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ABSTRACT

Antimicrobial activity, total phenolic compounds(TPC) and total antioxidant activities ( TAA) of three
different spinach extracts ( Spinacia Oleracea ) were determined.The antibacterial activities of spinach
different extracts (with aqueous ethanol(50%) and ethanol(100%) as polar and petroleum ether as non polar
solvents) via diameter of inhibition zones (mm) against the Gram positive test strains Bacillus cereus, Listeria
monocytogens and Staphylococcus aureus and Gram negative test strains Salmonella typhi, Escherichia coli
0157:H7 , were investigated. Also, antifungal activities of the different extracts were carried out against
Aspergillus niger and Saccharomyces cerevisiae. Results revealed that the aqueous ethanol(0.277g/5ml crude
extract) as polar extract (100%) showed the highest antibacterial activity against Staphylococcus aureus.
Meanwhile, the polar and non polar spinach extracts appeared to have no antibacterial activity against the test
strains of Bacillus cereus and Listeria monocytogens. Also, Results revealed that only the non polar petroleum
ether(0.100g/5ml) spinach extract have the antibacterial activities against both of the test strains Salmonella
typhimurium and Escherichia coli 0157:H7. The antifungal activities of spinach extracts revealed that the
aqueous ethanol(0.277g/5ml) and ethanol(0.3021g/5ml) as polar extracts (100%) showed antifungal activities
against Saccharomyces cerevisiae and Aspergillus niger. Levels of TPC ranged from 6.9 to 112.5 mg of Gallic
acid equivalent per gram extract .The highest content in TPC was found in ethanol extract of S.oleracea
Antioxidant activity ranged from 31.1% to 63.7% . The highest value of TAA was found in aqueous ethanol
extract (50%) . The proximate analysis showed that S.oleracea examined contained a high level of moisture
with low fat content and crude fiber. Results indicate that spinach can be used as potential source of natural
antioxidants and antimicrobials agent .
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INTRODUCTION

A renewed interest has occurred in the last decade to search for photochemical of native and
naturalized plants for pharmaceutical and nutritional purposes with the recognition that plant-derived
products have great potential as sources for pharmaceuticals and food additives. Spinacia oleracea in an
annual herb belongs to the family Chenopodiaceae and it is widely distributed, cultivated in India [1] or Basella
rubra L. as "Indian spinach"[2] known as “Spinach”. It is native to South-West Asia and cultivated throughout
the world as vegetable. It is a rich source of vitamins A, C, E, B6, B2 and minerals such as magnesium,
manganese, iron, calcium, potassium, and low levels of proteins and carbohydrates[3]. Spinach is also packed
with a number of antioxidants components like polyphenols, flavonoids and carotinoids which are shown to
possess anti-inflammatory effects, anti-mutagenic potential, antineoplastic effects, as well as chemo-
preventive activities[4, 5].Spinach as Basella rubra contained photochemicals as tannins and alkaloids which
have been found to possess antimicrobial activity against some organisms [6,7].

The increasingly high numbers of bacteria that are developing resistance to classical antibiotics drive
much of the current interest on natural antimicrobial molecules in hope that they may provide useful leads
into anti-infective drug candidates. Food borne pathogenic bacteria as Salmonella, Escherichia coli, Listeria
monocytogens, Bacillus cereus, and Staphylococcus aureus causing food borne disease continues to be a
common and serious threat to public health [8] and found in diarrhea cases and different foods in Egypt
[9,10,11]. The potential of developing a new antimicrobial from plants are rewarding towards different uses
for the benefit of mankind [3].

Antioxidants are substances that prevent or delay oxidative damage of lipids, proteins and nucleic
acids caused by reactive oxygen species as well as free radicals. The most well known antioxidant constituents
of fruits and vegetables, which may play the role of prevention and protection, are vitamins C and E,
carotenoids, minerals (selenium and zinc), some peptides and phenolic compounds [12,13]. The antioxidants
obtained from plants are of greater benefit in comparison to synthetic ones [14]. Synthetic antioxidant like
butylated hydroxyl toluene (BHT), butylated hydroxyanisole (BHA), are known to ameliorate oxidative damage.
They are widely used in the food industry due to their abilities to prevent food deterioration and to extend the
shelf life of foods [15] but they have been restricted due to their carcinogenic and harmful effect on the lungs
and liver [16]. Several data have revealed their high antioxidant capacities and their health promoting effects.
Indeed, phenolic compounds have been reported to inhibit the development of cancerous tumours and to
have anti-bacterial, anti-viral, anti-inflammatory, antispasmodic and anti diarrhoeic properties ([17,18].
S.oleracea is known to be rich in flavonoids, phenolic acids and pigments such as lutein and chlorophyll which
are also antioxidants [19]. It is a very good source of dietary fiber, protein and Omega -3-fatty acids, zinc and
vitamin B; whilethis mixture of conventional nutrient gives spinach a unique status in the antioxidant and anti-
inflammatory department [20].

The present study was carried out to evaluate the antimicrobial activity, total phenolic compounds ,
antioxidant activity and nutritional value of polar and non-polar extracts of Spinacia oleracea, as spinach
retailed in Cairo market, on the most common food borne illness bacteria and some moulds.

MATERIAL AND METHODS

Materials

Fresh samples of spinach (Spinacia Oleracea ) were purchased from local supermarket , The
vegetables were randomly sampled from the shelf.

Chemicals
All chemical and solvents were purchased from Sigma Chemicals Company (USA).
Preparation of different extracts
The homogenized sample of the aerial parts of spinach was weight and washed by running tap water,

then cutting into small pieces. Sample of the prepared aerial parts of spinach was placed in a continuous
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extraction apparatus (soxhlet) and subjected to extraction using petroleum ether (40-60 °C).Another two
samples of aerial parts of spinach were subjected to extraction in soxhlet apparatus using ethanol or aqueous
ethanol (50%).The solvent of each extract was completely removed by evaporation under reduced pressure at
a temperature not exceeding 40°C. All extracts were kept in deep freeze till used [21].

Methods
Determination of antimicrobial activity

The antimicrobial activity of vegetable’s extract was determined by the agar well diffusion method
[22]. The five pathogenic indicator bacteria strains were obtained from the stock cultures of the Dairy
Microbiological Lab. , National Research Centre, Cairo, Egypt . Escherichia coli 0157 : H7 ATCC 6933, Bacillus
cereus ATCC 33018 , Staphylococcus aureus ATCC20231, Salmonella typhimurium ATCC 14028 , Listeria
monocytogenes ATCC 7644 ,Saccharomyces cerevisiae and Aspergillus niger . Each strain was activated in
Tryptone soy broth by fermention at 37C° for 24 h. One ml culture of the activated indicator strain (104
Cells/ml) was inoculated into 20 ml of Mueller- Hinton agar ( Becton Dickinson , USA ) and poured in petri
dishes .After solidification of the agar , wells of 5 mm in diameter were cut from the agar with a sterile borer
and 50 pL of extract delivered in each well.

Control negative were sterile phosphate buffer. All tests were carried out in triplicates . The plates
were incubated at 37 C° for 24 h.

The antimicrobial activity was expressed as the diameter of the zone of inhibition (ZOl); whereby a
diameter > Imm around the well was considered as a positive result and the greater the diameter of the ZOI,
the higher is the antimicrobial activity. The % inhibition was calculated according to National Committee for
the Clinical Laboratory (NCCLS).

The zone diameter of wells cut in nutrient agar medium was 5.0 mm and the diameter of inhibition
zone (DIZ) of negative a control for each bacterium was also 5.0 mm. If the DIZ value is 5.0 mm, that means the
sample has no inhibitory activity against that bacterium.

Antibiotic assay as control positive

Muler Hinton Agar and Nutrient agar were used for agar well diffusion assay. Amoxicillien ( 10 mg. for
gram +ve), Gentamycien (10 mg. for gram —ve) and Fluconazole (10 mg. for moulds) were used as positive
control [23].

Determination of total phenolic compounds in extracts

Total phenolics were determined colorimetric in the extracts using Folin-Ciocalteu reagent [24].
Absorbance was measured at 765 nm using UVPC spectrophotometer. The total phenolic content was
expressed as gallic acid equivalent (GAE) in milligrams per gram extract.

Evaluation of Antioxidant Activity

Antioxidant activities of different extracts were carried out using thiocyanate method [25]. Extracts (4
mg) were added to a solution mixture of 4.1 ml linoleic acid (2.52% in absolute ethanol), absolute ethanol (4
ml) and 0.05 M sodium phosphate buffer (pH 7, 8 ml). Distilled water 3.9 ml was added to the mixture. The
solution was incubated at 40°C and the degree of oxidation was measured according to the method of [26]
where 9.7 ml of ethanol (7.5%), 0.1 ml of an aqueous solution of ammonium thiocyanate (30%), 0.1 ml of
sample solution and 0.1 ml of ferrous chloride solution (20 mM in 3.5% HCIl) being added sequentially. The
mixture was stirred for 3 min. The absorption values of mixtures were measured on the seventh day of
incubation at 500nm. A control was performed with linoleic acid but without the extract. BHT (4 mg) was used
as positive control. The maximum peroxidation level observed at 7 days of the control was used as a test point.
The percent inhibition of linoleic acid peroxidation, 100 — [(Absorbance of sample at the seventh
day/Absorbance of control at the seventh day) X 100] was calculated to express antioxidant activity.
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Evaluation of nutritional values

The Proximate composition of the composite S.oleracea were determined according to the methods
of [27], the total carbohydrate content were calculated by difference , the energy value(Calarific value) was
determined as kcal per 100g of composite plant by multiplying protein and carbohydrates contents by 4.0 and
fat content by 9.0 [28].

RESULATS AND DISCUSSION
The antibacterial activities of spinach extracts (with polar and non polar solvents) as the diameter of

inhibition zones (mm) against the Gram positive test strains Bacillus cereus, Listeria monocytogens and
Staphylococcus aureus were shown in Table (1).

Table 1: Antimicrobial activity of spinach extracts as inhibition zones (mm)

Extract 1 Extract 2 Extract 3

100% 50% 100% | 50% 100% 50%
Gram positive bacteria
Listeria monocytogens 0 0 0 0 0 0
Bacillus cereus, 0 0 0 0 0 0
Staphylococcus aureus 9 6 0 0 14 10
Gram negative bacteria
Salmonella typhi 8 6 0 0 0 0
Escherichia coli 0157:H7 8 6 0 0 0 0
Moulds 0
Saccharomyces cerevisiae. 0 0 6 0 7 0
Aspergillus niger 0 0 11 0 0 0

Extract 1: petroleum ether (0.1005g/5ml), Extract 2: ethanol (0.3021g/5ml), Extract 3: aqueous ethanol 50%
(0.277g/5ml)= 100%.
50% extract = extract with distilled water ( 1:1)

Fig.1l: Antibacterial activity of spinach extracts against G+
bacteria as ihibition zones (mm).
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Results revealed that the aqueous ethanol as polar extract (50%) showed the highest antibacterial
activity against Staphylococcus aureus. The non polar extract (100%petroleumether)showed lower activity,
while ethanol (100% and 50%) extract showed no effect. Meanwhile, the polar and non polar spinach extracts
appeared to have no antibacterial activity against the test strains of Bacillus cereus and Listeria monocytogens.
Similar antibacterial activity of aqueous and ethanol extracts of spinach was shown against Staphylococcus
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aureus zone of inhibition, whereas the minimum activity is reported against the Bacillus subtilis,
respectively[23].Also, [29]found moderate significant of ethanolic fresh spinach extract again Staphylococcus
aureus.

The potential antibacterial activity of the spinach different spinach extracts against the Gram positive
bacteria in comparison with the antibiotic Amoxicillin (10 mg) was shown in Figure (1).

Results reveal that aqueous ethanol and petroleum ether extracts potentiate about 93% and 60% of
Amoxicillin (10 mg) against Staphylococcus aureus. However, the higher the potential was gained by [23]for
spinach ethanol extract against Staphylococcus aureus for the same antibiotic. The antibacterial activities of
spinach extracts (with polar and non polar solvents) as the diameter of inhibition zones (mm) against the Gram
negative test strains Salmonella typhimurium and Escherichia coli 0157:H7 were shown in Table (1). Results
reveal that only the non polar petroleum ether spinach extract have similar antibacterial activities against both
of the test strains Salmonella typhimurium and Escherichia coli 0157:H7, while aqueous and ethanol extracts
showed no antibacterial activities against the two test strains. Similar results were obtained by [3], who found
that spinach water and ethanol extracts showed very low antibacterial activity against Escherichia coli, while
the non polar extract petroleum ether showed higher activity than the obtained one. Also, [3]reported the
higher the antibacterial activity of petroleum ether spinach extract against Escherichia coli. However, the
current results for the polar extracts contradict results found by[23], who reported he antibacterial activity of
spinach aqueous and ethanol extracts against Salmonella colerassius and Escherichia coli. The potential
antibacterial activity of the different spinach extracts against the Gram negative bacteria in comparison with
the antibiotic Gentamycien (10 mg) was shown in Figure (2).

Fig.2:Antibacterial activity of spinach extracts against G-
bacteria as inhibitin zones (mm)
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Results reveal that aqueous ethanol and petroleum ether extracts potentiate about 40% and 53% of
Gentamycien (10 mg) against Escherichia coli and Salmonella typhimurium, respectively. However, the higher
the potential was gained by[23]for spinach agqueous and methanol extracts against Salmonella colerassius and
Escherichia coli for the same antibiotic.

The antifungal activities of spinach extracts (with polar and non-polar solvents) as the diameter of
inhibition zones (mm) against the mould test strains Saccharomyces cerevisiae and Aspergillus niger were
shown in Table (1). Results revealed that the aqueousethanol and ethanol as polar extracts (100%) showed
antifungal activity against Saccharomyces cerevisiae and Aspergillus niger. Higher antifungal activities were
shown by [23]using aqueous and methanol spinach extracts against Aspergillus niger, Penicillium crysogenum
and Candida albicans . Similar antimicrobial activity had been reported by[30].The potential antifungal activity
of the different spinach extracts against Saccharomyces cerevisiae and Aspergillus niger in comparison with
the antibiotic Fluconazole (10 mg) was shown in Figure (3).
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Fig.3: Antimicrobial activity of spinach extracts
against moulds as inhibition zones (mm)
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Table (2) Total phenolic contents (TPC) of fresh S. Oleracea
Extract Total phenolic compounds (mg GAE /g extract)
Petroleum ether extract 67.9 + 4.399
Ethanol extract 112.5+4.240
Aqueous ethanol extract (50 %) 87.5+2.053

*Each value is the average of three replicates + SD.SD = Standard deviation

120

100

80

60

40

20

Total phenolic compounds (mg GAE/ g extract)

Petroleum ether extract Ethanol extract Aqueous ethanol extract
(50%)

Extracts

Fig. (4) Variation of TPC of different extracts of S. Oleracea

Results reveal that ethanol and aqueous ethanol extracts potentiate about 58% and 64% of
Fluconazole (10 mg) against Saccharomyces cerevisiae and, Aspergillus niger, respectively. Similar potentials
were gained by [23] for spinach aqueous extracts against Aspergillus niger, Penicillium crysogenum and
Candida albicans,60%, 82% and 73%, respectively, but they gained the higher the potential of methanol
extract, for the same antibiotic.The antimicrobial activities shown by leafextracts of Spinacia oleracea in
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different extracts may be due to one or more of the Phytochemical constituents of the spinach as steroids,
saponins, phenols, flavonids, alkaloids, tannins, carbohydrates, amino acids, glycosides, carbonyl and
anthroquinone using the polar water and ethanol solvents, while the none polar petroleum ether extracted
only the terpenoids, phenols and glycosides[3].Hence, the present work emphasize the states of searching new
antimicrobials is very important in recent times considering the escalating levels of antibiotic resistance among
pathogenic microorganisms[31].The total phenolic compounds in the different plant extracts ranged from 67.9
to 112.5 mg GAE/ g. as shown in Table (2) and figure (4).

The total phenolic compounds of ethanol extract showed highest value (112.2 mg GAE/g) followed by
aqueous ethanol extract (50%) and it was (87.5 mg GEA / g). Petroleum ether extract contains considerably
smaller value of phenolic compounds (67.9 mg GEA /g). In this respect [32,33,34]declared that the total
phenolic compounds in plant extract of S.oleracea depends on the type of extract, i.e. the polarity of solvent
used in extraction . High solubility of phenols in polar solvents provides high concentration of these
compounds in the extracts obtained using polar solvents for the extraction. Antioxidant activity of the three
different plant extracts from S.oleracea are shown in Table (3) and figure (5).

Table (3) Total antioxidant activity (TAA) of fresh Spinacia Oleracea

Extracts Total Antioxidant Activity %
Petroleum ether extract 31.1+0.451
Ethanol extract 62.6 +0.225
Aqueous ethanol extract (50 %) 63.71+ 0.390
BHT (standard) 65.6 +0.518

*Each value is the average of three replicates + SD
SD = Standard deviation

70
60
X
z 0
5°
=
Q
<
+« 40
c
(T
h
3 30
2
c
<
w 20
e
o
=
10
0
Petroleum ether extract Ethanol extract Aqueous ethanol extract BHT (standard)
(50%)

W Exrtracts

Fig. (5) Variation of TAA of different extract of fresh S.Oleracea

The synthetic antioxidant butylated hydroxyl toluene (BHT) as standard showed the highest
antioxidant activity (65, 6%). The examination of antioxidant activities of S.oleracea extracts under study
showed different values ranged from 31.1% to 63.7% . Aqueous ethanol extract (50%) showed the highest
antioxidant activity (63.7%) , compared to petroleum ether extract ( 31.1%). A moderate antioxidant activity
was found for ethanol extract (62.6%) . The lowest value of petroleum extract of S.oleracea due to low activity
of different plant extract depends on the polarity of solvent used in the extract preparation [32,35].The
extracts that perform the highest antioxidant activity as shown in Table (3) and Figure (5) have the highest
concentration of phenolic compounds. Phenols are very important constituents because of their scavenging
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ability on free radicals due to their hydroxyl groups. Therefore, the phenolic content of plants may contribute
directly to their antioxidant action [32,36].

Table (4) presents the macronutrient contents of the plant included in the study . It could be
observed that the fresh S.oleracea is characterized by high moisture content (88.05 %). Meanwhile the
carbohydrate value was (4.17%) , protein content was (3.33%) , the ash value was ( 2.4%) , the fibre content
was ( 1.8%). On the other hand the fat content was (0.48%) . The calculated energy value was 34.33 (kcal).
Such given data in Table (4) are in general agreement with those previously reported by [37].

Table (4) Proximate analysis and energy value of fresh S.Oleracea ( g /100g).

Fresh spinacea | Moisture | Protein | Ether Total Crude | Ash | Energy value
% % extract | Carbohyd. | Fibre % (kcal)
% % %
Perl00 g 88.05 3.33 0.48 4.17 1.13 | 1.83 34.32
REFERENCES
[1] Rao K.N.V., Bushra Tabassum, S. Raghu Babu, Alagara Raja, and David Banji. World Journal of
Pharmacy and Pharmaceutical Sciences, 2015; 4,(6):532-551
[2] Mensah J.K., R.l. Okoli, J.0.; Ohaju-Obodo and K. Eifediyi . African Journal of Biotechnology, 2008 ;
7(14) : 2304- 2309.
[3] Merina Paul Das and Souvik Chatterjee. Int. J. Pharm. Sci. Rev. Res. 2013; 23(1), 211-215.
[4] Boivin D, Lamy S, Lord-Dufour S, Jackson J, Beaulieu E, Cote M, Moghrabi A, Barrette S, Ginras D,
Beliveau R. Food Chemistry . 2009; 112: 374-380.
[5] Hait-Darshan R, Grossman S, Bergman M, Deutsch M, Zurgil N. Food Research International . 2009;
42:246-253.
[6] Banso A, Adeyemo SO. Afr. J. Biotechnol. 2007; 6(15):1785-1787.
[7] Okoegwale EE, Omefezi JU. Niger. J. Appl. Sci. 2001; 4:2359-23571.
[8] CDC, Centre for disease control and prevention. Surveillance for Food borne Disease Outbreaks —
United States, 2009—2010, Morbidity and Mortality Weekly Report, Weekly / Vol. 62 / No. 3 January
25, 2013.
[9] El Gamel M.,. EI-Shenawy A., El Dairouty R.K.,Sahar H.Mohamed and S.A. El Shamy . Current Science

International. 2015a; 4 (2), 127-135.

[10] El Gamel M.S., El Dairouty R.K.; M.A. EI-Shenawy S.A. El Shamy,Sahar H. Mohamed and S. El Shamy.
Middle East Journal of Applied Sciences. 2015b ; 5 (2), 431-438.

[11] Hosny I.M., W.I. El Kholy, R.K. El Dairouty, M.A. El Shenawy and H.S. Mohamed. Journal of American
Science, 2011; 7(5), 527-537.

[12] Rupasinghe VHP, Clegg. J. Food Comp. Anal. 2007 ; 20: 133-137.

[13] Loarca-Pi"na G, Mendoza S, Minerva Ramos-G'Omez M, And RosaliaReynoso R (2010). J. Food Sci.
2010; 75: 68-72.

[14] Rohman, A,, Riyanto, S., Yuniarti, N., Saputra, W.R., and Utami, R. Int.Food Res.J. 2010; 17,97-106.

[15] Hotta H, Nagano S, Ueda M, Tsujino Y, Koyama J, Osakai T . Biochem Biophys Acta 2012; 1572:12-132.

[16] Gokhan Zengin, Abdurrahma Aktumsek, Gokalp Ozmen Guler,Yavuz Selim Cakmak, Evren Yildiztugay.
Rec. Nat. prod , 2011; 5: 123-132.

[17] Johnson IT. Mutat. Res., 2004; 551: 9-28.

[18] Dicko MH, Gruppen H, Traore AS, Voragen AGJ, Van Berkel WJH. Biotechnol. Mol. Biol. Rev., 2006; 1:
20-37.

[19] Lanter-Marquez UM, Barros RMC, Sinnecker P. Food Res. Int., 2005; 38: 885-895.

[20] Mldadul Haqg, Wirakarnain sani, A.B.M.S.Hassain , RosnaMat Taha and K.M.Monneruzzaman. J. of
medicinal plants research. 2011; ,vol.5(17), 4112- 41118

[21] United States Pharmacopeia and National Formulary, USP 25, NF 19, 2002. United States
Pharmacopeial Convention Inc., Rockville.

[22] Con A, Gokalp H, and M.Kaya. Meat Science.2001; 59: 437-441

[23] [23] Akhilesh Dubey, Neeraj Mishra,and Neha Singh. International Journal of Applied Biology and
Pharmaceutical Technology, 2010; | (3): 94-99.

[24] Singleton VL, Rossi JA. Am. J. Enol. Vitic.1965; 16, 144-158.

May - June 2016 RJPBCS 7(3) Page No. 1842



[25]
(26]
(27]
(28]
[29]

(30]
(31]

(32]
(33]
(34]
(35]
(36]
(37]

ISSN: 0975-8585

Osawa T.and Namiki M. Agriculture and Biological Chemistry.1981; 45: 735-739.

Yen GC, Duh PD, Tsai CL. Journal of Agriculture and Food Chemistry.1993; 41: 67-70.

AOAC (2000). Washington D.C.USA, 17th ed.

FAO (2003). The United Nations , Rome

Faiz-ul-Hussan Nasim, Saiga Andleeb, Mazhar Igbal, Tahseen Ghous ,Amna Nisar Khan and Kalsoom
Akhtar. African Journal of Microbiology Research. 2012; 6(29 : 5847-5851.

Kivanc M, and Kunduhoglu B . Journal of Qafgaz University. 1997; 1 : 26-35.

Srinivasan D, Sangeetha N, Suresh T, Lakshmanaperumalsamy P. Journal of Ethanopharmacology.
2001; 74, 217-220

Milan S. Stankovic. J. Sci. 2011; 33:63-72.

Mohsen, M.S., Ammar, S.M.A. Food Chem. 2008; 112, 595-598.

Zhou, K., and YU, L. LWT.2004; 37, 717-721.

Min, G., and Chun-Zhao, L. World J. Microb. Biot. 2005;21, 1461-1463.

Tosun, M., Ercisli, S., Sengul, M.,Ozer, H., and Polat, T. Biol. Res. 2009; 41,175 — 181.

Oguche Gladys, H. E.(2011).pakistan j.of nutrition .2011; 10 (11) 1061-1065.

May - June 2016 RJPBCS 7(3) Page No. 1843



