ± 0.875 28.96o ± 0.995 58.15 h ± 0.970
          160 51.41i ± 0.885 72.91d ± 0.975 48.22j ± 1.01 91.42b ± 0.895
          320 69.61e ± 0.765 83.25c ± 1.03 58.34 g ± 0.970 96.22a ± 1.04
IC50 µg/ml 126.70 54.22 185.90 22.32
LSD AxB 0.1162
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general, as the total phenolics in the seed increased, the 
antioxidant activities also increased. These results were in 
agreement with those reported by Guaita and Bosso [59], 
grape seeds have higher antioxidant activity than grape 
peels, indicating a link between tannin concentration and 
antioxidant activity. The hydroacetonic grape seeds extract 
showed significantly superior content in total phenolic and 
flavonoid accompanied by the highest DPPH scavenging 
capability than other tested extracts [48].

The present findings show that irradiated GL, GS and 
Ml extracts could be alternatives to synthetic additives 
for preventing lipid oxidation in fresh or functional food 
products and prevent economic loss for the food processing 
industry. The addition of grape seeds, grape leaves and mul-
berry leaves extracts to minced meats prevented rancidity 
by decreasing the oxidation value (PV and TBRS) without 
changing the color or odor of the meat, therefore, they can be 
used as natural antioxidants and as an alternative to chemi-
cal antioxidants, e.g. BHT and BHA [60, 61]. The use of 
grape seeds extracts (GSE) in foods, as a natural antioxidant, 
could inhibit the production of polycyclic aromatic hydro-
carbons (PAHs) and acrylamide, 5-hydroxymethylfurfural 
(HMF) and other substances that are harmful substances to 
the human body [62].

In this study, antioxidant activity has been suggested to 
appear to have a clear positive relationship with the total 
phenolic material. The increase in the antioxidant activ-
ity of irradiated GL, GS and ML at 5.0 kGy can be due 
to increases in the content of free phenols and flavonoids 
which, compared to complicated glycosides, exhibit stronger 
antioxidant properties. The increase in free isoflavone con-
tent may be attributed to irradiation-induced conversion 
of glycosides to aglycones [63]. Research has shown that 
gamma irradiation improves plant phenolic compounds 
by stimulating the main enzymes in the phenylpropanoid 
pathway [64]. In the study by Abdel-Khalek and Younies 
[24], using 4.0 kGy dose level led to an improvement in the 
content of total phenols, flavonoids and antioxidants in both 

Artichoke leave and stem wastes, this may be evidence of the 
biological values. Farkhad and Hosseini [65], the lower-dose 
soybean irradiation can possibly increase the total content 
of phenolics and flavonoids, together with free daidzein and 
genistein, associated with enhanced antioxidant capacity.

Antibacterial activity

Estimation the antibacterial activity of the methanolic 
extract of irradiated GL, GS and ML at 5.0 kGy against 
some bacterial strains was initially determined by the disc 
diffusion method. These bacterial strains are Gram-positive 
(L. monocytoganes and S. typhimurium) and Gram-negative 
(P. Aeruginosa and E. coli) as organisms that are commonly 
found in foodborne diseases. Table 3 displays the effects 
of the diameters of the inhibition zones. It is possible to 
note that all extracts exhibited varying degrees of antibacte-
rial activity against all bacterial strains tested, whereas GS 
extract was more effective in inhibiting at the same tested 
concentration. The GS followed by GL then ML showed 
strong antibacterial activity with a diameter of inhibition 
zone of 26.2, 24.5 and 19.7 mm, against L. monocyto-
ganes, respectively as well as 24.4, 21.4 and 17.2 against 
S. typhimurium, respectively. Also, the extracts of GS and 
GL showed a relatively moderate activity mainly against 
P. aeruginosa (16.7 and 14.7mm) and E. coli (18.1 and 
16.8mm), respectively, while the extract of ML showed a 
low activity at the same microorganisms [E. coli (11.3 mm) 
and P. aeruginosa (12.5 mm)]. The results are agreed with 
Ranjitha et al. [66], The GSE was more effective against S. 
aureus (18 mm) followed by K. pneumonia (13 mm) and 
E. coli (11 mm) i.e., susceptibility to GSE was high in case 
of Gram positive bacterium when compared to Gram nega-
tive bacteria. In the study by Silvaa et al. [67], Grape seeds 
extract presented higher antimicrobial activity than peels 
due to their higher contents of catechin, epicatechin, and 
trans-resveratrol additionally, Grape seeds extracts has been 

Table 3  Antibacterial activity 
of irradiated grape leaves, grape 
seeds and mulberry leaves at 
5.0 kGy against some food 
pathogenic bacteria

Values are mean ± SD (n=3). Different letters indicate statistically significant differences at p ≤ 0.05
DMSO (negative control) was not effective in inhibiting test bacteria, inhibitory activity of reference antibi-
otic (positive control) was higher than that of plant extracts

Food pathogenic bacteria Halo diameter (mm)

Grape leaves Grape seeds Mulberry leaves

L. monocytogane 24.33ab ± 0.577 26.33a ± 0.577 19.67 cd ± 3.06
S. typhimurium 21.67bc ± 2.08 24.33ab ± 0.577 17.33def ± 2.52
P. aeruginosa 14.67 fg ± 2.08 16.67ef ± 3.06 11.33 h ± 2.52
E. col 16.67ef ± 2.08 18.33de ± 0.577 12.67gh ± 4.04
LSD A × B 2.781
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shown to have antibacterial activities against both Gram-
negative and Gram-positive bacteria, and it’s have a high 
concentration of flavonoids, which may help to reduce bio-
film formation [68].

These differences in the antibacterial activity in this 
study, as well as in the other studies in the literature depend 
on the tested microorganism and the composition in the phe-
nolic compounds of the extracts and on the existence of a 
synergetic effect between the different polyphenolic com-
pounds with an antiradical role and antimicrobial activity 
[65]. The present study suggests that gamma irradiation is an 
effective technique to enhance the recovery of phenolics and 
flavonoids from GL, GS and ML, and the antibacterial activ-
ity has a direct relationship with a total phenolic material. 
Increasing the antibacterial activity was observed in grape 
seeds as expected from the high contents of total phenolics. 
In the same concern, gamma rays at dose 10 kGy have a sig-
nificant potential to stimulate antibiofilm and antibacterial 
potency of EOs recovered from clove buds due to an increase 
in phenolic and flavonoid contents [23].

Minimum inhibitory concentration values (MIC)

By calculating the minimum inhibitory concentration, the 
efficacy of the plant by-product extracts on the tested bac-
terial strains was determined (MICs) (Fig. 3). The MICs 
values obtained from the extract of GS were 25 and 50 µg/
ml against L. monocytoganes and S. Typhimurium, 100 
and 200 µg/ml against P. aeruginosa and E. coli, respec-
tively. Grape leaves extract appear MICs of 50 and 100 µg/
ml against L. monocytoganes and S. typhimurium, 200 and 
400 µg/ml against P. aeruginosa and E. coli, respectively. 
The minimum inhibitory concentration against L. monocy-
toganes and S. typhimurium were 100 and 200 µg/ml and 
400 µg/ml against both P. aeruginosa and E. coli by ML. It 
was observed in the present study that Gram-positive bac-
teria (L. monocytoganes and S. typhimurium) was the most 
sensitive compared to Gram-negative bacteria (P. aeruginosa 

and E. coli) to all tested plant extracts, it is possible to relate 
the variation in sensitivity among Gram positive and Gram 
negative bacteria to the morphological differences between 
these microbes, particularly the variations in cell wall per-
meability [67]. Similar result was observed in the study of 
Peixoto et al. [69], MICs against Gram positive bacteria 
(Enterococcus faecalis and Staphylococcus aureus,) were 
lower than the Gram negative bacteria (Klebsiella pneumo-
niae) by grape seeds extract.

The relation between the inhibition zone and the MIC 
values can be significantly affected by the characteristics of 
crude extracts, which are a mixture of bioactive constituents 
that can affect the active components’ diffusion capacity and 
the various levels of intrinsic tolerance, total phenols play 
an important role in microbial growth, with the number of 
hydroxyl groups regulating antibacterial action by forming 
hydrogen bonds with bacteria’s membrane protein, resulting 
in permeability alterations and cell disintegration [70].

Synthetic food additives generate a negative perception 
of consumers. In the present study, the methanolic extracts 
of irradiated GL, GS and ML can potentially use alternative 
preservative agents for controlling microbial pathogen inju-
ries in the food industry. In broth and shrimp, Grape seeds 
extract- nisin suppressed Listeria monocytogenes growth by 
inhibiting the tricarboxylic acid (TCA) cycle, amino acid 
biosynthesis [71]. Grape seeds extract was used in food 
packaging film, its antibacterial effect was significantly 
enhanced and the shelf life of food was extended [72].

Anticancer activity

After breast and lung cancer, colorectal cancer (CRC) is 
the third most common malignant neoplasm in the world, 
although it is more common in underdeveloped countries. 
Fruits and vegetables are assumed as the main dietary fac-
tors supporting cancer prevention [73]. This study examined 
the cytotoxic activity of the methanolic extract of irradiated 
GL, GS and ML at 5.0 kGy against colorectal carcinoma 
cell lines (HCT116 cells). As shown in Table 4, in a con-
centrate-dependent manner, all studied samples significantly 
inhibited colon cancer HCT 116 cell growth in vitro (cell 
proliferation is expressed as the mean percentages of viable 
cells relative to untreated cells).

IC50 of GL, GS and ML were 232.24, 168.88 and 
480.18 µg/ml, respectively. The highest inhibition activity 
of HCT 116 cells was seen in GS, compared with GL and 
ML. In another study, the cytotoxic activity of the GSE was 
observed against skin cancer cell lines A4321 using MTT 
assay, the  IC50 value of the GSE against A431 skin can-
cer cell line was 480 µg/ml [74]. Grapes and Grape-based 
products are one type of dietary supplement that has been 
found to have cancer-fighting properties [75]. Grape stem 

Fig. 3  Minimum inhibitory concentration values (MIC) of irradiated 
grape leaves, grape seeds and mulberry leaves at 5.0 kGy against 
some food pathogenic bacteria
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extracts reduced cancer cell (Caco-2, MCF-7, and MDA-
MB-231) proliferation, triggering death through apoptosis 
via mitochondrial potential alteration and a decrease in the 
antioxidant enzyme TrxR1, resulting in an increase in cel-
lular lethality [76].

The current study demonstrates that gamma irradiation at 
5.0 kGy is a good way to get more phenolics and flavonoids 
out of GL, GS, and ML, and that anticancer activity is pro-
portional to total phenolic material, the results are agreed 
with El-Beltagi et al. [51], the best  IC50 of oils extracted 
from celery seeds irradiated at 5.0 kGy were 145 and 124 µg/
ml against Lung cancer cell line A549 and MCF-7 Breast 
cell lines, respectively. Irradiated thyme at 2.0 and 5.0 kGy 
showed lower toxicity than the control sample (0.0 kGy) 
on cell lines MCF-7, HeLa and HepG2, whereas irradiated 
thyme at 10.0 kGy increased their cytotoxicity in the assayed 
tumor cell lines compared with samples submitted to 2.0 and 
5.0 kGy [77].

The recent study indicates that tested plant-by products 
are regarded as an especially valuable source of powerful 
anti-proliferative and cytotoxic substances. In various cancer 
cell lines, many plant extracts and natural products, particu-
larly phenolics with high antioxidant activity, have shown 
cytotoxic effects [78], several experiments have shown that 
flavonoids have high cytotoxic and anti-cancer activity, and 
they cytotoxic activities include cell proliferation inhibition, 
protein kinase activity inhibition, and apoptosis induction 
[79].

Conclusions

Recycling irradiated GL, GS and ML can contribute to 
solving some problems, including the problem of environ-
mental pollution, economic losses and the production of 
materials that have important nutritional and health ben-
efits. This study proved that the methanolic extracts of irra-
diated GL, GS and ML at 5 kGy contain many biologically 
active compounds, mainly polyphenolics, which have been 
revealed antibacterial, antioxidant, anticancer properties, 
also, they contain a high degree of crude protein, fiber and 

carbohydrates, this, in turn, is important in human nutrition 
and health. These natural by-products may also be consid-
ered as nutraceutical products or supplements, allowing for 
the development of food products with enhanced nutritional 
value, therapeutic benefits, longer shelf-life and microbial 
safety. In addition, these by-products could be used by the 
pharmaceutical industry as auxiliaries in disease treatment. 
Polyphenolic compounds present in GL, GS and ML might 
have potential effects against COVID-19 through enhancing 
the body immunity facing coronaviruses. These all benefits 
will open up scope for future utilization of fruit and vegeta-
ble by-products for therapeutic and nutraceutical purposes 
in a developing country, especially in Egypt.
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