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Comparison of Feed Efficiency Between Rotifers Enriched Lipid-contents to

Enrichment and Enhanced Digestive Enzymes Activity to Starch

0O-Nam Kwon* and Heum Gi Park!

FEast coastal Life Science Institute, Kangnung National University, 210-702 Gangneung, Korea
'Faculty of Marine Bioscience & Technology, Kangnung National University, 210-702 Gangneung, Korea

In this study, we carried out an experiment for estimation the larval digestibility in aspects which digestive enzy-
matic activities and nutrition of the rotifers, Brachionus rotundiformis. Thus we enhanced the digestive enzymatic
activity through the addition of starch for the increase of digestibility of rotifer (starch-rotifer), and compared with
the feed efficiency through rearing of the olive flounder, Paralichthys olivaceus used rotifer lipid-enriched with
Algamac 2000* (CE-rotifer). The digestive enzyme activities (except for TG-lipase), total protein contents, total
essential amino acid, essential amino acids (methionin and phenylalanine) of starch-rotifer (the rotifer used a starch
as additive, and enriched not) was assayed significantly higher than CE-rotifer (P<0.05). And total lipid, lipid
classes (except for sterol) and fatty acids as DHA and EPA showed higher in CE-rotifer than starch-rotifer
(P<0.05). But, sterol contents and ST/TG ratio were shown significantly higher in starch-rotifer (P<0.05). The
flounder larvae supplied the two rotifers showed standard length and body weight that not significantly differed
with ranges 3.72~3.79 mm and 32.9~37.8 mg/larva on 6 days after hatching (DAH), respectively (P>0.05). How-
ever, these of 12 DAH showed the values of significantly higher to 5.94+£0.249 mm, 144.0+23.86 mg/larva and
26.2+12.13% in standard length, body weight and survival in CE-flounder than that of starch-flounder (P<0.05).
The hydrolytic enzymatic activities of flounder larvae severally supplied the two rotifers showed the significantly
higher activities in acidic -amylase, neutral -amylase, TG-lipase, lysozyme and acidic phosphatase in starch-floun-
der on 5 DAH (P<0.05). But neutral c-amylase, three proteases and two phosphatases of CE-flounder on 11 DAH
showed the significantly higher activities than that of starch-flounder (P<0.05). Therefore, for the flounder, Paral-
ichthys olivaceus larvae just depleted yolk was more beneficial to supply the feed, rotifer, enhanced the digest-
ibility than to supply the feed lipid-enriched for aspect of larval digestibility up to 6 DAH, thereafter nutrition of
absorption due to the development of digestive organs suggested that enrichment effect appeared with larval
somatic growth. Consequently, investigation more detailed about the larval digestive physiological and nutritional
requirement variations after 6 DAH will be necessary, thereafter.
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Table 1. Methodology for digestive enzyme assay determined for flounder larvae in this study

Enzymes, assay

Assay conditions

Substrates Incubation conditions Buffers and pHs

a-amylase (Somogyi, 1952)

Acidic 3.0% Soluble starch 30°C, 60 min Tris-HCI buffer pH 4.0

Neutral* 3.5% Soluble starch 30°C, 50 min phosphate-NaOH buffer pH 7.0

Alkaline 4.0% Soluble starch 30°C, 50 min phosphate-NaOH buffer pH10.0
Total alkaline protease (Dabrowski and Glogowski, 1977)

Acidic-like 0.3% hemoglobin 60°C, 80 min Tris-HCI buffer pH 3.0

Trypsin-like* 0.5% azo-casein 55°C, 40 min phosphate-NaOH buffer pH 8.0

Chymotrypsin-like 0.5% azo-casein 65°C, 40 min phosphate-NaOH buffer pH11.0

Lysozyme (Myrnes and Johansen, 1994)

125 pg/ml Micrococcus lysodeikticus

Phosphatase (Bessey et al., 1946 and Ribeiro et al., 1999b)

sodium-acetate buffer pH 5.5

Acidic 5 mM pNPP 50°C, 40 min Tris-HCl buffer pH 4.0
Alkaline 5 mM pNPP 40°C, 25 min Tris-HCI buffer pH 10.0
TG-lipase (Schmidt et al., 1974)*
81.2 mM olive oil 25°C, 25 min phosphate-NaOH buffer pH 8.0

ISR L]

was to assay in the only rotifer.
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Table 2. Digestive enzymes activity, total protein, several amino acid, total lipid, lipid classes and fatty acids of the rotifers, Brachionus
rotundiformis (CE and starch) used the rearing of olive flounder, Paralichthys olivaceus

CE'-rotifer Starch’-rotifer
L Neutral ¢-amylase 0.07+0.017 0.62+0.017*
Dlge(s[t}zf)gg?g/mes Trypsin-like protease 0.18+0.029 0.25+0.02*
TG-lipase 0.10£0.013 0.09+0.009
Total protein (%) 52.5+0.04 65.3+0.83*
EAA(% of DW)? 19.3+0.01 25.14+0.35%
Amino acids Methionin (ug/mg) 0.6+0.02 0.8+0.01*
Phenylalanin(ug/mg) 2.4+0.04 3.1£0.04*
Tyrosin(ug/mg) 1.5+0.09 1.5+0.03
Total lipid (%) 8.0+0.30 7.24£2.56
Triacylglycerol(TG) 21.64+3.05% 18.3£0.82
Nutrient N Phospholipid(PL) 60.34:2.18 63.5+2.20
Contents (%) Lipid Classes (%) Sterol(ST) 3.9+1.34 7.0£1.01*
ST/TG 0.19+0.082 0.3840.042*
Lipid: protein ratio 0.15+0.006* 0.11=0.039
C18:3n3 3.5+0.53* 1.9+0.23
C20:4n6 1.1+0.21 1.1£0.14
Fatty acids (% in the total C20:5n3 1.0+0.18* 0.1£0.01
fatty acids) C22:6n3 12.6+0.79* 0.0£0.00
n-3 HUFA 4.5+0.35% 2.1+0.24
U 190.64:8.34* 145.0+1.35

'CE, rotifer enriched with lipid {Algamac 2000} at room temperature during 8-12 hours after semi-continuous culture at 28°C with the

freshwater condensed Chlorella vulgaris.

“rotifer enhanced with the digestive enzymes by supplementation of 10 mg/100,000 rotifers/day starch with semi-continuous culture at

28°C with the freshwater condensed Chlorella vulgaris.
SEAA, essential amino acid.
*Unsaturated index of fatty acids.

*indicated to differ the significantly between rotifers lipids-enriched and rotifers enhanced enzymatic activity.
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Table 3. Somatic growth and survival on 6 and 12 DAH of olive
flounder, Paralichthys olivaceus larvae reared with the rotifers (CE
and starch)

]-;Fz7]

=

larva® T A7 39491 o7} UGlvt. el AEE
of] QAL starch-BR|oNA 31.7£14.15%% A VFEFA
27.0+11.51%2] AEES Bl CE-@x1¢ #2142 zlole ¢l
et Ty 231 5 1295)2] o) Aol CE-gAlelM #<]
Aoz W} & 59440249 mm, 144.0+23.86 mg/larva X
26.2+£12.13%2] AEEE B0

S IR rotifers ZiZ} ME[BHHA| XI012| 7 frRoliEA 2

o15 ¥ rotifers T3S |AAlol9) sl 54 EA4
& Table 4ol YERHQILE 059 7i-alate 73 F 59
A acidic o-amylase, neutral a-amylase, TG-lipase, lysozyme
2 acidic Phosphataseoll] 2+ 52.6+0.76 U/larva, 67.4+5.22 U/
larva, 4.38+0.167 Ullarva, 0.004:0.0005 U/larva 2 3.92+0.086 U/
larva®] E40% CE-@XEU} starch-gAx|ollA] Fe]H o &
23S Bt} 18] 3 alkaline a-amylase ™ chymotrypsin-like
protease B4 o] F31 3 5UA| CE-EA|7} 45.5+1.78 U/larva
9} 0.004£0.0001 Ullarva® #]H 0% %2 &4& B3t 11
2 83 T 1gAS o] ZigRal] &4 8492 TG-lipase
#4o] starch-@X A 2.01+0.000 Ullarva®  CE-9 4 &
1.23+0.546 U/larva BtF %2 84S H3Z ¥, neutral o-
amylase, three proteases, two phosphatases©l 4] Zdgay
80.0::13.94 Uflarva, 0.010+0.0003 U/larva, 0.007+0.0007 U/larva,

Starch?-
CE!'-flounder flounder

6 DAL Tength (mm)  3.72£0.072 _ 3.79+0.060
Weight (1g) 37.8+7.83 32.9+6.47

Survival (%)  27.0+11.51  31.7+14.15*

12 DAH Length (mm) 5.94+0.249% 4.84+0.332
Weight (ug)  144.0:23.86*  62.8+5.68
Survival (%) 26.2+12.13 11.1+£7.79

! 2 and * was same with Table 1

Table 4. The hydrolyzed enzymes (a-amylases, proteases, TG-lipase, phosphatases, lysozyme) of olive flounder, Paralichthys olivaceus

fed the rotifers enriched the lipid and fed the starch.

0.015+0.0005 U/larva, 3.11£0.045 U/larva 2 1.18+0.031 U/larva
2 starch-gA B} F22o0® H& B44S B3l

pH range Days after Hatching ~ CE'-flounder (U/larva) Starch*-flounder (U/larva)
o-amylase Acidic 5 33.5+3.41 52.6+0.76*
11 47.8+4.56 39.6+£5.18
Neutral 5 22.94+2.79 67.4+£5.22%
11 80.0+13.94* 61.7£2.76
Alkaline 5 45.5+1.78* 30.6+7.47
11 41.4+6.21 47.3+£2.67
Protease Acidic 5 0.005+0.0002 0.005%0.0000
11 0.010%0.0003* 0.003+0.0001
Trypsin-like 5 0.005+0.0004 0.005+0.0003
11 0.007+0.0007* 0.000+0.0000
Chymotrypsin-like 5 0.004+0.0001* 0.001£0.0002
11 0.01540.0005* 0.008+0.0005
TG-lipase 5 1.53+0.096 4.38+0.167*
11 1.23+0.546 2.01+0.000*
Phosphatase Acidic 5 2.48+0.075 3.92+0.086*
11 3.11+£0.045* 1.80+0.030
Alkaline 5 0.71£0.062 0.74+0.020
11 1.18+0.031* 0.10£0.048
Lysozyme 5 0.003+0.0002 0.004-+0.0005*
11 0.000=0.0000 0.000+0.000

1 2and * was same with Table 1
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