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Abstract

The content of primary component and harmful substances, and physicochemical characteristics
of massecuite samples made using two different equipments under high and low temperatures
respectively, were compared by infrared and UV spectrum, HPLC and LC-MS. The results showed
that the main difference was more harmful substances content of 5-hydroxymethylfurfural
(5-HMF) and furfural (FFA) generated under high temperature than low temperature. The masse-
cuite samples prepared at 122°C using low temperature continuous vacuum film boiling sugar
machine contain 5-HMF more than twice as low as that is produced under 145°C, and 14 times
lower than that of 5-HMF produced under 153°C using high temperature boiling equipment.
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1. 5|8

L4 SR ] 2 B R LD AR LA S T, BGRIRIE— IR 140°C UL L AT {4
KRB 4%LA T[]0 M 3 ARk R I B RLF T2 7 1 R MG 5L 8 2 2 WA 2 ML 2] 78
TELRE 128°C~132°C 4 F BT SIA5 K 43 3 B A 3% LA (PR R 2, HOR3 L7 R B0 5 o R L A
R SRR, MBS, WA RIS, ERRAIIE, TURIE, JC iR A
WeAURE . R (IR PR T A % P MR SR 000 S 0 2 5 L B AR M T
FRE . PR, AR 2 PRI A 3 i, I I R ] 4 I B R R LI 4140 K
PEHEAT B AT 00 40 WT 2 AE R0 Hete, DM SR 2 A R 22 53 R HCUR, A9 S — 25 1L T AT it
61357 2 52 7218 SR

2. MRERE

2.1. HR5R

5-F2 FRMREE(LH R 99%, tikal), Sigma Aw]; MEEE(ZE 99%, GC ZX), Aldrich A#]; ZJEMHPLC
), F[H Tedia A 7l ; BEER(AE > 85%), E 254 Bk XA BR A 7 s S236 H /K, ¥ 84tk , H Millipore
gtk RS (55 & GBIT6682 HIE (1) — 2t K krifk).
2.2. FEFHE

HURIR I E SR AL, iR S BN, Bd RS R EERIA IR A= Bl Agilent 1200
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e ROUAE 435X ;- Thermo Nicolet Nexus 470 {7 AZ R 2L 4R G1E4 + Waters Acquity UPLC TQD 8 =5K
AR RS- AR TS A B UV-240 AT W23 66 EE T Thermo VA (1% 4% S H: RI-150 7= ZE 4T
byt Rl

2.3. 8MGE

2.3.1. S-E R EREEFNREAY HPLC 247[3]

1) F i i &

TER PR IR O RE TS SR 1.0 ¢ 7247, /KB R E 2528 10 mL, H 0.45 pum RUFLIE B 8 5 R 2047

2) ikt

%M symmetryC18, 4.6 mm x 250 mm; Jisht: A (OME-/K-BEER, AN 5:95:0.05)5 B (4
G -7K-50R,  ARFA LA 50:50:0.05) = ok FESENE, #RFEBEMREF A 0 min~30 min, 100% A~100% B; 30
min~35 min, 100% B; 35 min~40 min, 100% B~100% A; 40 min~45 min, 100% A, ¥ii#: 0.8 mL/min;
FEIR: 30°C; AR K: 208 nm; BEFE{AFR: 20 pL.

2.3.2. BHATRHE &L HT(4]

1) ik

4. Shodex OHpak SB-803 A1 805HQ, 8.0 mm ID x 300 mm PARFEER B, A 8s: RESIEK
2%, FiEHAH: 0.1IM NaNOs; #: 0.8 mL/min; FEiR: 30°C; #EFEfARL: 20 pL.

2) FEE AR o7 i S AT

FEANTE] 3 7B (A SRR R v AR O R 20N 3 mg/ml AT TRCHERE 73 M o AR AR AN B BE 0 £ B B 1)
5y 5 GPC A 0 7 B IR 2R, [RIAE S AF T A AR A ot R Bl AR 5 A 50 11 A% 100 mg/ml V59
BEAT A3 HT, ARYEAE SIS EHE B GPC S5 H 2 B RE S AR o T B

2.3.3 AKEERNAEEIE-BEKFIE S FEHS]

B3 HSS T3, 2.1 mm x 100 mm, 1.8 um; VzhAH: A (FEE)F B (0.1%HR): FREEGEMAET: 0~2
min, 1% A; 2~4 min, 1% A~15% A; 4~8 min, 15%~100% A; 8~10 min, 100% A; 10~10.5 min, 1% A;
M#: 0.3 mL/min. JRIES&AF: FMISEHEEGESI), BEFHFRE: 130°C; ByAEFRE: 400°C; B4
EHE: 40kV; HEFLELE: 22.0 V; RifERER: MS, 3eV; MS?, 15eV. M5 7 MRM, 72.10 > 55.00.

2.3.4. LI9MRIES R
B % [k, KBr JE/r%: 1~2 mg F4h, 100 mg KBr.

2.3.5. BERE
FONER IR : B 2 F1IE] 9 A1, A SC T (R IR AE S ORI FE N 132°C; il BF 2R 153°C.
2.3.6. GHHFHIESH
KH SPSS18.0 Gttt 2215 Sl s (H HE 4T e it 0 #r. A P> 0.05 NZERE G5 L.
3. ERESH
3.1. ESMRUTHEE R D HTEL B

W ACIRAR ] 0 B3 B AR S C 1 R B340 100 mg/ml (K E O EHEI T R4 SO S /AT b i, 45
R 1 OMUEL 2 R, R A GRS IR AU R S ) B K T 1 sl L S SR (RERE AN BE R 7E 220
nm~300 nm i A A R BRI ) o 45 SRR, TR R B B T R A it R AT BE P AR K A SR HEXY
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Figure 1. UV spectra of low temperature boiling sample (Amax: 277 nm)

B 1. KIRFEEHEMAEIMRBIIHEE (KUK 277 nm)
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Figure 2. UV spectra of high temperature boiling sample (Amax: 289 nm)
B 2. ERMEE A SIMRBEIREE (R ARYL 289 nm)

B AT AR BRSNS R (1 AR 2
3.2. EHRSEMMESR
R PP 52 3 23 06 PR DR v IR A B 1 D W R AR 6 v 2 1 i B R LA 1 iz R
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Table 1. Results of protein content determination

* 1. EERSENESER

Rl B EbE IR E(132°C) i EE (145°C)
W E mg/mL 325.56 206.74 101.88 103.13
W 0.027 0.001 0.005 0.007
HEHEEY% 0.00062 / / /

RY, AR EES P LEASEAR, BEEROCS A RMEREAR. XK, EIEK
BEIRLCAE T TR B AR Al P AT BE AR _E AN 2 AGHI B 5 10 S R )

3.3. - FR AR AR S B A EL B

TEZEREL R, WAL PR32 sl A 2 R A K R N, 3™ S b AR i — 8 B S-SR I (R
5-HMF, = 5 phy 35 b 26 0 i SRM I /K B At = 2, R R 2 2 (K TR o ) ] 2 i SR i 3k
— 5 I K A A A ) PRI (R FFA, 5 22 OBl A7 A (R sk B i B B SREMB I /K B A 1) [6], T
B pE R = A R RIS, H S-HMF &2 —MEeiE SAMAEER RB 85, BA RN SUmE;
FFA M B A BRI R84 S AR A (7] [8]. Wide 2 Fim, MRIRZRE KM, 5-HMF Fl FFA fIApE
BAR: UK E T, S-HMF Rl FFA AR R KIEIE 2, X R0 AT RERIE 3.1 il i L0 U 2 AH
XS AN /N 3T

34. XS TFRESHHER

ARAEARAE B B B TR0 (1] 3y R LA Bl R vy L3 5 5 (B 1 AR RE R B2 299 100 mg/ml) BRI AH X 43
TR (] 44K 7& /T 27005 B 4 BoR, ARIER. mil BLACHEAAE M AE 30~35 min A R ECK 7
TR B, XS TRELN 2700~10,000 747, MRS UEA, X HER K9 TR
AT RE T ERPEA P E M E B ATS, XKy FYRE R REA R P EERAHEZER. K418
TR, AR S AR 2T BN T 2700 BN T4 43 G TR B R s TR &, X AT RE R R A
TRAKHOREE = A T B S B 558 R MR AR I AT ' e I A v () BB AL R B

3.5. B ERELE R

FE 5(a)s 1 S(b)RTE] 5(c) 52 PO I IR G b e S i« IR B BE S ) LC-MS/MS 73 i 1K1, Hgh
SR, F RSP R R B L. X5 22 MEAKRSEEME, BT ILEASE
BHAR, W REZRS] RS YA AN 2 P A S b 48 s 8 P 0 T e A
3.6. LI9PFIEELER

P 6 fl 7 oL, SREPEE RS OGS R CH B 25, PFES L/l £ R PR T
AEHIED O-H. C=0 F1 C-H I 4 4 2h 5% A2 A 41 20 W ISR 0 1 7K A W0 s (W IR, T I SR8 45 SR 3R BH v (i
BB RE B TR AR LE B 5-HMF Al FFA & B 2 R AE AN th R A BoR, 1% F B DN EE P 4 1) 5-HMF Al FFA
TR & BRI LN EE R, B MERE i R A B

37. & REFRGIEPER TREA ST R

Pl 8 FEVER BRSO (A BE ) HPLC AT BIRE . R 8 ml 0L (b rh LT o2 & /2 BEE, AN hE. kb
HH A ZFRE(RT10.369 min). 2 2 =H#(RT9.217 min)F1 2 2 JURE(RTS.500 min) 5638 & 2ppE 4N, 6470
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Table 2. 5-HMF and FFA content of different temperature boiling samples
% 2. BIKEFEEHRD S-HMF # FFA § HPLC N4 R

AEHEL AHEE(CC) BB EL(RERE: HER: 7K) 5-HMF (mg/kg) FFA (mg/kg)
] 122 55:45:15 2.69 0.011
(i)
132 55:45:15 2.94 0.031
] 145 55:45:15 5.86 0.137
e vt
153 55:45:15 38.75 1.69
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Figure 3. HPSEC profiles of dextran standard samples with different relative molecular mass
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Figure 4. HPSEC profiles of different temperature boiling samples
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Figure 5. HPLC profiles of different sample (a): standard of acrylamide; (b): high
temperature boiling sample; (c): low temperature boiling sample
B 5. SREREHRPRBEEERN LC-MS/MS 2T EIE(a) : REEERRIRE; (b):

BB (o): RIBFR

2 I8 AT B (RT12.555 min), HPLC MAS U A — LS 8N 4.08%.

9 mT L, R RS ER B AZ IR 55:45 R G BERTE R AL (145°C)BK & 5 W A1 s 28 K30 4y
JE 7K B AR GBS T 2E B S-HMIF), TR K A5, (125 C) el 8] 207 8 U 2 20 30 3 7K o8 e, 3t T B 7 AR E 8 SR )
RE/NT 4%EIFFEATHR SBT 10018-2017 1L T #K M N R AR LY . DA R g5 FUR R IRA], #0 Bik
TR W 0 P TR A BT 1% s 22 2R, ) S-HMF (AR A T B2 B kb . Bhah, B 9(a)
AL, ARIRERE IR PR S D R, X NAZ R IR KR ET T A, B IR R A SRR G AN

5-HMF, K o) L FEA B A BB
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Figure 6. Infrared spectrogram of low temperature boiling sample
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Figure 7. Infrared spectrogram of high temperature boiling sample
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Figure 8. Chromatograms of starch syrup (a) and sucrose (b) as boiling materials
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Figure 9. Chromatograms of massecuite samples by boiling under 125°C (a) and 145°C (b) (The retention time of glucose
and sucrose was about 12.55 min and 10.16 min respectively; the component of 14.867 min was fructose degraded from su-
crose)
9. 125°C (a)#0 145°C (b E MR EHMMTEER 7T &1L B (BB REMERERERE 4504 12.55 min 0 10.16 min
Z£4; 14.867 min B4 5 REEHEMERR S E V2 RHE)

4. g

82 FH 22 A BRI 52 AT i« ARG PR AN TR]BE # 20 11 T A ) FROHRE 8 56 o 140 2 S8 Ff 0 AN A A o 4T
OIHTANLEES, SGURARH, . ARIR K] PR ) S R MR SR AR R RO KR S 5-HME Al
FFA XA FEYIR & B ZEROR, AN AR B IR IR E S 1 S MR 122°C 2011 AKH fRE
B 5-HMF & & W i AR A AR 145°C SR R AR f AR — 5 LA L, bE 153°C ZE# 7™ i ik 14
P ko SRANUAERE SR dh B T 22 4, T Lt AT B R R A A SR LR XU K ST b e U A
B T R N AE R A
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