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Enriched Rotifer Feeding Efficiency in the Walleye Pollock
Theragra chalcogramma Depends on Larval Fatty Acid Composition
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The objectives of this study were to confirm the nutritional requirements and improve the survival of the walleye
pollock Theragra chalcogramma, a cold seawater fish, by enrichment. We analyzed the fatty acids and amino acids
of fertilized pollock eggs before hatching, just-hatched larvae, larvae that had absorbed only the yolk sac, and larvae
starved for 2 days after yolk absorption. For the survival improvement experiment, we administered docosahexaenoic
acid (DHA), eicosapentaenoic acid (EPA), and DHA-EPA enrichment. Fatty acid decreased DHA and EPA content.
On the 30™ day, body growth was significantly greater in pollock given the EPA and DHA-EPA treatments (P<0.05).
Larval survival at 20 and 30 days after hatching (DAH) was greatest under the DHA-EPA treatment (P<0.05). Sur-
vival was significantly lower under the EPA treatment at 10 DAH, but then increased to approach that seen under
the EPA-DHA treatment (P<0.05). Therefore, we determined that reduced survival in hatchlings of high-mortality
pollack could be improved by controlling EPA and DHA content during enrichment. We conclude that cold seawater
fish must be given feed that meets their nutritional needs, which can be accomplished using newly manufactured
enrichment products for the larvae of cold seawater fish, such as pollock.
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(EFA) % = DHA 2.720] tjat w317} 952 =of 9lr}

siatol ol Aofol thet A 80-904It) WFH o A
A= R H(Klungseyr et al., 1989; Rainuzzo et al., 1997; Sar-
gent et al., 1999a, b). 3l Hol2 ZE]H e} Le|u]ol= 50-60
Al o] 5 ARE-EHA FLTEEHAI7E vl =] Martek 7it-2} 7]
o] INVE Aquaculture itE 5422 docosahexaenoic acid
(DHA) AJo¥73sHA171 7idteE] o] ktt. Rotifer booster} -2
Horg e ZferE QIA|RE 20104 o] Fofl= o] G-2} YA A
W= TUEE T DHA Q7437 7= o] oFAl@7del
A AR 3L QITH(Park et al., 2011). A 40 7F Skafj A1} &
T3 siitel i Abx] o] ) A1 A @ twFe] tisiAl ZfolE g st
3L QAT A oF B9 linoleic acid (LNA, 18:3n3),

(Takeuchi, 1997). Park et al. (2011)2 StaljAd o579 oF&ot
AR A 9141 DHA/EPA W22 7.0 olio.2 417
& 1 @7} ok B8kl o.m Abdul Malak et al. (1989)&
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LNA, EPA -5-9] AHHAHE sfjAk o] 79] F- 2.3t 7 SA| =41
A= oo 5} qk o 550 ¢17-7} DHAS} n-3 PUFA 9152
Y= HiEo] ¢l om(Rainuzzo et al., 1997; Sargen et al.,
1999a, b) 53], EPA 3ol gt A2 k= ot 7] gt
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aLE HRAAL o] FA43] gasto] 20009 o] % 14E o]k
75} tHKang et al., 2013). ZL2]3L o] 2|3t 2} o] Wsh=
1970 off SRHE a7 aho] 2kl of(Lee, 1991) @A oll=
ek 22 A52Q A3 ES 913t ego] MaYwar SlTh
T2y A -2uet Yels SHAALRE ofn|9f S H S
AR, 2] T/ o] Wot FHAAE Al LR aefol] o]t il
OFAI7F dojupar gleBg FRAPLRE ofn] o] JjAl SHE
el -2zt Faehe] o= Aol g2 =¥E 710l
At EQt, FHAYLE ofv]E FHHsiH 2t HE = vhejtkst
o102 10-203]0f| AA 1Het7] 52t L A Abetstr] w2
(Bacheler et al., 2010) gHlof| W2 Fo] T2 717l =
o}, B 0] 2-3WRtl o] A gho] B0l S kAl sfol k=
& 27| RS et oby 2t -t o} 7 Aol A oF2]
gets] Bhe A A] okal Qi

uhebA] &2 Ao A e Al T Apof o) dEtE 59t 7
of Alof| A&e] Mk Eelste] o] 5 HiEe & Aol o FoF
B85 rgstaAl fitk thEo 2 g JgaTof uek 9
YIS A2kl 2E| 9 S YAt Ao A
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QlekQich npAlEt o2 o] 2|3t AWE EY= AEE = 9
SRS s AlAshe Ale HRE ST

[eln=] A=E T
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= ZH5HR] & 7o} xlo{(starved larvae, SL)E ZFZF ©F 100
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olstZ st th(Table 2). “1¥]l £33} H9ofl= oA
Ahe] Wsh= IRl ©A] C20:3n39] 79 HASH| S715HA
o il HEEraby ol A A AE SRS Hgho] gl
™, mono-unsaturated fatty acid (MUFA)2 52 3] #4510
12.20%0014 6.76%=2 74st3th. SHATE oA AL
O 7B 1Al Ql W7t it 7]oF Aloll= ZapAto] 5
7FstaL, PUFA S| Z-9- 43| sk 43 Halth

DHA®} EPA-DHA sl 242 75.10%, 76.79%
B H|SRE RS Hon EPA JEHAlE 86.79%
2 Ao m pEekio] E8th(Table 3). Z1e{ut EPAS}
EPA-DHA Q] 4=1-gF9] Zjoli= tA] Schyzochitrium flake
o] ghgol wE At ol5 JY7dSHAIe] EPA, DHA o
T ARt U R AAte] thsfAl= 2212l 2ol 7} ¢l3d
THP>0.05). EPA 22 DHA % oF743140] A 1.0+0.24 ug/
mg dry matter 2 EPAQ} EPA-DHA 373314 9] 3.9-4.1 ug/
mg dry matter Et} -3-2] 2] 0 2 LIFTH(P<0.05). DHA $FFoll
2401 4= EPA<DHA<EPA-DHA Y 473H| o= =3kt
Highly unsaturated fatty acid (HUFA)%} n-3 HUFA &< 12
31 &3} (unsaturated index of fatty acid, UT)+= EPA-DHA
PN A 2] 2] .2 = TH(P<0.05) (Table 4).
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Fig. 1. Standard length (mm, mean+S.D.) of Walleye Pollock
Theragra chalcogramma larvae fed the rotifers enriched by three
enrichments during 30 days after first feeding. DHA , Docosa-
hexaenoic acid; EPA, Eicosapentaenoic acid.

mm3} o, 8} 5 30U oll= DHA dgl-= 6.70+0.19
mm 2 EPA, EPA-DHA 41¢1719] 7.25-7.30 mm .t} 9] 4]
© & UQIth(P<0.05) (Fig. 1). 1-10Y Ato] 2] &8> EPA 4
35+ Hr} DHA 9 DHA-EPA A3lFollA B o] Uehde
™ EPA-DHA 9ol A #2202 717 = 3Ith(P<0.05).

Table 1. Protein-bound amino acid profile (ng/mg dry matter) of eggs before hatching (BH), just hatched larvae (HL), larvae absorbed yolk

(L) and starved larvae (SL) for 2 days after absorption yolk of walleye pollock Theragra chalcogramma larvae. Different superscripts in the

same row indicate significant differences by Duncan’s multiple range test (P<0.05)

BH' HL L SL
Threonine 17.4+0.39° 12.241.202 12.3+0.062 13.1+1.16°
Valine 19.7+0.34° 13.910.89° 10.5+0.012 10.440.822
Methionine 5.840.32 4.2+0.43 4.9+0.00 4.2+0.46
Essential Isoleucine 17.240.22° 10.7£0.72° 7.6+0.012 7.7+0.62°
amino Leucine 36.5+0.67° 24.9+1.99° 21.3+0.012 21.8+1.562
acid Phenylalanine 16.0£0.39° 11.240.96° 10.5+0.012 11.640.79°
Lysine 26.2+0.51° 18.8+2.09° 21.4+0.03° 23.3+2.21°
Histidine 6.9£0.17 5.610.46 6.210.24 6.5+0.67
Aspartate 23.510.54° 18.7+£2.112 24.31+0.03° 26.31+2.25°
Serine 17.34£0.50° 11.8+1.452 13.3£0.02° 15.5+1.70%
Non-essential Glutamate 42.8+1.26° 31.543.762 39.94£0.01° 42.5+4.01°
amino Glycine 13.0£0.31° 10.0+1.05° 14.2+0.00° 17.0+1.51°¢
acid Alanine 28.8+0.40° 16.6+1.59° 16.7+0.032 17.6+1.33°
Cysteine 4.6+0.28° 3.810.712 2.8+0.052 2.3+0.572
Tyrosine 14.310.75° 9.4+1.01° 8.0£0.022 7.4+0.132
Arginine 18.4+0.54° 13.4+1.53° 18.4+0.06° 19.3+0.87°
Proline 21.5+0.71° 11.6+1.00° 11.5+0.032 12.840.85°
Essential AA(%) 13.9+0.25° 9.6+0.832 8.9£0.41° 9.20+0.682
Protein (%) 37.3+0.81° 25.8+1.442 27.41£0.01° 29.21+2.18°

'BH, HL, L and SL indicated before hatching larvae, yolk sac larvae, larvae absorbed yolk and starved larvae, respectively.
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1020%¢l+= DHA®} EPA A32oIA foH 0= 2fo]7} g
%201 EPA-DHA A1 ol 4] ch2 o] ]38 frof 8o
L=9FtH(P>0.05). nFA|uko & 20-304 A3 o] A= DHA A3
oA gojx oz 7 WA Ueltal, EPA-DHA A3 TtojlA
oA o2 7H E= 8 (P<0.05) (Fig. 2).
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ol 7o) 27| ddabgol A gt AF ol thet olal= a4t
ol2] AHols AFSat=] YlolA 7174 FRe Aaz7lole
3} = Qltk(Campoverde and Estevez, 2017). 3jjAko] z}o] o] A}
Fof QloA] 4588l 5 dhhs Yol HEHA Yo

2 3
=

[e)
Fohe Ao®, B8 o5 Kol AWHEE Ty 3 o
olo] Qiopd At 3 o] FiF A Be ke wheth 5
3] o] QEagLe zojo] AT Qo] ok 7|XIA| Hck

(Watanabe, 1993).

O[5 Aol } AT HES 1A L] 913 3
19700l FAlEFo= dE = B2 oF
o WES 5 7loh Aefoll ) Zash YRS upgo R 4

Table 2. Fatty acid profile (ug/mg dry matter) of eggs before hatch-
ing (BH), just hatched larvae (HL), larvae absorbed yolk (L) and
starved larvae (SL) for 2 days after absorption yolk of walleye
pollock Theragra chalcogramma larvae. Different superscripts in
the same row indicate significant differences by Duncan’s multiple
range test (P<0.05)

BH' HL L SL
C16:0 25.4+1.827 25.8+3.34* 25.3+0.27¢ 36.2+4.22°
C18:0 2.4+1.092 2.9741.19° 5.68+0.02° 8.65+2.48°
C18:1n9  8.46+1.83° 7.84:£0.44° 6.76x0.02° 4.74+1.15°
C20:1 0+02 0+0? 0+0° 2.43+1.21°
C20:3n3  1.91+0.68° 4.48+1.18> 5.41+0.04° 3.87+0.89°
C20:5n3  39.1+2.47° 35.543.9* 33.6+0.14° 20.1+2.732
C22:6n3  17.6+£2.87¢ 19.1%1.06% 23.2+0.06° 21.9+1.96%

SFA 27.8+3.79° 28.846.43%  31+0.26" 44.9+6.54°
MUFA 13.642.2° 12.2+0.21¢ 6.76+0.02® 9.25+3.42°
PUFA 58.6+3.06° 59.0£6.29° 62.3+0.24* 45.9+2.56°

DHA/EPA  0.5016° 05:0.05° 0.74#0.12a 1.09+0.06"
n-3PUFA 5864306 59.046.20° 62.3:0.24> 45.9+2.56°
ul 3204241° 31742850 331#1.18° 253+14°
Total Lipid 5 59,1 51 6.0242.28b 10.840.05¢ 4.05+1.22a
(ug/mg)

'BH, HL, L and SL indicated before hatching larvae, yolk sac lar-
vae, larvae absorbed yolk and starved larvae, respectively. SFA,
Saturated fatty acid; MUFA, Monounsaturated fatty acid; PUFA,
Poly-unsaturated fatty acid; DHA, Docosahexaenoic acid; EPA,
Eicosapentaenoic acid; UI, Unsaturated fatty acid index.

HUFA 9] 73l 1551 = 2AchBell et al., 2003). 54|
ul ik sjAto] RS vlek 0 2 = LS o] A= linoleic acid
(18:3n3), EPA (20:5n3), DHA (22:6n3)& 12 %= 2]abAte)]
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Fig. 2. Survival (%, mean+S.D.) of walleye pollock Theragra chal-
cogramma larvae fed the rotifers enriched by three enrichments
during 0 to 10 day, 10 to 20 days and 21 to 30 days after first feed-
ing. DHA, Docosahexaenoic acid; EPA, Eicosapentaenoic acid.
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A o] o] o] A] 2(Tocher and Ghioni, 1999)2 53}
A 254 o7 E T e ® JdE A7 X3 = ATH(Es-
tevez et al., 1999; Sargent et al., 1999a). ¥ s}l A Q1 T Al
% 7FA](Bruce, 1999)2}F ti+1(Klungseyr et al., 1989)2]
TollAl= o] AAE 2/do] thE ofFel Hlsl fds] =1L
DHA/EPA H]-&-0] 2 o]AFS @5tstttal B 11619 1) Bell et
al. (2003)9] Aol Aol Zo] 27| Blo| & Fgdh= ZE W9
WY7dS= 7= DHAS HUFAS $41 2 & 51l Qi

B Ao A BAE Ao} Aragio et al. (2004)2] H1E B
W, F8g4 5 7]oMdEol| A F=obn| 4RI valine, isoleu-
cine, leucine, H]B4=olu]=Ak9] cystein, tyrosine®| &2 3] 7+
28z A0 R RAE O] WS E 4 & HEo| BQS Ao 7
SE AR FEEHE 2E T = ol HAadte of| it
At Tkl 7] fiizoll ofn] Al ol o3t FAl=
A GAE S FEol w2 Ao 3 57 = dEt v
Walker (1965)i= @J3ol 4l BaEl= Aok glol ZlokeAel
A Z7V51E ofn]=Alaspartate, glutamate, glycine)2 AR
AL} Al ES sk 2ol A Tl ot S7HE st
%01 Krebs and Johnson (1937)& UuFz 0 g2 QHojA &
FElE ool gl 790 F7ksHs ofu itz bt
3l A= acetyl CoA7} 1| EZ =g oHmitochondria) W 33
ol 4 skl 3akd Fefeka wasksick ol TCA
cycle Yol Al acetyl CoA7} A|*AE S22 (pyruvate ©]5),
opu|leAt 1|3l AEA| 7} W0 A 7] wiZol 7]oF Algte &
B5h= g ol A BF == g4 Y(carbon source) REO 2
919) QJpAEE AT Ho] AE BEo] A 4 ek s
13}A 0 &2 Zak]= g2 o] HA| AU A+=49
Aol F53H = (7]ohollA Aasl= EdE0] 2FollA
SuEA o AE e FFe = 7 S Aotk

e B3R o) A= 27] Ho|(rotifer, Artemia Z12]11 algae)©]|
3E3HE DHAZ} 2po] o) A2 3} Aodo]| s ofoke Frtal Bl
11 Qlth(Sargent et al., 1999b; Awaiss et al., 1996; Estevez et

b3

Table 3. Composition of three newly-manufactured enrichments to
rearing of walleye pollock Theragra chalcogramma larvae during
30 days

DHA EPA (%)EPA-DHA

Schyzochitrium flake 17.5 5 15
Chlorella or yeast or Spirulina powder 5.4 0.5
Mixing enzymes - 5

Fish oil (EPA) - 1.5
Emultion (tween 20 and Lecithin) 1.5 0.5
Others* 0.5 1.21
Water contents 751 86.79 76.79

*QOthers were included to Astaxanthin, Taurine and Zinc. DHA,
Docosahexaenoic acid; EPA, Eicosapentaenoic acid.

al., 1999). 18 Y§ 24 015721 meager (Argyrosomus
regius) A+019] 7-9-olli= Ho|W] DHA 3 12-15%0l4] 437
oli= Fogt Fak FAN Ha T ol el BEEl=
FEFS FA = Fatrtal sk ti(Campoverde and Este-
vez, 2017). 184 © 2 DHAL A173} wpet go] T35
Apo] o] Wb ol A - F 83 S otz A o= UTA
¢lal(Mourente and Tocher, 1992; Bell et al., 1996), £3] ©]
DHA7} 9710 A& 4%, ofe] g st oz} Alefaly e
I A o] FokS o] AT AT =2 AR A
= o] &7 Hch(Lingenfelser et al., 1995; Tocher, 2010). 3}
Ak Aol A= 30U A4 Afo o] Al 4474 EPA 473t
=2 E| 2} EPA-DHA J4743t 283 A9+17F DHA Y7
o} 2EH A ET =2 A Qo] Rl AthEES
35} 5 10200 9142l 2o| S Bolx) eteh. Bk A
7+ Zate] w2t DHA $0| -2 DHA-EPA 4733} =E| 7
A% ol A AELo] 7F4 =11, 20-30294] EPA 99473t =
E] 3] A3t 4] AEE0] DHA ¢ 7dst 2E|w Aol H]

Table 4. Fatty acids component (ug/mg Dry Matter) of rotifer en-
riched for 3 hours to rearing of walleye pollock Theragra chalco-
gramma larvae during 30 days. Different superscripts in the same
row indicate significant differences by Duncan’s multiple range
test (P<0.05)

Enrichments
DHA EPA EPA-DHA
C16:0 14.5+1.20 15.7+1.81 16.2+1.15
C16:1 1.4+0.29 1.0+0.16 1.0+0.06
C18:0 2.610.53 2.840.25 2.610.26
C18:1n9 0.810.04 1.120.17 0.910.14
C18:2n6 38.7+5.03 40.1+4.37 37.6+3.48
C18:3n3 3.240.49 3.610.91 3.1£0.61
C20:1 0.7£0.32 0.910.22 1.0+0.04
C20:2 3.8+1.25 3.2+0.37 4.1+0.72
C20:3n6 3.7+0.37 4.5+0.82 3.6£0.90
C20:4n6 1.11£0.15 1.0+0.21 1.1+0.21
C20:5n3 1.04£0.242 4.1+0.80° 3.941.09°
C22:6n3 12.3+1.19° 6.9+0.382 24.6+4.15°
SFA 16.3+3.29 18.5+1.58 18.8+1.41
MUFA 3.1+1.32 2.9+0.34 2.940.13
HUFA 63.9+7.972 63.4+5.682 78.14£3.06°
DHA/EPA 12.5+1.75° 3.840.422 6.311.88°
n-3 HUFA 15.2+3.742 14.1+2.982 30.7+4.16°
ul 194.0+22.33> 181.3+15.40° 280.11£20.96°

SFA, Saturated fatty acid; MUFA, Monounsaturated fatty acid;
PUFA, Poly-unsaturated fatty acid; DHA, Docosahexaenoic acid
; EPA, Eicosapentaenoic acid; Ul, Unsaturated fatty acid index.
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