Alex. J. Fd. Sci. & Technol. Vol. 15, No. 1, pp. 23-34, 2018

Chemical and Biological Evaluation of Some Products
from Quinoa-Based Blends for Celiac Disease

El-Sebeay, A.S. & Lamia M. Hafez
Regional Center for Food and Feed, Agricultural Research Center, Alexandria, Egypt.

Received: 26 February, 2018 Revised: 10 April, 2018 Accepted: 8 May, 2018

ABSTRACT

Celiac disease (CD) is a longevity food intolerance to gluten. Quinoa has complete nutritional characteristics and is gluten
free, so it is tolerable for CD. The objective of this study was to estimate chemical, sensory and biological evaluation of some
formulated quinoa products as an alternative food suggested for CD. Quinoa, rice, corn, chick-pea flours and their products (cake,
biscuit and toast) in different ratio were prepared and examined for sensory properties. It was found that; the best acceptable blends
were quinoa flour: rice flour: corn flour with rito1:1:1in cake and toast and quinoa flour: rice flour: chick-pea flour with rito1:1:1in
biscuit. Biological evaluation was done on 32 albino male rates classified into four equal groups of eight rats each. Group 1 was
the control group, the other groups were fed on the products for 8 weeks. Weight gain and relative organ weights were estimated.
Blood picture, lipid profile, alanine transaminase (ALT), aspartate transaminase (AST), total protein, albumin, bilirubin, cre-
atinin, uric and glucose were estimated. The results revealed that quinoa flour was free of gluten and the percentage of saponin after
washing was 0.2 %. Quinoa flour had 16.4% protein, 8.2 % fat and was rich in Ca, P, Na, K, Mg and Cu. The percentage of some
essential amino acids in quinoa flour surpassed the FAO model. Quinoa flour had low percentage of saturated and monounsaturated
fatty acids, but it had high contents of polyunsaturated fatty acids ©w6 and ®3. Cake and biscuit were higher in protein, fat and fiber
than toast, while toast was the highest in minerals content except for Cu. The biological evaluation for the three products showed
that; the weight gain decreased in all the treated groups. All the parameters of the blood tests were as that of the control except for
the hemoglobin level. Total lipids, cholesterol, triglycerides and low density lipoprotein (LDL) were higher in cake fed group than
the control group. Liver functions and kidney functions were not affected by feeding on the products; there were no differences in
AST and bilirubin levels between the treated groups. Further research, including human clinical trials, is needed and recommended.
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INTRODUCTION These deficiencies are related to the content of
starch or refined flours in gluten-free foods, which
is low in fibers and vitamins B group (Thompson
et al., 2005).

Celiac disease (CD) is a longevity food intol-
erance to gluten. Its prevails is 1% of the Westerns
populations (Lohi et al., 2007).CD is an immune-

mediated chronic disorder in some individuals, re- Moreover, Lucisano et al. (2012) reported that
sulted from the ingestion of some wheat proteins ~ most gluten-free products (GFP) had poor cooking
generally known as “gluten” and similar alcohol- ~ quality compared with their wheat counterparts.
soluble proteins (prolamins) of rye and barley.  Also, there is a need to improve the nutritional
The disease is characterized by enteropathy with and sensory quality of GFP. Pseudo-cereals such
small-intestinal villous atrophy, which leads to ma- ~ as amaranth, buckwheat and quinoa are valuable
labsorption. Strict elimination of gluten-containing ~ alternatives to gluten-containing grains for manu-
cereals from the diet was the only acceptable treat-  facturing GFP, because they provide good quality
ment for CD, which results in the recovery of most ~ Protein, dietary fibers and unsaturated fatty acids.
individuals (Catassi & Fasano, 2008). The market for GFP has shown a compound annual
. . . growth rate of 28 % over the 2008 - 2012 period,

However, there is an increasing concern re- reaching $ 4.2 billion in 2012 in the US market

garding the lpng te@ dietary habits gnd food (Packaged Facts, 2012).

choices of celiac patients and many studies found o ) )
that gluten-free diet (GFD) does not provide an R.ecent- mn-vitro studles.suggeslt that quinoa
adequate nutritional intake (Miranda et al., 2014). complies with the Codex Ahmentarl‘,ls nomer}da'
Deficiencies were noticed in dietary fiber, complex tur.e of GFP (g!uten< 20mg/ kg),and is p.()t'entlally
carbohydrates, minerals and vitamins after treat- suitable for patients with CD after examining one

ment with a long-term GFD (Wild er al., 2010). unknown cultivar in human T cells and organ cul-
ture explants (Bergamo et al., 2011).
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Quinoa (Chenopodium quinoa Willd.) is one
of a multipurpose agricultural crop. The seeds may
be utilized for human food, in flour products and
in animal feed stock regarding to its high nutritive
value (Repo-Carrasco et al., 2003). FAO consid-
ered quinoa as one of the crops to offer food secu-
rity in the next century (Jacobsen, 2003).

Quinoa is a starchy dicotyledonous seed, and
therefore not a cereal, so it is known as a pseudo-
cereal (USDA, 2005). It is free of gluten, so it can
be eaten by people who have CD as well as by
those who are allergic to wheat. Quinoa seeds are
very nourished and a source of good quality pro-
tein (Abugoch et al., 2008), lipids (Koziol, 1993),
starch (Coulter & Lorenz, 1990), minerals (Oshodi
et al., 1999) and vitamins likes vitamin B (Koziol,
1993).

A previous study, suggested some alternative
products for CD children from rice flour, corn flour
and chick-pea flour (Hafez &Mostafa 2014) but
some cases were diabetic so they can’t eat much
rice. Emily et al.,(2012) reported a significant risk
increase of type2 diabetes with the high consump-
tion of white rice, because the glycemic index
of white rice is higher on average than in whole
grains ,which means that it could cause spikes in
blood sugar (Foster-Powell et al.,2002). On the
other hands quinoa maintains a low glycemic index
(Atkinson et al., 2008).The present study aimed
to prepare and evaluate (chemically, sensory, and
biologically) some alternative food from quinoa
flour mixed with rice, corn and chick-pea flours to
be more nourished and tolerable for celiac disease.

MATERIALS AND METHODS

Materials

Quinoa seeds were purchased from Egyptian
Natural Oils Company - Cairo - Egypt and the other
ingredients; namely, rice, corn and chick-pea flours
were purchased from a local market in Alexandria
city.

Sample preparation

Quinoa seeds were cleaned from dust and
other contaminants by using a grain separator
(The Hance Corporation, Westville, Ohio, USA.
Model100).The seeds were then scrubbed and pol-
ished using a pulper (Langsenkamp, Indianapolis,
Indiana, model 5707), equipped with a sieve with
holes of 0.08 cm in diameter. The seeds were then
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washed with tap water in a tank equipped with a
mixer to remove saponin. After 45 min. of wash-
ing, the seeds were rinsed and dried in air driven
an oven at 40 °C~ for 12 hr. Finally the seeds were
milled (Tecator, Cyclotec 1093 Sample Mill) be-
fore analysis (particle size 40-60mesh).

Good quality of corn, rice and chick-pea flours
were mixed with quinoa flour at different ratios to
prepare some alternative food as cake, biscuit and
toast. Many products had been made at different
ratios and were subjected to sensory evaluation.
Three products had high scores in the sensory
evaluation. These three products were made from
quinoa, corn and rice flours (cake and toast) at ratio
1:1:1, quinoa, chick-pea and rice flours (biscuit) at
ratio 1:1:1.Weight of each product and the cost per
100g were estimated (Table 1).

Methods
Gluten index and saponin

Quinoa flour was analyzed for gluten index,
according to the AACC (2000), while saponin was
determined according to Obadoni & Ochuko (2001).

The proximate analysis and gross energy:

Quinoa flour and quinoa- based products were
analyzed for proximate composition according to
the AOAC (2007) for protein, fat, crude fiber, ash,
moisture, while carbohydrates were calculated by
difference. Total dietary fibers content was deter-
mined according to Lee ef al., (1992) and gross en-
ergy was done by Isoperibol Bomb Calorimeter, as
described by the method of the AOAC, (1995).

Minerals & Vitamins contents:

Ca, P, Na, K, Mg as mg/100g and Cu, Zn con-
tents as ppm were determined in quinoa flour and
products according to the AOAC (2007) with an
Atomic Absorption Spectrophotometer apparatus
(Perking Elmer, model 5100PC). Vitamins B1 and
B2 in quinoa flour and products were analyzed by
Using Danish official, HPLC methods. (National
Food Agency of Denmark, 1996).

Amino acids & Fatty acids composition:

Amino acid composition in quinoa flour and
products were estimated as described by the AOAC
(2006a).Fatty acid composition in quinoa flour and
products were esterified into their corresponding
fatty acid methyl esters (FAMESs) using methanolic
NaOH and boron tri fluoride (BF3) with methanol
as described by the AOAC (2006b).
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Table 1: Ingredients, preparation, weight and costs of quinoa-based blends (cake, biscuit and toast)

Samples Cake Biscuit Toast
Ingredients - 1 cup white rice flour - 1 cup white rice flour - 1 cup white rice flour

- 1 cup quinoa flour - 1 cup quinoa flour - 1 cup quinoa flour

- 1 cup corn flour - 1 cup chick-pea flour - 1 cup corn flour

- 2/3 cup butter and corn oil - 2/3 cup butter - 2 f'spoon corn oil

- 1 cup sugar - 1 cup sugar - 1 t spoon salt

- 1 cup milk - 1/2 cup milk - 1 cup milk

- 3 f spoon baking soda - 3 f spoon baking soda - 3 f spoon baking soda

-3 eggs - 3 eggs - -

- 1/4 t spoon vanilla - 1/4 t spoon vanilla - -

- 3 f spoon xanthan gum - 3f spoon xanthan gum

Preparation -Mix butter, oil and sugar -Peat sugar with butter care-  -Mix rice, quinoa and corn
carefully. fully. flour together.

- Peat egg well in addition - Add egg with vanilla and - Add salt, baking soda and
to vanilla then add to the mix it. xanthan gum to the former
former mixture. mixture.

- Add milk. - Add milk. - Add corn oil.

- Add rice, quinoa and corn - Add rice, chick-pea and qui- - Add milk and mix well.
flour gradually with baking noa flour with baking soda
soda and xanthan gum and gradually.

mix well.

- Pour the mixture in a tray - Form biscuits in different - Pour the mixture in a tray
lined with fat and rice flour.  forms. lined with fat and rice flour.

- Bake in moderate oven at - Bake in moderate oven at - Spread 1 t spoon corn oil on
180 °C /30 m. 180°C / 30 min. the surface.

- Bake in moderate oven at
200°C /40 m.
Weight of product 1650 g 1370 g 1085¢g
Costs/100g 1.92 Pt. 2.45 Pt. 1.85 Pt.

Sensory evaluation:

The quality scores for the most acceptable
three products were conducted. The products were
served to 15 panelist and 10 CD children on three
separate days; they had to score of 10 for colour,
flavour, taste, texture and general acceptability.
The mean score of each product was determined
according to Walts, et al. (1989).

Experimental animals

Male albino rats (n=32) averaging 20045 g of
BW were obtained from the animal house of the
High Graduated Studies Institute, University of Al-
exandria, Egypt. The design of the experiments and
the protocol follows the international guidelines
and the ethics of the National Institutes of Health
(2005).Animals received human care, and had ad-
equate stable diet and water ad [ipitum. Animals
were acclimatized to the laboratory conditions for

two weeks before being experimented. All labo-
ratory biological specimens and hazardous waste
were disposed safely.

Experimental design:

After two weeks of acclimation, animals were
classified into four equal groups of eight rats each.
Groupl (control group) was fed on conventional
food all over the experimental period (sucrose
50%, casein 20%,corn starch 15%, corn oil 5%,cel-
lulose 5% ,mineral mix 3.5%,vitamin mix 1%, DL-
methionine 0.3% and choline bitartrate 0.2%) as
described by the National Academy of Sciences,
(1995). Group 2,3and 4 were fed on cake, biscuit
and toast, respectively for 8 weeks.

Body weight and organs weight:

Body weight of rats was recorded in the begin-
ning and at the end of the experimental period. Ani-
mals were sacrificed by decapitation, and then liver,
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kidney, brain, testes, heart, lung and spleen were
immediately removed and weighed. Relative organ
weights were calculated as g /100 g body weight.

Blood sample:

Blood samples were collected from the sacri-
ficed animals in two separate tubes, one of them
contained heparin. Plasma samples were obtained
by centrifugation at 4000 rpm for 20 minutes, and
then samples were stored at -20°C until used for
further analyses.

Lipid profile:

Plasma samples were analyzed for cholesterol
and triglycerides according to the methods of Ti-
etz (1995), high-density lipoprotein-cholesterol
(HDL-c) was determined according to the methods
of Sugiuchi ef al., (1995), low-density lipoprotein-
cholesterol (LDL-c) was determined by the method
of Pisani et al., (1995) and very low-density lipo-
protein-cholesterol (VLDL-c) was calculated auto-
matically by Roche /Hitachi Cobas C systems.

Enzymes activity and biochemical param-
eters:

The activities of plasma alanine transaminase
(ALT) and aspartate transaminase (AST) were
assayed by the method of Bergmeyer & Horder
(1986).Total protein and albumin were determined
by the method of Doumas et al.,(1977), total biliru-
bin was measured using the method of Wahlefeld
& Bergmeyer (1972).Uric acid and creatinine con-
centrations were measured according to the method
of Lamb et al., (2006),while glucose content was
analyzed according to Kunst et al.,(1984).All the
aforementioned parameters were measured using
commercial kits, [Bio systems S.A. (Spain), Dia-
mond (Germany) and Randox (United Kingdom)].

Statistical analysis:

All data were expressed as mean + SD. Statisti-
cal Analyses System (SAS) software program ver-
sion 9.1 (SAS, 2003) was used for one-way analysis
of variance (ANOVA), at < 0.05 to compare the sta-
tistical significant difference between groups.

RESULTS & DISCUSSION

Quinoa has attracted attention in the last years
not only for its excellent nutritional value, but also
it contains high amounts of proteins, fibers, miner-
als, vitamins and o -3 fatty acids (Vega-Galvez et
al., 2010).
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Table (2) summarizes the chemical analysis
of quinoa flour. Quinoa flour was examined for its
content of gluten and saponin before use in prepar-
ing some products. Quinoa flour was free of gluten
and the saponin content before and after washing
was 0.38% and 0.2 %, respectively. Giiclii-Ustiin-
da & Mazza (2007) reported that the saponin con-
tent in quinoa of some types varied from 0.02% to
0.04% and in other types from 0.14% to 2.3%.As
presented in Table (2) quinoa had 16.4%protien,
8.2 % fat, and is rich in Ca, P, Na, K, Mg, Cu and
Zn being 50, 440, 80, 660, 200 mg/100g, 36.1 and
16.1 ppm, respectively. Vitamins B1 and B2 in qui-
noa flour were 0.34 and 0.14mg/g.

Nascimento et al. (2014) also found that
quinoa had higher protein content than common
gluten-free cereals such as corn and rice, and is
comparable to that of wheat. In addition, Valencia-
Chamorro (2003) reported that, the percentage of
protein in quinoa seed varies from 8% to 22%,
which is higher on average than that in common ce-
reals such as rice, wheat, and barley. Ruales & Nair
(1993) also found that quinoa had larger amounts
of Ca, P, Mg and K than most of the common cere-
al grains. The National Academy of Sciences, 2004
reported that; B2 content in 100 g contributes 80%
of the children’s daily needs and 40% of those of
adults. B1 values in quinoa are lower than those in
oat or barley.

Table (2) also represents the main amino ac-
ids of quinoa flour, it was found that the flour con-
tained high percentage of the essential amino ac-
ids (EAA) (therionene, isoleucine, valine, leucine,
phenylalanine, histidine, lysine and methionine
4.8, 4.8,6.2,8.9,5.7,4.2, 7.0 and 3.5%), respec-
tively. Some EAA were in higher percentage than
that of the FAO model as therionene, isoleucine,
valine, histidine and lysine (4.3, 4.6, 5.5, 2.6 and
6.6%), respectively. Bhargava et al., (2003) report-
ed that; the EAA balance in quinoa flour is excel-
lent because of a wider amino acids range than in
cereals and legumes, with higher lysine (5.1-6.4%)
and methionine (0.4-1%) contents. Also quinoa has
higher histidine content than soy, barley, or wheat
proteins. The methionine and cysteine content of
quinoa is sufficient for children (2-12 years old)
and adults. In addition, quinoa proteins contain
very little prolamins, which are the toxic proteins
in CD (Drzewiecki et al., 2003).

Table (2) also reveals that quinoa flour had
low percentage of the saturated fatty acids (SFAs)
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mainly palmaitic acid, C16:0 (11.8%) and the mon-
ounsaturated fatty acids (MUFAs) mainly oleic
acid, C18:1 ® 9 (32.64%), and it had high contents
of the polyunsaturated fatty acids (PUFAs) mainly
linoleic acid, C18:2 o 6 (51.99%). Also, it is clear
that quinoa flour has a high level of ® 6 and ® 3
fatty acids. Some researchers have characterized
fatty acids of quinoa lipid as follows: total SFAs
19 -12.3%, mainly palmitic acid; total MUFAs 25-
28.7%, mainly oleic acid, and total PUFAs 58.3%
chiefly linoleic acid about 90% (Ryan et al., 2007).
Repo-Carrasco (2003) also found that palmitic acid
is the major SFA found in quinoa, constituting 10%
of the total fatty acids, while MUFA oleic (19.7-
29.5%), linoleic (49.0-56.4%) and alpha-linolenic
(8.7-11.7%) acids represent 88% of the total fatty
acids of quinoa. Essential fatty acids are important
acids, like linoleic and linolenic acids, which are
necessary in animal metabolism.

Table (3) represents chemical analysis for
the three products (cake, biscuit and toast), it was
found that; cake and biscuit were higher in protein
(12.8 and 12.2 %), fat (18.5 and 20.4%) and fiber
(7.4 and 3.3%) than toast (11.6, 12.4 and 2.8 %)),
respectively. The protein and fat contents in cake
and biscuit in this study were found to be higher
than those of a previous study by Hafez &Mostafa
(2014), this may be because the high content of
protein and fat of quinoa flour. For minerals con-
tents it was found that every 100 g of cake, biscuit
and toast can supply with (100, 60 and 110 mg)
Ca, (380,360 and 490 mg) P, (240,280 and 360 mg)
K, (70, 60 and 110 mg) Mg, (23, 26 and 25 ppm)
Cu, and (115,103 and 146 ppm) Zn respectively. In
general toast had high percentages of all the miner-
als except for Cu. Vitamin B1 was higher in cake
than biscuit and toast while biscuit was the highest
in B2 content

Biscuit had significant high percentage of
some EAA as lysine, histidine and phenylalanine
(6.4, 3.3 and 6.4%), respectively, while cake was
higher (but not significant) in methionine and leu-
cine (3.3 and 9.3%), respectively. For fatty acids it
was found that biscuit was higher of SFAs, MUFAs
and PUFAs (33.64, 36.81 and 49.23%) than cake
(24.36, 33.23 and 41.3%) and toast (18.73, 31.84
and 28.59%), which represent the lowest percent
(Table 3).

Sensory evaluations were conducted on the
three products by 15 panelists and 10 celiac disease
children on three separated days .Mean scores for

colour, flavour, taste, texture and general accepta-
bility were recorded and given in Table (4). Biscuit
possessed the significantly highest score in accept-
ability (8.9) followed by cake (8.5) then toast (7.8).

Table (5) reveals that there was a significant
difference change in body weight gain for all the
tested groups, the biscuit fed group was extremely
close to the control group (44.4 and 48.4g), respec-
tively, but rats in the toast fed group had the lowest
body weight gain (38.1g).Grant et al., (1995) also,
found a positive relationship between decreased
weight gain and consumption of quinoa in ani-
mals; it may be because the presence of saponins in
quinoa which connected to decreased weight gain
(Carlson et al., 2012). Feed intake was higher in
cake and biscuit fed groups than the control group,
while in toast fed group it was as the same as the
control group. Feeding on biscuit resulted in the
highest protein efficiency ratio (0.43g/kg) com-
pared to the other products and conventional diet
for rats. Other study demonstrated a net protein
utilization value of 75.7 and a biological value of
82.6, for raw quinoa protein (Ruales & Nair 1992).

From Table (6) it was found that there were
no significant differences in relative weight change
for liver, kidney, brain and lung, while there were
slight differences in the relative weight of heart,
testes and spleen.

Blood picture for control group and other ex-
perimental groups were mentioned in table (7), it
was found no difference between control group and
other experimental groups in all parameters (RBC,
WBC, PLT, PCV, MCV, MCH, MCHC).But there
was a difference in hemoglobin level between con-
trol group (15.2 g/dl) and cake group (13.3 g/dl),
but the decrease was not significant in biscuit and
toast groups.

Table (8) showed that the total lipid, choles-
terol, triglycerides, LDL and VLDL were higher in
rats fed on cake (409, 94, 111, 47.5 and 22.2mg/dl),
respectively than the control group and the other
experimental groups. Toast represented the low-
est level of total lipid, cholesterol and triglycerides
(388, 81 and 87mg/dl), respectively while LDL and
VLDL were close to that of the control group. HDL
was lower in all experimental fed groups than con-
trol groups, the lowest level of HDL was found in
biscuit fed group. The increase in lipid profiles in
the cake fed groups may be due to other compo-
nents of the cake as egg, fat and milk. But in an-
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Table 2: Chemical evaluation (gluten, saponin, proximate analysis, minerals, vitamins, amino acids and fatty acids) of quinoa flour

Gluten & saponin % Proximate analysis % Minerals (mg/100g) Amino acids % & FAO™ Fatty acids %
& vitamins (mg/g)
Gluten Index  0.0£0.0  Protein 16.4+0.05 Ca 50+0.0 Therionine 4.840.01 43 SFAs 11.8£1.2
Saponin Fat 8.2+4.0 P 440+0.01 Valine 6.2+0.01 5.5 MUFAs 32.64+4.6
m Before washing 0.384+0.01 Fiber 3.8+0.07 Na 80+0.01 Isoleucine 4.840.03 4.6 PUFAs 51.99+6.3
M After washing 0.2+0.02 Ash 5.9+0.27 K 660+0.02 Leucine 8.9+0.01 9.3 -3 8.59+1.7
.m Moisture 14.3+0.13 Mg 200+0.01 Phenylalanine 5.7+0.02 7.2 o -6 43.444.2
@ Carbohydrates* 51.442.5 Cu 36.1£0.2 ppm  Hisitidine 4.2+0.0 2.6 »3/ w6 0.2
TDF 7.5+£0.4 Zn 161.0+0.3 ppm Lysine 7.0+£0.2 6.6
Gross energy  3951£10.8 cal/g Vitamins Methionine 3.5+¢0.02 4.2
B1 0.344+0.02
B2 0.14+0.004

Carbohydrates* = were calculated by differences, TDF = total dietary fibers, FAO** = Food Agriculture Organization model: as reported by Koziol (1992),

Table 3: Chemical evaluation (proximate analysis, minerals, vitamins, amino acids and fatty acids) of quinoa-based blends
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Quinoa- Proximate analysis % Minerals mg/100g Vitamins mg/g Amino acids % Fatty acids %

based blends

Cake Protein 12.840.092 Ca 100+0.02 B1 0.16+£0.006®  Therionine 4.5+0.022  SFAs 24.36 £ 2.2b
Fat 18.5+0.2° P 380+0.01° B2 0.08+0.00¢  Valine 6.4+0.00 MUFAs 3323 +£4.7%
Fiber 7.440.152 Na 60+0.1b Isoleucine 5.0£0.022  PUFAs 413 +£5.6°
Ash 5.440.292 K 240+0.02° Leucine 9.3+0.022 ®-3 0.66 £0.61¢
Moisture 17.1£0.062 Mg 70+0.0v Phenylalanine ~ 5.6+0.03* © -6 40.64 £3.9b
Carbohydrates™ 38.8+3.5¢ Cu 23+0.2° (ppm) Hisitidine 2.9+0.02 o3/ w6  0.02°
TDF 16.2+0.22 Zn 115.440.4° (ppm) Lysine 5.0+£0.030
Gross energy 3847+9.8¢ cal/g Methionine 3.3+0.022

Biscuit Protein 12.2+0.052 Ca 60+0.0v B1 0.13+£0.004>  Therionine 4.5+0.01=  SFAs 33.64+2.82
Fat 20.4+0.67 P 360+0.02> B2 0.1+0.02 Valine 6.4£0.01=  MUFAs 36.81+5.362
Fiber 3.34+0.15% Na 26+0.01¢ Isoleucine 5.0+0.02 PUFAs  49.2343.82
Ash 5.3%+0.122 K 280+0.01b¢ Leucine 8.9+0.02> -3 2.03+.89:
Moisture 4.4+0.15¢ Mg 60+0.0° Phenylalanine  6.4+0.02* © -6 47.2+4 40
Carbohydrates* 54.46+6.8° Cu 26+0.22 (ppm) Hisitidine 3.3+0.022 ®3/w6 0.042
TDF 12.6+0.4° Zn 103.3+0.4¢ (ppm) Lysine 6.4+0.022
Gross energy 5025+14.32 cal/g Methionine 3.0+0.02

Toast Protein 11.6+0.2° Ca 110+0.02 B1 0.15+0.0052  Therionine 4.3+0.0~ SFAs 18.73+1.7¢
Fat 12.4+40.1¢ P 49040.02 B2 0.09+0.02 Valine 6.4+0.022  MUFAs 31.8444.2b
Fiber 2.8+0.06¢ Na 80+0.22 Isoleucine 4.2+0.01>  PUFAs  28.59+6.1¢
Ash 5.2+0.12 K 360+0.02 Leucine 9.2+0.12 -3 1.01+.7°
Moisture 5.54+0.06° Mg 110£0.02 Phenylalanine ~ 5.3£0.02® © -6 27.58+3.2¢
Carbohydrates™ 62.5+7.3¢ Cu 25+0.05* (ppm) Hisitidine 3.240.01* ®3/w6 0.042
TDF 16.4+0.32 Zn 146.4+0.4> (ppm) Lysine 3.0+0.01¢
Gross energy 4130£14.4¢ cal/g Methionine 2.3+0.02°

Carbohydrates* = were calculated by differences, TDF = total dietary fibers

Results are expressed as mean +SE; Means with different letters in the same row imply significant differences at P<0.05 according to f test.
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Table 4: Sensory evaluation of cake, biscuit and toast prepared from quinoa, rice, corn and chick-

pea flours
Products Colour Flavour Taste Texture General Acceptability
Cake 8.4+027 8.5+£0.38 8.9+0.35 8.8 £0.240 8.5 + (.34
Biscuit 9.0+£0.23» 8.7+£0.37» 8.9+0.31» 9.0£0.27» 8.9+0.29
Toast 8.4+ 0.24 7.8+0.332 8.4+0.200 7.8+0.26° 7.8+0.35°

Results are expressed as mean + SE; Means with different letters in the same row imply significant differences at
P<0.05 according to f test.

Table 5: Changes in weight, weight gain, feed intake and protein efficiency ratio in experimental
groups of rats

Experimental groups

Parameters
Control Cake fed Biscuit fed Toast fed
Initial weight (g) 198.3 +4.2a 200.6 + 3.2a 196.4 +4.8a 201.2 +2.6a
Final weight (g) 246.7+5.9a 240.7 +5.7b 240.7 £ 10.5b 239.3 £ 6.6b
Weight gain (g) 48.4+8.4a 40.1 £5.4b 443 +8.7a 38.1+ 6.0b
Feed intake (g) 100.3 £ 7.6b 105 £ 8.9a 104.4 £ 8.2a 100.6 £ 7.7b
Protein efficiency ratio 0.30 +0.05b 0.37 +£ 0.06ab 0.43 +£0.08a 0.41£0.08a

Results are expressed as mean + SE; Means with different letters in the same row imply significant differences at
P<0.05 according to f test.

Table 6: Changes in the relative weight of organs (g/100g BW) in different experimental groups of rats

Experimental groups

Organs

Control Cake fed Biscuit fed Toast fed
Liver 2.3+0.142 2.7+0.18 2.4+0.14» 2.6+0.162
Kidney 0.81+0.452 0.74+0.482 0.76+0.52 0.76+0.412
Brain 0.60+0.032 0.70£0.042 0.60+0.022 0.66+0.032
Testes 1.4+£0.120 1.42+0.082 1.174£0.04° 1.37+0.0720
Heart 0.32+0.022 0.27+0.012> 0.24+0.02° 0.28+0.0200
Lung 0.71£0.32 0.66+0.42 0.660.42 0.72+0.59
Spleen 0.39+0.032 0.29+0.02b¢ 0.22+0.01¢ 0.3240.042>

Results are expressed as mean + SE; Means with different letters in the same row imply significant differences at
P<0.05 according to f test.

Table 7: Changes in the blood picture of the different experimental groups of rats

Experimental groups

Parameters

Control Cake fed Biscuit fed Toast fed
Hemoglobin (g/dl) 15.2 £ 0.42 13.3+£0.8> 13.9 £ 0.3 14.2 £ 0.4
RBC count (x10°L) 5.5+0.22 5.0+ 0.4 49+0.12 52+0.22
WBC count (x103L) 8100 £ 2792 8000 + 480¢ 7300 £ 742 7900 + 3872
Platelets count (x103L) 279 £19.12 286 £ 11.82 256 £20.32 263 +£28.82
PCV(g/dl) 48 £2.7= 49 + 3.8 46 + 3.6° 47 £2 .4
MCV (fL/cell) 88 +7.12 97 +2.02 94 + 6.52 91 + 6.62
MCH (Pg/cell) 27.9 +£1.32 26.7 £ 1.0z 28.6 +£0.252 27.5+ 1.42
MCHC(gm/dl) 31.9+£1.32 27.4+0.92 309 +£2.2a 30.5+£1.92

RBC= red blood cell, WBC= weight blood cell, PCV= packed cell volume, MCV= mean corpuscular volume, MCH
= mean cell hemoglobin, MCHC= mean cell hemoglobin concentration.

Results are expressed as mean + SE; Means with different letters in the same row imply significant differences at
P<0.05 according to f test.
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Table 8: Changes in the lipid profile of different experimental groups of rats

Experimental groups

Parameters

Control Cake fed Biscuit fed Toast fed
Total Lipid (mg/dl) 346+9.6° 409+15.22 397+£19.2® 388+27.0
Cholesterol (mg/dl) 8344 140 94+3.02 82+3.8ab 81+4.4b
Triglyceride (mg/dl) 78+£3.10 11145.8a 104+8.2ab 87+12.6%
HDL-c (mg/dl) 42+9 30 2944, ]ab 23+2.4b 3443 4ab
LDL-c (mg/dl) 25.7£5.40 47.5+5.2¢ 38+6.3% 26+4.00
VLDL-c (mg/dl) 15.6£1.40 22.2+42.12 20.841.920 17.4+1.6°

Results are expressed as mean + SE; Means with different letters in the same row imply significant differences at

P<0.05 according to f test.

other study on rats fed on quinoa alone, the results
indicated that, quinoa effectively reduced serum
total cholesterol (26%), LDL (57%), and triglyc-
erides (11%), when compared to the control group
(Pasko et al., 2010). Takao et al., (2005), proposed
that the protein present within the quinoa reduced
the reabsorption of bile acids and decreased choles-
terol synthesis in the liver.

Liver and kidney functions were expressed by
some enzymes activity and other parameters; as re-
ported in Table (9). It was found that there were no
significant differences in the AST and bilirubin lev-
els between the control group and the experimen-
tal groups, but there was a slight significant differ-
ence in ALT level between the control group and
the other experimental groups (58.7, 47.8, 44.8 and
54.3U/L) in cake, toast, biscuit and control group,
respectively. A significant decrease was noticed in
urea level in the experimental groups as compared
with the control group (44, 44, 53 and 54mg/dl) in
cake, biscuit, toast and control group, respectively.
Creatinine level decrease significantly in the bis-

cuit and toast fed groups (1.9 and 1.8 mg/dl) than
the control group but in cake fed group the creati-
nine level was equal to that of the control group
(2.3mg/dl). There were no significant differences
in total protein and albumin level between the
experimental groups and the control group, these
results agree with those of Obatolu et al., (2003)
who found that; total protein and albumin levels in
rats fed on quinoa diet or other diets were within
the normal range, because diets which were used
in their study were protein sufficient. For glucose
there was no difference in glucose levels among
the different groups. But in a study of Pasko et al.,
(2010) when he compared quinoa fed groups with
the control group, he could observe that quinoa
seeds significantly decreased the level of glucose.
According to Ardiansyah et al., (2006), chemical
compounds presented in quinoa seeds as tocophe-
rols and polyphenols, might be able to improve
glucose level. The results of the present study sug-
gested that these products had beneficial effect on
the nutritional and health status for rats.

Table 9: Enzyme activities and biochemical parameters of different experimental groups of rats

Experimental groups

Parameters
Control Cake fed Biscuit fed Toast fed

ALT U/L 54.3+6.1ab 58.7+3.1a 44 8+2.3b 47.843.0ab
AST U/L 58.8+7.52 60.3+0.632 26.54+5.40 5543.72
Total Protein (g/dl) 5.54+0.392 5.3£0.092 5.24+0.352 5.340.152
Albumin (g/dl) 3.4+0.1° 3.6+0.06% 3.84+0.062 3.8+0.092
Total Bilirubin (mg/dl) 0.48+0.052 0.42+0.032 0.4+0.052 0.39+0.022
Urea (mg/dl) 54+1.6 44+2.1° 44+43.1b 53+]1.1a
Creatinine (mg/dl) 2.3+0.252 2.3+0.072 1.9+£0.04° 1.8+0.08>
Glucose (mg/dl) 10343.92 119+1.32 107+6.82 100+8.82

Results are expressed as mean +SE; Means with different letters in the same row imply significant differences at

P<0.05 according to f test.
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CONCLUSIONS

Quinoa and quinoa products are important
and tolerable especially for celiac disease (CD),
in addition to their high nutritional value. Biologi-
cal evaluation on rats in this study suggested that
quinoa may have positive effects on different body
systems and reduce risk of different chronic dis-
orders. However, to date, few data demonstrating
these health benefits are available, thus there is a
need for further research to understand more about
the biological effect of quinoa.
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