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Tab. 1 Trypsin specific activities (mU/mg protein) and amylase specific activities (U/mg protein) in the pancreatic segments of large yellow
croaker larvae fed with the experimental diets at different days after hatching (DAH)
Diets Diet 1 Diet 2 Diet 3 Diet 4 Diet 5

Trypsin specific activities

25 DAH 13.98 +2.48 Y 13.98+2.48 13.98 +2.48 Y 13.98 £2.48 13.98 +2.48

35 DAH 22.99£6.92 % 19.82+2.42% 20.09 £4.27% 20.61 +7.22 17.66 + 5.12

60 DAH 23.04 £3.62°% 20.11 £ 10.05 **¥ 20.80 +3.35°% 17.47+7.40 ™ 10.06 + 1.67°
Amylase specific activities

25 DAH 0.76 £ 0.22 0.76 £ 0.22 0.76 £ 0.22 0.76 £ 0.22 076 £0.22 7Y

35 DAH 0.97 £0.16 1.00 £ 0.41 0.91 £0.22 1.13+£0.33 1.08 £0.08 %

60 DAH 0.89 £0.21 0.93 £0.10 0.83 +0.25 0.84 £ 0.37 0.69+0237Y

+ (n=23); ,
(P> 0.05);

Note: Values are expressed as means + SD (n = 3); for each pancreatic enzyme, the same superscript small letter in the same row and the same

superscript capital letter in the same column are not significantly different as determined by Tukey’s test (P > 0.05); the same applies below.

Tab. 2 Percentage of secreted pancreatic trypsin or amylase in intestinal segment related to total trypsin or amylase in the whole-body of
large yellow croaker larvae fed with the experimental diets at different days after hatching (DAH)

F2 BABATRFRRAEEHSFEREQBIEMEEN S ELH(%)

Diets Diet 1 Diet 2 Diet 3 Diet 4 Diet 5

Percentage of secreted trypsin (%)

25 DAH 31.49+4.94Y 31.49+4.94 Y 31.49+4.94Y 31.49+4.94Y 31.49£4.94Y

35 DAH 45.42 £5.09 % 47.62 £837% 43.76 £ 3.00 % 42.10 + 6.08 X 48.14+5.93 %

60 DAH 43.57 +11.89 %Y 39.56 + 14.31 %Y 4236 +7.13 % 41.61+5.56% 37.59+£298Y
Percentage of secreted amylase (%)

25 DAH 5298 +7.85Y 5298 +7.85Y 5298 +7.85Y 5298 +7.85Y 52.98 + 7.85

35 DAH 5847 +582Y 61.68+4.99 Y 60.80 =£4.05 Y 62.53£596 Y 59.47 +2.01

60 DAH 83.10 +3.53 *% 82.22+2.21 % 83.46 +2.48 * X 75.41 + 6.05 ©X 62.26+7.18"°




1090 36

(P>0.05), 25 ( I-12) 35 ,
(P<0.05)( 4) 60 , 25 ( I-13—
(P 15) 60 , Diet 1  Diet 2
< 0.05); Diet 3 ( 11-18—20)
(P < 0.05); Diet 1 ,
(P < 0.05), ( 3ad 11-18—20)
(P>0.05) 35 25 (
2.2 1I-16), 60 1I-21); s
25 ,
( I-1) 35 >
: 25 , :
) ( I-17 22)
( 1-2—06) , 35 , 25 s
25 R , ) )
, 60 , , ( 11-23)
( 1-7—9); , 35 ,
( 1-10 )
11) , R , 25
( 11-24—26)
25 , 25 s , ,
%3 EZRBEFFEHRAXEEHEBFEMPER KRGS SRIMKEEEH(MmU/mg )
Tab. 3 Specific activity (mU/mg protein) of leucine-aminopeptidase N (AN) in intestinal segment and in purified brush border membrane of
intestine of large yellow croaker larvae fed with the experimental diets at different days after hatching (DAH)
Diets Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
Specific activity of AN in intestinal segment
25 DAH 2787+ 11.42Y 27.87+11.42Y 27.87+11.42Y 27.87+1142Y 27.87+11.42
35 DAH 41.11+897" 39.27+8.06 " 28.99+11.64 Y 33.60+10.45Y 55.37+19.69
60 DAH 63.03£9.09 % 65.29+9.76 % 57.42+13.76*% 53.01£9.79°% 2579+9.62°
Specific activity of AN in purified brush border membrane of intestine
25 DAH 81.42+13.92Y 81.42+13.92Y 81.42+13.92Y 81.42+13.92 81.42+13.92Y
35 DAH 113.24£8.65Y 102.85 +32.75 %Y 93.44 +10.04 ¥ 86.85 £ 12.56 123.14 +£10.99
60 DAH 158.75 +£22.66 * % 141.15+5.09* % 143.59 + 32.40 X 97.56+8.58° 90.48 £ 14.18° Y

R4 BABARRE B KEEHS R R K SE B EREEE 5 (U/mg )

Tab. 4 Specific activity (U/mg protein) of alkaline phosphatase (AP) in intestinal segment and in purified brush border membrane of intes-

tine of large yellow croaker larvae fed with the experimental diets at different days after hatching (DAH)

Diets Diet 1 Diet 2 Diet 3 Diet 4 Diet 5
Specific activity of AP in intestinal segment
25 DAH 38.63 +12.03 % 38.63 +12.03 % 38.63 +12.03 % 38.63 +12.03 Y 38.63 +12.03 ¥
35 DAH 83.50 + 14.32 Y 79.32+£26.82 ¥ 77.79 + 14.72 ¥ 86.24 +26.26 73.79 + 15.35 %
60 DAH 131.04 £26.09 * * 139.15 £24.50 * 116.32 +£31.46° % 68.37 £14.51 °X¥ 70.05 £ 18.27°%
Specific activity of AP in purified brush border membrane of intestine
25 DAH 266.49 + 38.31 % 266.49 +38.31 Y 266.49 +38.31 Y 266.49 +38.31 Y 266.49 +38.31 Y
35 DAH 531.22+23.12Y 519.01 £ 58.46 * 498.96 + 31.64 % 476.83 £ 53.23 % 554.58 £ 60.19
60 DAH 779.32 +51.14 % 784.49 +79.36 X 638.11 £61.67 % 562.36+57.51 % 421.25+34.95%
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EVALUATION OF MICRODIETS AND FROZEN COPEPODS ON DIGESTIVE
ENZYME ACTIVITIES, INTESTINAL AND LIVER MICROSTRUCTURES OF
LARGE YELLOW CROAKER (PSEUDOSCIAENA CROCEAR.) LARVAE

YU Hai-Rui'?, Al Qing-Hui', MAI Kang-Sen', MA Hong-Ming',
José Luis Zambonino-Infante® and Chantal Louise Cahu®

(1. Key Laboratory of Mariculture (Ministry of Education), Ocean University of China, Qingdao 266003, China; 2. Key Laboratory
of Biochemistry and Molecular Biology in Universities of Shandong (Weifang University), College of Biological and Agricultural
Engineering, Weifang University, Weifang 261061, China; 3. Unité Mixte INRA-IFREMER de Nutrition des Poissons,
IFREMER, BP 70, 29280 Plouzané, France)

Abstract: A feeding trial was conducted to evaluate effects of three newly developed microdiets (MDs: Diet 1-Diet 3),
a mixed diet (Diet 4: Diet 3 combined with frozen copepods) and frozen copepods (Diet 5, control) on digestive enzy-
matic activities, intestine and liver microstructures of large yellow croaker (Pseudosciaena crocea R.) larvae, which had
an initial mean body weight of (13.80 + 0.40) mg from 25 to 60 days after hatching (DAH). The results showed that
trypsin activities exhibited no significant difference between fish fed with the MDs at 35 and 60 DAH, although those at
25 DAH showed lower trypsin activities, and there was no significant difference between fish fed with mixed diet and
frozen copepods. No significant differences were observed between fish fed with the experimental diets except frozen
copepods, the latter led to higher amylase activity at 35 DAH than at 25 and 60 DAH. As fish grew older, aminopepti-
dase N and alkaline phosphatase activities increased in fish fed with the experimental diets except for Diet 4 and Diet 5.
No lipid droplets were observed in anterior—mediate intestinal mucosa in 35-day-old fish that were fed with the experi-
mental diets with the exception of the Diet 4. Fish fed with the MDs presented deeper intestinal mucosa folds and su-
pranuclear vacuoles in the rectum, while rectal folds from fish fed with the frozen copepods were nearly flat and lacked
supranuclear vacuoles. Fish fed with the MDs displayed numerous lipid vacuoles in hepatocytes with nuclear migration.
Liver from fish fed with the mixed diet had numerous lipid vacuoles in hepatocytes with nuclear migration at 35 DAH
but such vacuoles decreased at 60 DAH. Liver from fish fed with the frozen copepods resulted in some intercellular
spaces, collapsed cytoplasm and pycnotic nuclei of hepatocytes that were similar to starvation condition. These results
indicated that suitable MDs could improve the development of digestive system of large yellow croaker larvae. Diet 1
can be used as basal formula for further research on nutrition and MD for large yellow croaker larvae because it was
superior to Diets 2 and 3.

Key words: Large yellow croaker larva; Digestive enzyme activity; Intestine; Liver; Microstructure; Microdiet
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1. 25 Cross-section of anterior intestine at 25 DAH; 2—6. 35 Diet 1—Diet 5 Cross-section of anterior
intestine from Diet 1—Diet 5 groups at 35 DAH; 7—11. 60 Diet 1—Diet 5 Cross-section of anterior intestine from Diet
1—Diet 5 groups at 60 DAH; 12. 25 Cross-section of rectum at 25 DAH; 13—15. 35 Diet 1—Diet 3
Cross-section of rectum from Diet 1—Diet 3 groups at 35 DAH
AIL. anterior intestine lumen; E. Epithelium; LV. lipid vacuoles; RL. rectal lumen; SV. su-

pranuclear vacuoles; DAH. days after hatching



1096

36

r‘._i-i:ﬁﬁ =

ST
3 .‘. 1

II Plate II
16 17.35 Diet 4—Diet 5

Cross-section of rectum from Diet 4—Diet 5 groups at 35 DAH; 18—22. 60
Cross-section of rectum from Diet 1—Diet 5 groups at 60 DAH; 23. 25

Liver from Diet 1—Diet 5 groups at 35 DAH; 29—33. 60
E. Epithelium; L. liver; RL.
intercellular space; **.

Diet 1—Diet 5

Diet 1—
Liver from Diet 1—Diet 5 groups at 60 DAH
supranuclear vacuoles; LD.

condensed nuclei

Liver at 25 DAH; 24—28. 35
Diet 5

Diet 1—Diet 5
rectal lumen; SV.

lipid droplets; *.
collapsed cytoplasm; ***,



