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Roasting is a thermal process and various factors such as temperature and duration of roasting
play an important role in the textural and sensory properties of the product. In this research, a
roasting machine was designed and fabricated for the process of roasting sunflower seeds.
Using an electronic nose, the aroma resulting from the roasting process of the samples were
investigated and optimized using the response surface method (Central Compound Design) in
the temperature range of 80 to 160 degrees Celsius and the time range of 10 to 30 minutes.
The response of electronic nose sensors, color parameters including (L*, a*, b*, AE, BI) and
sensory evaluation were used to develop prediction models and optimize sunflower seed
roasting process. The results showed that increasing the temperature and duration of roasting
has a significant effect on the response of electronic nose sensors. With increasing temperature
and duration of roasting, the value of L* decreased, but a*, b*, AE and BI increased, and the
highest overall acceptance value of the human panelist was obtained for the sample with a
temperature of 120 degrees Celsius and a duration of 20 minutes. The optimum point for
roasting sunflower seeds with the fabricated system was 116 degrees Celsius and a duration of
18 minutes. The results of the research showed the useful efficiency of the fabricated system
and for the models presented by the response surface method for predicting the values of the
dependent variables, the results were very near to the experimental findings. It was (P<0.05)
in all the studied values, which indicated the suitability of the proposed models.

Cite this article: Amiri, E., Ghasemi —VVarnamkhasti, M., Naderi-Boldaji, M., Izadi, Z., Mirzaee-Ghaleh, E., (2024) Optimizing the
sunflower seed roasting process in a cylindrical roaster using instrumental systems, Iranian Journal of Biosystem
Engineering, 54 (4), 1-17. https://doi.org/10.22059/ijbse.2024.375189.665544

© The Author(s).
DOI: https://doi.org/10.22059/ijbse.2024.375189.665544

Publisher: The University of Tehran Press.
BY NC

ISNN: 2423-7841


https://ijswr.ut.ac.ir/issue_10582_11076.html
mailto:naderi.mojtaba@sku.ac.ir
mailto:z.zahraizadi@gmail.com
https://doi.org/10.22059/ijbse.2024.375189.665544
https://doi.org/10.22059/ijbse.2024.375189.665544
https://orcid.org/0009-0002-5910-1335
https://orcid.org/0000-0001-6339-2062
https://orcid.org/0000-0002-2828-6798
https://orcid.org/0000-0002-1730-9851
https://orcid.org/0000-0003-2176-1725
https://creativecommons.org/licenses/by-nc/4.0/

YRYY—YAF bl
Homepage: http://ijbse.ut.ac.ir

Sl 31 03l U (g i 38 4l 33 08wd 53 (415 SULT dosed (13,5 dind o W1 58 (6 5Lty

S P>

F o lows iOF 0599 ¢yl 33 o g3 widigo Alxo

Panls o150 Juslow!l F 6351 10 & laly (6,00 oz T ciwlgtroli yg somld (g ¢! (6 pmol Blos
amiriemad68@gmail.com :asbll, )yl 0,5 s 3,8 oed oKl ¢(65)5liS 2ASLEINS (o Sl wiigo 29,5 .
aabl) ol 08 30 0,5 30 oKD €6 55LiS 0SS punpuogn; CSlSin stiges 05,5 ¢ giune oy g3 Y

ghasemymahdi@gmail.com

naderi.mojtaba@sKu.ac.ir :asbll, ¢l 2,8 5o 3,8 5o ol5uiild ¢ 55)9LiS oaSLE (pimmgn SGlSo uwdipeo 09,5 ¥
z.zahraizadi@gmail.com :aebll, ¢l ) 3,8 yod 3 pas oSl (6 5,9liS” 0aSislS cpimmmwgn SeilKe  owdigo 09,5 ¥
e.Mirzaee@razi.ac.ir :asbbl, « ! wlisle,S ¢ gjly o5l ¢ g,9liS 0aSuisly cpimmmon SeilKe wdige 09,5 .0

oUwS>

4

WJlio ol

P ke DB )5 by ooy S g lod dlan Sl il Jolge g sl ()l a3 S 008wy
4055 ()5 didy Al ly oS ady oty S S cul 0 ) Jpae e g (Bl Sluogas
o iged (A 4ty Jl 8 5l ol ol 5 g« Sig Sl ot 5 alisl 0 b g (b o Solid]
Sloj 0399500 5 (ograds 42318+ AL olod 039450 )3 (555 y0 8 yo g)b) Gl haw (g jl oalatwl L
3 (BILAE % % L¥) o 5 o bl S i (el S sl 15 gy 4 ¥+ b\
5 o5l 350 ol ST 4055 8 45 3513 5okt 3 s o e s oy > sl
AL Sl St sl S gl (5 p 54 oloj e g > (LIS 3 (S gl 88
g, Bl g AE b* @* Lol cusly aials 69y L* jlade o aidy floj e g bod Sisl38l b oyls (g)ls size
o g g 420 We (slod b gaigad (sl (Ll G Gy e oyt Cpiomen ciily (ialj8)
a0 WV (clod o ddlos olKiwd b )15, Kold] aess 3,5 dd (gl dingo abais i Juols 4add Ve oloj
o0 43l oS dude ohylS osimd ()l 34856 I ol zoli el cawd 4 4B VA o ke g ywgmds
b (S35 sl @bt iy slojito polie (it slp Gl gdaw 29y 4 0ad D) sy Jse gl 5 55
Gl Jse (39 cuslio odimd (L S gy (P>+/+0) aulllas 390 a5, olos ;> el Cowd 4 iulojl (sloaiil

Dy (gdlgisdi

gt o il g4

ARAVAZI- TP W PR
VEY/YIVE 15 ,555U g U

A RATARIE PRV TN
VYl 2y L) & U

(S sleojly
N syl
S
Gl b s,
(OO ik g
OISl doss

AT 4ass 0,8 and w01 )8 (g3l agg (VF V) cuslowsl anld o5 ey ol ¢ ime (il (6,00 (gage f lyroliyg (ol dlas ¢ ¢ ol 3l
‘U’L‘:‘/ gy owldigo alxo ‘d)i‘*@ alole )'l odlatnl L & ik ufd.m:); oKty
https://doi.org/10.22059/ijbse.2024.375189.665544

NSV (F) of

u‘){; oKl ul)LZ..u‘ Ao ).va
DOI: https://doi.org/10.22059/ijbse.2024.375189.665544



mailto:naderi.mojtaba@sku.ac.ir
https://doi.org/10.22059/ijbse.2024.375189.665544
https://doi.org/10.22059/ijbse.2024.375189.665544
https://creativecommons.org/licenses/by-nc/4.0/

Y e 1D ST Ao (43,8 i o WiaT 3 (g jlwdiags 1yl ) Ko g (g pmel (o932 — s0ls)

-

LY R
aly ol Glgse 900 Slghyd 3,08 eMas § Jeal wlio )3 g 395 0 guwme s 1> (Sed (slajie ales 1 4o, SKolidl aess
{( Tenyang et al., 2022:Goszkiewich & Kolodziej, 2020) 5,5 sdliiw! Ko b 03l & yguo s g (045 4l o) 031> 93 b pb & jqu0
oyS Aty Molyd (v g BAS ctan cpbdl jro 9 de5T (), Sol] aest ) el eV game (6y9ly8 ol ol )l S
sty ol e oS Wil Jpame (o g (iS5 SRy S 0055 &y 3l ol Ban 3,5 e (29,5 Sl el
O 04 cago 03l 51 i lej g Loy j0 O‘b,ﬁgh’éi sl 3,8 4y 28l dLo.:l odlo 90 &S Cuwl obowss g olo)S
Sl 9,5 Aty blyd wyp cplplo amd o )hE 150 Cos ud a ) ol cdig (g yiie oS 39 0 il (S g Congy
(Ozdemir, 2001) cusl (65958 sl Jpazo LS)S—l)-é W s sl Sy cpmicren gl (8l S5y Al oS sl sl
ol 0955 andy sl il lobgy S My jued Jpame (aliasdsfised 5 (o> Olaogad ()5 &y Sal o
Vom0 Odo &y s djd YA =Yoo Slod 0390t jd 44, 50 diged (0,5 yedboe b yog, oyl 5| (S &S Cul o y)l55
Sras (byy (nl odes S & Conl ajia (35 by slagsdyy o) 5l (o 6 1 Sl b 025 4ndy ol 4B

(Kita & Figiel, 2007) 1l o dly b sy 5 (555 YU

Sio |y Jguamo cutsS a8 ol g a3l ¢ g Conl EAUS G yme (ol bl (5 O LT &Y guame (VU coaS
i) Ty ndle 0350l 2,8 ealisl ol S g gyl i) whe LSl Ko lsis 4 plgie s 5 nlale S
o Sue 5l JSize (Sue Al S by g 00 Jas pludl by o ilodnd 4l 2 S Cusl gl (Sig S
D90 by yiw Ll 10l leie 4 obgr cpsle (Loutfi etal., 2015) aad o jasis ¢ ololid |y odmy slag & olaid] e
o dawgd g oo 03wl ol GV guaste oo g 430 g awyy )0 dilobe (il 60k jeb 4y 5wl ol mlio ) ealatwl
by omile (Jiaetal, 2019) cuwl asl iol381 YAAL amd | S13e g (6550liS” GV puame cutsS oo g 450 (gl (Sog xS
Je .J)l.) 1) u;],\; odbo )'lf LS)?TC"'?' dL‘Eé )0 d¢>g0 )l)é ul...S); Lg)'b)m1 bl ‘u’bw‘ dou dbﬁ )l LSI"‘;?"‘?“‘ KaS
Canl o (asedio oS 5 S (Jlio plgie 40005 g SluS 5 4 Sglite clacuwlus obg owile (6 K 4l )3 34390 K
Ghasemi-) sl awsly cuS 5 opl blie ;3 bl Fusl adow ;S5 sla S flis (o Lol uiS dloo) SKus S§ 3 oYL el pdaw
Sl a8 2eu 0 dbul R Candg ) Slusd S 0 9 1y slasuly (Sog Sl pw & K (Varnamkhasti et al., 2011
5 g 03 b oS s ot 9 S, 53255 (sloplT sl (o Canglio s S o 51 o (S S gl o
.,\JSu.o sl 4>:g.1) pr- LS‘)‘.’ "9.3 691”" <S5 )§u4.> pL-S ‘))L\ LS"’}:’.? uufls 4:{‘)] <S5 o é§19 L;b.»)i.«o )l S gL as L>Lj )1

slais 5l g o)y wlel (a8 Jeame (5pdy ;0 9335 o obj)l 0aiS Bpae lawg &5 cunl 45 al)l gl lie S,
sl 5 A8 e ) e o )3 oge S5 CBL g pab olped 4y ) Al 00b (6y91,8 5 00 5yl 8 slalie ope &S
2 2l olge 1 ohewd Glyuss sniady il ) sl (Son oyl g 0gMe Dgd o (g e dagi il cel &S sl Lole
busgi b g gl bausgs b S e a3l ()8 S5 5 595 & ¢ Tpgmlipbol)S (0 loged Jie )l sl e
Brosnan ) cusl o sl 53553 3,8 45 (63,8 il g Cawl s2d b bl bawgs obsl ds ST 0,8 o plosl S5y (50510l 5l S
pluo 9 65)9liS 5D 55> Lo slwodld bl g o Lisu cols, cds g co g dbwly 4 powad (Bidy Ll (& Sun, 2002
G339 @y (3l ol ploj 4 Glyies (lin oedle jloslitul wlg8 SIa)ls Jlghd 3,08 gty ax )3 g ()il oy 4 (2l
(Butz et al., 2005) dg05 o)Ll (Cursj bawsro 415 Cowgd) oliowds dgo 3l odlitnl g adiges (ilwodlel @ 5L pas pimen 9 o

il b 5 (imgdy (pl 3 48 39 00 )G yBre 1 g 4 LS bl HSE S5 lgin polial (B3l )8 4 o) 09 el
dy90 13,30L8T A1 olaaily a4y s cilisie glacdls (> s dtdy 0,3l (cladily 5y puss i pguas (Bj1p ailobs ;)

C8)S 8 ey

1. Roasting

2. Machine olfaction
3. Non-specific

4, Caramelization



(w&hgk—uﬁh)\fﬂ”dm)' A b)w‘bf 8,93 ¢(3] y2! i gay (owNiR0 ¥

Sy Slles G 0,5 andp alyd 4 Sl il e el OV game 0 )3 wte 5 S A1) SO 0, Ay
by Al (ool laase (Kumar et al., 2009) 1é aalsd Jowme (gdims HiL (ials Coles )0 g pab g jlae 8y Cuwd jl g
Sy S 5 zu9sS 565 (Tenyang et al., 2022) ) San 5 Sbis 4 o o dlax 3 .lodly J18 sy 3)50 (s 5 (oleand
(1,3l claaily 3,8 atsy 4> (Soleimanieh et al., 2015) 4, Ken 5 Sleslw 9 (Goszkiewicz & Kolodziejczyk, 2020)
OhlSen 5 (Sojle ¢ duej pbl (Shi et al., 2017) -, Ken ¢ 5 (suin pbl (Banerjee et al., 2018) Ko 5 5,5l
Q@ dogi b0 yS o)Ll diwy 0,5 4y ,> (Shakerardekani et al., 2011) -, Kan 4 SI5),SLs 4 5208 (Marzocchi et al., 2017)
sy oromen Cusl oads Sl by gy 4 o)l Sl ol cale g (b 4 bgye (o oad S5 Al
sl e g dia i gl (3903 ol a5 sl o oud il (Ll EVguase (il sl ll o ek (s> 5 rboordm (S
CablB b wyp sl gy il edlatwl 5 Joase cudS baas clllB b (Sans p olSiwd S ciluy slhb adllas opl 5l Gun 1
sl 3,8 4y anl 035 A sl e il 9 il Orle (gt owdle Ao I VL Cs s g oS dge ool )
by ad adle 5 ol Golate o jlo; 9 lales o O‘b)igh'é—l dasd 0,8 dtd p gl (gyaidiw SAL p olSiwd S Liwly ol
dol Cawd 4y odd adlo olKiwd > o, KBl dess (3,8 Aty (glp dge dbai s Dbyl 9 (S5, eyl s I edlaul
08 NS 5 syt By g0 4] (38 iy T8 5o iy el )3 S S S (sl Ss ol 5 03l by
AL ..\A.J)S JyS sl &..’9),&” o 0l5wd 5 eolaul 9 (Syddow S didy olSiwd cilw g u_s-l).lo (30 U”I pll L;Ltad”]}i
A3l e I9,50k8] dess 0,

Wrigy gl

Oedle «Sig Sl i lobus | pizeo b o3litsl 0 SOUBT a5 (3,8 a1y iy @)l JUEST o, 5 SR cnl 5
b Jgae s b 4ol gla Shg ad odlisul oad aidy Joae (i (ol dumlie 5 (qw)p polaie 4 (ouo (2bj)) 5 ol
W15 L) 2550 by ygal gy 5l edlatul b Jgaze (S5 (sl piel)ly o Sg il il odlil b g (15 A5])8 5l eolazl
S5y Slesall ol LS 5 (B g Sglite (sl g aled b il oS 5 2, ay Al (0,8 diage elaie 4 .CE)S
A oozl (RSM) “guwly gdaws 3, 5l e il 1, 50k8] aass pws 0Ly g

Dby GRg) & oS Ay oI b lw g ()b
S5 5lgd (lailginl i K 5l olKiwd cpl () JSK) b 4l g (b (S ats p ol K s, Sokd] aess (3,8 atdp (¢l
15509, 593 yialS gly g5 ST 5909 xS G 5l dlgial (id > gl i eolitel 3,5 e dlgisl 31 )5 adily us alss
4055 glaaigel &5 A3l o g il @ ol (I (g 0 ealil gy JWS] e 53 ((F53l>) TS 0> e S ) 5
ollao Casyus lad oo (IS Ay £o,0 Coll Casyu b sl sl jie Caa ) oK dilginl g ouds 4y ) oSty J5b ol Sl
Oope Sipp Slles baid g 3085 Qi o8 g 4 byl claail & yeo 4 adgl ptalel sz L wlstal 282
D35 (o0 O g0 dlgiwl 3 )3 dgng0 slaglo 5 wlginl (iS5 > dlung @ dlgiol J5b (0 baaily 55 pr Glles b ol 2,5
ily oy 4 € pdaw Gy 5l o, Sl cladily 4 oyl s JWis) g g o o] s E el dilginl 1) )3 390 Jad Jadie
Slp o as p Slles plasl 5l a9 B0 4t olSiwd ) )3 Cilisee sla o) g ol )3 )l Sl (cladasss 35 o g0
ol Ngab go a5 oliud 3l o, Sols] (claaily 5 03,8 (Caclo (gladyhe BMB) pwSep 1) dilginl e8> cgn daaily adss
o skt ol (gl b &bl (9,8 4yl 5o (gl )Rl 4ass p Sl B s cd Bl g ARl a5 oSty
To 3 xS ol 9 ezt ol S o o abaisme s pow o oS (5psb 4 0, S0l 4058 £ S glS B o b it alaiee

1. Response Surface Method (RSM)
2. worm gear



o e 1D ST Ao (43,8 i o WiaT 3 (g jlwdiags 1yl ) Ko g (g pmel (o932 — s0ls)

A5 4l g Sl dgd a8 )3 las > JB glad S ais p aols ey oK I aess

: = =~ > =
(F)F95) 055 Bisana 5 455909 2N (V) (onrld (V) (2t slo (50 3 (V) (SIlgiow] U ol il (Sl 3 8lS0ws ) JSS
(A) (b Jsiso 5 (V) J S gk dF) 195905 D) 051908 iy

Gl 2 4B 555 08 by sl b (sl I3, 055 )AL B bl Sy ol o 4SE] 4 2 L

4655 p,SolS O 0395 o> duwlixe (gl b odlitwl 0, Kks] A5 0395 w1 olKiwd wilgrl slal 35l Cawd 4 (sly Ll
A odlatwl 0395 olbuls o 09l Cawwd & (gl Ol 5l e 0 wyed 0 W g gpid dee Voo s SO b, S0
bl w2 g @35 jabgt puy 31 Ol o g 0ol 8 IS (gt B Sy 0 1y (00)5 Voo (sladiged pslato ul (sl
5 o 1,l] aess £,55LS B obuls woe a4 da i b dlgiwl slul il H1,SS as e ¥ islejl ol (ASAE, 2000) i (g puSo;lul Ol
eolitl & stel alsiomo ol Cad & yia Sl YO Jsb 5 sto il ¥+ b b JI (sl (sl alsivmo JS p Sy 8,5 55
Soil gesle 3ae 93 5l Sand p olKiwd wlgiel J315 55 05 0,Lsl M3 a8 ol e b B le o Juo ¥ Clis 4y ol 39 )

ol Cawd & 5
l=(dxm)"+ (P) (V) aal,
L= xm)"+P) (V) adail
a=-2 (¥) e

(7)-
D=(D—-d)+d ()
__ L 0) alal
9= W ( ) )
Y5-

S a3 D (gl Job b ply) gsle p5 Jsbo Pegpple (J315 (058 Jobo Teguyle ()b (o8 Job L O BY Ll
e Blbd by agly 0 g gmle 51 b d cgupsle gy kb D (gt baug 5 (slsd) wilgial 15 a5 d il
b e



(‘;M' 9,.»—‘_5&:)\\‘0\"‘_',\7““, A b)w«a\c 8,93 ¢(3] y2! i gay (owNiR0 b4

Sy s g dlaisie JB13 )3 10, S0l] (clavdess iuSs e 4 Syge 4 adgl Lioles] aix 5l ealil b ailgial 58 sy
okl S5 4y ol Comd b (0)S 0433 duss S 51 5709 5iSUl yo idlS (gly ygo oy 534S Kol Cawnd 4 43D 43 YA L plp
old (59 p o duo Vo jlad 4y S yuds dae 90 3l oolaiinl b g onds |68 dilgim] s & paitons Cjguo 4y 0100 duas gy S
58 Culy 28 Co 0SS S 5l gl S5 1 5l olge adsd cqa dilsiul i Cas (0,5 wSe gl Cpitren A uale oS
A4 ealaswl

LS oo Y5 oy B L a8 ol o dend dilginl b (gilae Cyao 4 (Jad riie dae SO S Al oSwd dilginl 3
Sl 5 o o 5 el Iy nio S5 gl 5 (slod & 455 b 45 sl 4B 15 B 5 o Sy Juie s 3 ipad
2B &S 0 ool K gg5 1589055 &4 56500 MMX-400P1 oo (6 ygmungpg,Su0 liwge 5 Sl 5 dilgial J315 (glod (6,u503l]
LS ogmadas a3 0 EYV CEI L g wgendio dyd Foo B =005l sled 03950 >
Laiged g3lw o3lo] g dugd
GLegd)S wile ()15 dlge g ln palBL plos a5 wd as oliile,S bl )3 i b yas 51 (S, 03)) (il o)l S0kl acss
09l G 4y el 10, 50l8] oladess s 3¢ 0 L ladiged I (6)lag Sllas (b )0 atnSs cladily 5 diwg (S SK-
inles] plosl gl lasS dlal b 0,5 6kS i (clavdiges 4 da yiolosl slaws s (Y yie) U1 3l oolisl b yas ygs 9 19 0l
slo b celn V¥ Cas 4 £ (dlon OB] o9y il Qb)igt:ﬂwdé&b Cusby (slgiome cpani (gly 1anl o 10l (gab iy g Gl
Cawd 4 LY B 59 e p Cogb) (slgixe ) 45 (AOAC, 1990) s edliw] coli y59 4 yduwy B ogumdes 45, VEY -0
I S0LET cladass (g9 p 1,8 Aty ATy asldl )3 g 0d ()l cawlio g KiiS e 3 inlojl o b ladiged ol

US55 4 il B
4655 (lbdiges s A Hlb b 4 B oAb gy b ool plool 5l LS adds Yo (Sas p oK ol bl s bl jslaie 4

Yo B Ve odgdoe 1) loj g (wgmbi 43 )3 V8- B A+ 039150 1) lod Jatuwo (sl iS5 31 onliianl b ySais p oliwd ,d oo, Kolid]
aby oy g Lod sla it wll p il B5lai (clalew (Liu et al.,2016; Kong & Singh, 2009) s 4y cglisio (4ds8>

ol odd 0303 L5 (V) Jgdn 50 Gl adaw gy b 5 10,50kl aess o3,

Gy b (99, TP 3 I3RS 4aSS (13,5 i 1 gl g Lod (gl e ol 2 lalejl (ol (gl lowi ) oo

b2 ob; Sesd
(opmdos 22 3) (ki)
A- Ve )
W0 Y. ¥
WY Y. ¥
A+ Y. ¥
W Yo 5
\$e Y 5
W Y. v
50 Y. A
W 5 !
W Y. Ve
WY Y. N
WY v 1\
Vs Ve W

O1,UET aess i dind 1 hols (591 Wil (8l p Suig S s 2Kwd



v e 1D ST Ao (43,8 i o WiaT 3 (g jlwdiags 1yl ) Ko g (g pmel (o932 — s0ls)

oLl 3,8y olSuiSld (65)gllS” uSLiD piuwan Sl wdigo 09,5 ;0 o dblu g xS o ol8twd 1 jslate opl (gly
019 5 YU Zuwl casju b yos YU Cuwlus dlos 51 (MOS) (6518 ST (o0ls dass (sbo SKus (sblse @y ooy b (Y JSUS5) a
d.ilj W5 1oy o g5luSh doly Lol Cuond O 5l dlobus pl ol ois Sl b S pl a0l p dilbobs (ol ccuolio sl SS&

(Tohidi et al., 2018) ol i axs b &L, 9 PR\ N WEC S PR TS WWES

Gaod )3 03wl 390 Sy I (St 05w .Y JSUS
Wges i | Canl 0 oSS 00180 aoy S5 5 &S i dlg Lawgs 10, Sl8] cladess b 4ty jl Jols 4l g o
o> Wy 6wt K aladse 4y ,1y3 dlge pl 39,9 b b odliw b L S )] s 1 g b 01,0 S A olod
Ol el glite badiges 13 (555 Cilisee ©laS 5 bl g Colus Gl S g5 L calie jUy () 4 A5 0 Slom] s o
saed yelaie 4y Cpiored W o by 0 Bl e (sl ybgy 5l edlail b L 5 0ad <8l > 03l Juasd Cuomd lawgs coleMb
odlizl (53l soly 3l sun sloialeil pll (gl (Solol g s slaguly 4 lo)Sue () g diged (g5t ] dliiono g oS (0,8
2 oSl sladass (b a3l Jols aml) g gl 00 S (B 0d S 5 (50550 B S S 3l sl a0y
Joolaal b iged o (gl g2 ol alal g 4d duo) S Sl gty (sl )N 3l oalital b oo Lyl > Wadigas (0 atdyy Slibes o
MQ7 MQ4 MQ3) 3 ST (oold dog (sla S ddlllas (pl ) okl 390 (b K> el G 4 Sglie Sloj g glod Laslys
Wl 04 031 )l obgy dilobs 4y eomo 04 Al (\SALd y 0lund yyguai (V) US43 .09 (MQ99 MQS8

o dY) J19590,5 & 5eme (Jluomd ©liwgo i oY) oy dind bb (s2by AJl.w EPRTY. Y XS WK PV JUNICLIWLISPPWS I gy v
(5) b ) 25 s (F) (s g o) Sy 50



(M,f—g«k—)\fﬂ“ Ol f o)w DF 0,93 (3] 3] plamawigns  owdigo A

13,59 Aesd Wrdiges S5y byl 61y 2l crmile dilobw

(L*, 8%, b*) S, clb adls b 5 (CIE LAB) CIE < iomiw Jpol Lolul p <5) paseds aillo o jl v ol
1, aess cladiges 53,8 4ty 5l dm dilob ol 5> b ealitu] Calisce Loyl ys )3 o atdp 0, Sl8] aess cladiges sl
Gl e b 0, K] 4asd 30 (sladiges 5y 903,565 Cangs (S Camgy olSiuwd 1 odlitu] digs) (wd O yguo 4 1 Indesss
(Leon etal., 2006) 1 pll (¥ JSb) jogaste dus )0 (pysd bawss

Sy pgad pogase e ¥ IS

4 dog b dge b gly (oAb slogrd (as i) Bl o (IS 5) jus) AE 500 (L*, %, b*) S5y sloadlis jl ool b
MDF iz jl yio oSlw £exFoxQ+ dlal & azs S jolaio opl (sly (Shakerardekani et al., 2011) 1 duwleo A 5V & ddlrs
g g0 Mo b oy a0 1) (myed (g o]y 4 a5 4d alIS I (gysb (myed ol a0 (g9 MDA le
oY e ¥l 5 ae B (6)95 qite dus Cua 085 15 adiges I e Blo B alol b g e S dgee DS (49
ek S o dbul a0 YO dyglj hoye0 j b a8 Wilowds Cual g0k 4y dxs (sbooylasd (g9 45 A edlatul Cilg VY i ygld
A oJ.SLi':% uiw.a d.'>)1.: )'] odlal [FREVELN L;L&lb L;lb;‘:«wé Pl.o.? LS)"))'f uyS.c O‘.a} O A o)]%.) )'l BTy u,oli;.?\ )‘\ 6)59l> Cp>
BB poad 8,5 5l e o olaiwl (pl5 jeuiS” cilw EOS-6D Jao Canon Jlusws (yyed SOl diges 51 (o)l p e s

(B) JSb 15 0,33 SgmalS 3 jpg oy b ol

min Ye-A+C min Y- YY+C min Ye-Y5+C min Y- Y5+C

W diged 51 o 48,5 3 9luas .0 JSoii

Galzseo alai Y 51 ylaie ol (sl 05 oalizal Qligzd 3l p i 51 (L, @%, %) (S5, eloyadli dnsloe 5 (5, Lards (o)),
Cowd & ol & dv i b s dulxe byl 6Sbe g ol cawd 4 (L*, @%, b%) (55, sla s ls ol job 4 la wSe 5l plaSya )
Oloj —Lod Laslyis 53 o a0, Kol aess (sladiged clp Iy s (slogd Ladli o S S5y i (o3 oo LiSu ol 5 oel
by |y lodiga el ()05 (slogad 5 )y Ll Sl 00,8 4ty Ll oyt g 29l Cowd 4y 1y gl igad 4y s gl
Slnly od 4l b oy Olgiee o @byl e e 5 ol Geble doxi b Gy 4 da g L O gl 5308

Dl 18 gy g il 390 1S Spgo 0 1y I S0] a5 (08 ddy Slilas 0,87 (Byme Siig Sl i (sl S Grly

1.Machine vision



a e 1D ST Ao (43,8 i o WiaT 3 (g jlwdiags 1yl ) Ko g (g pmel (o932 — s0ls)

AE = L.~ DY + (@ —a) + (b, —b) (%) e

Q=X =+/") Y) ala)
BI = iR (V) das
x= _at\/rel (A) o)

o/?¥0 L +a—Y/Yb
0anls @ pld Wged (530,38 (sl @ wad Aldy dges oldgy adli L pld dged olidgy jasls L A LS Lulg,y
Bl conds aidyy diged (NS S0 yuxi AE ol didy diged (69 adld b pld diged (635 (adld b wodd aldy dged (5508
(Yametal., 2004) 1ib o Bl dusloee (sl p5Y ol )l X g onds did p (sladiges o (sloged yasli

o (b3

sobate 49 Obj)l plyie 4 JUo FO UV (w0390 )3 350 9 (5 48 Ve 5l oad atdyy 3yl 4655 (s gajl ol (ol
o oslizal 005 423y (slododS e ooyt Syt (6 =R 5 Lagio =0 e =) (gl & Sigen b 5l boaiges )
Cold ) 9 (695) it Cangllan quab pdy ((Sad 4y g5 () 60 oy 1 el Sl 5)50 sla S Ll il
{(Salehi et al., 2016) Lusb )y LOL )l bawe IS o0

ool Jaod 9 4505

e i ool ool s gy ] ey sy b oo BT a5 0 45 388 Ly (s e ssbie & el 3
PlaBl o 4l Gl gaw () slagsl ole 13 308 e Ghgy (il 45 35 530 S e ol eyl o o3kl 390
Sl ol sy (0] pudgoline) 6.0.2° Jae Design Expert ,léle 5 51 (CCD) (635 30 oS po gk yobaie oyl (gl wamsl 03l
iy bS] 4055 (gladils s 2l5y) g () (sl el « S S iy (gl S Fusly 9y 2 loj g bod Jito (sl piio
eiolojl 7ol canl o 03y i (V) Jgia 50 gl 51 plaS yo 4 bgsye zolaw 5 Jiuae puiiio pdlde .cd,5 )15 oolitul 3,90 ol
b S Feoly diile (olagel b9y nl slp & 39 (635 o a0 )l loj g Lod Jituwe yusie 93 L (3,5 4t B9 el sl
A sy s> b))l g (BIAE b* @ L) (S5 sl jialyl « Syl o

S5 30 S0 b 9 Gl g by 1 23kl b 1 SOLET s (p3,S akud 2 yloj Crte g Lod Jiluwe (S ki p3lie ¥ Jgi>

Factor Name Units Type Minimum Maximum Coded Low Coded High Mean Std. Dev.
A Temperature ¢ Numeric £ Yo A- VS VY- YV/XY
B Time min Numeric s ¥a Ve Y. Y. YY/A

0255 Ei 1 (yloj e o B clod gt A

o g b

Sedg U Sy (51 S ey g2 (13RS A0S (43,5 il 3 (3l o g Lo Jiawo (g puiile 51 (o 2

Jgds 0 o, Kol aesss 5,8 4y Al 3 45 gewly o oo, 5l ookl b g Sl iy (gla s Gl (sl o 1)) (ol Jo
O0)S Ay loj g lod Jatue (sl pxio 1 g Jdo (gl e (SUsl (glp wib)lg ).JLJ Joda 5l cpiomed (Gl oad odl> L (Y’)
5 Jre slale 51 pa gl Guibyly 3IUT(F) gt & dogi b (F Jgin) 0 oolitl Sig Sl iy gl S gy
MQ3 (sla S (gly 0 iy 5 sla oo .l 00 o P )L\a.,o&l{j blate 5l g 0,Saidy o g lod Jaws (sla pio
w0 b Sus pl ol (59 9 25 Ay Gloj 5 Lod sl pxio bilite Sl S Wbl o pod dnyd (gdlilae S Gygo 4 MQT
2 bR cpl Gl g9, 2 ol g lod (o puate blize 5I MQB g MQI MQ4 (sla ) Ks (glys Lol sl 0399 yl> me 720 (slas
Al e o Ablee S S ygo bl (gl ond i ym e g ol dslis (o)l dme 5170 (ol prdans

1.Central Composite Design (CCD)
2. Stat-Ease Inc., Minneapolis, USA



Sig i St S S Gy 5152 RSM (g, & 030l Comws 4y o ire T Jgor

(o932 — soke) YF ¥ linsj oF 0 lond DF 2593 ¢yl 32! pimawign swrdides

Ve

Source

Model Mean Std. Dev. R Adj. R’
MQ?3 Y = OVYY/AT £ \Y/YYX, 4 YV /34K, AYYY/A YVY/Y NEE R
MQY Y = oVoY /YA £ VYT 0K, — 0 /AXy + ) [eAX\ Xy — « JEVX) — Y/VIX{ YA Ne  TAR/ee JAY AN
MQ¢ Y = VYAV /RY —gj08x, —Ao/odX ) INX Xy VAYE[YA YAYV/VY 4 JJAY
MQA Y = YYYV/N o fOAX — Y AVE 4 /X X Yayo/ A Yva st A JJAY
MQV Y = AVE/DY FAVYEX 4 E9/9EX 4V AKX — o /Y XY — Y /AKX YOI YY YAY/Yo /A% At
012 BT A0S (33,5 Al 3 gl 43 Sig iUl St (5l ySwes Fowly dbruanly i (pudlyyly 5IUT s F Jgoo
MQ? MQY MQ¢ MQA MQY
Sum of P-value Sum of P-value Sum of P-value Sum of P-value  Sum of P-value
sguares squares squares squares squares
Model YIYNOE++1  <efers) A OYE+Y e X UVYEE++T  <ofver)  Y/VIVE+: ees) VUEEEHY <afees)
A YA E++ <ofend) Oof v VE++V <ofene)d Y/AIYE+ 1 <ofev e V/ACYE++1 <ofene V[ EOE+Y <ofen e
B VOYANCE++T  <ofven)  E[TV B4 Yy V/AEAE+ 1 oA Y AYCE+e oY Y[EVYE+T NIEEs
AB - - VAYYE+ 1 VAREA A VAE++ 0 NNy Y/YEVE+:0  ofiYE:E  V[OVAE+4.0 N
A? - - Y/\YoE+1 Yo - - - - V/oodE+.1 ¥
B? - - I AA= NAREE) - - - - UYFYAE+:© Yot
Lack of  Y/+3AE+.0 NAEAD Y[V VE++1 Yo of/YVEE+4.0 NARAZS VIYYVE+:0 VYWY Y1 EE+.0 NAREE
Fit
Pure ANECY A - V/AYAE+.0 - V/AYYE+.0 - VAT E++0 - V/AYYE+-.0 -
Error

005wy loj ke pad dxyd yle B2 dod pgd dnpd ylie A% loj e 5 Loy Jlize SIAB 3,5 dtdy yloj e yuite B dod e A

22000
17000
20000
16000 18000
§ 15000 §
B rom) g
&
13000 .
30 160 160
B: Time (min) A: Temperature (¢) A: Temperature (¢)
10 80
(@) (b)
10000 5000
9000 4500
8000 4000
g g
& 3

160

A: Temperature (¢) B: Time (min) A: Temperature (¢)

© (d)
Sl b MQ7 jSRowes ol 2 «Sig wiSI! o (S yRuus Frwly g1 (313 SOUET oSl (43,5 Al 1 (ylo; oo g Lod Jiimo (g1 puiio i1 & S

MQ8 5w Gwly d g MQ4 HSws Gl € MQ3 ySmns

ol (7) JSs > (MQ9 ,MQ8 MQ7 MQ4 MQ3 ) Sig yiSl gz sl jSins gy (i b 8 iy gloj 9 Lod alal

sl S gly Koo Sl i sl s Fuoly (3 Sl yloj e g Lod ]38l b 3 o dmliie aS jobo jlon .Cuwl 005 2l
Sl glos (F) JS5 5 () Joo ls 4 i b oS ook v b al381 ()57 4B dial$ (b > (i ime pobo & iz
Seig S ar (o ySews Gonly o iy sl 0392 IS 156 S Sl i (sl S Gy (59 2 (595 by loj oo 3l sy
Sl 5 o 2acald Sog sl o e S Gl 4 g bl dBd Ve loj e g ugaadis 42318 (slad 4l



AR IR YU | PYCS IR SCIP R JURV) JU Y3 TR RN I [PV JOn | (o932 — s0ls)

9 oy 2 Vg e sl opl a8 3,8 sanlie g3 o glite clayloj e g aled jd s ksl dess o Sty dul,d ) ),
sloaily (0 Sandy alp (o ) 5l LS5 sy b b)) abl oae sl ial OV e (K05 (08 atdy dlyp S
ol zols g Sl i oliod b oad glulis )d S 5 0] caws 4 G b 3)ly> Olles dilisee clacns b oged
103 AIA B S S o 51 ookl b )lg5 oo 45 My a5 cpl & Ll .05 oamlie (Barea- Ramos et al., 2022) lawgs
s &S 2l Lis (Cai et al., 2021) sudod puls cpisren O jaods 1) caliswe )l slacad cod ol 03l g 0apd (slaaily

a3 o s |y calises bayl il )> 00d iy shigw sladily Lasuis glp aastie cud b Sig sl

13 SLET 4055 Je (S G giel)ly 2 (33,5 Wl loj e g Lo o (1 yuiie 1 (o 2
2l sy 28 (&S slagadl ) (S lsie 4 g Ml e (2l38 lge mre (S Sla Shg dler jl 028 Bpas BB I ST
5 (AE) IS 5, yuis b* @* L* S5, b yiol )b (ol odel cawd & ol 5l Juols (sla Jae (Maskan, 2001) &] o jleds 4
&lp RSM g, 5l sdel cawd &y (sla Jae .l aad 03,91 (8) Jgdo 53 o)1, S0kl aess e (sl (Bl) (ks (gloged adli
M sme 70 glad maw )3 e 5l plS ya (gl (55l pae Jade 5 ool (P<e/e ) b sxe (Bl 5 AE @*) S5, sla el )y
o yio gl ool Cawd w claJae (0) Jgao @ angi b ail o ool Cowd 4 cla Jao 39 cnlio oaimd Ui ) &S 293
b josito cpl 53 08l ge pod 423 abilas S g0 4 (25 (sloged paLE) Bl 5 ((63)5 a3 Ls) b ((olidy) (adls) L analy
sl pxio (gly Lol .l atily (gyls dxe 51l ped as > wlile o bilate &l Sl o Saii p loj e g Ly Jas cljle y 09Me
©)le Laid bapsie cpl p3 Adl oo (b dblae S Ojgo s 0dd iy pai Jio (IS S0) i) AE 5 (5305 paSLs) @ ity
8B ()5 by oloj e g Lod pgd 423 Sjles aly )3 g sl 035y I3 e gl lize 519 (13,5 i loj e g o> s

Jao GlLbI ss 4 bl oS el S 4 Jao o sl (bl pas pigeil g Joistae g0 53 &S 2l (b5l pas ise5l) Fit
pis b Jse sl poile pas ogeil (b 50,8 eolitel wli slapite jlaie (s g Jhe ol 1 g el Sl S5 8
2 Jbe g cuslio sndd s & Wil e /AY oLy adld psie gy Jdo Cped Copd eomen bL dLdl (gl dxe

Al 00 iy (3,8l 4058 (sladigad (sl gy LaSLE e it

Dl dind 33 (10 SSULET dosi gladiged () W wiel )l (610 RSM (g & ool Cownd &y g3 S0 O Jou>

Source Model Mean  Std. Dev. R? Adj. R?
L Y =30 Y0 — /oYX, — [ iX = [ oYX Xy A ) XX o)X XA ey VLYY TR
a Y=0/0t —/eioX, — «NYX 4 [ VX, Xy 1/44 I JAd AT
b" Y =X/ foVX XA J VK Ky — [ YR — YRy o\ Y e .Ja0 /A
AE Y = YA/30 — o JYAX, = Y/AYK, 4 /0T X X YV/eA AN oA At
Bl (e A AP RV ARAP. CR RV ARAD. . RV ARRAD AR AXAY. & Y/ay VAR AN Jae

Sl 4055 Slatigns 55y Sl a3l 1 )5 iy log ©ide 5 o> (sla o 55 il ly 45 5 (5) o
2 & e )»L O2yS audby lo e 5 Led (V) JSb & dogi b g 29 0 0003 (F) Jodo jd &S jelatlon .uwl odd odly Lis
0l g9y p )5 Ay floj e g bod pad ax > Cle g blie S piren lAisl diged ((olidsy adls) L* e
L* Jlide (3,8 dtdy loj e g Lod il 8 L S (gysbs 4y cilanily ()15 dine 3l o 4z 15, 50k8] aasss cladiges ol
oy e g oo 43 V5 slod 4 by e 0, Kokl aes clandiges sly oludgy (adls S a8 cunl 03,8 lay Lials
ool Cawd 4 1uSle il o Al B loj ke g Lod ol BI b cowlie cloged luS 5 Jlade JWd 4 Lials cpl sl o adds Y-
48" 65,8 pMel (Shakerardekani et al., 2011) yizced b o idlS (0,8 didyp 01,8 Job > ad (gloged iiSly ploal o
sl ool 3)50 glaJde ci i 47 90 Jolir )3 hboe IS ()8 Aty i (o g Lo I3 b Jgae gdaw (ol
Splas e 1WSke caol oad ool (L W pusito opl 5l plS s (6l il lg ,JU =l ezen g Bl g AE b* @* lade o6y
D91 YIAY o YNOA DV S13% il s 4 s pisio o)



(o932 — sode) YF+F Gl oF 0 lond DF 2,93 )l 1! pieuwgnt (wididee VY

055 4yl 3 0l 4055 () sle ey iy Ul b P Jgae

L a b AE Bl

Sum of P-value  Sum of P-value  Sum of P-value  Sum of P-value  Sum of P-value

squares squares squares squares squares
Model ov/vy e YéfoX <ofend YY/AA ofvenY Yaoy/ve <ofendd Y/oo <vfeen
A YY/A <ofen e VY[ AEER ARV <ofveed YYIV/AQ <ofvve ¥/ <ofene)
B Yo/i <ofen ) Afeo fvee q/¢o ofeed) YEAY /Yo <ofened ATARS <ofeed)
AB VAR e Y/¥Y Y EY VXY ofeYEQ Y.Y/oX e JTEA e
A? CJAVRY ofeey - - Ve feYeo - - ARGNS YYD
B2 Y/AY vfoeod . . [TAAY [ YAY . - JJYOAY fegdn
Lack of VJoott JEVYY V/ey VATAEA «[YAQY of1e44 Ya/v. JOAA VY)Y VEREZA
Fit
Pure VAARSS - V/ey - VAGNS - YI/AY - VARRRY -
Error

005 widy loj e pad dx > yle B dod pgd dnp3 &)le A? loj it 5 Lod Jolite SIAB 3,5 dtdy (ylo; e yuiie B dod e A

88
86‘
oSS
=
3 s
82
£
80 *
78
10 R
50 100
B: Time (min) A: Temperature (¢)
30 160 . B: Time (min)
()
8 70
60
7
50
6 40
30
5
20
b 4
4 10
0
30 160
30 160
120 , .
B: Time (min) A: Temperature (¢)
B: Time (min) A: Temperature (¢) 10 80
10 80
(©) @

@

160

A: Temperature (¢)

(e)
OISR aass K5,y g ielly g (33,5 Wiyt oylo; ke glod Jikuwo (Wb paiie 51 Y JSS



W 1SS aas (93,5 il 2 w3 (g jlurdinge 1yl )0 9 (5 el (g3 — (ole)

2 Okl ass (9,8 atdp anld b Bl g AE b* @* Jlade p 03,8 aidy oloj e g bed il Gl pdaw slnylages
005 A doli8 lo; e g Led ]38l b dgu o odaliie guoly pdaw (gl jlaged )0 aS Hob len LCuwl o oald lis (V) S
Oy (gl dd B e loj ke g (wamdus a3 V8 (lod 3 &S (5y0b 4 Wb o ]33] 55 Bl g AE b* @* sl a3l jlade
6y e bawsi ol zols (Chang et al., 2014) Ll uoa).\—‘ 2 b loged (gl yiiSly dawss | b Wlgh o pl
Schlormann et al., ) g cuej bl (Olniyan et al., 2017) ‘Ob)iftx_éi desd (3,5 4y > (Soleimanieh et al., 2015) jgocen
Wl odd o yl55 (3B dtan ol c93,5) Ciglie Lol &V game ,> (2015

13 ST A0S cms (25! 2 (935 Al 2 (o 0 g Lod Jiune (gl ik 51 o 2
sobailon .l 005 03,51 (V) Jgd )3 s (ot 12 0955 &by o e g lod (gl pite (U (1392 413 im0 (e il 22 jo
Sl ool 4zl diges s 2bjyl 5 70 clas pdaw p3 (o)l gme sl )5 didy o St 3l g oo 0133 Joda 40 &S
0Pl s Jlado (yomad it J13)55 5 (P<e/+ 1) (1> e o 3B 31 (3 St laj oo g Lad pgd 4> )lie g Blite
Sadiges a0yl puite gl odd (55l Jde 139 canlio odimd Ui 1yl 45 Casl 0345 Jl3 dme 70 slad o (> Jde <ly
sobolen amd o Ui |y diges s by p 0,5 4ty oloj e g led 3l (A) JSG5 a3l o o 4ty o, Sobid] aess
Lbee J> cnl r cal alioe (99,8 iy (Vb g Gl slaled @ bgiye e (b)) e (20568 D980 0> JSS ) &S
s> )l Cagllas (e g Casl 0395 (ggllae do ) ladiged (s (L)l 5 485 g0t Sl i (S3p VU lales 3 oS
IV lod (gl adigas (s Dbl Glise Cn i & 5pb 1 Sl 0395 (agllan s> )3 (UL sl wr b laled

A5l )Rl 4055 3,8 ad s (ilaiare )3 sare 55 Wi o oS LBl g 4B Vo loj o 5 pagpnles

G055 il Wizl 4 (31 UET cesS (Siged (o 25yl ilyyly LT S Y g

Model A B AB A? B? Lack of Fit  Pure Error
Sensory evaluation'  Sum of squares .. /vy VXY o/VA Ya/of DAY VAR5 VA8 < /Y200
P-value <ofoee)  H[AYA IVAYY  <ifeeey <ifenny <ifeeny Y eFY -

SP

B: Time (min)

120

A: Temperature (¢)

B dind 33 10 LT Aes Lowes 23yl 3 (3355 Aty oy Do glod Jhiwmo (gl puiio 1A JSWS

ELPELTIY
435 (P SAdy sl At Sllee Lulpd Cusl i 3j00 2015l die bl (35 b Gl e by Lol Sl I (S
e s S Zuoly syl (o) o o0dd adle o )5 Ay loj Gde g Led Jiiwe (sl jusio | ookt b Ob)il’;.éi

IRE S B I



(w&hgk—uﬁh)\fﬂ”dm)' Ay b)w‘bf b)gbcd,b._ﬂw“ o G WIRD V¥

ilodinps Blaal Ll )3 jelate cpl (gl i plosl ) eade Sbains ST ) oalinl b ladiges s (b)) 9 (S5 (sl el )b « SKig Sl
9 IS SOy 5 92)) padld «sje B Gl g S e ) e o) g (2B, YRS ke & g s 035 aSiie )
ol 03gize jd s (3 yloj g Lod e (sl puxio g Sg Sl i (sl ) K> Fusls g 395 JlMdo oy yieS 0 b (sloged Sl
oo byl )0 e A CBb Al blyd lais 4 adBy YA loj e g g 43 )3 VI glod g ge o]y 4 dgi b i
2 oy sl Jde s s i polde b diunly (sl i gwl 4 bayye puls 5 C8)5 Gyao HST dw > )8 dldy Oldes
g 08 (550l polie (clyt yg0il 3L ol (A) Jgdo ) b dunlie SPSST 38l o5 1> Jawe t y90)] 3l odliiul b guwls pdaws g,
2o B gllas pdaw ) diuly (gl jusio olod ) cCanwl o 031 Ui Frwly pdaw gy 1 (eolpinis (sl Jaoyd A d g b odds g s
Ui S 39 P>+/o 0 ke 93,15 dgg 0 sy (sl e gl g (9,5 ddp AT 5l ol Cawd 4 claguoly (o (o) sime iglés

ML\UA M]9 Lng).«M d‘)_) CNL é‘aw P9y ) 0l 431)‘ dLZbJJuo OO onslio o2

B (S b 9 (935 Al pr W18 )3 dansly (S i Fowly dunlie (gl 485 plonil t g0l 5 Jols gl A Jgo

Sig. Suro Byl Slbo &3l as o Liundly (5 o
(Std.Dev.) (Mean) (df)

Niai \Y/-q Yaov/Y Y MQa

/¥ X4 \AYYs/ss Y MQv

0¥ YA VYO /8 \ MQ¥

- /¥ a7AN Y- QXY Y MQA

of-Q YYY/SY VOAYo/ss Y MQy

.54 -V AFIYY Y L’

Y \ g Y a’

g V/EE a/.y Y b*

oo -0f \YA¥ Y AE

-y \NY YIYY Y BI

S 25 4

5l eslawl b O]J)igt.é] dasd (0,8 dudp Aulyd byl g b adle g Sl isle,y ey 4 Sl oKy SO ke copl 50
by (e el solaie & (pizpen 85 )3 oy 90 (o b 5 otz (S5 (sl ol oSy S i ol S
g by a5 b (Ll gl b ookl (635 50 S e )b g Gl i g jl e 2L 9 ) bl s 5l S s
by oloj e g Lod 9516 93 ya 39 Jlay08 (s (LIS ] IS0l was 0,8 iy sl i 9 (38 Je el
o ygSl Sl gue 2l (sl Ll ainils badiges (S5 (sla ol 5 g sl i sloySKs gl 2 (g5 JB b 008
o8l b L lade il ) )ul) op i gl pgd 4> cjle 9 (S o e g Led blite 5l g 039w Hd dme ([Sidyp yloj
2 Oeed g ol 38l (Kb loj e g lod ]38l b Bl g AE b* @* lade g cudly Lials Lgy (Sibp o) Gde g bed
ALY wLuo (LoXd UL‘“’ oS Dy gmo w)ba pis uyo)i Wb dlb),uwo LS‘)" le) (“_‘]9—‘“ L)‘Jﬁ) )l DMT Cuwd dy ‘_SLQJJA uﬁ‘&)
Ob)igb'é] dasd (0, dLd p (gl dgo bl b oy yiee &S 0 Ll sbasgs Oyo)’] PR | Ep asllas opl > onds &Iy sla Jae
Sy b ogy cpl il digg g adllas Liwly cpl 55 0Bl o 48> VA (lo do g womudas a0 VVF (glod i aidlus o&uwd o
g Moy (9,8 adyp 05 o) 9 el SV game So3 (35 andp
REFERENCES
AOAC. (1990). Official methods analyses th Ed., Association of official 14 analytical chemists: Washington.
DC. USA.
ASAE. (2000). ASAE Standard S352.2: Moisture measurement-unground grain and kernels in ASAE
standards 2000. St. Joseph, MI.
Banerjee, S., & Shrivastava, S. L. (2018). Design and development of mini roaster for cashew nut

processing. Journal of Food Process Engineering, 41(1), e12604.
Barea-Ramos, J. D., Cascos, G., Mesias, M., Lozano, J., & Martin-Vertedor, D. (2022). Evaluation of the

1. Numerical optimization
2. Statistical Package for Social Science (SPSS)



A1 I FCH | PYCS RN SCIP N JURT) JU Y3 TR RN I [PV JOn | (o932 — s0ls)

olfactory quality of roasted coffee beans using a digital nose. Sensors, 22(22), 8654.

Brosnan, T., & Sun, D. W. (2002). Inspection and grading of agricultural and food products by computer
vision systems a review. Computers and Electronics in Agriculture, 36(2-3), 193-213.

Butz, P., Hofmann, C., & Tauscher, B. (2005). Recent developments in non-invasive techniques for fresh fruit
and vegetable internal quality analysis. Journal of Food Science .70: 131-134.

Cai, J. S., Zhu, Y. Y., Ma, R. H., Thakur, K., Zhang, J. G., & Wei, Z. J. (2021). Effects of roasting level on
physicochemical, sensory, and volatile profiles of soybeans using electronic nose and HS-SPME-GC—
MS. Journal Food Chemistry, 340, 127880.

Chung, H. S., Kim, J. K., Moon, K. D., & Youn, K. S. (2014). Changes in color parameters of corn kernels
during roasting. Food Science and Biotechnology, 23, 1829-1835.

Ghasemi-Varnamkhasti, M., Mohtasebi, S. S., Siadat, M., Lozano, J., Ahmadi, H., Razavi, S. H., & Dicko, A.
(2011). Aging fingerprint characterization of beer using electronic nose. Sensors and Actuators B:
Chemical, 159(1), 51-59.

Goszkiewicz, A., & Kotodziejczyk, E. (2020). Comparison of microwave and convection method of roasting
sunflower seeds and its effect on sensory quality, texture and physicochemical characteristics. Food
Structure, 25, 100144.

Hojjati, M., Calin-Sanchez, A., Razavi, S. H., & Carbonell-Barrachina, A. A. (2013). Effect of roasting on
colour and volatile composition of pistachios (P istacia vera L.). International Journal of Food Science
& Technology, 48(2), 437-443.

Jia, W, Liang, G., Jiang, Z., & Wang, J. (2019). Advances in electronic nose development for application to
agricultural products. Food Analytical Methods, 12(10), 2226-2240.

Kahyaoglu, T. (2008). Optimization of the pistachio nut roasting process using response surface methodology
and gene expression programming. LWT-Food Science and Technology, 41(1), 26-33.

Kita, A., & Figiel, A. (2007). Effect of roasting on properties of walnuts. Pol. J. Food Nut. Sci., 57(2), 89- 94.

Kong, F., & Singh, R. P. (2009). Digestion of raw and roasted almonds in simulated gastric environment. Food
Biophysics, 4, 365-377.

Kumar, S., Debnath, S., & Hebbar, U. H. (2009). Pulsed infrared roasting of groundnuts and its
quality. International Journal of Food Engineering, 5(4).

Leon, K., Mery, D., Pedreschi, F., & Leon, J. (2006). Color measurement in L* a* b= units from RGB digital
images. Food research international, 39(10), 1084-1091.

Liu, Z., Wang, W., Huang, G., Zhang, W., & Ni, L. (2016). In vitro and in vivo evaluation of the prebiotic
effect of raw and roasted almonds (Prunus amygdalus). Journal of the Science of Food and
Agriculture, 96(5), 1836-1843.

Loutfi, A., Coradeschi, S., Mani, G. K., Shankar, P., & Rayappan, J. (2015). Electronic noses for food quality:
A review. Journal of Food Engineering, 144, 103-111.

Marzocchi, S., Pasini, F., Verardo, V., Ciemniewska-Zytkiewicz, H., Caboni, M. F., & Romani, S. (2017).
Effects of different roasting conditions on physical-chemical properties of Polish hazelnuts (Corylus
avellana L. var. Katalonski). LWT-Food Science and Technology, 77, 440-448.

Maskan, M. (2001). Kinetics of colour change of kiwifruits during hot air and microwave drying. Journal of
food engineering, 48(2), 169-175.

Olaniyan, A. M., Karim, O. R., Emmanuel, O., & Eromosele, E. O. (2017). Design and development a small-
scale peanut roaster. The Journal of the Association of Professional Engineers of Trinidad and
Tobago, 45(2), 34-39.

Ozdemir, M. (2001). Mathematical Analysis of Color Changes and Chemical Parameters of Roasted Hazelnuts
(PhD Thesis), stanbul Technical University. Institute of Science and Technology, Department of Food
Engineering, Istanbul.

Salehi, F., Kashaninejad, M., Asadi, F., & Najafi, A. (2016). Improvement of quality attributes of sponge cake
using infrared dried button mushroom. Journal of food science and technology, 53, 1418-1423.

Schlormann, W., Birringer, M., Bohm, V., Lober, K., Jahreis, G., Lorkowski, S., & Glei, M. (2015). Influence
of roasting conditions on health-related compounds in different nuts. Food Chemistry, 9, 77-85.

Shakerardekani, A., Karim R, Mohd Ghazali, H., & Chin, N. L. (2011). Effect of roasting conditions on
hardness, moisture content and colour of pistachio kernels. International Journal Food Research, 18, 723-
729.

Shi, X., Davis, J. P., Xia, Z., Sandeep, K., Sanders, T. H., & Dean, L. O. (2017). Characterization of peanuts
after dry roasting, oil roasting, and blister frying. LWT-Food Science and Technology, 75, 520-528.

Soleimanieh, S. M., Eshaghi, M., & Vanak, Z. P. (2015). The effect of roasting method and conditions on



(w&hgk—uﬁh)\f'r Ol f o)w DF 0,93 (3] 3] plamawigns  owdigo V5

physic chemicals and sensory properties of sunflower seed kernels. International Journal of
Biosciences, 6(7), 7-17.

Tenyang, N., Ponka, R., Tiencheu, B., Tonfack Djikeng, F., & Womeni, H. M. (2022). Effect of boiling and
oven roasting on some physicochemical properties of sunflower seeds produced in Far North,
Cameroon. Food Science & Nutrition, 10(2), 402-411.

Tohidi, M., Ghasemi-Varnamkhasti, M., Ghafarinia, V., Bonyadian, M., & Mohtasebi, S. S. (2018).
Development of a metal oxide semiconductor-based artificial nose as a fast, reliable and non-expensive
analytical technique for aroma profiling of milk adulteration. International dairy journal, 77, 38-46.

Yam, K.L., & Papadakis, S. E., 2004. A simple digital imaging method for measuring and analyzing color of

food surfaces. Journal of Food Engineering, 61, 137-142.



W 19,0 aoss (93,5 dind o Wil y8 (g 5lwdiage 10yl 02 g (6 ol (o932 — s0ls)

Optimizing the sunflower seed roasting process in a cylindrical roaster using
instrumental systems

EXTENDED ABSTRACT

Introduction

Sunflower seeds are one of the most popular and widely consumed nuts among nut products, which have
a variety of nutrients. Sunflower seeds can be used as raw or roasted. Roasting is a thermal process in which
various factors such as roasting method, temperature and duration of roasting play an important role in the
texture and sensory characteristics of the product. The high quality of nut products is a basic requirement for
consumers. The method of checking and optimizing the process in optimal roasting of nuts and nut products
is of great importance. The purpose of this study was to design and fabricate a sunflower seed roasting machine
and check and optimize the roasting process with an electronic nose device, color parameters and sensory
evaluation using the response surface method.

Materials and methods

In this research, a roasting machine was designed and fabricated using the heat transfer method for
roasting sunflower seeds. Using an electronic nose, the aroma resulting from the roasting process of the
samples were evaluated. The roasting process was optimized using the Response Surface Method (Central
Composite Design) in the temperature range of 80 to 160 degrees Celsius and the time range of 10 to 30
minutes. Response of electronic nose sensors, color parameters including L* (brightness index), a* (redness
index), b* (yellowness index), AE (overall color change), BI (browning index) and sensory evaluation were
considered. The response surface method was used to develop predictive models and optimize the sunflower
seed roasting process.

Results and discussion

The results showed that both the factors of temperature and duration of roasting had a significant effect
on the response of the electronic nose sensors and the color parameters of the samples, but for sensory
evaluation the effect of the factor of duration of roasting was not significant and the interaction of temperature
and duration of roasting and their quadratic term had the greatest effect. Increasing the temperature and
duration of roasting has a significant effect on the response of electronic nose sensors. With increasing
temperature and duration of roasting, the value of L* decreased, but a*, b*, AE and BI increased, the average
of each of these variables was 83.79, 6.99, 5.13, 21.58 and 2.93, respectively. For the sensory evaluation of
roasted sunflower seeds, the interaction effect and the quadratic expression of temperature and roasting time
had a very significant effect (P<0.001). the highest score of sensory properties was obtained for the sample at
120°C and a duration of 20 minutes. the results of variance analysis showed that the response of electronic
nose sensors, color parameters and sensory evaluation of the samples can be used to check and control the
sunflower seed roasting process in the roaster fabricated. The optimal point for roasting sunflower seeds was
116 degrees Celsius and a duration of 18 minutes. In optimal conditions, the roasting operation was performed
in three repetitions and the results related to the responses of the dependent variables were compared with the
predicted values of the model. In all studied values, it was (P>0.05), which indicates the appropriate models
and accuracy of optimization.
Conclusion

The results of the research showed the useful efficiency of the roasting machine. The lack of fit test for
all the models obtained from the response level method for the dependent variables was not significant, which
indicated the appropriateness of the presented models, and for the models presented to predict the values of
the dependent variables. The result was very close to the experimental findings.



