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Effects of Clay Minerals Treatment on the Physicochemical
Characteristics and Growth Inhibition of
Microoganism of Some Foods

Ok-Jin Jeong, Koan Sik Woo, Kwang-Yup Kim, Hee-Bong Lee, and Heon-Sang Jeong*
Department of Food Science and Technology, Chungbuk National University

To investigate potential characteristics of clay minerals (illite, kaolin, zeolite, vermiculite, and bentonite) for food
industry application, antioxidative properties of clay minerals, electron-donating ability (EDA), peroxide value
(POV), and thiobabituric acid (TBA) were measured, and antimicrobial activity against several food spoilage
microorganisms were evaluated by minimum inhibition concentration (MIC) method. Changes in components by
cooking clay minerals added to stored rice were measured by GC-MS. DPPH (1,1-diphenyl-2-picrylhydrazyl)
analysis results revealed bentonite has strongest EDA at 20.6%. Antioxidant activities measured based on POV
were similar to DPPH results. Induction period of linoleic acid with vermiculite was longest among. TBA results
revealed zeolite hasstrongest antioxidant ability. Growth inhibition against E. coli and S. aureuswas observed in

illite, vermiculite, and zeolite. Aroma components indicated decrease in hexanal, pentanal, nonanal,

linoleate,

stearic acid, and oleic acid when clay minerals were added to stored rice. These results indicate that several clay
minerals have antioxidative and antimicrobial abilities and improve flavor profiles in stored rice.

Key words: clay minerals, antioxidative properties, growth inhibition of microoganism, aroma, physical properties
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tc, paite 5 65°|H, AFH/ETHY add days A<
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A ol AREEIAAM = oY EH, AEF] JFEFL 05%
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B Aol A HEFES XA SRdE 7Ed AR
2y 2 SR A)FHke 2102 jllite, kaolin, zeolite, bentonite
2 vermiculiteS AE-3F32m, DPPH(1,1-diphenyl-2-picrylhydra:
zylyell ©Jg HApgods, FIsHE7E 9 TBAZE (thiobarbituric acid
vaue) YA 05% olat= H7tete] AAlskTh

gHitst #d 53

AR5 (dectron donating ability, EDA)YS Bloig(14)¢} Kim
S(15)2] HhH-S WHasle] 24slxtt. 2 1X10* M DPPH(L,1-
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Table 1. Electron donating ability (EDA) of BHT and clay
minerals (0.5%)

Sample Electron donating ability (%)
llite 28+0.25
Kaolin 50£0.23
Zeolite 6.0+0.24
Bentonite 206+1.33
Vermiculite 13.0+£0.75
BHT 95.4+1.63

ionization detector), FUT- 2% 230°C, AE7] =& 250°C,
carier gsse F4AE ARESINTE GC-MSE= Hewlett PackardA}
°] GCD GI1800BE Ahgslglew, 3hgHEe] 54 GC-MSE
A mass spectrumS Wiley 275L Data base= A8l 54
SIATE GCIMSAZe} GCAHe] JeaAl= n-dkaneR CyC,y
(Sigma Aldrich Co., USA)lIA & retention indexES HY]w3le]
T
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HEZS it 2y

o HEZES BHTS] isled s ARgodso=z &
sl vt Ade Tdle 13 7t HEFE3 BHTS
DPPHE N 0.1%% A7igt § Axao5S S7gste] kst
G4e Vst A3 JEFEY] HAAEdeE> BHTY Ak
TN (95.4%) B} FUAT 7 HEFEA BT kst
24e JeEplidth 2t AEFETRe] ksl €42 bentonite
A 206%E FEZE F 7P =& A8 S-S e
3 vermiculite, zeolite, kaolin, illite =22 dHAks} EAjo] YE}
WTh JEGES ilst &2 olg TH Y TH7|F o3
Uehtes 318hd &4 T 35h4 zlsgolstal dEo A=
ol XzHol 71013t Aoz AztEH, ksl o] o
2 HAERE Bt =74 Yelhd bentonite?} vermiculites %)
< X353 (cation exchange capadity)e] Z+z} 80-150 % 100-
150 cmol/kg>- = kaolin(3-15 cmol/kg) =} illite(7.2 cmol/kg) H.th
10-208) o]/de] B2 FHE /A 7] wwolgt AztE
IS illite o Yol X3eEL e FEZE Hsl =X
7] wito] B85 842 22 FoR dEA UTH20).

Linoleic acidoll BHTS} 7+ HEZFES 27} 05%Y 3H7ish
< 50°ColA 7dZ AFstHA FAEEVHE S Ade=
Fig. 13} Zth A717 74 &< controloll A= dieks] w4
POVZtol satdlont 7t AERE Hrktdie =2iA +
7kt gatksl 23 JSS JYERY HEZE TRER
H™ vermiculite, bentonite, zeolite, kaolin, illite52] A= 4+
AR AEA=E YepNY e, o] 5 vermiculite, bentonite, zeolite
5o EFEL kadlin, illiteo] v]s] R} 3k Asjds
= e S & F Atk ol AxRFodTe o skl
A ESAAT} FARH, oot 2 AiXATE e HEZE
o] Fol2 23 T o3t AoZ AEHT}

7t HERJEF BHTY its) €4S lindde adds 712§
doF sl A7k Ao mE TBARKS WslE 5743k Y]
wek A= Fg. 29F 2k 7 JAEREe] ksEdS TBA
ko= ¥wdl A3} zeolite, kaolin, vermiculite, bentonite, illite
o2 ARFATH tstETIE Blwst Axet oFF v
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Fig. 1. Effects of clay minerals (0.5%) on oxidation of linoleic
acid emulsion measured by POV.
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Fig. 2. Changesof TBA valueof linoleic acid emulsion containing
clay minerals (0.5%).

Al YJeRITH 2 zeolite, vermiculite, bentonite 59 FEFE2]
gatsletd e A9 HsEig o, kadling] dtsletgol
=7 Yeisith ol kadline] F 7o) vlwd oFeh Ao
218} keolinfe] ©]£717} DPPHEY o) EA)eh= A-gabo]zt
linolgic acide] ket <l A== A5 il 28k
zlo] wjiEolet AlztE )

HEZEO| D|ME M0 D|Xle YWt

HEZEC| ST AF vl ¢S HAEs & 2
I A7t AERES] F TR wEk As5A0] wslet

= w9 SAEE JEZE H/EES 10ppmellAl 100
ppmeE Z7IAIFOl el iR FFllA] S =T A
AR T, HEZE 7S 100 ppmellA] 1,000 ppme =
Z7AFC Wb E FAAHEE FA] WskskA] gl iR
o] AEZE i3] A Aol AsE 2 Saphylococcus
aureus®. o] ol gt 7t FEZES] H7pt 4S5 11X
= 9%S Fg 3 el

lliteZ 10, 100 ¥ 1,000ppm FFo & Ao H71e £ 5
T @50l e F4a 3= AR A3 E coli, S aureus?)
a5l 3k Z49A & 7k= 100ppme] FEolA F3% Fhol
z}z} 05747(+0.04)7 0.3122(+0.03)E control 1.1588(+0.07)%
05222(£0.03) .t} So} =& gy} e Aoeg Yepton,
o2 #5ol dist SA9AEA= 2 vERTh Kading: 3
7vet A3t llite H7HFeRE @8] E coli @50l tigh Z219A)
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Fig. 3. Growth inhibition of clay minerals on Staphylococcus aureus.
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@ : control, Il : 10 ppm, A : 100 ppm, [J: 1,000 ppm. (a) illite, (b) kaolin, (c) zeolite, (d) vermiculite, (€) bentonite.

B39 YRR 2T S aureuse] @5l sl e 5241Y
Aass JePJAA T v 60A17F o] Fol= 100 B 1,000
pome] kaoling 7tk wiA|eM e F 2o F45HA e
o] 72417kl 3% Fhol 0.6578(+0.05)3) 0.6493(+0.06)2
Z 93] control 0.5729(+0.04)= .t} io} o @2 o] 34
H Ao=Z el Zedlite, vermiculite 2 bentonites 37tk
AgTollA= E coli, S aureus®] #7ol ARk F2] A
BI7F UEREe ™, E colidll A HEZES widzrlel =
= FAAAEAE Holv wiFErE AE 2 dFE A
2= Zew yehtoy S aweusl] tisiAe wiYdxr|HE @
717 2 FAAAEHE Hole AR UEHTH

o]} o] HEZFEC et E coli, S aureus 7] 54
Agdts HEZEY $Fs8% 97] A8y, 4559
< o] &3 ujR|e —|~r 2 g A Qi o HelR
3 o] AT 7 de IS s dEdd F
AA &7t YERT 2 o2 AlEH

1> 2 o _12

2ne) &) A w8 4494 HERER AHI F 2°C
2 AgetA SHes) Y Aeng S99 Aske Tale 2
szt 7 HERAR ﬁwﬁ * AT 3

of vl 2 Yeldth dERE T kading H7HIS o g
Aol Walrt 7 FA YelsTh

Fo] s Xﬂ"*ﬂﬂ <t control2] strength= 4.99kg
oA 452kgeZ FHAsI, illites H7HYES u drengthe
49kl 4.70 kgf-_, kedling #7151 wi= 4.71kg, zeolite
= HA71E wlE 471kg, vemicdite2 F718S wlE 4.73kg,
bentoniteS H713S vl 469kge g ZAsith AAHow
AEFEZ AFste] AAs Fo 3=7t%= controlo] B3]
75ewFo] 2 YehtoH, o] & vermiculites 7Kg o) 1t
£AEE o2 A vEl #=A4 Vel Hadnesse] W3k=
controlo] 16.06kPaollA] 13.11kPa, illiteS H719S o 1697
kPaol| Al 1350kPa, kaolin® H719S o] 17.46kPaellA] 1355
kPa, zedliteS F7}31S w 16.80kPeel|A] 13.10kPa, vermiculite
=2 H7IS o 17.49kP=ell 4] 13.05kPa, bentoniteE 711
) 16.32kPacll 4] 1385kPa®E Z+A 3ttt HEZE H7HA
controlol] Hla] = W37} 24 UERECH, bentoniteS 3718}
Re A 7P Fe WsE BYow, ol Y Axje}
FARHA UElsdth o B4l 93e F= 2908 Fo A
ZHS 5k dudERe s 2 HEldy) e RS0
HEZE2] 0|25 o& WA UHE &42?: A7}
w oo tigh U Be At XegEoof & =
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Table 2. Stressrelaxation characteristics and breaking test of radish kimchi treated with clay minerals (0.1%)

Clay mineras Day Alleviationtime (sec) Eladticity (kPa) Strength (kg) Hardness (kPa) Surrender (kPa)
Control 1 21.7+1.15 1728.6+21.52 499+0.04 16.06+0.12 81.62+1.03
2 22.9+0.90 1836.6 £22.43 499+0.05 15.79+0.16 81.62+1.06
3 253+045 2099.0+23.61 4.68+0.05 14.67+£0.05 76.44+1.23
4 26.3+047 1679.2+19.99 459+0.10 13.25+0.12 76.21+1.97
5 2431044 1959.0+31.42 4.52+0.07 13.11+0.09 75.95+1.40
lillite 1 22.1+0.59 1959.0+10.84 499+0.12 16.97+0.08 81.62+0.68
2 23.2+0.61 1959.0+17.32 499+0.14 16.05+0.07 81.61+1.40
3 24.2+0.66 16325+ 17.76 4.82+0.07 14.81+0.06 76.44+1.33
4 26.2+0.56 1679.2+24.25 471+0.07 14.62+0.05 75.23+1.38
5 24.4+0.46 1895.8+20.30 4,70+0.08 13.50+0.08 75.11+1.28
Kaolin 1 21.8+0.90 1679.2+17.72 499+0.11 17.46+0.09 81.62+1.39
2 22,0+0.75 17809+ 11.54 4.99+0.09 14.55+0.06 81.52+1.36
3 23.7+£0.71 1780.9+4.80 4.85+0.09 13.61+£0.07 77.47+£0.62
4 25.7+0.55 1836.6+14.48 474+0.05 13.60+0.08 76.96+1.02
5 241+0.56 1679.2+18.98 4.71+0.07 13.55+0.07 75.97+£0.73
Zeolite 1 225+0.66 1895.8 + 16.62 4,99+0.07 16.80+0.09 81.62+1.64
2 21.9+0.78 1588.4+16.62 4,99+0.07 14.48+0.09 81.62+1.69
3 2351051 1780.9+21.60 472+0.05 14.30£0.09 77.20+1.37
4 255+0.51 1836.6 + 14.57 471+0.06 13.12+0.10 76.84+0.88
5 23.4+0.36 1507.0+ 16.05 471+0.07 13.10+0.09 76.32+0.34
Vermiculite 1 21.7+0.70 1836.6+16.48 499+0.05 17.49+0.13 81.62+0.75
2 22.3+0.68 2176.7+£17.23 499+0.08 16.64+0.07 81.62+1.16
3 234+045 1728.6+18.32 475+£0.05 13.06+0.10 77.67+143
4 25.6+0.70 1546.6 £ 16.74 4.75+0.07 13.02+0.08 77.50+1.39
5 24.2+051 1588.4+24.06 4.73+0.07 13.05+0.09 76.95+1.41
Bentonite 1 23.0+0.97 2099.0+18.43 4,99+0.06 16.32+3.07 81.62+0.66
2 21.7+0.67 1588.4+ 16.65 4,99+0.06 14.40+0.08 81.62+1.03
3 24.6+0.46 23509+ 11.33 473+0.05 14.07£0.08 77.39+141
4 26.0+0.58 1679.2+17.51 4,70+0.06 13.98+0.07 7720+1.39
5 24.9+0.42 1836.6+16.59 4,69+0.08 13.85+0.06 77.10+1.43
Values are means+SD (n=10).
The same letters in the same column indicate no significant difference at p<0.05 level by Duncan’s multiple range test.
HEZE 7t Al O0je| &7|ME w9 =, o] FHE - e +0] HekE 2k 31y, v+
e AFE B FAEFES AHEE W, sigEe] I To] Heks 7R ol2g FolIe T A5 dl sl &
st thel] Ao 2 A= Table 301] eI llite, A4S 7 "JoK). E}E‘rﬁ HERES s W 45 2
zeolite, bentoniteZ 7FeF31S W pentanol©] pesk area= 57t MA 1Ql0] B= iR sheEe] pesk aeart FAE o
BIIA T hexandg W23 nonand, lindlegte, stearic acid, oleic AL old HEZE9) ~7<W o2 9lale] g7 Xzl =|Hb
acid 59 pesk area= 748kt Kadlin, vermiculiteS st0S AR 59] F3tEo] AEFE Tzl Ao AlEdr)

] pentanol, hexand, nonand, Iinoleeta dearic acid, oleic
aids aH|Fe Ade] = it SHHEe] pesk aeas 7
238199, methanol= 723813t} OE]E% AEZES 7S
 dAFHeR n| 570 52 HA ] pesk aeas FAEHU
o AS ed 77 AFskE 5] 52 d@Aje ste] Wl
o] F2 A2 22 gt digk dAZHA di=s JPE=E
A Ann Son iAo AY F He Aot gl
Ao 2= fa Aik(free faty acid, FRA)] 3HF wisl= <l
Sk Ao E BIEOH, Suzuki (21 A+ A oJshd
Aol A 717 59 totd FFAS} linoldc acidd] & =7}
3, acetddenyde, acetone, methanol 2 ethanol 59] 3194
7] AELS 7+43ET pentand, hexand, pentanol 52 4
7kt Qo BRE S HEZES] FHAL
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FUAF AEFJEE] AFE AAZ 7S Lolry, 1 T8
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Table 3. Aroma compounds of cooked ricetreated with clay minerals (0.1%)

Peak area
RI Compounds - - - — -
Control llite Kaolin Zeolite Vermiculite  Bentonite

1061 1-bromo-4-N-hexylbenzene Y 2267 7066 3238 12835 2013
1085 N,N'-bis(2-hydroxythyl)dithiooxamide 11715 22816 - 32205 - 20020
1133 n-undecane - 1516 - 1360 - 4367
1194 limonene 1471 6144 1087 6846 2185 7138
1214 trans-2-hexanal - - 4040 19422 10519 1015
1240 2-pentyl-furan 9127 17933 3125 11392 - 18557
1265 n-pentanol 2975 6192 1872 5542 - 3469
1290 2-octanone 3974 6329 - 1129 2174 5664
1303 n-tridecane - 1169 - - - -
1335 trans-2-hexand - 1920 - 2337 - 1048
1378 n-hexana 29697 3245 1307 6384 2138 4185
1396 n-nonanal 2657 1156 - 1092 - 1244
1411 trans-2-hexana - 1077 - 5000 1374 2257
1435 trans-2-octena 2750 3227 - - - 22417
1462 trans-2,4-decadiena 21543 23037 29464 24978 32554 34532
1477 benza dehyde - 3429 - 4384 1884 3299
1492 metanol 5724 4231 - - - 1247
1520 benzy! adcohal 1005 1266 5119 8962 6670 15756
1537 n-octadecan 6932 8479 - 2884 - 1145
1560 estragole 1446 1441 - - - -
1572 n-nonadecane - 2330 - - - -
1619 n-eicosane 1144 - - 4270 1769 4353
1650 p-methoxy benzaldehyde 3110 3991 - 5787 3152 5022
1667 p-anisaldehyde 1520 4239 - 1167 - 2825
1746 o-pyrrolidone 1102 - 1025 6195 2254 5074
1760 1-(4-methoxyphenyl)ethanone 2575 5353 - 1340 - -
1776 n-octadecane - 1853 - - - -
1814 n-docosane 1453 5501 1233 6328 2584 4923
1824 n-tetradecane 2956 - - 3884 1191 2946
1861 n-pentacosane 1696 3131 - - - 1301
1909 methyl linoleate 115056 92892 20229 127161 47188 81407
1913 octadecanoeic acid 38604 - - - - -
1932 ethyl linoleate - 1891 - 3406 1342 2538
1967 n-hexacosane 1166 2266 - - 1090 -
2000 dodecanoeic acid - - 1395 7437 2064 5961
2020 tridecanoic acid 4241 4856 - 3177 - -
2045 patchouli acohol - 2208 - 1082 - 3157
2056 tetradecanoic acid 1747 - - - - -
2067 n-heptana 1352 - - 4274 1396 1147
2103 pentadecanoeic acid 3653 4934 - 2098 - 6095
2111 hexadecanoeic acid - 1199 - 5695 1454 2109
2121 stearic acid 3084 3062 - - 1289 2658
2176 oleic acid 1265 - - 2790 1219 2036
2189 benzoeic acid - 2316 1361 11980 3171 5954

Ynot detected.
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