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Abstract 

research aimed to the effect of 

pumpkin, and quinoa powder on nonalcoholic fatty 

liver (NAFLO) in rats. Seeds of pumpkin, lentil 

and quinoa were germinated, oven dried and analyzed for their 

nutritive value of their macronutrients, mineral, phenols & 

compounds contents. Sixty Albino Rats were into 10 

groups. Negative control group was fed on basal diet. 

groups were fed for four weeks on higl'1fructose diet (HFD) to induce 

One of them is positive control group. NALFO 

were fed on mixed with 

seeds powders of pumpkin, lentil 

quinoa and their Biochemical of the rats' 


serum was done at the beginning and at the end of study for lipid 


[Total (TC) , triglycerides HOL-C, LOL
I 

C&VLOL-C] , Liver enzymes(AST& ALT) , serum , blood 

urea & uric acid . Also, histopathological examination liver tissues 

analysis of the germinated were done. 

showed various germinated powders in 
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NAFLD led to improvement in lipid liver 

enzymes, creatinine and uric acid especially in group fed on 10% 

pumpkin, followed by groups 10% mix (pumpkin, lentil and quinoa) 

and 10% quinoa, respectively. These improvements happened in 

parallel with in liver were checked by 

microscopic examination. Compositional analysis of germinated 

revealed their photochemical compounds' contents 

that may beyond their favorable effects on the liver. Conclusion 

germinated pumpkin, lentil and quinoa improve both liver 

functions and liver of NAFLD rats. 

Introduction 

Liver function can be impaired and hepatocytes damaged 

upon to drugs, alcohol, infections, or malnutrition (Mroueh 

et a/., 2004). 

Nonalcoholic fatty liver disease (NAFLD), besides increasing 

liver morbidity and mortality, is with development 

atherosclerosis. Dyslipidemia and chronic inflammation are 

to drive development of NAFLD as well as 

atherosclerosis (Armstrong et a/., 2014). However, foods rich in 

have proposed as a tool to prevent cure liver 

damage (Morisco et a/., 2008). 

Sprouts' contents of nutrients; phytochemicals, vitamins, minerals, 

enzymes and amino are of almost importance for human health 

(Finley, 2005). 
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Sprouting is practice of germinating raw 

can be germinated at home or produced 

are a prominent ingredient of raw food diet and 

Asian cuisine (Chavan et al., 1989). 

this study aimed to of 

pumpkin, lentil and quinoa seeds on fatty 

in albino rats. 

Materials and Methods 

Seeds nr,,·n;;Jr;;JT.,nn 

lentil and quinoa were 

method of Aslani et al., (2015), were 

in water 12 and then the seeds were placed on a 

cotton 5 In stages, temperature of 

was that, germinated seeds were oven dried at 40° 

Diets: 
and high fructose diet (HFD) were ,..., .."",...,,,,,..,,,,1"1 

according to AI-Okbi et al., (2015). After NAFLD induction, eight 

groups were balanced diet mixed with dried germinated 

with different to achieve treatment. Part of was 

substituted with dried seeds with different in 

balanced diet to experimental diets. 

Determination 

Total powders was determined by the micro

kjeldahl method (1981). Lipid content of 

powders was of Nicodimescu (1964). 
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content of powders was determined by the method 

Bligh and Dyer (1989). 

Determination of phenols in germinated seeds were carried 

out by using high performance liquid chromatography (HPLC) as 

descried by Harbome, (2007) and Tiwari et a/., (2011). 

Experimental design: 

Adult 60 albino rats of Sprague Dawley weighing 

1 Og were individually in The rats were divided into 

10 groups of 6 The first group was fed on basal 

diet as control. The groups were for four on 

HFD to induce NAFLD according to AI-Okbi a/., (2015). Then 

groups discontinued on HFD were on 

group of them considered as a positive control. other eight 

groups fed on balanced diet containing 5 & 10% (pumpkin 

lentil, quinoa and their combinations). 

Biochemical analysis: 

At end of the experimental period, were 

overnight, than the sacrificed, blood 

samples were and centrifuged to the serum to 

estimate some biochemical Le. total cholesterol (TC) 

(Allain et a/., 1974), triglycerides (TG), (Fredrickson al., 1967), 

High-density lipoprotein (HDL-C), (Stein, 1986). Low 

density lipoprotein cholesterol (LDL-C) and Low-density 

lipoprotein cholesterol (VLDL-C) were according to the 

equation of Friedwald et a/., (1972). Determination of glucose was 

carried out by enzymatic colorimetric method according to Trinder 

(1969). Malondialdehyde (MDA) was done according the method 
36 



Egyptian J. of Nutrition Vol. XXXIII No.3 (2018) 

of UChiyama and Mihara (1978). -Aspartate amino transferases 

(AST) and alanine amino (ALT) were measured 

according to the method described by Tietz, (1995). Serum creatinine 

and serum uric were measured according the 

by Tietz. (1995). Serum urea was measured according to 

the method described by Tietz (1990). 

Histopathological examination: 

were examined to method of 

Drury and Wallington (1980). 

Statistical analyses: 

were analyzed by SPSS statistical (Armitage 

et al., 2002). 

Results and Discussion 

Germinated seeds (GSs) compositional analysis for 

macronutrients and minerals as illustrated in (1) the 

following: 

Protein: Among the 3 types of the analyzed germinated seeds, the 

highest value of protein was recorded for germinated pumpkin 

followed by lentil then quinoa. Protein percent increased in 

germinated pumpkin seeds when compared with raw seeds by 

(10.22%). While values were in (

9.68%) and germinated quinoa (-18.18%) when compared with raw 
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The highest value of fat was ,."",r'nr""",,", for germinated pumpkin 

followed by quinoa, then lentil content was in 

germinated pumpkin seeds when 

was 

with raw by (

16.36%). Also value of lentil decreased (-19.13%) 

when were but 1"'1':> , .... '.:>InT of fat value 

in quinoa via germinating process. 

Carbohydrates: Quinoa germinated had the highest value of 

carbohydrates among 3 types of followed by 

Pumpkin seeds had lowest carbohydrates. Although 

pumpkin record I"Ir~':::It,,,,C!t increase carbohydrates (55,65%) by 

(1 

While carbohydrates of germinated lentil and 

germinated quinoa decreased by (-4.74%) and 

respectively. 

Fiber. Lentil seeds the most increasing amount of 

with pumpkin germinated quinoa germinated 

<>"".., ..... <>. Germination of fibers in pumpkin, 

quinoa by 46.37% and 44.40%, respectively, 

EL-Adawyet (2003) reported that significant 

were observed in total protein, fat and carbohydrate ,v",Y"",nn, 

with increased germination time in all flours, while non-

nitrogen, ash contents significantly increased. The 

in proteins, carbohydrate contents could be 

attributed to their use as energy sources germination 

1995). The in protein, carbohydrate 

may have led to the apparent increase in the other 

components (EL-Adawy et al., 2003). other 

Megat-Rusydi et al., (2011) that carbohydrate content was 

in germinated mung beans and kidney beans and 
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decreased significantly in germinated and 

Compositional analysis of germinated pumpkin, lentil and 

quinoa seeds are shown in 

Lentil GSs involved 

compounds mainly gallic acid, 

Vanillic acid, caffeic acid, p-coumaric and ferulic acid 

were most abundant in quinoa seeds. 

The present study matches with those of Fouad Rehab, 

(2015) which verified that total phenolic contents of dry plant 

of un-germinated lentil seeds was significantly (P S 0.05) 

by germination process. In accordance with other work, vanillic 

was most abundant of identified phenolic acids in 

(Alvare:z-Jubete et a/., 2010). While Lee et a/., (2017) found 

vanillic caffeic acid were the least 

phenolic in lentil sprouts. 

Amutha et a/., (2014) reported that, the 

pumpkin may attributed to the 

complications. Pumpkin seeds extract was found to 

is the aglycone or form rutin, 

in the human diet. 

rats fed on different levels of dried powder of 

and their mixtures illustrated in table (3). 

on HFD induced NAFLD, including 

as increased TC, TG, LDL-C and 
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deceased HDL-C. Dietary intervention by adding germinated seeds 

powder (pumpkin, lentil and quinoa) to the diet, had been attenuated 

and recovered lipid profile to some extent according to the type of 

each seed that had been used in this study. Treated rats with 10% 

pumpkin, was the most effective group as it significantly (P<0.5) 

decrease TC, TG, LDL-C, and VLDL-C and also significantly increase 

of HDL more than any other treated groups, followed by the groups 

treated with 10% mix and 10% quinoa which did similar effects as 

~group 1 0% p~mpkin, with a little bit difference. 

These results agreed with those reported by Makni et al., 

(2010) who stated that Pumpkin seed oil possess anti-inflammatory, 

hypolipidemic and antioxidant effect. Thus, this functional food might 

also reduce the progression of fatty liver to NASH (Hyounjeong et 

al., 2007& Park et al., 2010). Additionally, betalain (which is naturally 

exists in quinoa seeds) potentially offers similar health benefits (Wu, 

2016). 

Serum glucose & malondialdhyde (MDA) of rats fed on 

different levels of dried powder of some germinated seeds and 

their mixtures presented in table (4). 

The mean values of serum glucose and MDA increased 

significantly in the positive control group, as compared to the 

negative control group. On the other hand, all treated groups 

decreased significantly as compared to the positive control group. 

The best results were recorded for the group which treated with 10% 

pumpkin . 
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In this AI-Okbi. et al., (2015) stated a similar 

significant reduction in plasma glucose of rats fed on diet 

consisted of pumpkin powder to High Fructose Diet 

(HFD) 

Mallick (2017) stated that the lipid peroxidation level 

(MDA) is increased in rats group and then 

significantly after administration doses of 

extract of pumpkin seed for 30 days. Pasko et al., (2010) 

reported quinoa can act as a rnl"\,I"1"'I"~T'" protective 

against potential of fructose-induced in by reducing lipid 

peroxidation. 

liver enzymes and Kidney functions of rats fed on 

different of dried powder of some germinated seeds and 

their mixtures illustrated in table mean value of serum 

including AST and AL T, functions (uric 

creatinine urea) increased significantly in positive control, as 

to the negative control alanine 

(ALT) decreased significantly 0.05) in treated groups, 

as with positive control. result was recorded with 

the10% pumpkin group, followed by 10% mix and 10% quinoa 

there were no differences between 

were obtained serum aspartate amine 

Similar effects on were obtained by 

(2017) hypercholesterolemic rats on diet fortified with 

et a/., 

powder. Also, AI-Okbi al., (2015) reported that by 

mixture plant sources containing pumpkin seeds powder 
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in significant in AST and activity compared to the 

fed rats. 

mean values of uric treated groups were 

significantly when compared to control group. 

result was for mean value of 10% pumpkin group, followed 

by 10% mix group and 10% quinoa group. creatinine, only 

two groups: 10% pumpkin and 10% mix were significantly lower than 

positive control group. As for urea, the that the mean 

value of 10% pumpkin and 10% 

quinoa were the only significantly lowered than positive 

control group. 

Similarly, Jensen at al., (2018) showed that fructose 

increases uric in the liver and the synthesis of 

uric acid from amino acid precursors. In addition, a meta-analysis 

found a dose-dependent rise in the incidence by 3% for 

every 1 mg/dl in serum uric acid, even accounting for 

metabolic syndrome other lifestyle T<>£'Tn,"C at 2015). 

Control on high fructose diet showed significant 

in plasma creatinine and urea as of 

kidney function while them on diet containing powder of 

pumpkin seeds (AI-Okbi 2015) and quinoa at 
al., 2017) showed significant reduction in plasma of both 

creatinine and urea indicating improvement in kidney function. 

Histopathological 

Microscopically, from negative control group 

re'li,ealea the normal structure of hepatic lobule (Picture 
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group showed 

associated with oval 

10% quinoa group 

hepatocytes (Picture 

microovesicular of 

from 10% mix group showing 

11 ). 

Liver of rat from 

steatosis of focal 

mix showing 

10). Liver of rat 

of Kupffer cells (Picture 

1). Meanwhile, liver of rat from control 

and 

group showed 

macrovesicular steatosis of mononuclear 

inflammatory cells infiltration {Picture control group 

showed macrovesicular steatosis of 08t,ocvtes and congestion of 

central veins (Picture 3). Liver of rat from pumpkin group showed 

small vacuoles in the cytoplasm of 

rat from 5% lentil group showed macrovesicular steatosis of 

hepatocytes (Picture Liver of rat from quinoa group showed 

fatty change of hepatocytes of hepatic sinusoids 

"'Tf"\,,",\1"'''''' (Picture 4). Liver of 

6). Liver of pumpkin showed no 

histopathological of rat from 10% lentil 

These findings <:>,.., ..,001"1 with those of Mallick et al., (2017) who 

found that the histopathological analysis showed disarrangement of 

hepatic cell and central of liver in untreated group 

(hyperlipidemic rats). co administration of pumpkin seed 

extract at of and 75mg Ikg body weight/day 

the better protective action with well arranged hepatic cell and normal 

central vein than groups. However, these findings 

disagreed with Morrison et al., (2015) who revealed that 

was not reduced in mice a 

containing 9% refined pumpkin seed oil or 9% 

virgin pumpkin for weeks. 
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Conclusion & Recommendation 

Germination of pumpkin, lentil and quinoa seeds increase 

their phytochemical properties; that may be a direct cause of 

improving liver functions and dyslipedemia, in addition to, enhancing 

liver tissues of NAFLD rats. Germinated pumpkin seeds have the 

most favorable effects, followed by a mixture of the three types of 

germinated seeds. Researches on human with fatty liver disease are 

recommended to ameliorate the liver tissues and functions by using 

such natural germinated food items. 

Picture (3) Picture (4) 
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Picture (7) 
~,.. 

Picture (9) Picture (10) 

Picture (11) 
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Table (1): Compositional analysis pumpkin, lentil quinoa 

Quinoa 

% of 

Nutrient change 

protein (g) -18.18 

Fat (g) 12.70 

-0.72 

44.40 

100 g (pre and post germination) 
Lentil 

% of 
Pre PostPre Post 

change 

30.42 33.53 -9.68 15.8 13.5 

-19.13 71 7.1 

11.41 17.76 -4.74 65.5 68.5 

2.60 3.98 46.37 2.5 3.61 

Table (2): Phytochemical analysis germinated pumpkin, lentil and 

Polyphenols 

Benzoic acid 9.25 25.35 11.05 

Gallic acid 

Vanillic acid 

1.14 

0.56 

302.41 

0.04 

1.77 

8.54 

Chlorogenic acid 1.05 5.81 3.68 

Caffeic acid 0.13 0.06 0.53 

p-Coumaric acid 0.12 0.30 2.97 

Ferulic acid 2.63 0.23 
I 

3.61 

Total 14.88 334.2 32.15 

46 




Egyptian J. of Nutrition Vol. XXXIII No.3 (2018) 

Table (3): Liid profile of rats on different levels of dried powder of 

some germinated seeds and their mixtures 

Groups T.C T.G HDL LDL VLDL 

{-vel 
i44.43± 

6.76g 

93.87± 

5.68° 

54.13± 

4.78" 

71.52± 

10.50· 

18.77± 

1.14° 

(+ve) 
268.19± 

47.41' 

207.56± 

28.76" 

29.84± 

2.68d 

196.83± 

44.69' 

41.5i± 

3.75" 

5% Pumpkin 
185.67± 

10.78c 
i56.68± 41.13± 

9.81e 
113.21± 

12.13° 

31.34± 

1.96° 

5% Lentil 
199.76± 163.16± 127.76± 32.63± 

13.69h 2.34° 

5% Quinoa 
113.68± 37.40± 

were as mean 

superscript letters are significantly 1"1'''''''0''1' at p < 0.05. 

47 



Mohamed Samir EL-Dashluty, Fatma EI-Zahraa EI-Shrief, 

Fardous Soliman, and Ahmed Sayed Khedr 

Table (4): Serum & MDA of rats fed on of 

dried powder of some germinated seeds and their 

mixtures 
Sr. glucose (mg/dl) Sf. MDA 

Mean±SD Mean±SD 

87.00± 3.53±O.19 

136.00±18.54a 4.12±0.26 

5% Pumpkin 

5% Lentil 

11i.00±7.27 

il2.00±5.97 

116.17±11.84 

as mean 

superscript are significantly 
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Table (5): Serum liver enzymes and Kidney functions of rats fed on 

different levels of dried powder of some germinated seeds 

and their mixtures 

:s::Groups 

ALT 

(U/L) 

Mean±SD 

AST 

(U/L) 

Mean±SD 

Uric acid 

(mg/dl) 

Mean±SD 

Creatinine 

(mg/dl) 

Mean±SD 

Urea 

(mg/dl) 

Mean±SD 

(-ve) 
28.81± 

4.33g 

26.38± 

2.85h 

3.62± 

0.22" 

0.74± 

0.06c 
29.60± 
4.72c 

(+ve) 
91.71 ± 

4.91" 

85.78± 

3.15" 

6.22± 

0.258 

1.16± 

0.21" 

39.08± 

3.468 

5% Pumpkin 
59.25± 

5.81c 

57.28± 

6.04c 
5.52± 

0.32b 
0.98± 
0.12a . b 

38.57± 

4.25a 

5% Lentil 
76 .59± 

8.18b 
69.86± 

2.99b 
5.59± 
0. 14b 

1.08± 

0.18a 
36.89± 

4.60a 

5% Quinoa 
65.04± 

4.58c 
61.93± 

5.53c 
6.08± 

0.18a 
1.03± 

O.17a 
38.21± 

4.87a 

10% Pumpkin 
35.83± 

3.18' 

31 .05± 

3.44g 

4.45± 
0.21d 

0.83± 

0.09b 
33.13± 

2.93b 

10% Lentil 
52.11± 

4.33d 
50.42± 

4.58d 
5.27± 

0.38b 
0.99± 
0.20a . b 

35.78± 

0.57b 

10% Quinoa 
41 .16± 

2.51· 

40.11± 

2.90· 

4.89± 

0.26c 
0.92± 

0.12a 
. 
b 

35.03± 

3.97b 

5% Mix 
47.06± 

5.61 d 
47.09± 

4.26d 

5.13± 

0.15b 

0.97± 
0.18a ,b 

36.42± 

2.69a 

10% Mix 
39,13± 

3,25" 

36,12± 

2,20' 

4,76± 

0,09c 
0,87± 

0.08b 
36,15± 
2.16a,b 

- Values were represented as mean 2:. SO. Means with different 

superscript letters are significantly different at p < 0.05. 
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