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Abstract:

The current study was conducted to find out the potential
therapeutic nutritional effects of quinoa seeds on ratsinflicted with
obesity, diabetes and both. 50 adult white mice were used. The weight of
the ratsaveraged (150 + 5) grams. All rats werefed on the basic diet for a
week, then were divided into 10 equal groups and one of them was left
as a negative control group.Basal diet used also for control (+) groups.
Otheras a obese, diabetic & obese / diabetic rats groups fed with quinoa
seeds by proportions 5% and 7% . Obesity induced by feeding on 20%
animal fat, while diabetes induced by alloxan injection 150 mg / kg of
body weight into the peritoneum. The experiment lasted for 28 days. At
the end of the experiment, the rats were weighed, sacrificed , and blood
samples collected after 12 hours fasting. Then the serum was analyzed to
estimate the level of glucose in the blood, The internal organs (liver,
kidneys, spleen, lungs, and heart) were separated and weighed. Also, the
body weight was estimated. Feed intake and feed efficiency ratio Were
calculated. The results of this study have shown that eating quinoa seeds
caused a reduction in the acquired weight, feed intake, feed efficiency
ratio , and improved glucose,blood lipid levels, and kidney and liver
functions. All the treatments showed improvements in the analysed
parameters , and the best for the results recorded for quinoa for 7%.
Therefore, quinoa may be used for obese and diabetic patients.
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Introduction:

Overweight/obesity is a growing public health problem
throughout the world. Preventive measures to help individuals maintain
energy balance and avoid excessive weight gain are critical, because of
the cost and limited effectiveness of currently available treatments.
Weight gain usually results from a combination of excessive caloric
intake and inadequate physical inactivity. Effective population-level
prevention requires consideration of the important role that physical,
social, and economic forces play in shaping individual choices as school,
workplace , and physical activity at the local level. There is an urgent
need to identify and evaluate policy approaches that make the physical
and social environment more conducive to a healthy lifestyle (Eby and
Conditz,2008).

The prevalence of pediatric overweight and obesity, which is
increasing worldwide, has tripled in the United States in the last 30
years, with the percentage of obese youth doubling in the last 20 years.
Adolescent obesity is associated with both immediate and long-term
health problems (e.g., hypertension, type2 diabetes and asthma) and
psychosocial problems (e.g., social isolation, depression, disordered
eating behaviors) such that adolescent obesity has implications for
current and future generations health and longevity. Further, several
comorbid symptoms, particularly binge eating and social problems, may
exacerbate weight gain and fat mass over time and/or interfere with
treatment and prevention outcomes. Individual, familial, peer, and
neighborhood factors, in conjunction with the pervasive obesogenic
environment, interact with one another to influence the emergence and
maintenance of overweight. Prevention and treatment efforts that take a
multilevel, socioecological approach to reducing overweight are clearly
warranted to address such broad environmental risk factors. These
programs require innovative approaches to teach adolescents the skills
needed to overcome individual, interpersonal, and contextual risk factors
and the skills to seek out positive sources of social support for healthy
lifestyle behaviors in order to stem tracking of adolescent overweight,
and related comorbid outcomes, into adulthood (Sinton and Wilfley ,
2011) .

Quinoa (Chenopodium quinoa Willd., Amaranthaceae) is a grain-
like, stress-tolerant food crop that has provided subsistence, nutrition,
and medicine for Andean indigenous cultures for thousands of years.
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Quinoa contains a high content of health-beneficial phytochemicals,
including amino acids, fiber, polyunsaturated fatty acids, vitamins,
minerals, saponins , phytosterols , phytoecdysteroids, phenolics ,
betalains, and glycine betaine . Over the past 2 decades, numerous food
and nutraceutical products and processes have been developed from
quinoa. Furthermore, 4 clinical studies have demonstrated that quinoa
supplementation exerts significant, positive effects on metabolic,
cardiovascular, and gastrointestinal health in humans.Graf et al., 2015

The popularity of its seeds has increased in recent years due to
the claims of health benefits and superfood qualities. Studies to date on
the health benefits of quinoa have been restricted to animal models, and
the results provide weak to moderate evidence to support improved
plasma lipid profiles. The consumption of 50 g quinoa/d lowers serum
TGs in overweight and obese participants and reduces the prevalence of
MetS.Diana et al.,2017

Diabetes mellitus is a chronic disease that has affected
humankind throught the world. The records of the ancient civilization of
Egypt, Itndia, Japan, Greece and Rome describe the symptoms of the
disease, and usually include recommendation for nutraceutical treatment.
Diabetes is considered as a major healthy problem at ages in all world. It
is a powerful and independent risk factor for cardiovascular disease,
which remains the major cause of death in diabetic person. Diabetes
mellitus is caused due to deficiency in production of insulin by the
pancreas, or the ineffectiveness of the produced insulin. It is a global
problem and number of those affected is increasing day by
day(Mukherjee et al., 2006) .

Despite quinoa’'s composition and properties, scientific evidence
supporting health claims such as weight loss, antidiabetic effects, and
appetite suppression in in vivo models is limited and the evidence is
restricted to a few animal studies. Among this body of evidence, it can
be observed that a possible health benefit of quinoa consumption may be
linked to a potential lipid-lowering effect (Takao et al., 2005) . Quinoa
has a complete protein, one of the only plant foods offering all nine of
the essential amino acids the human body needs in a healthy balance.
Quinoa has high amounts of potassium, which helps control blood
pressure, and is rich in antioxidants that may help to manage type two
diabetes. Though tiny, quinoa has been found to help you feel fuller,
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longer. “Quinoa is a low-glycemic-index carbohydrate since it’s very
rich in fiber and protein , “This means you’ll feel fuller longer after
consuming it, which may help you eat less over time.”

Despite all these attributes, quinoa is not widely used due to the
high cost of the imported grain and little knowledge of its benefits by
most consumers. More studies are needed to increase knowledge about
this "pseudo cereal”, to demonstrate its functional and nutritional
benefits and to study its ant nutritional effects, since it presents high
commercial value and excellent nutritional quality.

Material and Methods:

Materials:

Plants: The tested seeds in this investigation were quinoa seeds
(Chenopodium quinoa) , these quinoa seeds were purchased from local
market in Menoufia, Egypt and milled to obtain powder from it .
Animal: Normal male albino rats (50) of Sprague Dawley Strain
obtained from the laboratory Animal Colony, Ministry of Health and
Population, Helwan, Cairo, Egypt.

Chemicals: Alloxan were obtained from EL- Gomhouria company,
Cairo, Egypt.

Diets: Diet consists of casein, sucrose, corn oil, choline chloride,
vitamin mixture, mineral mixture, cellulose, and corn starch were
purchased from EI-Gomhouria Company for Drugs and Medical
Equipments, Cairo, Egypt.

Experimental design:

Fifty (50) rats fed on standard diet for 7 days for acclimatization.
Then, rats were randomly distributed into 10 equal groups, of 5 rats
each. Group 1 was fed on the basal diet and set as a negative control
group (normal rats). The groups 2,3,4 will be feeding on high fat diet
(20% animal lipid), groups 5,6,7 were injected with alloxan to obtain
the hyperglycemic rats and groups 8,9,10 obese rats will be induced by
feeding on high fat diet(20% animal lipid) and injected with alloxan. All
groups were fed for 4 weeks according to the following groups:

Group (1): (Control " —") rats (n=5)were fed basal diet only.

Group (2):(Control " + ™) rats (n=5) were keptwith out any treatment
and fed on basal diet after fed on high fat diet (20% animal
lipid)and used as a positive control group.
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Group (3): (Quinoa seeds 5% ) rats (n=5) were fed on basal diet
containing 5% quinoa seeds after being fed on high fat diet (20%
animal lipid)

Group (4): (Quinoa seeds 7% ) rats (n=5) were fed on basal diet
containing 7% quinoa seeds after being fed on high fat diet (20%
animal lipid)

Group (5):(Control “+” of hyperglycemic rats ), rats (n=5) were
injected with alloxan to obtain the hyperglycemic rats.

Group (6): (Quinoa seeds 5% ) rats (n=5) were fed on basal diet
containing 5% quinoa seeds after injected with alloxan

Group (7): (Quinoa seeds 7% ) rats (n=5) were fed on basal diet
containing 7% quinoa seeds after injected with alloxan

Group (8): (Control " + ™ Obese hyperglycemic rats ) rats (n=5). Obese
rats will be induced by being fed on high fat diet (20% animal
lipid) supplemented in the basal diet and used as a positive control
group and injected with alloxan to obtain the hyperglycemic rats.

Group (9): (Quinoa seeds 5% ) rats (n=5) will be fed on basal diet
containing 5% quinoa seeds afterhyperglycemic rats induced post
feeding on high fat diet (20% animal lipid).

Group (10):(Quinoa seeds 7% ) rats (n=5) will be fed on basal diet
containing 7% quinoa seeds after hyperglycemic rats induced post
feeding on high fat diet (20% animal lipid).

Biological Evaluation:

During the experimental period (28days), the consumed diet was
daily recorded (feed intake), biological evaluation of the different diets
was carried out by determination of body weight gain (BWG) and feed
efficiency ratio (FER) according to Chapman et al., (1959).

Blood Sampling:

At the end of the experiment, rats were fasted overnight and
anesthetized with diethyl ether. Blood samples were collected in clean
dry centrifuge tubes from hepatic portal vein; serum obtained by
centrifugation was carefully aspirated, transferred into clean cuvette
tubes and stored frozen at -20°C for analysis (Malhotra, 2003).

Serum samples analyzed for determination the following parameters:

Serum glutamate oxaloacetate transaminase S.GOT or (AST) was
determined as Unit/L according toYound (1975), S.GPT or (ALT) was
determined as Unit/L according to Yound (1975), serum alkaline

phosphatase (ALP) was determined U/L according to (IFCC, 1983),

133



Journal of Home Economics, Volume 29, Number (1), 2019

total cholesterol was determined according to Allain (1974), enzymatic
colorimetric determination of triglycerides was carried out according to
Fossati and Prencipe (1982),determination of HDL was carried out
according to the method of Lopez (1977), of LDL and VLDL carried out
according to the method of Friedwald and Levy (1972) ,atherognic
index (Al) was calculated as the VLDL + LDL cholesterol / HDL ratio
according to the formula ofNakabayashi et al., (1995), urea
determination was according to the enzymatic method of Malhotra
(2003), uric acid determination was according to the enzymatic
colorimetric test of Barham and Trinder (1972),creatinine was
measured using the modified kinetic method according to Bartles et al.,
(1972) and Larsen (1972) the principle used of glucose determination
was according toTrinder (1959).

Results and discussion:

A- Biological changes:

Results of body weight gain (BWG), feed intake (FI) and feed
efficiency ratio (FER) of experimental rats are presented in table (1)
.There were significant increases in BWG, FI and FER of obese rats
compared to control (-) while there were significant decrease in BWG,
FI and FER of all obese rats fed on 5% and 7% quinoa compared to
control (+) . The best effect on BWG, FI, and FER showed by obese rats
fed on 7%quinoa (group 4) when compared to control (+) group.

There were significant increases in BWG, Fl and FER of diabetic
rats compared to control (-) while there were significant decrease in
BWG, FI and FER of all diabetic rats fed on 5% and 7% quinoa
compared to control (+) .

The best effect on BWG, FI, and FER showed by diabetic rats
fed on 7% quinoa (group 7) when compared to control (+) group.There
were significant increases in BWG, FI and FER of obese diabetic rats
compared to control (-) while there were significant decrease in BWG,
FI and FER of all obese diabetic rats fed on 5% and 7% quinoa
compared to control (+) .

The best effect on BWG, FI, and FER showed by obese diabetic
rats fed on 7% quinoa (group 10) when compared to control (+) group.
These results agree with Abelldn et al., (2017) who reported that
processed quinoa intake during 28 days decreases BMI and HbAlc
levels, maintains FPG levels, and increases the satiation and fullness
(complete) degree in prediabetic patients. Foucault et al.,
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(2014)demonstrated that a supplementation of a high-fat diet with a
quinoa extract enriched in 20-hydroxyecdysone (QE) or pure 20-
hydroxyecdysone (20E) could prevent the development of obese.

It could be noticed from table (1)that lowest BWG, regardless of
significance , recorded for obese diabetic rats fed on quinoa diet 7%.
This many indicate the value of quinoa for clinical nutrition . This was
supported by finding that FI and FER values were lowest for obese
diabetic group fed on quinoa diet 7% also. Nevertheless without quinoa
diet control (+) group of obese diabetic rats was worst.

Table (1):Body weight gain (BWG), feed intake (FI) and feed efficiency
ratio (FER) of normal, obese , diabetic and obese diabetic
rats due to feeding on quinoa diet

Parameter BWG(g/d) Fl(9) FER
Groups Mean = SD Mean+SD Meanz SD
control G1(-ve) 12.6™+1 13%+1.52 0.197°+0.1
Obese | G2 (+ Obese control ) | 39.3°%:2.2 | 17.66°+2.08 0.488 2+0.048
G3 Quinoa 5% 30.6% 0.8 16.5%+ 2 0.321°+0.1
G4 Quinoa 7% 289+ 2 16.01%%+1 0.30 °+0.1
Diabetic| G5(+ Diabetic control ) | 38.4°+0.8 | 17.33® £2.64 | 0.455°+0.035
G6 Quinoa 5% 27.39+0.4| 1566°+1 0.294° +0.011
G7 Quinoa 7% 25.4°+05 | 15.02%+2 0.287°+0.026
Obese | G8 (+ Obese Diabetic
Diabetid control) 41.0°+0.7 | 18%°+14 0.479 2+ 0.016
G9 (Quinoa 5%) 2237+0.7 | 1433716 0.247° £0.15
G10 (Quinoa 7%) [19.06 9+ 0.8 13.66™ 2.2 0.208° £0.13
LSD 1.0464 0.9132 0.0861

Values with different column indicate significant differences Between the groups
(P<0.05), and vice versa. LSD: least significant Differences (P<0.05).

As indicated by FER Results best group were that fed on 7%

quinoa diet with no significant difference for obese, diabetic and obese
diabetic rats.
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B- Relative organs weight :

Data presented in table (2), show the relative organ weight (liver,
heart, kidneys, spleen and lungs).There were significant decreases in
heart, liver, kidney, lungs, spleen weight of obese rats compared to
control (-) while there were significant decrease in heart, liver, kidney,
lungs, spleen weight of all obese rats fed on 5% and 7% quinoa
compared to control (+). The best effect on heart, liver, kidney, lungs,
spleenweight showed by obese rats fed on 7% quinoa (group 4) when
compared to control (+) group.

There were significant decreases in heart, liver, kidney, lunge,
spleen weight of diabetic rats compared to control (-) while there were
significant decreases in heart, liver, kidney, lunge, spleen weight of all
obese rats fed on 5% and 7% quinoa compared to control (+) . The best
effect on heart, liver, kidney, lunge, spleenweight showed by diabetic
rats fed on 7% quinoa (group 7) when compared to control (+) group.

There were significant decreases in heart, liver, kidney, lunge,
spleen weight of obese diabetic rats compared to control (-) while there
were significant decrease in heart, liver, kidney, lunge, spleen weight of
all diabetes obesity rats fed on 5% and 7% quinoa compared to control
(+) . The best effect on heart, liver, kidney, lunge, spleen weight showed
by obese diabetic rats fed on 7% quinoa (group 10) when compared to
control (+) group.

The lowest organ weight in table 2 recoded for obese diabetic
rats fed on 7% quinoa diet, which was also found for other biological
parameters (Table 1) , regardless of that obese diabetic rats control (+)
revealed highest values compared to obese &diabetic rats control (+) .
This indicate the potent clinical nutrition action of quinoa 7% diet, being
not dependent on control (+) level of same treatment.
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Table (2): Organs weights of normal, obese, diabetic and obese diabetic
rats due to feeding on quinoa diet

Liver |Kidney
Parameter Spleen
Heart(@) | @ | @ |Lungs(g)| Do
Groups Mean = SD| Mean = | Mean = [Mean + SD D -
P sD | sp
. . 3.2% [0.75% b 0.14 °+
— . + 0. . +0.
Negative Gl (- ve) 0.21°+0.1 0.25 0.08 0.26°+0.16 0.02
G2 (+ Obese ab 4.45 %+ |1.08 % a a
control ) 0.43%+ 0.2 0.13 06 0.57%£0.15| 0.4+ 0.1
4.00°+ | 1.02
i %] 0.4 2+ Q. .54%°40.47|0.33°+0.
Obese  |G3 Quinoa 5%| 0.4 %+ 0.1 036 | 106 0.54%°+0.47|0.33"+0.04
0.39 %+ | 3.68%+ 0.51%+ | 0.29 %+
i 9 at.
G4 Quinoa 7% 5y 02 | F0 o13 0.09
G5 (+ Diabetic b 440%+[1.11 % b 0.39 %
control) [0 E02| g9 | 03 (0957018 409
0.34%° +0./3.90°+[0.95%+| 0.50® + | 0.30 %+
L ; o
Diabetic |G6 Quinoa 5% ? 0.35 0.3 0.23 0.04
) 0.33%¢ + [3.72°+[0.88%+| 0.48% + | 0.27 %+
0,
G7Quinoa 7% ) 059 | 02 0.2 0.1
G8 (+ Obese a a ab
+ + +
Diabetic 0452+ 0.1 4'(;32'1_ 1'%43 - 0'56(3)8_ 0.41%0.2
Obese control ) ' ' '
Diabetic | G9 (Quinoa | 0.35%°+ [3.52°7+[0.92%+| 0.38® + | 0.29 *+
control (+) 5%) 0.25 0.26 0.3 0.15 0.1
G10 (Quinoa | 0.27™+ [3.41%+[0.82" + 0.30b+ 02| 022 b,
7%) 0.1 0.62 o1 | T 0.05
LSD 0.1042 | 0.2802 | 0.3186 | 0.1806 0.0873

Values with different column indicate significant differences Between the
groups (P<0.05), and vice versa. LSD: least significant Differences (P<0.05).
C- Biochemical data changes:
1-Lipids fraction of serum:
Data presented in table (3), show the effect on serum lipids

fractions .There were significant increases in Total cholesterol ,
Triglycerides, LDL, VLDL, VLDL+LDL/ HDL (mg\dl) of obese rats
compared to control (-) while there were significant increase in Total
cholesterol , Triglycerides , LDL, VLDL, VLDL+LDL/ HDL (mg\dl) of
all obese rats fed on 5% and 7% Quinoa compared to control (+) .The
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best effect on Total cholesterol , Triglycerides , LDL, VLDL,
VLDL+LDL/ HDL (mg\dl) showed by obese rats fed on 7%
quinoagroup 4 when compared to control (+) group.

-There were significant decreases in HDL (mg\dl) of obese rats
compared to control (-) while there were significant increase in HDL
(mg\dl) of all obese rats fed on 5% and 7% quinoacompared to control
(+) .The best effect on HDL (mg\dl) showed by obese rats fed on 7%
quinoagroup 4 when compared to control (+) group.

-There were significant increases in Total cholesterol , Triglycerides ,
LDL, VLDL, VLDL+LDL/ HDL (mg\dl) of diabetic rats compared to
control (-) while there were significant decrease in Total cholesterol ,
Triglycerides , LDL, VLDL, VLDL+LDL/ HDL (mg\dl) of all diabetes
rats fed on 5% and 7% quinoa compared to control (+) .The best effect
on Total cholesterol , Triglycerides , LDL, VLDL, VLDL+LDL/ HDL
(mg\dl) showed by diabetic rats fed on 7% quinoagroup 7 when
compared to control (+) group. Diabetic rat seem to be of worse results
than obese rats and the worst of allwas the group of obese diabetic rats .
-There were significant increases in Total cholesterol , Triglycerides ,
LDL, VLDL, VLDL+LDL/ HDL (mg\dl) of obesediabetic rats compared
to control (-) while there were significant decrease in Total cholesterol ,
Triglycerides , LDL, VLDL, VLDL+LDL/ HDL (mg\dl) of all obese rats
fed on 5% and 7% Quinoa compared to control (+) .The best effect on
Total cholesterol , Triglycerides , LDL, VLDL, VLDL+LDL/ HDL
(mg\dl) showed by obese diabetic rats fed on 7% quinoagroup 10 when
compared to control (+) group.

- There were significant decreases in HDL (mg\dl) of obese diabetic rats
compared to control (-) while there were significant increase in HDL
(mg\dl)of all obese diabetic rats fed on 5% and 7% Quinoa compared to
control (+) .The best effect on HDL (mg\dl) showed by obese diabetic
rats fed on 7% quinoa(group 10) when compared to control (+)
group.The consumption of 50 g quinoa/d lowers serum TGs in
overweight and obese participants and reduces the prevalence of Mets as
report of Diana et al.,(2017).
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Table (3): Lipids fractions in serum of normal ,obese, diabetic , obese
diabetic rats

Parameter TC TG | VLDLc | HDLc | LDLc |
(mg/dl) | (mg/dl) | (mg/dl) | (mg/dl) | (mg/dl) Mean
Groups Mean* | Mean+ | Mean* | Mean+ | Mean + +5D
P SD SD SD SD sb | *
i T
Negative | G1 (- ve) | 68"+3.5 | 33+1.4 | 6.6 0.5 | 57 %+1.5 | 4.4"+1 0612;
G2 (+ c
Obese | 90%2.5 | 50%1.5 | 10% 0.7 | 40"+1.2 | 40°+2.3 1‘35;
control ) '
- efg
Obese |G3Quinoal setg | 409 | g1 |50040.74| 17416 O ©
5% 0.1
G4 Quinoa| -, i i b g 0.31 ™%+
vt 7142.08 | 36'+2.4 | 7.241.2 | 54°+1 | 9.8%2.1 0.08
G5 (+ - b, o 4 |1.64 %
Diabetic |95%2.51 | 56°+ 2.9 |11.2° 0.9|36'+ 0.86 [47.8°:3.1|" 0.2
control ) '
i |66 oui 0.68
Diabetic (G6QUIN0A\g a , 4 04l 447+3 [8.8°+1.1]48°+1.4|24.2%2.9] %M
5%
0.09
G7 Quinoa| 78.4°+ g e c ¢ 0.50"%+
o A1 429+19/84°+06| 52°+2 [18" 05 0.07
G8 (+ .
Obese | 1qea, ol 66742 |13.2°4 0.4 321+ 0.79[50.8% 1.2 2+
Diabetic 0.6
control )
Diabetic | (Quinoa | 91°+4 |[60°+2.6| 12°+ 2 | 46°+0.9 | 33°+1.8 |
0.09
5%)
GlO cd de
(Quinoa | 83%+1 [539+3.1| 108 F 14714 13] 05400 |70 %
0.8 0.15
7%)
LSD 2.4433 | 1.2888 | 0.78733 | - 0.6610 | 1.3988 [0.2797

Values with different column indicate significant differences Between the groups
(P<0.05), and vice versa. LSD: least significant Differences (P<0.05).
2-Kidney function:

The results illustrated in table (4) show the serum creatinine
(mg/dl), urea (mg/dl) &uric acid (mg/dl) of experimental rats. It could be
noticed There were significant increases in urea, uric acid and creatinine
of obese rats compared to control (-) while there were significant
decrease in urea, uric acid and creatinine of all obese rats fed on 5% and
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7% quinoa compared to control (+) . The best effect on urea, uric acid
and creatinine showed by obese rats fed on 7% quinoa (group 4) when
compared to control (+) group.
- There were significant decreases in urea, uric acid and creatinine of
diabetic rats compared to control (-) while there were significant
decrease in urea, uric acid and creatinine of all diabetic rats fed on 5%
and 7% quinoa compared to control (+) . The best effect on urea, uric
acid and creatinine showed by diabetes rats fed on 7% quinoa (group 7)
when compared to control (+) group.
- There were significant increases in urea, uric acid and creatinine of
obesediabetic rats compared to control (-) while there were significant
decrease in urea, uric acid and creatinine of all obese diabetic rats fed on
5% and 7% quinoa compared to control (+) . The best effect on urea,
uric acid and creatinine showed by obese diabetic rats fed on 7% quinoa
(group 10) when compared to control (+) group.
Table (4):Kidney function ((creatinine (mg/dl), Urea (mg/dl)&uric acid
(mg/dl)) in serum of normal, obese , diabetic and obese
diabetic rats due to feeding on quinoa diet

Parameter Urea Uric acid Creatinine
(mg/dl) (mg/dl) (mg/dI)
Groups Mean £ SD | Mean = SD Mean £ SD
Negative G1 (- ve) 24 '£1.8 1.7%£0.2 0.59 '+ 0.081
Gio(;tg?e)’se 44525 | 39°:03 | 099 %0.068
Obese G3 Quinoa 5% 3553 | 299505 | 0.87°0.031
G4 Quinoa 7% 27"+ 34 2% 105 0.76 '+ 0.015
G5 (+ Diabetic 46°:1 | 45®+01 | 0.91°% 0041
_ _ control )
Diabetic G6QuInoa5% | 389+21 | 36°+08 | 0.81°+0.047
G7 Quinoa 7% 327+41 [ 26%+17 | 0.729+0.021
G8 (+ Obese a a b
Obese Diabetic control ) 502+ 2 52%+0.6 0.95°+0.024
Diabetic G9 (Quinoa5%) | 43°+1.4 | 42°+07 0.78% +0.029
G10 (Quinca7%) | 30 9+15 | 23*+09 | 0.68"+0.053
LSD 1.6666 0.7800 0.0366

Values with different column indicate significant differences Between the groups
(P<0.05), and vice versa. LSD: least significant Differences (P<0.05).

Never the less difference as calculated for the 3parameters were
not markedconsidering diabetic and obese diabetic rats.
3- Liver enzymesactivities:

Data presented in table (5), show the effect on AST, ALT and
ALP.There were significant increases in (AST or Got) in these
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parameters of obese rats compared to control (-) while there were
significant decreases in all obese rats fed on 5% and 7% quinoa
compared to control (+) . The best effect showed by obese rats fed on
7% quinoa (group 4) when compared to control (+) group.
- There were significant increases in AST , ALTand ALP of diabetic rats
compared to control (-) while there were significant decreasesin all
diabetic rats fed on 5% and 7% quinoa compared to control (+) . The
best effectshowed by diabetic rats fed on 7% quinoa (group 7) when
compared to control (+) group.
- There were significant increases in AST, ALT and ALP of obese
diabetic rats compared to control (-) while there were significant
decrease in all obese diabetic rats fed on 5% and 7% quinoa compared to
control (+) . The best effectshowed by obese rats fed on 7% quinoa
(group 4) when compared to control (+) group. Similar results obtained
by Sneha et al.,(2017)who concluded that the Quinoa
seeds(Chenopodium quinoa)showed hepato protective effects against
CC14- induced damage in Swiss albino male mice.
Table (5): Serum activity of AST, ALT and ALP ratioof normal, obese ,
diabetic and obese diabetic rats due to feeding on quinoa diet

Parameter ALT (U/L) ALP(U/L)
AST (U/L) Mean + SD Mean £ SD
Groups Mean + SD
Negative G1 (- ve) 3514 | 262 135+ 0.7
G2 (+ Obese f a c
Obese control ) 75'+£1.9 60 “+ 2.5 173*+3
G3 Quinoa 5% 709+ 5 45'+15 168 %1
G4 Quinoa 7% 417'+2.2 297+14 158 '+ 2.5
Diabetic G5 (+ Diabetic c c b,
Contro! ) 95"+ 3 54~+1.6 179°+ 3
G6 Quinoa 5% 889+2 [529%21 163+ 1.4
G7 Quinoa 7% 61"+ 1.2 38" +2.7 1529+5
Obese G8 (+ Obese a b a
Diabetic Diabetic control ) 107°£25 |57 "+05 186"+ 4
G9 (Quinoa 5%) 102°+33 | 47°+1.4 162°+1
G10 (Quinoa 7%) 85 °+1 407+2.8 146" +2
LSD 1.5278 1.2190 2.4261

Values with different column indicate significant differences Between
the groups (P<0.05), and vice versa. LSD: least significant Differences
(P<0.05).

4-Glucose (GLU) :

Data presented in table (5), show the effect on glucose . There were
significant increases in glucose of obese rats compared to control (-)
while there were significant decreases in glucose of all obese rats fed on
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5% and 7% quinoa compared to control (+) . The best effect on glucose
showed by obese rats fed on 7% quinoa (group 4) when compared to
control (+) group.

-There were significant increases in glucose of diabetic rats compared to
control (-) while there were significant decrease in glucose of all diabetic
rats fed on 5% and 7% quinoa compared to control (+) . The best effect
on glucose showed by diabetic rats fed on 7% quinoa (group 7) when
compared to control (+) group.

- There were significant increases in glucose of obese diabetic rats
compared to control (-) while there were significant decrease in glucose
of all obese diabetic rats fed on 5% and 7% quinoa compared to control
(+) . The best effect on glucose showed by obese diabetic rats fed on 7%
quinoa (group 10) when compared to control (+) group.Similar results
obtained by Liangkui et al.,(2018) showing that daily consumption of
quinoa in this-term intervention appears to modify glucose response.

Table (6): Glucose level of normal, obese, diabetic and obese diabetic
rats due to feeding on quinoa diet

Groups Parameter Glucose
Mean = SD
Negative G1 (- ve) 45 Jx1
Obese G2 (+ Obese control ) 102°+1
G3 Quinoa 5% 5992
G4 Quinoa 7% 54"+1
Diabetic G5 (+ Diabetic control ) 180°+ 3
G6 Quinoa 5% 69°+ 1
G7 Quinoa 7% 64’ +2
Obese Diabetic | G8 (+ Obese Diabetic control ) 1897+ 1
G9 (Quinoa 5%) 76°+1
G10 (Quinoa 7%o) 50'+2
LSD 1.2129

Values with different column indicate significant differences Between the groups
(P<0.05), and vice versa. LSD: least significant Differences (P<0.05).

It is clear that quinoa seed diets improved the biological &
biochemical parameters of obese and obese diabetic rats (Tables 1-6).
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