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Original Research Article 1 

Ethanol Extract of Solanum melongena Linn Fruit Mitigated Monosodium Glutamate-2 

Induced Oxidative Stress 3 

ABSTRACT 4 

Background/Aim: Monosodium glutamate (MSG), a flavour enhancing food additive generally regarded 5 

as safe by food regulatory bodies, could induce oxidative stress. The heightened search for underutilized 6 

plant-sourced food necessitated this study aimed at determining some anti-nutrients and vitamins in 7 

Solanum melongena Linn fruit and the influence of the ethanol extract of the sample on MSG–induced 8 

oxidative stress. Study Design/Methodology: Standard protocols were employed in the determination 9 

the studied phyto-contents of the sample. In the animal study, twenty four Wistar rats with average 10 

weighte of 105 ± 7.00 g were assigned into six groups and fed thus: Group 1 (control, feed and distilled 11 

water only), Group 2 (8000 mg/kg body weight MSG), Group 3 (300 mg/kg body weight the sample 12 

extract), Group 4(8000 mg/kg body weight MSG+ 100 mg/kg body weight the sample extract ), Group 5 13 

(8000 mg/kg body weight MSG+ 300 mg/kg body weight the sample extract) and Group 6 (8000 mg/kg 14 

body weight MSG + 500 mg/kg body weight the sample extract). Exposure was oral and daily for 14 days. 15 

Place and Duration of study: Department of Veterinary Medicine, Michael Okpara University of 16 

Agriculture, Umudike, Nigeria and National Root Crop Research Institute, Umudike, Abia Sstate Nigeria, 17 

between May and June, 2016. Results: The determined vitamins in the sample  were vitamin A (0.36 ± 18 

0.02 IU), vitamin B3 (9.03 ± 0.07 mg/100g) and vitamin C (369.67± 7.54 mg/100g) while the anti-nutrients 19 

were alkaloids (1.13 ± 0.10 mg/100g), saponins (5.54 ± 0.37 mg/100g), tannins (11.87 ± 1.87 mg/100g), 20 

cyanogenic glycogenic (6.21 ± 0.22 mg/100g) and phytates (30.62 ± 1.54 mg/100g). The MSG only fed 21 

group significantly (P <.05) increased malondialdehyde (MDA) concentration  but decreased (P <.05) 22 

glutathione (GSH), catalase (CAT) and superoxide dismutase (SOD) activity compared to the control, 23 

suggesting induction and enhanced generation of reactive oxygen species (ROS) which compromised the 24 

antioxidant defense of the MSG-fed rats. Co-administration of MSG with ethanol extract of Solanum 25 

melongena Linn fruit significantly (P<.05) reduced the MDA concentration to a value non-significant (p > 26 

0.5) when comparedcomparable to that ofin observed the control rats, and converselysimilarly 27 

significantly (P< .05) increased GSH, CAT and SOD activities when compared to the group 2 rats. 28 

Conclusion: The Solanum melongena Linn fruit contains the studied anti-nutrients and vitamins while the 29 

ethanol extract of the fruit could significantly mitigated MSG-induced oxidative stress in the rats.  30 

Keywords: Solanum melongena Linn fruit, Phyto-nutrients, Vitamins, Reactive Oxygen Species, 31 

Antioxidant, MSG –Induced Oxidative Stress. 32 

1. INTRODUCTION 33 

Monosodium glutamate (MSG), a sodium salt of glutamic acid is a food additive with a great flavour 34 

enhancing capacity. MSG is produced through fermentation of molasses (1). MSG has been reported to 35 

alter mitochondrial lipid peroxidation and antioxidant status in the cells (2). However, the mechanism of 36 

glutamate toxicity remains unknown but reports points towards apoptosis, which is a programmed cell 37 

death (3). Apoptosis could result to the generation of reactive oxygen species (ROS) which may lead to 38 

oxidative stress. Hence, inadvertent or abuse use of MSG could have adverse effects like alteration of the 39 

cell defense mechanism via induction of physiological stress, affects the central nervous system, liver 40 

function etc (4). This has been shown experimentally on animals and is also dependent on MSG 41 

concentration and individual sensitive (2). 42 
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Antioxidants are molecules that donate electrons to free radicals to neutralize them. Antioxidants lowers 43 

oxidative stress conditions in cells either via preventing oxidation of substrate by ROS or by ameliorating 44 

free radicals oxidation via up-regulation of enzymatic antioxidant in the cell like catalase (CAT) and 45 

superoxide dismutase (SOD) (5).Oxidative stress conditions describes the redox state of a biological 46 

system that is maintained towards more negative redox potentials values. As ROS are generated in the 47 

cell increases, there is a concomitant reduction of antioxidant in the cell, which leads to further decrease 48 

of the negative potentials that creates an oxidizing environment that encourages oxidative stress. Free 49 

radicals (ROS) are reactive species with one or more unpaired electron. They are constantly generated in 50 

the cells during ATP production during oxidative phosphorylation. It is vital to understand that free radicals 51 

are not harmful at all times, rather their toxicity depends on factors like the type of ROS, their 52 

concentration and localization, how they are produced and how they are eliminated (6). Nevertheless, in 53 

excess, it is detrimental to the cells as they attack proteins, lipids causing lipid peroxidation and adduct 54 

which has been implicated in the aetiology of many adverse health conditions (7). 55 

Solanum species (eggplants) belong to the family of Solanaceae and the plant genus Solanum.  Solanum 56 

melongena is an economically important vegetable crop that is widely cultivated in the tropical region and 57 

a good source of vitamins and phytonutrients (8). The leaves and fruits serve as vegetables and are used 58 

in traditional medicine (9). Solanum melongena fruit is usually cooked to make soup or stew, especially in 59 

the southern and western parts of Nigeria (10). The extracts of Solanum melongena were effective 60 

against a number of diseases, including high blood pressure, hepatosis and microbes ( 11; 12), and acts 61 

as an antioxidant (13), antidiabetic (14), hypolipidaemic agent (15) and as well as blood purifier (16) 62 

owing to its phytonutrients content. This plant possess secondary metabolites like alkaloids, saponins, 63 

cyanogenic glycoside, tannins etc, which has been showndemonstrated to possess antioxidant potentials 64 

and ascorbic acid which makes it possible for them to acts as reducing agents, metal chelator and radical 65 

scavenging (6). In particular, there were no reports that investigated the influence of Solanum melongena 66 

Linn fruits ethanol extract on MSG-induced oxidative stress in animal models, warranting the present 67 

study. 68 

2. MATERIAL AND METHODS 69 

2.1 Plant materials and preparations 70 

Matured egg plant fruits were bought in a local market: Ehere market in Aba, Abia State in the fruiting 71 

season of May, 2016. The fruit was identified as Solanum melongena Linn in the Plant Science 72 

Department, Michael Okpara University of Agriculture, Umudike, Abia State, Nigeria. The fruits were 73 

washed with clean tap water, crushed into smaller pieces using a knife and were sun-dried for two weeks. 74 

The sun-dried fruits were milled into powder using a laboratory miller (Author Thomas Lab. mill, crypto 75 

Model, USA) and stored in an air tight container.  76 

2.2 Extraction and concentration  77 

The powder (4kg) was immersed in absolute ethanol (98%) for 72 hours with interval shaking. The extract 78 

was filtered with No 1 Whatmann filter paper. The filtrate was concentrated using water bath at 60
o
c and 79 

was further dried in an oven set at 50
o
c. The extract was placed into a sample bottle and stored at a room 80 

temperature until it was required for experiment. The ethanol extract of Solanum melongena Linn fruit 81 

was then dissolved in water and prepared into three different doses (Low dose; 100mg/kg body weight of 82 

the extract; Middle dose; 300mg/kg body weight of the extract, High dose; 500mg/kg body weight of the 83 

extract) for administration while monosodium glutamate was also dissolved in distilled water to make an 84 
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aqueous solution. The previous report by Thomas et al. (17) formed the basis for the chosen dose of 85 

8000mg/kg body weight MSG for the intoxication of the rats for 14 days. 86 

2.3 Determination of Vitamins (A, B1 and C) 87 

Vitamin A, B1 and C were determined spectrophotometrically (18; 19 and 20) respectively.  88 

 89 

2.4 Determination of Phytonutrients 90 

Five phytophytochemicalsnutrients were determined; Alkaloids and saponins by the method described by 91 

Okwu and mora (21), cyanogenic glycosides and phytates by the methods described by Onwuka (18) and 92 

Young and greaves (22) respectively. Tannins were determined by Folin-Dennis colorimetric method as 93 

described by Makkar et al. (23). 94 

2.5 Animal study design  95 

Twenty-four adult Wistar rats of mean body weight 105.00 ± 8.00 g, was obtained from the animal 96 

breeding unit of the College of Veterinary Medicine, Michael Okpara University of Agriculture, Umudike. 97 

The animals were kept in appropriate cages and in a well ventilated room with free access to standard 98 

feed and clean tap water under room temperature with a 12 hour day/night cycle throughout the period of 99 

experiment. All the animals received humane care in accordance with the guidelines of the National 100 

Institute of Health, USA for ethical treatment of laboratory animals (24). This guideline was approved by 101 

the ethical committees of the department of Biochemistry and college of Natural science Michael Okpara 102 

university of Agriculture, Umudike, Nigeria. 103 

After one week of acclimatization, the animals were randomly grouped into six groups of four animals, as 104 

shown in the table below. The rats were fed with Vital feed grower mash and were given water ad libitium 105 

during acclimatization and through the exposure duration. The MSG (99% min) FCC grade E621 a 106 

product of meihua group, China. 107 

The animals received the treatment as given below; 108 

Groups Exposure   

Group 1 Received feed + 1ml/kg body weight of distilled water only. 

Group 2 8000mg/kg body weight of MSG only. 

Group 3 300mg/kg body weight of ethanol extract of Solanum melongena Linn fruit. 

Group 4 8000mg/kg body weight of MSG + 100mg/kg body weight extracts of Solanum melongena Linn fruit. 

Group 5 8000mg/kg body weight of MSG + 300mg/kg body weight extracts of Solanum melongena Linn fruit. 

Group 6 8000mg/kg body weight of MSG + 500mg/kg body weight extracts of Solanum melongena Linn fruit. 

 109 

The treatment was per-oral (using oral ogastric tube) and was administered daily for 2 weeks (fourteen 110 

days).  111 

after 14days of the treatment, the rats were sacrificed by decapitation and the liver excised, rinsed in 112 

iced-cold sucrose, and a 10% w/v homogenate was prepared using 0.15m KCl, centrifuged and the 113 

supernatant used for determination of malondialdehyde (MDA), catalase(CAT), superoxide dimutase 114 

(SOD) and glutathione (GSH) activities. 115 
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2.6 Quantification of oxidative stress biomarker in liver homogenates 116 

2.6.1 Determination of malondialdehyde levels (MDA) 117 

MDA levels, an index of lipid peroxidation were measured by the double heating method (25). The 118 

method is based on the spectrophotometric measurement of the purple colour generated by the reaction 119 

of TBA with MDA. The absorbance was measured at 532 nm. More MDA is generated in organs under 120 

oxidative stress, thus, more chromogen is produced. 121 

2.6.2 Determination of Reduced Glutathione (GSH) 122 

The method of Ellman (26) was used to determine the serum glutathione concentration. This method is 123 

based on the principle there is a development of a yellow colour using the Ellmans reagent 5,5
’ 
dithio-bis-124 

2-nitrobenzoic acid (DTNB) to compounds containing sulphydryl groups. The absorbance is read at 125 

412nm. 126 

2.6.3 Determination of Superoxide Dismutase (SOD) Activity 127 

The superoxide dismutase was determined by the method Marklund and Marklund, (27). This method is 128 

based on the principle that pyrogallol autooxides rapidly in alkaline solution generating superoxide ions. 129 

SOD inhibits its auto oxidation dismutating the superoxide ions to hydrogen peroxide and molecular 130 

oxygen. The activity of inhibition by SOD was measured at 450nm. 131 

2.6.4 Determination of Catalase (CAT) Activity  132 

The catalase activity was determined by the method described by Shina, (28). This method is based on 133 

the principle that catalase split hydrogen peroxide. At specific time interval, the reaction was stopped by 134 

the addition of dichromate/ acetic acid reagent. When heated in the presence of hydrogen peroxide, 135 

dichromate in acetic acid was reduced to chromic acetate and an unstable perchromic intermediate. The 136 

remaining hydrogen peroxide was determined by measuring the chromic acetate formed by a wavelength 137 

of 610nm. 138 

2.7 Statistical Analysis  139 

Collected data were subjected to statistical Analysis of Variance (ANOVA) with the statistical package for 140 

social sciences (SPSS) for Windows version 22.0. The Duncan post hoc test was used to identify the 141 

means that differ significantly at p < 0.05. Results were expressed as Mean ± standard error of the mean 142 

(SEM).  143 

 144 

3. RESULTS AND DISCUSSION 145 

Table 1 shows the results of some vitamins (mg/100g) in the Solanum melongena Linn fruit and it 146 

revealed that a water soluble antioxidant vitamin (Vitamin C, 369.67 mg/100g) was significantly higher 147 

than vitamin B (0.50 mg/100g) followed by vitamin A (0.36 mg/100g), which is the least. 148 

Table 1: Some vitamin composition of Solanum melonegena Linn fruit 149 

Parameters Concentration (mg/100g) 

Vitamin A  0.36 ± 0.02  

Vitamin B1  0.50 ± 0.04  

Vitamin C  369.67± 7.54  

 Values are expressed as means ± S.E.M for triplicate determinations.  150 
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The results as shown in table 2 in Table 2 on some phytochemical composition of  Solanum melongena 151 

Linn fruit revealed that phytates was higher (30.62 mg/100g) was higher than the other determined 152 

phytochemical followed by tannin(11.87mg/100g), cyanogenic glycosides (6.21 mg/100g), saponins 153 

(5.54mg/100g) and alkaloids(1.13 mg/100g) being the least.  154 

Table 2: Some phytochemical composition of Solanum melonegena Linn fruit 155 

Phytochemicals Concentration (mg/100g) 

Alkaloids 1.13 ±0.10 

Saponins 5.54 ±0.37 

Tannins 11.87±1.87 

Cyanogenic glycosides 6.21 ± 0.22 

Phytates 30.62 ± 1.54 

Values are expressed as means ± S.E.M for triplicate determinations.  156 

Table 3: Effects of daily treatment of rats with mono-sodium glutamate and ethanolic extract of 157 

Solanum melongena Linn fruit on some antioxidant parameters. 158 

 

PARAMETERS 

MDA 

(%TBAR) 

GSH 

(mg/dl) 

 

CAT 

(IU/L) 

SOD 

(IU/L) 

Group 1 

(Feed + water) 

 

0.95±0.04      4.93±0.18* 4.87±0.12* 8.02±0.05* 

Group 2 

(8000mg/kg bw MSG) 

 

4.10±0.23* 3.22±0.09 2.48±0.07 3.77±0.08 

Group 3 

(300mg/kg bw Extract) 

 

1.34±0.17 5.25±0.09* 4.78±0.16* 8.03±0.05* 

Group 4 

(8000mg MSG + 

100mg/kg bw Extract) 

 

1.79±0.22 5.12±0.18* 5.09±0.27* 7.16±0.17* 

Group 5 

(8000mg MSG + 

300mg/kg bw Extract) 

 

1.55±0.23 

 

5.21±0.14* 5.20±0.12* 7.56±1.20* 

Group 6 

(8000mg MSG + 

500mg/kg bw Extract) 

 

1.18±0.09 5.63±0.11* 6.40±0.85* 7.61±1.18* 

 159 

Values are expressed as mean ±SEM for four replications. *values are significantly different at (P<0.05). 160 

The result presented in table 3, above revealed that rats exposed to ethanol extract of Solamum 161 

melongena Linn fruit were significantly difference (P<0.05) for serum MDA concentration in group 2 162 

(4.10±0.23%) compared to the group 3,4,5,6 and the control group. Nevertheless, the data revealed no 163 

significant differences (P>0.05) for group 3, 4, 5 and 6. Significant (P<0.05) decrease was observed in the 164 
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serum GSH concentration, serum CAT concentration and serum SOD concentration for the group 2 165 

(3.22±0.09 mg/dl, 2.48±0.07 IU/L and 3.77±0.08 IU/L respectively) compared to the control group and the 166 

rest of the treatment groups either ethanol extract and/or with MSG (group 3, 4, 5 and 6). 167 

 168 

Reports have shown that antioxidants from plants are of nutraceutical values. In this study, oxidative 169 

stress induced by MSG and its mitigation using ethanol extract of Solanum melongena Linn fruit was 170 

investigated. Table 1 showed the result for the vitamin composition. Vitamins are required for normal 171 

processes of metabolism including growth and maintenance of health. They act as co-enzymes to modify 172 

the enzyme activities. From the result, the Vitamin A content (0.36  0.02 IU) of S. melongena is higher 173 

than the value (0.078 mg/100g) reported by Akoto et al. (29) for S. torvum. This result reveals a potential 174 

roles for this plant extract in mediate neural crest development, through ensuring proper positioning of the 175 

cells during development of the embryo (30) and in maintaining the integrity of white blood cells. These 176 

functions are attributed to their antioxidant potentials. 177 

The vitamin B1 (0.50  0.04 mg/100g) is comparable to the value (0.45  0.02 mg/100g) reported by Eze 178 

and Kanu, (31), for S. aethopicum but higher than the value (0.08mg/100g) reported by Fowomola, (32) 179 

for mango seed. This suggests that Solanum melongena Linn fruit could play vitamin B1 mediated roles; 180 

it is required to catabolize carbohydrates, fats and proteins and in ATP production. S. melongena in this 181 

study recorded a significant amount of vitamin C (369  7.54 mg/100g) compared to the other estimated 182 

vitamins in this study. S. melongena serves as a rich source of vitamin C: an effective antioxidant to stand 183 

against oxidative stress and improves immune function of the cells (33), aids the formation of bile which 184 

plays a detoxifiying roles in the body, protects from cataracts and scurvy (34) and may prevent the 185 

oxidation of low density lipoprotein cholesterol (LDL-c) (35). 186 

The phytochemical results presented in Table 2 showed five phytonutrients of Solanum melongena Linn 187 

fruit. Alkaloids recorded (1.31  0.10 mg/100g). This value is comparable to the value (1.16  188 

0.09mg/100g) reported by Agoreyo et al.(8) for S. melongena and (1.75 ± 0.01%) reported by Egbuonu 189 

and Nzewi, (36) for processed bitter yam but lower than the value (5.0  0.77mg/100g) reported by Eze 190 

and Kanu, (31) for S. aethopicum. Alkaloids are used in local anesthesia, as an active antibacterial 191 

(quinine), antifungal and antihypertensic (indole alkoloids) agent (37; 38).  192 

The tannin content of the present study (11.87 ± 1.87 mg/100g) is comparable to the value (12.82  0.14 193 

mg/100g) reported by (8) for S. melongena but significantly higher compared to the value (2.12 + 0.00%) 194 

and (0.17  0.07 mg/100g) reported by Egbuonu and Nzewi, (36) for processed bitter yam and (39) for S. 195 

anguivi respectively. This concentration suggests that S.melongena is relatively a rich source of tannin: 196 

an anti-diarrheal and anti-inflammatory agent (40; 41). The saponin content in this study was (5.54  197 

0.37mg/100g). This value is not comparable to the values (1.29  0.11 mg/100g) reported by oyeyemi et 198 

al.(39) for S. anguivi and 14.00  0.23% reported by Eze and Kanu, (31) for S. aethopicum. This 199 

difference may be due to species differences. Saponins are of pharmacological importance, they inhibits 200 

microbial growth and possess anti-haemolytic potentials (42; 38).  201 

The cyanogenic glycoside (6.21  0.22 mg/100g) is higher than the value (5.71  0.29%) reported by 202 

Oyeyemi et al. (39) for S. anguivi. This suggests that S. melongena Linn fruit could be toxic as a potent 203 

poison and should be treated with caution.  Glycosides could be useful in the management of malignant 204 
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cells in the stomach (43). Phytates recorded the highest value (30.62  1.54 mg/100g) among all the 205 

determined phytonutrients. Agoreyo et al. (8), reported a comparable value (26.19  0.15 mg/100g) for S. 206 

melongena. This reveals that S. melongena is rich in phytate. Phytates acts as anticancer, anti-207 

calcification agent and also plays a role in the regulation of insulin secretion (44). These said roles are all 208 

a function of the antioxidant potentials. 209 

The in-vivo antioxidant potentials of Solanum melongena Linn fruit (Table 3) showed that the lipid 210 

peroxidation activity in this present study: expressed in TBARS% that measured MDA concentration 211 

increased in the MSG fed rats (group 2). This indicates lipid peroxidation and suggests oxidative stress 212 

conditions in the rats upon induced toxicity. Group 3, 4, 5 and 6 co-administered with the ethanol extract 213 

(in high, medium and low dose) showed a significant (P<=.05) reduction for MDA compared to the control 214 

group. This suggests that the plant extract may have enhanced the mechanism of defence to inhibit free 215 

radical oxidation on lipids. This report is in agreement with the previous study reported by Hanza and Al 216 

Harbi, (45) on how MSG may induce oxidative stress and lipid peroxidation and also comparable to the 217 

report by Sivakrishan and Kottaimuthu, (46) on paracetamol-induced liver toxicity.  218 

The present investigation further revealed significant (P < =.05) decreases in GSH, SOD and CAT for the 219 

MSG fed group (group 2) compared to the control group.  This report agrees with the reported findings by 220 

(45) and (33). GSH, an important antioxidant synthesized from glycine, glutamate and cysteine is the 221 

most abundant intracellular thoil based antioxidant to scavenge free radicals in the body. The reduction in 222 

the concentration of GSH for the MSG fed group (group 2) suggests that MSG at high concentration 223 

modulate the generation of free radicals in the body. Furthermore, group 3, 4, 5 and 6 were upregulated 224 

and thus scavenge the free radicals generated by the system. The scavenging action may be through 225 

conjugation of the reactive end of the free radial via glutathione – S – transferase catalyzed reaction to 226 

maintain cellular antioxidant defences. The SOD and CAT protected cells from superoxides and hydrogen 227 

peroxides respectively. These reduced activities suggest that the enzymes may have done defensive 228 

works for the cells against the invasion of free radicals generated from the increased lipid peroxidation. 229 

This report is comparable to the findings by Sivakrishan and Kottaimuthu, (46) and Hanza and Al Harbi, 230 

(45) on In vivo antioxidant activities. Interestingly, group 3, 4, 5 and 6 showed an increased activity of the 231 

enzymes, GSH, SOD and CAT. This suggests that the ethanol extract of Solanum melongena Linn fruit 232 

could improve the In-vivo antioxidant defence system. 233 

 234 

5. CONCLUSION 235 

Solanum melongena Linn fruit contains the studied anti-nutrients and vitamins and its ethanol extract at 236 

different dosages ameliorated MSG-induced oxidative stress in the rats. Further studies are warranted to 237 

determine the specific contribution of the determined phyto-constituents of the Solanum melongena Linn 238 

fruit in mitigating MSG-induced oxidative stress in rats.  239 

ETHICAL APPROVAL 240 

The procedure for this study was in accordance with the guidelines on the care and wellbeing of research 241 
animals (NIH, 1985) and was approved by the Ethics Committee of Department of Biochemistry, Michael 242 
Okpara University of Agriculture, Umudike, Nigeria. 243 
 244 
 245 
 246 

Comment [A14]: reference 

Comment [A15]: please fix this in the 

materials and method section 



 

8 

 

REFERENCES 247 

1.  Walker R, Lupien JR.The safety evaluation of monosodium glutamate. J. Nutri..2000; 130: 1049-248 
1052.  249 
 250 

2. Sharma V, Deshmukk R. Ajimomoto (MSG): a fifth taste or bio bomb. Euro J Pharma Med Res 251 
2015; 2(2): 381-400. 252 
 253 

3. Pavlovic V, Pavlovic D, Kocic G,Sokolovic D, Jevtovic-Stoimenov T, Cekic S et al. Effect of 254 
monosodium glutamate on oxidative stress and apoptosis in rats thymus. Mol Cell Biochem. 255 
2007;303 (1-2): 161-166. 256 
 257 

4. Onyema OO, Farombi EO, Emerole GO, Ukoha AI, Onyeze GO. Effect of vitamin E on 258 
monosodium glutamate induced hepatotoxic and oxidative stress in rats. Indian J Biochem 259 
Biophy.2006; 43:20-24. 260 
 261 

5. Nirmala A, Sulthana M, Jagadeeswari NS, Girija SA. Oxidative Stress and Antioxidant Level 262 
during Diabetes Mellitus. Int  J Curr Res Biosci and plant biol.2015; 2(3): 29-34. 263 

 264 

6. Kasote DM, Katyare SS, Hegde MV, Bae H. Significance of antioxidant potential of plants and its 265 
relevance to therapeutic applications. Int J Biol Sci. 2015; 11:982–991. 266 
 267 

7. Wells PG, MaCallum GP, Chen CS. Oxidative stress in developmental origins of disease: 268 
teratogenesis, neuro-developmental deficits, and cancer. Toxicol Sci. 2009; 108: 4–18. 269 
 270 

8. Agoreyo BO, Obansa ES, Obanor EO. Comparative nutritional and phytochemical analysis of two 271 
varieties of Solanum melongena. Sci World J. 2012; 7(1): 5 – 8. 272 
 273 

9. Bonsu KO, Fontem DA, Nkansah GO, Iruome RN, Owusu, EO, Schippers RR. Diversity within the 274 
gboma eggplant (Solanum marcocarpon), an indigenous vegetable from West Africa. Ghana J 275 
Horticulture.2008; 1:50-58. 276 
 277 

10. Chinedu SN, Olasumbo AC, Eboji OK, Emiloju OC, Arinola OK, Dania DI. Proximate and 278 
phytochemical analysis of Solanumaethiopicum L and Solanum macrocarpon L. fruits. Res J 279 
Chem Sci. 2011; 1: 63-71. 280 
 281 

 282 
11. Madhuri AS, Sandhya RT, Naeim HN, Jai SG. Antimicrobial activity of the leaf extracts of 283 

Solanum melongena . Int J  Pharma  Res Rev.2015; 4(3):1-5.  284 
 285 

12. Amutha S. Screening of antibacterial activity of Solanum melongena seed extracts on selected 286 
human pathogenic bacteria. Int J Pharma Bio Sci. 2014; 5(4):208 - 213. 287 
 288 

13. Umesh KK, Vijay KB, Nikunj KB, Neha PB, Baljibhai AG. Antioxidant and nutritional components 289 
of egg plant (Solanum melongena L) fruit grown in Saurastra region. Int J Curr Microbiol  Applied 290 
Sci.2015; 4(2): 806-813. 291 
 292 

14. Kwon YI, Apostolidis E, Shetty K. In vitro studies of eggplant (Solanum melongena) phenolics as 293 
inhibitors of key enzymes relevant for type 2 diabetes and hypertension. Biores Technol.2007; 294 
99(8): 2981- 2988. 295 
 296 



 

9 

 

15. Ossamulu IF, Akanya HO, Jigam AA, Egwin EC. Adeyemi HY.  Hypolipidemic properties of four 297 
varieties of egg plants (Solanum melongena L.).  Int J Pharma Sci Invent. 2014; 3(8): 47-54.  298 
 299 

16. Gracelin DHS, Britto AJ, Stephan RTL. Rathnakumar PBJ. Assessment of genetic relationships 300 
among five species of Solanum as revealed by RAPD markers. Life Sci Leaflets.2011; 19: 809 –301 
814. 302 
 303 

17. Thomas M, Sujatha KS, George S. Protective effect of Piper longum Linn on monosodium 304 
glutamate induced oxidative stress in rats. Indian J Exp Biol.2009; 47:186-192. 305 
 306 

18. Onwuka GI. Food analysis and instrumentation (theory and practice). 1
st
 edition, Naphtali prints 307 

Surulere, Lagos; 2005. 308 
 309 

19. Okwu DE, Ndu CU. Evaluation of the phytonutrient, mineral and vitamin content of some varieties 310 
of yam (Discorea spp.). Int J Mol Med Adv Sci.2006; 2(2): 199-203. 311 
 312 

20. Okwu DE, Josiah C. Evaluation of the chemical composition of two Nigerian medicinal plants. 313 
African J Biotech. 2006; 5(4):357-361. 314 
 315 

21. Okwu DE, Morah FNI. Isolation and characterization of flavanone glycoside 4,5,7 trihydroxide    316 
flavanone rhmnoglucose from Garcina kola seed..J Applied Sci. 2007; 7 (2): 155- 164. 317 
 318 

22. Young SM, Greaves JE. Influence of variety and treatment on phytic acid content of wheat. Food 319 
Res Int.1940; 5:103-105. 320 
 321 

23. Makkar HPS, Blummel M, Borowy NK, Becker K. Gravimetric determination of tannins and their 322 
correlations with chemical and protein precipitation methods. J. Sci. Food Agric.1993; 61: 161-323 
165. 324 
 325 

24. National Institute of Health, Office of Laboratory Animal Welfare health research extension act. 326 
"animals in research";1985. 327 
 328 

25. Draper HH, Hadley M. Malondialdehyde determination as index of lipid peroxidation. Methods 329 

Enzymol. 1990; 186: 421-431. 330 

 331 

26. Ellman GL. Tissue sulphydryl groups.  Archives Biochem Biophy.1959; 82:70-77. 332 
 333 

27. Marklund S, Marklund G. Involvement of the super oxide anion radical in the oxidation of 334 
pyrogallol and a convenient assay for superoxide dismutase. Eur J Biochem 1974; 47(3):469-474. 335 
 336 

28. Shina AK. Colorimetric assay of catalase. Anal Biochem.1972; 49: 389. 337 
 338 

29. Akoto O, Borquaye SL, Howard AS, Konwuruk N. Nutritional and mineral composition of the 339 
fruits of Solanum torvum from Ghana. Int J Chem Biomol Sci.2015; 1(4): 222-226. 340 
 341 

30. Mbah UO, Egbuonu ACC. Alcohol-induced teratogenesis: Biochemical basis, management 342 
strategies and possible ameliorative roles of L-arginine. Annals Agri Environ Sci. 2016; 1(1): 01–343 
06. 344 
 345 

31. Eze SO,  Kanu CQ. Phytochemical and nutritive composition analysis of solanum aethopicum L. J 346 
Pharma Sci innovation. 2014; 3(4):358-362. 347 
 348 



 

10 

 

32. Fowomola MA. Some nutrients and antinutrients contents of mango (Magnifera indica) seed. 349 
Africa J Food Sci. 2010; 4(8):472 -476.  350 

33. Egbuonu ACC. Sub-chronic concomitant ingestion of L-arginine and monosodium glutamate 351 
improves feed efficiency, lipid metabolism and antioxidant capacity in male Wistar rats. Pakistan J 352 
Biol Sci.2012; 15(6):301–5. 353 
 354 

34. Walingo KM.  Role of vitamin C (ascorbic acid) on human health- A review. African J Food Agric 355 
Nutr Dev. 2005; 5(1):1-25. 356 
 357 

35. McRae MP. Vitamin C supplementation lowers serum low-density lipoprotein cholesterol and 358 
triglycerides: a meta-analysis of 13 randomized controlled trials. J Chiropractic med. 2008;7: 48–359 
58. 360 
 361 

36. Egbuonu ACC, Nzewi DC.  Influence of blanching on some nutrient and anti-nutrient 362 
compositions of bitter yam (Dioscorea dumetorum). British J Applied Sci Technol.2016, 16(2): 1-363 
8.  364 
 365 

37. Adeolu AT, Enesi DO. Assessment of proximate, mineral, vitamin and phytochemical 366 

compositions of plantain (Musa paradisiaca) bract – an agricultural waste. Int Res J Plant 367 

Sci.2013; 4(7): 192-197. 368 

 369 

38. Saxena M, Saxena J, Nema R, Singh D, Gupta A. Phytochemistry of medicinal plants. J 370 
Pharmacog Photochem. 2013; 1(6): 168 – 182.  371 
 372 

39. Oyeyemi S. D., Ayeni, M. J., Adebiyi, A. O.,  Ademiluyi, B.O.,    Tedela, P.O. and  Osuji, I. B. 373 
(2015). Nutritional Quality and Phytochemical Studies of Solanum anguivi  (Lam.) Fruits  Journal 374 
of Natural Sciences Research 5(4): 99-104. 375 
 376 

40. Doughari JH. Phytochemicals: extraction methods, basic structures and mode of action as 377 
potential chemotherapeutic agents, phytochemicals - a global perspective of their role in nutrition 378 
and health, Dr Venketeshwer Rao (Ed.), InTech, 2012. available from: 379 
http://www.intechopen.com/books/phytochemicals-a-global-perspective-of-their-role-in-nutrition-380 
and- health/phytochemicals-extraction-methods-basic-structures-and-mode-of-action-as-381 
potential- chemotherapeutic- 382 
 383 

41. Ukoha OP, Egbuonu ACC, Obasi LN, Ejikeme PM. Tannins and other phytochemical of the 384 
Samanaea saman pods and their antimicrobial activities. African Journal of Pure and Applied 385 
Chemistry.2011; 5(8):237-244. 386 
 387 

42. Kar A. Pharmaocgnosy and Pharmacobiotechnology (Revised-Expanded Second Edition). New 388 
Age International Limted Publishres New Delhi, 2007. 389 
 390 

43. Shalayel MHF. Beyond Laetrile (Vitamin B-17) controversy -antitumor illusion or revolution. British 391 
Biomed Bulletin.2017; 5(1):296. 392 
 393 

44. Vacenik I, Shamsuddin A. Cancer inhibition by inositol hexakisphosphate (IP6) and inositol: From 394 
laboratory to clinic. J Nutri. 2003;133: 3778-3784. 395 
 396 

45. Hanza RZ, Al-Harbi MS. Monosodium glutamate induced testicular toxicity and the possible 397 
ameliorative roles of Vitamin E or selenium in male rats. Toxicol report. 2014; 1: 1037 – 1045. 398 
 399 



 

11 

 

46. Sivakrishnan S, Kottaimuthu A. In vivo antioxidant activity of ethanolic extract of aerial parts of 400 
Albizia proceraroxb (benth) against paracetamol induced liver toxicity on Wistar rats. J Pharma 401 
Sci Res. 2013; 5(9):174 – 177.402 
 403 


