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Physicochemical Properties and Protective Effects of Corni fructus Treated with
Pressurized—-Steam against H>O>—-Induced Cytotoxicity on L132 Cells

Hye-Mi Park and Joo-Heon Hong
Department of Food Science and Technology, Catholic University of Daegu

ABSTRACT This study examined the physicochemical properties and protective effects of Corni fiuctus treated with
pressurized-steam (through 121°C, 1.2 kgf/em®, 0.5 h, 1 h, 2 h, and 3 h) against H,O,-induced cytotoxicity on L132
cells. The color values of the untreated Corni fiuctus powder were higher than those of Corni fiuctus after the pressur-
ized-steam treatment (PSC), and those of PSC improved with a decrease in treatment time. At the observation by
pressurized-steam treatment for more than 2 h, the color was changed to black, and its gloss was lost. The major con-
stituents in PSC (2 hours) were the total sugar (468.53 mg/g), reducing sugar (385.55 mg/g), and total phenol (37.32
mg/g), respectively. The main components in the free sugars of PSC (2 h) were fructose, glucose, and sucrose, at
207.72 mg/g, 219.40 mg/g, and 4.31 mg/g, respectively. The gallic acid in the phenol compounds and 5-(hydroxymethyl)
furfural in the furan compounds of PSC (2 h) improved with increasing treatment time. The main components in
iridoid glycoside of PSC (2 h) were morroniside, loganin, and lognic acid, which improved with decreasing treatment
time. The L132 cell growth inhibition activities of all the extracts were significantly higher than that of the control.
The protective effects against the H,O»-induced cytotoxicity on L132 cells of PSC (2 h) was 102.82% (at 1,000 pg/mL)
higher than those of the other extracts. This suggests that Corni fructus by PSC is useful for functional food materials
in the food industry.

Key words: Corni fructus, 5-(hydroxymethyl)furfural, iridoid glycoside, physicochemical property, protective effect
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o Hste] 2718 AA
ARG 29 £ ol gatel 100°CAA BAIRF B %

spel vlwalgleh. ANFS W IS4 A HE 50°C
7

SR FES 10% o3 =
3L

za89 Mz
FERe) Axe PAY A5F, QUFE 455 2 7
HTs ATFHE TAEE 25000 rpme] 32413 7](Lab

use grinder RT-04, Mill Powder Tech Co., Ltd., Tainan
City, Taiwan)= 3¢ thg £IAIS 15 goll 80% ol &<
= 20 FH7bete] 80°CellA 3A1ZF &t SRzt a2
(CA-1112, Eyela Co., Tokyo, Japan)E ©]-&3}o] F=3}
Ak ZH7he] FEES EEES AAS] Hste A7
(No. 1, Whatman International Ltd., Leicestershire, UK)
£ o]&3dto] oA T, A5 7I(N-IN, Eyela Co)=
&% g 52431 %7](Free Zone 2.5, Labconco Co.,
Kansas, MO, USA)Z 71z3s}e] -70°C o]&le] el B3t
A BAG ArE AHgeanh

. ]
Hato] Mz &3

7hbES A o] Alw = A% A (Chromameter
CR-400, Minolta Co., Osaka, Japan)E A}-&38to] =43}
o, AL Hunter's value?l Lak(lightness, M%), a
#(redness, 4 %) 9 bak(yvellowness, F L) 2 3]
31, AZHAE)E 27] MEE g2 3o ofgfe] ALt el
9Jste] k&SR T AR A =+ Y=86.6, x=0.3160,
y=0.3214%1 07 33| w3t 4 Hghd xFAE
HER AT

AE= \/(Lz' —L)*+(a; —a,)* + (b, =)’

7/=Iinitial, ¢=test

acid H(A8)°l w2} 100 pg/ml =2 343k A& 1 mLol
5% phenol 1 mLE #7}stal Fwd] EFste] vkEAI71
% 94% HpSO4 5 mLE H7bstar Aol A 2087 -84
21 9 3% = A (Ultraspec 2100pro, Amersham Co.,
Uppsala, Sweden)E ©]-83}9 470 nmol A FF=E 4
AT £ 3 FFEHS glucose(Sigma-Aldrich Co., St.
Louis, MO, USA)E A3t #AAdd ZFd 025 A
Akt @ o 542 3,5-dinitrosalicylic acid
(DNS, Sigma-Aldrich Co.) #(19)el w2} A]Z=% DNS &
of 1.5 mLell A% 1 mLE H7lskal F38] £3}ske] 100°C
ol A 10&3F 717 & Aol A Wzhet oS E3F=A
(Ultraspec 2100pro, Amersham Co.)Z ©]-&3}e] 550 nm
AA FFEE SAN BT T2 glucose(Sigma-

—
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Aldrich Co)E &ste] 233 FF=d 025 Axtat
St F dE g% 5742 Folin-Denis®H(20)e w2} 100
pg/mL X% 343 A]& 1 mLo] 1 N Folin Ciocalteu
reagent 1 mLE 718t 53] 38 v A &
20% NaxCO3; 1 mLE 7}sla 229 Aol 3083+
S A1 71 o B34 = (Ultraspec 2100pro, Amer-—
sham Co.)E ©]-&3}o] 725 nmollA FF =2 A3}
% ¥ ¥ gallic acid(Sigma-Aldrich Co.)& %3}
o] 243 FEAA o7 RE A4S

M

w2 A

7Htes Al FEE9] e 242 high perform-
ance liquid chromatography(HPLC)E o] &3} t}S-3}
Zo] 4319tk B4+ Alliance HPLC system(Wa-
ters 2695, Waters Co., Milford, MA, USA)°l| Hypersil
GOLD Amino column(5 pm, 4.6 mm*x150 mm, Thermo
Fisher Scientific Inc., Waltham, MA, USA)S 35°C& %
Aslo] AFE8 a1, 7 E7]= Refractive index detector
(Waters 2414, Waters Co)Z &3 th. ol 542 80%
acetonitrile 2722 4 0.6 mL/min, A SFAHFL
10 pLZ #4389t fade 5522 fructose, glu-
cose % sucrose 3%FS Sigma-Aldrich Co.ZF-E ¢35}
ARESFIAL, Azl e fElde] B3 %S stand-

ard chemicals® retention timeS W] w3}lo] E293}% )

e o
AHI

=
o

Melgd glelE 2

7HEs A FEEY 4924 SgEElEssE,
furan7l 3g% 2 iridoid W3 A) AL HPLCE o] &3}
o 53 Zo] FA5H 44l Alliance HPLC sys—
tem(Waters 2695, Waters Co.)oll XBridgeTM C18 col-
umn(5 pm, 4.6 mm>250 mm, Waters Co.)& 25°CE % &
sto] AME-3141a1, & 7]+ photo diode detector(Waters
996, Waters Co.)E 240 nmolA] A3}, o] AL
0.1% acetic acid : acetonitrile : methanol(85:10:5, v/v)
FAoZ F§4-2 0.5 mL/min, AEFTYZFL 10 uL=2 4
stttk A s T Ed2 H=33E gallic
acid 1%, furanZl $}3t&= 5-(hydroxymethyDfurfural(5-
HMF) 1%, iridoid ¥ %3A] loganic acid, morroniside 2
& & 5%% Sigma-Aldrich Co. ¥ Chengdu
Biopurify Phytochemicals Ltd.(Chengdu, China)® ¥
TA3t] ARSI, Almel e A SEE] A4
A3} A =& standard chemicals®] retention time®} L

o 2#ERS vwste] $AF

loganin 3F2

M= HHQE

Human lung alveolar epithelial cell$! L132(KCLB No.
10005) Al E+= st A EF23)(KCLB, Seoul, Korea)oll A
Efiol Agof ARSI A e DMEM v A](Wel-

gene, Daegu, Korea)Z o] &3] 212} 10% fetal bovine
serum(Gibco BRL Co., Grand Island, NY, USA), 2% pen-—
icillin-streptomycin(Gibco BRL Co.)& #7}sle] 37°C,
5% CO» incubator(MCO-18AIC, SANYO Co., Sakata, Ja—
pan)oll A 2~3dnftt viX|E wASFHA AP ARSI

M=z =4

7FESS AR FEE L132 AXY] NESRAEL 3-
(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
bromide(MTT, Sigma-Aldrich Co.) Al¢Fe] 3¢ A =&
SAstE MTT assay W @21E A&t SA 33T bl
¥ MEFE 1x10° cel/mLZE 96-well platedl] H 713}
o] 24417 M{F3HIL 10~1,000 pg/ml FE 2 A% AR
E Agg § 1241 F<k wigsisivh. Y = PBS ¢%&
Mol =21 MTT €N mg/mL)S 2F welld] 10 uL® H7}
ShaL ThA] 4AITE F<E v Fste] MTT7 S5 25 &3l
ik =7 5 WA E formazan A o] EEF XX A ul
FNE ehAds] AAG v Z7+e] wellell 100 ul¥ di-
methyl sulfoxide(DMSO, Junsei Chemical Co., Tokyo,
Japan)E #H7}eta Ao A 1087 v-2A1# formazan 2
AL 443 8313 2 microplate reader(UVM-340,
ASYS Co., Eugendorf, Austria)E ©]43}4 540 nmoll 4]
FHLEE SHUT AXE AEES ARE AYA &2

AEE dEzroz sto] Fizl BEg= vehslt

ﬂi

opatstAof 25 FEE ASHE M AMEO| CHSh M

59 L132 AlE B35 a3+ Ak
e 2k3}A AE APdel i3 BT 5
gel3l7] 918 Hwang(22)2] el wpa} thg3 Zo] MTT
assay2 Abgate] AT MYgE AEFE 1x10°
cell/mLE 96-well plateo] #7}3te] 24X 7F v oF3dtar A
E Yol gAaAE FAA717] 938 1T mM Ho029F 10~
100 pg/mL FE& AZ3 A BEE s F 1243 Fot
HjeFstsict vl = PBS &9l =0 MTT &9(5

HjFsto] MTT7F @95 =5 si3lvh vl T8 5 A4

1087t WH-5-A1A formazan 2 S 3] €318 & mi-
croplate reader(UVM-340, ASYS Co.)E o]&3}o] 540
nmol A FFEE St Ax AEES AEE A
A e NEES YRTOE dlo] Azl MEEE e
AT

SAXM

AE A= 33 EAH Y P+ FHAE YERSL
a1 SPSS(version 19.0, SPSS Inc., Chicago, IL, USA)E
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o83l EAHEA(ANOVA)S AAjslsleon, 72+ 54 Ao
) -9 A (/X0.05)& Duncan’s multiple range test®
AR T

=
A zdol whE e ARE e 23
= Table 13} 2t} Ao A] ug T2 Uep B

s
N
Dt
rlo
o

% r;}(P<o 05) 7}?%% g F Late] B9 271 37419
A 1A 7l A 34.87, 2417k 4] 3

oul 53] 3A1ZE et TS AR ERellAl 32.68
2 7P WA debsth AAE (i) 2 30 A
oo} AL S YERA =, agte 1.99~7.5322

E3] 3AIZF Tk 7SS A FAET(11.74) B} 5,94
Zrasldon, Aol hghe 7.98004 1.502.2 5.39) 7+
23t olufe] 9138 AH B A (Fig. 1) Mukx oz 7ot

% A|7ko] Aojxe) et oj¥hH o2 HHo 2y A
& UERA) ko, 2413k ol4k A7) Aol Alo] 217
Walal Fejo] glojx = ARe Yeath ol Kim 5

o> o\

(13)¢] ATAFol A FA4ke] aL2arst ] Algko] Hojd
5 Lko] Fhastar, 30+ o FAA 7 Al A&3IA agh
9 bgke] WA= A ARk ARGk Ao 7ket
T4 A W AAn 9 gke gaw s Ueho], dell 93|
Az AA ol & i 71eF Ao shehA wkg o
*P“’ﬂ A G A= Ao A7 o g
= Maﬂlard Hh-g-o] ot A MEZQ] dAEtioltlg &
H(23), o] A%< 23t}

7] *é% *MOH FFe F Wwnk oyt A9 jtshES
I gz A o] ol alks) TEo] He Zlo®

ox f
QL
3:0
=)
M
o,
_vg
S
s
rﬁ
N o,

tUES AR RSSO OlskEt £ Ha
QAo AFel glo] emgte] Axe e G

ashal 2 B4 B4 £4 o BAgEe] M Alw

Mo AHgH T gduk T AT AFNAE 3 3 A

Table 1. Color of Corni fructus powders treated with pressurized-steam

Col
Treatment" olor

L value a value b value AE

uc 42.75+0.24" 11.74+0.12" 7.98+0.06" -
sC 37.50£0.14° 6.14+0.10° 5.60+0.15° 8.03+0.18"
0.5 h 37.41£037° 7.53:&0.37: 6.6210.362 6.94+0.54°
PSC 1h 34.87+0.36° 4.64+0.24 3.85+0.29 11.38:!:0.50:
2 h 34.36ﬂ:0.14:| 3.52i0.02§ 3.13i0.07: 12.71£0.12
3h 32.68+0.04 1.99+0.10 1.50+0.11 15.44+0.10"

YUC, untreated Corni fructus; SC, Corni fructus powder treated with steam at 100°C for 3 h; PSC, Corni fructus treated with

pressurlzed—steam at 1.2 kgf/cm2 and 121°C.

IMean+SD (n=3). Means with different letters (a-f) within each column are significantly different (P<0.05).

(A) Before grinding

P

uc SC

Fig. 1. Observation of Corni fructus powders by pressurized-steam treatment. UC, untreated Corni fructus; SC Corni fructus powder

PSC

treated with steam at 100°C for 3 h; PSC, Corni fructus treated with pressurized-steam at 1.2 kgf/cm and 121°C.
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Table 2. Yield, total sugar, reducing sugar, and total phenol contents of Corni fructus extracts treated with pressurized-steam

Treatment" Yiel_d Total sugar Reducing sugar Tptal phenol
(dry basis, %) (glucose, mg/g) (glucose, mg/g) (gallic acid, mg/g)

ucC 55.09 462.97+9.097 458.20+3.47" 31.84+0.12°

SC 48.82 439.0248.31° 414.3247.29° 38.69+0.25"

0.5 h 5422 446.04ﬂ:11.9?bbc 442.10i3.57z 35.8820.11°

PSC l1h 53.09 457.07+5.09° 431.26+7.98" 35.970.18

2 h 51.36 468.53+6.38 385.55+11.56 37.3240.46

3h 50.89 468.89+6.46" 340.71+2.55° 35.52+0.27°

YUC, untreated Corni fructus; SC Corni fructus powder treated with steam at 100°C for 3 h; PSC, Corni fructus treated with

pressurlzed—steam at 1.2 kgf/cm and 121°C.

*Mean+SD (n=3). Means with different letters (a-¢) within each column are significantly different (P<0.05).

Jofp 24 £48l 27
char s 3 9ek25,26). 74HE%

Aze o] 44w
Aelzdol] WE g FERel olsetd B4 WEE 1}
B b Table 29 2t % 9 #e AE%(39.02
mg/g) B 30% Bk 7HF%(446.04 ma/g) A FopA =

S et o, 71k Alghe] 1A1bel| A 32|t
2 Z71E5E & o ko] 22t 457.07 me/g, 468.53 mg/
2 468.89 mg/g o & A& (462.97 mg/g)¥} FrAFSH
6]—31:7]]_;(] l-‘—o],XT KR ZO’J—O] O}‘c/)i]:]' iﬂ_.Q]ﬂ— ‘6]—\31: T;‘qﬂv—_’-
(458.20 mg/g)ell Blte] 7htS<s AbrEf FEE0] 340.71
~442.10 mg/go & Fo]Ho g e g YER oM
(7X0.05), 7Fk&< Algbe] b= sheld f‘La*Ol ‘;%0}
A= AL BRI o] 9 o] 719]

S7tetol o s kel O}Xli Zﬂiﬂr—t—

g =
Mgl o8 AAdE o] Maillard ¥F-g-oll ]3]
FZH =] 5-HMFE AAdstal, whgof Axs wke] 3
Aol Haskely] Witolet AR TH23). F = FHFS
FA e 2Rl 31.84 mg/gol A 30% 7HES Al 35.88
mg/g, 1Akl A 35.97 mg/g, 2A17 ol A 37.32 mg/go. =

A o2 E4 Azkel Z7kgel uhet F7kstt 34
3 F% Al 35,52 mg/gO R B o FFo] oA

A% vl o8 @ Fge neaug A A,
JaF 9 A% 52 08T ATAA Hel LA 37
F ol el F7h Astsh fARsHYl oM (27-
20), o= AFY Felvlize] meage] ARl s

o fE9 €L A
+= Table 3 @ Table

e g2 A8 Aol Al fructose, glu-
cose ¥ sucrose’} Z}7} 346.17 mg/g, 265.97 mg/g 2
8.06 mg/go.2 7} ol shfyo] At dutF

IS E AR FEE BT FATRY 32 fEld g
ZFE Yehdiglor, 7IdSss Algte]l S E feld §
Fo| golx &= A& QAT 53] 3AIE Bt Nt
Al fructose ¥ glucose”} Z+Z+ 175.05 mg/g 2 206.92

mg/gl & F-Agre} Z+zF 0.58 2 0.

8ul A4

atalon,

Z el o= 3 38 95(620.20 mg/g) R} 0.641<]
it ol gt &
e o] 9l sucrose’t ©FFQl fructose® 8 ¥ 1L
3% fructose’} Xlé—\rﬂ‘ﬂ "EFEHE Q18te] HMF, furfu-

386.07 mg/g o2 YrolA| = AeS e}

ral ¥ 5-methyl furfural & 257

]

Foleh 475

=d(31), ¥ AFNME fructose E glucose’} 543 7+
Asle TpetEgr 2417 A gt Al 5-HMFY] &=ko] 20.52
v &ke] 20,780 o}

mg/g2 2 FA2] 4H7-(0.99 mg/g)ol

Ag Slsisdny. whElo] 3A7E B AE%

mg/g o 2 AdTFo] Hlen, 7t s

Table 3. Free sugar compositions of Corni fructus extracts treated with pressurized-steam

Alell &= 1.73

Al AlZEe] 30+
A 3Are 2 ZF7}EEE 5-HMF A #o] 2.53~26.17

Free sugar (mg/g)

Treatmentl)

Fructose Glucose Sucrose Total
ucC 346.17+1.84") 265.97+3.04° 8.060.90" 620.20+2.69°
sC 322.59+4.90" 258.29+0.32" 5.38+0.40° 586.26+4.38"

0.5 h 285.11+0.83° 232.89+2.17° 5.4010.312 523.40+1.88°

PSC lh 287.19i1.82z 239.96+2.05° 4.79+0.52° 531.94+1.09°
2 h 207.72+3.60 219.40i1.80‘; 4.31+0.14° 431.43i1.95°f

3h 175.05+3.11° 206.92+1.61 4.10£0.20° 386.07+1.31

YUC, untreated Corni Sfructus; SC, Corni fructus powder treated with steam at 100°C for 3 h; PSC, Corni fructus treated with

pressurlzed-steam at 1.2 kgf/cm2 and 121°C.

IMean+SD (n=3). Means with different letters (a-f) within each column are significantly different (P<0.05).
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Table 4. Bioactive compounds compositions of Corni fructus extracts treated with pressurized-steam

Bioactive compounds (mg/g)

Treatment"

Gallic acid 5-HMF? Loganic acid Morroniside Loganin

ucC 0.54+0.01" 0.99+0.02" 7.34+0.04" 26.60+0.04° 12.80+0.01°

SC 2.41+0.07° 1.73+0.02° 6.97+0.05" 28.70+0.01° 15.57+0.03"

0.5 h 2.92i0.02: 2.53+0.00° 6.71&:0.042 24.20&:0.04; 13.09:!:0.012

PSC lh 3.12+0.01° 2.64+0.01° 6.70+0.02° 23.94+0.03 12.63+0.02
2h 6.18+0.02 20.52+0.01 5.11£0.01 23.39+0.05 12.62+0.01

3h 6.52+0.00" 26.17+0.00" 4.78+0.02° 22.77+0.00" 12.22+0.01°

YUC, untreated Corni fructus; SC Corni fructus powder treated with steam at 100°C for 3 h; PSC, Corni fructus treated with

pressurlzed—steam at 1.2 kgf/cm and 121°C.
HMF 5-(hydroxymethyl)furfural.

Mean+SD (n=3). Means with different letters (a-f) within each column are significantly different (P<0.05).
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Fig. 2. HPLC chromatogram recorded of Corni fructus extracts treated with pressurized-steam. The HPLC chromatogram recorded
at 240 nm enabled the identification and quantification of five compounds: (1) gallic acid (7.725 min), (2) 5-(hydroxymethyl)furfural
(9.731 min), (3) loganic acid (10.939 min) (4) morroniside (13.889 min), and (5) loganin (26.833 min). A, standard of bioactive
compounds; B, untreated Corni fructus; C, Corni fructus powder treated with steam at 100°C for 3 h; D, Corni fructus treated
with pressurized-steam at 1.2 kgf/cm2 and 121°C for 2 h.
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Fig. 3. Protective effect against H,O,-induced cytotoxicity on
L132 cell of Corni fructus extracts treated with pressurized-
steam. UC, untreated Corni fructus; SC, Corni fructus powder
treated with steam at 100°C for 3 h; PSC, Corni fructus treated
with pressurized-steam at 1.2 kgf/cm and 121°C. Mean£SD (n=
3) followed by the same letter are not significantly different
(P<0.05).
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