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Chemical Constituents and Digestive Enzyme Activities in
Developing Larvae of Purplish Amberjack, Seriola dumerili

Manabu Seoka*', Osamu Takaoka*', Kenji Takn*',

Motoji Nakamura*''?, and Hidemi Kumar*'

Developing larvae of laboratory-reared purplish amberjack, Seriola dumerili, were measured for
growth, chemical constituents, and digestive enzyme activities. The larvae attained at the yolk sac
stage on 0-3 days after hatching (DAH), at the pre-flexion stage on 4-14 DAH, at the flexion stage
on 15-21 DAH, at the post-flexion stage on 21-27 DAH, and at the transitional stage on 28-30
DAH, under the present rearing condition. Average body length (BL) of newly hatched larvae was
3.19 mm, the larvae growing to an average of 3.39 mm BL by 3 DAH, 5.45-7.44 mm BL by 15-21
DAH, and 12.81-15.10 mm BL by 28-30 DAH. The oil globule disappeared on 5 DAH when the
BL reached 3.54 mm. Moisture fell rapidly until the post-flexion stage and decreased gradually
thereafter. Crude protein and crude ash contents and RNA/DNA ratio showed the contrary changes
to crude protein, although these reached a plateau at the post-flexion stage. Steep incline in DNA
content was recognized during the endogenous period, but then the content continued decreasing
gradually thereafter. Protein/DNA ratio rose linearly throughout the post-larval period. A minimum
content of triacylglycerol was detected on 5 DAH, but the content as well as phospholipid content
slightly increased until the post-flexion stage and then decreased sequentially. During the flexion
stage, the body proportion measured in the present study changed and trypsin-like and pepsin-like
enzyme activities began respectively to decrease and to increase. These results indicate that the
early growth of purplish amberjack is mainly supported 1) by hyperplasia during the endogenous pe-
riod, 2) by hypertrophy with progressive synthesis and accumulation of protein during the pre-flexion
and flexion stages, and 3) by further hypertrophy with active protein synthesis, which makes larval

tissues and organs attain to the adult ones.
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Fig. 2. Some body proportions of purplish amberjack larvae, shown as percentages of body length.
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Fig. 3. Changes in moisture, crude protein, triacylglycerol (TAG), phospholipid (PL), and crude ash contents in
developing purplish amberjack larvae.

RNA/DNA B XU Z /X7 E/DNA DFEHIZOWVWTH B L, W bLIBLE 1 BiZizFhEh
MIBLVAS OFVVEZR LA, LS BICRBREEOZNAEN 18 BLR19.0 I2E L,
LinL, 0%, ¥ /37 E/DNA HIZEMRECHIIN LiEiT, b 30 BICITN 60 OEELC
Z L, %72 RNA/DNA i3t 20 B £ TEH L%, 35 RiEOIIT—EE TR LT,

RIVIBBELUV MY T UHRBREE AR Img U7V 0TI UVEBIRNY 7o 4
BERTEME DR A L% Fig. SITR ULn, X7V U AERBERTEMNIIM L 16 A £ TR TIEVET
HERB L7223, Fb% 16~20 B TEMNICH KL%, B%30 BT TaLy, —%, Y
TV ARBERTEME LR 4 DR U TIMER 15 BICIREMEISE LR, TRUBIE~
TV RRBERTENE L T AR T L, #ML% 24 B BRI TIRW L~LTHER L=,

5 B
AHFFTITL, ﬁﬂ"%‘%‘i%ﬂ*t:ﬁﬁ‘b“/fﬁ YT ERIToITD, R LI U F AR OERR

ERDDZEETERD LN, HEOEKIRD T, FRIDIERICHE L (Fig 1),
IRRBOWEIEY], FROLFBRIBLIUMERR LV 2ERTI L, KFRTHRA LD



ERA® 785 (2000)

12 4 ~

mg/g
[0
I
6,y
[\S]
°
$
°
@
..

A e L gl RNA/DNA
' _ [

0 ] | | IPEPETATE AT AT | (¢ J SEFErINE BT I I R e
0 5 10 15 20 25 30
80 - Days after hatching
60 |- ..
o%*
20 |® ® o
| (™Y ’ ® Fig. 4. Changes in DNA and RNA contents
Y ) and RNA/DNA and crude protein/DNA
20 + w Protein/DNA ::lt'i‘,(;se | in developing purplish amberjack
O bbb b b ]
0 5 10 15 20 25 30
Days after hatching
0 1 RFFROREERMELIEZO~3H - F
3 | oo C%L E B 3.19~339 mOATHHT A, bk
2.l () Jo 5 4~14H8 - FHER3448~4BmOFR L
g o §  JBATH (pre-flexion #9), #¥L4% 15~21 H -
s o So” |68 THEES4~TMmORELES (flex-
120 |- X ®* 4 £ ion M), ML 22~27 B - FHKE
§ E 8.10~11.73 mmDFFE LJE%H (post-flexion
0 -

H) BXUOM{L 28~30 B - FHEER
12.81~15.10 mDHER~DBITHI O 5 Bep
WX T 52 LMK, 2, NERE
Fig. 5. Changes in trypsin-like (@) and pepsin-like (O) DS AR~ T ER S L -8
enzyme activities in developing purplish amberjack lar-
vae. . o k%5 BT, EHERIZ3S4mTho7z,
e e e e e b o IS e, o o RO B2
condition. 7% %, pre-flexion #, flexion ik L
post-flexion iz 1T 5 EE %2, ThEh
3.9~4.7m, 475mIS XV 4.8~85mé Lz, ZORRL LT B LAPFETDY o _RFIFRAIT
flexion 3 X TX post-flexion HIZFET DV A IR KE D> =DITM X, pre-flexion # & flexion #i D
MR, WIZ post-flexion IR EN o7, ZDO X HICREEBEIZ A LRBIEHNZED b i
RUZDOW TR TH B 25, 4 Sato er al.®’ X° Gapasin et al.” IMFHADRERLETROREIC
FABEKEBERLHEFABTOE Y I VB I OLABBEENESBES 352 &, £z Divanach e
al." " 1 IFFE KO FEN sea bass, Dicentrarchus labrax DBEFRRIIKE S BETHZ L A3RLTW
Do AHFFEL RSP DR RIICHEABTREL BE ICHET L LIIRETH DR, AL,

0 5 10 15 20 25 30
Days after hatching



W - B - I - PE - BB U A TFAFRDEED & HLRER

BEOIRRB AR D> TV A BEHERDIMCL, DEHBLUORBRNEROXLELES
BICZ T RN LETT 2 EEZILN, MAROREEAEESXTT) ETHIFFITHEKE,

—F, REICRT A EBHBE OMIHREIZSIR S Y OB R L FHRIZ flexion HIZHIZA
LT, BhTh, EBEACHEIZEDAREILEORE THEMLLETH 5 WITRIE—EDEIC
ot m L, hi_FFRAOBEERE I pre-flexion I TE LI BETHLEXOLND, £,
FITFE, RHER L OLEN postflexion I TEVMEZ R -2 2 L%, ZORHICHILSRE %
B2 - BB ORECRER L ORBOMRLNABMICEATLZ LR L TRy, BELIT TR
HERRWEK, &SIk CERRTOAIRER Y ICHLERMAR - BT OBENHARIC AT
TaFIcBLI LN LEXBND, Preflexion I T h Y 7 U ARBERESEDE P> TLDIZH LT,
post-flexion HI TIZT & U ARBEREMNEW L2 Z L b, MOMEERE ™ CWTHEDH LT
B X512, B TR flexion BV THRA & RIRRDE & B %I L7 & BE 22 AL R UBAR
% %15 L, postflexion HIIZB N TZOMEL S LICRFSE TS I LEZTERT DB DTHH
5, Lo T, AEERL INLOHEEMND, I 3 FOMPRFTRRIILT L btk
RS L CHERTT 5 b O TRV, MRk - BEEEK - ML I E 2D DOEFHEE L I3
BEREROH D ZLBRRMTEZLDND,

DNA 43 L U8 RNA/DNA LLosihni, Thehnmifaiis & UML) 0¥ 37 BERL
HOMKZEENICET LEZELLNTVS?, LML, BifiFAMIZIIT S RNA/DNA LLOET
2RI EABROET 2R T30 TIEAR<, Seoka et al. V<& A TRLIZLIIZ, T
DOEHIZEBVTITRNA DALY bAKARRE - MEOBRICH > MBKOEMN, Tkbb
DNA OAREENED ZLERLTVWHADTHA D, ¥, ¥ /37 E/DNA HiTHRAERZ
FTHE? THhHN, FEEEYETINMPFARCH L TIORELERTLZLIIRETHD
LEbn3d, —F, pre-flexion i TITH ¥ /37 HIB L' RNA & & & RNA/DNA B X UMY
7 E/DNA HOBMMIEIEEIT L TR D b &b, pre-flexion BT 50 R FIFA
DRBIIER2Z L I EOEHE - AL FRIES HBRAEOIEXIZE S Z LR ahl,
F7-, flexion BIICB VT RNA S RITIFT—ED LAV THB LN, HY V7 EERITET
EELARS LML, i DNA SRIIFICHD LT 7z, & 51T, post-flexion ] TIX RNA
SELEOLEbLOD, HE 37 EB LU RNA/DNA HITIZIE—EDHETHBL, ¥
E/DNA iR LT 7=. 2 b OREED S flexion #1 TiZ pre-flexion #i & FIAKIC R B ILEITH
RSB ORI KIZ L - THEITT B2, post-flexion Hi TITMBAROWERITMZ, HA~DBITIC
% THE - MBOSLEERILT - OICHIRNT- Y O 7 BaEEZ & RO ED7R
WA, Takii et al. IIARFIFER & RHEEIZ S~ T Y, Pseudocaranx dentex {TH#HMRE D
ML MRABOBREBRVELEETDHILE2TL TN D,

TAG & BTN EREEE X O post-flexion I TER L 7=, F7z, pre-flexion HI5 X U flexion Hi
TIEPZHEM L= b0, FOEBRITHS V7 BERTRD LN L D RB2WS LR T
RRhol, ZTHhLDERIT, HUN_NAFFABE VN7 BRI - ER LR T 572D,
BHE TAG * T RXAX—RE LTHETDIZ L2 T2b0LEBbhd, —7, PLEEI
post-flexion H1IZ A% £ THIM LEEIT 7243, DI TAG ERERICHID LTz, &5 <, pre-flexion
B L U flexion HIICHBWTPLIZZ V237 B & & HIiCie, EOMBBEICFAITHZOTH
%35, LiL, postflexion B2 T DIETIX, AKOH - ORICEIT 2ERRBE - MO



EXRARFE® 78 (2000)

5k - BROBRRE MR T2 LT, MorDORELRAEENREEZES Z L2 TR 300 b4
g, WMEFHEADOEIIRMEMEPL 2ZRT 2, AN, BICFOVMPRETRRIZKITSPL
DEEHSOWTIIRARRHEZ NN, post-flexion Iz i) 5 4 3 F{FFA D PL EREiZZh L
HIDEBFEREDO LD LY B DOME LRV,

UL EDRBFERERDD, I NFAFRDERIINEFREHICE O TIZMBEEOEM, £7- pre-
B LTV flexion FUZBWTIT IR 2 Z VR BOER - EF L MEABEORKXIZL » T
T3 %555, post-flexion FHZ IV CTIIARKK - BEODLZERILT H7- DML -0 D& 3y
HERELZBMIFT DL, SLICHEBEHNRETEREIILT L bEtREcxs L TEITT 5
bOTIXRWD, BRICH D E(LFRS OFE) L RN R TR OMICIIBERBROTEET
LI EWTRENT, SRIZITNODOERZSEX, VHIRBREHCRBIT A U FORBEER,
5 N EEFELR B M DR B ICET 2K EITo T, AREGAERNORLZBERE LV EEX
5,

L2 )

T O RFRUFRDEEAEERE (BL) 1£3.19mmTH Y, #L% 4 H - 348 mn BL I125ET 5 L &
B D> b R BT R D pre-flexion FUZHIT LTz, SEREB~DERIIMLES B - 3.54m
BL T5ET L, {FARIIIEHE 15~21 B - 5.45~7.44mn BL O flexion %% C, ¥{L% 22 H - 8.10
mm BL {Z/3 post-flexion #{iZ, & L THE{LH% 28~30 H - 13.83~16.16 mn BL IZ I3 HA~DBITH
ICELL, KPS RIIIRFAHTHEML, ZD% flexion FICET 5 TER L -EITESHN
AR L7zas, P o7 EB LUK & & & RNA/DNA Hi3 post-flexion 1S TEH L7 5

FUICELL, 72, MU ZVE) FERIINEFRBPTHBL, £0%ITY VI5E L FEICE
DMTHEM LT, post-flexion HIZET 5 L HUWA Lz, —F, DNABLURNA S EIIZHZ
NAERRBEA~DOEBRIIS LU flexion FITE —71ZEL, # /37 E/DNA iTHA~OBITYE
THMLET 72, S6I2, BRI TAIEEBHFEOHIIBRENESE LT flexion I THY 7
VARBERTEMEIZBOR L, WIS URRBERTEE AN LisD 7, U EDRERNS, H L FF
ROFBEIINEFXBY IR, 2% D% flexion BT TH V7 BEDEE -

EROBEICE S MIRAROERIZE > THITT 5, post-flexion I A S & 4k - BED
EETERILT D7D VRV BAREE T MR T 5 Z ERFR Sz,

Mo
AHROZBITICHIZ Y, KEMRRFTHHEREE L OKERR © L ¥ —BEESAT & A%

BRI AKEER KB IR EEDOERMRRICIIERR A EB 7=, Z ZICE L TR
HOBERLET,



1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

W - mRE - - AT - BB U U RTFRROERS & EEER

R

BT R RBHZK (2000) A oRF. EHT MBEAORI (RRFHIKE), B, X
I, pp. 78-88.

MR - ETREH - BEEE (1993) ¢ B U 8FOE, SINEAR X CFHADEEE
ft. BJKEE, 59, 1479-1488.

AOAC (1984): Official methods of analysis of the Association of Official Analytical Chemists.
Arlington, 1141p.

B K (1988) : fFHERBTR DO DO ERIE. #BIE LAY, 54, 23-26.

Kawai, S. and S. Ikeda (1975): Studies on digestive enzymes of fishes-IV. Development of
the digestive enzymes of carp and black sea bream after hatching. Nippon Suisan Gakkaishi, 39,
877-881.

Miyashita, S., K. Kato, Y. Sawada, O. Murata, Y. Ishitani, K. Shimizu, S. Yamamoto, and H.
Kumai (1998): Development of digestive system and digestive enzyme activities of larval and
juvenile bluefin tuna, Thunnus thynnus, reared in the laboratory. SUISANZOSHOKU, 43, 111-
120.

Kendall, Jr. A. W., E. H. Ahlstrom, and H. G. Moser (1984): Early life history stages of
fishes and their characters, in "Ontogeny and Systematics of Fishes" (ed. by H. G. Moser, W.
J. Richards, D. M. Cohen, M. P. Fahay, A. W. Kendall, Jr.,, and S. L. Richardson), Am. Soc.
Ichthyol. Herpetol., Spec. Publ. No. 1, Allen Press, Lawrence, KS, pp. 11-22.

Sato, M., T. Kondo, R. Yoshinaka, and S. Ikeda (1983): Effect of water temperature on the
skeletal deformity in ascorbic acid-deficient rainbow trout. Nippon Suisan Gakksishi, 49, 443-
446.

Gapasin, R. S. J.,, R. Bombeo, P. Lavens, P. Sorgeloos, and H. Nelis (1998): Enrichment of
live food with essebtial fatty acids and vitamin C: effects on milkfish (Chanos chanos) larval
performance. Aquaculture, 162, 269-286.

Divanach, P., N. Papandroulakis, P. Anastasiadis, G. Koumoundouros, and M. Kentouri (1997):
Effect of water currents on the development of skeletal deformities in sea bass (Dicentrarchus
labrax L.) with functional swimbladder during postlarval and nursery phase. Aquaculture, 156,
145-155.

Kurokawa, T. and T. Suzuki (1996): Formation of diffuse pancreas and the development of
digestive enzyme synthesis in larvae of the Japanese flounder Paralichthys olivaceus.
Aquaculture, 414, 267-276.

Buckley, L. J. (1980): Changes in ribonucleic acid, deoxyribonucleic acid, and protein content
during ontogenesis in winter flounder, Pseudopleuronectes americannus, and effect of starva-
tion. Fish. Bull, U.S., 11, 703-708.

Seoka, M., K. Takii, O. Takaoka, M. Nakamura, and H. Kumai (1997): Biochemical phases
in embryonic red sea bream development. Fisheries Sci., 63, 122-127.

Takii, K., M. Seoka, O. Takaoka, S. Furuta, M. Nakamura, and H. Kumai (1994) : Biochemical



15)

16)

ERAKHF® 7% (2000)

composition , RNA and DNA contents, and alkaline phosphatase activity with growth of
striped jack larvae through juveniles. Fisheries Sci., 60, 73-76.

SRBR (1993) : KEBWICE T 2 ERRMENBRIL L) VIEEOAERR. KEMR
B o E ABEESE GEARRNER), EEEEAR, HE, pp. 69-79.

Tocher, D. R. A. J. Fraser, J. R. Sargent, and J. C. Gamble (1985): Lipid class composition
during embryonic and early larval development in Atlantic herring (Clupea harengus, L.).
Lipids, 20, 84-89.



