Journal Pre-proofs

Journal Pre-proofs Enne
INNOVATIVE FOOD TECHNOLOGIES

Investigation of physicochemical, rheological and sensory characterization of caramel
produced from fructose

Ehsan Firoozi, Akram Sharifi, Milad Pero
DOI: https://doi.org/ 10.22104/ift.2025.7724.2224

To appear in: Innovative Food Technologies (IFT)

Received Date: 9 July 2025
Revised Date: 11 August 2025 ot
Accepted Date: 11 August 2025 e

Please cite this article as: Ehsan Firoozi, Akram Sharifi, Milad Pero, Investigation of physicochemical,
rheological and sensory characterization of caramel produced from fructose, Innovative Food Technologies (2025),
doi: https://doi.org/ 10.22104/ift.2025.7724.2224

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition of
a cover page and metadata, and formatting for readability, but it is not yet the definitive version of record.
This version will undergo additional copyediting, typesetting and review before it is published in its final
form, but we are providing this version to give early visibility of the article. Please note that, during the
production process, errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

© 2023 The Author(s). Published by irost.org.



Journal Pre-proofs

395598 lodaidel Jolil (o 9 (S59995) (ot af 39 ST 29 (i

¥ Y s \ . PO
92 e TG 5b p 51 839 8 Sl
Ol gl ecp g8 ¢ oDl s5T Jsls (9P dly gl GL..& 9 r}k— g o); iyl gwlis 8 w}ATL)iJ\J '

Ol e 858 oDl 5T o3 538ty ¢ M b 5 p e grtigo 05 S sLils |
‘-)‘J'.'.‘ ‘C;‘(\’JJUK:":'“f&”JJi S0 o);c)j SMe a@ygc&|wéuwu\.@6‘f§:r
asharifi@iau.ac.ir: Jytuws esim g %

oS>

.o

G Sns cosp 5 35555 3 S Wy rash ol Oda ol Glde ple 53 55, e, dex I LS K,
LRI 3l oss) b g o pmedn 3 Vo (Slas 53 Caliien a5 Sl 5575, el 5 0T L 5 (S5 50505 (i S5 50
S5 38 go dl AN/ ST LD 4+ 50875 3TV Tp5s oy $ai85 40 eSSy gl g ol AAAF 4+ SSU 5T 2V 0 4 50875 5
LXIOY + 545 5 5 LANAY eoler s sele ¥ oSl e Aol LFINY 4 S g T XX + 5585 3 AVAD o g Bp $4i83 A
DS 5 b a3 5kon ( (SS lmd D58 O (slo g Lt 55 51 a g (Crls ¥ S gl ol e FOF 4 ST
50k bl 5 o5 sl 51yl s ol Ol L o s SO 5y 5 55 s 5 (SISl 5T b (g
52y VeIFA L Aals JulylS 8 ga 4 b gy ST (ST Sl o s 3005 5 5 e DS 5 e sl 03 5K 5 3l 53 )
Ly (I35 DS 5 Oljee o s e 55 L YA/ P L pslemr B 4 0kd ags o) 50 40 b gy o a1 5T b oy 287
55 DS 5 sl s 4 ods w555 55 JallS 65w OT 51 g 235 57 1 55 SUE sl ¢ 8 Lo VYVEIV L als oS 505 &
Oljen S 390 i S5 iy e s 0kd agh WS (Sladi pos 4 Lo Oljpe 1 47 s 8 /SIS sl 0 8 e VWOVA L il
b el g0 53 5 sn 58 OLS 5 hbs s oLl b ol oDl s pss oy 4o ag bblS dpi 4 by e Js8 LS 5
ol Sl Jals Ja)ST Gsmi 3 0 glulis S SLS 5 o 5l 0l (HPLC) WL [l b wle (318 505 S s 5l esli
YV /0 8) dod IV 5 Gl /08 (oo 00V/8) olS ol hon /p 5 Jhon AYF/Y) ol &S5 5olS 3551 «(d o /0 87 e 1YPY/)

5 Gl /05 S

o S S 5 ¢ olens 55 Sles st 5575 5 i ¢ ol S 1SS (S 0519

doio -
Lg‘jdo})‘cgﬁlbu&fy:m&‘&cu‘)bJ))@)MQ&‘-'\.GGL«AJJr@aéb)@ﬂéébfdh&)u\?‘jajjf‘
Elol 5 balss asl) doas K5, Wb 4 glaes 5T s Sols (S5 bl b waie o 31 T3 3155 8 (S5, 0l

LY V] 558 e 035581 &5, dde &5, 03 5 5SS b 5 6K, s 5 Sy o5 o e


mailto:asharifi@iau.ac.ir

Journal Pre-proofs

Sy I s b el oSSy ] Sl JallS 6K e a3 ealizl 3590 5353 S5 0 e ST S
o 5 555 4 ey 5 A o a3 1y a s 5 Wl 3 eslizal (1 o5 sl (STo g3 5 505 (Slosgd B s, 3,5 31 sl
A5 Ol a8 AT 3 (b 5o 5 lidn s S 00l Sl Sl JallS [F] il el b mle D)o 4 il 5 o0 0Lt
T T S g 8 slaeg 8 dile Calttiee ol (slaos & imman 5 Lo (Ol il (sl ol IS 41555 1545 0
S 0] sl sty Y gk T ool 5 bt S8 ol S 3pdo Sl & Sl D13l T JnS 0 S
Uno gon 53 5383 41 457 Sl (gmo oS 5 OS5 555758 ol 55575 5 JolylST 555 A 5 (51 eslitl 350 Sla i
(Slo 343 S5, bl L 5 ST o IS5 5,00 (ST 3 o 4 oS bl o oS Lol (s SIS L g go A3 ol 3585 0 3L Ju
.[9,ﬂ;)uc_ww,;L;;g;;jjsqguouﬂg.,xfusgs,um&l};udywcbﬁwm

onl o3 ety JallS eS| 5T 5 60 Shoe o S35 2 A3 Ll b 5 A8 g5 30 ) 4 (s3ne Slallls
Sl 3 g 5 OLS (Gloggd Lis Lo ge A3l 0l s PH Lol a8 Wsls olas ((1¥44) O, 031 3f Lot
@ilelia b (WA &Se 5 ol ST 355 o S 55 5l odiag JolylST 55 03 sa (1Sl 5T CJl 5 Faus'L|
oY (b 550 sl (S ki 5l sl 5 oS5 88 Wsls 0L T sl (S ins o 5 Wy odhe 1 LS K5,
e Sl Ll e 5 035 ol Slaali g 55 b pae S5 655 bt ((6) 5 e ST 55 505 5 bes c PH 0 s
33 S LT 5 S0 5 estizal LI g5 J o s 4 (Y010) O, Kea 5 KoKeD () 1l 15,1y sladises 51
Pl g 5 8Ky DU A G sl Ol s b (ol PH 51 AT 5l 0l bl sy LB Ll s
Karseno .(\) s & a5 Coms 86 5 VL (g5l omb 405 5K s b olg Jguames & G146 S 4 s JolylS7 olard 5 50
5,5 gy &S0 8 SIS 5T gl Shs 5 Os (Gloggd Skd 1y aa,l > sles s PH 3T (YA 0K
oL a3l s ls g ysbar SlunST| ST Cled 5 ST e (6l siee cOAS (Slosgd b cles 5 PH 51531 L aS” 515 0L =k
V) i odalie 43 1Sl 5T b b 5 0 (Sl g3 Ol ganiins b5,

5 g5 ol O Il a5 LSl B mlo s s 4 ) Gl TS BT Gle UL sl Jl o
W5 OV g b Silutig <y Gl 1 3sB g gmimn 55T s Sl @3kl 5 Sl 5 ol 55 S e o ST
W5 @l ol b 3l odd bas ae) ool 53 O wle w5 015 o ool ol 51 K a0 YU ciST L Jlyl8”
Gk 3 e mlo 5L 5 s BB Ao 5 el Gl Sl (13 UL SL 5 s 53 b 4 a5 L OLal s JalS
M5 ol s 5Ol (s mbe S gy oslinal 5 Sl 4 - CON PR IN U [PV AN SN N
B30T g 5 (S5 bt S 58 S S 525 sz 5 555 53 51 LS

! Phenolic groups
2 Hydroxyl
* Aldehyde
4 Carboxyl
> Fructose



Journal Pre-proofs

by 5959 3Mgn Y

L el (OWIT) 657 0 875 31 ol 3lge plo i ags (01D L5 OME o2 VL 51700 5875 5 o b (iash ool 3
IR esld 5y 50 gl oS L aglie sl ol Olgiea 5 ags H5L 51 GO me L) (olas oS 45 S pomen
255

3955799 Jolyl wudgi —Y-)

YO S LT 2l La VWL S5 5 oo b (\; Ve sl Shay ool eslizal Caliiee 5sy Sl 5l GSTs 3 S s ol
b 035 bslie 4 03508 b Olejen 5o laBe i ) sons Lo ys A0 S0 i g el S o A s i bl s
Vercess Ghas 03 eosd SIS JalS e, 608 8 15 gl a3 ) r (sles L (len 3 i3 40 ke ol b jlins
g Olas & 103 A0 &S 5dl s el o A s B D glin do 3 YO 5L T ) o WL 58755 b 0 S
224283 80 Doty S 5 ol en gl bgliee 4 OT 2 s Vo 5 JS61 2l e Yoo caalsl 55 s 30 Olejen 5 5L
%);ﬁsgé)l:jj ali:..»:jl oslizal L J bl 6 a5 CL«SI)\m.A}: o3l Syl g am g Ve gles b6 5be
dool 2l he B s i bglies do)s YO ST 1) e /0 L 5585 5l <,Jf Vo oge hay o3 b Ol
amps Ve gles s Cole F Odedy bglses ol Al 83508 ijvﬁja:j}\ OT 4 0,80 Jad &) gurdy oo ys 0 S5 5d) g
S O I Ldd Jae paw Sy wlia ler i) ﬁ-é}@‘}:{i‘?&b\fuv\-@a%&}dﬂv\& Sobely 93 o g
55 5 505 S5 ctunlin sl V] 350 e s wlie ol el b o3linel 558755 Zuph 0 8V ee Slep SF sl
(28 8 15 eslinal 5 pe b SIUT 3 sl Ol greas 5 4 15k 3 3 g0 (S0l a8

O (5109e0 DDyt —Y-F

(UV-1206, o gb 5 xSl o 31 oslial b OT Gl Ol 5 685 @od 5 Jo)lS @505 c0ds (slosgd b s (5l
Ao Vv w0 e ST L g w0555 b 53 4 rf&:‘\" i ¢bte p i (5,8 o311 Shimadzu)

TAT 38 s 2o sl PV e g0 sb 53 0T o Oljn oo o L 0kl

KR e g IS FCTPR IRV O 4

PH 5 V0 /Y it Sland 5L 2 Jon Y b2l o ) Ol 0 JollST ot 33 homn ¢ S8 Lol 58 50 5 slate
2 a3 Y Sty Jol oS 5 3 S 0355l bglin 4 /) il b el sl 2l n ) (e A8 L glins P17 Ll
ol Sl 5 1S5 5 Jgloen 23 Joo V OT Sl s 1255 15 ogunedn 45,501 (slos 53 (LAUDA, E200) (5,bey o&Kams
V gt e 5l e ok g 5l 4233 5 33 VO o b S ani e oKis 3 4233 V0 Dos 4y 4 pas g LS b yliee 4 )
il g 103 8 L e T/ TS 5 sl s Sia Yon g ae T ) e 1 g ek e GG e 1 2 e
T3] 5 (6, S o5 e gb Ve e 2 sn s 53 (6 585 Sl ot Lo 5 Lak o



Journal Pre-proofs

RUIYCSTLI RN BT ST JE RN PPN W e B 2

S 5,8 lad sloes 51 edlysis 8 5 (HMP) J1)s 558 Jite (oS 55080 (gm0 gl el )T d T3 Lol g o 93 ki 61
ST U ¥ b ks 5 5lns 30,510 5 50l8 Jplons g (51 ol o3linel Aoy /Y ks ol g glons 5 93 5,18
obiley oo Vo e o 4 e OT L el o e OT (g)liae 55 5l Jame g 2l oo Vv 0355 b 003 4 ke
4 e 3 ok o e OT (o7 S ealinl b i T J iS00 Y U s Dbl 0 870 55 93 50018 Jlons a5 sl S
Ver 03a3 b o> elgw D5a0dka 05 Y 08 Jo b5 LY i Sl g Jlomn b odiley 2l e Voo o
2> JLIS 6 5m3 510 80 Gl sm lad glone 48 3w A3 8w b OT L 2l e Vor 4 0T o Ol 5 (52 e
OT 41 33 5 &5 50 (slad shome 51 S5 a5l ) o +/0 s (A& it (g 2 koo 0 0355 b 5 0dkd o ke OT o5
I3l A dhen Vo 5 o Ol Jglone iy - o 55 b ol 2 e 00 oo @0 e OT U 5 13 8 bglone Ot 5 ot LS|
S s iz JallS odd Bl slows S ) (e 060 o e ST A 55 03 8 (605 Tmer 4 5 b iy 5 0T
BLI U155 e (oS 35rd o O b b g oy Sl il e 0 K3 ) 5 ke OT 2l o 0 ) 55
FasUYYS 5 YAF (slaz sa I b )3 (6 e 55 Sl o8ws 51 oslizal b 0T Glor 5 0kt b gline o5 & lad ) S s 3 S
IV T 8 anlon (V) 5 abaly leslimal L dlys, s Jite (oS 350 Ol e L ookl 5

HMF= (A284-A336) x 1497 x 5 x (D/W) \ 4,]94.])

il or o8 05 W 5 i) o Dol o Ol

( 2,2-diphenyl-1-picrylhydrazyl) DPPH (03T 31 o8kl b (Slows [ HT Cud 5 puni —¥-0

G ke 5 Lslone A I 2w Fr b JoylST I plomn 51 S e Ve litis i sad ST ST C3 b oy shien
/O L edsslo Jglowe 31 e /0 Slie s S Gl Juols sbome e 235 15 pglte D350n Ll s el
53 4EES T Do 4 odbangs Jgoun . A 0l 2 o )t e 4 Uik L 5 b yliee DPPH o ma Sl en /oo v ¥ Jloen 2 e
a9 5 Sl ot 3l e3lizal b 2 gl OV = g0 J b 55 I ghomn Sl ¢ 2Tl 0laj 0L 1 g A8 (551065 U Lo
35 5 &S o310l (Uals Ol sie &) DPPH Jghous oo s < 0,318 Jsilie b ois Tl gt ol (6l ok (6,8 05100
DV s B s JablS S5l 4505 ol ol

ol dloes (V) o5 alasly Sl eslizal b SlinST 2T Cd b O e

DPPH= ( Jo,5" J 5U1 & 505 Cdor Ol 500 + dald & gai ) = dall & 505 Cdr Ol 50 Y
1D

! Hydroxymethylfurfural (HMF)
? Furfural



Journal Pre-proofs

B Jgd b Ol o 11

4 53 g 33 e 51 e Vo oslitel IS g b O e Sl s el slad 58 L O (s S 0510 sl
Jo e O 53 e Sy S 0 SV/D iman b odile) oo 4 Jhie OT L5 s 8 Jie (s md ko Vov 035 I J5Is
3555 A5 LS ke 0T i) e 00t 4 sl ST 31l hoe O ey alom o 3 A3 ey il e Vot e 4y 5 o
VO 4 e &5 ol Jslous 51 s § BLol Ao s 49 S 1 oo Ve 4 odd 38 ojlaae I ) e Ve e 35 S
Bl 0T 4y e Sl S o 2l oo V0 oy Al o 55 031 0le OT a4 4ids V0 5 3 8 L1 IS g o 3 o me 2 e
2 6 e gy Sl o8 Sl eslizal b Juol Jglowe r il 53 5 A (55106 KLU aen 53 4353 ¥ Dke 4 5 S
355 JoslS w5 53 g sladst by Jbsn 5 oS5 Sl gl a8 el 5 e B VRO e b
JI¥] s eslizl (Young lin Acme 9000, South Korea) HPLC o

9 S yolsly (b5 -Y-Y
o9y Oljee o pme L* Ul &S 55151 (Konica Minolta- CR400, Japan) .l Y G;..«ai;) L g b* ga* L* )l an
o5 e hed S5, s Ol 8% Lt ls el it (Lals) i Vov B (LaI) ol Lot li i 51 OT atels 5 4 g
5T e Ky Son5 Ol DF Lol el e (LaI) e 3 HVY e B (L) jaw VYo 51OT atels 5 das e OLES
(&Ko) IS i) B Lastls clag S liie .ol e (Lallsn) 3,5+ VY0 B (Lalls) T VY 10T auels 5 das o O 1y 355

D38 aloma 0 5 F X Lilgs Lo j o &) a5l s

Ly 5 Lasls = (a%+h?)” ¥ ol
&y S ol = (IP+a2+h?) ¥
&y wsy = Tan ™ D o,

4 595 9 (S g5 0311 -T-A
a3 A gbes 55 (DV-III Ultra) WS s jﬂjg.».ij oo by é.} uT LMt 51 ey o8 (60l AJ.UJQWU
4 aids 55 595 YFr 5 Jdil op Sembs Olse 4 YA-FSC ojles Jbivnl Sladie Slisle3T 51 e .l 6ﬁfajlxl U S

SMF Ll (e (23T

Gl 5313 0 Lo 68 S) 5 b (Sl 5 05 15359) (S b (pab p Slio (1 e 215
CoiS Gl Bl CASTY 6l Y il A SliS sl ) o jed i plowl (gl 0 S sis ol ealinal b g o
Dfas S L s Jle cuiS 60 5 o

! Folin-Ciocalteu



Journal Pre-proofs

Skl WET-Y-1)
S0 St ezl b s Jole 5 0555 SVt 4551 5 siie & ANOVA 66 b 5 il sl 1T 51 nosls Lo 5 4325 .
B 05 L Lol gus Sl ol Puae<0.01) 4oy 1 (515 sime el 53 b LT S 5 alicel SAS 41 (LT Lo

L Excel 2016

o 9 @b Y

Qb Sloggd yaslh Y-
oslilen (58 I3 gy 3550 555 55 S5 DS Slosgd atlh Olge p My Cales slads) SSU sl Rk s
(Puane<0.01) dzils 0T i (gloggd Lol 5 (g ls gme ,56 ¢ ul)lS W5 Calises (sl Sy &S Sl e V K 1 &S
S50 OT 51 g 535 iy oS ladisad plo 51 olasime ssb 4 5 05 /Y0P Ll dald i pei DS (Slosgd et L
OLE losgd Lasls 0g &Gy sl g el LNAF 4 S 0T AV/N 0 4 548 5 5 LR[S (Glyls a8 Uyl gy 4 0dss W5l 8
SIA1) p33 rss 4 ot agh LIS Ssai 4 bogr e OB Glosgd (el o a8 (bls s LIS 6 sad e 4 S (5 20
Gl L 8T B OIS e ek S il 4 a5 b (S s e Al FVVY ST ZAY0 + S5 3 VA
25 Sl azils EalS Wy ald &sei b awslis 3 JallS (sladised O (glosgd e li Ol s (&S5 o) o ol 5 SSL 5T

sl OLES 1) pwlie OLS (Gloggd e la YL 54875 3 Ol ol Jol )8 (slad gas a7 I

5SS 5 o el 56 4 05 0 5 ity 055 s ol 5 ST saT CBLE (6115 (Sladi a5 03 DS Slo g sl a8 s
sl D \o}:.wlj':bl)lf S ol Y gama 53 (Slosgd ais) sl a5 Wlesls OLas Sladse 5l G Laows O 5 gl
o5 S 62 s S STy (oL Ll 5 55 VO] e s 5 i sl SPH & S LIS SLaDH 5 5 Lty y 5L i 5
S DT s 4 i LT 5 65 Jule LS 5 st 53 5 8l e GUS1 (5 2 Ol &0 Ol 3350T 5 515
4 Do L w15 5o s o ) US4 bl Lyl 5 5o L STl ) g 0 S (s 25 o s "0 gl 35 gl 25T

ooy el 0ds slosgd Dus  eslanal 5)}‘»4;5&}53;)}:#5:&\)\5 Lyl s 50 O Jle s oL 5 6ol CL,;
3805 ol Ol Gp e s PHEF 53 5508 L Sl Jools JallS & by o (608 2 Oljn (ST 457 0557 Oly 5 din s
St IAIPH= Y L anlia 53 (PHE Y+ 55 oks ags 55557553 oIS imen 5 PHE Ve 55 558753 LIS 4 by o
B8 0us Glosgd Larla il 4 e PH il &S 5 OT 51 Sl cphizes pl S sl Ol Oud lo g Ol s o

I¥] 313 OLEs 1y (g S Ol (Gloggd Lo ls 59589 3 L anslie 53 9,8 L Jul)l87 ioman 305 0 555 9 3

1 . .
Caramelization

2 . .
Retroaldolization

3 . .
Enolization



Journal Pre-proofs

o s S L a5 a8 Ol (glosgd Skd el el S Lol 5 36 Y VA Dl s 01, 80es 5 Karseno « Kos i s
s s PH il dmaliE L850 48 s losgd s 5 gz BB 5T SLL glos 5 adglpH & &5 57 5518 5 L5 8
555 55 bgliue 0ds (gloggd s YWV Lo 53 01 Kas 531N man VY] dd 18,6 U5 (glo g &5 2t Ll Bl 4 oo
by bsloes cpl 555 p 00ls Dyl Caliiee Gladlej 5 bos S50 5 s ST (g 1) oiber oS5 ot glome 53 (a0 5
copl pogde AL 38 1y (5 OLs (slosgd ks (a3l Ol g bes LIl L oS s S 518 5 Lsses oLyl
Y g 433 F0 Sode b b a3 VY0 Gles 3 a3l e b s a8 W5 ST 51 (YY) 0l s Hwang
18] Wsls Olis s 311y g2k Od (slosgd ood S S Jke (o & Sl 555 53 e s 3 ol 350
L] il b gas ad gl PH 53 Sslis Cle 4y Ll 5 o OS (Slo s Ol sn )3 ol 457 L S 0L (Y44 V) 01, 5 Lertittikul
OS5 4 kil § S W1 ) a8 (S 0 s sk b (14 s O eamen 45T ST 318 Yo e 55 01,8 5 Coca

DN ] lad e oL s 25 Gl 2S5 b 53 &5 sl 4 ol ol 88 L5 s YU JsS050 055 L

0.3 a

0.25
1 0.2
3
9
$0.15 b
E)
3) 0.1 d ¢

. ]
b Jsl G £3° 549 Py 509 wlez Go9)

TVAN te53 gy $aids A (2855 g ool LR + ST AV/N S 4 55875 3 LAF/ 9 2050 s ) S5 JallST ks (slo sh ks p il (sl gy 31OV JSCa
el s el B S sl g ol L FIAY + S T NN 4 5875 57 AVIAD S gy 4i8s A0 (2S5 gon ol ZVV/SY 4 S paT QD 4 587555
(ol ¥ S5y gl g doel 7 91O 4 ST 5T ZR/OY + 5 55 3 ZAN/AY

;Mlplo,..\é—l‘—f
PRE .¢M|°uubowvJi,:ﬁgu;suéuu;,)m.u.g,:jjs,;‘y\,&jmg}t%ﬁ&g;,w»ﬁf@u
4 (Puae>0.01) izl SuSS b (6,15 e sl ol 3 p o i) 4 ok a8 Sl JellS 5 el Lol 4 god  SS L
TXIYE + 55855 1 AVAD S5l pow ias 4 ok agi JalylS ctals L)l (sladipes (S8 Lol Sy Ol oS ()b
LoSI0F + oSS gaT LF/OF + 545 5 5 LANAY (5 sl>) r)u{J),@°u%&1,&,(&,;&,“@\ZF/M+¢§L;}J
Ous pl 95 5 &S5 o) g sl 5 S L 0T dopyn Ll 31 L oS o 55 il o VFF 5 V/FA QOF (5 5 a0 (S5 5 s s
e & 16 S 4 (Pyaie<0.01) 5 5 Iy 2l ol gme Hsb 4 548558 Lel,l8 slad gal ufu\:_ﬂ:}\ Sy (aOT e
Gl JolylS 5 K i) s el £ NAF + SSUgaT ZV/N e 4 5585 3 L AR S gyl Jol )5 sladigas 3 S Sl &8

IV 9 NF 5 4 S i) e el o VV/BY 4 ST T LANYD + 5875 57 VA0



Journal Pre-proofs

ol SV ) g ol Ol e 4y ol Sn 53 5 sl Jhss 4 o agd Loyl (1o god SSLol Oy 03 ol e
o [F] A8 o Iy a3l il ales 53 Jolyl87 FuiSTlo| puts pH L2l 51 il by o Jases 055 5 (oboms] 5 Lot gl
W5 4S5 Op b g Ol 51 b 5 IS 0 Il SO T (Ll Gladslns 53 8 3L ol Wi ol )
4 U8 Ll 5 50 i s e 8 8 5 5 o S L isn Ol e ol STl el o LS 5 Ol e 4 LS 5 ) 5

[N ] s 5V (S ams05asin hils 5 48T o 55

Lsls B8 5 a8 s 1y JolblS SASLrl Olse p PH 5 48 55 51 c(1¥4) 0,808 5 0315 flos carlin 2m g5 )
PH 53 55555 48 & by o SiSlol ol o i Gl o 5 558l G555 5 S 8 s 20laiT 5550 B F oy 3 oS
Oljes 2 eS cwoman 3,8 5,87 +/OVA Uslea 1y PH ol 55 555755 48 S aiS' bl &y Ol e LOT 0 Ve ol LS
sy 23 (Y+00) 0L s Benjakul «oT , ogde [¥] ds odalive st PH 5 55,50 Jglows & by jo 3 S Sl & y3
Bl & S 555753 51 ol JollST (S aiST Lol S5l 4 5 S Oy Cakine ok 1 ol JulylS STt o8
3 e gL Glad s 53 bas SuSlol Sy & LS Olsie i ol G o8 e oS S K S ol

D8] 55 5 slad slone

I3l (a5 4 o ags JalylS7 a5 53 535 Sosline oa b 55 JoylS7 (sl sad (A3l > Oloj bl o 53 Sl 4 a5 b
o Ve gl s Celo ¥ S poler 5 pgw o) 4 odkd 4 JablS Glagiped ey Ve Slos paadds s Sdeapss
Sosb Tl 03y 5 n A8 (SAS Lol S5 Ol 55 (2351 Ol 457 3503 0183 Ol 5 o in g 03 Syl o s
(T V9) Oen 5 HU dily a3 ool 035 Ty 21381 558575 5 8 SwiS Lol Lastls asyl - Oboj Sl L &
Wole ¥ Sds 4y g 423 V00 (glos 53 (23] Sl el G5 g b S i g i oS5 S s ST 0L
59,8 5l ol Jaly87 48" L5 S 5518 148 Jle jsLee sLee  Sos glandllas 55 [YY] 5ls 0Lt 3 5 31 S uuSlol &5

.[YV]M‘J;M\:}‘QJJB)){O%JQ)‘F4.2:5.}«' S 4 o gmedkn a3 Y0 v Glos 13 S F Ll PH j5eld ag

a
- 1.8 a
k) 1.6 a
é’ 14
\/\:\‘) g 1.2
® O 1 b b
8 R 08
(] ~ .
c
_‘é’ 0.6
2 0.4
o)
< 0.2

0

2ol Jsl Gegy £95 509 P 99 ok G

TV p oy 4485 A0 S gl g ol ANAY + ST TIV/Y 4 55875 3 TAF1 8 2050 sy) 66 JalylST (STS Lml o jts y it (sl 2, 31 (Y IS
ool h) el B oSy gl ol o FIAY o+ ST AXIF 575 3T ANIAD g gy 64255 A0 (S 5 g ol ZVV/FY 4 ST paT Z4/Y0 4+ 55575 55
(Gt ¥ (SSy gl gr Al e 91O + ST 5T ZF/OY + 5 45575 3 LAY



Journal Pre-proofs

J13939595 ko (oS 9o —F-Y

3L b gs g s WiE sl 55 5 55 o S8 Ol a8 (b 55 ctman 5 3% STy 55 JIshss Jie (oS s e
M5 i dsss S oS oo danly b s Lesise Lo boawlie 5o 555758 & disls 0L Olddos [YF] 555
IX0] S oSS s 275" 5510555 58 03,8 &G 55 bl 4 Slogh K55 dnn 5 4 5 45

O ¥ S 55 Calsbue 3s) Slez 0l 5 555753 JalylST (sl gos Jpsbsp Jite (oS 550d Oljn gy 0 by o ol
S (5l nn sl Il 58 e oS e Ol 31 Cilien (gl a5 4 ks A 55 Ja)lST (lad pa ol 0k 0l
wpoler s cess sl Sy 4ol g sl Jol )8 5 dals lad gl Iy 5558 Jite oS 9 50d Ol oo (Praie<0.01) wsls
&S 55 0T 31 S gy opl mb e 3,531 (ppm) ijl;,a,; rjfdt:,. AVVAIY 5 VEY/Y OYF/F Ve e 8/F YYOYS s 5
S rta Joshsg e (oS a5en Olie (Sul3 e sb 4 ol S0l o ol 5 SSTL T 36 87 (Uals) ol Jal,1S7 4 5o
O Joyl87 Glad gos &S5 0 g ol 5 ST gaT Clale 201550 b Ll (Puaige<0.01) 5505 Jal)l8 (o gai plo a0 o
S0 4ok g JabylST @ ses 55 Jlshs 8 (onS 5sdes Ol s o ST &S (osb 43 ST Iy el 0T o, fae (oS 50

ok oalie (&S 5 gl gon ol ZNVVFY 4SS5 T Y0 + 55875 37 VA/0Y (5l Jul ) 53

565,85 b5l Jalol wes Slexr ke ples 53 1) dlysiss e (S spder =0 Lldie VARY Lo o o, 4 Licht
B ka3 OT Sl bl s gy Iy e (oS 55n 3l (IV 5 1AL ) o) 5 Sler 2 oS sl 3
(PPM) S oS" /0,8 oo WIVE s B Ve o3pimn 3 |y JablS 55,5 Gkt g5l 3 lsissh e (oS sokn Olge 0T

IYF sl ) U ghy s Jite oS sokon CBle o a8 dll g5 Jal)lS 05 87 5518

25000

a
4. 20000
3, 15000
}j
5
N
j 10000 b
£
2 5000
e d ¢
0 — | -
b Jsl G £3° 5o Py 9 wlez Go9)

(53 by 4483 A (S sl g el ZAAF 4 S paTAV/N e 4 5875 3 TARI P 20 is) 5 JalS s e oo 55 p il (sla sy 31 O JSCa
33 0ol B (S5 g el ZFIAY 4 ST T ZYIVF 50875, AVAD (g s 4 0 o285 sl ol ZNV/SY 4 S5 paT /D 4 55575 57 V4/ )
(Sl ¥ Sy g ol 7o /DF 4SS 5T L/ 4 55575 5 LANAY 2 g

1
Fructofuranose



Journal Pre-proofs

' Sy Tt

FUSE 53 0T a bg e mls 5 b o Calies (SlaJ3g) 0 ol g 555753 oS (Sladigad JST U 55 Oljs il sy 53
SLS 5 Ol ot (Prange<0.01) tizils KouSG b gls gme Solis JS™ Jgd Oljn i 31 ol )8 (o yod ol 0 03557
4 oks a5 555 9 JalblS 6305 OT 51y 3 08 2 53 SIS ol 0 8 A VYVEIY L dals )l 50 0 Loy o 5
05 S VWOVA L oy 5 OS5 050 &5 g ol ANAF + S 5T VY s 4 55875 3 FAF/ 9 (55l oS sl s,
P35 DS 7 Ol g a8 3y ey Ko s s ok g Jol)lST (51 ga5 4y S Ol ) 48 s 0 5/ SIE
b (S5 g ol ZVV/FY 4 S 5T Z4NKD + 55875 3T VA/0Y slls JolylS) 35 ias 4 ok 4 JolylST 0 4 Lo
35S 1SIE dal 0 5 La PYPV ST U g5 Ol e

(HPLC)WJL;;p@u‘;tf}:u);u:,,yuu;wtp‘}ﬁbts‘\s,.,;)”ﬁf‘_;pQ\,;J:Jiuu&gbt@wd\ﬁa,w
TS il 55 G /08 e VYEV/A) el TSl als Jal)lST a3 ekt pLals S LS 5 &S sl 0L

g G o /8 e YT/ 8) il PSSV 5 (Gl o /p 8 hon 041/9) T oS cCad n /05 o AYF/Y)

el 2131 L 5 )5 35y (Soeen 5 LS5 pdd 5D 035 4 3500 5 O gual koIS Sla 281y O ama b S 5

LTl o 2131 55 JST J 58 Ol se ¢ e A 5 e 53 5 30 ST

Glgims & 5,8 5S 5058 sty JSL A8 ey Jigd Olsee p Les 5 PH 56 YA Jle s 01,5 5 Karseno
g JS U lsmma b3 STy o (Soas odins 0L ol nl S Ly 2530 Les 5 PH I3 L S0 A8 JS U s
(ol 2l bl IR 5250 ST 1 ol Y s S5 5 b e Sl 200 SESTs S e VL (sles 5 PH
535 les sPH (2l IS U Ol e J5 e 4y 5 i3l (Jb slaos S (55l 300e 2S5 5l ol SN pame Sl (Sen
3y STy (Y01 0) 0, Ken 5 EI-Ghorab « s o 53 [)Y] il o3 S Iy il 3l 350k (2S5 oo il amess
Sl 5 5 Lol b 4y S U Lol 5 55 a8 B S a5 03,8 sy Vs b PH U 1y S8 5 e 51 JSCae

[YV]de S3b (6 i ST J 5 Ol e

! Total Phenols
-Sinapic
-Protocatechuic
-Catechin

2
3
4
5 .
-Ellagic



Journal Pre-proofs

1400

a
1200 o
3 1000 ¢
) d
> 800
E e
o 600
D
E 400
200
0
sals Jsl 59 £35 9 po ) w09

LVA/Y tpps by taids A 5 5 g ol ENAF 4+ S U paT AV s 4 55875 5 TAF/09 1051 i) sy Jal S S 6 LS5y Clees (sla iy 31 (F JSs
el s el B S sl g ol L FIAY + ST XN 4 5875 5T AVIAD S gy 4B A0 (2S5 gon ol ZNV/SY 4 ST paT QN0 4 5575 55
(Col ¥ S5y gl g sl e 91O + ST 5T ZF/OY + 54585 5 ZANAY

('DPPH) 51wl 5T cdlad V-0

e Uil b Sl ccalie Bas e 4 edkd 4 555 55 JeblS gladisel ST ST Sl Olse Sl e 5o
okd Wy o)l Glad gai o5 5l DL gl ol 0 41,10 IS s o = & 4s gL, DPPH sl5T LI sl
Cl o b (Puae<0.01) amsls Ku b gyl gme plis SlnS| 5T Cd Ol 5 51 Calbes sla i,
oo aedd ag Jol)S &g 4 by e SSTT ST Sl o 0S5 Ao yn VI/FA L sl a8 & e 4y b g e SISl ST
f,,&\,géua,g.sﬁwj>rqx~vp(:ﬁi,}ﬂ,ﬂwlzmn5@,,5%?/&“;5,;%,\/\/%wuyu{)(.,tg
LXIYE + 555 557 AV/AD g s 1S s e TNAE + S gl VN s + 56875 3 LNF/9 250 b)) o3 3 sl
Gy0 55 o 5 (Puaie>0.01) dzsl s SuSS b (5513 ime sl GInST| 5T Il i 51 (eSS 5l g Aol 72 F/AY 4+ ST T
+ 35S 9 3 AR T Gl 548 55 JalylS (6laks gas SISl 5T b &7 (g sb 4 Lnls O 1y grlin JlunSTT 5T b 5
10 Sy g g ol L FIAY 4 ST T X/ 4 585 57 AVAD (sl ol )18 5 3y i) g ol ZNAF + ST 5T ZV/N
Lzbls (6 i 555 55 L b oS Ju)lST (lad ped 45 S Ol 0 okd S S 4y dm g L Aoy FAL S S FANY (3

55 Iy el 55 SISl T Sl Ol 54575 3 S yd Clale 2alST L el Lsls OLi 1) (s YL SISl ST Sl

S ST Cdled Ol S55 p O gl kel )T Gl Ll i 36 5 o)l SIS 5T Cdled Olgen qony o aine 52
ST b la s35 1 PH 5 3 £ 5 80 YR8 Lo 5 0,8s 5 0315 flao cabr Sl il 8 8 5 g (3L 5 Sl
2355553 3 Jeol JalylS a5 b gy s DPPH JISGs 5lge doys s s &5 s S 35158 5 s S oy 1y JalyS7 Sl
55555 JolS ISt (T b Ol OT 390 F 1 PH 53 5587 Jal )8 & bgr e o0 OT Oljes o 208" 5V 1 pH
DT yse sl b bl ST 5T b 0l PH L2l L s S 318 duoys PEF 15 Ve s pH s

I¥] 58 1y il 3!

! 2,2-diphenyl-1-picrylhydrazyl



Journal Pre-proofs

Sl b ot =Sl (gla a1 5 a3l JalylS” IS SIS (ST b B YY) Jle s 0l 5 Dai s e s
ol gy cpls Jal)lS Gsmi hn GInST ST b b oS isls 518 5 s S (5,803l FRAP iy 4 1 eSS 5 S
S ol Ol el el s 4 Vg s /HNAY 5 /0¥ /YO0 5 4 Sl Loy mal gige s SlnS g el
G 4 1y amm ol 0T ol 4l el s o)l 4y S el b 0 3ol a1 (sladi s S S8 ST 8 b
S 1 ST b B S 5 S ol ials e il o ST ST ol Sl & 5 S s k0 slaes 5
6l e oL Jsle ojlae SlawST 5T cdles YY) 0K 5 Rahardjo  Kos glandlas 55 [8] Ll 1, db g
LS Lsls o)l 8 s opl cdites SlianST 5T Clb ghyls s )8 48 isls 0lis 5 L35 byl DPPH i,
b b Ol dimen opl 3 S Iy 5l 33 DPPH 3T (gladSosly Slgn 5 (ShienS | 8T Cdlad Ol e (23| > (slos il 31
G )3 PF/OYY 5 do 53 YA/4 AN o 3 \YAVE 5 o 1y s Sl ol 0,5 5 oz ¢ gy Joly87 @505 aw Sl 5T
o 5 ST BT Cd gy 2 PH 5 bes 56 YA Jle s 0,0 5 Karseno s iags 53 [YA] s S 518
kB LUl S50 W8 DPPH JIKsl) Hlgs oUls b gles s PH o 457 di § ame 5 45,5 o) 1y DPPH 55T eI,
oremen VY] 38 1y nll LS50 48 DPPH 3T ladKsly Hles ol o 5 pH il b .Cbls 305 g5
358 Mg Jpame G 5kaT-L 5 55853 -D o (2S5 ans 53 45 s S 1S Y Jle s 01, 5 Echavarria
63 5 A5 L g e A5 Slea (Y00 4) O, 0en 5 Tsa ¢S5 i ss 55 [YA] Sl DPPH 15T sla Kol Hlee llab g1l a5
Calizes (sladl ) Sods a5 o gedir a 53 Q0 Glas o N sV O Ll lapH js e jn B U it glaclale L1 w80
Sl ol lS 4 o 5V Bl b 5L g g0 (sl ol IS 487 513 0L €503 YFr 1 ol il sy )l - e lu FY b i
STy sl Eel Vb gles 5 PH Y] sls Ol 5 oS Ll 5 55 1 (6 (GIenST| BT 28 b ey ST (03 1 ol
SRSy cpl am 53 5035 Iy il 0 5y0ke ST PH 5 Les i SRl L s e 30 b e 5T b O (glo g3

Y] o A5 3L ST 8T Elabd b (ol Y g

L s s ¥ haliy wibe « ul)lS ol gbaalis 5l & Slaws| 2T Cdlé ¥ 08 Jl s 0, 5 Brenna
Sl AL L e el Wl bidds ple 4 o SIS Glaeli s B a4 ol Ol s s ST L5
OL8es 5 Chawla [¥1] 8™ oKaS™ o1de 05, GLaolnS | 5T oS 5 4 Sl Ko Lol il axbls (5 287 STl 5T
Sk 5 Ll oV SIeSTT ST b el s 5o 035 4 03500 (2S5 1 ol DY gama 457 i3 ST 5,18 (Y2 4)
S8 e s Jl s 0l)Kaa 5 Phongkanpai [¥Y] dxsb g ls 1y oS 38 S5 b 0581 33T oSSty 03 o
ST 5T s b s DPPH JIGsl) s oy ¢ oUW slapH 4 pH il 531 pimman 5 23l Olej Jaal53l b oS Wi 7
a5 ia DPPH 53T sladiKsl, Hlge b b (Y00 Jl 5 0Kan s Payet [¥Y] 5,8 1, Sl 508 5 558755 el
Slosgs o slaoylae a5 sls lis 2l Lsls 53 e 3)5e WOT I3 SLS 5 5 Jd (gl some Js a1y S (glo s

[rF] azsls GVUDPPH 55T sladilsly Saus Hlgs 5 S1ans| 5T Conls ol 3 5 b LS 5 oS bl 0f e

=

Slosed s Sl 5 5,05 Soed 0 (lo g Sk b SISl 5T Codlad 0 0 457 Sl 0k 351 ey Solidiond

A3 Ol (glosgd Dl aalal aST Wisls Olas 5 (YY) 0L s Amin [NY] b o il 5 SlanST 2T Sl (ol

! - Ferric Reducing Antioxidant Power



Journal Pre-proofs

ST (ST b5 0 losgd Jali ) fole s (omyp L [FO] 42 0T SIS ST Sl 10 4 i o 5
b b o ey (SIS ) QS losgd Salh il 45 el Gse 7 235 gr eitaliie Gl g 53 Sl glas el
G okt A JelylS & ged G Calibee Bs) Dlex 4 edd 4 JallST (sladisad o 3 ol O 5 5l 55 1y lnSTl T
e L1 55 ol a5 il ol pls o1 OLAS 5 5 1) GienST ST b iz o 5 O (Slo g8 i o 2k !

S o Ay JelylS SIS 5T Cdlad 5 ks ol 548 ok

80

a
70
b c b
d

3
2
1

0

ol

Jsl B9 £95 549 o 09 ml G509

[ )}
o O

(%) 3l T el
N
o O

o O

a3 4 SK g gon ol ANAF 4 SSU T VI e 4 50875 3 TNF1 5 1050 gy) oty JolylS 1St 5T Sl Calides (sla gy 10 JSs
Al e FINY - ST AXIVE 45 75 5 ANIAD g gy 44> A0 (S 5 gon ol NV/BY 4 ST g T ZL4/FD 4 5875 51 VA/ 0N Sss g,

(ol ¥ oS5 ) g ol 72 IOF + ST L0 4 55575 3 LANAY 5l g5 8ol ¥ oS5 5]

5 Sy yolyl Y-
s IS Dk 5 &y aly ey S asla (bF) (63,5 ¢@%) S50 o(LF) gLty Sy sl s 4 b s
Sl s 4 edd W5 byl (glad gad sl ol S1H1Y Jodr 53 Calibes S5 Sler 4o 5 55759 el (sladi e
6 b0 (NVAY) Gl Ol op it (Puage<0.01) dxils SuSG b (o )ls sime oslis ¥ g a* (L* gls zalyl s 51 Calises
oL esler a4 el ag JolS dsad 53 L st lh Olgs o ST 85T (Jm 53 g e ) 4 e 4 JalS 45
ST CBlE (61l 595575 5 JallST (Sadisad 55 Gastls ol Ol 035 VL SSL L* 551 s o oalin Y/0¥ 1, L
JAAYER Lg;\:-afp.sj})gaue\ﬂjJ.ablfdjajSs\zgw(a*)é;.a}&gj)l@ww S b S5 ) g denl
ol 93 8% Lastls Ol 5 Cobls g g0d sl &) o (6 ke (S 305 335 050y 3 g ol 2 VV/EW b 0SS 5T LL4/0 4 85 5
g 93 313 OLE FA L s a% asli L1y (608 o S Aals LIS 600 45 Sl 55 5 VWAV Ll JelylS” 4 pes
Ol Olge cp i VAL I D% astls U5 L (ha) 4 o 4 JallS 4isad o8 a0 Gaita 55 (D7) (63,5 jesla

Sy =YV L 0% (et la b dals Jol )l & ged a4y by 0 55 (63,5 e la o S s jolanstl st 4l e ls



Journal Pre-proofs

hn 53 oS 31 O Wl ki ges &) el 5 Loy S 0g0T mls L DY sk LF (K55 sl eyl oSl el amlis
g S50 g el VBV 4 ST paT A0 + 558755 VAN gl Jpa S b odd ag oS & sed 50T

.M\:Jx\)gdhd}oijqwéﬁﬁﬂjdhubw

s Dyl S (0%) (5355 asla 5 @) 503 sastls el WS &) ol 1y e ol S5 S5 e
JO] Carl Vo B v 10T Jldie 5 s o OLaS 1y (SO0 5 oliisy Ol L* Lastls pummen il o Rl 553,56, 5 503
23 3 okd g e STosdn 5 o Je -0 (Jlygos JKES a4 e A3 G5l oS LS5 Jsb s
055 A Eeb Vb glos cpimen [Y9] 350 o L* Lastls (2alS 5 el)lS 85 nll Eol &Y puams ol A5 cammss
s 0,8 & A8 o 5 Vb IS0 055 b e SIS VL slos w58 0 DT slad 8050 05 blyns s 4 JullS

[Y/\] J}.&u’x b* 9 a* )‘u\iﬁ u&klf gL&L E) Sl

Sl J.ablfm:l.wb»cl:'- JE o sl 63,5 5 5508 cdi?) sl ele Y YY Jle s O, 4 Dai lie  ad>s )3
Bl il gige &y Gasls Oljm & 505 0L mls 5 ST 6, S o301 1)l gse JolyS S 5l gn Sl e
G212 3 25 4 i DlanS g il g g0 ol LS 3y S Sl o3l i 390 ik Sl pl Jl bty 55 S 5
J’*‘fr‘* FE L anslie 53 OlenS g 8 ul g0 (63,5 5 608 S jesls O bl al (als- J.a\)lfdij) ool
Loy pl JoylS 51 i OT (S50 8 55305 Sl e la 5 28 DBl Ll il g0 &5y astls Olje Koy i 5 43l
ol 313 515y 3y 1y Jee o8 D* g a* LXKy gle byl (Y0 YY) O Kes 5 Rahardjo  Kos sladlas s [0]
LL* L ol pasls Ol & Lsls 315 5 L ges ealial S 5 gLy e gy sl L el I i
L* sasls 5L glales 55 odd gy Jue JolylS (gladisas 457 (g)5b @ .ol 035 1y S2alS Lalyl87 (2ule § (sles Lol 33l
Kocadagli [YA] 5,8 Iy 2alS Jelyl8 caso,l o sles il 331 L 5o b* ga* jldie g o5 LOT ey 5 dzals Sroml
SlpaS 258 FoML Ol 5 Ol Dlitie 5 b 055508 $95 ki W5 Lol oS 05l dns o575 87 Ol e o(Y019)

.[W]MW‘}A\)KWJ&)M

O Jsdr) zils KuS b (opls gnn sl Lag S astls Olpe i 5 il sla s 4 okd g LS (slad pes
Sl LS 4505 4 Digs e (YVYAY) Ly 8 Ol jon o ks Ctliin (gla oy & ook agd ol oty ot 53 (Pyre<0.01)
Loy S astls Olje o 2aS oromen 30 (p33 i) & ok g8) &S ol gor ol 2NV + S 5T 2004 /Y 4 55875 3 T VAT
(S8 5 o el 2 2104 S5 5T 10+ 5555 3 LAND (55 el oo ek gl JolS 50 5 dals hdigei 4 by
SYVIVE 7 a5 o 5 il a5 okd g JoblST (sl sad (slas S asl Ol .35 VDR 5 VOF 3lin b 55 o

B s e sl 6K et le i I Calies sla a4 0ds A 5 eyl (Sladi ga oS ol et ol 4 ax 5 L
W .bﬁ (&{‘)jﬂ}w -\._:.w‘ A\\/9V+ d{\:.v}aT VQ/Y'D+ J}Z{)ﬁ / VQ/'\ 65‘:—) rj.) J}) 4; ol 4:.@5 J.abls 4;}@.'
+afL_ayTZF/am;,:f};ZM/wwu)pq{d‘:,)Mu\:ﬂw&\,t{ﬁ/w&,u&;uL.,uuy)\sém;y;



Journal Pre-proofs

wodd g JolylS Slawiges 53 Lastli pl Ol Lsls 0L 1y &5, Sk Oljse (g 208 W/F0 L (K 5a) g sl 72 #/0F
el Gad gad 55 OT 5l (STl ol oS gl 350 VW/OA s YOIV b ol 5 psm B3 4 0kl ags JalyS7 5 sl g
33 Cpomen Adls L)l ladisas ple b awlis 53 g VL () Ok i Kl Al 5 ST ke gl
uaﬁﬂujtﬂfw;olk(r)ug-”,.»‘,:))m.uﬁsJﬁbt{kgmsrs)wl;k;)mﬁguojtf-oujssiuaﬁ

..3};.

azsls SaSS b ls gme Dl (,bT 1 il (sla sy 4 edd A 558558 JeblST sladipes 55wl Ol
LRIOY + 545 55 /o ANAY (gl>) el o) 4 edd g LIS dsad 4 b e (4/TVY) Koy a3l g i (Puaie<0.01)
3 £33 B35 4 ol s JabIS G50 4 by o (el ol e o 20 e 13 (50558 g ol 7 P10F 4 &S 5T
als o yl5 (glaw sas 55 wsly ag /¥R Ky wli b (K 0 s Aol AVV/EY 4 SLsaT ZA/FD + 5875 57 VAN
S o S 5 s 3 sT 5 /YOY 5 AT DY S p e Sy e ag JobST 5 Jsl B 4 edd 4 S
5 BB sk 4 5, asl; O 55555 SIS (slakisad 53 &Sl Aol 5 S U g e 515 L &S el OT

Sl 03 S Iy ialS

R 3 033 iy 4 odd 4 Syl 5 sa 4 b gy e (YAF/FO) 605 Ol i Ol om0 e ¢33 655 IS Ol i a5 0
) 3 es S s isls 0L 1y S5y Dk Olie o 7S cpler s 4 odd g el 5 als el (slas pes
Sy D i Gl el 5 ST ke ghls JoylST laiges 5 3,5 Al 1) Ly S b 55 OS5, Ol i
a.x,:w:J..bl{‘as}‘.s‘\f;\;owjj:f,}Jﬁ\)Kdu&J44»5\)'S.\w')l@l:;.ml;dﬁ\,lftgmsﬁﬂul,.w_l.a.c):L;J:\M{
@ 25 035 S 4 ol ag JoblS G pes 4 by 55 G lh ol Olie 5S35 65 sl o e LI ol Eas %
5K, Larls dmils ¢t K5, sl S gbakse 5 5y K, Latle 5 6K, wsl gm oSe bl Kb eds S

sl Qa1 (6 xS les S

Gl SRIBI L & Wsls 318 5 55 Sl 1y Jee oyl Ky s o8 W87 3,18 (YY) 0l Kes 5 Rahardjo
gesls Sy 1 s Ly Jee oS (a3l > oy (2l L s S Iy 2als (BE) £, I S P
F L aglie 53 b amy3 10V (sles 3 o al &S L)l o isls )18 e ol s (ST S, el
S0 sk a3 VA0 BIM glos b ods w8 Ll iy (65 gy Ky (Lugmabi 4053 VAY=VAY) Lo s2e
6&;1;@\1%;@}@;}\{61@,@4\&,@?5a.\)J,.&ai;,yujﬁu,),\@JmsuoT.;ugwb&,
L;))J.gGMQ)IJ;-ij}Le:,_.i’\h(ﬁ\b)db&h;KOk&b cjiiao..m}};).s.[Y/\]:ﬁg:l;;i\ajg‘}»\)lfoﬂ\_}:bblfj\
Iy il 3l eyl 6Ky Sl i a3l Oloj il 3l b oS 4 § a5 05,5 gy p |y o3le dB a8 &K, Lot ls

D] ol i 55 B 6K, Sk dil VL bos ax 8 & Ui Ladudie uoeas LS
SRl LA Wisls L 5 s Sy 1) SWseT Joyl5 6Ky 5 Koy 5T dewl Sl oslizul 36 Y+ \F Jlu ,3Gu 5 Chen
bglsus ) ol SUsaT Jolyl8 48 dals & gd 05 OLis 1y 2alS digy SWgeT Jobyl5 oKy S oKy 5Kl ol clale
S O Gloggd S5 4 05 2B ol o Cand oW PH (sl s oSSl el OLE > ST 5 S8



Journal Pre-proofs

03 [FA] 4l 5le ud (gloggh 2S5 5 0 oS e 55 4 PH ‘@gﬁtptwﬁiﬁﬁ,;ﬁ\@twsdﬁ@.w@
o3linl by 5 code b3yl elal p sldslas Jolyl87 6Ky (50 3 L K5, Lot ls mn (61 VAV Lo s Linner  Kos uiss
VIO = Y10 1y Jal )l K55 sl &K astLs s gt 5 305 4] e gl $V0 50V (Slargo b 53 (6 52 5585 Sl oS

)55 Sl f

JoolS Calises (slaks poi <5y sl 5 65, ST St oy ST DT @ LF Ky ol el )l olie o S0ke aslin (V Jgder

S5y 4ol Wuz_"j""‘"’ Loy sS b* a* L* La 45 ga

S VAR EIRVAR EIRVAL SR VAVS N AL I IR VA N s
AV L ¥/YY Y/ov -\ /Y WA Y/¥Y

LAY b+ ./vq Pt /YA by L /y br /) P /vy oo
WARE Yo/ v YV/V¥ \WAR Y/Y o Y/AY Jel g0

ko /ey R A S A A ok /Y A AN S S 4 .
v/ ¥ YAY/FD YAY/ AN YV/4- Y /AY Yy /4y Foo a0

b /v AL WA K| Cx /ey St /ey AR .
WATY) VY /oA Y/AD A Y/a¢ Y/V¥ fod 0030

TE /e LI AL dx /vy LEESRVAR: LAY L Y AN Gy
/XYY Y/%0 Y/ 04 -\/0% C/AY Y/oy oy Lo

Dol oglaie (oY By L d0 ol Gyl 38 jylure Bl xSl 2 a8 5l Oyaw 4o polis
tdol gray) cdbloge %90 Liab!l axhw o gedw e solie Gu oo dre WIS s>y
YA/ ) tags ghey S4By A Soygidgw dwl AA/AY + SLaSeel AV/Ne o+ 5euSe 8 LAY/ 9
S AV/A0 tpsw ey fadndy A Sopsddew aawl ANV/FY 4 SLySeal A9/Y0 4+ 3eiSsu8 %
IAN/AY  tpylen oy fosle ¥ oSoysilew duw! A F/AY 4+ Slaeel AY/YY 4+ e5Sg

(e lw ¥ Soyeilew Lwl 4 F/0% + SLiSeel AF/0Y + 3455, 58

45Ky T
20T by mls & s bl Calitee 2, sler 4 0dd ags 55555 JelylS (glaisad a5 s Ol ¢ 0l g3 3
ol a8 s Oljee i 5 Calides laigy a0 odd W5 Jal)lS (sladigad oS 515 O b el ods 03,57 # I
S3) 035 oy odd agh Syl w4 gy 055Ky (e 4 S5k 4 (Puaige<0.01) izils SKusS b 6 )ls s
ol ag JalylS & ped e 3 Sl oo YAVY/Y Slio b (65K ) g oad ZNV/EY 4 ST 0T ZA/YD + 55875 57 VA0
e b 1y a5 08y Olen o oS (S gl g ol A FIAY 4 ST LYY 4 508755 7 AVAD (53l) paw s @
;.,.:?JJA{MLZ43}‘».9}rﬂg{gd}\Ji})‘u'owaed\:{.?Jﬁb\félﬁdﬂuijjgﬂuobf.:b;)w&gﬂ\idl:.a\ﬂ;/b ) S 3

Al s Sl L WOV 5 WAIY OYV/E L il

394) 5L o (o g 4253 WV 3500) (65 0ml los 55 S S A S L g ge Ol ey 555753 Sl 4 e g b
JUsl A ¢ 5ol 455 8Ky Sl 63 4 ol (6555 53 Sad s 55 5 FY] 358 a0 halylST (o pondan 43 15
sadsSse hls 555755 Sy Sleds Ay JablST a7 sy, e sl FY] dmes 2t OT O 5 S lazs
S lasls OLad &G54 85 Slalllas ¢opimman il 55T Sl Jools JablST 4 Cand (55 0l 48555 w53 5 5ESe S



Journal Pre-proofs

Sl Sl b ST[FF] 358 0 3,8 lodks Wy gla Bl 55 405wy il 3l 4 aie Los il 31 L T 2alS
358 o O genl ol 17 9 3,00 (la [iiSTTs Cb i 4 e 25O, > Ole il JA,L{@;PJ\ Cokdy g gobsle
San (2355l aalsl b g ol gl b i Ll 33 8 e ) 3y Il 5 5o gla ey JS05 sl il o
Looe PH &S0 5i0 g sl 5 SSTL 50T S 53 oS imasd bl S0 05 S s 5 0381 BT b ey ol o B
5l b Y puamn A5 4§ gns g (45 S h i B s [y (gl Lo S5 St g e 5 3l 3T ST
Sl el yon (5 (sla ta g5y laadl b s cul b0 mte (S5 S S 525 53 i 4t 3 5 Sslize JSUse 035
23 BV F ]t ST olg s S hs oS 1S Olejer Sy gots Sl Ll s adsl sl S5 das e 0Lt oS
B3 S s 1y ool dB Jolyl87 a5 5K 5 (655 p O el el )87 Calides Lol i 56 o(Y410) O, 5 Kokeb calie inss
S Sy Al e ol Hsb 4 S L g Jel)lST 45 5 s A3l Ol s les I L eSS s

O] ) 4055 5 O s o e 0 el Cdn olad Oloj 5 o gaedes 4553 VPO (5l 53

4500
a
4000
. 3500 b
\J. 3000
3 2500
< 2000
N
€ 1500
~ 1000 -
500 e d
0 . | [ ]
ol Js! 9 £9° 9 o 59 plea G0

S ATV teps gy $aids A (S 5 g ool LAY 4 S U saT AN/Y 4 5587 3 TAF1 851 o)) (s 5 Jal IS a5 5805 Caliina (sl gy 31 IS
TANAY o g gy el ¥ S gl g ol Zo FINY + SSTLS T ZX/YF 450875 5 QV/AD fp g oy $4is 8 (S p g ol ZVV/SY 4 ST 5T Z24/8D
(ol ¥ Sy ol gow Al 7 FIOF 4 ST 5T LR/OF 4 54575 5

JoHE sddiged w (2L 5 -T-1)
oLﬂ:a.\iﬁ%u,Lsg,,:;).uﬂ‘rg»géﬁu&)‘,{w,L;uj;i,,ujt‘},\)tsqwsung,m,;t}uu,;w,
Sl Voo ok o3l Slaal o gad ol 4y (s1alali O S gn o il Ly 5 B 8513 5ol 3psm ois B5eT OLS,1LE
g byl @5 s Jle S 0 5 o LS Gl Bk S Y Gl Yot e oS
ag oS Gt sai jl Joolm 5 5 Jhs a4 O, .l 0l 05ls QLAY IS 55 558575 5 eyl (slad g pum b5
035 o) 4 okd 4 JablST 5 &Sy gl g Al ANAY 4 ST AV e 4 555875 5 A/ 8 (ol Jal)S) Jgl g5 4 ok
Gged 35 opl 5 Lols Lolamstl |y (g i lael (¢S5 ) 5 Sl TANN/EY 4 S gaT AQ/FD + 55575 57 VA/4) (gol Jo,5)

ol JoslS) o Sy 4 ks g Sged 4 g 5 e el g S & Jlo 53 b 815 bl iy 3550 i SIS



Journal Pre-proofs

TV (ol Jal)S @ g0 b (S35 i 5108 8 ol (S0 5 g ol 4 FIAY 4 SSTL3 paT 4 ¥V 4 55875 37 41/A0
I kel o i BT Slael S0l b (o5 ) 4 oks aegd JolylS) Kyl ol ZVV/PY 4 ST 2 QD + 55575 5
&) L‘}JJ‘ A o.J‘.J r"—w j})é\.{euw&b‘.{ Q}NQ(Y/W)W)L:ZA‘ Cﬂ.f“jdgé""J} .); C_JLL).J ‘Au[ijj‘
Lol iz 1y Slael o 2 F/OV 5 F/AY Slial oKk b 5 0 sl (oo 4 0dd 4 )87 5 dals ol )87 (sladi gas (s ol

3 g0 3153 1 Szl o oS VY Sltel Sl b g i 4 ok s JallS 4 g

P 5 3s S eh s ple 4 Sl e gy 4 o 4 JallS 450 oS 303 0L 5 ed Os (S e S
Setsad plo 4 S 1y (b o 7S poler Ba) 4 okd 4 JlylS Gsad oS Sl 53 .25 8 15 OL ]ty 358
Sygn 35 O g Sk i 3155 5 ey ol (51a g 3 e 3 bl 31 VAT Sl i 5 bl oS
f/?\/,?/fv,'t::ﬁtaisl:ﬁp%.g;QJJ\U:”M,\‘:WL}A)K@A;,ML:L;L»@A;6;1;0@'@&;;&;)?,\}&[15,\
S5 4 ok gl JabIS 6 gmd 4 O bl St o a8 8 8 15 Ll iy 3 5m s 5 EBIS 6 gy O b

255 G e

6
a
5 a a a’
- b b I = ’
34 = = = . 2
g 3 = =b Scikc d d
5 = =2 . NEE/ Z
'132 = — — ;:;:f’ /
— == d - = R / /
. = =B=/ B=25/ /
= = 'f:}f; = :5:5;: ﬁ
. = =857 N8 /.
# wab sl Sy R JOWRY
Wl sl Gvey B Gy tpse vy Fumbr G0

iy 4453 4 (S gl g el ZAAF + U 0T ZV/N+ 4 50875 3 TAF/0 7 15l 23)) s 5 JalylST g ol Opo3T Sols gzt y Ll sla g, 1 (V 2
0 8l ¥ (S5 g Al o FIAY 4 S T AXINE 5585 5T ANIAD g gy 84283 A0 (255 g g ol ZVV/FY 4 S paT QWD 4 555875 37V 25
(Sl ¥ (S 5 g ol 2 #10F + S T LRIOY + 50875 3 LAN/AY 2ol

S 5 domi ¢
G Sns b5l Calibes i) Sl 4 odd 4 355 55 MK slawige & 55 O §I Sl ol Liagh i el =t
3 8L oIS 4505 08 lo g el o 5 g ol Kby gl iy Spls oSS b g 5 (S5 ¢ bt 5SS 50
Ggas el Jie oS 5odked Olgn i 55 i Jo)lS (sladgod e 51l B 4 ol ags 555795 a8 45505 OT
Ol o iy it (Zb1s (6 ey Jshisp it (S 55dd Oljoe 350 &S558l g ol 5 S5 Bl 87 all Jul)S”



Journal Pre-proofs

3 odd Lol S5 SLS 5 s edalie Jyl Liss & ek agi 55555 JeblS 5 dals IS glagisei 3 s LS 5
4 by 5 ST ST S o it 5 g ol SSKEVT 5 0ol ol S S 55 5 kol Sl Jold LS 6 50
S5 4 Ly (SD) Coolsl b Ly S Olie p 2 &5 50 OT 51 (Sl 55 (K55 sl sl bl o dals JolST 4 5o
e 3 £33 ooy 4 odd ag S 4l 4 bg 0 (OE) &)§Q|Jnﬁ Oljer Cn e cp s Doy dedd g a8
L L* Gl jastls Olje ot oromed 3 piler oy 4 odkd 4 JoblS Gsmi 4 gy (HUB) g 4l b 555 w15
oks g 55555 JalylS & sa3 s 8 okl £33 i) 4 ok ags 555 55 el &g 53 62,5 L DY (e Bl AT (ol
g JoLIS sladgad 3l ol (s 5 e 4 ol 551 48 5ls DL pum U515 1) 55 s R cp9> Ba)
S Skael 5V pas hs odkd ag oS 5 b (Shs i 51 dsls olasst 1) (6 mhe Skl e 5 Jol s 4 o
e A5 |y 6,8l oK) a1 Shel o ti Jal Sy 4 eikd 4 JablS 5 dals el (sl sed 13 S 8L s il
Sl dsl o) 4 odd agd Jo)lS 4 gad 5 dals Sladisad g 5 iop b Laigod plo & Sl p g g 4 ok 4 oS 4550

s 815 bl A 3590 e 5 Bl (5 2 O g

b e 55 Ol s Zasby 5 ) sl bl ol (1F40) e alel 6 3 ol 3l LI e s 3L A

OO (e s sl s)9ld) 1he Lt )5 L s (558 .t\; $lsr leslenl b 2 (:bb'}#;):; ad

VY-8
sl eslad ety o ¢ aank mle 5 (65,5L087 058 5 p5ke (S
9 R LS‘ c}@.'; R 2 £s C}: E) Q}:.w\j:bblf .hﬂj& J.'a" S andlloe (\VQQ) r c&:ﬁ)T ¢ cb\) u’.ol.@j‘ ¢y 403‘)' CL...p Y
A=) (DI e 555 5 pale 5o 505 To s 0I5 Jal)lS ST (ST 5 SaSelt sl S35
¥ Shoberi ,N.S., The role of pH, temperature and catalyst type in caramel manufacturing process. 2010,
UMP.
.0 Dai, Y., et al. Preparation and characterization of modified caramel with binary carboxylic acids. in IOP
Conference Series: Earth and Environmental Science. 2021. 0P Publishing.
g Elvers, B., Ullmann's encyclopedia of industrial chemistry. Vol. 17. 1991: Verlag Chemie Hoboken, NJ.

Al-Abid, M., K. Al-Shoaily, M. Al-Amry, and F. Al-Rawahy. Preparation of caramel colour from dates. in
I11 International Date Palm Conference 736. 2006.

A Laroque, D., et al., Kinetic study on the Maillard reaction. Consideration of sugar reactivity. Food
chemistry, 2008. 111(4): p. 1032-1042.
A Limsuwanmanee, J., et al., Antioxidant activity of Maillard reaction products derived from stingray

(Himantura signifier) non-protein nitrogenous fraction and sugar model systems. LWT-Food Science and
Technology, 2014. 57(2): p. 718-724.

e Dogan, M. and O. Toker, Hydroxymethylfurfural content and physicochemical properties of the caramel
samples enriched with different dietary fibres. Quality Assurance and Safety of Crops & Foods, 2015. 7(3):
p. 277-285.



RR

Y

Y

N¥
AR
Rk
Y

A

N4

AR
Y
Y
Yy
Yo
X7
ARY

YA

Y4

AR

Yy

YY

Journal Pre-proofs

Guan, Y.-G., et al., Effects of pressure on the glucose—ammonium sulphite caramel solutions. Food
chemistry, 2011. 127 :(Y)p. 596-601.

Karseno, E., T. Yanto, R. Setyowati, and P. Haryanti, Effect of pH and temperature on browning intensity
of coconut sugar and its antioxidant activity. Food Research, 2018. 2(1): p. 32-38.

Kokeb, A., S. Mamo, N. Gabbiye, and A. Assefa ,Synthesis and characterization of caramel from simple
sugar for brewing color application. International Journal of Basic and Applied Sciences, 2015. 2(1): p. 48-
55.

Kocadagl, T. and V. Gokmen, Multiresponse kinetic modelling of Maillard reaction and caramelisation in
a heated glucose/wheat flour system. Food Chemistry, 2016. 211: p. 892-902.

Benjakul, S., W. Visessanguan, V. Phongkanpai, and M. Tanaka, Antioxidative activity of caramelisation
products and their preventive effect on lipid oxidation in fish mince. Food chemistry, 2005. 90(1-2): p. 231-
239.

Rufian-Henares, J. and S. Pastoriza, Browning: Non-enzymatic browning. 2016.

Eskin, N.M. and F. Shahidi, Biochemistry of foods. 2012.

Jain, D., et al., Application of non-enzymatic browning of fructose for heating pattern determination in
microwave assisted thermal pasteurization system. Journal of Food Engineering, 2017. 210: p. 27-34.
Hwang, I.G., et al., Biological activities of Maillard reaction products (MRPS) in a sugar—amino acid
model system. Food Chemistry, 2011. 126(1): p. 221-227.

Lertittikul, W., S. Benjakul, and M. Tanaka, Characteristics and antioxidative activity of Maillard reaction
products from a porcine plasma protein—glucose model system as influenced by pH. Food Chemistry, 2007.
100(2): p. 669-677.

Coca, M., et al., Study of coloured components formed in sugar beet processing. Food chemistry, 2004.
86(3): p. 421-433.

Hu, S., et al., In vitro evaluation of the antioxidant activities of carbohydrates. Bioactive Carbohydrates
and Dietary Fibre, 2016. 7(2): p. 19-27.

Lee, G. and C. Lee, Inhibitory effect of caramelisation products on enzymic browning. Food Chemistry,
1997. 60(2): p. 231-235.

Vollmuth, T.A., Caramel color safety—an update. Food and chemical toxicology, 2018. 111: p. 578-596.
Troise, A.D., Maillard reaction and food safety. 2019.

Brudzynski, K. and D. Miotto, Honey melanoidins: Analysis of the compositions of the high molecular
weight melanoidins exhibiting radical-scavenging activity. Food Chemistry, 2011. 127(3): p. 1023-1030.
El-Ghorab, A.H., et al., The effect of pH on flavor formation and antioxidant activity of amino acid and
sugars interaction products. JASMR, 2010. 5(2): p. 131-139.

Rahardjo, M., M. Sihombing, and M. Anggraeni. Color development and antioxidant activity in honey
caramel. in IOP Conference Series: Earth and Environmental Science. 2020. 0P Publishing.

Echavarria, A., J. Pagan, and A. Ibarz, Antioxidant activity of the melanoidin fractions formed from D-
glucose and D-fructose with L-asparagine in the Maillard reaction. Scientia Agropecuaria, 2013. 4(1): p.
45-54,

Tsai, P.-J., et al., Interactive role of color and antioxidant capacity in caramels. Food Research
International, 2009 :(Y)¥Y .p. 380-386.

Brenna, O.V., E.L. Ceppi, and G. Giovanelli, Antioxidant capacity of some caramel-containing soft drinks.
Food Chemistry, 2009. 115(1): p. 119-123.

Chawla, S., R. Chander, and A. Sharma, Antioxidant properties of Maillard reaction products obtained by
gamma-irradiation of whey proteins. Food chemistry, 2009. 116(1): p. 122-128.

Phongkanpai, V., S. Benjakul, and M. Tanaka, Effect of pH on antioxidative activity and other
characteristics of caramelization products. Journal of Food Biochemistry, 2006. 30(2): p. 174-186.



YY

Yo

Y7

ARY
YA

AR

A

AR

Journal Pre-proofs

Payet, B., A. Shum Cheong Sing, and J. Smadja, Assessment of antioxidant activity of cane brown sugars
by ABTS and DPPH radical scavenging assays: Determination of their polyphenolic and volatile
constituents. Journal of agricultural and food chemistry, 2005. 53(26): p. 10074-10079.

Amin, N.A.M., W.A.W. Mustapha, M.Y. Maskat, and H.C. Wai, Antioxidative activities of palm sugar-like
flavouring. The Open Food Science Journal, 2010. 4(1): p. 23-29.

Woo ,K.S., et al., Characteristics of the thermal degradation of glucose and maltose solutions. Preventive
nutrition and food science, 2015. 20(2): p. 102.

Kocadagl, T. and V. Gokmen, Caramelization in foods: a food quality and safety perspective. 2019.

Chen, H. and Z. Gu, Effect of ascorbic acid on the properties of ammonia caramel colorant additives and
acrylamide formation. Journal of Food Science, 2014. 79(9): p. C1678-C1682.

Linner, R. Caramel color: a new method of determining its color hue and tinctorial power. in Proc. Soc.
Soft Drink Tech. Annual Meeting. 1970.

El Hosry, L.; Elias, V.; Chamoun, V.; Halawi, M.; Cayot, P.; Nehme, A.; Bou-Maroun, E. Maillard
Reaction: Mechanism, Influencing Parameters, Advantages, Disadvantages, and Food Industrial
Applications: A Review. Foods 2025, 14, 1881.

Schab, D.; Zahn, S.; Rohm, H. Development of a Caramel-Based Viscoelastic Reference Material for
Cutting Tests at Different Rates. Materials 2021, 14, 3798.

Luna MP, Aguilera JM. Kinetics of colour development of molten glucose, fructose and sucrose at high

temperatures. Food Biophysics. 2014 Mar;9(1):61-8.

.¥Y  Barra, G., The Rheology of Caramel. PhD Thesis, University of Nottingham, 2004.
.YY Barra, G., & Mitchell, J.R., The Rheology of Caramel. Current Nutrition & Food Science, 2013, 9(1): p. 52-

61.



Journal Pre-proofs

Investigation of physicochemical, rheological and sensory characterization of caramel
produced from fructose

Ehsan Firoozi', Akram Sharifi>*, Milad Pero’

*Corresponding authors: asharifi@iau.ac.ir

1. Master's Graduate, Department of Food Science and Technology, Qa .C., Islamic Azad
University, Qazvin, Iran.
2. Associate Professor, Department of Food Science and Technology, Qa .C., Islamic Azad
University, Qazvin, Iran.
3. PhD of Food Engineering, Zar Grain Refinery, Farhikhtegan Zarnam Industrial & Research
Group, Karaj, Iran
Abstract
Caramel color is among the most widely used additives in the food industry. This study aimed to
produce caramel from fructose and evaluate its physicochemical, rheological, and sensory
properties. Fructose-based caramel was prepared using four different methods at 100°C (Method
1: 84.06% fructose + 7.10% ammonia + 8.84% sulfuric acid, 90 min, Method 2: 79.01% fructose
+ 9.35% ammonia + 11.63% sulfuric acid, 90 min, Method 3: 91.85% fructose + 3.34%
ammonia + 4.83% sulfuric acid, 4 h and Method 4: 88.93% fructose + 4.53% ammonia + 6.54%
sulfuric acid, 4 h). The samples were analyzed for browning index, reducing power,
hydroxymethylfurfural content, total phenolic compounds, antioxidant capacity, color, viscosity,
and sensory characteristics. The results indicated that Method 1 produced superior aroma, color,
and chewiness, while Method 2 showed better viscosity, hue angle, and sweetness intensity. The
highest antioxidant activity was observed in the control sample (70.48%), and the lowest in the
sample from Method 4 (29.04%). The highest total phenolic content was also found in the
control (1276.7 mg gallic acid/g), followed by the caramel from Method 1 (1151.9 mg gallic
acid/g). The lowest phenolic content was recorded in the sample from Method 2. In addition,
HPLC analysis identified sinapic acid (1262.9 mg/mL), protocatechuic acid (926.1 mg/mL),
catechin (501.6 mg/mL), and ellagic acid (220.09 mg/mL) as the main phenolic compounds in
the caramel samples.

Extended Abstract
Introduction:

The application of food colorants is a crucial aspect of modern food processing, enhancing visual
appeal, compensating for color loss during processing, and ensuring product uniformity. Among
these, caramel color is one of the most widely used due to its broad color range—from light
yellow to dark brown—stability, and compatibility with various food systems. Caramel is
produced through the thermal degradation of carbohydrates, often in the presence of acids or
alkalis, including ammonia and sulfuric acid, resulting in pigments with complex structures rich
in hydroxyl, carbonyl, and phenolic functional groups. Fructose, a naturally occurring
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monosaccharide found in fruits and honey, is a highly reactive reducing sugar, making it an
effective substrate for caramelization. Due to its participation in Maillard and dehydration
reactions, fructose-based caramel can exhibit desirable coloration, antioxidant properties, and
functional behavior suitable for food applications. Previous studies have shown that process
parameters such as temperature, pH, and heating duration significantly influence browning
intensity, phenolic content, and antioxidant capacity. Despite the growing global demand for
caramel, local production in many countries, including Iran, remains limited, increasing reliance
on imports. This study aimed to produce caramel using four different formulations of fructose
under controlled thermal conditions and to investigate its physicochemical, rheological, and
sensory properties. The research also involved phenolic profiling via HPLC to evaluate the
functional potential of each formulation and provide insights for industrial caramel production
from domestic raw materials.

Materials and Methods:

Caramel samples were produced from fructose using four distinct formulations under controlled
thermal conditions at 100 °C. The formulations included: Method 1 (84.06% fructose, 7.10%
ammonia, 8.84% sulfuric acid; 90 minutes), Method 2 (79.01% fructose, 9.35% ammonia,
11.63% sulfuric acid; 90 minutes), Method 3 (91.85% fructose, 3.34% ammonia, 4.83% sulfuric
acid; 4 hours), and Method 4 (88.93% fructose, 4.53% ammonia, 6.54% sulfuric acid; 4 hours).
The produced samples were subjected to comprehensive physicochemical and functional
analyses, including measurement of browning index, reducing power, hydroxymethylfurfural
(HMF) concentration, total phenolic content, antioxidant capacity, color parameters, viscosity,
and sensory attributes. These evaluations aimed to investigate the impact of compositional
variations and processing time on the quality characteristics of caramel, thereby identifying the
most suitable method for the production of caramel with desirable technological and sensory
properties for application in the food industry.

Results and discussion:

The experimental findings demonstrated that different caramelization methods had a statistically
significant effect on the browning index (p <0.01). The control sample showed the highest
browning index (0.256), followed by Method 1, which was formulated with 84.06% fructose,
7.10% ammonia, and 8.84% sulfuric acid. Conversely, the lowest browning index was observed
in Method 2, where an increased concentration of ammonia and sulfuric acid contributed to
reduced browning. This suggests that acidic conditions tend to inhibit browning reactions, while
alkaline conditions promote browning due to enhanced Maillard and caramelization reactions. In
terms of reducing power, there were no statistically significant differences between the control,
Method 3, and Method 4 (p > 0.01), with absorbance values of 1.53, 1.48, and 1.36, respectively.
However, Methods 1 and 2 exhibited significantly lower reducing power (0.76 and 0.70,
respectively), likely due to the influence of higher acid and ammonia content. Increasing the pH
favors the formation of enediol anions, thereby enhancing the reducing capacity of the caramel
matrix. Hydroxymethylfurfural (HMF) content varied significantly among treatments. The
control sample exhibited the highest concentration of HMF (22526 ppm), while Method 2
yielded the lowest. These results indicate that elevated levels of ammonia and acid may alter the
reaction pathway, thereby limiting HMF formation. Total phenolic content (TPC) was also



Journal Pre-proofs

significantly affected by formulation. The control had the highest TPC (1276.7 mg GAE/Q),
followed by Method 1 (1151.9 mg GAE/g), whereas Method 2 exhibited the lowest value (626.7
mg GAE/g). High-performance liquid chromatography (HPLC) analysis identified key phenolic
compounds such as sinapic acid, protocatechuic acid, catechin, and ellagic acid. Antioxidant
activity, measured by the DPPH radical scavenging assay, was highest in the control (70.48%)
and lowest in Method 4 (29.04%). Methods 1 and 3 demonstrated moderate antioxidant activity
(49.33% and 48.06%, respectively), reflecting a favorable balance between formulation and
functional properties. Colorimetric analysis showed that the highest chroma (21.81) and total
color difference (AE = 45.284) were recorded in Method 2, while the control and Method 4
showed the lowest chroma values. The hue angle was highest in Method 4 (0.272) and lowest in
Method 2 (0.039), indicating that processing parameters significantly influence caramel color
development. Viscosity measurements revealed that both chemical composition and heating
temperature played a critical role. Method 2 exhibited the highest viscosity (3912.1 mPa-s),
whereas Method 3 had the lowest (144.5 mPa-s), suggesting a direct relationship between
acidity, caramelization extent, and molecular weight of resulting compounds. Sensory
evaluation, conducted using a 5-point hedonic scale, indicated that caramels from Methods 1 and
2 achieved the highest scores in terms of aroma, taste, and sweetness, while Method 3 received
the lowest ratings across these attributes. These findings underscore the importance of
optimizing both formulation and process parameters to achieve superior physicochemical and
sensory qualities in caramel products.

Conclusion:

This study demonstrates that fructose-based caramel possesses promising physicochemical,
antioxidant, and sensory attributes, particularly when specific formulation and processing
conditions are optimized. Among the evaluated methods, distinct differences were observed in
antioxidant capacity, phenolic content, and overall acceptability, highlighting the critical role of
formulation variables in determining final product quality. Further investigation is recommended
to comprehensively profile the phytochemical composition of the caramel matrix, evaluate its
functional properties in food systems, and assess the impact of storage and processing variables
on product stability. Future research should also focus on the development and optimization of
scalable, food-grade caramel production techniques, emphasizing cost-effectiveness, process
efficiency, and consistency in product characteristics to facilitate successful industrial
application of laboratory-scale findings.

Keywords: Caramel, Fructose Syrup, Physicochemical Properties, Sensory Attributes



