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Enhancement of DPPH-radical Scavenging Activity in Heat-processed Sugarcane Molasses
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The effects of heating temperature and time on browning, DPPH-radical scavenging activity and polyphenol-
like activity of molasses from sugarcane were investigated. The browning, DPPH-radical scavenging activity and
polyphenol-like activity of molasses heated to between 120C and 160C were increased in comparison with unheated
molasses. The browning of molasses heated to 120C and 140C increased with heating time, and was nearly 9.5
times greater than unheated molasses after heating for 60 minutes. The browning of molasses heated to 160T
exponentially increased after heating for 10 minutes, and was nearly 16.7 times greater than unheated molasses after
heating for 20 minutes. The DPPH-radical scavenging activity of molasses heated to 120C for 50 minutes, 140C for
10 minutes, and 160TC for 10 minutes was four times greater than that of unheated molasses. The alterations in
DPPH-radical scavenging activity were similar to the polyphenol-like activity pattern with heat-processing. The
heated molasses with the highest polyphenol-like activity, processed at 160C for 20 minutes, showed stronger
antimutagenicity than unheated molasses. These results indicate that the heat-processing of sugarcane molasses is a
viable method for the enhancement of food functions in sugarcane molasses.
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1,1-diphenyl-2-picrylhydrazyl (DPPH) (H15tGH3E T3
M, sooryBEBLIO 0Oy 2 Al Sigma-Aldrich
%4 2-morpholinoethanesulfonic acid, monohydrate (MES)
AL, 7= = VEREIE T T4 T AR E
R L7:. ERERAREEIERE L2 Ve TR
TA98 (Salmonella typhimurium TA9IS, KBIGSEEFFERAT)
rH, 37775 —134) L0 ¥ VIR L DA
L7z, S9mix (T~ 7 A DJfiE % phenobarbital 3 & OF 5,6-
benzoflavone TiHMAL L 72K E Y A — b BiG2MH L 7.
Dimethyl sulfoxide (DMSO) -extract from grilled beef (DEGB)
(&, I BEC 72 A O B ER K 2 DMSO 12 T Ein
ML, Zoml RiEE vz, ZoMoR3EE, miio
e 2o F MM L2

2. INBPEEHBOFER

Pl 2008 A IR TR SERR A 4t (IR B IREZB) &
LRI b oA Lz RS, ks
DFEEWE L T To72. Thbh, KHEAKTIHICHR
L7282 100 uL % 7 A BHERE (EZ 16mm, £ 104
mm) 2 A7z 150mg OWFHEH] (25 A b, Celite $1:34)
[z T S8 7-1%, Wads (DO450, 7 A7 »iti)
HVTmEE 1T o 72, MPGREEIX 100C, 120C, 140C,
160CB L I0CH 5 EREE L, #NLFNDET 10 47,
20 43, 30 43, 40 43, 50 43 B & UV 60 A mmE L 72, InEkik,
FIRIE LR 12, 2mL OB K E 2 CTHERRE, 7
fskic 1 BN L, Kb Cw e, w0 BERE (Himac
CF7D2, HITACHI ##) T (1750% g, 30 451#)
L, kiEzainssste e UCaRBRICHA L7

3. H#BBEOATE

AB A A K CTHEARL, S0 EE (U-2000,
HITACHI #1:#) % H\»C 470nm O § & THOLE % il 52
L7z, 3O N7 ICITEORED & O NEE F L TH
gl L7

4. DPPH 72 AIViEEREMDRIE

BEHIFEOLY / — b (995%) %A L CToMraEet
& L7z. DPPH 7 ¥ 7 ViHFEETEIZBERY (25> TRIE L
72, Thbb, 06K~ A 70T L — MIOHTERE 100 ul
B £ U 200mM MES #& 1 (pH6.0) 50 ul Z2inz, <A 7
o7 L — b 3FH— (MicroMixer E-36, TAITEC %)
T L7z, 212800 uM DPPH/ .8/ — VAR 50 uL
TN THYER, 2R T200MKIEL, ~17a 7L —§
1) — % — (Multiskan JX, ThermoLabsystem #1#) % Hv»
T 520nm (2B 2 WL EZ % L7z, DPPH 7 2 /1 Vil
KR lgscho booy 7 2MYE L LTHE
L7z

5. RUT 1/ —IViEEMORE

WEL, 74—y F I MEY 8D TEER T
2. Thbb, 6RYA 70T L — FOFK Y L )VIZEE
BuL BLO10BHER L 727 = 7 — ViR 125 ul 22
T3HMHEELL. S, 10% KEEF MY w7 A KB
125ul 2dnL, 15 s, 794 72Ky MR
Xy oy FrY N A—=%— (CS9300, EEBMERT) &
AT 600nm O FTHE L. K 7o/ — VEREKE
Rk lgdhzvoroo sy UMY E & L TEH L7,

6. MERFMHEOAE

19T 72k BRI Yahagi 59 O FBEICEFEZINZ T
fiofz. Thbb, HEPLHZa—1+) Ty T OAE
T 37C, 16 BFEHRE 9 853 L 72 TA9S Bk 100 ul, 2
SJEYE & LT DEGBLOO uL, fUEHGEE LW EE LTS
9mix 500 uL & FHWVCTERFE LTV, 21U HE 100 uL
EMA7ZDDICMEREZMABEL, AT INVI—RT
L— MZHEELZ. 37CT48 Mz ERICT L — N EiZ
HU7RER oo = — e L, IRERRAEROM
EFRITERZERL I L 5180 70 = —% (Negative), %
BEIC X D F SR a0 =—% (Control), FUEHA
IMEEOZEREIC L D iFs S h-aa=—% (Sample) £V
T OFHHEETITo 72

MHEH (%) =100— (Sample-Negative)
/ (Control-Negative) X 100

7. fGEtE

BRSSO A R E TR L. FROME T
T ET VY OFBIBIREBEIC & VAT, fERRER 1% Al
(P<001) F72135% £iii (P<0.05) OFéxAELHE
L7,

X B B R

. MRAEKGIEEOBEEICRIFTHE

BMBASMEIZ BT HHEEOBEEDZEIZ Fig. 1 IIRL
7z. 100 THIBLEL L 728 28 o e i B2 (XA 46 70 & 1%
WETHERZ L, 60 7B O fINE CIRMBNE R & I THE T D
WimzmR L7z, MEGREE DS 120C B X U8 140C o346 Tl
WM OIBRER T S AR R OB & & b IR TN
L, 60 o nE CIEMBREE DF) 95 2R L7z, — 4T,
IMEAIREEAY 160°C Tid, MEBILGA 5 10 7RI 2le e
FEDBMEIR L, 20 55 EIEERE % & T 167
EERLPMNHEERLIZD DD, ZOHRDOMEIIL > TH
BEEZE L WAL, 60 0 NBRZAY 120C B L O
140C D EDOGBIE L ) bRV EZ R L 72 NGRS
180C D4 T, JEkBA%GA & 60 43 £ TIEINAWEE X
D LRV CHERE L7z, 160C, 30 47LLE, 180T, 10
SUEOIETIE, ARAKEIA, BIRRIE DL 7
74 boBLOEMz RO bz (77— 5 IFHEHE).
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Fig.1 Changes in browning color of heat-processed sug-
arcane molasses

The heating conditions of molasses were 100TC (A&), 120T

(), 140C (O), 160C (@), and 180T (A), respectively.

Browning expressed in terms of absorbance at 470 nm.

Values are represented as means*+S.D. (7=3).
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Fig. 2 Changes in DPPH radical scavenging activity of
heat-processed sugarcane molasses

The heating conditions of molasses were 100C (&), 120TC

(D), 140C (O), 160C (@), and 180T (&), respectively.

DPPH radical scavenging activity expressed as trolox equiva-

lents (TE).

Values are represented as means*+S.D. (7=3).

2. MEAELEHFPEED DPPH 72 HIVEEFRMICRIT
THE

Fig. 2 (257 2 INEGHEE B X OINEEERH 1 81 2 @k
%@ DPPH 7 ¥ 71 WVIHEEM 2 R L7z, 100C Tt
L 72 O TEPEL, 60 2 OMEUC X - TIEmBbE%E & It
NTETOWINZEE -7z Lo LINEEEAY 120C 03
AT, MBEEE O & & B IEEDSHEM L, InEBIE
#% 50 5 CIRINEIESE & TR 42 52 R L, IR 23
60 4 F TIXIEME 2 MEFE L 72 INBGEE DY 140C oA T
(&, 10 M OB CIENEHEE & TR 42 50 iE S
RL, TOHOMBUAZ L > THEDA % B 7o 7z
—7J5, MBURFEDS 160C OBEIZB VT 10 4B ofniis
£ o TIHEIMEBEE & TR A3 5D Z R L, N2k

3T —-100C
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Fig. 3 Changes in polyphenol-like activity of heat-processed
sugarcane molasses

The heating conditions of molasses were 100C (&), 120C (),

140T (O),160C (@),and 180T (&), respectively. Polyphenol-

like activity expressed as chlorogenic acid equivalents (CAE).

Values are represented as means*+S.D. (7=3).
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BlGi2» 5 30 2 I IEMBEEE DK 41 f5 2R L, IR
HR60 0 F TIIEM A HER L2, — 0, DRSS 160T @
Y, INEEE 20 5 CIiTE D IEIMEEE O 4.2 5 F T
L7278, ZOH%OMEUC & o TEMEANEA L7, InEdh
FEAT 180T DG4 Tk, MEBHAAD S 60 471 F CTIEIEE
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Table 1 Antimutagencity of the molasses samples with and without heating

Concentration His +-revertant S ob
Sample (mg/plate) colonies/plate® Inhibition (%)

1 244+24 38

Molasses 5 200+6 49
(Unheated) 10 171+18 56
244+46 38

Molasses 5 188+22 52
(Heated") 10 125420 68
Control - 395£20 -
Negative — 11£3 -

#Mean£=S.D. of counts from triplicate plates in the presence of DEGB, 100 uL/plate.

PValues are percentages relative to control in the absence of molasses samples.

¢The molasses were heated at 160C for 20 min.

OB R R72E 2 A, 60 55 OB N2 BT
100C 2> 5 160TC £ TOMN#StTIEIEmEWE % & T,
BEEB LT D h IVHEEEOB AR S Lz, sk
AT 100C B L 120C DHE, 73V VIEEEEORK
B2 bid, WEOBLEOHER L - LTB), 20
BELEMICBI AHED TV VHFEEIC O W TIIER
WEOWREEELIKGET 2 EZ O LaL, In#EdE
FEAT140C B L N 160C Tl 2N S ORI LT L b —3K
B3, MBTE 10 52005 20 5B AHEED T T HIViHE
EEICOWTIER S N LB EWE OFH 5 ORE & i >
J5 2 LiETELholz FRIZ160T THIZLER L 7248 %
OWE TIIBLEL SRS N 2RO T V7 VHFHEEDS
BonT, 30 5L EoMBE CIZBEEB LT I h v
HREEIIRDEZR L2, BEIEIA 70— A% FE L7
M, TI/BBLO 72— WLEW s Sx B & &
HLTWS, E-oT, HEOMMIIL > TERT 800
FX, AT FRIBCBT 285 bl Thdir 27/
AT, WEOH T ANMERIEMB L7 = /) — VORRLE
W% EOFBENBEWE TH L LEZHLNDL. — K1
12, JEEER R E O FA LB 2 IS ] AR T
L, BEEOMTIINE > THREEIZSHIZENTSY 2o
B TFALIZAR G, HEE BRI OB G0N 5, &
720, BRI N Y AEDOEBA F I
L= T2 HEIlLoT, KNOEHEIZFL KT
L E0WiENH L. AFZETH 160T, 30 4Ll Eohn#Eiz
EDAR L e—Wom s FaalEsIEREIL L2720
12, STNSIFRKBEYE % IR L 7o R T,
BOEB L OBOYWEISERT 27 27 VIEHEREOK N %
ML7zeEZ2Z N5, AFEOMET, 180C OMETIX 10
GHTRMAEARIEATEIY, 13&A L OBOWEAIE
KEAL L7722 &%, BEER LT Y H VIEEEEMCT
L7ZHHO—D>THAHEEZ ST,

R 7 2 ) = WALEWDSTINEI X 2B EDIRRA & 7 5 3

r=0.990 (p<0.01)

Polyphenol-like activity (mg~-CGE/g)

0 1 2 3
DPPH radical scavenging activity (umol-TE/g)
Fig.4 Correlation between polyphenol-like activity and DPPH

radical scavenging activity in heat-processed sugar-
cane molasses
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JFIZBWTEWHR r=0990, P<001) 255172 (Fig.
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IVERTE S % 7% L 72013 160C, 20 43 nEk, kv>C 140C,
30 4, 160C, 10 40m#h, 120C, 60 - m#EDNETH
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