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pentaenoic acid (EPA), Docosahexaenoic acid (DHA)S} ofn| =4k
stako] &8 Debarymyces sp. Y-149} Candida sp. Y-165 Ho]
2 ARgslgen, xTE A1 B8 Enthrobacter Sn-1[53
17218312 AME3lTh vikS YM agar plate (3g of malt
extract, 3 g of yeast extract, 10g of dextrose, 5g of peptone
and 1 | seawater)= AH&-3F93ct.

g

EX3 At d5Fo] =2 F-8% NUYES Debarymyces sp.
Y-148} Candida sp. Y-16& AME3lS EWE(M macrocopa)®
HolE Eo3lYn 2R AT Ho|ALE ) Erpthrobacter
sp. Su-1 Ho|E Foddte] B3t A|uke] gk ojw|it
S vt E3F o5 Hol F EHR] 5w} 3§
g BAE A FHEAE A3 T At B42 Bligh
and Dyer (1959), Metealfe and Schmitz (1961) 5o &3}
Gas chromatograph (Thermo, USA)Z E4314 2, 14). ofv]=
A 4L AHEE47)(Sykam $4300)°0 <Jsted EA5RAL, WAL
4 g FHRAE EaEEHEA TS o8 iT £4
29} gh& 8" °C=(PC/*C)sample/(PC/PCIPDB-1]x10° 2123 A
A& THPDB; Pee Dee Belemnite®] 2Fo],  conventional
standard gases). A 52| ¥A AT A40] gk B39
3te, AZEL AZ 12 mgS tin capsuledl] Ha3te] CHN ¥
4 A7)0 FUL H, d2A1A 74 BAFE CO, gasE
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Isotope Ratio Mass Spectrometer System (Micromass. Ltd.)Z
CHN Elemental Analyzer (EuroVecter Co)E ©|83t E43}%
o}
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EWZE M macrocopa] w%Fe| Holg AMEH skawe} v
ZF2 ARPAMTE Erythrobacter sp. Sm-19] At 24337 E9
291 Mmacrocopa®] HolE T3S ) EWSANY k4t
& FA% 2= Table 1 7 2t

Debarymyces sp. Y-14%= Oleic acid (C,q,)7}F 39.1%, Palmitic
acid (C,.)7} 229%2 E& &S Holil, DHAE 3.6% ZA)
3= Aol FE & Holt) Candida sp. Y-162 Oleic acid
(Cy5. 7} 39.4%, Palmitic acid (C 40y 15.8%, EPA7} 04% 3
=o] Ut 722 =AM BAF Erprhrobacter sp. St-I& Oleic
acid’F 70.5%= A ®A1= A},

ol& HolE M macroéopaq] Fodle] Akt o] WEls
B A3} @5 Debarymyces sp. Y-149] 7395 Palmitic acid’}
17.5%, Oleic acid 7} 25.7%, DHA7} 55%% EAHUL,
Candida sp. Y-16& F3 29+ Palmitic acid 7} 14.9%,
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Oleic acid’} 28.9%, EPA7} 2.1%, DHAZ} 0.6%% H415 1t}
thEZT Erythrobacter sp. Sn-19} 735 Palmitic acid’} 22.2
%, Oleic acid’} 24.5%, EPA7} 43%= EA%c). sjFER V-
14} Y-16& FANE ) M microcopa?] A WolM= AlEF
o] Aito] A7t dofuls AL & 5 AUk F Y-149) BY
Al Z9] &HeFo] Palmitic acid 22.9%J2 W EHF AA Uol)A]
£ 17.5%, Oleic acid®] 3% AEF9] 33o] 39.1%7F 25.7%=
s W EPAT 3.6%0lA 5.5%E 718 Y-169] 7
$= AEF Palmitic acide 158%7F EH S A Wil
14.9%, Oleic acidv 39.4%7} E¥ S A oA 28.9%E 7+
2 (AN, FHE AAA el Tkt Aukbe] FE T &
3] A ol EPA7} 04%00 X 2.1%=2 AlEo] 4% 2] a9k
DHAZ} 0.6%2 245 £74¢ Bt ol2ig @4 8%
9] Aubslo] EWE A Yol A A (conversiomyP ALk 3UTh
£ FA0IT. it AAx|oje] A} A& FAg S sk
Aol nxe] ¥} Apitoletal &jlct. s o] EF 3} At
o] AW 7A$ Aol IsAY HGA o] ket HAtE AL
Aol & H2) & A7 AUTkG, 5, 11, 16, 19). 3G A}
xole] AAa} Aol A1) P ET it B A
HAEQ) EPAS} DHAOH, Z7|H oA lojA] olE &S &
o17) 95t oA} 7Ex] ¥ AEAVE Fe 98-S gk 8

Table 1. Fatty acid composition (% of total fatty acids) of the diets (Erythrobacter sp. St-1, Debaryomyces sp. Y-14 and Candida sp. Y-16) cultured
at 25°C with YM broth, and Moina macrocopa cultured at 25°C and fed different diets. S=-I, Y-14 and Y-16

Diets Moina macrocopa

Sn-1 Y-14 Y-16 Sn-1 Y-14 Y-16
Capric acid C,g,, - 2.8 1.48 - - -
Lauric acid C,,,, - 1.1 - - - 0.6
Myristic acid C, 0.7 0.9 1.6 3.5 - 2.8
Myristoleic acid C, ., - - - - - 1.5
Pentadecanoic acid C,s,, ’ - - 0.6 - - 1.7
cis-10-Pentadecenoic acid C, 5, - - - - - 1.3
Palmitic acid C ¢, 2.6 229 15.8 222 17.5 14.9
Palmitoleic acid C,4, 1.6 14 1.2 9.8 8.5 14.0
Magaric acid C,,,, - 1.1 0.4 - - 1.0
Magaroleic acid C,,,, - - 0.99 - - 1.3
Stearic acid C,g, 52 10.1 43 8.5 - 53
Oleic acid C 4| 70.5 39.1 394 245 25.7 289
Elaidic acid C g.) \runs0 9.9 104 17.7 13.7 6.7 11.3
Linoleic acid C ., - 35 2.1 - - 0.6
Linolenic acid C, 44 - - - - - 1.0
Arachidic acid C,;,, - - - 29 - 0.8
Eicosenoic acid C,,, - - - - - -
cis-11,14,17-Eicosatrienoic acid C,., - 3.6 1.4 - - 3.9
Heneicosanoic acid C, - - - - -
EPA Cy 5 - 04 43 - 2.1
Tricosanoic acid C,;,, - - - -
Lignoceric acid C,, - - - -
DHA C,. 3.6 - 5.5 0.6
Unknown 9.6 32 2.7 10.6 36.2 6.5

-: not detected
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FTH(13). L)L DHAEPASY] BI7} ApA(ole) 4373 &0l 8
sk Ry E Aok, 10, 17, 18). 53] YER Candida sp. Y-
168 M. macrocopa®l] Ho|Z Fof 32 uf EPA, DHAS] g3kx}
ThgsE Aito] £AE 0] £-83 Holl RAe HAFal gl

otolc it =M

N FAT Debarymyces sp. Y-149} Candida sp. Y-16, 18|31
272 Erythrobacter Sn-12] o}v| =2t B4 ZHue} o] Al E
EHER M macrocopa®] FARS wf A 9] ofu)i=lt ke
A= Table 29 2o SHYER Y14, Y-1634
Erythrobacter sp. Sn-19] opu|=At 248 HH ofu) =2} F§5F
3} Froluliete] R0l EAFH o BAH T

Table 29| #4275 HW ojn|xite] F Ffo] JLFaR
Debarymyces sp. Y-147} 34.9%, Candida sp. Y-16°] 46.2%,
Erythrobacter sp. Sm-I01 19.6%% X AT}, Debarymyces sp.
Y-14Fe & BX2 4" AL 5 olnibE
Histidine®] 9.5%, Y¥rolw):=At Z Glutamic acid?} 11.2%,
Aspartic acid?} 9.3%©|1 Y-16591E Glutamic acid’} 9.3%, 2
Srolu) Akl Histidine®] 10.4%, Lysine®] 10.2%©]3L, th&T]]
Sn-1€ Alanine®] 14.8%, "<roln]i=Abel Histidine©] 18.3%,
Leucine®] 10.7%, Valine®] 9.7%c]t}. o] A|EE EHEd] Ho]
2 Bo & o AN opv=at S Biws) B, v-14
£ EA3E o Aspartic acid”} 9.8%, Glutamic acid”} 11.6%,

4 ol =2Q1 Leucine®] 9.6%2 A VEREL, Y-169] %
= Aspartic acid’} 9.9%, Glutamic acid’} 10.9% TSro}ln|=Ak
9l Leucine®] 9.9%E AlBAAME T Folu]alkgl
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M. macrocopa®) 71280l F £ MNUER Debarymyces
sp. Y-149} Candida sp. Y-16, 1®| 3L Erythrobacter Sm-1 (ESP-
$)°] BAEY4AS] HIgEPCye: B8 AFE Table 33 2
o 8PC/EE Y-147F -115%0, Y-16°] -10.1%00]xL chZEF<1
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T F 14%0 B2 AolE KAtk I3 o] J|xHo|EE
macrocopa®] Ho|Z EAF T §3C k& =3 AI+= Table

Table 2. Amino acid composition [mg g 'sample (% of total amino acids)] of the diets (Erythrobacter sp. Sn-1, Debaryomyces sp. Y-14 and
Candlida sp. Y-16) cultured at 25°C with YM broth, and Moina macrocopa cultured at 25°C and fed different diets Sn-1, Y-14 and Y-16

Diets Moina macrocopa
Sn-1 Y-14 Y-16 Sn-1 Y-14 Y-16
Non-essential
Alanine 2.9(14.8) 3984 3.8(8.2) 2.5(6.9) 35@(.1) 2.0 (6.6)
Aspartic acid 0.5 (2.6) 439.3) 4.1(8.9) 3.7(10.2) 4.8 (9.8) 3.0(9.9
Cystein 0.6 (3.1) 0.1 (0.4) 0.6 (1.3) 0.5(1.4) 0.7 (1.4) 0.5(L.7)
Glutamic acid 0.8 (4.1 5.2 (11.2) 43(9.3) 42(11.5) 5.7 (11.6) 3.3(10.9)
Glycine 1507 2.6(5.6) 25(54) 2704 34(6.9) 2.0 (6.6)
Serine 0.2 (1.0) 1.8(3.9) 1.6 (3.5) 2.0(.5) 3.2 (6.5) 1.9 (6.3)
Proline 09 4.6) 1.6 (3.5) 1.73.7) 1.9(5.2) 25(.D 1.5(5.0)
Tyrosine 0.4 (2.0) 1.6 (3.5) 1.4 (3.0 1.7(4.7) 1.8 (3.7) 1.4 (4.6)
Essential
Arginine 0.1(0.5) 2.6 (2.8) 34 (74) 1.54.1) 2.6(5.3) 1.8(5.9)
Histidine 3.6 (18.3) 4.4(9.5) 4.8(10.4) 2.8(7.7) 29(5.9) 1.6 (5.3)
Isoleucine 1.6 (8.2) 3.1(6.7) 25@G4) 1.54.1) 1.8 (3.7) 1.2 (4.0)
Leucine 2.1(10.7) 3.7 (8.0) 3.2(6.9) 2.4 (6.6) 4.7 (9.6) 3.009.9
Lysine 0.2 (1.0) 2.8(7.8) 4.7(10.2) 1.8(4.9) 29(5.9 1.5 (5.0
Methionine 0.9 (4.6) 0.4 (1.5) 1.124) 0.8(2.2) 1.3(2.6) 0.9 (3.0
Phenylalanine 101 2.1(4.5) 1.73.7) 1.8(4.9) 18337 14(4.6)
Threonine 0.3 (1.5) 3.0(6.5) 24(5.2) 2.4 (6.6) 2.6(5.3) 1.6 (5.3)
Valine 1.909.7) 33(.1) 2.6 (5.6) 2.1(5.8) 3.2(6.5) 1.7 (5.6)
Total 19.6 349 46.2 364 492 303
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Table 3. Diet 5"°C value (%o) of the diets (Erythrobacter sp. St-1,
Debaryomyces sp.Y-14 and Candida sp. Y-16) cultured at 20°C with
YM broth, and Moina macrocopa cultured at 25°C and fed on
different diets Sn-1 and marine yeasts

83C, %o

Diets

Debaryomyces sp. Y-14 -11.5(x04)
Candida sp. Y-16 -10.1(x0.8)
Erythrobacter Sn-1 -24.1(z£0.8)
Moina macrocopa

Debaryomyces sp. Y-14 -11.7(20.9)
Candida sp. Y-16 -10.9(z0.6)
Erythrobacter sp. Sn-1 -21.8(x1.4)

39t 2o} UARE Hol= vt M macrocopa®] §°CS) Tk
2 -109%0E BAMEHII, Enthrobacter Sm-1E B %8 M
macrocopa®] 8§1°C 2k -21.8%0% X}o]E BT},

M. macrocopa 9] BHE&

AR g0 WSS AW A3l T ujEr)
o 2}z ME T2 SNUER Debarymyces sp. Y-149} Candida
sp. Y-162.2 v|oFslitirt F A9 vjk&710] &5 Enphrobacter
St-12 Wi olE wtAA wFe F A AT wel M
macrocopa YA 2] §°CY & 4T A= Fig 13 #oh A
FHz710) -15%02} -13%e HE2) 8°CHE BT M macrocopa
AN bd T Wl ke Holg ulito] ujuksix] 20¢
A BAG F -19%0 =2 FA7} Hof ksl Ake:
HATH M macrocopa®) 750] 20¥ o)dlete AL 13 &
uf g A Foll AATA e g 3 F(tumoveryS 29
57 9= 202 vhehgeh.
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—¥— from Yeast-16 to Sz}

Fig. 1. Change of 8°C value in Moina macrocopa tissues depending
on diet switch.
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Fig. 2. 8"C value of Moina macrocopa offered a mixed diet of marine

yeast (8'°C=-10.8%o) and commercial feed (Erythrobacter sp. Sm-1,
513C=-24%).
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B 4870 Fofsie] wjekst F Az W M macrocopa
A g Qb T ha 249 WES B4 dafke Fig 29}
2ok w)ek 48 FRE M macrocopa BA) §°C e -13%00l
A -10%eAt019] S UERALT ©] k5 sdaE R §°C
el wl% 77k AL ZA M macrocopa?t A ABE
Erythrobacter Sn-12.TF H-2]ld 3UYFLE AT St AR
Sinzechel=s

A A¥E v o s duny, o 49} o)zl vs)
Candida sp. Y-162.2 W43 M macrocopa® 735 B4 A
b} G ohuisdke] o] Hglom, o) X)oje] Hol ALy
22 FYHQ] HellX 53 Holo JhsAde] Arkar FE o)
At

HAle| 2

A FEUE 20029 % FYsteATAITe] SedT
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ABSTRAST: Isotopic Evidence of Marine Yeast to Artificial Culture of Moina macrocopa
Mu Chan Kim', Chang Keun Kang’, Hye Young Park, Dae Seong Lee, Yun Sook Kim and
Won jae Lee* (Microbiology, Pukyong National University, Busan 608-737, Republic of
Korea, 'Department of Marine Environmental Engineering, Gyongsang National University,
Tongyeong 650-160, Republic of Korea, “Division of Biological Science, Pusan National Uni-
versity, Busan 609-735, Republic of Korea)

A feeding trial was conducted to test the use of marine yeasts isolated from seawaters and sediments as a dietary
source in cultivating a Cladocera, Moina macrocopa which is available as an alternative live food for fish lar-
vae. The marine yeast-fed M. macrocopa had similar essential amino acid profiles to the documented values for
Rotifers and Artemia enriched in microalgae and commercial diets. Erythrobacter sp. Sn-1 lacked ®-3 high
unsaturated fatty acids (HUFAs), 20:50-3 (EPA) and 22:6w-3 (DHA), which were also poor but detected in both
the marine yeasts. An increase in the 20:50-3 and 22:60-3 levels, compared with the levels in marine yeast
strains themselves, was more pronounced in the 22:6m-3 level of Moina fed the Candida sp. Y-16, resulting in a
high DHA:EPA ratio. When the Moina diets were switched, their 5"°C values shifted gradually toward the val-
ues of the switched diets. Diet switch from Erythrobacter sp. Sn-1 to Candida sp. Y-16 resulted in a more rapid
turnover of Moina tissue carbon than that in the inverse case. When fed a mixed diet, the 8"*C values of Moina
tissue approached the value of marine yeasts immediately. These temporal changes in the 8">C values of Moina
tissue indicate the preferential ingestion of marine yeasts and a selective assimilation of the carbon originated
from marine yeasts. These findings suggest that marine yeasts, particularly Candida sp. Y-16, are highly avail-
able to mass cultures of M. macrocopa, providing better nutritional and dietaty values than the commercial diet

(Erythrobacter sp. Sn-l).



