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Abstract

The thermal pre-treatment is an important process to minimize quality change in main cooking or storage. This
study was conducted to investigate the effect of different thermal pre-treatment methods (blanching, steaming, and
stir-frying) on the quality properties of bell pepper (BP). Washed and sliced BP were treated by blanching (100°C,
1-10 min), steaming (100°C, 1-10 min), and stir-frying with oil (180°C, 10-70 sec). Raw and treated BP was mea-
sured for color, pH, hardness, proximate composition, ascorbic acid, free sugar, organic acid, and peroxidase activ-
ities. Color and hardness were significantly decreased by blanching, steaming, and stir-frying. Stir-frying, in
particular, rapidly decreased the AE values and hardness of BP. Blanching and steaming slightly increased the pH
compared with raw BP, whereas stir-frying rapidly decreased the pH values. Results showed that the proximate com-
position, ascorbic content, free sugar content, and organic acid content were significantly (p<0.05) affected by the
thermal pre-treatment and that the loss rate varied among individual compounds. Blanching, steaming, and stir-frying
significantly reduced the ascorbic acid content (29.4-55.2%), fructose content (8.6-45.1%), and glucose content (8.1-
41.9%) in the BP. Oxalic acid, citric acid, succinic acid, and furmaric acid as organic acid in BP were detected and
their contents were significantly (p<0.05) reduced during thermal pre-treatment. In conclusion, the results demon-
strated that steam treatment for 3 min could be the best optimal thermal pre-treatment condition for BP to minimize

the quality changes.
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o ahe BWe Y FEIREEITE, FAT)NA 7
3lod A1-&-3}%TE. Ascorbic acid, fructose, glucose, sucrose,
oxalic acid, citric acid, succinic acid, fumaric acid E£T%
£ Sigma-Aldrich (St. Louis, MO, USA)IA 43R AL,
21 ko] AJeFL analytical 2 HPLC 552 AME-3SIS T

AL HX2|
TJe g z2E 5o AlFs] 2718 I E}
=71, "Bz, A& AASL FS5FES 05emx05¢
5.0cm 7|2 A Ast] skt AdE vue 4%
AW, AL B B2 A2 HeR 7HdA e skl
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Japan)7} 2E 3388 v 7 (Olympus CX31, Tokyo, Japn)
o2 e Y. W E=ZHST300, Dorco, Hanoi, Cietnam)
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pH =3

pHe A ESH S/ 1:99] HI&E ¥o] 2 7](SMT pH
91, SMT, Tokyo, Japan)Z 12,000 rpmo& 2% FoF #2
3} 2171 89S pH meter (Orion 3-star, Thermo Scientific,
Waltham, MA, USA)E 33] ¥H& =351t}

He=y

u] o] A =H3= Texture Analyzer (CT3-1000, Brookfield
Engineering Laboratories, Inc. Stoughton, MA, USA)E A}
23l A3l Compression typeol| 4] target value®
50mme] 2™ trigger load= 70g, test speedi= 2.50
mm/se] £E=2 ZA 3 TE Plain vee probe?}l TA-SBA
fixtureE ARSI, 7} AR SR = 53] o} WHE
Agste] Fpkat TEAAE FA ST

semi-micro Kjeldahl‘jJ Z A SFeFe Soxhletd, X3 &
here 550°C A A 3)3H-S A5l =459 T).

HIEIZI C &

HIEF C9] 332 AlF 5.00£0.05 g2
5% metaphosphoric acid-&%} 50 mLE 7}l homogenizer
(Polytron RT 2500 E, Kinematica AG, Luzern, Switzerland)
2 287 423} A171 3 Whatman No. 2 ¢ 3] (Whatman
International Ltd., Maidstone, Kent, UK)Z 7+¢; o] 3}3}]
50mLE F&3th. 552 0.20 pm membrane filter
(Millipore Corporation, Billerica, MA, USA)Z ¢ 3}3}]
Agilent Technologies 1200 series HPLC system (Palo
Alto, CA, USA)Z £243}%t}h. HPLC £4ZA2 column
© = Mightysil RP-18 GP column (4.6x250 mm, 5 pm,
Kanto Chemical, Tokyo, Japan)S AM&-3l%3, &2
0.6 mL/min®] 0™ ©]F2 0.1% trifluoroacetic acidE
AHE3IA T A5 UL 10 uLolR e, UV detector
E AH&-3te] 254 nmollA] HIER] CE 4] 3t th(Hwang
et al., 2012).
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3t 200 rpm, 3A17F X & FZ3F $ Whatman No. 2 &
A (Whatman International Ltd., Maidstone, Kent, UK)Z
et 738t 100mLE F&3A . FEF =2 0.20 um
membrane filter(Millipore Corporation, Billerica, MA, USA)
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2 oJF3te] Agilent Technologies 1200 series HPLC system
(Palo Alto, CA, USA)Z #4133ttt HPLC #4212
column® 2 Shodex Asahipak NH2P-5-4E(5 um, 4.6x250
mm, Tokyo, Japan)& AH&-38t13L, H&7]= ELSDE AME-
3R o, o]l 5L 70% acetonitrileE 1.2 mL/min 4%
ZEFAL 10uLs T4 O]’C’q A1 8F A TH(Hwang et al.,
2011). EFEE 2= fructose 2 glucoseS AHE-315 T}

ShLk

A SFEES Kim et al. (2012)9] WS HA Sl =
AT =, A F 10.00£0.10 goll F7FF 90 mLS 7}she]
200 rpm, 3/\]7& 218} %3k ¥ Whatman No. 2 &34
(Whatman International Ltd.)Z <3}3}o] 100 mLZ &
sttt FEFELS 0.20pum membrane filter (Millipore
Corporation)Z &} #}3}] Agilent Technologies 1200 series
HPLC system (Palo Alto, CA, USA)Z EX3}ich Z4d
2 aminex HPX-87H ion exclusion column (7.8x300 mm,
Bio-Rad, Hercules, CA, USA)E AH&-3I13L, HE7]= UV
detector® 215 nmoﬂ/ﬂ AE3F e, o] 542 0.008N
sulphuric acid 892 0.6 mL/min %5_} 2 EHFUX
ouLe 4 O]—Oq EAAT BE=4E oxalic acid,
citric acid, succinic acid & fumaric acidS AH&-3}%3
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Peroxidase activity 54
Peroxidase activity= Lee et al. (2012)2] WHE o]&

=331tk Al89 50mM Tris-HCl (pH 7.0) $54S 1:9
2 H7tste] #2772 287 #Asket & YRR o
A1 E-2](4°C, 15,000 rpm, 10 min)3}e] *P%%"—% ZgrRoF
ARSI 0.1 M Tris-HCL (pH 7.0) €59 275 mLol| 7]
2 045M guaiacol 0.1 mL¥} 0.15M H,0, 0.1 mLE 7}t
F o37)0) 50 uLe] 2EANS FrIsle] 50°C 4200 A
127 ¥ESAI AT 84 1S o UV spectrophotometer
(UV-1650 PC, Shimadzu, Tokyo, Japan)S ©]-&3}4] 470 nm
oA SHx Wtz a4 TS STk

SAEA

FAEA S SPSS 5 A 2 1% (Statistical Package for
the Social Science, Ver. 12.0, SPSS Inc., Chicago, IL,
USAYS o]&3ate] 7 S +9] Hd3 ZEAAE &3
3 A E7ke] Aol FF-E5 one-way ANOVAR 4]k ¥
Duncan's multiple range testg ©]-83to] p<0.05 Gl A
o8& ARkt

e
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QAR F957) % B Aol BE APe) 24D
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o 238 HEe] A Z1AAA AT AP 61fole Fa) AT AolE el 12 oake e
AZZA3 GASA MEE B2 9907k o 2olXx) ¢ ABe] Ao eitka ®3sh¢thKorea Food Infor-
N 95AA 9 BEET) s AA MEZAH mation Insttute, 2013). DA, HEAF] 2 HE A
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T FAEAY 53] BHA e o2 dXgRyg B 4 FHA 2 HhZ A E G170 128 HYA g2+
HAel Aol 9% carbonizationo] HEE T, 602 A (L: 30.8, a: 1.23, b: 23.93)°l Hla] E71(Lak, €5 32.95,
2 RE Az 93] Jert AsAwA 2 deES @ 570 344)7F FUHek AR, S5 -1.55, 570
Z38l7] AT Ay Y vwee B8 Al -1.44)7F ZAaE 08 A3 548 Yehl 3 7
o] &4 vt 71 Aeta, €AY B F71A4 A2l Al7ko]l Tk wEt A w gk FItskal A
ol A g MExZ FHjE o FAEE Ae2 ARNAE) @ FARANE DA 2] 240% o] FHEHE =
F2EE AT Lee et al. (2011) Iubx oz 1A= 27} A Adle glom AAT gho] Frtstal MAHOo= Mgk
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Fig. 1. Effects of different thermal pre-treatment on tissue of sweet pepper (magnification of 100x). A: raw sweet pepper, B and C:
blanching treatment for 2 min or 5 min, respectively, D and E: steaming treatment for 3 min or 7 min, respectively, F and G: stir-frying
treatment for 30 sec or 60 sec, respectively.
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Table 1. Effects of different thermal pre-treatment on the color and total color difference (AE) of bell peppers

Time (sec)
Treatments 0 60 120 180 240 300 360 420 430 540 600
L 30.80+1.47" 32.95+1.55 32.65+0.25 31.05+1.25 29.25+£1.25 31.65+0.05 28.95+0.45 29.02+0.50 30.6+0.70 33.05+0.45 32.65+0.25
Hot a 1234040 -1.55+£0.15 -0.45+0.15 -0.55+0.15 1.60+0.70 0.4+0.20 1.30+0.20 1.20+0.30 1.95+0.35 2.35+0.85 3.80+0.50
water b 23.93+2.05 22.542.30 23.9+0.80 21.5+1.80 22.3+0.60 22.8+1.20 21.30+1.10 22.25+0.65 21.05+0.55 22.55+0.15 20.8+0.10
AE 3.8.0£1.70 2.50+0.50 3.00+2.50 2.30+1.30 1.60+0.30 3.20£1.50 2.30+2.90 3.00+1.0 2.90+1.10 4.50+2.20
L 30.8+1.47 29.44+2.7 34.40£1.00 28.6£1.90 31.65+0.05 32.35+1.25 32.95+0.05 30.35+0.55 30.65+0.15 30.45+0.95 30.5+0.10
Steamin a 1.23+040 0.10£0.10 -1.40+£0.10 -2.25+0.45 -1.95+0.15 -1.20+0.10 0.50+=0.30 0.70+£0.20 0.85+0.05 1.40+0.30 2.20£1.00
e b 23.93+£2.05 16.7£1.00 20.95+0.25 21.55+0.15 23.65+0.25 21.65+£0.25 23.95+1.45 23.05+0.75 23.10+2.90 23.35+0.45 21.25+1.15
AE 7.50£1.80 5.40+1.40 4.80+£1.30 3.30+£1.00 3.70+0.30 2.30+0.50 1.10£0.70 0.90+1.20 0.70+0.40 3.00£1.50
0 10 20 30 40 50 60 70 80
L 30.8+1.47 27.95+0.75 28.65+0.45 32.940.90 30.15+£0.85 28.25+2.25 30.60+0.70 32.15+1.15 29.4£1.00 - -
Stir- a 1.23+0.40 -0.35+0.65 0.45+0.05 -2.15+0.25 -1.60+£0.20 -1.50+0.80 -1.80+0.40 0.05+0.25 2.00+2.00 - -
frying b 23.93£2.05 17.45+3.25 20.60+3.40 20.30+1.30 20.25+£0.65 22.90+£0.50 23.40£0.70 21.5+0.90 23.5+1.50 - -
AE - 7.30+£1.80 4.30£1.40 5.40+0.90 4.70£2.00 3.90+0.30 3.10+1.20 3.00+£2.30 1.70+0.60 - -
YEach value is mean£SD (n=3).
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Fig. 2. Effects of different thermal pre-treatment on the per-
oxidase activity of bell peppers. "Values with different letters on
the bars are significantly different (p<0.05) by Duncan's multiple
range test.
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Fig. 3. Effects of different thermal pre-treatment on the pH of
bell peppers.
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Fas o] 700g2 A AR vl 78%YE Hastn
@77k B o] dstEle AHE YEFATE Lee et al
Q011 tivs A & A+, 2=7h FoAY A7
o AoA+E et AT BG5S, Kum et al.
(1996)% AAFE S5 W A7ve] Azjo] ma} Aws} 7t

f},‘it‘rl B T‘:— A, ol A aFolA AlEZke] - 9

Al B e] dgtolut Al Hwrt HAst

1} Ath(Lee et al., 2011).

A, FEF7 2 FHE ﬂﬂbﬂ &
e

7k
(p<0.05) Y TE ow uﬂa}u;} xg
S SR 93.97%, A 0.68%, =AM 0.14%

5 shage
2 238 047%°19 32, ZHzte] Who g 7t X e 3 v
ko] Ak E ek WOl i 94.68-95.61%, XA

0.52-0.60%, ZA1% 0.14-0.33% 2 Z3|& 0.26-0.38% H
A9 A o ge] zHud 9 2P FEe
Fge 95IA 2 B934
of me sk AAAW, weAe F =AY FFE A
Q5AA AN
5ol Bl A =

g0l 47 &5

2 e ox

G5AA, F9F7) 8 B Ao e wge) vehy
C 3 H3le Fig 59 2t A ¥ H]ﬂ.\j C e
9138 mg/100g. 2 YElSo ™, 7FE 8 & 40.92-64.53

mg/100g B2 9% 2 2 (p<0.05) sttt EF-HA,
FE3F7] B 52 A Azre] dojAE HEw C 3
< rEen, dFAA>HLFT>ES AT £
Aanwko] 2 222 YEFTH Hwang et al. (2012)2] &
TollA el mE 59| e C S boiling
> steaming > stir-frying > roasting o2 Zrago] Bka
Ao AoAdFE Fhhshe Zlo® Yeht 2 A

__ 100 b
X
=)
£ 80 A
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Ea 60 - b ¢ be
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= 40 -
9
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Fig. 5. Effects of different thermal pre-treatment on the
ascorbic acid contents of bell peppers. "Values with different
letters on the bars are significantly different (p<0.05) by Duncan's
multiple range tests.
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A9} FAFFATE Kim et al. (2012)9] AFoM = AT
Ueo] HER C &S A 5ol we} xtol& B AN
A=A AT T oF 29-88% WY E 7HhslE A= HJ,a}
e, w3, we Ageld 2ud Ae F e ¢ 3
& Zasle ALE RIS TH(Chung and Lee, 1989;
Somsub et al., 2008; Kim et al., 2012; Lee and Jung,
2012). Ead Ao = H]E]_U] C ko) 7hAE= 2d3 A
g 5 doll o3 Ay xerre &5, Al G lA
B} qhanof] o5k 4bs} Fo o)k AR AY7HE

[11‘

#7] 2 Be Al wE 9o |
sk WalE B4 Z3= Fig 63 729] fructose 2 glucose
8 g2 AZHATh A L] fructose X

TS 77 1.08 E 1.25%°195, B3R A &
22 0.59-0.99% = 0.73-1.15% HAZ Fdo=Z2(p<
0.05) Zraatsict. 7FdA e Wl fEe gEde I3
5 , 7FEA
T P

1 glucose
sharo

Q5AA A2 freld Bkl AuHoR 27 e

=8, ol 84 A& Fo] TR v §EH
Uehd 232 AztEthLee & Jung, 2012). Son et al.

Table 2. Effects of different thermal pre-treatment on the proximate composition in bell peppers

Thermal pre-treatment Moisture (%) Crude protein (%) Crude fat (%) Crude ash (%)
Raw 93.97+0.03"2 0.68+0.00° 0.14+0.04* 0.47+0.01°
. 2 min 95.10+0.02¢ 0.55+0.00° 0.16+0.04* 0.32+£0.01°
Blanching .
5 min 95.61+0.01° 0.52+0.00* 0.14+0.03* 0.26+0.01*
. 3 min 94.68+0.02° 0.600.00¢ 0.16+0.04* 0.37+0.01¢
Steaming . . o . b
7 min 94.87+0.05 0.59+0.01 0.14+0.04 0.35+0.01
. . 30 sec 94.73+0.04° 0.60+0.00¢ 0.33£0.01° 0.38+0.01¢
Stir-frying ) b d
60 sec 94.71£0.19 0.59+0.00° 0.33+0.04 0.38+0.02

YEach value is mean£SD (n=3).

DValues with different superscripts in a column indicate significant difference (p<0.05) by Duncan's multiple range test.
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Fig. 6. Effects of different thermal pre-treatment on the free
sugar contents of bell peppers. "Values with different letters on
the bars are significantly different (p<0.05) by Duncan's multiple
range test.
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Fig. 7. Effects of different thermal pre-treatment on the organic
acid contents of bell peppers. "Values with different letters on the
bars are significantly different (p<0.05) by Duncan's multiple range
test.
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