WAF 50l Y ol F ojlad ¥ 0y ke dlge cubligg

5 bt (K5 Olo pas U550 5l eslial b s S5l 650 B s5leang
do,98 Jee (oS g p gl gies

TolE S0, M gate guow 5l

Ol e e oDl 33T ol 5 5 Ay 21 s 5 pske il B8 )
Ozl s e oDl 3131 o823 (3 15 g plde b 5 pske 03,8 SLslealiY
Lroufegari@iaut.ac.ir : L5 J shue a.x;..,ws*

QUYL oy 48/4/) Frdlie 3L 53)

s S

. e

SIS Sl Gb s es g Jee IS 5 ol Al e s s LSS OS5 51 S (HMP) Jpgbs b Jme (oS s5ds
Oles (wsmmaben a3 VO 5710 000) ascil > (les 36 (Gl 3 el el cpnd £0PPM fs 3 O e Sl
Gl e Sras Slas 2 ole e (o (msmdi axs £0 5 T0) (6510 e glos piman 5 (433 Y 5 Y 0 sl
Slyme 5 (Casby 5 PH dab S5 slasss) phard S5 Slosast G55 2 edd S5 bt 136 .03 ,8 )13 w35
sy el 5 35 ambome S a6 iy SLa e 5 allan o Sl o (sl pud 55 (b 5 b i) HMF
Sy 5 Zusby PH s SIS 5 Tl Al 3 0les 5 Les sls 0L s (3 8 138 o 5 a5 3550 5054 580 slaoles s
sosm S iie et @l ot HMF (slgime ols 0L @ 5 L Gastls g5 1 b 35 0 (aeS slos &8 Il s s s 4138 30
o 350 Sk ged w58 38 iy S 5 ol dnlE I L 6 ls pme ssbar 0T Ol oS g gmin S35 NS s
3080 Dot iz sn 0 glos 3 (OGS 5 kB3 Yo ety s gadas 4253 VO (5les 53 0> ol wsed 53 HMF Ol
5 AEs Ve esandes 433 00 les 53 s> Slles bl i Cod HMF aig Ol el oty Sl > 51 zi

A5 S A 555 80 Sl L gaades a3 YO gl o (61U

Jisiss Jee Sk cJoe (ol Al (eSS Lal b il o 55, g lS (slao3ly

\A4


www.SID.ir

S3gSadg) g ypate Gdum

hosd (038 Clogad adlash Jus )l (598 siloaire

ol Il e s (HMFA) ol Sl 5T e
Vodse Soodes =0 S 5 S LSS
S Kos s 33 il o HMFG) dS Ly, 58
05,8 Al A3l Jlceal b Ceen L
oS 580 5 ods Wy HMF T uS 5 0s
Janzowski et ) 53 S . |35 (SMF) 158558 Juze
& SMF &Sl esls Ol wlis=s .(al., 2000
250 G5 e ol s eap SSS55 LSS
.(Abraham et al., 2011; Durling et al., 2009)

s, HMF G55 0L, o= 5o
(S 5 el sdd Ol Oliie w28l
LoodiS adss b g o ol g a5l
O35 0SS Sl w HMF o 5 Jw Av 5 80 slis
33 &S Sose 53 1l g edalis ol VY b 1, Ok
Ol s ‘(’J§uj‘t“‘ Ve oS 3l s gla hse
aslllas 5> (Zhang et al., 1993) (i oy escie
0 Lo oy o5sp Olpe Ced oS laale T
OBS 3l s B S W sl VL
O35 p SIS il w0 p Sike Q8L Sl slbasso
SalS Ol Ll s sdalie oollasl Sl 31 O
AV slie BaS sl s alS Sdb s O
Ar=Vee Sl bl cpl @ e boAd Cu)
Ol Sl 04 035 ¢ 85kS Gl 4 p 5 e
s Sl Lasle S e HMF &lys, <ol s
Slaplll o g2 o .(Abraham et al., 2011) s ,lx
03 AS 5 wlie S aS ol ol QLA s )y s
g OUH o me s miy el e boasulis
Lee et al.,, 1995; Pryor et al., ) x,l> ;1,5 HMF
(2006

4o dle
S Sl 5 Lle (o ol b e
5 Soslpar QLS slalr 2 5l e 5585 oy
I P S I S T IS R A EU e
Al Gl 5 5L GSs s SIS ead
SN e slse (G DS 508 (SO SIS
AL el e i GedS e S Al
ol Al gl 5 (W5 0S8 i
DS 5 5 bl Sl F o Sea bl es LS5
R R v S RGP PR T I
3 e b s sl Oleay 5550 ST 5 ik
(FShSe s Jed SO0 Gl b S
3 wmer 235 el oo 5 oy Sl
Jos Simon 5 GnSI Bl 2 e sladl
Jahed Khaniki ) el a S 1 3 Oliiows ax 55 5 40
ok .(and Kamkar, 2005; Saadatmand, 2006
5 M e et 5 Gl el
DS 5 B 4 e el 55515 il
23258 e ol °°))TJ'; o2l 03 Sladis o sllasl
Gl O b st ae siae Glaoa VT s
Hydroxy Methyl ) Ji,5,5 e wSssdes 255
Lol fle G Olgeas fe s (Furfural: HMF
(Abraham et al., 2011) ol a3 S 1 3 a> 55 5,50
Sl adauly SO Ol gea &S Sl Sl oS 5 HMF
S e S Ol sy 5 30 1S5 G b
35 o S5 gl Lild 5 S0l les o
Oyl Sl e > (Turhan et al., 2008)
ol ol bl Jlsh, s b Saoda lp

Sk =0 a4 Wl o5 S O penldnS| e

YA


www.SID.ir

ke dlge cubligg

o3 HMF lgme oy (IS 0L
(S 5 PH K50 plerd (s Slo past
(S 5 sl b e Ll d s Gl L o

i3S o

CR-TRRRIre
s sl g -

Lol PH oo VE Cub) L) s Sladd gl
HMF 5 doys £ 54855 oy T S8 A
Jos Gt D)8 51 S S GRe bl
(1) ot b llas 5 A3 g 3 50bml 3T s o315

238 13 IS 5 Sl Sldes 55

HMF liis  pubidow Sl oy S & 4 55 L

Npe Sl Res P s Jes SekS anld Ulpey
s Sl sl Gl s ke 1S
03 eSSk b0 Jus 53 0T Sl clle sl
6 (ISIRI, 92/2013) ol sl (poni o S 5hS
S5l Wl der e saae gla, S
Al Sl s Gl e sladd
el (e gy Ol Chle Gluls 5 56, sl
Fallico et ) cusl odss S iy HMF 0l 5 pH
shiws g Li(@l, 2004; Ajlouniet al., 2010
Sl el @S 5 g ae Bl o
Gladta s 3,5 S5 s 550 Jelge opl glabstlie
02 ol 258 Gait eon 2o Sl

5 sl Ol s L) aol bl b 5 candllas

(Minitab 16 gl 5 v ods 4S155) (555 0 oS 0 = b —(1) Jsx

S sl SO Y Ll 5 sles o)l
S

°c) (ads3) 3, > CC) s~ Hles
Yo A\l 1o \ \
Yo Yo 00 \ Y
Yo K 00 \ Ay
Yo \e Vo \ ¢
Yo A\l 1o \ 0
Yo Yo o \ 1
Yo A Vo \ A
¢ Ye 1o Y A
¢ Y 1o Y q

Y4


www.SID.ir

S3gSadg) g ypate Gdum

hosd (038 Clogad adlash Jus )l (598 siloaire

(Mlnltab 16 J.J.B‘r]: Ja..ﬂ}.? okl Afbé) 6;)«6 g_,SJA CJE —(\) JJJ} aals!

S sles Ll 5 0l Ll sl o sla
S sk

©C) (483 Gl (C) 5l s
g Y. aY) Y \»
6 e 10 Y N
¢ Yo 00 Y \Y
¢ Yo vo Y Y
3 A\l Y Y \§3

2 Copen (Ll K 4 Cad Ky Ol i

A Al

AE =vALT +Aa* + Ab™

s Loy S S usby 5 PH (S5l
SwgSls, 5 (Mettler Toledo, Swiss) . pH
.(ISIRI, 92/2013) . el (Atago, Japan)
g, s Jos (oS g5kt Gl gomn i —

SHdsios Joe mSaodes Glymee el Gl
(Apel, Japan) g5 Sl Lays aeewcab (i)
Lo oslizal e BTN SUTAE mge Jb oo
S 5l LS sk cg s (ISIRI, 92/2013)
Sl BNl e dsb cnl 03 DS S ple ol
Merck, ) ol o 035580 b e Slad Jghe
W) C35 o i 3 S s OF O 5 (Germany
el Cewst 3 alaly SIHME Ol 5 cilanly

HMF= (A ~Arm) X 1£4/V x 0x D/W

2 s ) &35 oo DG dal; o

sl (0 5) €505 035 LW 5 (03 p e

orbsl 2 b bl fe lasiyel (s3laesbel
DS 4w b bjled dd ol (V) Jodr 3 2y
e sk skl L S ag
on Sl s el ay fee o pae glaal ol
L ool ol (el > 0l 5 b b
Slales 53 p ST plo Lo 5 itens b 22| >~
YooY O St wgaede a3 VO 5 0 00
Ll b ey 6l el gl 3 8 Jles! aids
53 70) L glos 53 Lasles (10K L (eSS
(e a3 £0) AT 051 5 (G sk
S ooy s A e Ol b S sl
Lo (e 580 Giw 555) o35, £0 Jols 53 osesl
238 el 1SS 4
loed (S5 Olo gt a5l -

Ghao 3 el b s gladipal S5 alis
Yam and Papadakis, ) =53 plsil pgai 51
<> (Canon, Japan) ,ls 5 Ke ;1 . (2004
Slaks 0 5 b sa L gla,osB (axie Ll


www.SID.ir

ke dlge cubligg

s o ize sl Ly sSB Dl i aals G
Loy 3SG Jitms 50 e 5 A s (F 5 Y o)
U3 780 Jll o il 0T filize 1 3

A3 S

Sl Jedows 5 450 -
ol 5 bl Llin 5 Jaee OIS ) 2
ol 5 bl fpores 5 o)l > il
Minitab16 51l 5 51 eslizal L SIS alisea
22288 A s 250 RSM) ey s s

oty 5 Sldie Slall bl bl = bl

Aol b Jites gls e Jiales =(Y) Jsu

\ \ wﬁlﬂ) slas JM ‘5\.&}9'\2.0
vo 10 00 X, (oot @ 53) 5 il 3 gles
2 Yo Ve X (43951~ T3 ol
Aol b Jixes gl e Jiales () Ui
S ok R S i
Y \ S sles

S bl sdalin fus sladises @ axls )4
35l sme s ine Sl laSmen 3B BT s
580 SIS e 3 s (sadi sa3 PH Ol e
Y/UO-Y/AY 5 YV-F/AY @35dmes 55 o 54 S5, A0
PH Jldie i oliSza OIS ,SE sla e o 51 3
sl sk 5y s B (gl e S
2GS Gl s ol Al il glaols
Cusby ol LU csby sl
3o A 5 80 S Sl 53 s sladisel
S VE/0-V0/T 5 VE/YV0/T esgdoee 5 oS S
23 5 & 3 Sy b s bidises cul S5 o4 oY
(Logembos a3 YO80) oS (IS0 Sl > ez

LoCosb) Gl 53 okl pde &5 LA (S

AN

laail

BT RRNCT SRR SR VL | P PR PG [
Sde 53 (L) glssy bl s ol il

“AV/YA o3 9dwe 55 i S 9, A 5 80 SIS
om (B33 b g 5 YO/AY=VV/VO 5 To/0V
035 iS55 —VO/AO B =VV/I 5 —VE/AY L —0/V)
G Db Ol Ol &S cond J= 55 cpl ol
5 WIYO-YVOY Lo 5 ey e (6355
S8 56 ol paze S el Csa Y/ Y-Y/OY
Abcily S gl b LT sl

33 35 sl S el sbl (P<4/10) (5l ns


www.SID.ir

S3gSadg) g ypate Gdum

rbosd (S8 Sluogas adllaol Jus Sylp (5yglyd (siloaisre

b old (IS slakiped 3550 03 5 Sl Anl 3
By S sl @ by S cp i Gy A
o 205 Sl esl 3 e o3 b Blas Ol
(V) 5 () UK sl Sl bl kSl
Ll slos 5 Olos Slman 5 Sdarss Slasls el
0533 Slp wiSa HME (lyms 65, 1, S~
cladde das o OLE Gy A0 5 10 IS
5 () Jsdr 3 HMF (glgms gl odd 2o

dl_:_l (O) J)J\?- BE g_,.:SJ: Ui‘ Ls‘j" 5J.AJ Cewddy j.pl.?u

NG I

Ll g o2l b &S el plbas g ol b oo
Olg o S op50 dsb 53 Cusby Sls pxa s
Lol (S Sl SRl b« il Ul
53,5 Ao ba iz 1y 5T
Sz 5 ol il e sadle; 5 L ST -
HMF laie 5 s lue&S

Aol p slos i Sllugboly HUT mb
2 LGS sl Bl Ml Ol ol
580 K ol s s (slasi 5o HMF itk
80 b ol K s 5 a5 sl 0L 5y, A

Gy w bg e S ST Jies I min G

a
3
~3
-,
.II\
)
b
1_'.:'
A
o
5
mg/K g) HMFE (=l szoee
3
£s
]
3
i zs
e
3
h, =z20{ %
)
Yy
—
B
:3 . 15
W
o £8
1o b K hy . i 3
) ot as rang 7=

(‘_'._.JJ.:...._L... a_?_—_).‘-) & EEy R L
Sl Al (omly JK2) gles 5 (YU JK2) 0l F1-(V) K
SR 55,580 b Jlysh) s e oS 5y Hldie (55,

AY


www.SID.ir

ke dlge cubligg

AY

(mg/Kg) HMF 5!y

30

-

(az35) ol Al O

(‘.4_,._-_1-.- Q;D) J:Jl‘—’- -\-;'J-l Sl

(mg/Kg) HMF (5l yone

2 ¥ o
X 7 ;
D 25
N
\\ 20 -
P, .20
Y -
TN
9 15-/
l
4
AN’ /-\
15
10 v S — =
55 60 65 70 75

(e a2 33) Gl e Al 3 (gl
S5 Sl T (b JS8) slos 5 (W JS2) 0ley 31 -(Y) s
S 55 A (b sy e oS sden e

SLosSL 5 e Jde 5 (0) 5 (1) Jslar o
ol o313 QLA Wad pod HMF jluas (695 5 e (3slas

sl

wWWwW.SID.ir


www.SID.ir

S3gSadg) g ypate Gdum

ot (S50 Sluoguas adllaoly e )l (5508 gilodinge

6)\v\€_<3 a)JJVJa)>C'i~r\.écv:\a~:uij)4{HMFJJﬁx L;\:Jul.,.g JJA—(i)J}v\}

pred-R? adj-R? R? Jde Goy) 61 S
+/QY Y +/47 . (VAN Y = YV YATFO/AY YUK+ /0AYANAX + «/NAVAL Y X, £o
+/AATY +/44Y +/44YA Y =-0V/0\AY+HY0/EVIY X+ /Y00 X, ++/YVAAY0 X, Q-

55580 580 IS b s HMF Slude aslie —(0) J s

G2) 4 0

Sl o )lad
q. $0
vy ARTAZAY \
\EVAL V/ayo Y
VAR ALY AVATARY Y
YAAEN Vo/eq) ¢
\vARER \RTARNAY 0
\V/YYoo ARVARAR a
Y4V g \V/YA %
YY/800 \l/goy A
AR'AtAY Ya/0¢ q
YY/40Y \O/AVY Vo
YY/t00 Yo/Vo8 R
Yo/AYA Ve/ANA 'Y
£8/4) YE/VY Y
Yo/t ta VUVYE \}2

53 Sy g, ials Gl (3o 5,50 ol 42008
E S VL les 3 el (IS slad g
Col 0l Gl Oliises plo bawy 50 plis
L .(Bulut and Kilic, 2008; Gonzales et al., 1999)
S 58 Ol USs (S @ pasls Sl
ol gk ams B0 Gles 3 s (IS

bﬂ.?L? UT’-J;("@" > 90 Lﬁ-‘ JF@JWQM L.S“’j‘@j

S ot 5 Loy
Sl Ui e S eon @
Sld oz 2o oA o 5l S 3 S blasd
Lol azils Joue oy 3 1y Ll o 2 (66K
P g a3 B les 5 s (IS
Sl ad sl e Ll 5 g0 45 Bl 0 ST Lad 55 Ly
Bulut and Kilic, ) 12l (s | Jsb 53 Od 6,5

AY


www.SID.ir

ke dlge cubligg

S A oS Ao WAY badgel Cugb; 0 Sle
ol Sl s dxdls 3 s lkal o3 sdoue 3 polie eled
Andrade et ) ol Cdllas Lol Gui i b
Ll i s 535031 O (glsee 035 YL (8l 1999
Cusby Glyme b Jos S o At oS g )
Lo 3 Yo BV Glosd pod pess doy3 VWA 5
Aops Yool SV 5 a5l s OAS eess O
(Dimins et al., 2006) coul x> s @3}
s S ol s sk S el
Olgee O3 Yo il mll ol 50 o 3
Obrr 3 5 03,8 mped Ly s 04 H5kte o osb
ST Osk pb 4 wslida p b 5l SIS e ks
Cagbs e b la s s oenas 50 e S
L .(Sanz et al.,, 1995) 43 . S & a5 N
S 58 Olge Olg o Oliis ple Sldalin & axy
O T AU JE T J e S
3 e 2l 3 Jee Sl e IS
53 Y| (Tosi et al., 2004) 35 5 gel sl S
e 5 ol dnlE O ol Siddse (Gai
WS edalie I pl (gLl
S S 4 S A Sl T ol s e
Oy 5 s Sl L 5 X 5e HMF wass 5 JSCis
Bybe Lol esle b mens i S
slad g Ools ol > ol Ol (glasdllas glaazsl
aids A Odeds gl azps A gl L s
51 G Rl s HMF e Jls sme 21530 Cor e
Rl s A eSS s s o S s b0 Slne a>
A b il il S G mli L Lo

Lld cos ol Vb S it Oliise oy

AD

s dald W ged 4 S KO Dl urs il s
GAESS Usb 3 Jome SO Ol i ol S3w p3Y
s Ko e gl Ko s Cusby, PH w
sl gl sl LYs .(Gonzales et al., 1999)
TGO P Ve VPR VP PP PO S G JUVS
g5 (05l bllS JiSly) 55558 Sl aber
Gonzales et ) La s L o556 .S 5 o> e 2S5
.(al., 1999

sl 55 diea LS L PH s avslie s )
Ol 55 €sad $A% (g5 p &S ) p SO 53 03
Ol Slaaigei sy 3 PH Ol 235 250
Cillas G opl i LS S 5)S Y0 —8/A
.(Aliaghaei and Mirnezami Ziabari, 1999) s ,ls
Mde SIS G s pite e Sl G o) Gillas
Sols sme S pH Hlade o la jaze s,us@ﬁ PpH
el 5 il s nPH G 3,8l s bkl
Shls e SIS gl oo pH s
pH .(Terraba et al., 2002) Ail . (s3L3 Coanl
5 55555 3l S s s SU Jes
LSS Jlasl pH falS L oy 5)s HMF (|25
.(Caviaetal., 2009) . o 53 HMF

Jos oS ol lagatls 5 S acash,
Cogby Ol dsn 5 OF woils p Juad 4 oS 3L
Jgame Sy Oz 5 315 (Ko oS g Lie
o sl Ao s YA BV cosby Ao s s e OLES
bl ol il e Oy Sl sl Ol S
B TS | RV J SR WP P AU H PRCIR P J
< > (Costa et al., 1999) ol (go sl fus

cdl}dﬂ DL JM.G 4.:),«.’ e L.S.ﬁ)f Jl de‘)j


www.SID.ir

S3gSadg) g ypate Gdum

hosd (038 Clogad adlash Jus )l (598 siloaire

5 35S sldie Lials 4 HMF i35 (al., 2006
Sldis 21531 (Diminis et al., 2006) sl S
Gadaze SLES s ol i s b s HMF
Ajlouni and Sujirapinyokul, ) ol sys S iz

2010; Fallico et al., 2004; Kowalski, 2013; Tosi
Ulse &35 el a5 Lags s Ll (et al., 2004

il glaoles L3 Ayl ol Al g S Al
Ll o s pme HMF LS55 Ol5e 0 a3l >
GO Olii=e  .(Ramirez et al, 2000)
Oy HMF IS5 586 cp Soge 1) oo SV
DMhies b ges Sl G il oS Liles S
Boonchiangma et al., 2011; ) Jil o 54 4
.(Khalil et al., 2010;Turhan et al., 2008

c HMF ag Ol (siluang @l:_'. sb
ey 00 gl o el Glles Lyl d
YO los Cos (6l 5 adds Vo e gl
g b s S amd S, £0 Sdeas apeds 4 5
5 kS Rl sl Sl dulgh pleil s a
el sy mli el s (IS e
S 035 33doms ek oS 3 S ao g Ul e
ol oml sles s s ladi ol HMF (LS5s
35,5 56 5 os

é\:mub)bs

RER(RY

Aol b Jlesl 5l i HMF Ol 25l 0 bl
Slaaiged oles 53 HMF Slade il o o 5l >~
ol gl gl jol- Gl 55 oz 3550
oAy Vo Sdeas egaedes 4z VOO 3 el
S I PN W ST ST R BTSSP E
sy (SshS a s e Sike £ e st
«(Turhan et al., 2008)
Jos SSU arla dl s e S
(el atly il Laliea of LS5 5 e
0 bl 5 G535 58 5I8) el glads ) 5o
2l HMF S8 6l L (psllae Ll s e
skl Jols o es (Khalil et al., 2010) 1S
s S5 3dke 2Sly gy HMF laie 233l
PH (S andtesl o3l anitond Oliies L5 3l .o
2 e B S e 5SS imes
Fallico et al., 2004; Tosi etal., ) s,ls HMF JSEs
(el Lol 3 sbml 5 PH ials 1,5 (2004
PH byl s 5 355 0 s HMF S5 2515
Ajlouni and ) <l VUL HMF slyls Ygane ol
sbsles pH Gaass ool 5 (Sujirapinyokul, 2010
Sde ap Jg ol QLS (ol e falS sy 3 0e
23 LlE e S 50 Jile gl el S
ladel jpa aaL wils (25 HMF il 1,
Ajlouni and ) ol T el 03 ool s JI
ol 3 HMF  4l, .(Sujirapinyokul, 2010
g I C P N e PP VRS KWk { SN L
Cllad il 2l el gl axr p S
SAS fh ke sy Mo 5 S SIS SIS
Diminis et ) 1l oo HMF (|5 a3

AN


www.SID.ir

WAF 50l Y ol F ojlad ¥ 0y ke dlge cubligg

cb.o

« Abraham, K., Gurtler, R., Berg, K., Heinemeyer, G., Lampen, A. and Appel, K.E. (2011). Toxicology
and risk assessment of 5-Hydroxymethylfurfural in food. Molecular Nutrition and Food
Research, 55: 667—678.

« Ajlouni, S. and Sujirapinyokul, P. (2010). Hydroxymethylfurfuraldehyde and amylase contents in
Australian honey. Food Chemistry, 119: 1000-1005.

« Aliaghaei, M. and Mirnezami Ziabari, S.H. (1999). Curative properties of honey, honey bee and their
products. (3" edition), Nopardazan Publication, pp. 24-61 [In Persian].

o Andrade, P.B., Amaral, M.T., Isabel, P., Carvalho, J.C.M.F., Seabra, R.M. and Cunha A.P.D. (1999).
Physicochemical attributes and pollen spectrum of Portuguese heather honeys. Food Chemistry,
66: 503-510.

« Boonchiangma, S., Chanthal, S., Srijaranai, S. and Srijaranai, S. (2011)..Chemical compositions and
non-enzymatic browning compound of Thai honey: A kinetic. study. Journal of food process
engineering, 34: 1584-1596.

« Bulut, L. and Kilic, M. (2009). Kinetics of hydroxymethyl furfural accumulation and color change
honey during storage in relation to moisture content. Journal of Food Processing and
Preservation, 33: 22-32.

« Cavia, M.M., Fernandez-Muino, M.A., Huidobro, J.F., Alvarez, C. and Sancho, M.T. (2009). Evolution
of monosaccharides of honey over 3 years: influence of induced granulation. International
journal of food science and technology, 44: 623-628.

o Costa, L., M. Albuquerque., L. Trugo., L. Quinteiro., O. Barth., M. Ribeiro.and C. De Maria.
(1999).Determination of non-volatile compounds of different botanical origin Brazilian honeys.
Food Chemistry, 65: 347-352.

« Dimins, F., Kuka, P., Kuka, M. and Cakste, 1. (2006). The criteria of honey quality and its changes
during storage and thermal treatment. Raksti, 16: 73-78.

« Durling, L.J.K., Busk, L. and Hellman, B. (2009). Evaluation of the DNA damaging effect of the heat-
induced food toxicant 5-hydroxymethylfurfural (HMF) in various cell lines with different
activities of sulfotransferases. Food and Chemical Toxicology, 47: 880-884.

« Fallico, B., Zappala, M., Arena, E. and Verzera.A. (2004). Effects of conditioning on HMF content in
unifloral honeys. Foad Chemistry, 85: 305-313.

« Gonzales, A.P., Burin, L. and Buera, M.D.P. (1999). Color changes during storage of honeys in relation
to their composition and initial color. Food research international, 32: 185-191.

« Institute of Standards and Industrial Research of Iran. (2013). Honey-Specification and test methods.
7" Revision, ISIRI'No. 92 [In Persian].

« Jahed Khaniki, Gh.R. and Kamkar, A. (2005). A survey of physico-chemical properties of produced
honey in Garmsar city in 2003. Iranian Journal of Food Science and Technology, 2: 35-41. [In
Persian].

Janzowski, C., Glaab, V., Samimi, E., Schlatter, J. and Eisenbrand, G. (2000). 5-
Hydroxymethylfurfural: assessment mutagenicity, DNA-damaging potential and reactivity
towards cellular glutathione. Food Chemistry Toxicol, 38: 801-8009.

Khalil, M.I., Sulaiman, S.A. and Gan, S.H. (2010). High 5-hydroxymethylfurfural concentrations are
found in Malaysian honey samples stored for more than one year. Food and Chemical
Toxicology, 48: 2388-2392.

o Kowalski, S. (2013). Changes of antioxidant activity and formation of 5-hydroxymethylfurfural in

honey during thermal and microwave processing. Food Chemistry, 141: 1378-1382.

e Lee, Y.C., Shlyankevich, M., Jeong, H-K., Douglas, J.S. and Surh, T.J. (1995). Bioactivation of 5-
hydroxymethyl-2-furaldehyde to an electrophilic and mutagenic allylicsulphuric acid ester.
Biochemical Biophisical ResearchCommunications,209: 996-1002.

AY


www.SID.ir

Slis Sadgy g jeuate (sl stlosd (Sojid Sluogas adllasly Jus 5yl 69l 8 siloainne

e Pryor, R. L., Wu, X. and Gu, L. (2006). Identification of urinary excretion of metabolites of 5-
(hydroxymethyl)-2-furfural in human subjects following consumption of dried plums or dried
plum juice.Journal of Agriculture and Food Chemistry,54: 3744-3749.

« Ramirez, M.A., Gonzalez, S.A. and Sauriduch, E. (2000). Effect of the temporary thermic treatment of
honey on variation of the quality of the same during storage. Apiacta, 35: 162-170.

« Saadatmand, S.J. (2006). Adulterated honey. Sokhan Gostar Publication, pp. 47-71 [In Persian].

o Terraba, A., M.J. Diez. and F.J. Heredia. (2002). Characterisation of Moroccan unifloral honeys by
their physicochemical characteristics. Food Chemistry. 79: 373-379.

e Tosi, E.A., Re, E., Lucero, H. and Bulacio, L. (2004). Effect of honey high-temperature short-time
heating on parameters related to quality, crystallization phenomena and fungal inhibition. LWT,
37: 669-678.

e Turhan, I., Tetik, N., Karhan, M., Gurel, F. and Tavukcuoglu, H.R. (2008). Quality of honeys
influenced by thermal treatment. LWT, 41: 1396-1399.

« Yam, K.L. and S.E. Papadakis. (2004). A simple digital imaging method for measuring and analyzing
color of food surfaces. Journal of Food Engineering, 61: 137-142.

e Zhang, X., Chan, C., Stamp, D. and Minkin, S. (1993). Initiation and promotion of colonic aberrant
crypt foci in rats by 5-hydroxymethyl-2-furaldehyde in thermolyzed sucrose. Carcinogenesis, 14:
773-775.

A


www.SID.ir

Journal of Food Hygiene, Vol. 7, No. 27, Autumn 2017

Thermal processing optimization of honey using physicochemical
properties and hydroxymethylfurfural content

Seyyedi Mansoor, S.!, Roufegarinejad, L.2"

1. M.Sc Graduate in Food Science and Technology, Tabriz Branch, Islamic Azad University, Tabriz, Iran
2. Assistant Professor of Department of Food Science and Technology, Tabriz Branch, Islamic Azad University,
Tabriz, Iran
“Corresponding Author’s e.mail: l.roufegari@iaut.ac.ir
(Received: 2015/12/4 Accepted: 2017/9/20)

Abstract

Hydroxymethylfurfural (HMF) is one of the compounds formed due to the heat treatment and storage of
honey and the maximum level of HMF in honey have been.set in 40 ppm under codex standards. In this
study, the effects of heating temperature (55, 65 and 75 °C), heating duration (10, 20 and 30 min) as well
as storage temperature (25 and 40 °C) were assayed during the three months of storage, based on
response surface methodology. The effect of the above-mentioned variables on physicochemical
properties (Lab color factors, pH, and moisture) and HMF content (based on spectrophotometric
technique) of the samples was studied. Prediction model of each treatment was calculated. The outcomes
during the 45 and 90 days of storage were analyzed. Results showed that temperature, time of heat
treatment and storage duration had no effect on pH, moisture content, and color; while storage
temperature had a significant effect on L and a". HMF content was affected by of all the variables so that
its rate was increased significantly with increasing thermal process and storage time. Among the studied
samples, HMF content was exceeded the standard limit in the sample heated at 75 °C for 20 min and kept
at 40 °C for 90 days. The optimal level of HMF resulted by heating at 55 °C for 10 min and under the
storage temperature of 25.°C for 45 days.
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