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Measurement of Degree of Starch Gelatinization in Flaked Corn for Feeds by Absorption Spectroscopy
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A possibility of application of an improved analytical method for degree of starch
gelatinization in flaked corn for feeds by absorption spectroscopy was examined.

Gelatinized starch in sample was decomposed to glucose by glucoamylase, and the glucose
was colored by using glucose measurement kit. Absorbance of 505 nm for the colored glucose was
measured by UV-visible spectrophotometer.

We studied technically three critical factors (Sample preparation, Enzyme deactivation time
after the enzyme reaction and Difference of measured values for depending on the difference of
the used enzyme) to optimize this analysis method.

A collaborative study with three samples was conducted to evaluate the accuracy of this
method in 9 laboratories. As a result, the relative standard deviation of repeatability and
reproducibility (RSD, and RSDg) were in the range of 3.5~5.0%, and 6.6~11%, respectively.
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1 #

BB > TRERLE L CTHERT V7 0L, B EODERICEIY aT Tl p-T v
TN EIND. BT T ATEREENE L, a-T T NET T ORI K A
DiATeZ & CTHREMMBEENBNTZ b D THY, BT T 2 MAT B L a-F v F 2% V. a7 v
T BT T E B L TR L DNMNRS VT, Ty UHRD a-T T DEIEERL
b O (afb) E LRI TS,
FUTIBEPICEZL EENTEBY, FEOFBERE LT, L9842, v1 1, KE,
FTARENMBIERAUINMLTENTWS., InbT 7% afb U CIHERME, REBM, BHMEEZS
D= b OOEE B A~TIMT 2GR REHEML, FHESEROIZEA LI, afb L7 L —7
WOEAALLE I BAZLBTMENTEY, BEALOCTFHRHASFEHCLZHEShTn5 2.
JERXALED LA LIEEHAL S LA LEFEE LTRESND Z ENH DN, TR,
AR THEIEIC L VER EOBEEZZ T ENARETH D, YikdlEo FCldfe A L o
AT LBEEHUAMHEH SN D Z L 2BIET 5720, Y%L H2bAZLEERBNTLTLHZ &
MWEHESIT DI, MTH, BMEER 30%U ETHD 2 EDFEHABRROSNTNS D LarLl, ¥
LEOREEICIE, DT AL —BIEY, JrarIs—¥iEd, 77— F 7S —+F (BAP)
W OELTEONNENGEE L, AT AOMIEIC L o> TR RIC KX 2B OA4 T, B0 HV IR
BNELD Lo TETND. 4, RESIEE L THOMMEOHR—ALOBEERZHFEL
Nz, EROFECNEERTWS (Z7rarIs—Pi) "2 () BAARELSOtr % —
NI LI HrE (LU, IO Z—ik] L)) ZRICEETEAE S (AESHTE)
~OBEHDAHIZOWNWTORFTEIT-72DT, TOMELHRET 5.

il

N

p

2 ERAE
2.1 B
HIRDOESAAE DB A Laakalel s Lz,
22 O3

) TUT UK
AEMET 702 g % 100 mL O B —H—IZAf, K50 mL Zx CEBL, Kmtk, KT
100mL DRFET 7 A2ZBL, LITERE TKREMZTZ.
2) ZLo— AfEYERR
T2 — A [CeH,06) 0.1 g Z IEREIZ > T 100 mL O/ T 7 A AN, KEIMZTHENML,
B E CRVEEEZ N A T/ a — 2 EHERE 2 L7 (2O I mL X7 va—R & LTl
mg xE AT D).
NS LT, BEUERIR O —E A2 /K CIEMICAR L, 1 mL H1220~80 pg 2 af 4% 7 /L=
— AR A PR L 7.
3)  WERRTAIK
FERE 60 g (2K & 12T 500mL & L7z,
4)  WEREHEE K
FElE T B U o A ZKF 136 g & KICIA LT 500 mL & L, FEFRRVATR C pH % 4.8 [IZFHEE L 7-.
5) 1 mol/L FEFEHETE ik
WERRAR MK 2 K T2 fEBICHIN L 72
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6) KEE(LT N U U AWK
KEEET N U DA 400 g ZAKIZEDLT100mL & L7z,
7)) FEAIHK
INa—ACIT A MY a— (FOEMEETER) OREREE AW, s, BEKHET
Bl B I HE - 7.
8) WEENMMMER 7/ vaT 2 7 —BIRIK
TNay 7 —E0.1 g (4Aspergillus niger LR, Megazyme #) % 100 mL O£ &7 7 A 2T A
AU, 1 mol/L BFREREENR 2 N2 CTHN L, HITIEMR F CRIEE A2 72 (BEARICIRR L 72.).
9) Znar T —PREK
UTFOFIECEY, BEEIMA 1 mLH720 263U Lk rcrvar s —RiRikssim
L.
U: a7y I 7—ERaEtEr 7 12 37°C TEHT 21F, 1 3MIC 1 pmol ® 7V 2 — A%
Rt o &EA 1 AL (U) & LT
i) Zna—2AEREOHE

T U7 UK 4 mL & 25 mL OFRBRE ICIEMIC AN, 37°C OMEEA T 10 /M P fRIE L
7t%, BEEDMPEHZ Va7 27 —8IEik 1| mL 2 1IEMEICHINZ T 37°C TIERMES 10 23 6
R 2ok, RBRE 2 UBEKETIZERIC 8 MAN TR 2 KI5 S, stk 100 mL
DEET T AL, ERE CKEMZ TR DMMHE AR Z R L

[, POBEZMERER 7 Va7 I 5 —PIRiK &2 Wb AKm | < 8 R il LEESE 2 2605
SHETEBWbDZHWTH—#IELITY, 25lBRisik s L.

DA S )M I 8 ¥ % 1 mL % 25 mL OFERE ICIEMEIC AR, F8 6K 3 mL 2 IEMEICINZ T
RVIRE %, 37°C OEIRMHF T 5 pfikE Lz, 20k, KExHE LTHEE 505 nm O
JEEEZRIE LT

ZERBRIEIRIZ DWW, [ARRICOCEZBE L, fRZME L.

[FIREIZ A& 7L 20— ZREHEIRIZ DN T, BRI E SR D% G & R — S TR 2 &
L, BEMEZAER L CTEERMNEREKETO 7 a—2AREG (pg/mL) ZRO7-.

iy ZarIs—vomEIoHE

WA KV EERNMMRER 7027 I 7 =Bk 1 mL 720 OFFEFE I E (UmL) %K

7.

E (UmL) =—00xG

180.16x10

iii)y Z2a7 7 —PHERIEDHEH
RAUZK D 2.63U/MLD 727 7 —BEEROMBICLE R 7 Va7 17 —EBHEIEA (g)
R L.

Bx2.
A (o) = x2.63

B : MR MERIER 7 v a7 27 —BIEIEREEE O 7 v a7 17 —BHRIE (g)
iv) a7 7 —BEKOF
JnarIT—F A(g) ZIEMICES>TI100mL OEEY T A AN, KEMZTHEML,
FITAERRE CARZMA T (ARSI L),
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10) HFcd 2 LIS OFRIEI TR, 7KIFA A 2 8K & W,
23 HEEKOGE
1) L - Retsch i ZM-100
2) A= I Ve - CMT 8 TI-100
3) RBRE ISV —  LEHBEE TTM-1
4) Ut —F— A FUEM LS SB-35
5) EIEME . KPERMETER M-100"
6) URAMNFIME YRR - Bt ERTRL UV-240
2.4 Bt
B 10 g 2 O E VT, IRIRERIC L W HEIT O 2 BRI 0.15 mm (100 mesh)
PATFIZ72 % & T L7z, IZ 250 mL o i OnB g I A, =% /7 —/L 150 mL # 11 Th&
B, BUEZITV, 100xg TSmO mEEL, EBAREE TR, WIZT7 ' F 150 mL #12 C
[FERICALEE L, — &AL S 72 b O % REHAR ORI 3- 23k & LT,
2.5 JIEITE
1) FBHATK O

B 100 mg % &> T 25 mL OFREBEIZ AL, K 8mL # EMEIC %, HBE IV —2H\T
) — 72 RRUER 2 TR U7, IR 2 mL 970 & 25 mL ORRERE 3 RICEREIC L EREh (),
(R) & (Rg) & L7z, (S) ITiX, WERAMZENR 1.6 mL & UVK 0.4 mL Z# IEfEICIN 2 72 (&I 4
mL £725.). (R) KO (Ry) (1%, BV IRE RN ST MU ¥ AR 0.2 mL & EfEICNZ,
65°C ORI T 5 /MR Lse 2Tl S, Kk, BEEIK 1.6 mL 2 BRI THRIL,
FIZK0.2mL ZIEFEIZIN A T4mL & L7z,

(8), R) KW (Ry) %, HHL® 37°C OEIRME T 10 /3R PiERE L 72%, () KO (R)
WZIEZ7 a7 I 7 —BER ImL 2z, (R) IZIEH oMU s Lar T —BEikE ibigKie
FCIEMEIC 8 AW LIRS TRV b o (RIEZ7 Va7 I 7 —EBHIR) 1 mL Z EMIZINZ,
EE CXIEVIRE RN S 37°C OIEIRM CIEMEIZ 60 /MG S 2. £k, (S), (R) LT (Ry)
Z WIS K HC IERELT 8 Sy I AAL TR R 2 R S H 7.

s, (), (R) KON (Ry) Z/KT20 mL DEEY T A IBL, HITERE TKEMNZ,
Ak (5FEB) TAHAIl L TENENHAEHEK (S), (R) KO (R) & L7

2) LR OO BRI E

AEHEIE (S), (R) KT (Ry) 4 1 mL ZZLZNBID 25 mL OFRERE IZERMEICAI, FEK
3 mL FO%IEMICINZ TRV IEE 1%, 37°C OIERM T 5 5MkE L. 0%, Kz
& LTHE 505 nm O ERE 2 RIE LT-.

3 i H

BONTEWIE N B RAUT L VL 2R D 7.

ML (%) =25~ Br

R R
As @ RBHAR (S) OWOLHE
Ag : BHATE (R) OO
Br : #UEHAI (Rg) DU

x100
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7ok, WEEOMME% Scheme 1 (TR L7z,
Sample 0.1 g
— add 8 mL of water
— homogenize with test tube mixer
| |
2 mL (S) 2 mL (R) 2 mL (Ry)
—add 0.2 mL of sodium —add 0.2 mL of sodium

—add 1.6 mL of acetic acid
buffer solution
—add 0.4 mL of water
— keep warm at 37°C for
10 minutes
—add 1 mL of glucoamylase
solution
— keep warm at 37°C for
60 minutes
—keep in boiling bathe for
8 minutes

— fill up to 200 mL with water
— filter with No.5B filter
sample solution (S)(1 mL)

|— add 3 mL of color reagent
spectrophotometer (505 nm)

Scheme 1

3.1 HELOFE G IEOMF

hydroxide solution
— keep warm at 65°C for
5 minutes
—add 1.6 mL of acetic acid
solution
—add 0.2 mL of water
— keep warm at 37°C for
10 minutes
—add 1 mL of glucoamylase
solution
— keep warm at 37°C for
60 minutes
—keep in boiling bathe for
8 minutes

— fill up to 200 mL with water
— filter with No.5B filter
sample solution (R)(1 mL)

|— add 3 mL of color reagent
spectrophotometer (505 nm)

3 HRRUEER

hydroxide solution
— keep warm at 65°C for
5 minutes
—add 1.6 mL of acetic acid
solution
—add 0.2 mL of water
— keep warm at 37°C for
10 minutes
—add 1 mL of deactivated
glucoamylase solution
— keep warm at 37°C for
60 minutes
—keep in boiling bathe for
8 minutes
— fill up to 200 mL with water
— filter with No.5B filter
sample solution (Ry)(1 mL)
|— add 3 mL of color reagent
spectrophotometer (505 nm)

Analytical procedure for measurement of degree of starch gelatinization

FABFORIFED 0.15 mm (100 mesh) LA F THIVE, KO ARE— 1T ORI EE O R 2
ERIEZSRNEVIRE T8 HD LD, Ot X —ETIERE E R E O TR, ko
THUIRALERE L=, 0.15 mm OS2 0 EEE L bO0RESHICH LTS, Lo, Rk
DOFEENESALE H A LOLHE T, SN2 DR 2 I i T, 2828 0.15 mm
DOMSD NV EEIET HIZEMOBHETET, S0 TIITHAORLETS, 5250 El2idsEao
REHENIKRY, KREL ST T2 2O HES LT,

EEHIT, HHNVTROESEDLINEDZNE 2 ODEALIZHOWT, BULE ORIEM DR —PEIZB L
TEMZE U720, $HEEICEEEZ 5 20089 BB L2 E Sbh TR —L Lk
Wt % T2 1T, BUIRALER « 550 K D0 th, 2.5 OREFHEICHE L THLE 2k
7= (Table 1 7K} A, B).

ZORER, 50T GEA) KOS5 0 E GRENB) OBULEIXER R > lE2 R LI Z &b,
ZIOZEE, EHXBLAZLOENMOENCLDLDOTHD EEBZ LN,
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¥, S50 E GREEB) 130.15 mm OS5 W EEIE LR =D THNHCHET 5 2 LT
5591, WRERICLD2HBHA TV RN HREIORIAE 0.08 mm (185 mesh) £ THEEIT-
7.

EHRDIL, JENALE DA LORAEROE 2K 2 72012, a2 v T 0.08 mm
AR ORI 72D K9 ITHfrEFT, BURAEE L=, 2.5 HIEFEICHE T THILE 2Rk GR
BEC). F£7o, BA\ORELZRT H7-0DI0, IREERICK DWMENZITVeN DRI, AR L
b o GRED) & DET 21T > 72 (Table 1 #EHC, D).

RIRERIT X DWMENEAT Do 723 BHE, A ZAT - 723 UBHT R L TMEEE DS & < JIE STz,
ZhE, BUEEEIE 50°C BA RIS B LB BB A Z T CELT D VL Ebh TR, A, BEELT
DI e NI CEBIC L 2B RAE L, MbEREL koo tE 2z bz, Lo T,
BT 9 BRI, IRIRERIC L DWMEIEIT VNS, Bm D2 O Tt a 1T 2 71 TR
BIORBAZITH 2L & LT,

Table 1  Comparison of Ag, Ag and degree of starch gelatinization in sample preparing

Degree of starch

Sample As” A" gelatinization (%)
1 0.326 0.652 49.1
A° 2 0.334 0.641 51.2
3 0.340 0.638 524
Mean (RSD) 0.333 0.644 50.9 (3.3)
1 0.374 0.564 65.5
BY 2 0.398 0.568 69.4
3 0.387 0.561 68.2
Mean (RSD) 0.386 0.564 67.7 (2.9)
1 0.369 0.702 51.7
c® 2 0.377 0.705 52.7
3 0.396 0.711 54.9
Mean (RSD) 0.381 0.706 53.1 (3.1)
1 0.290 0.671 422
D? 2 0.281 0.683 40.1
3 0.277 0.663 40.7
Mean (RSD) 0.283 0.672 41.0 (2.6)

a) Absorbance of sample solution (S)

b) Absorbance of sample solution (R)

¢) The sample passed 0.15 mm screen after crushing with ball mill and removing fat.

d) The sample that did not pass 0.15 mm screen after crushing with ball mill and
removing fat, and that was recrushed to 0.08 mm under the condition of cooling
with liquid nitrogen.

e) The sample passed 0.08 mm screen after crushing with super-centrifugal and
disintegrator and removing fat.

f) The sample passed 0.08 mm screen after crushing with super-centrifugal and
disintegrator (under the condition of cooling with liquid nitrogen) and removing fat.
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3.2 BERKIGKH OMET

BERION L, WIS KYS I RRBRAE 2 ANUBESR RIS OBERTT O A%, T OREERIGERIC OV TR
MEIToTZ. 25ICHELD, 60 o7 vaT 2 7 —BIRIR E ]G SE 1%, BbigKkmFizc<o, 1, 3,
5, 7 KOV10 S MIEREICE R LBER 2 IR S, LUTF, Ak OWEERIEIZE L CElEhik e
[FERIZAT = 72 Z OFEF % Table 2 1Z7R L7z, 72233, BUBHITE CHRET L7 b 0 & [ Uil & v 7.

BESRICTR R & As OBIFR CITBEE ARG Z 1 oM E LR R b E WL E 2R L,
SR IR S R < 72 D2 O TR EEOIK T 235588 By, #97 0 MILABIE— @27 DA R
Bivle. ZAUE o e BER TERER S S AVXBER RN TSI L, BOREMEIX—E LD I & &R L
TW5. Fio, BERRIEFREM 1 oM TSR D REWISEEZ/RT 2 L, HEHRKR (S) 108 F
NWCNWD B-T 7 REUC L Wik S ivoD, BERRIENE Z 5720, BEFRARIEREM 1 4TI
XY a-T T UBEIN LT & 2 A, BERRIEREHIAZICZ L 0 RIG L E e h o T FBER DR
HWEFE TCOMIER L= THD EEZ LN,

—J7, BERKIERFE L Ar OPRRTIEBER RIERH AR R D IZON TRLEM DK T 2RO 5
, K7 BB EC R EAA R S, £, WOREEOZSbITRENER (S) ICA6h
T X o RERI oz, ik, AR R) 7 ABVIRINCEVERALTWD -7
TUERRIZ a-T T ALES TR L O TH DI, MBI X ATz T, £, BEEITINEY
FICEBI L CRIE L, KIGELENRPoBERERIWCENEE COMIERALEZ EICX DD L
Ez b,

LU EORE R ORISR &L OBIfR L 0, BERRIERRIL 7 0L EECTH D L& %
SNT=T-8, RIETIIZE2E RIAATS oM & Liz.
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Table 2  Comparison of Ag, Ag and degree of starch gelatinization

in examination of enzyme deactivation time

Enzyme deactivation time Degree of starch

(min) As” Ay gelatinization (%)
0 0.399 0.772 50.9
2 0.402 0.760 52.1
Mean (RSD) 0.401 0.766 515 (1.7)
1 0.435 0.710 60.6
2 0.426 0.703 59.9
Mean (RSD) 0.431 0.707 60.3 (0.81)
3 1 0.360 0.685 51.7
2 0.372 0.694 52.8
Mean (RSD) 0.366 0.690 52.2 (L.5)
5 1 0.303 0.678 43.5
2 0.317 0.687 45.0
Mean (RSD) 0.310 0.683 443 (2.4)
7 0.281 0.668 41.0
2 0.284 0.672 41.2
Mean (RSD) 0.283 0.670 41.1 (0.35)
10 1 0.288 0.671 41.9
2 0.293 0.670 42.7
Mean (RSD) 0.291 0.671 03 (1.4)

a) Absorbance of sample solution (S)
b) Absorbance of sample solution (R)

3.3 R OMEIZ K D MIEMO 2O

PSR DIEVIC K DML OREME D 2O THREF L7z, R TR LD EFEUE~AE D
HAZLIZH LT 25 IZHEL, FA =T —DLRIEINTWVWOHERELEHONTRFZITo TR %
Table 3 |Z/R"7".

Z OREFREIRDOE N L 2 L BN D WEMDENBEZFIC R bz, BIE, Rhizopus IR DB
L TREINTWDED, aT v T BT 7Ty BT T DO—FT a-T V7 U BNKEE
HEL CAREDIRRE L 22 o7 b D) ORI IETITE LS, BEIHTIETIX Aspergillus niger KT
Endomyces TEJRDBEZ DM 2 HERE L T 5 10 EMICHULE 2RO D 7-0121%, &5 50k
DEEFZDOFEHNLE LW, Endomyces REIRDBERITIRT I N TND Z LIfER TE o7z,
Aspergillus niger IR DR 1T Megazyme D & O DNRIE S AL T WS 720, i HIE#ESE & L T Aspergillus
niger ELIROBEFE Z RILIZHEHT 2 2 Lz L.
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Table 3  Comparison of Ag, Ar and degree of starch gelatinization between different enzymes

Degree of starch

Enzyme maker  Enzyme origin Asa) ARb) gelatinization (%)

0.244 0.650 36.3
Wako Rhizopus sp. 2 0.231 0.647 344
0.236 0.646 35.2

Mean (RSD) 0.237 0.648 35.3 (2.7)
0.219 0.624 33.6
Toyobo Rhizopus sp. 2 0.217 0.631 329
0.213 0.639 31.8

Mean (RSD) 0.216 0.631 32.8 (2.7)
1 0.288 0.663 42.4
Megazyme  Aspergillus niger 2 0.285 0.665 41.8
3 0.302 0.672 43.9

Mean (RSD) 0.292 0.667 43.8 (2.5)

a) Absorbance of sample solution (S)
b) Absorbance of sample solution (R)

3.4 JL[EEUER

RIEOHBUEEZRET 2720, HiERHC L 2 LFRBREZ i L7z, EXAESVNRALD 3
FFHOESAL I BAZ LEMAW, MHEENBARBIRERS I % —, RE St
Z—, RIUNGHTE 2 —, MEVENBARRESSHTE v % —ZBEFEET, IRNAATEOE NIRRT A
Fr (B () RMOKPEEEZ 2Tt 2 —) A, FALREES B FLEE 2 —), [l
BEEH (B FAiletr2—), IATEREER B R4 TR 2 —) KOEERFET (8
[k 2 —) O 9RBREICH W TEFERBRZIT 72, ZOFER% Table 4 IR T . 5540725
fER D TUPAC OILFFREEO 7 v ~ a1 WERZE|Z L, Cochran T Grubbs O EIC L - TIE$
TABEZBRON LT t%, i EEIENE & 28 AR LS B S OV T B B B O PR e YE R 22 & Rl L 72

B A ORREEIRIEMIT 37.4%, O NMEGR UNREEE K& OVE ) PR B (A S HE HE R 2 (RSD,
JOYRSDR) & LT 5.0%K% 0N 11%, B B OFEHHIEMR T 58.2%, F DMK UK EE M OV 4]
FFBURS 21X RSD, X UV RSDR & LT 3.5% K% 1N 6.6%, ikt C OREEIRIEMIL 47.8%, % DENGHK
U MG B B OVER [ PR 8RS 1 RSD, B OV RSDg & L T 3.6% K% X 8.9% Tdh - 7-.
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Table 4  Collaborative study results for measurement of degree of starch gelatinizartion

Laboratory Flaked corn A Flaked corn B Flaked corn C
1 32.3 37.0 55.1 53.4 41.9 43.7
2 36.0 352 57.1 63.1 46.8 453
3 35.8 36.9 59.8 58.5 48.2 492
4 38.6 37.7 58.2 58.1 45.1 47.8
5 32.1 32.3 51.9 55.9 43.1 447
6 43.1 48.5 6799  853° 57.2 55.3
7 37.4 36.8 55.9 55.1 472 44.7
8 412 39.3 63.6 65.1 48.6 53.6
9 37.7 35.7 61.4 59.1 48.9 49.9
Mean (%) 374 58.2 47.8
RSD,? (%) 5.0 3.5 3.6
RSDg ” (%) 11 6.6 8.9

a) Relative standard deviation of repeatability
b) Relative standard deviation of reproducibility
¢) Excluded by Cochran test

4 FEH
FARHHESR AL D B AHZ LHOBLEIZ DWW TIRSE IR L2 MEICOWTHRET L7z L 2 A%

Dt HE & #5372

) REORRIT AR AR 0.15 mm 2L FICRIKERICK 2MEAZTWRP 5, B L2 H
WTHZIT O HFIERRBETH D LB L.

2) BERGE, WK HPICRBRE 2 ANBERKIE 21T O 0, ZOBERIIERERICBE L% 7 &M
U bEmnETHY, Bt RiAA TS oRE L

3) BEREFEKROEEA—H—DRLD 3O/ varIT—FE2 MWL A, HHLEOHIEME
WENRARONT., ZOZENLEBELETHIEA — I — Db EFE L, KIEIZIE Aspergillus
niger IR D Megazyme OFEFR LML+ 52 & & L7z,

4) JERAEEWRRRD ZTEEOESAE I BAZ LEM, &9 RBREIZB W TARILIZ X 5 IH
R 21T o 72, ZORE, A RHW 723U 28 R UG EE S OV ) PR B B2 1 2 AE e B R 72 (RSD,
K TYRSDR) & LT 3.5~5.0%% N 6.6~11%DHiFH THh - 7-.
¥, AWEO—HITAARRMLBTETFRE 53 FIRE (20060) ([ZBWTHEEIN. £, KB

VR 18 4 5 A 15 A AT TRy M A IR S iz 1P,

E i
SEFRBRIC S T2 2N T M EE N B AR E 2 X O HIE N A AR ST o F — DR
BOFNAEHOBEEZERLET.
7z, BETHEE 22 L T i2n e RSB NS AL R T, ¥ = A A B < B b W R
BEASHIE R T, JA WA AL bW EEHRA SRS T8, KSR NS L S T, SEE
SRR GG S AR LY, ek A E L, SHEE KSR LHOKAI
B oEERLUET.



80 fREHIFIE S Vol.32 (2007)

X M
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