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Extractive Components of Fish Sauce from the Waste of Frigate Mackerel
Surimi Processing and a Comparison with those of Several Asian Fish Sauces

Yasuhiro Funatsu,*? Shiro Konagaya,*3*¢ Ichiro Katoh,*?
Fumio Takeshima,*2 Ken-ichi Kawasaki,*? and Shingo Ino*>

A fish sauce (WS) prepared from wastes of processing frigate mackerel into frozen surimi was
compared in the extractive components with a fish sauce (MMS) prepared by the same manner from
the minced meat of frigate mackerel, and several Asian fish sauces. Free amino acids and amino
acids composing peptides including oligopeptides were different in the composition with different
samples. None of adenosine 5-monophosphate, inosine 5-monophosphate, and guanosine 5-
monophosphate was detected. Most of acids in WS and MMS were lactic acid and that in yuiru
(yui.) was acetic acid. WS and MMS contained relatively large amounts of phosphorus and smaller
amounts of magnesium. As individual components, erythritol, arabitol, and mannitol were detected
in WS and MMS and sucrose in nampla and nuoc man (nuoc.). The result of a taste-panel test
showed that the elemental taste factors of WS as well as those of MMS and nuoc. were well har-
monized making up a mellow taste; on the other hand, yui. had a straight saltish and peculiar taste.
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Table 1. The color and chemical components of fish sauces

Zgiit: Mm:aelilcgneat Nampla Nuoc mam  Patis Yuiru
L* 9.76 0.09 48.87 51.73 66.83 60.39
a* 31.58 0.01 23.95 22.00 9.61 13.42
b* 16.70 0.02 74.40 75.67 68.07 69.50
Specific gravity! 1.197 1.244 1.219 1.222 1.159 1.156
pH 4.9 5.0 5.5 5.5 54 6.4
Salt (%) 23.5 21.7 24.7 24.5 29.2 28.2
Soluble solids excluding salt (%) 18 23 19 19 7 8
Total-N (%) 1.77 3.78 2.08 2.09 1.35 1.25
Formol-N (%) 1.13 1.69 1.32 1.45 1.03 0.55
Lipid (%) 0.01 0.04 0.03 0.03 0.01 0.04
Acidity-I(m!) 12.0 314 4.70 4.90 4.38 0.86
Acidity-1I (m!) 12.6 26.2 10.50 10.85 7.37 5.66

t measured at 20°C.
Soluble solids excluding salt: Brix!?-Salt.

Waste sauce: a fish sauce prepared from the waste of frigate mackerel surimi processing.
Minced meat sauce: a fish sauce from minced meat of frigate mackerel.
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IeHhoT, REABMTRIMBE I LUIIR, XEow
CHLEROEROERBITITNC LA H - 7,

BT I /BEAVIRTFRET I /B BEET
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T, BERET I BBRICH T AERBEMT I B
ElE3, REAEH ZLAREM SV /5BLUN
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Table 2. Free amino acids composition of fish sauces
(mg/100 ml)
Taste Waste sauce Minced meat sauce Nampla Nuoc mam Patis Yuiru

Tau —_ 169.4 206.0 131.8 135.1 137.0 120.2
Asp U 597.2 1174.8 906.4 903.2 337.7 215.8
Thr S 309.8 563.2 525.8 562.8 310.8 70.4
Ser S 319.0 547.4 254.4 224.1 138.8 26.5
Glu U 855.0 1539.6 1321.2 1381.6 738.8 284.0
Gly S 264.4 265.4 396.9 397.2 277.7 98.1
Ala S 434.6 785.6 699.9 811.8 505.8 418.3
Val B 396.8 685.2 627.4 666.4 419.3 351.6
Cys — ND ND 28.5 32.9 9.6 ND
Met B 118.8 134.0 235.4 249.0 184.5 98.8
Ile B 341.6 358.8 3874 408.3 326.7 331.8
Leu B 542.6 416.8 479.5 501.7 491.9 555.9
Tyr B 98.6 159.2 118.2 120.1 116.5 66.2
Phe B 241.6 374.8 362.8 393.6 232.7 225.1
Trp — 48.3 23.0 ND 77.1 35.2 134
Om* B 226.0 12.0 79.4 87.0 147.3 146.9
Lys B 519.6 1068.6 1069.5 1168.5 735.5 239.3
His B 326.2 727.4 376.3 390.4 316.8 9.1
Arg B 50.4 663.6 8.4 25.7 31.8 3.0
Pro S 321.1 624.4 132.2 55.2 24.5 33.9
Total 6181.0 10329.8 81414 8591.7 5518.9 3308.3

ND, not detected.
B, bitter; S, sweet; U, umami.
* L~Ornithine.

Amino acids were classified according to the proposal of Ninomiya ef al.36 with slight modification.
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Table 3. Amino acid composition of peptides in-
cluding oligopeptides in fish sauces

(mg/100 ml)

Z‘;?xsctf I\:ri%ézd Nampla ﬁ‘;gf Patis  Yuiru
Asp 195.6 6172 312.0 267.8 167.8 65.4
Thr 16.9 214.6 77.0 68.2 44.8 33.0
Ser 50.7 247.6 58.1 76.1 43.6 21.1
Glu 458.5 1465.6 467.8 550.2 371.2 1622
Gly 231.1 493.3 254.4 4744 298.7 107.1
Ala 22.1 1826 46.7 24.2 26.7 63.7
Val 0.0 100.6 49.2 51.6 11.7 59.7
Cys 3.7 28.5 11.1 0.0 4.3 0.0
Met 16.9 39.6 0.0 0.0 0.0 0.0
Ile 0.0 715 14.2 0.0 0.0 25.4
Leu 0.0 80.5 23.3 10.3 0.0 44.1
Tyr 99.6 60.3 0.0 0.0 0.0 0.0
Phe 0.0 53.2 225 0.0 0.0 30.6
Trp 0.0 0.0 0.0 0.0 0.0 0.0
Orn* 36.3 239 192.2 116.2 40.1 40.1
Lys 58.4 360.4 125.0 72.3 18.0 42.9
His 50.1 270.3 82.2 63.4 39.9 5.2
Arg 32.9 1221 30.0 25.1 12.3 19.6
Pro 113.2 156.1 130.0 119.3 110.9 65.6
Total 1386.0 4587.9 1895.7 1919.1 1190.0 785.7

* L-Ornithine.

Mo, XK VTYVEBREIhTWEWT &h
b, APFRTHWALT VT7TEREWMICIIT I/ BKIIE
MENTWIEWLDEBbN SO XKTGEMTIE, Bl
DREFRRPEAFIC, Glu B D FHhREZRI VWL Z )L
FIVBIEATE I EAMONTWS D BERE
M, % LEREHRS LURROZDORBOVTh LY
OZNWEIVEBEPREINSDIX, RF¥PICGlun—
BAYO 7V E I VBBICEL L TTRENERE 2 bh b,

EEBIEME SEMBIEWEOSHREE Y Table 5 I
=¥, ATP, ADP, AMP, IMP, GMP 35 LT HxR i3\
Tho@EmCbBE I had -7, Hx A@REmicst
BLTEHSh, ZOBIZF V759D 27.1 mg/100 ml
MHRED29mg/100 ml OFFETH - 7=, Ura 255
v75, Za 7 ABLURET1-8mg/100 ml B
RDOONIH, NF 4 ATRBEHSI W, -7, Xn b
BEUNOLTIK5-10mg/100 mI BERD LA,
Urd REBEAEBHTCREINT, ZofbomEmTit
1-3mg/100 ml DFHEATH - 7=, BRELREH, B LY
BEMBLIUTVTEREBHMTIE, > E%icksd 51
MBAHEME LT A W EE LN B,

ERE EBREOSWREEREY Table 6 iCRt, F Y
T AR, WFhofEmD 11-15g/100 ml ¢, AMEHE
WHET28-38g/100ml OFEATH - /- AEBEIL,
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Table 4. Organic acids composition in fish sauces
(mg/100 m/)
Minced
ZZ?:SC? Sr:ﬁzcaté Nampla 1:]“‘;?; Patis  Yuiru
Citric
acid 17.3 3089 1182 97.1 23 ND
Pymvic D ND O ND 24 ND ND
Malic
acid 219 ND 26 228 ND 21.2
Succin-
e aad 39.4 455 519 614 912 115.1
gggﬁc 1691.9 12557 460.9 305.3 423.6  60.0
Formic
acid 260 342 236 184 244 196
Fumalic N\ ND ND ND  ND  ND
Acetic
acid 70.1 805 109.0 154.2 103.6 747.2

Levulic
acid ND ND ND ND ND ND

Pyroglu-

tamic 129.1 2595 1496 207.8 34.0 90.8
acid

Total 1995.7 1984.3 915.8 869.4 679.1 1053.9

ND, not detected.

Table 5. Purine bases, nucleosides and nucleo-
tides in fish sauses
(mg/100 ml)

Minced
meat
sauce

Nuoc
mam

Waste

sauce Yuiru

Nampla Patis

ATP ND ND ND ND ND ND
ADP ND ND ND ND ND ND
AMP ND ND ND ND ND ND

IMP ND ND ND ND ND ND
GMP ND ND ND ND ND ND
HxR ND ND ND ND ND ND
Hx 9.9 16.2 271 19.7 12.7 2.9
Ura 4.5 7.6 1.2 1.2 ND 0.7
Xn 4.5 9.6 3.8 4.9 83 ND

Urd

ND

1.6

2.5

2.8 1.2 3.1

ND, not detected.
ATP, ADP, AMP, IMP, GMP, HxR, Hx, Ura, Xn and Urd:
See abbreviation list.

Table 6. Minerals in fish sauces

(mg/100 ml)
Minced
Waste Nuoc . .
meat Nampla Patis  Yuiru

sauce . oc0 mam
Na 12000 11000 13000 13000 15000 15000
K 470 900 390 530 250 200
Ca 45 26 35 55 48 59
Mg 72 160 270 280 240 200
P 164 270 17 18 16 10
Fe 0.5 1.0 1.2 0.4 0.5 0.3
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BREASHLIUE LFAEMIRLML, T AL
JURBLRLERL, TV /5HBHMETH-T, AYD
AL, BLETREL, NF4 ARLRETH b
720 FIVY T AFWTRORRT S 26-59 mg/100 ml
OEATH - 7o T XV AIBREREWMAP 2L,
TOT7EREHTHENSWVEMLRE OGN, U Vi,
BEAEMSIUE LYREmMT, 7TUTERERLY
HELIED T,

BEAEmCE LFRAERTY VORSESVWVEHBITK
DESITEZOND, BHMECE, 74 FVEBEEUHR
JEAT L/IERMEAINTEY, 07 4 FVEBNREE
FICU VBRICO RS h, BRILT, REREHREEL
FREmIC) VS BREEhAEEXON S, WH
549243, MgClL BE M 0.05% DL EOBWIRIFERPREL
T/BHH, MgCl, AR, 7VAIVEEY—X, A
ZORERICH D &, MgCl, 80.5% Th, HHREZRE
Lagzne#@E L Tw5b,

WFhoR¥ L, 0.3-1.2 mg/100 m! OFEHEICH
5tz EEH OO, bk 60-70 ug/ml LA ET
i3, Bek, EFICERERN 525, 30 ug/ml 7T T
FIEEIC I SV ERE L TW5S, LB ->T, Wiho
HEHRTAI IRV TALBER TN TN 05X KL
30 ug/mlKPFETH 720, ThODRAKRSLEFH~DOR
BELBEELEVWEE X LN S,
BRSSO T7IILO )L EEERELS KURT IV
a— LD EER % Table 7 IR ¥, Who REMHIC
h, KECWLSBERBRICEThTWATSE/—A, F
ya—2R, IV /) —ABLUHS7 F—RT&RE iz
Mot=d Yyt —iLE A /Y =3kl LT
XNAEAICIE, REO#TE ESITTIVIA—ARTY
rO—UCED S L, BIXURHEORBOWHAPIZI
A ) F—H2-9mg/l00 g BEGIN TSI &k
EMEZ HNDHBM F 7, FUbo—lid, BERL
EmiRhOIEED» b bHR T L EEAE X b b,
BASMmIELYAEHRI, ZIVao—AEESEDTH
{, P VEBOTYAY b=, TS F—ILELUT
TV b= RGNS, MOREHEIELIRLS
LEbhB, CThoOEEEET LV a—UL, EW-IC
HERIHEIDEEZLNS,

FVT5R g 7R AIBBEICEBEOA 70— A%
8, COARTO—ADOKRHIL, RBEFICERLICD
DT L, BEhcbDeELOND, NT 4 AR
BETIH, ZUuto—e /Y = LB IR
W ENS, MOBMICHRTHKIZFHFVWLEELZON
5, T, BENELIUBE7ILa-VOBEMIDR
T, —aZ<AiFF V750 b, Tk LERERID
BREAEEHID AHWRIBNEEXONS,

Table 7. Free sugars and free sugar alcohols in
fish sauces
(mg/100 ml)

Minced
meat Nampla
sauce

Waste
sauce

Nuoc .
mam Patis

Yuiru

Glucose 560 1200 32 26 ND ND
Arabinose ND ND ND ND ND ND
Xylose ND ND ND ND ND ND

Mamnose v, x\p ND  ND  ND  ND

Galactose
Sucrose ND ND 5900 7300 ND ND
Glycerol 340 960 130 170 160 18

Erythritol =~ 220 360 ND ND ND ND
Arabitol 110 250 ND ND ND ND
Mannitol 180 500 ND ND ND ND
Inositol 38 53 8 11 8 20
Total 1558 3323 6070 7507 168 38

ND, not detected.

BEESRM SD BE AV THaE JURICDO W TERER
fi%fT- 7. E% Fig. LITRd, BII%LYREHR
TRBPEDEL, REAEHTIPEE, —a7<A
TRRPHEL, FVTT, NFs ABXURBETE M
NE SIS N,

iz, HLEREMAZOMORERLD HO0KD
SEBHPER A IN, o, AR RVIEF
<, N5 4 AbHEFWEFH SN, Thid, BELN
T 4 ADRES P 28-29% LIEFITHENIDTHS L
E2b6h5, ¥/, A7B—ABDEH g 7TLRS
Y IRTF FOHWE LFBEH T, EFVREPR
MESNhTHB LD RFELBON, WTNORK
b, IR, BRIZRRU DN, BEITVWRk (EROA
RS L bh, DK ELTRULNSD, BE
BEH, HELEAREHMBLIU D a7y~ boRERL
N HLERERONSG VAN EN TS LRI h, 7
kL L COFIAE SFTFICREE L Bbhis,

EERAOSELEREFMEOBFE GEMOZRK
oEiErk, R, HUE, TR, D FRICHELT, &5
WEx L —%—F+— e LT/By LA (Fig. 2),
LRI, BEET I/ BIEOSYOSBEICE L, F
v— FOWRIZ, F75 (C) L=ar=<in (D), /X
F4 A (E) LAE F) BzhZhEL L Tw5A2,
BEEHEmorh A), HLEaEmozh B) 1
FNTFhREZY, 361F V75 (C), Zar<Ah
D) BLUNRF 4+ A (E), RE (F) LLR%25, L
ML, EmEagm A) LELFAEWM B) T, B
HAREH (A) CEBIUELIUET Va—ILEREL
HaEH B) OoFxhId»xnESnns G,
T LARSBIICIEEU LTS EE XS, RELEH
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Deep Strong Extremely Well-balanced
color taste salty Bitter Sour taste

3 f } I I ] |

Sensory score

-3 } { i f i f
Light Weak Little Little Little Imbalanced
color taste salty bitter sour taste

Fig. 1. The results of sensory evaluation of the properties of fish sauces.
== O==, Waste sauce; —A—, Minced meat sauce; -— 0 —-, Nampla; -—V--, Nuoc mam; --— ® —--, Patis;

---——A—---, Yuiru
The data were analyzed for mean= (V/n) 0.5X%t (¢, n—1); V, variance; n, number of panelists (n=40);

a: significance level (@=0.05)3D,

Salt

Aminoacidof 30000
oligopeptides Organic acids
5000 2500
6000 8000
Umami amino acid Free sugars and
free sugar alcohols
A B

6000 6000
Bitter amino acid Sweet amino acid

HRHK

Fig. 2. The proportion of extractive components in fish sauces.
A, Waste sauce; B, Minced meat sauce; C, Nampla; D, Nuoc mam; E, Patis; E, Yuiru.

Unit, mg/100 ml.
As to the classification of free amino acids into bitter, sweet, and umami amino acids, see Table 2.

NI | -El ectronic Library Service



The Japanese Soci ety of Fisheries Science

1034

(A) BLOBEWMCHNTHBBRES S W, Sl
HOMETIRSBEENLHDICHEKRIPLPRLS S
DD, >EBE, TR, HIRL LUERL EO%RD/ISS YV
ZERRPRVLDEEDbN S, HLEYREH (B) I,
ZFOMED B, DEWR, HHRR, HERROEHET I/
oA Y XTI FRBRT7 I/ BEMEDE L, BREEH
BEYLTRLONS, 7V /5 (O LZaZ <A
D) &, AYIXTFFRET I/ BPARBEHE<, A
7O0—ABBENWC LB TH B, BRENIC= a7
RADFRF VT SICHRTERB L5, £65687%
BRONSG YU ABPLLRVWEE LN, Chid, =a7
RADFRF VIS I DA O— AR LY IS F
FRET X /BEAPPLEVWARDEEZLNS, X514 A
(E) &% F) i, (LoR/PITHRTT I/ BOES
Air, EHRBBRVWATEILUTHS, LML, RED
FHNT 4 RCHA, FEBREIOPEVLOD, >F
BRR, EHRARB IUHKRROWERET I/ BELAY IX
TF FEBT I ) BENDITNDITEERAB R L SN
rEZOLND,

COESICEHMBAYRENL TR LARERERP%
Ly RaEmT, ERERSERAEE L TEHY IXTFF
BT I/ BOERES SR TTVTEREMERKLS
B, FVT5, N5 ABLURE XD ERERIC L5
HBRONS VARBFE LW i hiz, F/2, BRL
VA, RS E D, BEfEn BLyaEn
BXUF VIS ERWTUBRME®IC L 2B FRBR TR
L lh, fa, B, B DT E LG, BEE %
LE, FVI/S5DIRLED, REABHBLIUE LA
FEWMIFVT75E0HBRAFAORGETH S LEbN
7o

E &

APRAETTAHICY D=Ly T XI5 1858 %
BEE L TR W7ok RRBO/NMERICE < B#f 3 5%,
AR KETREN AR IRERE (K « RFIFKE
WERWICHFREREHOBRRE) O—REL L UThhi
HDTH 5,

X R

1) =ZZHE fRENIEREOBERAEIC X A9HEL (NI
BrOORKHORE F—®). BRI, 29, 117-
122 (1982).

2) £ Bk, B M@K, £ EE, mEEEH, EatiL,
WO KEMTERERY RN & Lokl T+ AR
MoORA. HKEE, 63,985-991 (1997).

3) HEH R, HOMTIEREYRERE LAFERFORSE
FE RO, Tohoku Bio Industry Networks, 10,
763-771 (1993).

4) BEFEH= HBEODAEDRE LOERICO>WT. #BHE
FH2, 1, 131-135 (1968).

5)
6)
7

8)

9)

10)

11)

12)

13)
14)
15)
16)

17)

18)

19)

20)

21

22)

23)

24)

25)

26)

27)

28)

ME, RS, B, M, I, HE

KT 8. New Food Indusiry, 31, 36-48 (1989).
FIRaEs, $HARRKG, BARX  @EEALF7IABHO
RPE. BAKEE, 45, 1013-1017 (1979).

mR%FZ, BFIHER, RB—/8, FE = 4FF7IK
BRFBICETAHE—1. BEBRAFT I L 58O
B, HKEE, 45, 1389-1393 (1979).

XE—5H, HREE B, HARKE (B, LIERE,
TAIEFE : BESHOEDFA (& 4 ) —REHREHL—.
B TRHE, 26, 115-120 (1982).

S. K. Chae, H. Itoh, and S. Nikkuni: Effects of soy sauce
and commercial proteolytic enzyme on the acceleration of
fish sauce production. Korean J. Food Sci. Tech., 21, 639~
648 (1989).

S. K. Chae, H. Itoh, and S. Nikkuni: The color measure-
ment and sensory evaluation for the accelerated fish sauce
productions. Korean J. Food Sci. Tech., 21, 649654 (1989).
RELT—  KERBERROWREV. Lr->25DMNE
BERSIULL->25FDONTH A F. MEAXFHFTFEN
PrRfcE (BRFE), 23, 103-120 (1973).

HHl=, £ S, 17 2, LEARE ABERY
FIB LA 7V RBHORIE. BKEE, 49, 463-469
(1983).

BEHEX HFE L IPX OB, H1IK, EEHE
AR, HR, 1992, pp. 53-70.
tEABBEILAAERR : REJNAZIRER, ELUR
FEOBNE, A7 HIR, Eil, 1998, pp. 50-51.

BHE 5:2»ETOf¥, F1KR BRILEEE, #HXR,
1999, pp. 135-136.

BN : A e R—aVvORE, FERKMI V) —
K] (BEFMER), iR, R, 1972, pp. 175-178.
REER : Lro>9amek TLe>@RBRE) (LD
WRABRERELZRLE), HOAEWMPRRF, HH,
1985, pp. 1-22.

ZH B2V HE, TRRSWE] (BXRRIES
SRBOIVEREZTESRT), W, R, 1982, pp.
111-113.

J. Folch, M. Lee, and G. H. Sloane-Staley: A simple
method for the isolation and purification of total lipids from
animal tissues. J. Biol. Chem., 226, 497-509 (1957).
IR —, MERE, FEREET, KL K, @55
B A7 b X STRERBORRE S SBIC RIT T
BHROVILE PV A7 O0—-20OKE. AATHE, 4,
192-198 (1997).

HHEFEHE, BILKTF, SRET BHOKZLICKHTS
PR, BRI Vv 7OBRICOWT. KiEgE, 35, 529-
537 (1984).

S. Moore: On the determination of cystein as cysteic acid.
J. Biol. Chem., 238, 235-237 (1963).

T. Y. Lui and S. Moore: ‘“Chemistry and biology of pep-
tides”, ed. J. Meinhofer, Ann Arber Science, Ann Arber,
1972, p. 629.

BE X :¥m7I/ B [RESFE] (AFARIE
¥LABOSNEREEZRLE), XKW, FHK, 1982, p.
494.

M. Matsumoto and H. Yamanaka: Post-mortem biochemi-
cal changes in the muscle of kuruma prawn during storage
and evaluation of the freshness. Nippon Suisan Gakkaishi.,
56, 1145-1149 (1990).

BHUE, B B—: &EBLTK, REMFE] (BXR
mIXFLARSMERETRESR), XH, HER,
1982, pp. 257-287.

® B— Vv, TRRSWE] (BXARTEESAR
SERER B SR, W, F, 1982, pp. 359-363.
#H /R, HFETF, BRe % AKFoREEOoTRs
Ow b5 70— kSRR E—®) BER B8O

NI | -El ectronic Library Service



The Japanese Soci ety of Fisheries Science

29)

30)

31)
32)

33)

34)
35)

36)

InTEeEE» HF L g

FURAF LYY NEREIC L AEROSRE. RIGHHE,
34, 105-109 (1979).

#H B, FEME BF F: ARTOBEEOHRY
O bS5 7 40— EAERE M) Vv A, EODA,
Fa—AVIHA Ay b, 759Hh—, DASHRE
RithoOREEOER. RGP, 34, 110-115 (1979).
BrepidE, ILD#®T SD &, MAEASERNVET Y
71 (BHRE, ZN&IK), B8, FHIK, 1986,
pp. 387-393.

JIS Z 9051 EEREMOHEE (1963).
BRAKEERIMEDHER : BARKERRERTE
Ba&E, B2, PREHBK, 1987, EX, pp.
1951-2092.

BHEK, S.B.Basuki, FREEE : 74 U VEREMH
DALEMR B L UBEWHE. B K, 46, 1235-1240
(1980).

ABELR, BFRAX  SHRSCHT 3 BE0ES.
BEiBsE, 23, 316-319 (1964).

KEBT : ABmOMM, MK, E8E, HE, 1996,
pp. 68-90.

ZEHZ T I BROK. [FEKRLX L5kofE | (MR
YE¥R), AT ST, HH, 1986, pp. 178-184.

37)
38)

39)

40)
41)
42)
43)
44)
45)

46)

1035

BEEBIEAE - RGOS E5. BEiFsE, 75, 873-877 (1980).
FIHTRE . L OEBRERTF Fic@Eid . ek, >
BR, HOR, BHRANTF FOME L EREORT. AR LM
¥, 23, 28-33 (1988).

i EF, &FELB, & K&, ZEHSB, £HN
& RRBORER, HRRE, BT B, YIRS
F F. HAIE, 41, 568-573 (1994).

HEER—BB: 7 Vv OBmIZOWT. B, 7,27-
29 (1981).

BEH=: Lr>w, HEEMNEREG6] (FESAED
W), BIAR/E, HE, 1972, pp. 78-90.

HHEEX, KE—% WSR3 MgonlE:
HOFERICE T, JskFIE, 9, 1-5 (1955).

LHEE AR ¥ Emdhogic . EERE, 21,
8-17 (1958).

WREZ . BFERS, TKEASY] FEL=ZT=H),
fERHEREM, HH, 1987, pp. 59-60.

Weh3ER] B BB, TRNEOTFARS ] FosF
EfR), ERHEARM, ¥, 1988, pp. 44-55.

B bk, \WR#T  JEAE, TRBEMEERNAVET Y
71 (BBER, BNI& MK, B, T, 1986,
pp. 376-381.

NI | -El ectronic Library Service



