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Table 1 Body growth and adipose tissue development HF 06 .5 & cos

LF HF HFQ HF20E
Final body weight (g) 243+06 26.9+0.4" 26.7+0.6" 26.8+0.4"
Weight gain (g) 30+03 51+02" 56+04" 53+0.2"
Food intake (kcal/day) 141109 129106 129104 12.7£03
Liver g) 1.18+0.06 1.27+0.03 1.31£0.06 1.38+0.05
EAT (mg/g bwt) 175412 288+1.7" 21.7+1.61 18.0+09!
SCAT (mg/g bwt) 14612 185+1.0 f+1 11.0£1.01
Plasra leptin ig/m) 9704 60406
Carcass (q) 98+04 9202 94+01 0.7+02
Quadriceps (mg/g bwi) 40+03 46403 45+02 4.7+03

Data are expressed as the means + s.e.m. (n = 11-12).

20, 20-hydroxyecdysone; bwt, body weight; carcass, muscle + skeleton (excluding tail and head); EAT, epididymal adipose tissue; HF, high-fat diet; LF, low-fat diet;
Q, quinoa extract; SCAT, subcutaneous adipose tissue.

*P < 0,01 and **P < 0.001 when compared with the LF group, **P < 0,05, TP < 0.01 and 1P < 0,001, when compared with the HF group.

Fucaulut.2011.obesity
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Figure 1 Body growith and adipose tissue cellularity. Data are expressed
as mean = s.e.m. (n = 12 per group). @ Epididymal adipose tissue
eight; (b)) Distribution of epididymal Sdipose cells diameters;
Epididymal adipose cell weightls; {ﬂ' Epididymal adipose cell
mbers. " FP < 0.001, when compared to LF group; *F~F < 0.05,
W= 001 and *** P <= 0001, when compared to HF group. 20k,
20-hydroxyecdysone; HF, high-fat diet; LF, low-fat diet; CQ, quinoa extract.
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Food Intake (KJ/day)
&

HF HFQ HF20E

B C

Fig. 1. Effect of QE and 20E supplementation on energy balance and acrivity. Energy
intake (A), total energy expenditure (B) and spontaneous activity (C) were measured
in HFD fed mice (n = 9-11) over a 24 h period. Data are means + SEM. *P = 0.05 one-
way ANOVA followed by Tukey's post hoc test vs. controls. HF: high-fat diet: HFQ:
high-fat diet supplemented with quinoa extract; HF20E: high-fat diet supplemented
with 20-hydroxyecdysone.
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Fig. 3. Effect of QE and 20E supplementation on intestinal fat absorption. Stool production
(A) and fecal lipid excretion (B) were recorded over a 24 h period in HFD fed mice (n = 6).
Data are means 4+ SEM. Statistics were assessed using a one way ANOVA followed by
Tukey's post hoc test. *P < 0.05 and ** P < 0.01 vs. controls. HF: high-fat diet; HFQ: high-
fat diet supplemented with quinoa extract; HF20E: high-fat diet supplemented with 20-
hydroxyecdysone.
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Table 1  Scheme for the preparation of animal diet ¥ s

Ingredients Quantity in %
Com sarch 68
Casein/Quinoa/ Amaranth 20

Vitamin mixture 02

Mineral mixture 04
Groundnut o1l 05

Cod Liver oil 01

Dextrose 04
DL-methionine 03

o tocopherol 0.01

Mithila.2015.J Food Sci Technol
SN7ARTAR: £ o2l aily | 4u 45



Table 3 Effect of different diets on food intake mn rats

Day 1 Day8 Day 15
Control 9.60+0.11 1754111 19.5+1.16
(Quinoa 0.8+1.13 16.5+0.77
Amaranth 05+1.07 15.1£1.04 [3.240.5]**

All values are expressed as mean SD; ** p<0.01 significantly different

from control on day 15

Mithila.2015.J Food Sci Technol

46



Average Body Weight

m Control
Quinoa
® Amaranth

DAY 1 DAY 8 DAY 15

Fig. 1 Effect of different diets on average body weight gain in rats. All
values are expressed as mean SD; * p<0.05 significantly different from

control on day 15

Mithila.2015.J Food Sci Technol €055 o2alS il | 538 47
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Taled  Effect of diferent difs plasma homones

(iroups (hrelin (pg/ml) Leptn (pe/m (CK (ng/m)

(roups F PP | PP F PP
Control 86342478 46:2% 40419 0014343 S3400] 863:0.76
Qumoa §1214548 Borel4 37247 0332£430 601003 15641 053*
Ampanth 038376 40405 36290 TLI9MOT* TI006  14630.I0%

Comparing fasting (F)and postprandal (PP) appetitregulating hormone profl n ratsfod with diffrent diets with tat of contrl, ALl vaues ae iven
as mean 8D); ** p<0.01 signifcantly different from control post meal

Mithila.2015.J Food Sci Technol
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Table (1): The igredients used to treatment obesity on rats

Formulae number Defatted soybean | Carotpowder | Resstance starch
1 15 15 1)
] Jl i 1)
] A N 1)
! 10 il 1)

H XS Byae 0y p o)) pogdle S aia T o o hge 4355 Gla Jge )8

Hejazi.2016.Nature and Science
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Table (4): Means of initial, final and changes m body weight and daily food intake on rats fed on different

formulae

Groups Intial body | Final body Changes i body weignt Datly food

welglt welglt g (%) infake
Gopl | 4523188 | 671382017 1035 941 134205

21l 0.1 £2.43 . AWIE:(LY;
Groupd | 48482134 | 39.94£L97 146 2.4 5.092046
Groupd | 47652137 | 59342226 1.89 2495 0142032
Group$ | 51912169 | 6413211 32 2347 0.820.39

Group I constderable as control fed on fat and basal diet
Groups 2, 3,4 and 5 fed on substituted from 20% from fat and basal diet with formulae 1, 2, 3 and 4, respectively.

Hejazi.2016.Nature and Science
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TABLE 2 Effct of quinoa on body compositon in overweight and obese particpants at 6 and 12 wk of intervention

Body-composition Control %5 g/d 30 g/d P

characteristics 6 wk 12wk 6 wk 12wk 6 w 2wk (treatment]
BN kg BASE0T2 W19 RSB SIS WS N6 0%
Body weight g BO:200 BEEAY UL W04 0TS
Body ot 0720 RN NBLITT M4 %N D51 0
Toulkmtise, % 61862200 B09E23 1B WME MM WB1% O

poneminenldersty, gr’ 18701 202013 1952000 204011 1008 29:010 047
Waitcicumfernce, an 10015360 10326362 109884361 10886354 106342220 105084207 0269

Walles are means + SEMs
“Indicats the main effect of reatment obsenved between groups (baseline adjusted o the basis of a lnear mixed mode)

Pererz.2017. Nutrition and Health and Disease

59



TABLE 4 Effect of quinoa on utrent ntakeloutcomes of ovenweight and obese participants i the control and treatment groups at 6 and 12 wk of intervention’

Nutrient Control group 25-g/d group 50-g/d group p
inteke bk 12wk bk 2wk b wk 12wk treatment]’
Energy, kI 1842526 2 61043 817367 £ 57770 T54371 = 65756 I9%9.18 2 54145 7638192 41477 705339+ 62347 | 0305
Protein, g 06821208 BN %5213 N30z 13 90.35 = 8,06 8224+79% 0460
Totalfat, g 1272284 7424 £ 822 64482627 69.31 £10.92 7045£ 639 65.51£9.13 0,654
Carbohydrates, ¢ DSOAL1TA3 1970£908 1944121904 198871367 1BT7B13M3 175541440 0299
Dietary fler, g U93:28 U9 +223 2027 £234 2486 £ 278 276219 2578318 0330
Protein, % of enerqy IARANY 1947 £155 2172178 2004 £231 19.98 £ 1.55 011+159 0537
Total fat, % of energy 310628 302212 212183 3129+313 33872216 357 +176 0794
Carbonyclates, % of energy ~~ 45.26% 2,35 034206 D3 =1U 4198 £ 257 4065169 157 +190 0459
Fiber, % of energy 259037 2534033 2184024 250024 25202 2951029 0489
Other nutrents, o ofenergy 124037 120 £ 031 130 20.26 1242031 0872013 1,08 £ 0.15 0466
Walues are means * SEMs

Incicates the main effectof reatment obsenved between groups (oaseine acjusted on the besis ofa near mbed model)

Pererz.2017. Nutrition and Health and Disease

60



-t JUR

‘..

e cab o olae 9 o easS

. v

Y ‘(.

-
Pererz. Zoidn and Health and-




g & A 8 nd ) i Jan 8 clallne ol 50 4S o B el KU

T ol g

:J‘J‘;.IM uI:A\S

Jg_iulS

:J\J (2 ufu.)\‘)ﬂ\

CBC:

Hegazi.2016.Nature and Science

LDL

HDL

+aulS

b)j\
Ol S

Al SS9 )

. J\J@MU&A\S

ALT
AST

62



((4elal)a s 4t 8 ) 8 5l candi ) 1S Jan 68 Cilalllae () )0 4S (5 80 sla )5Sl

MetS S )
Yeli¥e

U lS Aa )
Jj.sé\:\a\,g

Perez.2016.Nutrition in Health and Disease

63






1039 oWl pledus 33U (glp (09300 B o

Lol oo yo0 59




2 <8l

OGel :Seiiend lo 5 ol el |
:Lch'a u) LPL
S € g S Gl gy J 59 580l
UCPs = :
AL PPARY
4
? : ‘ 7 g Lhals

b (o GBS i J LR
. . :uncouple protein
.\.1\4 T U‘A\S = Lﬁu’ djl“‘ }u :lipoprotein lipase

:peroxisome

: proliferator activated
Foucault.2011.0ObesityJournal receptor




Foucault.2014.Physiology & Behavio



S PR
od=0 )| @u).a

S S 909

Prae 5 phali=lae cab s il
O 39 ORI

loss 2alS 1908 00sS B pae ol 81 o5 o pd 5 o
.Qw\oo;

Mithila.2015.J Food Sci Techol f00s oamlS s 1538

68



o 8l Gl m S

S O5°09®

yla ‘3».»5 oA.I.IS d).a.o Q‘JS‘ u9:> )o u.o.o.o.l C.'a.w
09 yR

Mithila.2015.J Food Sci Techol

VYV ¥ £0 )5 o2ialS adla | 538

69



Mithila.2015.J Food Sci Techol

AV YV ¥

6‘ 009) 6‘ OAMM

ST 9 e gp mad 4SS

S 05292

BB JJode a4y 1608 00isS G yae ol 3l 9> 40 CCK
90 b (>

70



Third
ventricle

Ghrelin

PYY3-36

S
Mithila.2015.J Food Sci Techol

Stomach

Colon

NS

=

Leptin

CCK

Leptin

Food

intake

Energy
expenditure

7/’

Melanocortin

l i ‘ J © § nucleus

Arcuate

Melanocortin
receptor (MC4R)
(blocked by AgRP)

Ghrelin receptor

Insulin

NPY/PYY3-36
receptor Y2R

w
o
W
m} Melanocortin
W
N

receptor (MC3R)
NPY receptor Y1R

Leptin receptor
or insulin receptor

AgRP:Agoli related peptide
NPY:Noropeptide Y
POMC:Proopiomelanocortin
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Value per 100 g cup 185 g

Proximates

Water

Energy

Protein

Total lipid (fat)
Carbohydrate, by difference
Fiber, total dietary

Sugars, total

Minerals

Calcium, Ca

Iron, Fe
Magnesium, Mg
Phosphorus, P
Potassium, K
Sodium, Na
Zinc, Zn

Vitamins

Vitamin C, total ascorbic acid
Thiamin

Riboflavin

Niacin

Vitamin B-6

Folate, DFE

Vitamin B-12

Vitamin A, RAE

Vitamin A, U

Vitamin E (albha-tocopherol)
Showing 32 nutrients

Vitamin D (D2 + D3)

Vitamin D

Vitamin K (phylloquinone)

Lipids

Fatty acids, total saturated

Fatty acids, total monounsaturated
Fatty acids, total polyunsaturated
Cholesterol

Other

Caffeine

Showing 32 nutrients

AVVY) ¥

kcal

@ @ @ a

mg
mg
mg
mg
mg

mg

mg
mg
mg
mg
mg
ug
ug

¥Te]
18]

ma

Hg
1

Hg

71.61
120
4.40
1.92
21.30
2.8
0.87

17

1.49
64
152
172

1.09

0.0
0.107
0.110
0.412
0.123

42
0.00

0.63

0.0

0.0

0.231
0.528
1.078

O eialS 4la | i3S

132.48
222
8.14
3.55
39.41
5.2
1.61

31

2.76
118
281
318
13
2.02

0.0
0.198
0.204
0.762
0.228

78
0.00

1.17

0.0

0.0

0.427
0.977
1.994
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Proximates

Water g 39.01 12.48 11.06
Energy keal 252 81 71
Protein g 12.45 3.98 3553
Total lipid (fat) g 3.50 1.12 0.99
Carbohydrate, by difference g 42.71 13.67 12.11
Fiber, total dietary g 6.0 1.9 1.7
Sugars, total g 4.34 1.39 1.23
Minerals

Calcium, Ca mg 161 52 46
Iron, Fe mg 2.47 0.79 0.70
Magnesium, Mg mg 75 24 21
Phosphorus, P mg 212 68 60
Potassium, K mg 254 81 72
Sodium, Na mg 455 146 129
Zinc, Zn mg 1.77 0.57 0.50
Vitamins
Vitamin C, total ascorbic acid mg 0.0 0.0 0.0
Thiamin mg 0.394 0.126 0.112
Riboflavin mg 0.167 0.053 0.047
Niacin mg 4.438 1.420 1.258
Vitamin B-6 mg 0.215 0.069 0.061
Folate, DFE Hg 42 13 12
Vitamin B-12 Mg 0.00 0.00 0.00
Vitamin A, RAE Hg 0 0 0
Vitamin A, 1U U 3 1 1
Vitamin E (alpha-tocopherol) mg 2.66 0.85 0.75
Vitamin D (D2 + D3) Hg 0.0 0.0 0.0
Vitamin D ] o o [}
Vitamin K (phylloquinone) Hg 7.8 2.5 2.2
Lipids

Fatty acids, total saturated g 0.722 0.231 0.205
Fatty acids, total monounsaturated a 0.620 0.198 0.176
Fatty acids, total polyunsaturated g 1.592 0.509 0.451
Fatty acids, total trans g 0.020 0.006 0.006
Cholesterol mg o o] o

AVVYV ¥

O eialS 4la | i3S
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Proximates

Water

Energy

Protein

Total lipid (fat)

Carbohydrate, by difference
Fiber, total dietary

Sugars, total

Minerals

Calcium, Ca

Iron, Fe

Magnesium, Mg
Phosphorus, P

Potassium, K

Sodium, Na

Zinc, Zn

Vitamins

Vitamin C, total ascorbic acid
Thiamin

Riboflavin

Niacin

Vitamin B-6

Folate, DFE

Vitamin B-12

Vitamin A, RAE

Vitamin A, U

Vitamin E (alpha-tocopherol)
Vitamin D (D2 + D3)

Vitamin D

Vitamin K (phylloquinone)
Lipids

Fatty acids, total saturated
Fatty acids, total monounsaturated
Fatty acids, total polyunsaturated
Fatty acids, total trans

Cholesterol

AV/VY/V ¥

kecal

@ @ a «a

mg
mg
mg
mg
mg

mg

O eialS 4la | i3S

70.27
123
274
0.97
25.58
1.6
0.24

0.56
39
103
86

0.71

0.0

0.178
0.069
2.561
0.123

0.00

0.17
0.0

0.2

0.260
0.369
0.366
0.000

cup 202 g

141.95
248
5.53
1.96
51.67
3.2
0.48

0.0

0.360
0.139
5.173
0.248
18
0.00

0.34
0.0

0.4

0.525
0.745
0.739
0.000

83



La MKJM\

) 1S sl J i




Table 4
Essential amino acid profiles of raw quinoa and rice, and suggested patterns of requirements for adults (g/100 g protein).

Quinoa, raw® mean, min-max, (n) Quinoa, uncooked” Rice, white, short-grain, raw” Corn, yellow” Requirements for adults*

His 2.7 2.9 24 3 1.5
14-54 (n=41)

lle 3.1 36 43 36 3
08-74 (n=42)

Leu 6 59 83 123 59
23-94 (n=42) Ea

Lys 48 54 36 28 45
24-78 (n=42) Kl

Met 1.9 2.2 24 2.1 1.6
03-9.1 (n=41)

Cys 14 14 2 18 0.6
0.1-27 (n=11)

Phe + Tyr 6.3 6.1 8.7 9 38
2.7-103 (n=41)

Thr 3.7 3 36 38 2.3
2.1-89 (n=42)

Trp 09 12 12 0.7 0.6
06-19 (n=27)

val 3.7 42 6.1 3.1 39
0.8-6.1 (n=42)

n: number of data points.

? Values derived from the following articles: Becker and Hanners (1990), Coulter and Lorenz (1991), Dini et al. (1992), Dini et al. (2005), Escuredo, Gonzalez Martin, Wells
Moncada, Fischer, and Herndndez Hierro (2014), Gonzalez, Konishi, Bruno, Valoy, and Prado (2012), Koziol (1992), Miranda et al. (2012), Stikic et al. (2012), White et al.
(1955), Ruales and Nair (1992), Wright et al. (2002).

b Adapted from the USDA nutrient database (U.S. Department of Agriculture, Agricultural Research Service, 2013).

¢ Adapted from WHO/FAO/UNU (2007) suggested indispensable amino acid requirements for adults (‘present estimates’).



Table 6
Mineral contents of raw quinoa (average and range), wheat, corn and rice (mg/100 g DM).

(2 fe Mg P K Na In (u

Quinoa, raw  Own data® 87 947 362 406 907 2 215 784
28-149 26-15 207-502  350-482  656-1475  11-31 0794 5795
(n=10) (n=10)  (n=8) (n=9) (n=7) (n=4)  (n=9) (=5

Bolivia” 113 (102-119) 5,02 (3.1-6.7) NA 251 (239-275) NA NA NA NA
Peru, ‘quinua* 63 847 NA 173 NA NA 3.73 NA
USDA, ‘quinoa, 54 5.1 221 521 649 b 357 068
uncooked”
Wheat, hard USDA? 35 504 103 393 478 2 368 040
white
Corn, yellow USDA? § 302 142 234 30 39 247 035
Rice, white, ~ USDA’ 2 1.36 NA 119 80 3 057 0.11
polished, raw

m: number of data points; NA: not available.

* Average of raw quinoa from the following publications: Alvarez-Jubete et al. (2009), Bruin (1964), Chauhan et al. (1992), Dini et al. (2005, Konishi et al. (2004), Ranhotra
et al. (1993), White et al. (1955).

b Calculated as mean of 6 varieties of the Bolvian food composition table (Instituto Nacional de Laboratorios de Salud (INLASA), 2005),

* Adapted from the food entry ‘quinua’ of the Peruvian food composition table (Ministerio de Salud (Perd) & nstituto Nacional de Salud, 2009).

© Adapted from the USDA nutrient database (U1S. Department of Agriculture, Agricultural Research Service, 2013),



¥ A 9

Table 2 Energy density, total amount of protemn, fat and fiber in the

diets

Control Amaranth
Protein(g/kg diet) 124 4 1354
Fat (g/kg diet) 24.6 23.1
Fiber (g/kg diet) 234 244

Energy(kcal/g diet) 3.71 441




Tahle (2) Chemical analysis of raw materials ¢/100g dry weigh, ~ Y4xdlac 205
Chemical analysis | Quinoa Defatted soybean | Carotpowder | Resistance starch
Proten 16.47 3160 T4 0.50
Ash 5.5 6.93 459 0.72
Lipids 6.8 3.1 0.97 0.13
Crode fiber 8.38 1071 085 0.35
IC 62.78 25.54 7.5 08.30
TDE 15.99 2539 5.1 39.56
TSDF 3.8 8,73 174 13.19
TIDF 12.14 16.66 347 2639
*T, Phenolic 38 110, 6.1
**T, Flavonoids 197 814 3454

TC: Total carbohydrates; TDF: Total dietary fiber TSDF: Total soluble dietary fiber; TIDF: Total nsoluble dictary fiber;

¥Total phenolic as mg gallic acid equivalent/100g; **Total flavonoids as mg queractin equivalent/100g

W s andy 0 e Gl )d 5 (63 ) O e




Table (3) Minerals content of raw materials mg/100g dry weigh, ™=~
Mineras content Defated soybemn | Camrotpowder | Resistance starch
Pofassium il 300
Sodim 154 i)
Caleum 100 1331
Phosphorus il 150
Copper 1 LIl
[on 1N lll
Manganese 1 Rl




Changes in body and daily food intake:

At the end of biological experimental the results
present in Table (4) showed that the group 1 rats as
considerable control fed on fat and basal diet was the
highest weight in final body weight (49.41%) may be
obesity and daily food intake (7.54 g).[Whereas the
rats group 2 fed on formula 1 which contamned 60%
quinoa mill had the lowest weight i final body
weight 22.35% and daily food intake 5.21g followed
by rats groups 3. 4 and 5 were fed on 50, 40 and 30%
qunoa mill the changes in body weight were
increased by decreasing quinoa in diet]23.64, 24.95
and 25.47%, respectively). The decrease weight in
final body weight rats fed on quinoa compared with
group 1 obesity rats as control may be caused the

increase in fiber intake in the quinoa mill, defatted
soybean and resistance starch.

According to animal feeding experiments,
quinoa protemn also has high digestibility. Among raw
quinoa proteins, 91.6% is absorbable. Heat treatment
(cooking) improves protemn digestibility to 95.3%
(Ruales et al., 2002). Quinoa’s high bioavailablity 1s
partially due to its relatively low content of trypsin
mhibitors (1.36 to 5.04 TIU/mg) (Vega-Galvez et al.,
2010), which reduce protein enzymatic digestion and
absorption (Valencia-Chamorro, 2003). Records
indicate a wide variety of medicinal uses of quinoa,
from the treatment of wounds and fractures to the
promotion of digestive health (FAO 2011).

09 S e by 968 5



Abstract: This study was carried to evaluate the quinoa and mixed with different sources from dietary as defatted
soybean, carrot powder and resistance starch to give four formulae protects rats from diet mduced obesity. Chemical
composition, total dietary fractions, phenolic acid, flavonoids compounds and minerals content were determined n
raw materials. The results showed that the quinoa mill and soybean had rich amount of protein, dietary fiber and
antioxidants. Whereas carrot powder has the highest i sodum contamed and also resistance starch give high
amount for total dietary fiber fractions. The biological experimental showed that the rats group 1 fed on fat and basal
diet as considerable obesity control and the fourth groups were fed on fat and basal diet substituted with 20% from
different formulae (from formula number 1 to formula number 4) during four weeks (30 days). At the end of
experimental the complete blood picture, total lipid profile, total cholesterol fractions, liver and kidney functions
were determied mn the fifth groups. The results showed that the mcrease in complete blood picture as hemoglobin,
hematocrit, red blood cells and platelets in the rat groups fed on quinoa because it’s contained a high valuable iron.
Significant decreased in total cholesterol, cholesterol fractions (LDL and HDL), triglycerides and total lipid m rats

fed on formula 1 contained 60% quinoa and different levels of dietary fiber mixture (15% from both of defatted
soybean and carrot). When quinoa and different dietary fiber i the formulae increased the liver functions were
decreasing. The kidney function as urea, creatmine and uric acid in rats fed on fat and basal diet the urea, creatinine
and uric acid were the lowest from 42.0, 1.13 and 5.73 mg/dl in obesity rats group to 16.0, 0.5 and 2.46 mg/d! in rats
group fed on 60% quinoa and different fiber (15% both of defatted sovbean and carrot powder). From the results it
could be concluded and recommended that the quinoa has aand could be used as a nutritional
supplement for the prevention and treatment of obesity and obesity-assoctaied disorders.

[Maha A. Hejazi. Preparation of different formulae from quinoa and different sources dietary fiber to treat
obesity in rats. Nat Sci 2016;14(2):55-65]. ISSN 1545-0740 (print); ISSN 2375-7167 (online).
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