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Effect of Superheated Steam Treatment on the Rancidity of Brown Rice

Go Rae Kim, Seok Hoon Lee, Juan Park', and Jung-Kue Shin*

R&D Division, Biovan Ltd.
'Department of Traditional Food Industry, JeonJu University
“Department of Korean Cuisine, JeonJu University

Abstract

The purpose of this study is to investigate the effect of superheated steam (SHS) treatment on the inactivation of
an enzyme involved in the racidity of brown rice as well as the degree of rancidity during storage of brown. Brown
rice was treated with SHS at temperatures of 160°C, 200°C, and 240°C, and the result showed that the degree of
starch damage was higher in the brown rice treated with SHS at higher temperature. Lipoxygenase was inactivated
by treating with SHS for 20 s at 160°C, 15 s at 200°C, or 5 s at 240°C. The acidity and sensory evaluation of the
brown rice treated with SHS showed that the acidity was decreased as the SHS treatment increased and SHS tem-
perature became higher. The result of the sensory evaluation showed a similar tendency. These results show that the
SHS treatment has potential as a method for improving the brown rice storage quality.

Key words: superheated steam (SHS), brown rice, lipoxygenase, acid value

M B

AAe] & i M s A4S i W FeE A%
shaz o, JdEe dve] PR 7G-S stal Tk 2
gl FH2 Aol tigh AH|xe] #4lo] SojrtAA $-g
vt M= drle] JejE A= A9 S Aot
(Lee et al., 2014). ARk o2 Hu|= Wujo| H]3te] Ay
ol 93t e o] Aste] nAE S w7} T2 A
o] A2 Qlsle] A= Fe WA, WHEs] F7] o
ol ' 15%, 2= 15°C olstollA AA et} 18
U A §52 20°C o9 AdolA o] FojXaL 9

olof] w2 w|AF T3 A Fof| 71 st= sl 9
g 3|7 @AY StaL Aok sl Eel 9g FEo] Hrt %
2 Edolgly b, vl o3 Ja= k) & 5

o wsisl 24 5o A7 £dolga ¥ F k. 53]
AR WPEL §% BAL YN R0 DA Yt

*Corresponding author: Jung-Kue Shin, Department of Korean Cuisine,
College of Culture and Tourism, JeonJu University. 303 Cheonjam-ro,
Wansan-gu, JeonJu, 55069. Republic of Korea

Tel: +82-63-220-3081; Fax: +82-63-220-3264

E-mail: sorilove@)jj.ac.kr

Received September 19, 2016; revised September 27, 2016; accepted
October 2, 2016

411

AA7EA 4Rl 3/ A T 5 B2 T
o] H|wF o= Pennicillium islandicum 5 2]
Fol7k A o] Foli= islanditoxin®] 2}
AR delA dom, 54
pA o] A AYAksit, HEgh
2t 71 aflatoxing AAbshE =1
sFolQl Aspergillus flavus® ¥ 2o] 753 Zo7 4
ATHKim, 1998). gH, sl osk &4 HA A%
oF 5% 9l Aoz dHA Jot, A 9 fFF
of W¥sh= Al T a2 FAQ A FA £ol
MR 713 Aol AZHE FAE Yo7 ER Bt A57
1 THChun et al., 2013).
n| g4 v, SHikskA| 53 22

¢}
WHE 8 54 AR Frab

a7 [e]

=

g

©
o) 2~
&

ofN Jd 2 ool N o ok
e
lo

v:\o

ATh(Kang & Song, 2016).
AHzle] VSRS IHS
dAnl g dAn| 7HEEe] S SR



A - olNE - Rk - A

F-{Ol
_!'E‘.
_1

ZQgAo] = A 3}

o U«

=]

incubator®l] 4] 15€ 7+ A

A5

F Ar

MEEAE
A7FE] HAEENEE Park et al. (2006)2] ¥Rl <]
ato] EA skt A S 100 mL A-&Zekaao] ¥
aL a-amylase solution (Aspergillus oryzae 125,000 unit in
450 mL acetate buffer) 45 mLE FH7}skd 2 £33l o
2 30°C FEFzAA 258 vkEAZIT o] &4 3.68
N H,S0, €9 3 mL2} 12% sodium tungstate &< 2 mL
£ 7tste] & &gk & 287F A A1 Whatman No. 4
AR 2 AFE AT ANS FHTEA(WM-7, Agato,
Tokyo, Japan)Z |83t brixs 243 & HABEEHE gt
< At

=
7](superheated steam)= 100°C-400°C A}ole] &%= &
320 FV|RA A FL A, A%, 7FE xR 0§
ATHKim et al., 2008). HE F7|HZ= 712 A
Az, 718 A Blastd s W GAIE ALeA
of o3| 2% 8%l 4ts}, WA 2 Jf £
w0 1 (Yoshoda & Hyodo, 1966), WA &2 2 F 37}
Ao AFAES F7MTIAL, AF &S o AT A
’d=]o] HIEFH C Abs), A AR, Abaof] 9

9

=
o
=
S

oﬁ,
ﬂ

*mirﬂ

O
_1>rE

2% HIEI JATHOh et al., 2014).
ol #-&atd AES #w2 7HE
Al es5H, 715s A
el o) 2F

=2 =
A= Qe o=

NR
o[N

:Jd

L:I:I

[‘E

(B,-B)xVxF
M

o%
Imnﬂ

_4

Damaged starch (%) =

Z= o
T o

TH(Daniel et al., 2005; Kim et al., 2008). =}
Aol o] A Lol #AgE A= Adgol e
(Choi et al., 2013), tortilla chip, ZAF3], v} 39
7t 2 71 Z(Moreira, 2001; Taechapairoj et al., 2006;
Wang et al., 2012), 2= 2] &4 7] (Lee et al, 2015),
He] A7 /)4 (Pronyk et al. 2008), HaL7]e] xE] A&
(Chun et al,, 2013) F°| oy, oA 7R = 28297}
A :
2 dFe FEE7] Al o dAv] A
oJ5}= lipoxygenase®] E&/dslel A7
Abste], EF7] A7t "] A3

5]
WO RN Ths A A AL Sl

H

Aﬂﬁim_&om

ﬁﬂmloxrﬁl
O

] o] 7] B,: Brix value of blank, B,: Brix value of sample,

V: volume of slurry (50 mL), M: sample weight (g), F:

conversion factor (1.64)°]t}.

\1
i

_:

_&

boolﬂmlmshrirshm
n{m

JENRPELELI-HN{NQFIF

oHO

Lipoxygenase & =X
Lipoxygenase®] &4 =4S Kim & Lee (1997)¢] *H
S #Fastdh A5 5 goll 5ui¢] 0.05 M phosphate
buffer (pH 7.0)2 ¥} 10°C incubatoroll A 30%-7F wHla}
of FE3 T AR FTAE 23 4E ARSI
¥l (cuvette)?l] 10 mM linoleic acid (Sigma, St. Louis,
MO, USA)E 508 3]2413t & 29 mLe} a4 0.1
mL HESAIA A7 AksHES 234 nmell A 53
(Model UV-1201, Shimadzu Co., Tokyo, Japan)2] 3}
Z2AsI9 o o] ] L& 25°CE 3T Hz2T+= 7
o] 712 2.9 mL2} 0.05 M phosphate buffer (pH 7.0) 0.1
mLE H7ReE Zo= sglen, 29 00019 F3%= 57t
= 1 wnite 2 A2

[e]

=

&
B

3k}

%

A

pud

ﬁmé

rlrmlmé

=
3
o
=

loZi

=

=

} 7

- 1=

O’II-NFE

R=2

mlmm

E

I

A

AACC (1983)} Sung et al. (2011)2] ¥4
stk AEE B B AEste] dztEekea
Yy AA7F FAHEe] dEE2E Y3 7R EEW
7 A EAT AR AP E] fEEHA &
AR 2 oAFHBHAL T AHzFEeRAI] AR S} oH =
A2 AZE FHE 33 vt
719 %713, 0.5H1¢] & 7}
=9 AA

Aol 2ufe] &S 7hpste] 1A17HEt A2olA A A
st & 02y FIF4F7] LA (QF-5100CB-L-24H,
Naomoto Crop., Osaka, Japan)E ©]-&3}4] 120°C, 160°C,
200°C ¥ 240°Ce] HEF712 5-20%7F A2ttt #<E
7] A2lg du g oA 2087 Axste] FETHS
14%% Z43s}3 E2]7](HGB25E, Warning Laboratory
Science, Torrington, CT, USA)Z #213F & lipase?} lipoxy-
genase &S SN M, HLF7] AT ANE T Y

= &FvE AZe seAd Jop e F 50°C

o
=
[e]
B

T
AF
=

i+ #7405 g2



J8%7] A7k Aol Akl w3 413

ZrZeage] Y 12 (vv)E £33 dekeod = &3
A 100 mLE 2ol ¥ F HEzgeel AN S ALE
sto] g2 FAo] 30x7F A&E wi7hA] 01N o eEA
FAsAE g o2 A3t AHE SA 5

5.611 xaxf

Acid value =
cid value S

o714 S: A189] %(g), a: 0.1 N &4 KOH ZHA A&
H 2 f: 0.IN oek&A KOH €99 conversion factor

(1.004)°] T}

2HSEIL

HeB 7 A5 =
o2 AAsiglon, HAF7] A £ 1597 A9
g AFsta o@g ANEEE o, F5E E 30

SAEH

2E A9 delHE 33 45kl SPSS Version 21.0
package program (SPSS INC., Chicago, IL, USA)<}
Microsoft Excel 2013 (Microsoft, Redmond, WA, USA)<=
o]-g&-ste] FAIAE sttt

2313 nF

M2 =ME

Anjo] HPZ7]o) o)F AR ENEZ Fig. 19] R
ATt FLEZ7] A stA Fo Hulo HE &A=
5.47%2 JElTh FEF571e 227t mobdel ue A&
o] &= FUtEoH, HeAzte] Zdoje mEtA =
A E=7E S7kshs AdE Halen, 53] 240°Ce]
HEZ7] Ao A A 7re] Frrete] wel F4 3}

Aol FA % FFS vAAl "rk(Han & Koh, 2012)
AEEG T e A3 2ol & dohd A3 AEEE
15%7H A& =Z}o]E Holx] & Ao 2 El)(data not

shown) FE57] A7t 7Fsd ML= 160°Ce] 7359l
2032, 200°CY] 7-$-oll= 15%, 240°ColM = 102 A&
A0 2 e

Lipoxygenase & Hi5}
delel 2xo HIAFTE AFE A F oA

30

[or]
(%]
T

[a]
=

-
=

Degree of starch damage (%)
&

0 1 1 1
0 5 10 15 20

Heating time (s)

Fig. 1. Degree of starch damage in superheated steam-treated
brown rice. Brown rice was treated at 160°C (A), 200°C (@) and
240°C (m). Samples below the dashed line showed no difference in
sensory test.

Azsle] $EIFEFS 14%2 ZA s B e ) 7tR
lipoxygenase &AW 3}E Fig. 291 YeERAATH 160°C,
200°C, 240°Ce] #LDZ7]= A sk A E9] lipoxygenase®]
g4 WslE Y, #8579 27t 2S5 52 £
A= E YeRIAH 160°Ce] #EF7] e A 59 A$-
e 5% Y3 ABE 9 10% A= EFAHJCH, 15
Z A Foll= 70% 8= ESHFEE B, 202 A
g Foll& 3] 88U 2000C HFLEF7] A2+
o] ALde 5% AYBOEE 40%F =] EFAEE U
Eiglem, 15% A ol 95%2] B&AsE Yen
Atk 240°C FY Z7] HBANEE RE A8 GA7F B
FAslE = oz YEbgth Vetrimani et al. (1992) &
H| & vlo] AR 9ol B2 317+ A 5tE 735 lipase] &
gol 80% B EE43stE o] #IF7]7} mle|AR g ol B
o Hl3| lipaseE EE/J3IAI7IE=H A o= B
3t o™, lipoxygenase= dP|e] EF 3 wjolo] Ex|
(Shastry & Rao, 1975; Yamanoto et al., 1980)3}=Hl, &
HEE & A a4 B 23| rice bran oil<]
ZAS HY3IAZ F JUThaL B (Imai et al., 1999)3}3L

w2
2o o] AZ7) Aelr} Wl wE do) hEF B
7+ Asked A A s & 5 AT

A7 BiSt

HAZ7) A2 N85 LdFvFE FH9) 100 ¢ ¥
o] a3 & 50°C2] incubatore] Eo] 15€7F A3 &
Ao A7HE 243 432 Fig. 391 etk 29
A7 Aol stehd AR wst 5 gk 7EE AWkl St
o] (Sung et al., 2011), 53] &u|e|A 2 Ws}r} FE138)
A depdth Zole oF 1% FEo] Ado] e 2



414 el - oA -

100

80

60

40

Lipoxygenase activity (%)

20

0 ] i
0 5 10 15 20

Heating time (s)

Fig. 2. Lipoxygenase activity of superheated steam treated
brown rice. Brown rice was treated at 160°C (A), 200°C (@) and
240°C (m). Lipoxygenase activity was expressed as a percentage of
that of unheated (control), which was taken as 100%.
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Fig. 3. Acid value of superheated steam treated brown rice
after 15 day storage at 50°C. Brown rice was treated at 160°C
(A), 200°C (@) and 240°C (m).
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Fig. 4. Sensory evaluation of superheated steam treated brown
rice after 15 day storage at 50°C. Brown rice was treated at
160°C (A), 200°C (@), 240°C (M) and untreated ().
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