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Abstract

This study was performed to suggest concentration methods leading to the production
ofhoney with an excellent flavor by examining the effects of the concentration temperature
and method on changes in 5-hydroxymethyl-2-furaldehyde (5-HMF) levels and the
flavor components of honey. The 5-HMF contents of honey samples concentrated in a
tray concentrator at 45, 50, 60, and 70°C were 2.1, 2.3, 2.5, and 3.1 mg-kg", respectively,
demonstrating that the 5-HMF contents increased as the concentration temperatures
were increased. The honey vacuum-concentrated at 70°C showed a higher 5-HMF content
than that at 60°C, similar to the tray-concentrated honey at different temperatures. The
main and other minor flavor components of the honey were volatilized and significantly
reduced after vacuum concentration. In the tray concentration, all of the honey samples
concentrated at 40, 50, 60, and 70°C showed flavor component patterns similar to each other,
and most of the main and other minor flavor components in the honey were volatilized
and significantly reduced after tray concentration. As such, most of the main and other
minor flavor components of the honey were mostly removed at 70°C after both the vacuum
concentration and tray concentration processes. The effects of the concentration method and
temperature on the viscosity, 5-HMF level, and flavor components of the honey were found
to be significant in this study. Given that the components of honey were shown to undergo
significant physicochemical changes depending on the concentration method used and
temperature during laboratory-scale production, the concentration methods devised in this
study can be applied industrially.

Keywords: honey, tray concentration, vacuum concentration, volatile flavor, 5-HMF
(5-hydroxymethyl-2-furaldehyde)

Introduction
B2 2pFo] £ B FHhL B S E5 e = B EZHE g4 Hhgof of5) T o
e A9ls] BET BB 202A, 42710 E AR ol TS A Y

Korean Journal of Agricultural Science 48(4) December 2021 899

PISSN : 2466-2402
eISSN © 24662410



Physicochemical effects of different processing temperatures on 5-hydroxymethyl-2-furaldehyde and the volatile flavor of domestic honey

Bo| Q4 AbROITE BE el U BT B4, Wl 2 95} B 93] WS eloo 2 ALElolgi)
(Fukuda et al., 2010). =2 °F 80%+= FFH(EET, T, A, Hotd ), 19% =(Majtan, 2014) 5 1% 71EF 73 4
28 393} 29| pH 22 34004 6.1 ALo]o] 1L ZollA] 71 E2e ofn] Ak mER10 2 % ofu]wAle] of
70% 7 o] ChRiickriemen et al., 2015). B2] W2 FHMJHE L o] P2 HE| @31 Zo] 2o uje}t H-2 3
U =9 555 /S 7HA AL T Tan et al,, 1989). o5 5 2}t E-2 hexanal, heptanal, -2 HFA &2
dihydroxyketones, sulphur compounds, alkanes= AJ#-2 LFERHTHBouseta et al., 1992). =2 300 S5 o]/e] 3]ehd
JE-S g5kl Q= o] S S, acids, alcohols, ketones, aldehydes, terpenes, esters 5-°] Th(Crane, 2020). Z=of| 4] 2
b X SlE| 2 118] $FEHE91 5-hydroxymethyl-2-furaldehyde (5-HMF)= LHEA 0 2 7|7 Bk = 1.20f &
T e TS 2R 49 FAE T SHMF @782 B9 F4S ASHA7] 1L Qb ok 22 R AL A & A
Sh= 7P 2235 2 4 & sh 2 B K th(Aslanova et al., 2010). Zoi|A] 5-HMF @42 -l do] Abznj 23280
Q15}od Maillard B30 2 QIgt 71 0 2 AJZ}e] o] XITHCapuano and Fogliano, 2011). 5-HMF+= &A% Q1 40| &
SFHHFE2 (Michail et al., 2007)°]™, & Hol] ol-2- 3-5-35HLeBlanc et al., 2009). =W &=
B2 AL sto] 2 TFo] 20% n|Tho] H =& 23 5550 47 st f-Ei.
| A58 faliohs $Ed /R Ado] A= Bz, 7N E Aol A A3 et Eof v
3l )7t A& 4 ek o) HHA S FAIZ|AL, B 40-50°CE EF = G542 7HEshl, G8e SE5 W
o] & FHof| FolFo] HxstH n|o] EHo] Aok F2 1-5-9] u| 2ol Qlof 7, T, = HAE R
| A2 T LRI HE AlEollA = o] HE IAE 4= 7] wiZo|th &
°P =2 gy t‘*%‘: dEEe ot oA E, AFEE, A5 =, {71450l A=t o] F f71Atell= Ao
Atafjol] ofsl A/ =)= 2 Al gAbo] i2gtE]of lo] S HhE “Eoﬂ 27t wio] 4|20l A] o] FH 2 A ZHA| =]
of Eof thet A2 =5 Hoj=d 4 lt}. |20l Choi®f Nam 2019y =%, B, o7 A ok, 2| E 2] o] &}e}H4]
75 2AISHe] 5 7182 nhedsto] BAlstelt) sh|vt Uit Eo) 4 = 91t 712 A RES
A7oltt. o]et wAsto] At E9] Az Fol| R=of x ARt whE 2 Wk dwo] S AHst A=
(5-HMF)2] S7tell thigh AIA| A o] i 1}ehA{ Q1 I+t Af g7} §E5to] 2 Aol M e A x W1} 2 kof & E2
0| g S A (5-HMF) 2| RISHE ZALSHo] 943t Fn] 9] B2 A4tehe 55 WH2 Al AlokalaL gt
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Materials and Methods

EAE

OF7FA| ot E(Ansung, Korea)2 oF= F-8-5 Al A Fll Aol AJatd e Al gwof A-g-st3iTt.

£2o| 5%
23-5%7](Fig. 1)= R-300 Rotavapor (Buchi Co., LTD., Flawil, Switzerland), Tray 5% 7|(Fig. 2)= Dry Oven (DS

SEMICON Co., Ltd., Anyang, Korea)= ©]-&5tTh. 42 26.6%2] o}FFA|oF B-& 55 2 45, 50, 60, 70°Col|A] A
AISFRAAL 42 BFo] 20% M ST} E| =& 5&5to] A|l&= ARSI
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Fig. 2. linstrument of tray concentration. A, inner shape; B, outer shape.

22, 8T Y 5-HMF &2k XA

E5HE A B 48 £7%7] HHR-2N (ATAGO, Totyko, Japan)Z2 S5+t = =72 Viscometer (Tokimec,
Toyko, Japan) &2 751 Ch $HH S-HMF 402 A3 89 A 22 A 5(H) | g2 o 574 50 mLof| 24138] =0]
045 um YE|E oIl ofatll S A|-8H 0 2 ARESIITt FE-8 A= 5-HMF (hydroxymethylfurfural)
mg-100 mL' & A E3}L 10, 5,2.5, 1,05 ppm Q-2 8] A}510] ARE3FRITE 5-HMF 242 UV HE7|7} 24 HPLC
= HP 1260 Infinity LC (Agilent Technologies, CA, USA)E AH8-6}1 1, column ACQUITY UPLC BEH C18 (17 W
m, 2.1 X 50 mm, Waters, MC, USA)Z ©]- 85}tk B4 2712 I3RS | uLo| il o] 542 5% MeOH, 542 0.5
mL-min’, 57 T2 280 nmO|th. Al4he BF-8-0 0 2 S AASH & AatE thedsto] ERlslrt.

GCMSS 0|E¢t Sn|dE 24

o] Ad -2 gas chromatography mass spectrometer (GCMS), (Clarus 600 series+ TurboMatrix HSS Trap, PerkinElmer,
MA, USA)Z 2415}tk Columne HP-5MS (0.25 pum X 30 m X 0.32 mm, Agilent Technologies, CA, USA)S A}
8513, B 2= 50°CE 287 M & 300°C7HA] 10°C-min” =2 52 & 300°CollA] 527 -FAI5H L.
Inlet2 280°C 2 F-A|51 21 217] 3= AF /A S ARS5F I Mass range= 30 - 60022 A3} ch 2] 2]
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0 250 ¢ TR 2060 mLE £3510] 30°C, 300 pme] F7H 02 6027 2 g5l 1, AFSo 20 mLE

H
H
A H 5t AAZFAR 100 u7HA| 55510] FH[FTH Castro-Vazquez et al., 2003).

ZARFA (electronic nose)S- ©]-&510] o] AJE-S B AL, A (0-FOX 3000 Electronic Nose System, Alpha
M.O.S., Toulouse, France)= 10712] metal oxide sensor (MOS), = SY/G, SY/AA, SY/Gh, SY/gCT1, T30/1, PlO/l,PlO/Z,
P40/1, T70/2, PA2 2 3=}t 2 S7|ofel S st AIAE F P10/1, pl0/2, SY/AA A1AE-2 non polar
volatllesa, PA2, T30/1, SY/gCT1 AA &2 771801 E ZHA]5HH, P40/1 Al A<= fluoride 2 chloride S, SY/G AllA]
+= ammonia & sulfur SFHE-E, T702 AlA = Eo &7} JHMJ B ES TRt 24272 dry/humid aire] H]
£0] 20%7} H =& 2%+ 36°C, U2 5 psi, 371 EEL 150 mL-min" O 2 37| 2 A A S Z-8-5to] d7Yst
it 7] AJE-2 20 mL vialoll AR5 10 g F8HA Zh2E 5 §H20 2 vjF AJZH2 38, 2%+ 50°C, 82 500 rpm
o 2 5} headspacei‘j E] EE53190th of7|M Ao 7] ' 25 mLe] &S A AR A7) 2 FU7]E o
835}o] 55°C2 74 ZFAF7100 #3lA 0.5 mL-sec’ 2] £ =2 FY portoll FUTFAICE BA] 7HH 2 3520 F Al
A7FZE5] e E O]TL'.‘ Cheoll 2412 A sl

Results and Discussion

FBEH NBO| £, HE U HVF B2 T

——

B2 5% 4E, o2 o] FREMFIND), A% YURO|E, SHMF U T Y22 2] S (lolam e
al, 2014)01] 71013 ZQlol= B73k7 okt ojoko 2 ZHEITh SHMFE A1E 71 Ei 20| 47 A4 59

maillard §F(H] & 42 ZHAEES)S B35 o Bafjo] 2J5f] AYAFE cyclic aldehyde®] ThMarkowicz, 2012). Zof| Y=
T Y@EET E At w2 4k njuE2 o] S0 AS oS FIAIZ = A (Kuster, 1990). 5-HMF 5=
U0 2 EAfel] QHETRo(TE AME Boll the 42t Zxlgh |42 Be) Aol JaFE vl )= o)
P ) 9412 S el 135 s 0.2 9 ) et Al ek AR s A
3 270l HBE BE SHMF 557} 3 2 i ol i 50 ol nakel we
SHMF 557} ), B 27 olol = 34 7] 3 ol L Tl $28 240
ChShapla et al., 2018). WA, T 52 HMF 5T+ 9—]’?_ A2 = %A =5 71E-S S5t KFallico et al.,
2004; Khalil et al., 2010). 214, Codex Alimentarius Standard ¥ 3]= A &2 71 Z B AT 7MES AR &1
AH|E Q|5 QFH (Alimentarius, 2001)S ﬂiom Sl Zof Fae 5 HI\/[F-J o SH=E 40 mg-kg' (FTHAHO]]
Al AALE] Hof] T3l A= 80 mgkg' 2] T =2 SHA) S 2 3Tt KLt International Honey Commission©l| A= 7L &]
A| 242 =2 HMF gH2] Hel+=5-30 mg- kglO]E]'_’ ZJ3ithBogdanov et al., 1999; Eshete and Eshete, 2019). 5-HMF
+ Boltk ZAlsh= Zo] opd e, oFy] AARE A2, W, FA1E B Thd A0 A ThfRt F o] 5ol o] 27|77}

,1:1
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o
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ol
Y
i

A o B2 =L ol

5-HMF&= THefsh &

bl
]

ol &= A 9] Z2feFcKMurkovic and Pichler, 2006; Teixido et al., 2006). T2HA]

] 34 7|e} of 2] A& (Dogan et al,, 2005)2] 2 52 A& F ot= 7HEH
T}, t2] o] itol] o] thah MlE F/d, m e} A S5 7]; HHol el d; GAA| o)At )1zt
I} =0l oigh et gt J| 4730l B4 Q1 kS n)zIckal B 13CKGlatt et al., 2005, Monien et al., 2012).
e Hof 2| te] FRe oA, 5-HMF+= &AFsHZhao et al., 2013), L2 2 7](Yamada et al., 2011), 25
Al(Kitts et al.,, 2012), @ AAFAA(Li et al, 2011), FALLAFE S (Lin et al.,, 2012) Bt} 22 FRIISHA 3420 &
17h Jokes Zo] SHEUC =, AE U 5-HMF 35F ZAF 2= Table 0] YERD v} 2T} 55 4 A|59
S L 26.6%, HELE 1,350 p, S-HMF 2 12 mgkg' 02 ZH QT 28 WF527|2 553 A 2o
A 45°CQ1 7 4 T2 19.8%, == 1,450 ep, S-HMF 32 1.4 mgkg' 2 S =, 50°Col|A] 42 &l
20.0% Ol A= == 1,750 cp, 5-HMF TS 1.5 mgkg' O &2 A1, 60°Coll A= -5 Ghfo] 18.8% ol A1= A
52050 cp, 5-HMF 3HFS 1.6 mg'kg' O 2 ZA %111, 70°Coll A= 42 &FFo] 18.1%, A =+ 2,350 cp, 5S-HMF &
F2 1Lomgkg O & SHE 0] LETHSEFE H e E F7I6HL S HMFY] e AZ 53t AL 55259 7
ARz mlxl o2 FRIEQlTt. o|ef Zo] thafst 2k & 1 20%E X355t B2 5-HMF g2 Codex
Alimentarius Standard ]98] ol A] S 2| cff $H=Z- 40 mg-kg'ofl = B2 1] 2] A] 53Tt
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Table 1. Analysis of moisture, viscosity and 5-HMF of vacuum concentration honey.

Concentration temperature (°C) Moisture (%) Viscosity (cp) 5-HMF (mg-kg")
Control (before concentration) 26.6 1,350 1.2

45 19.8 1,450 1.4

50 20.0 1,750 1.5

60 18.8 2,050 1.6

70 18.1 2,350 1.6

5-HMF, 5-hydroxymethyl-2-furaldehyde.

rA
(] d]
ol
4

2t AlZo| GCMSO]| 25t S| 42 24

P>

H|Zbol|A] o] e F4, F0| B 2 AlFstr] flal 2 S5k HFsh] fItt # 4o} 215 74
2 ojf& dol}. B A 7t zbo], £ Eoll tisl G577t Helohs 1 2 48 Al7|ek 22
< Jsfof k. 7MY 83 4w B0 B Aol ARgSh= AlE R, Bo] B 2 AE FF
C}2 thOverton and Manura, 1999). Table 2= GCMS©l| 9]3l] 2A1H gnjAJEo] & 2| AE0]T Fig 3=
7|2 553 oA oF B GCMSE BA5H Aato|o}, thx = X7 A7t 12.80+01] 2-furanmethanol,
6201 n-hexadecanoic acid, 23.047-01| hexanedioic acid, 24.24-1| 1,2-benzenedicarboxylic acid2} diisooctyl ester,
98-0]| decanedioic acid?} bis(2-ethyhexyl) ester J250| F O 2 e 7|el B F50] JRE0]
SJo] Qs A2 FeIS|Yrt 4570 $EF BT AR50 Wehe vl vel 4RSS
TR dEEol ad Aoz Yelstt 50°CE 553 AlE+£ 23.065201 hexanedioic acid, 24.272°1]
-benzenedicarboxylic acid®} diisooctyl ester, 26.114201| decanedioic acid2} bis(2-ethyhexyl) ester ‘20| F 22
e, ZEt AR S Hse] 4] Be SR/l 24 A0 el 00°C2 553 AlRE 7 4
% 23,06'20] hexanedioic acid? P12 LEpStT. 7 A3} chizol 7|k SREL o2 5pslo] 48] e
7H AR QI 70°CR 553 A 8= 60°CE 553 AR H|e o= Yelal 3= &3} o501 7]
e tiE AEEo] s B2 SF7H daE U et 55 257t /3429 718k nixl=
o] Ath= 21 Felskith. M2
o

il
peakE UERH=H| &2 o= 2o F7ol met ohefste)] Eolli= benzaldehyde, furfural, isovaleraldehyde

58

ol
_[F

2o

ro i

rlo

=2

N,
of
o

gjis

1
2

Nel
—

N
=3

2 oo
go o
rlo

—_
[\

>

of I ofN M Hu
o ox U

or
1o

Korean Journal of Agricultural Science 48(4) December 2021 903



Physicochemical effects of different processing temperatures on 5-hydroxymethyl-2-furaldehyde and the volatile flavor of domestic honey

2! phenylacetaldehyde@t 22 THFSE mono- and sesquiterpenoid SHeHa1t FE7F ESHE| o] Q= Z1 o2 LIER
t}. &) 3}3HE2] benzaldehyde, furfural, isovaleraldehyde, phenylacetaldehyde+= OHZE WA}, isovaler-aldehyde A}
I+ HAY, phenylacetaldehyde+ lilac¥} hyacinthS A/FA]7|+= WAHZT ‘HTt. Iraq alcohol2] ©]/d 2|91 A} linalool
3} tetrahydro-furfuryl-(2)-alcoho<> mountain laurel honey 'H&0l|A HEZE|Q 9™ tupelo, FdF A 4 o &2
27} 2RAE Q) B 2 3.5 5-trimethyl-2-cyclohexen-1-one 2! 2-cyclohexen-1-one $FgH&2] A5+ 1071 &
sourwood2} AF A| > Foj| Al HAE| ] o of2] 71A] 7o) FARE EAS. 13 H tupelo2t Y747 &, 11
Y tulip poplar E-0ll+= linalool oxide, tetrahydro-furfuryl-(2)-alcohol, 3,5,5-trimethyl-2-cyclohexen-1-one % 2-cyclohexen-
1-one®] AZ3}=] o] QJTHOverton and Manura, 1999).

AR A5l s A 3R R0 R et 3, 718 2ol 4, 71428 H=skal A, dofxl 2
e M 4 e SAAR] 7S] A&dh MAfE 242 Al&sia weet kA 2AgHoR A
B sl shte Balsto] 3S BAJsH= o] ofuat Ql7ho] ZHR|sHe Zix] ™ Aol vigte o] g2 7|5
€ 582 7L o H AFEe) 71555 100% ek 4= QAIRE Aol A1 4= gl e A7kA = REgShe
578 713 Qlth Fig 4= Z‘*ﬁ‘—?ﬂoﬂ oJsl 553 Al 5] A 2A1& rehd Zlojth thx e o] B
02 {2 HelolM UEAL, 45°C 55 A&, 50°C 55 AR, 60°C 55 A5, 70°C 55 AlEe 5 tE7eke
HolR 5] Wygkol] o Lo = EaA] LPE}”E} o] tiETet w53 Al5o] Fnlid2e] Apol7h AAsHAl At
= Z2& onjgt

Table 2. The standard list of kinds and retention time of aroma compounds.

Peak Compound Retention time (min)
1 Methyl alcohol 1.52
2 4-chlorobuten-3-yne 1.70
3 Trichloromethane 2.04
4 2-pentanol (internal standard) 2.58
5 2,4-dihydroxy-2,5-dimethyl-3(2H)-furan-3-one 6.72
6 1,2,6-hexanetriol 7.52
7 Benzyl alcohol 7.65
8 2(3H)-furanone, 5-ethenyldihydro-5-methyl- 7.76
9 Decane, 2.,4,6-trimethyl- 8.00
10 2-pentanone, 4-hydroxy-4-methyl- 8.87
11 Phenylethyl alcohol 8.93
12 3,7-octadiene-2,6-diol, 2,6-dimethyl- 10.05
13 2-furancarboxaldehyde, 5-(hydroxymethyl)- 10.60
14 Acetic acid, 2-phenylethyl ester 11.05
15 Dodecane, 2,6,11-trimethyl- 11.37
16 2-furanmethanol, 5-ethenyltetrahydro-a,0,5-trimethyl-, cis- 12.80
17 Phenol, 2,5-bis(1,1-dimethylethyl)- 14.40
18 Hexadecane, 2,6,11,15-tetramethyl- 14.73
19 10-hydroxydecanoic acid 15.78

20 Trans-10-hydroxy-2-decenoic acid 16.30
21 Cyclohexanepropanoic acid, 3,4-dihydroxy- 17.32
22 n-hexadecanoic acid 19.16
23 trans-13-octadecenoic acid 20.82
24 Octadecanoic acid 21.01
25 Hexanedioic acid, bis(2-ethylhexyl) ester 23.04
26 1,2-benzenedicarboxylic acid, diisooctyl ester 24.24
27 Decanedioic acid, bis(2-ethylhexyl) ester 26.09
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Fig. 3. Analysis of aroma compounds of vacuum concentration honey by GCMS. A, Control;, B, 45°C; C, 50°C;

D, 60°C; E, 70°C.
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Fig. 4. Analysis of electronic nose of vacuum concentration honey.

TrayE 555t A|R22| £+2, Mk 9 5-HMF &g A

Tray 5= ol 9|3t A|50] 8, A= 9 5-HMF 7 A= Table 301 LFERS Hiel 2} 53 4 Al 5o] 4

SHFL-26.6%, A= 1,350 ¢p, 5-HMF &2 12 mgkg' @2 ZHEUTh Tray 57| 2 523 A Z0j|A] 45°C

Q1 74 4B kL 20.8%, T 1,700 cp, S-HMF T2 2.1 mgkg' 2 S E| L, 50°CollA] 48 3HFo] 20.3%

A== 1,750 cp, S-HMF 2 2.3 mgkg' 22 ST, 60°Coll A= = &Ha0] 203% olAl= Hee

2.050 cp, 5-HMF $FF2- 2.5 mg-kg' @ 2 ZHE| A3, 70°Coll A= 1 &HaFo] 18.6%, = 2,450 cp, 5-HMF

231 mgkg' 02 SAE 0] 2Tt FSEeE A ® 76k, SHMFY] S A5ote] a5 =0 mE 9T

o] Ath= A& & 4 AU NF 55712 55T A 5 HT 5-HMF o] &7 S E AL Exfo] 552 &
3 24 o]| AJ7to] o] 48 &]7]7] wiiol] &% of| whE A7te] J7Fo] AA| Y rIXIThaL AL H T

Table 3. Analysis of moisture, viscosity and 5-HMF of vacuum concentration honey.

Concentration temperature (°C) Moisture (%) Viscosity (cp) 5-HMF (mg-kg")
Control (before concentration) 26.6 1,350 1.2

45 20.8 1,700 2.1

50 20.3 1,750 23

60 20.3 2,050 25

70 18.6 2,450 3.1

5-HMEF, 5-hydroxymethyl-2-furaldehyde.

Tray2 %% Al 29| GCMSO]| 23t Sn|4E 24

Fig. 52 tray 57| 2 5% Al 8-22] 212 2 GCMSol| 2Jgt ul/d22 BA% Aatolot. T2+ 7| A1zt
11.08-20l| 2] acetic acid, 2-phenylethyl ester AJ-=0] 5= J =2 &2 LFEFEIL 7|8} 2 F70] AJR-E50] &R o

A= Ao 2 SRIL I} 45°CER 553 A 5ol A= 24.2080] 22| 1,2-benzenedicarboxylic acid®} diisooctyl ester
‘g0l AAREF AR o2 U, 7|t R 2 R o] B2 SR R Eel ad Aes ‘4"5]"'*‘:} 50,
60, 70°CE 553 Al &= Al hof] Bt o2 Uetal = 73} Bl o] 7|8 d a5 tiF2 SEE o]
FG0] B2 SH7HAAE T et 55 W 27 2 d2e] 713}l || 7ol Atk= AS &
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