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Effect of Heat Treatments on Physical Properties and in vifro Glucose,
Bile Acid, and Cadmium Transport Retardation of
Wax Gourd (Benincasa hispida)

In-Ok Ju, Gi-Tai Jung, Jeong Ryu and Young-Soo Kim"*
Jeollabuk-do Agricultural Research and Extension Services

'"Faculty of Biotechnology (Food Science and Technology Major), Chonbuk National University
(The Institute of Agricultural Science and Technology)

The effects of heat treatment on the physical and physiological properties of wax gourd (Benincasa hispida) were
examined. The applied heat treatments were autoclaved at 121°C for 1 hr, boiled for 30 min, and microwaved at
680 W for 5Smin. The water retention capacity (WRC) of the wax gourds was 9.43 g/g for the microwaved
samples, 5.12 g/g for the boiled samples, 4.63 g/g for the raw samples, and 2.61 g/g for the autoclaved samples.
Heat treatment caused to increase swelling by up to 4.4~7.8 mL/g. Calcium binding capacity of heat-treated wax
gourd increased in the order of microwaved, boiled, raw, autoclaved samples. Scanning electron microscopy
(SEM) showed that autoclaving caused the most severe structural modifications, while microwave treatment
produced the least modifications. The retarding effect on glucose and bile acid transport depended on the heat
treatment. Only boiling showed the glucose retardation effect. Bile acid retardation effect increased in order of
boiling (22.9%), autoclaving (17.1%), microwave treatment (14.3%), and raw wax gourd (8.6%). The cadmium
retardation effect was significantly high in all samples.
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doll S A= AoE dEA vt B2 F$ blanch-
ingA 2ol o3} pectin®] ®AFFo] AP oH 2 Qs
Hrst Begoe] gele Aog WIHEYPT?, ek i
FE= €8l 93 AEAe)9) calcium-pectin complexes=
HH calciumo]-2o] FEFH] dAslEE o2 YERGT®,

7HsA ) 23k Aol dfe) 2w in vivodll M A
A2l 71 FFE vH=d Gl FFol ot Fael
259 S71= bulking capacity7} AT, Aojdfel A
s A BHE 53] 98 WHOE in vitredl] €
gt glucose$} bile acid 44D EAE FEHY L a4
3} vk A3 glucoses} bile acid FFAAEN} B
5 gAY glucose 2 Z AU cholesterol ZAF A7t
Z Aew et uebd bt AFae) Ay &
FE AF3= d Jo] FEAFIY AALHA BA in
vitro®l] &%+ H7Pb E3AQ0 e s AAIHEI Aot

£ AN o8 Wges A o} 359 &
A BARstE A @A AEE B4 v o
e AES7] 5t in virogel €)% XX, bile acid,
cadmium 53 A g = FAEIGCH

M=

Fole AL XX HANA A AN Fok(Benincasa
hispida Cogn.y& 2000 10¥ <=7 83l Iy} &
£ AASIEL 3X3X3cm Z7|E ADE & 20°0C FEIL)
BAsPHEA ALE-3I9T). Glucose, bile acid, cadmium 3= A
dazt 4o ALEE ENYMW. cut-off<1,2000% tauro-
cholic acide Sigmarl #FE AMESIT Cad} Cd &S
N2 Cica-Merck AFE AME3IH o Yujx] At B
< A3

S0te| dxiz|

W BAE Fols AdA 3087 dEAzl v 1X1
Xlem Z7|2 22 9A2]stAT. Autoclaving A]E 250
goll FH/T 50mLE 2 121°CAA 1417}, boiling AR
250 gl SF<F 100mLE €32 3087}, microwavingS A&
250 g& 680WE 5¥7F AEldglon dAEE A &&
e FAHYUR SRTh. xert B AEe EAZRED
5510, Iishin Lab, Korea)3r & 20mesh m|TFO 2 F3 s}l
4°CoNAM YAEASHA AJZE ARSI

gxj2] gl mE 5t 84

dAz] Wyl mE Fole 43542 Robertson 510
WS W3t S5 T. R (water retention capacity,
WRCYE 5o} 200 mge 10 mL YAlEe)Hol| el 27
SmLE 7ste] 18X HE A o]& A4 EE) (12,000
pm, 20893 & ASAS Bl wbed AXZ AY AR
o FEE AAsET. AR F &3S FAY Ax &
FA ARRE FEE RS ARl WRC(g/g dry weight)
2 el Ath &3 swelling)S 5oF 500 mg3 0.02%
sodium azide® Z38l= SFHT 15mLE mess cylindero] 3

gto] A2ox] 18A17F HHSIAIZIGL o] mf YERE bed?]
B3 Z volume/g sample dry weightZ WERYAT).

Calcium E&3 £3

Q37 Hol] calcium E3&H-2 Idouraine'?¢] HHEE W
o] =48} Acid washing® A5 1% HCI(12.5: 1,
wivye go] &5 Awsla 1G2 fFRlEHIE o)&-3ke]
o343 & pH 7.00] €@ Wi7kx] FHFE AFHIY sE0=
st Calcium 2L FAAZXAE 0258 #3t 1,000
ppm Ca ¥FEd S5mLE Y 3AZHESE JET $ 1G2
FRlAANE ol g3l JHAEy FFFE 33 MY F
ZAAZ 39} Re-acid washinge calcium®] 2%E A|5.9]
ARE FHaf 1% HCI(12.5:1, whv)g ol 53 AEsi
1G2 871 & ol8-3l] o335t ohy SHRTE 33 AlF
Bld FZAAZ Y Calcium 4L 9)3led acid washed,
calcium AY, re-acid washed 2832 FAz2] Fo} 0.05g2
Alg#e] Ha}5L Conc. HNO, 5mL2 2ol 60°CoIA 1A1ZH
gt 5 228 100°CE &8 308 7HHS=E 30% 43t
FAE SR Porb 2A7F Bt He S40] 2wyt
Z EAAAH EHE ANEE SFFE ZS00mD)E F
AAS(SpectrAA 220FS, Varian, USA)E ¥4331%9.2™ endog-
enous, acid washed, bound, re-acid washed calcium ¥%H-E

ng/gl 2 JeRRiT

Scanning electron microscopy

gx8 AFE Fo} FKE 4xX4X2mm Z7NZE e} 2%
glutaraldehyde -89l 3A|sle] 4°CollA 2A)7F prefixing Al
Zl % 0.1 M phosphate buffer2 3% AMA3}E 1% osmium
tetroxide SN2 4°Col| A 2A)7F postfixingr]# 0.1 M phos-
phate buffer® 33] AF3tAtE A AlEE ethanol (50,
70, 80, 90, 95, 100%)y& AM&-3] EAAHOR 2084 2
A7) T isoamylacetate®] 3w HAAIHTE HA| COE
AR&-38l critical point dryer® AZA|Z]3L ion coaterZ gold
coating¥t T}~ scanning electron microscope(JSM-5410LV,
Japan)S ©]&-3ked 20kVe] accelerating voltageoll A 100818
= PFESY. B Al EAY F FAAEF 5ot
& 2T coaters AME-8le] gold coating®t F 50081 &=
AT

In vitrotdol] 28t ¥x2| Sote| d2l¥ §4o

Glucose & dAEH= T4 3 & E& dialysis tubing
closure2 ¥l A48 YR AFE 02eg3 EEY
360 mgs &3A17 0.1% sodium azide €9 6 mLE ¥ ¥
Aute] Uz 3 & EFx "Bl £7o] Sl 471(FF
8cmxAo] 8cmpolx AEE 1447 FIAFHLBY, 0.1%
sodium azide €% 100mLE 7}3}3 37°C water bathol|A]
100 pme 2 8Aj7} shakingdFA 8% A7y Moz ¥
Al 9l 1 mLE 3] DNSHWOE glucose THS H4
9t g2TE ANEE A glucose £ Wolom,
FA ) A|ET Y3 BAste] AEAA ] TR glucose
& st

Bile acid ¥ A& BAY UFo] ANE 02g%
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0.1% sodium azideS Z3}sh= 0.05M phosphate buffer(pH
7.00°1 15 mmole taurocholic acidLE =91 49 emLE ¥
A FAERe) e g & Ex UEskT o) SlE §)
(A7 8emX 7ol §em)lA A|EE 14417 A AL o
e MEE AT bile acid EAT ATk 7]
0.1% sodium azideE *3%8h= 0.05M phosphate buffer (pH
7.0) 100 mLE 7}l 37°C water batholl 4] 100 pm O 2 48
AlZE shaking3PAAM AA S A7+ 1Ao7 B4 gle L
Z #5t taurocholic acid THS Boyd 5090) whHo g B
Akl = FA99 1 mle] 70% H,SO, €4 5mLE 7}
BkaL 5% F 0.25% furfural $9% 1 mLE H7tela 608 &
spectrophotometer(Spectronic  Genysis 2, Milton Roy, USA)
2 510nmellM F4EE A e

Cadmium %3 A &= B9 o] A5 02g3
isotonic Tris buffer (pH 74) 6 mLE %3 97]16] CdSQ,
(1000 ppm) 120 uLE H7Fetal £49ke] Uwz] 3 2 Zx
dEete] 4ol e £71(37 8emX o] emplld A=
E 147 T AL 2T AlRE A9 cadmium$-
At EAch 7190 isotonic Tris buffer (pH 7.4) 100 mLE
Z7¥8I5L 37°C water batholl A 100 rpme. 2 24217} shakings}
A A ARE Hem Bau o Mg #8ked cad-
mium L BEAEFG 0, A8 9jd 1mLel 01N
HNO, I mLE 7hsto] 292 5143 vha- AAS(SpectrAA 220
ES, Varian, USA)ZE 228.8 nmoll 4] =4 8}5ic},

Glucose, bile acid, Cd T3 AR F=+= t}-&-3} 7ho] Ak

SHT

=

Retardation index (%) =100-—
Total concentration diffused from sack containing wax gourd

Total concentration diffused from sack without wax gourd
X100

77 g pE
HB(water retention capacity, WRC) % BeH

(swelling)

S W] e Fole FIEANOE HFE (water
retention capacity, WRC)Z H-8-3 (swelling)S FAE Ads
Fig. 13 zivh dA#e] A5 F2d R SAsis
B2 microwaving(9.43 g/g)X 217} 71 B 4L boiling T
FAEl= 47 512¢/p, 463 geo R WS A vebgtom,
autoclaving(2.61 g/y4 27} 71 Wre Zlom eyttt B

He =84 HoldRrt A 549 9% WXe o)

Table 1. Calcium binding capacity of heat-treated wax gourds"
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Fig. 1. Water retention capacity and swelling of heat-treated
wax gourds.
1. WRC, - -: swelling.
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Calcium concentration (ug/g)

Processing - -
Endogenous Acid washed Calcium-bound Re-acid washed
Autoclaved 2,174 59 1,896 56
Boiled 1,972 54 5,970 74
Microwaved 2,554 68 6,142 83
Raw 2,328 144 5416 151

DValues are means of duplicate measurements.
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Fig. 2. Scanning electron micrographs of heat-treated wax
gourds.

a: autoclaving, b: boiling, ¢: microwaving, d: raw. Magnification
100X for all samples.

Calcium &3

A7t Fotel caleium FF ol 1|
7] $18ke] endogenous, acid washed, calcium-bound
re-acid washed calcivme A4S A= Table 13 2t} 5
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o™ autoclaving(1,837 ug/g)x 2= A 245

Camire$} Clydesdale®2 pHS} €*2] ¥'Ho] wheat bran
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Scanning electron microscopy

GAY Wyel e Folzige) Tz wWsE FAAAY
v A SEM)L.E #23 AFFg 2), Bot#-5LS autoclaving
3 boiling Mol &) T2t B HI FFo] AhIHe

Table 2. Glucose retarding effect of heat-treated wax gourds”
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MY

Fig. 3. Scanning electron micrographs of heat-treated wax
gourd powder.

a: autoclaving, b: boiling, ¢; microwaving, d: raw. Magnification
500X for all samples.

¥ microwaving M9l Ao 240 FHHE Axrke
o] FolA = AFUrh FolEZ(Fg 3)¢ AFE
autoclaving X Z}ol) &&) ¥wo] Wiz NH ™ boiling
= T vlgte o] F=gYR= A
4 4 A9} o)) A3} autoclaving Aol €8] Fof
F53 B2rel el Wo] 7P A dojd AL &
2= Q9

TR
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microwaving |
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Glucose retardation effect

Az Wgol Fobe] AH A mAe 9%
3} FA S o)83 glucose FHAAEAE AV 4
FHTable 2), F4A|Zto] Z7tee] ulgl FAEHE glucose™
o] F7lElN e EHAAFIA= EA W o tE
A el Boiling 2ol d8iA glucose FHAAEATE
Uehgon BAAZR] 30804 1AZHe R Friekl we
T3t JARNFE 103%04 20.6%= F7HIAT 9782 U
ox9] glucose FHAEI= FA o] B gele FAsHe
84 Aol 7S 2 ARV Itk BiEo] T
ol 2lola-g2o) X glucose’} trapping B T of
2} gastric emptying rateE AIIAHOZA] EPATIA HIT

2

f

Dialysis for 30 min Dialysis for 1 hr
Processing Glucose in dialysate Glucose retardation index Glucose in dialysate Glucose retardation index

(mg/mL) (%) (mg/ml) (%)

Control 0.319+£0.018° 0 0.715+£0.032° 0
Autoclaving 0.351£0.049° -10.0 0.737£0.021* -31
Boiling 0.286+£0.032¢ 10.3 0.568+£0.025" 20.6
Microwaving 0.356 £0.042° 9.7 0.712£0.049° 0.4
Raw 0.378 £0.025% -18.5 0.724£0.028" -1.3

DValues are mean=®SD of triplicate measurements.

Means followed by different letters within columns are significantly different at p=0.05 by Duncan's multiple test.
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Table 3. Bile acid retarding effect of heat-treated wax gourds”
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Dialysis for 2 hr Dialysis for 4 hr
Processing Bile acid in dialysate Bile acid retardation index Bile acid in dialysate Bile acid retardation index

(mmole/L) (%) (mmole/L) (%)

Control 0.0550.002* 0 0.075+0.004 0
Autoclaving 0.045+0.001® 18.2 0.067 £0.003° 10.7
Boiling 0.038 £0.004° 30.9 0.053 £0.002¢ 29.3
Microwaving 0.041 +0.002° 25.5 0.064 £0.001° 147
Raw 0.050£0.001* 9.1 0.073+0.004° 2.7

YValues are mean* SD of triplicate measurements.

Means followed by different letters within columns are significantly different at p=0.05 by Duncan's multiple test.
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Fig. 4. Passive transport of glucose in the presence of heat-
treated wax gourds.
Values are mean of triplicate measurements.
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Bile acid retardation effect
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Fig. 5. Passive transport of bile acid in the presence of heat-
treated wax gourds.
Values are mean of triplicate measurements.

Ahg-ste] 2AVEE AaK(Table 3), FoF] glucose T3 HAE
HAel= e Aol el Azl Wl wet
frdskA glucose 3 A E4E HYW boiling 7Y

oy
=

'Er}—‘j’\]ﬁoﬂ Aglel 7 e AAgdE JESY. £
A oA 7F Fo] AHBI= boiling(30.9%), microwaving

(25.5%), autoclaving(18.2%), F*2](9.1%) <22 VENLO™

BEA A|7ko) ZrlelAAM A AEe MAE] dAETh F
AR 7S 48X 7WMA] AFAIZ) A3 (Fig. 5), bile acid®l F
3 A ais ALEHOR e 58] T4 7)ol A
FA e (AdaAE B autoclavingst FAE|9] S
o

g EAA70] FrhehA AQEHTE 247t 18.2%0A
20.3%%, 9.1%AX 24.1%8 Z7Fsle Ao® vEhith &
Az M Be AAASE BIW boiling A= FA

Z
487 7ol == 2 AEAE R Aol

P

29.2%2]
7} bile acid®t AFEl= AL o)A g gel matrix A3l
©]&} trapping E33Y¢} hydrophobic bonding® 2.8 A=Y

. AolAH9 bile acid S| 93 FHAA= A
cholesterol-/] 5 Aol 2EE #Eo] Jed Ao feol

E2F bile acide AWE FFHA] E3 AR wjEF o
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Table 4. Cadmium retarding effect of heat-treated wax gourds”

= FA A Al 35 W A 6 Z(2003)

Dialysis for 1 hr Dialysis for 2 hr
Processing Cadmium in dialysate ~ Cadmium retardation index =~ Cadmium in dialysate ~ Cadmium retardation index

(mg/L) (%) (mg/L) (%)

Control 0.156 £0.003* 0 0.221 £0.004* 0
Autoclaving 0.055£0.001° 64.7 0.064 +0.001° 71.1
Boiling 0.049+0.001° 68.5 0.052£0.002¢ 76.6
Microwaving 0.055+0.001° 64.7 0.058 £0.001° 73.6
Raw 0.034+0.001¢ 78.2 0.045£0.002° 79.8

DValues are mean=SD of triplicate measurements.

Means followed by different letters within columns are significantly different at p=0.05 by Duncan’s multiple test.
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Fig. 6. Cadmium passive transport in the presence of heat-

treated wax gourds.

Values are mean of triplicate measurements.

A3 7oA bile acidE AFAIE7] 243 cholesterold] ©|
o] 2718171 wEo|tH®, Camire L 7FAAAQ] bile
acid F2aHE FAR 27 bile acid F7o) wel 28w
processing W) wel FEHEHYL @ERRYY B §)
= £ AFME Fotel X2l el wet taurocholic
acid®] F&o] 93 53 JA g3t 24 vehgen
3] boiling A7} bile acid®] F3} JA|o] EHHA Aoz
RSt

Cadmium retardation effect

FAES o] 8§ Ex12] Fok] cadmium T3} A GHE
FAA T et 2ARE A3K(Table 4), BE X 2]olA] 65%
ool =2 3 AAEAE YeRIUT Ay EEE
FA7F 78% ©1de] T3 AAEAE Vel 7P w3k
w, €428 Fo)AME= boiling AE7F 69% ©)do® =A U
ERth Cadmium 53 A E3E SAAIZLE 2447704
AGHE wWoll= Fg 63 2] B4 )9} kg Ao
2 22 AAEZHE JepRAT) Yol cadmium T3
AA e HolAd-F9 cadmiumae] A fiber solution?)

Aoz 9% cadmiume] Fibg AR AT EA| 5L
ot b B84 Aol cadmium I A &=
B Z lignine] 7e Aol & Fo® HAHEIT jlom
228 Holdfo] cadmium T3 SAEHE FHAo] =&
gel matrix BAdo) 213 cadmium®] trapping EFHE AWEI
%q_(27,28).

o149] in vitro g o83t Fope] AT Wol
cose, bile acid, cadmium F3} A v|X= FTFS ZALEH
A3} glucose®t bile acid T AARFAE boiling A 2|4
V4 E3ow cadmium £ A &= A W &
Aglel ZE AHdA & A= Yl

oX 3o

2 o

ZolZ autoclaving, boiling, microwaving |3t 7o u}
3 54 in viro AT 549 WSE 2ARIUTH
Exg Wl WE BES microwaving®] 943 g/go =2 7}
A =9o ™ boiling(5.12 g/g), T #(4.63 g/g), autoclaving
(261 glg) o7 ropH} HHHE FAE Foke] B¢
224~258 mL/geZ FA(180ml/gEtt & o= 1}
elstt}. Fote] calcium &322 microwaving, boiling, §#]
9], autoclaving =22 YERGO ™ autoclavingd] ¢ U
A APl 30% A= B2 FIES YUY, g
Fole] MEZAL autoclaving Aol &Jste] 7 g
Z4 HEge Byl ETE o]&3lY] in vineHOoE E]]
& glucose T34 A= boiling Aol F8IA 20.6%CF
A N7HE UEhgth Bile acid 3 A 23 boiling,
autoclaving, microwaving, F*2 «o 2 z+z} 229, 17.1,
143, 8.6%(FA W7He] 3 AAEHE B3vh. Cadmium
23 JA g X Wl BAIgle] 65% PR =
Al kel
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