
El Dine et al., IJP, 2018; Vol. 5(3): 144-157.                                                E- ISSN: 2348-3962, P-ISSN: 2394-5583 

International Journal of Pharmacognosy                                                                                                                     144 

IJP (2018), Vol. 5, Issue 3                                                                                     (Research Article) 

 
Received on 23 October 2017; received in revised form, 12 November 2017; accepted, 18 November 2017; published 01 March 2018 

VALORIZATION OF EGYPTIAN FOOD BYPRODUCTS IN THE DEVELOPMENT OF 

BIOLOGICALLY ACTIVE NUTRACEUTICALS 

Riham Salah El Dine 
1
, Tzvetomira Tzanova 

2
, Dalila Bousta 

3
, Dina R. Abou-Hussein 

1
, Smahane 

Boukhira 
3
, Emilie Evain-Bana 

2
, Nebal Darwish El-Tanbouly 

1
, Stéphanie Philippot 

2
, Latifa El 

Mansourai
3
, Denyse Bagrel 

2
, Reham I. Amer 

4, 5 
and Essam Abdel-Sattar 

* 1
 

Department of Pharmacognosy 
1
, Faculty of Pharmacy, Cairo University, 11562 Cairo, Egypt. 

Université de Lorraine 
2
, UMR CNRS 7565, Structure et Réactivité des Systèmes Moléculaires 

Complexes, Equipe 5 (MIC), Campus Bridoux, rue du Général Delestraint, 57070 Metz Cedex, France.  

Laboratory of Pharmacology and Toxicology 
3
, NIMAP-Taounate, USMBA of Fez, Morocco. 

Department of Pharmaceutics and Industrial Pharmacy 
4
, Faculty of Pharmacy, Al-Azher University, 

Cairo, Egypt. 

Faculty of Pharmacy 
5
, October University of Modern Science and Arts (MSA), Cairo, Egypt. 

 

 

 

 

ABSTRACT: This study was aimed to maximize the benefits of the use of by-

products (oil cake) of olive fruits and black seeds after extraction of their fixed 

oils, rather than their use as animals feed or landfilling or composting. The cake 

of both seeds was assessed by HPLC for their main bioactive marker compounds 

(thymoquinone for black seed and oleuropein for olive fruit), to choose the best 

method for extraction, determination of phenolic contents and in vitro 

antioxidant activity (DPPH and reducing powers, FRAP assays). Both by-

products were also assessed for their cytotoxicity against four human breast cell 

lines, three of them are cancerous (MCF7, MDA-MB-213, Vcr-R), and a non-

cancerous one (epithelial type) but immortalized by telomerase (hTERT-HME), 

in addition to a human hepatoma cell line (HepG2). Also, both wastes were 

subjected for in-vitro CDC25s phosphatase inhibition assay on three isoforms 

(A-C) and for in-vivo immunomodulatory effects. In conclusion, the results of 

this study showed the interest of cumulating different biological approaches 

exploring various physiological mechanisms and showed the utility of these 

extracts in different fields, the first being used as a cytoprotective agent, and the 

second one being promising as an anticancer agent. 

INTRODUCTION: Food industry generates large 

quantities of food by-products, which are disposal 

causing economic and environmental problems. 

While most of these byproducts generally have 

other uses than landfilling or composting. 
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Therefore, advanced valorization alternatives 

should be developed to maximize the value derived 

from such an important waste source, especially in 

developing countries. Egypt is producing more than 

30 million tons of agro-food by-products from the 

processing of vegetable and fruit, which represent 

economic and serious environmental problems. 

Olive cultivation and olive oil production are a part 

of the local heritage and rural economy throughout 

the North African and Mediterranean regions 

(MENA). In 2012, more than three million tons of 

olive oil was produced worldwide, the largest olive 

oil producers being in MENA region. 
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Olive is one of the major oil crops in Egypt, 

commonly known for its popular culinary and 

medicinal benefits. The production of olive oil 

generates two wastes: olive press cake 25% (OPC) 

and olive-mill wastewater 50% (OMW), in addition 

to olive oil (25%). The disposal of the two wastes 

represents a serious environmental problem 

characterized by large amounts and high polluting 

load; moreover, compounds with biostatic activity 

(e.g., polyphenols) are also largely present. In 

Egypt, there is no clear technologically feasible, 

economically viable, and socially acceptable 

solution, except for some individual trials. The 

problems associated with olive processing wastes 

are further exemplified by lack of common policy 

among the olive oil producing regions, funding, 

and infrastructure for proper treatment and 

disposal, and a general lack of education on the 

environmental and health effects caused by olive 

processing wastes. 

Leouifoudi et al., 
1
 evaluated the bioactivity of the 

ethanolic extract of olive cake (EEOC) for its 

cytotoxicity effect against P815 mastocytoma 

murine cell line using the MTT assay. The results 

showed that the EEOC exerted an in vitro cytotoxic 

activity (IC50 20 to 40 µg/mL), no cytotoxic effect 

was observed on the normal human peripheral 

blood mononuclear cells. Furthermore, the extract 

showed an apoptotic effect against P815 tumor cell 

line. The phenol content and antioxidant activity of 

the methanol extract of olive extract were 

determined before and after hydrolysis and their 

possible correlation 
2
. Ramos et al., 

3
 studied the 

phenolic composition, antioxidant activity and 

antiproliferative activity against breast cancer of 

water and methanol/water derived extracts from 

olive pomace (OP) and dry olive mill residue 

(DOR), from Portuguese industries. DOR water 

extract showed the highest extraction yield; as well 

as the highest total phenolic content and 

hydroxytyrosol. DOR water extract also presented 

the most effective DPPH scavenging capacity and 

antiproliferative activity, comparatively to OP 

water extract.  

Hashish and El-Samee 
4
 revealed that inclusion of 

the two levels of olive cake in hen diets resulted in 

decreases in plasma and egg yolk cholesterol, TG 

and LDL levels relative to the control. Study on the 

native olive waste extract and its nano-particles 

effect on oxidative stress induced by aflatoxin B1 

in rat brain revealed restoration of all histochemical 

parameters towards the control values 
5
. 

On the other hand, the effect of different Nigella 

sativa L. seed meal (NSM) on leukocytes counts 

and some serum immunological parameters in 

calves was studied by 
6
. The results showed that 

total leukocytes count, the percentage of 

neutrophils and lymphocytes in calves fed NSM at 

11% level were higher than those fed the control 

diet, without a significant difference. Different 

extracts of Nigella sativa L. seed waste (NSW) 

were evaluated for their hepatoprotective activities 
7
. This study proved that the protein fraction of the 

aqueous extract of NSW exhibited a promising 

hepatoprotective effect in the management of 

different liver disorders. Reviewing literature 

revealed that most of the biological activities of the 

black seeds were due to thymoquinone (TQ) 

content, the major component of the essential oil, 

which is also present in the fixed oil 
8
. TQ is 

considered as potent antioxidant (Badary et al., 

2003), anticarcinogenic and antimutagenic agent 

(Bourgou et al., 2008; Khader et al., 2010). 

Moreover, TQ is a relatively safe compound, 

particularly when given orally to experimental 

animals 
9
. Alpha (α)-hederin, a pentacyclic 

triterpene saponin isolated from the seeds of N. 

sativa, was also reported to have potent in vivo 

antitumor activity 
10

. 

In the light of the above information, some active 

compounds are still present in by-products left over 

from oil pressing. Thus, defatted seeds (oilseed 

cakes) seem to be a potential source of natural 

bioactive substances. Therefore, we have chosen 

these two Egyptian waste products from the olive 

and black seed oil industry.  We are focusing on the 

integrated valorization of these two wastes for the 

production of biologically standardized extracts of 

high pharmaceutical value. These products could 

be of promising immunotherapeutic agents in the 

treatment of cancer. 

MATERIALS AND METHODS: 

Plant Materials: Nigella sativa (black seeds) 

wastes (NSW) produced after oil extraction were 

kindly provided by Dr. Amira Abdel-Motaal (Isis 

food company, SEKEM, Cairo, Egypt) in July 2013 

and kept at -20 C until use. Olea europaea wastes 
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(olive fruits, OFW) produced after oil extraction 

were kindly provided by Mr. Hamdy Ahmed (Al-

Gefira governorate, Mersa Matruh, Egypt) in 

October 2012 and kept at - 20 C until use. 

Extraction: Different solvents (methanol, ethanol 

and 60% and 80% methanol in water) have been 

used for extracting active constituents from waste 

byproducts. Samples each of 100 g was extracted, 

separately 3 times each with 250 mL solvent using 

ultrasonication for 10 min. The sample extracts 

after evaporation of solvent were analyzed by 

HPLC to determine the concentration of 

thymoquinone in NSW and eleuropein in OFW to 

choose the best conditions for extraction. All trials 

were carried out in duplicates.  

Extraction of Olive Fruits Waste (OFW): About 

100 g of olive fruit waste was extracted with 80 % 

methanol (250 ml)three times to give 10.8 g of 

extract-1 (OFWE-1, 10.8 %,).Approximately 3 Kg 

of olive fruit waste was defatted using petroleum 

ether (4.5 L) to give 109.0 g of oily material, 

extract-2 (OFWE-2, 3.6 %). The defatted waste 

material was extracted with 80 % methanol (5L) 

three times to give 225.6 g extract-3 (OFWE-3, 7.5 

%). Extraction was repeated three times at room 

temperature and using an ultrasonic bath for 10 

min. 

Extraction of Black Seeds Waste:  About 100 g 

of black seed waste was extracted with methanol 

(250 ml) three times to give 11.9 g of extract-1 

(NSWE-1, 11.9%). Approximately 2.7 Kg of black 

seeds waste were defatted using petroleum ether 

(4.5 L) to give 184.0 g oily material, extract-2 

(NSWE-2, 6.8%). The defatted waste material was 

extracted by maceration with methanol (5 L) three 

times to give 132.0 g, extract-3 (NSWE-3, 4.9%) 

2.3. 

Chemical Assessment of Waste Products: 

HPLC-UV Analysis: High-performance liquid 

chromatography (HPLC) was performed on an 

Agilent Technologies 1100 series, equipped with 

an Agilent 1200 series G1322A quaternary pump 

and degasser, and a G1314A variable wavelength 

detector. RP-18 Zorbax eclipse column (150 × 4.6 

mm i.d., 5 μm, Merck, Germany) was used for 

analysis. For OFWE, the conditions were as follow: 

a gradient elution of 25 - 100% methanol in 0.1% 

acetic acid in water in 15 min, wavelength: 280 nm 

and flow rate 1.0 ml/ min. For NSWE, the 

conditions were as follow: a gradient elution of 15-

100% acetonitrile in 0.1% formic acid in water in 

20 min, wavelength: 254 nm and flow rate of 1.0 

ml/min. 

Sample Preparation: Solution of 15 mg/10 mL of 

OFWE and 40 mg / 10 mL of NSWE were 

prepared in methanol. 

Standard Calibration Curve: It was constructed 

by HPLC analysis of aliquots of various standard 

concentrations (1 mg/ml) in the range from 10 - 65 

ug/mL. Results are the mean of triplicate 

determinations Fig. 1S and 2S. 

Determination of the Phenolic Content: 

Spectrophotometric determination of total phenolic 

of both wastes was carried out using the Folin-

Ciocalteu colorimetric method 
11

.  

Preparation of Standard Curve: Total phenolic 

was expressed as mg of gallic acid equivalent 

(GAE). The standard stock solution was prepared 

bydissolving25 mg of gallic acid in 100 ml distilled 

water at a concentration of 250 µg/ml. The stock 

solution was diluted serially with distilled water to 

the required concentrations obtained equivalent to 

10 - 100 µg/ml. An aliquot (0.8 ml) of each 

standard solution or extract (1 mg/mL) was mixed 

with 0.4 ml of Folin-Ciocalteu reagent and 4 ml 

distilled water, then diluted to 10 ml with sodium 

carbonate solution (290 g/L). The absorbance of the 

resulting blue color was measured after 30 min at 

760 nm using UV spectrophotometer. For each 

concentration, three replicates were carried out, and 

the average of the obtained absorbance was plotted 

versus the concentration.  

Nutritional Values of Waste Materials Left 

After Solvent Extraction: The solid materials left 

after solvent extraction were analyzed for minerals 

content (calcium, iron, sodium, potassium, 

magnesium, phosphorus and manganese), total 

protein, total lipid, total carbohydrates, Vitamins A 

and C. 

In-vitro Evaluation of the Antioxidant Activity: 

Two complementary methods were chosen for 

determination of the antioxidant activity: FRAP 

(Ferric reducing Antioxidant Power) which 
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measures the reducing power of the tested samples 

and DPPH (2, 2-diphenyl-1-picrylhydrazyl) that 

evaluates their free radical scavenging activity. 

OFWE-1-3 samples were suspended in DMSO (20 

mg/mL). NSWE-1-3 samples showed some solid 

parts, therefore some NSWE samples were treated 

as liquid and solid samples and suspended in the 

concentration of 20 mg/mL in DMSO, to give 

NSWE-1L, NSWE-1S, NSWE-2, NSWE-3L, and 

NSWE-3S.  

Free Radical Scavenging Activity Measurement 

(DPPH Assay): The free radical-scavenging 

activity of the extracts was measured using 

assessing their DPPH (2, 2-diphenyl-1-

picrylhydrazyl) spectrophotometric assay following 

the method reported by 
12

. This change in 

absorbance is proportional to the antioxidant 

capacity of the test sample and is measured by 

spectrophotometry. Trolox, a cell-permeable, 

water-soluble derivative of Vitamin E with potent 

antioxidant properties, was used as standard. The 

degree of discoloration induced by a tested sample 

is related to that induced by Trolox, allowing 

expressing its antioxidant activity as Trolox 

equivalents.  

The stock solution of DPPH is prepared at the 

concentration of 2 mM and the Trolox solution at 

the concentration of 2.5 mM. Solution of 10 µL of 

the test sample (20 mg/mL) is mixed with 930 µL 

of methanol and 60 µL of DPPH solution. The final 

volume is 1 mL. The optical density is recorded 

after incubation in the dark for 30 minutes. Each 

sample was tested two times with three measures in 

each experiment. 

Reducing Power Measurement (FRAP Assay): 

The antioxidant activity of the extracts was 

measured by assessing their Ferric Reducing 

Antioxidant Power (FRAP). The FRAP assay 
13 

depends upon the reduction of a ferric 

tripyridyltriazine (Fe
3+

–TPTZ) complex to the 

ferrous tripyridyltriazine (Fe
2+

–TPTZ) by a 

reductant at low pH. Fe
2+

–TPTZ has an intensive 

blue color and was monitored at 593 nm. Trolox 

was used as standard antioxidant. FRAP reagent 

was prepared by mixing 25 ml acetate buffer, 2.5 

ml TPTZ solution, and 2.5 ml FeCl3. 6H2O 

solution. Freshly prepared FRAP reagent was 

warmed at 37 °C for 30 min and added to the 

samples every 30 s. Absorbance readings were 

taken after 30 min every 30 s. Each sample was 

tested two times with three measures in each 

experiment.  

Biological Protocols: 

Antiproliferative Activity: The MTT (3- (4, 5-di 

methylthiazol-2-yl)- 2, 5-diphenyl tetrazolium 

bromide) assay was performed on three breast 

cancer cell lines, a hepatoma cell line and an 

immortalized mammary cell line noncancerous, all 

of them being from human origin. Also, in vitro 

evaluation of CDC25 phosphatases inhibitory 

potential, enzymes play a primordial role in cell 

cycle regulation. 

Cell lines and Cell Culture: The human breast 

adenocarcinoma cell line MCF7 (ECACC, 

Salisbury, UK) 
14

, its multidrug-resistant 

counterpart Vcr-R (resistant to adriamycin, 

vincristine, etoposide) 
15

 and the metastatic human 

breast adenocarcinoma cells MDA-MB-231 

(ATCC, Manassas, USA) 
16 

were grown in phenol 

red-free RPMI-1640 medium, supplemented with 

10% heat-inactivated fetal bovine serum, 10000 

U/ml penicillin and 10000 µg/ml streptomycin, 2 

mM L-glutamine, 1.25 mM sodium pyruvate, 

amino acids and Vitamins (Eurobio, France). The 

non-cancerous, but immortalized by telomerase, 

human breast epithelial cell line hTERT-HME1 

(ATCC, Manassas, USA) were grown in a mixture 

of RPMI-1640 (90%) and mammary epithelial 

growth medium (10%) (MEGM) 
15

 (Lonza, 

Levallois-Perret, France). The cell lines were 

cultivated at 37°C in a humidified atmosphere 

containing 5% CO2. The hepatocellular carcinoma 

cell line HepG2 (ATCC, Manassas, USA) was 

grown in MEM medium containing 1.5 g/L sodium 

bicarbonate supplemented with 10% heat-

inactivated fetal bovine serum at 37 °C in a 

humidified atmosphere of 5% CO2. 

Cell Viability Determination (MTT Assay): Cell 

survival was determined by MTT reduction assay 

as described by 
17

. Cells were seeded in 96-well 

plates at a density of 1 × 10
4
 cells/well and were 

incubated for 24 h. Then the medium was discarded 

and replaced by fresh medium containing the tested 

extract at the concentration of 200 µg/mL. After 48 

hours exposure to test samples, the medium was 

removed and fresh media with MTT (final 
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concentration of 0.5 mg/ml) was added. The 

incubation continued for 2 h at 37 °C. The 

formazan crystals were dissolved in DMSO, and 

the spectrophotometric determinations were done at 

550 nm.  

In-vitro Evaluation of CDC25s Inhibitory 

Activity: CDC25s phosphatases are a family of 

three isoforms (A, B and C) which play a 

primordial role in cell cycle regulation. Their 

physiological function consists of 

dephosphorylating their cellular substrates, i.e. the 

CDK (Cyclin-dependent kinases), allowing the 

progression of the cell cycle towards the mitosis 

step. Thus, CDC25s must be tightly regulated all 

through the cell cycle to maintain the adequate 

CDK-cyclin activity levels 
18

.  

Deregulation of these activities is frequently 

observed in cancer. Indeed, numerous studies rise 

the relation between cancer and over-expression of 

CDC25 isoforms 
19

, and this over-expression is 

often related to poor prognosis. Some studies have 

shown the over-expression of CDC25A and B in 

numerous tumors, including breast, thyroid, 

laryngeal, esophageal, gastric, hepatocellular, 

ovarian, endometrial, prostate, colorectal cancers 

and non-Hodgkin lymphomas 
18

. This activity can 

be quantified in-vitro by fluorimetry and can be 

modulated by the presence of various molecules 
20 - 

23
. 

Preparation of Human Recombinant Proteins: 

The CDC25 proteins used in in vitro fluorimetric 

assays are recombinant human proteins in which 

CDC25 is linked to a glutathione S-transferase 

(GST) unit. These fusion enzymes are obtained by 

a method developed by 
24

. It requires the 

production of proteins in E. coli, their extraction, 

and purification by an affinity-chromatography 

process and their calibration by fluorimetric assay. 

Briefly, the bacteria are transformed with a 

pGexplasmidic vector containing the cDNA GST-

CDC25 (A, B or C). Then, the bacteria were 

produced on a medium containing ampicillin, 

which only allows selection of the bacteria that 

have incorporated the plasmid (wearing an 

ampicillin resistance gene). Induction by isopropyl 

β-D-1-thiogalactopyranoside (IPTG) system 

enables the production of recombinant proteins. 

Proteins produced are then extracted and purified 

by affinity chromatography with glutathione 

(GSH)-agarose which specifically allow retaining 

the fusion proteins GST-CDC25 via a GSH-GST 

interaction. 

Measurement of CDC25 Activity: The 

fluorimetric measurements of the CDC25 

phosphatase activity were performed in the 

presence of a non-fluorescent synthetic substrate 

called 3- OMF- P (3-O-methylfluorescein 

phosphate) whose dephosphorylation leads to the 

emission of a fluorescent compound, the 3-OMF 

(3-O-methylfluorescein), which can be excited at 

480 nm wavelength and then send back a 

fluorescent emission at 520 nm. The 

dephosphorylation rate of 3-OMF-P phosphatase is 

proportional to CDC25 activity. Thus, the in vitro 

activity of CDC25 on the substrate alone was 

measured and compared to the activity of the 

enzyme in the presence of potentially inhibitory 

compounds. The reactions are best performed at 

30°C and in a buffer pH of 8.1 [50 mM Tris, 50 

Mm NaCl, 1 mM EDTA, 0.1% BSA (bovine serum 

albumin)]. The CDC25 phosphatase activity was 

measured on a CytoFluor ® 4000 TC system 

(Applied/Per Septive Biosystems), which quantifies 

the soluble fluorescence.  

This fluorescence is measured using a 

photomultiplier tube which quantifies and records 

the amount of fluorescence in arbitrary units of 

fluorescence (AFU). The device is connected to a 

workstation for precise adjustment of all 

parameters: number of measurements, time interval 

measurements, detector gain, number of readings 

detection, selection of emission and excitation 

wavelengths. These parameters allow automatic 

kinetics measurements. Experiments were 

performed three times and the standard deviations 

(r²) are calculated for each test and control. Results 

are expressed in percent of residual activity: 

naphthoquinone is used at a concentration of 10µM 

and serves as a positive inhibition control in these 

experiments. CDC25 activity that remains after 

incubation with the eventual inhibitor (equivalent 

to 100-inhibition percent). The samples were tested 

at a concentration of 2 mg/1mL. 

In-vivo Assessment of the Waste by-products: 
Determination of LD50: LD50 was determined 

according to the procedures developed by 
25

. 
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Determination of the Immunomodulatory 

Activity: Determination of the immunomodulatory 

activity was measured for samples of olive and 

black seed wastes using prednisolone as immuno-

suppressant standard and Echinacea purpurea 

extract as an immunostimulant. The 

immunomodulatory effect of the extracts was 

studied by evaluation of relative percent of 

leukocyte subpopulations in flow cytometer. 

Animals: Male Wistar rats (100 - 150 g) were 

obtained from ECWP (Emirates Center for Wildlife 

Propagation, Missour, Morocco). They were kept 

in a well-ventilated environment and had free 

access to water and food ad libitum and were 

housed in a quiet room under a “12-h light: 12-h 

dark” cycle for 2 weeks before experimentation. 

Sample Preparation: Extracts of olive and black 

seeds samples were dissolved in olive oil and 

administered them orally at a dose of 1000 mg/kg, 

body weight (b.w) to animals. 

Flow Cytometer Experiment: The animals were 

anesthetized with “i.p.” sodium pentobarbital at the 

dose of 30 mg/kg, 24 h after treatment. The blood 

was collected in heparinized tubes, 24 after 

treatment then subjected to analysis by FCM (flow 

cytometer Epics-XL MCL type). FCM was used to 

evaluate the proportion of leukocyte 

subpopulations, based on cell morphology, size, 

and structure. 

Pharmaceutical Dosage Form Preparation: 

Material: Extracts of nigella seed and olive fruit 

wastes were prepared. Kaolin, dibasic calcium 

phosphate dehydrate, and talc was purchased from 

ADWIC, (Egypt). 

Preparation of Liquisolid Granules from 

Extracted Nigella and Olive: Extracted nigella 

seed and olive fruit wastes (containing 

thymoquinone and oleuropein respectively) were 

dried by mixing separately with two different 

adsorbent powders which were kaolin, and dibasic 

calcium phosphates dehydrate respectively. In 

brief, the amount of extracted nigella seed and 

olive fruit wastes for 10 capsules were exactly 

weighed and pour onto the slab. The adsorbent 

powder, each one of them, was sprinkling onto the 

extracted nigella and olive and thoroughly mixed 

until the liquid became dump mass, then turn into 

the incoherent powder and eventually reach the 

crumbly look. The dried powder nigella and olive 

were consequently sieved and dried overnight at 

40°C in an oven. The dried granules were stored in 

the desiccator until subsequent use. The amount of 

adsorbent powder to dry the liquid nigella and olive 

could be calculated by the weight difference 

between the starting weight of adsorbent powder 

and the final weight after adding into the extracted 

nigella and olive to dry the liquid. The amount per 

dose of adsorbent powder was the weight 

difference of adsorbent powder divided by 10.  

Preparation of Nigella Tablet and Olive 

Capsule: The total required amount of Nigella and 

olive granules were mixed separately with talc 

powder. The mixed olive granules were packed into 

capsule no. 00 approximately 500 mg per capsule. 

The mixed nigella granules were compressed into 

approximate 1 g tablets in a single punch tablet 

machine with 12 mm round flat faced punch. Each 

olive capsule contains 30 mg active ingredient 

(oleuropein). Each nigella tablet contains 3.6 mg 

active ingredient (thymoquinone). 

Statistical Analysis: Data were expressed as the 

mean ± SEM. Comparisons of means were 

performed by using the student t-test. The level of 

statistical significance was set at p<0.05. 

RESULTS: 

Chemical Analysis of Olive Fruit and Nigella 

Seed Wastes Extracts: 
HPLC Analysis: To determine the suitable solvent 

for extraction of plant material, a preliminary 

HPLC analysis of OFW and NSW samples 

extracted with different solvents viz. (ethanol, 

methanol and 60% and 80% MeOH in water by 

ultrasonication at room temperature for 10 min. 

The 80% MeOH extract showed the highest 

amount of oleuropein (0.21 g% by-product of the 

dry fruit) while the methanol (100%) showed the 

highest amount of thymoquinone (0.24 g% 

byproduct of the dry seed). Therefore, 80% 

methanol and 100% methanol were selected for 

extraction of olive fruits and black seed waste 

samples, respectively for analysis and biological 

studies.  

Linearity: The presented method exhibited strict 

linearity between the peak area and concentration 
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covering the range from 0.1-1.4 mg/ml for 

thymoquinone Fig. 1S and oleuropein Fig. 2S. The 

linear regression equations were found to be y 

=43.124 x with correlation coefficient (r
2
 = 0.9999) 

and y = 5.347 x with correlation coefficient (r
2
 = 

0.999) for Nigella and olive wastes, respectively, 

where y is the spot area and x is the concentration 

in mg/ml. 

  

 
 

Total Phenolics in Olive and Nigella Wastes: 

Phenolic substances are responsible for the 

antioxidant activity of many plants. Therefore, the 

amounts of total phenolics present in a standardized 

olive and nigella waste extracts were investigated. 

The content of total phenolics is expressed as mg 

gallic acid/g of extract (GAE) and calculated from 

the regression equation (y=0.0081x, r
2
=0.9905). 

The total phenol in olive and nigella wastes is 

15.76 ug and 2.96 ug, respectively at a 

concentration of 1 mg/ml each. 

Nutritional Values of Waste Materials Left 

After Solvent Extraction: Chemical composition 

of olive fruits and nigella seed wastes left after 

solvent extraction are given in Table 1.  

TABLE 1: DETERMINATION OF THE LIPIDS, 

MINERALS, CARBOHYDRATES AND VITAMINS 

CONTENT IN THE OLIVE FRUITS AND NIGELLA 

WASTES 

Element OLV NGL 

Calcium (Ca), g/100 g 0.62 0.75 

Iron (F), g/100 g 0.05 0.01 

Sodium (Na), g/100 g 0.08 0.09 

Potassium (K), g/100 g 0.81 0.68 

Magnesium (Mg), g/100 g 0.09 0.35 
Phosphorus (P), g/100 g 0.07 0.87 

Manganese (Mn), ppb 1.0 3.0 

Total lipid % 6.37 28.83 

Total carbohydrate % 20.1 22.03 

Total protein % 5.0 28.1 

Vitamin A (mg/g) 1.07 0.59 

Vitamin C (mg/g) 0.14 0.22 

OLV: Olive waste; NGL: Nigella waste 

The results indicated nigella waste had higher fat 

(28.82%) and protein (28.1%) contents of than that 

of olive waste samples. Also, nigella waste showed 

slight higher carbohydrates content than that of 

olive waste. The mineral contents of the two wastes 

under investigation Table 1 showed that Nigella 

and olive wastes contain higher levels of potassium 

followed by calcium, phosphorus, magnesium, 

iron, and sodium. The two waste products contain 

Vitamin A and C in the range of 0.59-1.07 mg/g 

and 0.14-0.22 mg/g, respectively. 

In-vitro Evaluation of the Antioxidant Activity: 

Free Radical Scavenging Activity Measurement 

(DPPH Assay): The antioxidant activity of the 

OFW Fig. 3SA and NSW Fig. 3SB fractions were 

examined by exploring scavenging activity of the 

stable 1,1-diphenyl-2- picrylhydrazyl (DPPH) free 

radical. The reduction capability of DPPH radical 

was determined by the decrease in absorbance at 

515 nm induced by antioxidants. OFWE could 

reduce the stable radical DPPH to the yellow 

colored diphenyl-picrylhydrazine. OFWE-1 (80% 

alcohol extract) and OFWE -3 (defatted 80% 

alcohol extract) Fig. 3SA showed a comparable 

antioxidant activity.  

They exert a strong neutralization of DPPH radical, 

respectively corresponding to 139.7 ± 14.4 and 

134.4 ± 22.5 µmol Trolox equivalent/g extract. 

OFWE-2 exhibits a weak antiradical activity (17 ± 

5.5 µmol Trolox equivalent/g extract). 

The liquid part of NSWE fractions (NSWE-1L and 

NSWE-3L) Fig. 3SB showed antiradical properties 

being in the 15.8 to 21.6 µmol Trolox equivalent/g 

extract values range. The solid part fractions 

(NSWE-1S and 3S) varied between 30.3 and 51.8 

µmol Trolox equivalent/g extract. 

FIG. 1S: STANDARD CALIBRATION CURVE  

FOR STANDARD THYMOQUINONE 

 

FIG. 2S: STANDARD CALIBRATION CURVE 

FOR STANDARD OLEUROPIN 
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                        FIG. 3SA: OLIVE FRACTIONS                                            FIG. 3SB: NIGELLA FRACTIONS 

FIG. 3S: FREE RADICAL-SCAVENGING ACTIVITY OF THE WASTE BYPRODUCT EXTRACTS USING THE 

DPPH (2, 2-DIPHENYL-1-PICRYL-HYDRAZYL) METHOD USING TROLOX AS A STANDARD 

Reducing Power Measurement (FRAP Assay): 

A strong reducing power was exerted by the 

OFWE-1 (2.6 ± 0.2 mmol Fe
2+

/g extract) and 

OFWE-3 (2.5 ± 0.1 mmol Fe
2+

/g extract) Fig. 4SA. 

OFWE-2 exhibited a weak ferric reducing power 

(0.5 ± 0.02 mmol Fe
2+

/g extract). NSWE-1, -2 and -

3 fractions Fig. 4SB displayed a comparable 

reducing power being in the range of 0.8 to 1.2 m 

mol Fe
2+

/g extract. 

 

  
 

Biological Assessment:  

The Antiproliferative Activity: Determination of 

Cell viability (MTT assay). The impact of the 

extracts on cell viability was evaluated on four 

human breast cell lines, three of them originating 

from tumors (MCF7, MDA-MB-213, Vcr-R), and 

one coming from epithelial cells, not cancerous, but 

immortalized by telomerase (hTERT-HME1). 

Moreover, a human hepatoma cell line (HepG2) 

was also tested owing to its high metabolic 

capacities. Different concentrations were tested 

(data not shown) and the concentration of 

200µg/mL was selected because of the most 

pronounced biological activity. The cell line 

hTERT-HME1 Fig. 5S was very sensible to 

NSWE-1L, NSWE-2, and NSWE-3L fractions with 

around 95% loss of cell viability. These three 

NSWE fractions also displayed a strong cytotoxic 

effect on MCF7 and MDA-MB231 cells Fig. 6S 

and 8S and on the multidrug resistant cell line Vcr-

R Fig. 7S with a loss of about 93% of cell viability. 

 

  

FIG. 4SA: ANTIOXIDANT ACTIVITY OF  

OLIVE FRACTIONS 

 

FIG. 4SB: ANTIOXIDANT ACTIVITY OF 

NIGELLA FRACTIONS 

 

FIG.  5S: VIABILITY OF HTERT-HME1 CELLS AFTER 48 h 

OF INCUBATION WITH BOTH EXTRACTS (200 µg/Ml, n = 4) 

 

FIG. 6S: VIABILITY OF MCF7 CELLS AFTER 48 h OF 

INCUBATION WITH BOTH EXTRACTS (200 µg/mL, n=4) 
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The hepatocellular carcinoma cells Fig. 9S was less 

sensitive to NSW fractions than mammary cancer 

cell lines. The most toxic was NSWE-3L. It killed 

90% of cancer cells. NSWE-3S exhibited moderate 

toxicity, ~ 62% loss of live cells was observed.  

 
FIG. 9S: VIABILITY OF HEPG2 CELLS AFTER 48 h OF 

INCUBATION WITH BOTH EXTRACTS (200µg/Ml, n = 4) 

On the contrary, the olive waste fractions did not 

show any cytotoxicity against all the tested cell 

lines. The percent of live cells varied between 81 ± 

2.7 % and 96.4 ± 4.6 %. 

Measurement CDC25 Phosphatase Inhibitory 

Activity: All samples were tested at 2 mg/mL. The 

three fractions of olive waste (OFWE-1-3) Fig. 10S 

showed an important inhibitory effect against the 

three CDC25 isoforms (A, B and C), specially 

OFWE-2. CDC25A is the most sensitive to these 

fractions. All the liquid part of the three fractions of 

NSW (NSWE-1L, -2L and -3L) and NSWE-2S 

Fig. 11S induced strong CDC25 inhibition of the 

three isoforms 

  

 

 

In-vivo Assessment of the Waste by-products: 
Determination of LD50: No toxic sign and 

symptoms and mortalities were observed in any of 

the tested samples up to a dose of 7000 mg/kg. 

Immunomodulatory Activity: Generation of 

effective immunity requires both innate and 

adaptive immunity that respectively recognizes 

pathogen-associated molecular patterns and 

specific antigens. Innate immunity consists of non-

specific cells, including macrophages, 

granulocytes, NK cells, and dendritic cells. 

Adaptive immunity is comprised of a humoral arm 

mediated by B cells that secrete antigen-specific 

antibodies, and cellular pathway mediated by CD4
+
 

(helper) and CD8
+
 (cytolytic) T cells. CD4

+
 T 

helper cells are responsible for orchestrating an 

immune response, whereas cytolytic CD8
+ 

T cells 

are the killer cells that traffic to sites of infection or 

cancer and lyse infected or tumor cells. Together, 

FIG. 7S: VIABILITY OF VCREMS CELLS AFTER 48 

h OF INCUBATION WITH BOTH EXTRACTS 

(200µg/mL, n = 4) 

 

FIG. 8S: VIABILITY MDA-MB-231 AFTER 48 h 

OF INCUBATION WITH BOTH EXTRACTS 

(200µg/Ml, n = 4) 

 

FIG. 10S: RESIDUAL ACTIVITY OF CDC25 

PHOSPHATASES IN CONTACT WITH OFW 

FRACTIONS (2mg/mL, n = 3) 

 

FIG. 11: RESIDUAL ACTIVITY OF CDC25 

PHOSPHATASES IN CONTACT WITH NSW 

FRACTIONS (2 mg/mL, n = 3) 
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these two types of effect or T lymphocytes play 

critical roles in eliminating infections and 

controlling cancer. One of the precious properties 

of N. sativa is the immunomodulatory effects of its 

constituents. Studies begun just over a decade ago 

suggested that if it is used on an ongoing basis, N. 

sativa can enhance immune responses in human. 

The majority of subjects who treated with N. sativa 

oil for 4 weeks showed a 55% inhibition. The 

immunomodulatory effect of extracts was studied 

by evaluation of relative percent of leukocyte 

subpopulations in flow cytometer. An 

immunostimulant effect of lymphocyte Fig. 12S 

and monocytes Fig. 13S subpopulations at 1000 

mg/kg, b.w. was observed by testing of OFWE-1, 

and OFWE-2in comparison with Echincea aqueous 

extract treated group (27%, p<0.01). For 

granulocytes Fig. 14S, all the olive waste extracts 

induced an immunosuppressive effect after 

comparison with the prednisolone group (6.23%; 

p<0.001). 

  

 

 

  
FIG. 14S: RELATIVE PERCENTAGE OF GRANULOCYTES (NEUTROPHILES, EOSINOPHILES AND 

BASOPHILES) IN TREATED ANIMALS WITH DIFFERENT FRACTIONS OF OFW (n = 5x 6; p<0.001, 1000 mg/kg) 

A significant enhancement of lymphocytes Fig. 

15S and monocytes Fig. 16S sub-populations after 

treatment with 1000 mg/kg of NSWE-1, NSWE-

2and NSWE-3 compared to control and to 

Echinacea treated groups. However, an 

immunosuppressive activity on granulocytes Fig. 

17S sub-population was observed after treatment 

with all extracts of NSW. 

 
FIG. 15S: RELATIVE PERCENTAGE OF LYMPHOCYTES IN TREATED ANIMALS WITH DIFFERENT 

FRACTIONS OF NSW (n = 5 × 6; p<0.001; p<0.01; p<0.05, 1000 mg/kg) 

FIG. 13S: RELATIVE PERCENTAGE OF  

MONOCYTES IN TREATED ANIMALS WITH 

DIFFERENT EXTRACTS OF OFW FRACTIONS  

(n = 5 × 6; p<0.001, p<0.01, 1000 mg/kg) 

 

FIG. 12S: RELATIVE PERCENTAGE OF 

LYMPHOCYTES IN TREATED ANIMALS WITH 

DIFFERENT EXTRACTS OF OFW (n = 5 × 6; 

p<0.001, 1000 mg/kg) 
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DISCUSSION: 

In-vitro Evaluation of the Antioxidant Activity: 

The role of oxidative stress in the etiology of 

inflammatory diseases and cancer is well-known. 

Deleterious effects of this stress are due to an 

increasing amount of cellular free radicals leading 

to the activation of free radical-stimulated 

pathways. The results showed that some fractions 

of OFW and NSW waste extracts displayed an 

antiradical activity and a reducing power in-vitro. 

The antiradical and antioxidant potential of OFW 

products. 

The most active fractions with strong antiradical 

and antioxidant potential were OFW fractions 

OFWE-1 and OFWE-3. These results were by the 

antioxidant properties of the olive oil and can be 

attributed to the polyphenolic content of the oil 
26 - 

28
. Moreover, the virgin olive oil is not only rich in 

phenolic compounds, but also antioxidant 

substances like alpha-tocopherol, carotenoids 

(Cicerale et al., 2010). The obtained results also 

matched with those reported by 
29

. Therefore the 

Egyptian olive oil by-products, not investigated 

previously, are an interesting source of 

phytochemicals and natural antioxidants.  

The antioxidant potential of NSW fractions was 

much lower than those of OFW fractions Fig. 3SB 

and Fig. 4SB. However, the polyphenolic profile 

and the antioxidant activities of NSW have been 

reported 
30

 leading to suggest its use in some 

pathologies 
31, 32

. Recently, it was shown that the 

protein fraction of the extract of NSW exhibited a 

promising hepatoprotective effect 
7
. At first glance, 

OFW seems to be more attractive than NSW. Our 

results showed how this waste could be valorized in 

the domain of the protection of cells attacked by 

oxidative substances. For that, it would be 

interesting to pursue this study by testing this 

activity “in cellulo” by protecting cells against 

deleterious oxidant stress.  

Cytotoxic Activity of Waste Byproduct Extracts: 
In-vitro cytotoxicity of the extracts was performed 

on cancerous (MCF7, its multidrug-resistant 

counterpart Vcr-R, the metastatic MDA-MB231) 

and non-cancerous (hTERT-HME1) mammary cell 

lines and on hepatocellular carcinoma cells 

(HepG2). At a concentration of 200µg/mL and after 

48h of incubation, it was observed that the liquid 

parts of NSW fractions and NSWE-2 showed the 

strongest cytotoxic effect. These fractions caused 

around 95% inhibition of cell viability in all 

mammary cell lines, even in the drug-resistant Vcr-

R Fig. 7S. NSW has been shown to possess anti-

carcinogenic activity in-vitro on mammary cancer 

cell lines 
33, 34

. The studies suggested that the anti-

cancer properties of NSW fractions occurred via 

induction of apoptosis, decrease in the expression 

levels of antiapoptotic - Bcl-2 and DNA 

fragmentation. 

It is interesting to notice that breast cancer cells 

(MCF-7, MDA-MB-231, Vcr-R) are more sensitive 

to the anticancer activity of MSW fractions Fig. 6S, 

7S, and 8S when compared to hepatoma cancer cell 

line (HepG2) Fig. 9S. This phenomenon was 

recently reported by 
34

. On the contrary, OFW 

fractions did not display any cytotoxicity towards 

the cell lines used in this study. These results 

confirm the general reputation of this plant. Our 

results show the interest of NSW by-products in the 

cancer field. To the best of our knowledge, it is the 

first time that such activity on a pluriresistant cell 

line (Vcr-R) is reported. These results have to be 

confirmed by assays performed with the major 

molecules identified in these extracts. 

FIG. 16S: RELATIVE PERCENTAGE OF MONOCYTES IN 

TREATED ANIMALS WITH DIFFERENT FRACTIONS OF 

NSW (n = 5 × 6; p< 0.001; p<0.01, 1000 mg/kg) 

 

FIG. 17: RELATIVE PERCENTAGE OF GRANULOCYTES 

(NEUTROPHILES, EOSINOPHILES, AND BASOPHILES) IN 

TREATED ANIMALS WITH DIFFERENT FRACTIONS OF 

NSW (n = 5 × 6; p< 0.001; p<0.01; p<0.05, 1000 mg/kg) 

 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=breast+cancer
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Inhibitory Potential of Waste Byproduct 

Extracts on CDC25s: A deregulation of these 

activities is frequently observed in cancer. Previous 

studies rise the relation between cancer and over-

expression of CDC25 isoforms, and this over-

expression is often related to poor prognosis. Some 

studies have shown the over-expression of 

CDC25A and B in numerous tumors, including 

breast, thyroid, laryngeal, esophageal, gastric, 

hepatocellular, ovarian, endometrial, prostate, 

colorectal cancers and non-Hodgkin lymphomas.  

All the plant extracts contain substances able to 

inhibit CDC25 phosphatase activity. Considering 

the two waste extracts, NSW fractions Fig. 11S 

seems to be the most potent for CDC25 inhibition 

(except NSW-1S and NSW-3S) with an equivalent 

inhibition of the three isoforms. These profiles 

CDC25 inhibition versus MTT test are thus parallel 

in NSW fractions. The two waste products contain 

substances able to inhibit CDC25 phosphatase 

activity. NSW fractions (Fig. 11S) were found to 

be the most potent on CDC25s inhibition than the 

OFW fractions Fig. 10S with an equivalent 

inhibition of the three isoforms. 

Immunomodulatory Activity: The immuno-

stimulant effect of OFW and NSW extracts shown 

in this study could be related to the effect of 

various substances such as derivatives of phenolic 

acid, alkamids, and polysaccharides that was earlier 

demonstrated with Echinacea purpurea on the 

immune system. However, the immunosuppressive 

effect on granulocytes is probably related to the 

effect of flavonoids. In this context, it was earlier 

demonstrated that genistein, an isoflavone isolated 

from Genista tinctoria showed a potential 

inhibition of T lymphocytes proliferation, IL-2 

synthesis and IL-2 receptor expression and also an 

another flavonoid, inhibited the growth of T-

lymphoid leukemia cells and reduced the Protein 

Kinase C activity. The suggestion of the 

implication of tannins in immunosuppressive 

activity, such as methyl gallate isolated from 

Acacia nilotica, showed an immunosuppressive 

activity. It was shown also that most of the 

flavonoids are immunosuppressive and have an 

important phagocytosis power on humoral, cellular 

immune and also on the development of 

immunological memory after the antigenic 

stimulation 
35

.  

Other work was demonstrated that Quercetin had 

an excellent immunosuppressive on Dendritic cells, 

regarded as a major target of immunosuppressant 

on the immune response. This flavonol could be 
used on autoimmune diseases and transplantation 36. 

CONCLUSION: The extraction of bioactive 

organic compounds from OFW and NSW fractions 

present a double interest. Firstly, they are a 

promising source of substances of high value and 

secondly, the recycling and upgrading of residues 

from plant food processing could be a solution to 

the potentially severe environmental problem of the 

industry.  

The lack of toxicity of OFW fractions and their 

strong antiradical and antioxidant activity could be 

interesting for the needs of chemoprevention. 

Particularly the chemoprotective potential of these 

extracts against oxidative stress induced by 

therapeutic molecules could be checked (Beillerot 

et al., 2008). Moreover, the cytotoxicity of NSW 

fractions were confirmed in five cell lines and, to 

our knowledge, it is the first time that such 

activities are reported on a  pluriresistant cell line 

(Vcr-R). 

The main bioactive compounds were identified as 

oleuropein for OFW fractions and thymoquinone 

for NSW fractions. At this step of research, it will 

be important to test these compounds directly and 

to compare them to those obtained with extracts in 

order to see if extracts contain synergistic or 

inhibitory compounds for the tested activities. 
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