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Abstract

Due to its resistance to drought and salinity, as well as its high nutritional content and
superior protein quality, quinoa (Chenopodium quinoa) is considered a suitable
alternative feed resource for livestock, particularly in arid and semi-arid regions. This
study was conducted to evaluate the chemical composition, digestibility, and nutritional
value of quinoa seeds. Sampling was performed on 20 plant genotypes from a
rangeland, and following identification, analyses including proximate composition,
mineral content, fiber fractions, in vitro digestibility tests (Tilley and Terry, gas
production), and degradability using nylon bag technique were carried out. The results
indicated that the dry matter content was 92.87%, crude protein 16.66%, crude fiber
4.2%, ether extract 4.9%, neutral detergent fiber 5.0%, acid detergent fiber 1.2%, ash
4.6%, calcium 0.2775%, phosphorus 0.025%, magnesium 0.149%, and potassium
1.1385% in dry matter. The gross energy content was reported as 4419.06 kcal/kg. The
in situ dry matter degradability of quinoa seed at 24, 48, 72, and 96 hours was 60.1%,
65.5%, 68.9%, and 72.6%, respectively, while crude protein degradability at the
mentioned times was 45.5%, 76.96%, 91.3%, and 93.73%, respectively. These findings
suggest that quinoa seeds, owing to their higher crude protein, fiber, fat, ash, and gross
energy contents compared to wheat, possess considerable potential as a feed ingredient
for ruminants.

Keywords: Chenopodium quinoa, Nylon bags, Gas production, Tilly & Terry,
Approximate analysis.

1. Department of Food Hygiene and Quality Control, Faculty of Veterinary Medicine, Semnan
University, Semnan, Iran.

2. Department of Animal Science, Faculty of Agriculture and Natural Resources, Tehran University,
Tehran, Iran.

3. Department of Animal Science, Faculty of Agriculture and Natural Resources, Mohaghegh Ardabili
University, Ardabil, Iran.

4. Department of Animal Science, Faculty of Agricultural Engineering, Semnan University, Semnan,
Iran.

*Corresponding author: mahdavi@semnan.ac.ir

DOI: 10.22075/jvIr.2025.37462.1163

Received: 20.04.2025

Accepted:03.06.2025
How to Cite this Article:
Mahdavi, A., & Malekalaie, F., & Mahdavi, A., & Darabighane, B., & Mahbubrabani, S. (2025).

Determination of nutritive value of Quinoa Seed (Chenopodium quinoa) using in vitro (Gas production and
Tilly & Terry techniques) and nylon bag methods.17(1), 83-96. doi:10.22075/jvIr.2025.37462.1163

©2025 The Author(s): This is an open access article distributed under the terms of the
@ Creative Commons Attribution (CC BY 4.0), which permits unrestricted use,

distribution, and reproduction in any medium, As long as the original authors and
BY NC

sources are cited. No permission is required from the authors or the publishers



https://orcid.org/0000-0002-5867-9293
https://jvlr.semnan.ac.ir/article_9743.html?lang=en
https://jvlr.semnan.ac.ir/
https://portal.issn.org/resource/ISSN/2821-0506

]

LY s jaold By o 51 Coliudod aloes

https:/jvir.semnan.ac.ir/ : adxo S asdo

Ly

2821-0506 : Ll

S g, & (Chenopodium quinoa) Igus )i o13€ 05,) o
995 9 (855 9 M (PEljl Ghg; 9 56 M5 (1903l) (BB LS
FhU sans

¥l g i T ol Sy Tspage s e o wabs 20 g0 o

WSS

2 cmlie (G453 plpieas Vb CudS L (nSgn 5 sdne Ol 5 (99 1 5 ()98 9 (Sutd 4 Cunglie S & 15 olS
i)l 5 man Sl (olerd oS 5 oy p Baa b gk cpl Cunl gilae Suiddes 9 SiS Bble )3 ofgu el 4
(s 4328 otalesl (alolid Sl gy 9 C8)F g0 gye 1ol 4l Ve 5l g lopdiges b plodl IS Ly (dladss
Pl (gl st b cpd 5 (5 5 sy 9 () aBilo]] man sloppgesl Bl (ans dlse (550l
oiisgd 5 Jobxal GLI /A pls s FIY pls GLIAFIES als (85, AVIAY (Sis osle lje a5 3l (LS s a5
oy 5 VPR giisie o foVD yud /YWD gpulS F/S pls a8 Y (ol odiysd > Jsboeel G ¢ s
oo (g pddyiod gl Wl 515 008 5 g JJ8 FEVAF Bl (655l liee omiomed dgy Sl odlo (0 duoyd V/VYAD
2 PB gy spd 4 g VWIS g S SO/ &+/) iy 4 Celw 8 o VY FA VY (1l )0 cuiy 4 laS ,d Sis
SYL polie 30 Lylo b g Hdy a8 ol L guls cpl .ol 039 AYIVY 9 AV/Y VE/AF FO/D iy s 0nd ol oyl
)l GBS logets 4035 53 odlatul (gl (cwlie Jouily a8 ) G pb (551 g uaSB (22 Sl el (Tg
B R (5 g (S et I (G sl 158 1 g5 glajly

>
~

) el ¢yliams oIS ¢S ol 818y ¢ IS ge a8 g Cudligg 59,5 )
Il e el oK gr bt 5 (5598 215 (o sl 095 ¥

! edasd ) et ) Biiome oSl o sapals milio g (£359baS BASLESNS o gold pole 09,5 ¥
Ol el elions oS> (59 LiS (cwtineo oIS ¢ ol pole 09,5 ¥
mahdavi@semnan.ac.ir : Jgiue o gt

DOI: 10.22075/jvIr.2025.37462.1163
VEF/ O tedl
VEF YY1l

Y ogles < WV o593 e oS jueld oalSitplol liiod dloxa - 5l 5 cgoi4e .



https://orcid.org/0000-0002-5867-9293
https://jvlr.semnan.ac.ir/article_9743.html?lang=fa
https://jvlr.semnan.ac.ir/
https://portal.issn.org/resource/ISSN/2821-0506

> . A6 € @) oz permD (g e ¢80 A2 oo

o ¥y slewss; 9 (2021; Ebeid et al., 2022
Wile (oloyglS 5> ddgle 3908 @8y 1 (VL Jouily
Cowss 1905 sladil> (Shah et al., 2020) )l oy
&iF 9 oFan FYL Gl L oM ple 4
S0 pgpe el lakl I ol
o Ol oS ca8l (Angeli et al., 2020)
PS5k 2 Joilse WYY Polee (5351 b (555l adg
oS oyl Lely; sbles (Filik, 2020) ol oslizal L6
sy gl slebsle o 51 pise aiSole Uy 35
b &ye0 1908 (Ghavipanjeh et al., 2021)
a5 oS (IR (o )San 5 Tgpm) el 55lS 36
ool Sl & Mo hlow 2le w6l cslio
sl b awlis 5 leus (Baskaya-Sezer, 2025)
bS5l oYL Glae gl aMeas 4 oM
oessS 5 Slip deol o il 8 el g
(woxen (Poursalehi et al, 2021) sl .
@ il bods JoSo g ord gygl 3 lguS &l I ool
S\ b oS S 55 3,Slas S
Cal 043 e IS 035 (o il )3 039) Cundy g
doue 3 ol oylas 9 (Kamgar et al., 2024)
Cusl 0351 J3o yumad 3 oy A5 (lon sloasli
oleS 5 «lyb leus” (Ebad Sichani et al., 2022)
alogise 2liE w5y 3 ol Bpas gl coby w5
OB cage (gyblae jsbody Vb 59598 b eadayds
w5 I8 b oSansd pb JopadS ot 4B
Ren et al., ) .05 Ll pb pSgp g S pmalS 55
(2023

(S gl i 4 Y Cwglie Sy 4 Wlgi e 19iS
2l b g paS &5 ()98 5l (laials > &l Ay
Sl & phpls Wi Wy a4 B leas
S oslil (gl molio olS Y Ll b5l 5 il
Dimess ol Lol Gun 1l el s SB 5 o aslie
elStlofl (sl bgy @ oS Wl Qe 55 s
093 9 (5 5 b 2tlojl g, 5 55 Mg ge))
(olod G Shy plld Coa 4 Sehl (laans
FxSose dewily (b))l sie OlS 5 qpan <l
e le ol oMbl olal 5 b agr ply apdss j> o
Odley Sl 4 Joa Cua ole g 355 (g 0p
2,5 ookl lapld j> (sadgs lonsly

Ao

@ e) 05 Cumex Vo0 Jlo U &S 295 00 (s
(Aloo et al., 2020) swyp & dlhe Vo 25>
5 ool 238 glie 4w piod & S LGLSS 58]
Sl Sl Caner @y 8) 5l palites soly ok
ool 53 (ygpmeld caio L(Siddiqui et al., 2023)
ol i sojls )3 (g Lt b gy e
Wy > Jelos cnpmee JI (So S (o0 Bl (oe 5
4 49 L (Alipour et al., 2018) col 4is b
g S (2ly > olul Bl (e LB iy &S
ooy 9 olelid wuwl ol aBly Siddos
il 1y el Lyls ol 0 03, Slls &S s
5 S el 1) pls Slaudss Lo 1 adso ailen ¢ ansl
Mahdavi & Nashli, ) cool s, 5 slojg couonl
(2020

;| Chenopodium quinoa _le pb L IS ol
ol sl e (Amaranthaceae) by szl odlgls
3 &1 dihaie og (Jlo Beer 5l iy gedd b oolS
Farokhi et ) cowl oM 4 g 9 5 b 5oy
S 1gus” (al., 2018; Ghavipanjeh et al., 2021
g Gile oS cpl cwl dnyed GblS ladiges
ol piza o YU IV o ol i) g o3 Al
) @ Yb Canglia Lop g (SIS «(5)9 4 Copms IgiS
dagi bcwl)h 3o ) Gladils S 0 ab, clil
@l qie glpea ke i Vb lads G5 4
sl a5 1z )l 05,8 ply S1AE oy 0 aSL L]
86 gy9p digal slosgsl plos b g Ly ]
5 e pole Sl (weg B lie ol S
Ebeid et ) siwn bidgeMs o Jadcwnj lus s
Sl Cage il wulyd ool s 0gdle (al., 2022
5 LS o jute «(Joid ClaS 5 daidety)lS Glise
Le et) 595 0 lguS 4y p E 3 C B A (lapalig
(al., 2021

S92 P @I85 o) Logases lgiS (50, )0 Clidods
S e plgieds diS casl 3gu0m g o5 Sl
SFp o gl g P (g Aoy WE 39
Ebeid ) 5> Saally 5 Syt oSt Syl b
Gy Bylatoys sladsle aio olS oyl (et al., 2022
Yacout et al., ) 548 0 Cgmzme HEALS o5l



o slagles 13 LS5 95 55 Lulesl il day JolS jsboay
§) o 285 plnl csls A5 5 VY FA XY 05 A Y
Joad ez Sy 5l sladunS (Sloj ojk ya plos]
58,5 )18 g O o ol 4 ol gz awss
Ol b egdiad (B0 Sl plie s jlatod,
Shss dlge) Sl > Jslome Sl 5 ko aplrs 533>
@ (2595 5 o S (flog)Se 00 I a8 ol L
48,85 VO Cdody g g pyg Ol j2 adB> £ U A G
Gl padold odle 3 4didy ) y93 Frv oy |
2 el VY Glo 4 bduS «Colps 50 W80 diud Dy
o 9 BS80S Bl axpd Fe (sled L (g)gilisSl
oBinloj] basme (slod bl s p3 cuelo YA ooty ¢l ]
olSwd | oy b S5 Mg gefl BaD (5l
y3S il Binder-WT 87532 Jsa Sulogilias
Jae S 5 g 058 Slogilples olSiws 5 5 o]
Py ool p Qldel S5 858 Mg GP-102
pbol (1988) Menke and Staingass  ¢sluin
Sid odle I p)S e Vor jlade ohgy ol 3 85
Ernae Gli s 4 el ohen 4 (Sh disel
o> 18 Gyl Ve et Gy 5> (58L)
L g ol il a0 YA ol (slod )0 adiges yposd i
L3S Gjge i ) S S Cepw
ASES Y o ol eadady 55w (6505l
ol o ey b pldl cls A5 5 VY FA XF OY
555 ozl S5 S o sl

&bl U1

Gy g 3ly ST 03,508 dmio 5 bit] odls el
dsloe Cap 285 )5 dlisl 3,90 (sam slajll]
L Enha s o 5 Mg el (el (Siuen
WY ohag SAS I e 5l Gsh sleans b,
Ml 25k S B > YN (59 Degra g (YY)
sl awbre  glp b eolatwl  Bolas
ot igy 5 5 Wy ol o cpdis
duslio 10,5 odlinwl fitcurve 3l s il Ssbb
3,8 Oygo Lo Student ool il ool b b :Sile
ol g ekd oldl b3, &S GgSny) (o)lel Jio
W3,5 oolatwl yimg

Y=a+b(l—e")

5 P95 990

2 &8lg ablaeze (sluwgy jd &0 S jl oS olS S
w5 4 o i o 5 Job o S i
olo A5 pbl g YOYIFAMEY o OYFYY.Q)
S 3 e oo B i3y g Ko Bhite Wotises
25 a8 plxl )8 (Bolal Qb g0 a5 pdiges
LSy g S Jligd 0nd S5 (e ke (nl Jsb
ool (glewd 358 5l cudS I LB )05 Gres poud
A (30l Cogi e 4D ey e ol b g Al
oliiolS L LS WS 5 uir alolid J) e
Loy odd SUS wdyd 9 poyme d dige 4l
Lo pd aldl p3 008 el p)S /0N Cda gl
e 5 Aol s JS o 5 )3 855 s (g
198" célo Memmert UF55 Jao) oyl )3 ladiges
Gga5 dw «silepSan 3l g lwl (Sis (Gl
el baiges cul s; p ) glpel exiles
pais i (AOAC, 2000) ujis 455 i
Yool da yiagiy ySnl oy dliwgdy jhud Sise
polie 5 dKlyeus cale Genway 630 Ju.
5 S5 some 5550 o] qurslly oo qopmlS Sns
GBC  Juo o3l Qs jiogidy Sl oSiwd | e
S el e Wzl 58 csls 932 AB plus
Van Soest et al., ) sssi slaJgbre I oslitwl b
Tilley ) (505 b9y 4 e bl b, (1991
g Suid odlo (a5 o o (and Terry, 1963
e 3 ool by obls dwS sy b J P 55
RS paw > a8 dlo ¥ 4l JU 5 Ll 48 L,
Pl wdgy (Sl (Y gtumd gy 5 Bad o 4ix
o 9031 plol yolinss (AFRC, 1992) e 5
b ol > el VY B FA e & 198 (cladily o Ssb
shdises 40,8 Sid oS le asp Ve gl
S Lab pg S pogare Chwl b eadSis
JU b g yieke VBN odgae 3 D jlad
L S lwy g woldl (o il Sed 5 C3les
o8 ol 3l 5, @3 b oad (S ye,5e ¥e dlis
ShausS (9> 9o 5l a5 T ke S Sis
CS9d olKiwd dlwgas ] ©yd g osd 03> 41,8 Sgbl

I_Atomic Absorption Spectrophotometer

Y osles < WV o593 «_oSub jueld oalSitplol liiod dloxa - 5l 5 (oi4e .

>
s



o> 9 (ADF) Joloon o0 Jsho o)lgd ol
FoS PS4 Comi IS )5 > (NDF) oS Jsho
Ol 5 51 1sS )4 ool el 35 518
S Al & Cod it 9 sy S (Sdne polie
oo > Jl opl b ol o0l ol Ty (oYl ol

. A6 € qoxg|(|7 oncye ey (i@ e ens™ o6 AL (o

>
<

Caowl o.)y )‘.))95){ d)w

G LS5 B aps U 4 bap mb
G5 05 5 jlig (e polie chale g (65l lgie
ol osd )1V Jgan pd paS ail b ol awolde g lgnS
4 S il GGl g Pl (2 Pl S pls S
cJL> L)‘l b o LYY )|3)95)g dﬁ\f‘a )J.)‘.D.A )l P“\"j &l

(S5 3le ) P54 by ] Al g 1528 &l 5L o5 5 jliipg (e polic il 5 B eyl eiomtyisar oo U - Jooa

oS g solyly
&Y
ay/asP AV/AV? (f)Sizs ool
yy/vaP V552 (Z)p6 o9
¥/¥VP ¥/v° (%)pls LI
/- 02 a/-P NDF(%)!
aIvY? V/YP ADF(%)?
¥/-A° ¥/5° ()P a8
VEYP /2 ()pls o
£YVD FFVQ/.5 (Cal/gr) e (51
VP IyY? (%) (Ca) pauls
NS RS (%) (P) yansd
.JyP o[F2 (%) (Mg) o2 jsio
< /YA® A% () (K) paolsy
VAY/$2 VYO (mg/kg) (Fe) ol
£1/0)2 LATALS (mg/kg)(Mn) j:Se
AV? /5P (mg/kg) (Cu) e
FY/A? AaP® (mg/kg) (Zn) s,
o[\P AIyY? (mg/kg) (Na) gy

sl 0395 53 Jlrali LY (23 aaiygd 5 Jsloeeli GLJIY

»hkia g o3 yuiw (Taghizadeh et al., 2001)
bl (§pShs MhosS gy 5 ol 4 B
Ogh Jeke ojlms g (ol olpd il ominen
(hlio )3 5 035 52 5 pAiS | e 19inS 4ds 53 sl o

S ol gl (Vo) IS b (plewd <S5 (o)
ol g 5l b g paS 68 o S ool e
& Cuws louS )4 P8 59, (Mahdavi, 2002)
(ANWK) o 9 (NRC, 1989) (/\Y/¥A) pus



sl cuas ol sloasls opywe ADF 4 516
Cowl PYL oS syl Sowb
Sl ols 15, L (Linn & Martin, 1999)
OS99 4Bl il loke cen g Jobu wile Sledle
9 OSan Ol Om egSee labaly I b e alS
(Raoofi & Giti, 2021) cul ,,8, pls LI
P 155 olS 30055 5l ol 5 g5 4 bgiye slaodls
o celo A8 g VY FANF OV A S ¥ Gla olo;

sl 00 (BISY Jgda 53 (igelisSS]

IS Pl B liee ol 2 ol pB 22 5 55
IS iy pls S5 bl 5 g g pAiS Loy do
&S 9 ol (gdSad (o8 4505 ()15 Vb s
4,51 (Wang et al., 2023) cul o b » S
b polic I g puie pdlie (52 5 pAS) powye S
(elS’ 515 51 193 Lol izl (595 9 e 0] prito
5 PS5 O 3 ol FSie e g S8 mi g el
o oS £55 5l b Wlg o lacuglas pl.cuily 5,8 o>
sl By el Lyls s, deje ol
O59n @l 5 sle ;I (McDonald et al., 1995)

O9eligSl lisee Slel )3 pASAD g 198 )ds 30055 Jl ol g 515 - Jgaa

J-OAY | VOINYE | YEISAP | YrivsP | SAUAND | s vaP | EYAYR | vvER [ avsE | v | P | s
ofo£85 | AY/ET | ALIENT | AL[ENT | AL/ENE | AVIYAR | BYISAR | YEINYR | Y/YER | YRV | BLYT | el
o[+ VY Med | SAAY | VA A% /A Y | efeye | +[NE | <[y | SEM

(ol 2 o) 36 a5 5 € 10 (I hofosiod o gy 5 oo g i 005 A5 5 0

Yousefollahi ) cul oais 3,155 30 M 5 My g
5 whews olSy (IS jba (et al, 2012
Ol 2 Fse Jolos n e Shod (Njd b S
40055 (35S0 ol Sy 251 itn 55 55
Menke ) a3 )3 150 cov |y s 5 Slg e 50
wasly loy s> leles (& Steingass, 1988
4aSs glo gl gon Gloj 9 e dacliams S oS5
Taghizadeh ) sl 350 gls )5 lg o pld 0y 4

(etal., 2012
o Bl ¥ Jgda jo 1guS &by (s o0 sladouinl b

el j a8 o s 58 Wy bl I Jolb s
5 S oS 58 M S il e VEISA 1S ) AF
l5S )3 (gadgi 5 phao FF sl )0 gy pousyo M
pAS Al ey oliwe ol S I > g IS VAN sgas
M3 e 4 cul (Son Sglds ol b 5)l35 74
L 5 23k (NDF) jeoss BB Joboxal pud jlaie
b G A U i CFals
OeS9p demeS omizmen (Valizadeh et al., 2010)
P9 4eSh 295 Culld JialS ele sy e pl
s 550 ot e bl 1331 S5 a5 2alS s

&5 39l (fitcurve )ljéle 5 5l oslitul L) bS]  oled Jde bawgs odddmlne lgnS ) (cugi 555 (cla asciwl,d —Y Jgaa
BN Qy:)'i oy 1 oolitwl b yuosj olisS o pn (sladuwl 4 uﬂoal.o el Cudild ¢ omndgilio

V/vyP VA/pYP Y/v.2 £./v\P AY/SA® -[-0AP | va/vyP st
V/A-2 A ¥/EYP AV/YY? av/ov? o[-¥E2 | av/as? puiS
ofexy -IYY o[+Xy /A -/¥a ofeey /A SEM

8 (5351 ME (b 2 o) S5 055 ¢ <o 1€ il bofodio yuas g 5 Jsbro Sl ok o0 A J5 12
P g5 1 CP ¢ y5mwlisSSl 5l Juols 0uis 055 55 : GP «puoei; olieS Gy (sloswl : SCFA (pu)gilio

Voo < WV o0 Sub s alSutalej] cligiod dloxe - o San 5 535 .

>
>



> . A § ong)(|0 —oiepe scwim (g e o™ c6lo A0 grorfo

ad b 25 bl | 255 U o ol 5 s 1B 55
ME(mj/kg DM) =2.20 + 0.136 x GP + 0.057 x CP(NaA Sl 5 o dlslas jl 48,3 1)
SCFA(mmol) = 0.0222(GP24) — 0.00425 ((Getachew et al., 2002) ,Kon g 52LS doleo jl ai3 3 5y)

SNt SIER SRIRY JARCRR PN
odlo g pin b JT o3l qpuin blB SiiS odlo ol jue
ods o3> (L5 ¥ Jgdo p3 Siid o3l 3 puda b5 I
5 man BB Jlodle (an bl Sis odle polis .ol
ey a Sl Kis odle (> pan B JT ool

A 3yl Juoyd AVIYY g AV/SEA AY/S0

B Gl o5 3 (L I9uS it jos sladomil b
(0) 35 W5 &5 5 VOINY ol (8) Jgowo s
Swenson et ) cul cels il doo /-0AY Joleo
S osle o omdaslio g5l elyls 1S, (al., 1996
olals Sl Ll oy puS 4 G (g8 pan LB
(VYA (g TVIFY 55 oluw) (lisugus dilaio iy )y
(Yousefollahi et al., 2012) cusly (s puin polis

2155 1 (DOMD)? i osle 5 JT o3ke 5 (OMD)? J ole (DMD)! (K. ool puin bl —€ Jo
(In Situ) aEilejl oo,

DOMD(%) OMD(%) DMD(%) Fal)ly
s &y
AY/Y'Yb AY/7 Ab AY/7 ab s
AR aY/ova qy/fyva LS
/¥ /Y /AY SEM

1- Dry Matter Digestibility, 2- Organic Matter Digestibility, 3- Digestible Organic Matter in DryMatter

S3Al YL o & T sl eSS oS
Vi aaSs glo sdbe 2 3 Tgjgian 5 St o815
STy psn Cubls )3 sadosnlia clacgli A5
e bl (S 655 15l e 4 Mg
oy Sy g Ol ojlul dss maw ol £oi i )lg

.(Taghizadeh et al., 2001) sl awly
eSS ) Shgd 0eSon jl ise (WS g
g My 4 g odd 45 biel)lySee by
Sphais byl Wb pelan! 98
Roozbehan, ) cusl jls,08 5 oYL cucal I pigp
2 pB e g Sid odle s b ke (1998
ol Gloj Raldl b a8 ol L (B Jgu) ginS
A% cele p e ORIBEL Gphas Ol
yho celo g JAYIVY 4 Sud wdle adaal
2 Enh S ey LAV & @4 Jole Jise SLL)
sl )3 539 Z¥0/0 (wapdl Jow i50) V¥ celo

o3lo pin L (Sts o3lo olpee ol i liS csloedly
Gy Szt o3le > s LB ST o3l g pin L5 ]
AY/AY AY/YY i 4 & NRC (1989) )3 puss 4l
Sy g wl i & il e doy VY
ot By T osle woyd ofigr ¢ gliend LSy
WSl 35y b iyl Slss main bl )3 cloisS e
FoS g2 9 pAS &) Cuwd IS Al s LB s (sl yud
Cunl (Sae omddgilio 551 Foml e Jy
Como i)l g8 ol pan bl el coge
sloosly b VU (Souusan plines allef] cslo s,
Shsod G pd dize) (pl ) sl 0855 Glg I Jol
o3lo 503y )15 (sl 0255 g (AL (slo by, o
odd )35 /A% g Y iy 4 Jl ek g S
Wl sy opimen (Orskov, 1991)
b g om0l e & cul iy i oM

Camed lp oyd LB 5yl b enld g Pl



0395 ool 3 slS el pls (g (spipies
Ol 3 Ogly ol 4l o a8 lg So 5L5 3550
S il Wl o o g paS S oo s WL
2l obesd S5 5 olle qelan )y clbesglis
@ Al gy (VA90) WS ingh L Gille
Loy & a0 )b oYL el g il 4y
)3 518 @3 als 5l VL g Al (Jeily s e jos
ibe owSd 5 Pl BUI YL aop o cle &S
GRlBl ) Gphas pbop Vb Cus (pien
T
o Sadgon lpil e glo ¢ SaVsl
M g 955w by (als cel g ol Jolo o)l
Hawkins et al., ) ssi 0 po0jolisS iy (sladwl

(1985; Palmquist et al,. 1980

gy opl & Sy ZAYIVY  VF/AS & s 445 5 FA
Turgut et al,, ) 5)b Jlwa iy Olllas |
2008; Valizadeh et al., 2010; Yousefollahi
et al., 2012; Tahmazi et al., 2014; Najafi et
puS &y s oole sadual o BB (al., 2014
3l (Sa3slghye asleinly S 51 b e g2
b clgizme olosd GluSy 5 atwlis JsSsd ol
A8l Gladle (bolamg Sy (1Syn wle Jshe
e clebe o Sis oolo iulisl & gy (gpdsay o0
chle s cle 4 Wite Glaess (anlisSS]
aS johailen Sl 4d ae Job > aeSd la oS
Ol c0gmbaSSl loj e Al L 298 oo oamlitie
L S Moign IRl 4005 5 pls By A
Soe (VIV) hlSen g odlj (& by Gimgly ls
b calhs (YIF) hlKen o (gipeab 5 (Y+V)

Sohl SlrduS 09y & (glareSid 4o ilisee Clel )3 1S54y Pl (059 5 St 03l (s jos -0 Jg

ay/vy? )2 ve/as? | vo/aP YE/VP Va/sP WAt | s esle gl 4jos
vy/sP FARP so/lo° 5\ Y% & YON? | YVINR | Bien ek 4o
vIY v/o .Ja¥ VA Yy v/A v/5 VA SEM

wpSam oo Sl ceigu Cgb @ ol p &S
A (S0 43285 £ g 0digd 4 pBAS iy wdigd
ol @da go3l +IA g aeSid 1 dlge yoe E5 T

Abbige 4525 BB Cgpe 4 sy

Gl Pl (WSgn g SiS ol Jhe (spbiaje pilie
P 0SB g ol 0ul SLIF Joia 53 IS
il Beusl)lg Ko jli padld plgisa @S

D9 g0 dnwlxe 0 abai
4eSS 5 e 45 BB (ulign P el (05 X
[-/Aa +be + (c +1)]

(fitcurve ;131 p 55 Lawgs oad cub) IS )3 pls (5895 9 St ol g0 (s iy jod ladominld T oo

¥ /9P ¥7/oVb F7/YTP /YaYa OY/) Fa Yo/f¢b $:d ool
Fo/) Va d./V¥a d9/YYa IR ¥a/YYb ¥y/Vyra A5 e
/40 /A Y/ o FY /o SEM

(Celo 3 o)y 4325 €53 C pySohS 3 p)5)aS o b Giom b () o o b i 12

Voo < WV o0 Sub s alSutalej] cligiod dloxe - o San 5 535 .

D
-



D
—

. A€ § aog|(|7 ke ncrm ()@ o™ cblo 0 greyfe

(Menke & Steingass, 1988) s> 5 3k
9 e g S CS 5 wulby ploj (g (Jelss
@5 )3 Wlgi e o oy 5 4eSd glo 55l 2o (o
(Taghizadeh et al., 2012) sl 5o

i JB T oole g anddsili g3l gl 19S55
dilate Sa)od LS I Ll g pAiS 4 Cos (5 yieS
Syt pdle (VYA (i FVIFY 59 olow) (bt
oy sl (Yousefollahi et al., 2012) cusl
SR SR SRINY SRUNY

odlo (an BB Sis odle (l5pe 0l h)liS slaools
ey Sis o3le 53 main L T o3lo g e L5 T
5 AV/Y AY/FY )5 4 45 (VA NRC 3 S il
LS 5 0y 1S il 5l gy a8 Wbl e duopd AV/OY
o B el aop ohisr (abesd
oSSl 3y by Shygs puan cubls )3 (lodisS yuns
FoS g 5 pAS A Cupnd IS &> et LBy slayed
Cl S lylin 5551 Sl o Jy <
oo i) 90 o i B Sl g
soodls by Y (Sivsan pilie plSlef] (slo s,
(S S dine) ol 53 sl 03] Glo I Juol>
o3lo (5 0dy b)lsS (sl 0255 g (AL slobs) o
odd )35 /A% g Y iy 4 Jl ek g S
&b plhaps (uoen (Orskov, 1991) cul
b g ol ool e & col 4y ) i ode
Sy lp oy BB Gyl puin el 5 Pl
S35 Ml s > o L ol 405 5 Sen
Vi aaSs glo ydbo 2 3 Tgjgign 5 St o815
bST)ss mad Cubls ) sddosnlin glacgley .abb
b bulyd (alS 65wl Lo & Wl
oy S 5 g ©lyd ol s maw pld £oi iyl
(Taghizadeh et al., 2001) sl auly

oSl > Shd 5eSan I (i (QBWS et
g W 4 g odd 40 bewdlS)lySie by
sphaps @bl Wb pelaidl 095k
Roozbehan, ) cusl jls,08 5 oYL cucndl I cpigp
JAYIVY 4 Sis odle il AF celw )3 (1998

S 3 ol (g2 15 it pliond o5 (oo
ol g}y g paS eSS o Sis edle lie
& Cows 198 )3 pB 54, (Mahdavi, 2002)
(ANWY) e 3 (NRC, 1989) (£\W/Y) a5
kiS4 g odg yuiw (Taghizadeh et al., 2001)
bl S ShwsS ABgn S oeb 4 2B
09 Jske o)lpd g Jslo o)lpd lipl comimen
(Jlie )3 9 0392 g2 9 pAS S| 310 19S50 5> sk con
IS P8 B liee ol 2 ol P8 22 5 55
IS s Pl 1S cutls 3 gr g paS Lol d> 3
goo9 9 obS (FwgdSas | (L &S 0 ()15 VU s
4,51 (Wang et al., 2023) cul o b » S
b yolis I g puin polie (g2 g pAS) pogupe O
el 5 51 1528 Lol a8l (5 5 el i
5 A5 O 3 ol 38 e 35y 5 s g ey
o oS £o5 5 bl Wlg o lacuglas pl.cuily )8 g
Wl SB s el Lyls Wb, b wlS
DSy bS5 ke 5l (McDonald et al., 1995)
wilaly cuas” byl b yasls e ADF o sl
Cusl YL oS onmd ol Siml ADF &S5k
sl o8 us, L (Linn & Martin, 1999)
OS99 4Bl il lole cen g Jobu wile Slesle
95 0B Olie o osSae sl 1 b oo S

(Raoofi & Giti, 2021) el )5, pl LI
g pAS I S A8 9 VY el 3 I9iS 5 sy 51
pud jlde o M| cle & sl Sen gls ol &S
o5 CF j2al5 L 5 42k (NDF) 56 16 Jybual
(Valizadeh et al., 2010) wnb o )38l @ Joloo
clld ials ol Mlgie pls iy 9008 (ppiman
b)) sl J5 Wy (lals aoml )5 5 4l (09)S0
os3 )5S 6 S S5 My g Pl g o Cuto
S ysbas (Yousefollahi et al., 2012) cl
otk Shs (Seid Gl Shy 5 lewd Sl 5
Ol 425 s g S olie p g0 Jelss
Cot |y eSS £y Nl 8 4SS (p9)5ee Cullad



V) oKen ¢ Orskov iags b slae (2003
‘MJJLB Sid oobe L)I)"A L Lg)JJ.)cb)Du wlfo
2 b e byl e Wby Fy 5 STy Bpns
ol slp (2) 4jd @y it pilie adlas ol
9 OYNVY ciya (b) i w8 ise yolie g cuoyd
3 blie yolie 1 YL &S wad (5158 oy FY/VY
Valizadeh ) cul (Sl 5l 5 Ll dusgS claaiss
lacglis ol (et al., 2010; Riassi et al., 2003
g5 Joo olS (b s Shy )l A Wlge
OiSgy oju & gy Alike (ot g9 sl )y
ol 03]925 Gliwe ok 05]g25 Gliwe 3L )3 Joloe s
S5 4 il b il Glie 5 Jske 0a o
25 Jooee lipl il cage (syud lil Rl &S
Dgd e Gpdih S Gl doxl

S Al

2olae g Lo b lgis™ ydu a8 oy LS imedy oyl lo
P ipl g st o SU Rl T YL
w5y odlatwl (gl pwlie Juwily a8 4 Cows
s NDF 5ol polis dg05 b )by B80S lgseis
Foml paS & Cuns o] 56 Mg g e b ADF
&P 9 oS owdplie GGyl 4 Cwl (Sen &5 3y,
St odle 5o (s Bk baye Soml eSS
5 Y9 QLS (B 4 Cond 19 400 P B0
CaS Sl 13 BJF Vb S slass
PYL polie pized Cuwl deSil 4o ‘_’j Cuslie Juligy
Cojo Mg e b g mawlly oS Wilo (Sine polic
(oplpls WS oll polie pl daeS baslyds o laiss
P> oy y3 )l b Jpame plgisas Sl oo 9iS™ ),
33,5 Slegy ol (ol Lyl 53 o5

‘3‘5 )J«é 9 ’&W:’"

5 Ol oI (655l 5 (ipgfy Ciglas | N5
liows o5l (S s 05l sloolKetlej] (ywioran
S8 g ST )9S (el psle Clidod duge

AN & (@ L Jobee i Sli) sho cslo 3
(il Li50) VF colo )3 pbaps )
G YFAS & iy 4 A8 ¢ FA clacslo p3 5 34 7 ¥0/0
Sled i Oldlbs b gy ol 4 sy ZAY/VY

Turgut et al., 2008; Valizadeh et al., ) s,b

2010; Yousefollahi et al., 2012; Tahmazi et
» AWl (al,, 2014; Najafi et al., 2014

3l Slgie g 5 puS al S odle oL
wals JsSss ojls) Wlo So3glgh e sl ly 333
9 Ogn Wl Jolo ol Clgime plend LSy
@ g erhaps Wb Gl gbolyes s
oolsSil il clels 3 Sas eole il
oSl sl oS clale s cle @ Wlgie (glaweSls
L 29 o odaliio &S johailen .ASl 4ix Gae Job pd
Oy ANAL Ol (GemelsSl o) e (o138
b sl imgh bt b as’ Ll o il 8l 4l jo sl
9 Siykdk 5 (YooF) oige (YY) Ghlen 5 o5
‘PB eS9p d).»J..sdu):x.s ..\)lb oo (Y~\\°) ol)&@:
M odse O 0wl p» e kb
LL Gliee 3 gld il 4SS lapanslSlg S
L sl Sl olesd oSy 5 )bl slan)ly
A &y Cand D Al gy (VA20) WbguSo jimgh
Epldt doyd &S sy d)b oYl e o
ol cde a8 oyly I8 @y als 5l 5L g aly sl
Cund (o Juu.il."_;o u....iJ 9 FB U YL loyd
2 ey e Gl cphia sl oy (YL
Bl « SaYolo laSh (59, Ly dbml b el
g oxd (oo o)le> 4 Sadstign slam Bl oy

e sl Mg 09K Ay S esl
Hawkins et al., 1985; ) 398 0 moujolisS

(Palmquist et al,. 1980
Oan 9 Suid oo She spaips P 100
A5 359l o )d BNF § YEIOV i 1gS il pls
(+100 o -1F) gl gl s o)l polio 5l 5YL &S
Riassi et al., ) wsbe (/5% ¢ /5Y) LuSoyl 4

Y osles < WV o593 «_oSub jueld oalSitplol liiod dloxa - 5l 5 (oi4e .

pr
—~



. P65 6 o ([ e permy (g e oo AL oo |

D
-

(Mo Slo aabls csgige o o (2L clojtl
$9ie e

BB s Sl 5 Gy ogome L 1 (5 L] slajlll
(Sgigee Las (e Slo aablb (g5a00 o ¢ Alio ans
Sy wge low (B Sl SO

o gl

Obiew ol8ly (g)9lid g (gl Cogles

Bl ol

D)5 592y (2Bl (o)l &S b B ol 4

OB Syl gl <5 ) ldo

BB bl Sl g soive (o ggoge Sl

lae o e Sho dabls (ggine (e 1 B by 4k

S9N
Slo dabls 5 Sl Coore buw 1l 4o )i Sllos |yl
S



References

Agricultural & Food Research Council. 1992. Technical Committee on Responses to Nutrients,
Report no. 9, Nutritive requirements of ruminant animals: protein. Nutrition Abstracts and
Reviews, Series B, Livest. Feeds and Feeding 62, 787

Aloo, B. N., Tripathi, V., Makumba, B. A., & Mbega, E. R. (2022). Plant growth-promoting
rhizobacterial biofertilizers for crop production: The past, present, and future. Frontiers in Plant
Science, 13, 1002448. doi: 10.3389/fpls.2022.1002448

Alipour, F., Vakili, A., Danesh Mesgaran, M., & Ebrahimi, H. (2018). Determine of the nutritional
value of Saffron petals using in vitro gas production technique. 8th Iranian Animal Science
Congress. [Persian]

Angeli, V., Miguel Silva, P., Crispim Massuela, D., Khan, M. W., Hamar, A., Khajehei, F., Graeff-
Hoénninger, S., & Piatti, C. (2020). Quinoa (Chenopodium quinoa Willd.): An overview of the
potentials of the “golden grain” and socio-economic and environmental aspects of its cultivation
and marketization. Foods, 9(2), 216. doi: 10.3390/foods9020216

AOAC. (2000). Official Methods of Analysis Associatioon of Official Analytical Chemists
Washington DC.

Baskaya-Sezer, D. (2025). Comparison of sprouting, airfryer-drying, and airfryer-baking effects on
technical, physical, and chemical properties of quinoa flour and quinoa snack. Journal of Food
Science, 90(1), €17656. doi: 10.1111/1750-3841.17656

Ebad Sichani, M. R., Pourhadi, P., & Moghtadaiee Khorasgani, E. (2022). The Effect of Uinoa Extract
on Non-Alcoholic Fatty Liver Indices In Hamsters. [Persian]

Ebeid, H. M., Kholif, A. E., El-Bordeny, N., Chrenkova, M., Mlynekova, Z., & Hansen, H. H. (2022).
Nutritive value of quinoa (Chenopodium quinoa) as a feed for ruminants: in sacco degradability
and in vitro gas production. Environmental Science and Pollution Research, 29(23), 35241-
35252. https://doi.org/10.1007/s11356-022-18698-x

Farokhi, H. (2018). Antioxidative properties comparison of Chenopodium quinoa leaves and seeds a
extract: in vitro study. Journal of Sabzevar University of Medical Sciences, 25(3), 353-361.
[Persian]

Filik, G. (2020). Biodegradability of quinoa stalks: The potential of quinoa stalks as a forage source or
as biomass for energy production. Fuel, 266, 117064. https://doi.org/10.1016/j.fuel.2020.117064

Ghavipanje, N., Fathi Nasari, M. H., Bashtani, M., & Farhangfar, H. (2021). Determination of
chemical composition and estimate nutritional value of quinoa crop residues using nylon bag and
gas production techniques. Journal of Animal Production, Print ISSN: 2008-6776., Online ISSN:
2382-994X, 23(1), 35-45. https://doi.org/10.22059/jap.2020.293316.623473. [Persian]

Getachew, G., Crovetto, G.M., Fondevila, M., Krishnamoorthy, U., Singh, B., Spanghero, M.,
Steingass, H., Robinson, P.H. and Kailas, M.M. (2002). Laboratory variation of 24 h in vitro gas
production and estimated metabolizable energy values of ruminant feeds. Journal of Animal
Feed Science and Technology. 102:169-180

Hawkins. G.E., KA Cummins, M. Silverio, and J.J. Jelek. (1985). Physiological effects of whole
ooton seed in the diet of lactating dairy cows. Journal of Dairy Science. 68: 2608-2614.

Kamgar, K., Ghazi, S., Sadeghi, A., & Abdolmohammadi, A. (2024). Effects of using raw and treated
quinoa seeds (Chenopodium quinoa Willd.) on performance, egg quality traits, antioxidant status
and intestinal morphology in laying quails. Research Journal of Livestock Science, 37(143), 31-
44. [Persian]

Le, L., Gong, X., An, Q., Xiang, D., Zou, L., Peng, L., Wu, X., Tan, M., Nie, Z., & Wu, Q. (2021).
Quinoa sprouts as potential vegetable source: Nutrient composition and functional contents of
different quinoa sprout varieties. Food Chemistry, 357, 129752.
https://doi.org/10.1016/j.foodchem.2021.129752

Linn, J.G., Martin, N.P. (1999). Forage Quality Tests and Interpretations.

Mahdavi, A. (2002). Comparison between nylon bag (in situ) and gas production methods in the
determination of feed nutritional value (Master’s thesis, University of Tehran, Tehran, Iran).
[Persian]

Mahdavi, A., & Nourizadeh Nashli, B. (2020). Determination of nutritive value, invitro digestibility
and degradationof north rangeland of Semnan province (Chashm) and comparison with local

Y osles < WV o593 «_oSub jueld oalSitplol liiod dloxa - 5l 5 (oi4e .
D




. Aé € aorg|0 gy per (e Qoo blo py 0 grlo

D

o

livestock requirements. Journal of Veterinary Laboratory Research, 12(1), 89-102. doi:
10.22075/jv1r.2020.17789.1022. [Persian]

McDonald, P. R., Edwards, A. J., Greehalgh, F. D., Moryan, C. A. 1995. Animal nutrition, fifth ed.
Longman, Singapore.

Menke, KH., Steingass, H. 1988. Estimation of the energetic feed value obtained from chemical
analysis and gas production using rumen fluid. Animal Resource Development. 28, 7-55.

Najafi, T., Dehghani, M., & Yousefollahi, M. (2014). D Determining of nutritive value of Cressa
cretica plant in different phenological of growth stages with in vitro, in vivo and nylon bag
methods in sistan. 2(45), 143-152.

National Research Council. 1989. Nutrient requirements of dairy cattle. 6th Edition, National
Academy of Sciences, Washington, DC.

Orskov, E. R. (1991). Manipulation of fiber digestion in the rumen. Proceeding of Nutrition Society,
50, 187 — 196.

Orskov, E. R., McDonald, P. (1979). The estimation of protein digestibility in the rumen from
incubationmeasurements weighed according to rate of passage. Journal of Agricultural Science
Cambridge. 92, 499-503.

Pirouti, Sh., Faraji, A., & Naghipour, F. (2020). Evaluation of the synergistic effect of quinoa seed
flour and whey protein as gluten substitutes in the production of Yazdi cake based on rice flour.
Innovation in Food Science and Technology, 12(1), 47-62. doi: 10.30495/j£5t.2020.665333.
[Persian]

Plamquist, D. L., Jenkins, T. C. (1980). Fat in lactation rations. Review. Journal of Dairy Science. 61:
890-900.

Poursalehi, M., Zeynali, F., Alizadeh Khaledabad, M., & Almasi, H. (2021). Production of functional
chicken sausage by quinoa flour and studying of physicochemical and textural properties. Food
Research Journal, 31(3), 85-107. doi: 10.22034/FR.2021.40141.1742. [Persian]

Raoofi, M., & Giti, S. (2021). Effect of Weed Interference on Yield, Nutritional Value and Some
Morphological Characteristics of Alfalfa (Medicago sativa L.). Journal of Agricultural Science
and Sustainable Production, 31(3), 197-212. doi: 10.22034/saps.2021.43003.2582. [Persian]

Ren, G., Teng, C., Fan, X., Guo, S., Zhao, G., Zhang, L., Liang, Z., & Qin, P. (2023). Nutrient
composition, functional activity and industrial applications of quinoa (Chenopodium quinoa
Willd.). Food Chemistry, 410, 135290. https://doi.org/10.1016/j.foodchem.2022.135290

Riassi, A., Danesh Mesgaran, M., Nasiri Moghadam, H., & Zamiri, M. (2003). Determination of
chemical composition, degradability coefficients, rumen-intestinal disappearance ratio, and
digestibility models of dry matter and crude protein of four halophyte species (Kochia, Atriplex,
Suaeda, and Tamarix). Journal of Agricultural Sciences and Industries, 1(19), 100—111. [Persian]

Roozbehan, Y. (1998). Determination of digestibility and degradability of some fibrous feedstuffs
from Gilan province using in vitro and in sacco methods (Master’s thesis, Tarbiat Modares
University, Tehran, Iran). [Persian]

Shah, S. S., Shi, L., Li, Z., Ren, G., Zhou, B., & Qin, P. (2020). Yield, agronomic and forage quality
traits of different quinoa (Chenopodium quinoa Willd.) genotypes in northeast China.
Agronomy, 10(12), 1908. doi:10.3390/agronomy 10121908

Siddiqui, S. A., Erol, Z., Rugji, J., Tasc1, F., Kahraman, H. A., Toppi, V., Musa, L., Di Giacinto, G.,
Bahmid, N. A., & Mehdizadeh, M. (2023). An overview of fermentation in the food industry-
looking back from a new perspective. Bioresources and Bioprocessing, 10(1), 85.
https://doi.org/10.1186/s40643-023-00702-y

Swenson, M. G., Reece, W. O. (1996). Duckes physiology of domestic animals. 11th ed. Cornell
University Press. London.

Taghizadeh, A., Shoja, J., Moghadam, G., Janmohammadi, H., & Yasan, P. (2001). Determination of
dry matter and crude protein degradability of some fibrous and dense feedstuffs using in situ
method in sheep. Agricultural Science Journal, 3(11), 93—100. [Persian]

Taghizadeh, A., Janmohammadi, H., & Basharti, M. (2012). Determination of degradability and
fermentation characteristics of some feedstuffs using nylon bag and laboratory methods.
Research in Animal Sciences, 4(22), 1-16. [Persian]

Tahmazi Y., Taghizadeh, A., Mehmannavaz, Y., & Moghadam, M. (2014). Determining of
Degradation and Digestion Coefficients of Canola meal Using of In situ and Gas production
Techniques. Iranian Journal of Animal Science Research, 4(6), 312-323. doi:
10.22067/ijasr.v6i4.23501. [Persian]

Tilley, J. M. A.,Terry, R. A.1963.A two stage technique for the in vitro digestion of forage crops.
Grass and Forage Science. 18(2), 104-111.



Turgut, L., Yanar, M., Tuzemen, N., Comakil, B. (2008). Effect of maturity on chemical com osition
in situ ruminal degradability kinetics of meadow hey in awassishee. Journal of Animal &
Veterinary Advances, 7 (9), 1061- 1065.

Valizadeh, R., Ghadami Koohestani, M., and Melati, F. (2010). Chemical Composition, In situ
Degradability and In vitro Gas Production of Ephedra Plant (Ephedra intermedia). Iranian
Journal of Animal Science Research, 2(3), 166-170. doi: 10.22067/ijasr.v3i2.11073. [Persian]

Van Soest, P. J., Robertson, J. B., Lews, B. A. 1991. Methods for dietary fiber neutral detergent fiber
and non-starch polysaccharides in relation to animal nutrition. Journal of dairy science. 74, 3583
—-3597.

Wang, N., Zhao, Z., Zhang, X., Liu, S., Zhang, K., & Hu, M. (2023). Plant growth, salt removal
capacity, and forage nutritive value of the annual euhalophyte Suaeda salsa irrigated with saline
water. Frontiers in Plant Science, 13, 1040520. doi: 10.3389/fpls.2022.1040520

Yacout, M., Salama, R., Elgzar, M., & Awad, A. (2021). In vivo and in vitro studies to evaluate
nutritional value of Chenopodium quinoa as unconventional forage resource for feeding
ruminants. Archives of Agriculture Sciences Journal, 4(2), 135-149.
https://dx.doi.org/10.21608/aasj.2021.212502

Yousefollahi, M., Peirovi, M., Mirzaei, H., & Chashnidel, Y. (2012). Evaluation of nutritional value
of five halophytic plant species from Sistan region using in vitro gas production and in situ nylon
bag techniques. Research on Animal Production, 9, 51-68. url: http://rap.sanru.ac.ir/article-1-
394-fa.html. [Persian]

oy
—



