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Abstract

This research was conducted at the Department of Food Sciences, Faculty of
Agriculture, University of Damascus, with the aim of evaluating the
chemical, processing and sensory properties of pan bread and biscuits
produced from a flour mixture of a number of cereal grains (rice and maize)
and pseudo-grains (quinoa and chia), to find a mixture of flour as an
alternative to wheat flour in the production of special gluten-free foods. A
mixture of 50% rice flour and 50% corn flour was adopted as free-gluten
control flour, then the control flour was replaced by 10% and 20% of quinoa
flour and chia flour. The results of the approximate composition analysis of
quinoa flour and chia flour showed a higher content of proteins, lipids, and
fibers and a lower content of starch compared to rice flour and corn flour.
Thus, replacing the control flour by 10% and 20% of quinoa flour and chia
flour led to an increase in the content of moisture, ash, protein, lipids and
fibers, and a decrease in starch content in both the pan bread and the
resulting biscuits. Moreover, rice and corn bread loaf volume increased
gradually, but it was also associated with an increase in its weight and a
decrease in its specific volume, with an increase in the replacement levels of
guinoa flour and chia flour, and a variation in the specific volume of all the
studied combinations was observed. Furthermore, the addition of chia flour
and quinoa flour in different proportions to the biscuit dough resulted in
significant changes in the physical properties between the control biscuit and
other gluten-free biscuit samples, and the highest value of spread ratio was
recorded by the control biscuit sample (4.99) and the lowest was recorded by
the biscuit sample that contained 20% quinoa flour (4.66). It was also noted
that the biscuit hardness increased when the control flour was replaced with
quinoa flour and chia flour. On the other hand, the results of the sensory
attributes evaluation indicated that the more quinoa flour and chia flour were
added to the control flour, the better the loaf of bread became in terms of
color, flavour, texture, taste and total acceptance, and the results of the
sensory analysis of biscuits also indicated the possibility of producing biscuit
samples from rice flour and corn flour, fortified with quinoa flour or chia
flour, which were sensory acceptable.

Keywords: Rice, Corn, Quinoa, Chia, Chemical Properties, Processing
Properties, Sensory Properties, Pan Bread, Biscuit.

20 2



sAama ) Aty Lasial) -1

Mgl a3 3 (iislall Juad ade e (silay o) (ali iU aa ll 230l g ool e LA 53R Uk
<Lells ¢(Celiac disease) duael) Cllhial) e Jie cllhial) (o degane ) Giislall e dylall cilamig)
e ofislall Zauluag (Gluten ataxia) (o slally (Blatiall A< all ~DUidls o(Dermatitis herpetiformis) J<ill Aladl alal)
Gsaall aladsin) AUsal) . llayy L (Al-Toma et al., 2019, 583) (Non-celiac gluten sensitivity) dscagl) <l o)
gl ol e el A8 Cagaally aally (Sorghum) e loaall 8,35 ¢ 55315 cobiall 5,31 Jia ¢opighall o 2NN
Jia oxh IS0 sl G 3D (AN Aenda) GllASy cLuilly Aaghadlly 53S0 ¢ sudl daial) Jie (Pseudo-grains)
Jiaii . (Gabrovska et al., 2020, 44) s yadlls 4gShsilly el sélly Al odally el pulally LS sulil) ¢ Ualanl)
(Ofislal) dgag ate G iy Saally linaally ilaal) cilatiag Huall 8 30 Y) i sl A Al claas
Al al) el Jie cdpuall 535alls Ladlall 5305 Ly yal) LLllly anally Gualall e Jaliall 21 6 AY) Slsall plasiud
Smidova ) z oY) dulecs diagll juat s lgaladind (re (myall 3 eyl Gl panivnd) o i) caall S 4gl
Allginall Loaly all Ialine e Tyal iislall e 401 (521 Silad) cilatias 33l 2ey . (and Rysové, 2022, 480
O SN 5l e iy e GSlgial e %70.8 o 1556kl (2020, 46) (syals Toth 3) il e alie) 53
Sty cgomd ISt alian g A ye J81 AL islall (e JAD 50l (5K L Bale 3] camndag 4alsd Cannns opislal)
Gislall e LAY il Jpd ) et Gl e cqbally dalaie) g cilatiall oda aak Cilisy s Lgiads
(sl e Ja S3e s Jod tiays (Algdlal) da opislall Jaat pae e gsibag ) Galad) 8 (e Wsenns o
O oY iy B sl Jaad aany agiibal (et &5l cpallll gl Giislall e (JW S0l Jsl el (ud A
Agsa S Glal)

Aingd) lgolgl o laptlly sy abily eadll (g gl (e Jeda oiislal) Jiay ((CODEX) (3l sinall Jlanal lai
el Sl slall (8 LA ALGEN e bl glally chliae¥g sl JS55 L Bale cdalal) Jillaall 8 sk Y Al Leiliida
A Gfslal) An gl i€l i) e agaall Cilisig g aal (e (s csaall ity i e %80-T0 ((nislad) anly Aacing
o Ll dilia) aay AL 12a 5850 3 chapall Aailiad i) Cilaiies madll cpae dany dajl 45y 4B 53 haass Ay
e g ol oL o ¢SS (puanO Galiial) Jaamasl) gas i glally pallall el iy i Laxie ¢ paally
Baiane A0 o dagilly (Cpaall Astladl) Al A5l (ailiadll e Les (sl Sl Gnalls oiplall) alad) DG
palally JSally aaall Glewa by Ol (e 838 S e Jaliadl e 5008 S 48 Loy dja 458 2la) 4530
-(Preichardt and Gularte, 2013, 55) culaisall A\l

b lall §f onslall e AN AN o sl e A ol il Saall 2y Bpulud) el sl )
Abalhad) Jie ¢ Bl gpaall (aiload iy "ouislall Jae Jad ) bl b€l Led) ol o cany A
Ay il Ltas oo Liilly 35)lie Taies T olga 30l Glliay .(Deora et al., 2014, 89) vl daglias 4 5ally
20 -3



Laede 0 b cclld] ((palaally ulinalially GLIYI Jie 4y gill) U Sl pamy () Z8LaYL gl (e daiiie
lalliie dileial) Cilasleall (ra Jolill @llia 3 ¢piglal) e 40AN Cilasiall 4y .(Horstman et al., 2019, 245)
Jldl Jarws o) Led gsinall ¢ Ll ailiady Géall ¢ lel calians coliill (ailiad & Gl g5l Calias ¢ gdal)
=l e L (9%, . (Capelli et al., 2020, 6559) Lexasis lijall anag ¢yig yll AnaS c(Q_.}'ng}lg;\J\} BTSN IS
) GaladY) Gmmy o e 02l (e chaanagll bl e A5l e Gl (8 snsal) sl e JA)
Gomez et al., ) padl) Lol Ua o gsiad L claiiall DIEiu (paise ye Apaagll Gl e gsiley
.(2015, 565

aally Ulle Linglon Ul jelan i) colayall (e dnall Caend 28 Gllall ool wpen 8 Adind) S0l (o (g a2l e
Daga ol dgjlanll clindaily alaia¥l 8 ola g L)) Jaasd o clas Al a5l Lt g A all 35 jel) (ailiadl]
) (§/de 6.02) (1o e sill aaall 3 Lalissl (2014, 309) (5,415 Steffolani LY .(Teoh et al., 2018, 219)
ONY) 3 ) Ll s o s Ala) amy (s 21.52) () (s 0.67) e Sl A ol (§/de 2.27)
Ay 8 Mg 5l ol sl i Jlis ) Lol ddla) ol LS ¢ ghul) pa 4t Gl e Laguny ST 01 oS
pad (Glld aag o Jsal) dnyy A Aab) Sl Gilie G Alan) AN @b G558 of Laadly Al cipuall alill L (e
2017, ) ospAls Sandri aef celly ) dalayl (ks 390 G g ple s o) aalall e Jumdl Lalgd L3l 5 e
5 e Lasladl 51 By e gl Jumdl jrmaat a3 Ledie Algie dpa gailady Lall e ggad) 551 34 (1021
dalim) il ol 3aas slal) e JAN Gl 3l (e agihlal s dglie culSy (Ja) Ll 38 %145 10
i gylls laglll il giase 3305 ) %14-5 Gty JelS) Ll s aladind ol 3 %14 G s Agde LD 34
sl e JA () 5l Dlae 20030 L),

) eyl 1agd Tag cAalall alajs by callall o ladl waen 8 oislall Jaad ade (e (il ol (alasV) e a3y
il e Lol Teja Jia iy ety olly 5all Jie Solaall cilaineS ¢ islall e JWa 5132 oUail diuliall 4,368
dallad a0 3ihh ) ALYl cradll 385 Jae Jadl Giglall (e 4S50 GliKe e Gl 2 3 (el 3132
laiall 5D aad) Alaly nll pailiadlly 80380 535a ) Cpnaily (Aligsas Guaall Gl Glecal Ll Sl
Lol e AR

séall 1 Calaal culS @iy

(Leals 15380 AU Caganlly (e bl )35 5,Y1) Aiial) gl (e 230 (38 Aila ghl) (ailiadl) 43 .1
Al 38 e sl (e Lada e bl iy andly Q) 5a Lpeally Ll (Ailaal) (ailadll o 2

20 -4



1483k g Gaad) Jga —2

tdaal) Ajge —1-2

Gied Alailadd Llaall 3oudl (he Ladshd 25 a5 celyiuall 530 3dag 31 Gdy —1

3 e Biar Cagy e )3l Gigall Ui ddase B gy dally 1Sl cason (e ) e A Hlaal 25 Sl sh (380 =2
las lelat s )0 et Gyl e «(Quiroga et al., 2015, 220) (b 4 sum sall 46kl Caen L (pigliall (s5ima (mid
ols 2l 30 S Cin el il (B Hsdll Camay 13) ailly) cass 8 Gisibiall o s colall G 808 Ly LS
Grain Mill, KitchenAid, Model 5KGM, Whirlpool ) ignie disdasy sl o2 il A e 85 gD el
aaa calimil (M 300-180) (o zshy 4mad dapd 3y Ao Jsaall Jaia aladiuly <ulils ((Corporation, USA
cad) 8 deadiad) gAY G g lsl Gluym aas g 13S0 GElpa

LAY Y o) iy ¢ Bhes Aalad Adad) Bondl (e Wshd &5 AN 5k =3

lashod 23 3 rlay Lol ¢ i) (Smnne dyaed ¢ Sl )y cAmpage Al 303 « S 1ysSally 5oall juasd alge —4

e Alailad Adadl) 3gud) pe

g

: Al il gu5ll Gailadll —2-2

% 3 ((AACC, 2000) 44-Al5 a8 AACC cia Giall cilie 8 Ayshall Aysiall Al )38ty 4y ial) il
il (18 Al (2 103) B Ao o (368 60) 53l asihg eciind) Jbd (3 (2 3-2) B8l (pe A s
3(1) Aabaddl (ge Akl Ayl daill ulia & (Hot air-oven method, PackTest Machines Inc. England )

1) 100x(Aall AsY) 058V/(8) dashl B S5ill) = (%) Lshy

e Aasie S Lgie yuds (AACC, 2000) 08—01 o8y AACC cana sbaoyll g sial) Al s 2alo)ll iy siall sl

(3 590-575) sa inps e il 1%y dsa gl Ll 3 3all Aie (e (3 3-2) amains 253 cilal) (350
Loyl Ay giall Al ufins (mild alay (ool e Jseanll Ja (Laboratory furnace, Germany) el )8 ddalss
1(3) Aabeall e Gladl 3l ) il (2) Alaall (o b)) 3l b

(2) 100x(4ad) & 39/ Asial) ¢ 5gl) = (%) slasd

3) 100 X (4ashali% —100/3lasll %) = zai s g e (%) el

(5.68) 5N 38al (5.75) Jussl Jalaa w235l 3 ((AACC, 2000) 46-10 a8y AACC s nl dysiall sl .

.(Fujihara et al., 2008, 204) Ll (3835 1Sl (382 (5.53) 5 ¢ lyiall 3,41 (381

3 «(Samaan, 2007, 155) . (Satake Colour Grader PCGA Series 4, England) jlea alaaiuly :o5lll sy .

s 8wl (e and g el i) ae i ele (e 50 Capaly sdin 3 38 g (§ 30) e a3
o L 4583 15 08 alads 29 A sl Slea 8 A Caeiag o5 cionad) 5LEY) s Gslll i Sleas dals

.1

20 -5



Pla (el calal) Jlae 8 2l ulSad] o aaing 3 Sleal) 3l Cilag ¢ Suall 488lS LELY HlasY) e
LAl dne (sl das oo Jleadl Ails e spallall el uis (bl o0y (e 466 90

o padinall Adplall Coa Sl BSha Ak GLIYY i Sleas 300 GlY) i & A 0K0 Gl gl Al 5
.(AACC, 2000) 32-45 i, AACC

30-25 a3y AACC b sacinal) dipylall lasi (Soxhlet) coluSsm Slea aladinly claplll 5 23 rclagll dygid) 4l .6
.(AACC, 2000)

Fazary and ) ceuss (4) dabeall (re Gliall 8 Clyau 0 )SU A il dnnal) culia s3SI ol jaan o0 ST A giall Al W7
:(Younis, 2015, 72

(4) (B ala i g il andliH A gl )~ 100 = S cfn gy KU A giall Al

tSpal) 38 Gl st —3-2

Seall 2l (8 el 8 Jae daal (383 Ladi dlay) Giags il sae (8 Lully 1l 85305 5501 (3 pladial aui 25

Odslall e A

V) ALl Jlagiu) 235 (s hiwall A1) 383 %50 5 31 38 %50) Syall Gl e Giilad oilald jicaan 23

L3l 380 (e (%20 5 10) Apaty 40 Adalalls 13N (383 (e (%20 5 10) duwsiy

Pl A apiat —4-2
Cauvain and Linda, ) - 4 ya salls (Straight dough) 3,ilual) Limall 48l cuus (Pan bread) W) ja aieas 2
slos s iy ¢ 9 3 fa g 10 calakall mlo ¢ 10 chplasyaes § 20 382 ¢ 1000 Al diuaslly (2007, 30
Al Jaball £ ) 5 . Cihe siplil Slen b e lal) dpalisiol Coua

(48855352 75) Wiz il eleg il Apagee Ailae Aaudyy (aadl 2y 3 cilaall sley 3 48lad) dlgall ppen Cilosd
40-35) ol bae ity coaad) oL i) 4pel Gl Waaeys doanadial) o lall S Coal 5 ssaly alizls
s msSilly bl Alee Wy & a3 ¢(o° 28) Ba Aad 8 (A8 30-25) cuaall Y1 pedill dlee 45 4 oAk
5 a2y Al Bl A S (B0 5) i 5580 (Ll (pa (S 3l il g ig o§ 80-75) saslsll dalil
Las le (182 50) 33l i) glaiy) Jal a Sl ) slady calal) gl 3 cpmall o gnys JiSal e
nndl il el e Gl aay o0y el Cilin paed (%85) Gl Aghll 558 o amss (o° 30-25) B
cadailly 2,0l 2 laaess o 338 5) 3ae (o0 250-220) C b 8)ba A

20 6



tu gSnl) auiuat —5-2
¢ 160 382 § 1000 400 dia gl Cuea (Moawad et al., 2018, 2390) & 4 sua sall Lipylall Last g Saadl) psins &
elef 1505 Wi g 2.5 ¢ 5pall Gomase £ 36 mle g 5 35 Su ¢ 300 cayige A5ls 533
A Jaball gLl 25
Gially (asaased) SlisnSans asdsaall SlisSa) Sl Gsnse iyl 2 B Bypeas adll e Sl e 23 Ay
ASLewsy )8 Y ¢t s ) iy Al il 25 A slal) A8 sy Gl s e S8 cide s o Ll
&5 5ual) days (315 8 5aal 0210 5ha dnpd o il ks can 45 kB 5d (50 ol alasiuly Cudy cae 3.5
clal) el s caly sl e el G e 38ja)) Biha dag ) Cilias Laxie s e Jall 2yl
t i gSudly Seall Lulal Gailadll —6-2
-(AACC, 2000) 44-Al15 &, AACC :dssh)ll -1
.(AACC, 2000) 08-01 4, AACC :aloll =2
(6.25) cysSdly 3al Jsaill Jalas 3 ((AACC, 2000) 46-10 a3, AACC :(yiisll =3
.(AACC, 2000) 30-25 43, AACC :cilanlll -4
-(AACC, 2000) 32-45 i, AACC :alall cally) -5
:(FAO, 2003) oy (5) Aalaall (e hyun g Sl Mas) 3083 25 1 b o KU =6
(5) (LY sl sladi+ (g ) =100 = Yo)uh 53 <
r sSaly Al Ansiatl) Lailadl) —7-2
t 25 «(Mudgil et al., 2017, 539) A daiiall Asplall (335 oSl Zpnpiall) ailiadl) s 251
.(A dial caliper, France) oudsSball (uliie Jlexinly () 2 CasSad) (o adad 10 ki Jassgie il sdadasll L.
() 2 Do Joss giall (A5 e ) (a o 10 ASLews Cansd 2 adadl) ASLass o
1(6) Ualaall (e 2aail) Jalae lus 3 12aail) Jalae .
(6) ASlawall/ Ll = a3l Jalaa
Texture Analyser, Stable Micro Systems, ) idball (uld Slea alaaiuly cu ol Ada (uld 25 rdidlall. &
Sl (o adad 10 st AP 358l Jans i bl @lldg ¢(Reading, UK
i 525 «(Al-Saleh and Brennan, 2012, 6) 4 &agiall dayykall 385 Q) joad mpiail) ailadl) aus 25 -2
(&) ~ ) clalss cl) S A Jans i€ e )l (45 o el 05 .1
E8 23 S 5hu Ja 2000 Fams s Rhand 23 3) chpiaall L3l Aaly) Ak Allugs aaall Gud icie )l ana 2
-2 2000 oo Balill Cuady (USD A (e gl ApaSlly ety i) Jawy B sl Cae )y s

20 -7



1(7) Aabaddl aladinly aasll cs e gill aaal) 3
(7) Sl Gy [yl aaa = o 5dl) aaal)

rSanlly oAl dpual) (ailadl) apds —8-2
Crun g st Aial Ji e CysSaally ual) Glial (alal Jsaslly andall calsdll cdgSall ¢ 5lll) dpual) Gaibiadll apdi 23
gost Glay 5 By o8 JSI halail) poana e Talaic | «(Al-Marazeeq and Angor, 2017, 190) A& 4agiall d8ykall
A 11 daally s 12 Aol G 13 Aapall das s 14 Aaall 3lies 15 Aaal 1 VK
ibaay) Juladl) —9-2
ANOVA (plall didas Ll gl L gylmall CalyaiN) # cllans 5iaS i) cila g <l S 20 CHLEAY) apen el
Shan¥) malipdl aladiuly (p < 0.05) A& (gsiase Ao lhaugiall G Aysinall (g5l ajaatl Tukey laaly o o
-Minitab 14
1 AiBlial)y galiit) -3
thg paall (5840 £ 1559 AiliasSgy5udl) Lailadl) anls —1-3
Ayl oda L Cpediiusall il (3as )5Sl 380 cohanall 5,30 3 ¢ 3,Y) 3dal sl Jaill (1) Jsaall s
e Ulae Lol Aan (upanll oLl 28 sl oo s eLelly 15380 G L) Gl 45l Coagy G
Adgall gl 38y e Wyl

g jaal) &é.ﬁ\ Glim! Liliag g 3dl) Gailadll (1) Jeaadl

L) g8 il 38a A0 (348 3N g
6.21+0.11% | 9.25+0.31° | 11.08+0.15" | 7.45+0.12° | (%) (Atall (ssiaal)
4.24£002" | 255+0.04° | 1.12+0.05° | 0.34+0.01° (%) sy
23.65+0.33" | 1352+ 0.22° | 9.32+£0.41° | 6.41£0.11° | (%) cuiaud
3144 056" | 10.72+0.21° | 3.22+0.02° | 0.36+0.05" (%) candl
33.40+£0.61" | 566+0.11° | 1.45+£0.01° | 0.28+£0.01* | (%) 4s) alsy)
1.06+0.02° | 58.30+2.33° | 73.81£1.21° | 85.16 £ 1.55" | (%) casmsasl
8.45+0.18 | 4.15+0.05° | 2.20+0.10° | 0.51+0.03 (329 o)

P<0.05 A& s5iue o Lysine 3558 35n5 a2e o aalll Caall b dglindl GalYl Jx

o) Slls calad) Ll 3y 3 Al b Sl cul€ Gl s claglll of Ll sl i) (oSl Jalas il ek
O Alle A e a8galy Wil 38y e 28 (06 Y) delial slaadl 5y fie AdleSs 48058 allad adh L) 34
Leall Jeasi Al %32 5 %33 3 Lealiie 58l (1o lalsine (1S5 ¢(%31.44) Aoy 83 (s5ime L) cujelal 3 cclall

20 -8



il gy o oSy 4ol dle ol )y @3 LS « Il Je (Ixtaina et al., 2010, 192; Guiotto et al., 2013, 381)
ssisae o€ Ly ((Miranda-Ramos et al., 2020, 663) e )l iy all [ (741.5-30.7) 0w 3l Hsdal sl
Gl ada e Gaialdl o Uy ) JalSl 1530 (580 (8 sanll e Adlel) Ail) aansig (%10.72) sasll )5dy (3
%2 o zsh 1saSl 3y & ol A o <ySS alls Al cluhall 3 saga sall Gl p ol sda (365 (L)
O lBEY) ) ale JS0 Geaall (gyina & CBAY) aany (Martinez-Villaluenga et al., 2020, 137) %11
a8 M) 5835 5,Y) (38 s A3)l s (Grancieri et al, 2019, 480) Jsaladl de ) Cilujlens Al dalsalls & 153!
(%13.52) 152l (38 3 (i sall gstima OS5 i) e (%3.22 5 %0.36) laglll (e praidie gsine s rekl
285 ¢(%9.32) Al sy (%6.41) a3 B e JS 8 0Bs ) Gsima e S el (%23.65) Lall Gy
Marineli et al., 2014,) Glu o5 AT Gial 4l Jeasi Lo g (365 Ayl o303 Lully 53l 8 (gl Clygine il
(704.24) 2Loll A5 gial) dpall g Lapl Luall 38 jadi celld ) 2Lyl .(1304; Montemurro et al., 2019, 453
Gl g 15 alayl) o cilS 8y o hauall 3 G (%1.12) 5 5,V 383 (%0.34) sl 3aal (%2.55) ae dylaally
LI Taa Ty Ll 58 oS LS «(Jinetal., 2012, 105) d&lu bl Led) ciliag Al sl e Ay Ayl
ALall Ll 3.8y 8 3 «(Segura-Campos et al., 2.013, 723) Zilu il bl Loaf 4liie a5 (%33.40) 401
Gy A (%5.66) Y 3 Gl A cuniss) iy (%21.43) caall goiie Lall 38y 3 g Lee ey (735.85)
Al Al a3 (e Cagyra 8 Lae Gl e L3V 38y 3 (%0.28) 5 5)M) 3s 3 (%1.45) (sl
ds (mlaasly LAl (38 Sea a8 o(Hager et al., 2012, 239) %70 oo ST sl Call s oLl i )5S Al
83 3 (%%85.16) 5 50 Gy 3 (%%73.81) il 38y & (%58.30) A wiyl Lk (%1.06) 4 £ Ll
Jaly gsaally ois pll e Alle A e (asaad) oludl) A1) Cisaall gy cale IS L Galall 38l ulad e 351
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Lel ci\S5 ((Chandra et al., 2015, 3681) slayl) Lo sl e B8N (y5) Aaps a2y} 3 (38N ot dayn o il
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: Bl BiNA (e Bydanall cilaiiall Al Gailadl) avis —2-3

: 0l A (e Bpdanall i) bl dilasl) Lailadl) ani —1-2-3
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il e g 6.0-3.5 e siny @My il e AN Ghasiall 3l (e cpesil S3a) S5 e (236
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