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This study investigated the effects of dietary cactus Opuntia ficus-indica stem and fruit extract on the growth, flesh
quality, lysozyme activity, and histological changes of growing Korean rockfish Sebastes schlegeli. Three replicates
of fish (152 g/fish) were fed one of the following diets: containing 0 additions (control); 0.1, 0.5, or 1.0% cactus
stem powder; or 1.0% fruit extract for 11 weeks. Growth performance did not differ significantly among treat-
ments, including survival, final weight, feed efficiency, and daily feed intake. The experimental diets did not affect
the proximate and fatty acid compositions, plasma biochemistry, or dorsal muscle texture of the fish. However, the
plasma lysozyme activity of the fish fed the diet containing 0.1% cactus stem was significantly higher than that of the
fish fed the control diet. These fish had variously sized lipid vacuoles in the liver tissue compared with the control.
Distinct mucosal folds and mucus-secreting goblet cells developed in the fish fed the diet containing 1% cactus stem
compared with the other dietary groups. These results suggest that feeding growing Korean rockfish cactus stem
might increase the plasma lysozyme activity and induce histological changes in the gastrointestinal tract that might
be related to digestion.
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Table 1. Ingredients and nutrient contents of the experimental diets
Diets
Con CSP0.1 CSP0.5 CSP1.0 CFE1.0

Ingredients (%)

Brown fish meal’ 62 62 62 62 62
Soybean oil 6 6 6 6 6

Wheat flour 25 249 245 24 24
Cactus stem powder 0.1 0.5 1

Cactus fruit extract 1

a-Cellulose 3 3 3 3 3
Vitamin premix2 2 2 2 2
Mineral premix3 2 2 2 2 2

Proximate composition (%, dry matter basis)
Crude protein 495 489 492 486 485
Crude lipid 142 143 142 142 142

Ash 108 10.8 108 106 10.7
'Produced in Chile. *Vitamin premix contained the following

amount which were diluted in cellulose (g/kg premix): L-ascorbic
acid, 121.2; DL-a-tocopheryl acetate, 18.8; thiamin hydrochloride,
2.7; riboflavin, 9.1; pyridoxine hydrochloride, 1.8; niacin, 36.4;
Ca-D-pantothenate, 12.7; myo-inositol, 181.8; D-biotin, 0.27; folic
acid, 0.68; p-aminobenzoic acid, 18.2; menadione, 1.8; retinyl ac-
etate, 0.73; cholecalciferol, 0.003. 3Mineral premix contained the
following ingredients (g/kg premix): NaCl, 43.3; MgSO,-7H,0,
136.5; NaH,PO,-2H,0, 86.9; KH,PO,, 239; CaHPO,, 135.3; Fer-
ric citrate, 29.6; ZnSO,-7H,0, 21.9; Ca-lactate, 304; CuCl, 0.2;
AlCI,-6H,0, 0.15; KI, 0.15; MnSO,-H,0, 2.0; CoCl,-6H,0, 1.0.
CON; control, CSP; cactus stem powder, CFE; cactus fruit extract.
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Table 2. Growth performance of Korean rockfish Sebastes schlegeli fed the experimental diets for 11 weeks

Diets

Con CSP0.1 CSP0.5 CSP1.0 CFE1.0
Initial mean weight (g/fish) 151+0.5™ 153+0.9 153+0.6 151+0.6 151+0.8
Survival (%) 92+8.0" 95+5.3 99+1.3 91+7.4 97+1.3
Final mean weight (g/fish) 23244 .91 234+3.2 23371 230+5.0 237+4.7
Feed efficiency (%)’ 7914.3™ 84+1.2 85+1.8 83+4.2 86+1.8
Protein efficiency ratio? 1.62+0.09™ 1.73+0.02 1.71£0.03 1.700.08 1.7410.03
Daily feed intake® 0.660.04" 0.62+0.03 0.64+0.03 0.64+0.02 0.66+0.03
Condition factor* 1.7+0.07s 1.6+0.07 1.620.07 1.7+0.02 1.6+0.08
Hepatosomatic index® 2.6+0.24" 2.4+0.14 2.6+0.20 2.9+0.16 2.4+0.07
Viscerasomatic index® 4.6+0.02m 4.3+0.49 5.0+0.60 5.2+0.28 4.7+0.27

'Fish wet weight gainx100/feed intake (dry matter). Fish wet weight gainx100/protein intake. *Feed intake (dry matter)x100/[(initial fish
weight+final fish weight+dead fish weight)xdays fed/2]. *Fish weight (g)><100/fish length (cm)?. *Liver weightx100/body weight. *Viscera
weight x100/body weight. ®Not significant (P>0.05). CON; control, CSP; cactus stem powder, CFE; cactus fruit extract. Values (mean+SE
of three replications) in each row with the different superscript are significantly different (P<0.05).
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Table 3. Proximate composition of the dorsal muscle, liver and
viscera in Korean rockfish Sebastes schlegeli fed the experimental
diets for 11 weeks

Diets Moisture (%) Crude protein (%) Crude lipid (%)
Dorsal muscle
Con 74.8+0.20m 22.0+0.09 2.0+0.27n
CSPO0.1 75.0+0.24 22.5+0.18 1.4+0.26
CSP0.5 75.2+0.10 21.9+0.21 1.6+0.15
CSP1.0 75.1+0.22 22.4+0.44 1.5+0.18
CFE1.0 74.9+0.46 22.6+0.33 1.4+0.25
Liver
Con 59.140.85% 10.4+0.12" 19.741.47"
CSPO0.1 59.8+0.61° 10.7£0.19 16.9+0.83
CSP0.5 56.8+0.902 10.0£0.01 17.5+1.65
CSP1.0 59.5+0.62° 10.3+0.12 18.6+0.31
CFE1.0 61.3+0.97° 10.6+0.25 18.1+£1.91
Viscera
Con 37.31£0.45™ 8.0+0.98™ 51.8+2.02"
CSPO0.1 40.3+£1.89 7.0£0.41 50.1+1.17
CSP0.5 34.6+2.82 7.5£0.38 54.6+3.48
CSP1.0 34.1+0.52 7.1£0.26 56.2+0.93
CFE1.0 37.5+1.60 7.0£0.23 53.1+1.37

*Not significant (P>0.05). CON; control, CSP; cactus stem pow-
der, CFE; cactus fruit extract. Values (mean+SE of three replica-
tions) in the same column not sharing a common superscript letter
are significantly different (P<0.05).
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Fig. 1. Histological changes of the liver of the Korean rockfish
Sebastes schlegeli fed the experimental diets for 11 weeks (H&E
stain, x400). Arrows; hepatocyte contain intracytoplasmic lipid,
Arrowheads; lipid vacuole. CON; control, CSP; cactus stem pow-
der, CFE; cactus fruit extract.

Fig. 3. Histological changes of the intestine in Korean rockfish
Sebastes schlegeli fed the experimental diets for 11 weeks (H&E
stain, x400). Arrows; mucosal fold, Arrowheads; mucus-secreting
goblet cell. CON; control, CSP; cactus stem powder, CFE; cactus
fruit extract.

ok AzE sefo| B AFs M A 2717 (Leica, Germany) =
hematoxyline and eosin (H&E) B2 sttt AAH 2238
g Fsldn| 7 (CarlZeiss, Germany) 2.2 284 bz 9l
/\}7\]51&1 2°_ A] /\] ‘-"]'ME]'-

=202 &
SHXE

AL EA A= SPSS 2 T7Le ARE-5}o] One-way
ANOVA testE 414513l Duncany ANOVA test) cus buffer
(pH 6.2) (GOT= 7t 7o A48ttt

Fig. 2. Histological changes of the stomach in Korean rockfish
Sebastes schlegeli fed the experimental diets for 11 weeks (H&E
stain, x400). CON; control, CSP; cactus stem powder, CFE; cactus
fruit extract.
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L 0.5%, 1% H7H- 2 Gl 1% d7te d2teh B ] S7HE A 5ol oA S U
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Table 4. Fatty acids composition (% of total fatty acids) of the liver in Korean rockfish Sebastes schlegeli fed the experimental diets for 11

weeks
Diets

Con CSPO0.1 CSP0.5 CSP1.0 CFE1.0
Fatty acids
C14:0 1.7£0.2m 1.620.1 1.5£0.1 1.910.2 1.840.2
C16:0 15.410.9m 14.1£0.6 14.2+0.3 15.3£0.3 14.3£0.4
C16:1n 6.4+0.9" 5.6+0.6 5.740.7 6.3+0.2 6.0£0.8
C17:0 0.3+0.2" 0.5+0.1 0.840.5 0.9+0.5 0.9+0.1
C17:1n 0.3£0.1m 0.5+0.1 0.3+0.2 0.6£0.4 0.91£0.2
C18:0 5.3£0.3™ 5.210.2 5.1+0.3 5.540.2 4.9+0.4
C18:1n-9 32.2+1.6™ 28.9+0.6 29.0+0.6 30.8+0.4 30.3x1.4
C18:2n-6 21.5+2.2™ 24.1+0.9 23.0x1.4 20.4+0.9 22.2+1.2
C18:3n-3 2.4+0.3™ 2.620.1 2.7+0.1 24+0.1 2.4+0.1
C20:0 1.8+0.1™ 1.8+0.1 1.7+0.2 1.9+0.3 1.8+0.1
C20:1n-9 0.7£0.1m 0.6£0.1 0.9+0.2 0.5+0.3 0.240.2
C20:3n-3 0.940.1m 1.0£0.1 1.120.1 1.1+£0.1 1.0£0.1
C20:4n-6 0.3+0.1™ 0.5+0.1 0.24£0.2 0.1£0.1 0.3+0.2
C20:5n-3 3.1+0.3™ 3.9+0.3 3.9+0.1 3.240.2 3.7+0.4
C22:0 0.3+0.1 0.5£0.1 0.5£0.3 0.5£0.3 0.3+0.2
C22:3n-3 0.5+0.3™ 0.6+0.1 0.7£0.3 0.9+0.2 0.7+0.1
C22:5n-3 1.2£0.1m 1.520.1 1.4£0.1 1.2£0.1 1.410.2
C22:6n-3 5.840.6™ 6.7£0.4 7.3:0.4 6.6£0.5 7.0£0.7

"Not significant (P>0.05). CON; control, CSP; cactus stem powder, CFE; cactus fruit extract. Values are mean+SE of three replications.

Table 5. Plasma biochemical parameters of Korean rockfish Sebastes schlegeli fed the experimental diets for 11 weeks

Diets Total protein (g/100 mL) Triglyceride (units/L)  Total cholesterol (mg/100 mL) GOT! (units/L)
Con 4.740.57m 310+101m 25751 2616.1m
CSP0.1 4.610.46 2761119 238+46 27+7.2
CSP0.5 4.9+0.36 202446 277461 24158
CSP1.0 5.0+0.88 184155 297470 2617.2
CFE1.0 5.5+0.60 259+47 322423 2413.6

!Glutamic-oxaloacetate transaminase. ™Not significant (P>0.05). CON; control, CSP; cactus stem powder, CFE; cactus fruit extract. Values
are mean+SE of three replications.
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Table 6. Physical properties of the dorsal muscle in Korean rockfish Sebastes schlegeli fed the experimental diets for 11 weeks

Diets
Con CSPO0.1 CSP0.5 CSP1.0 CFE1.0
Gumminess (g) 240+13.7 274+21.0 263+22.7 265+9.4 228+15.9
Hardness (g/cm?) 185+11.8™ 214+15.7 205+20.1 200+7.4 175+12.7
Strength (g/cm?) 240+14.9m 281+21.1 264+25.8 259+9.2 232+15.0

"Not significant (P>0.05). CON; control, CSP; cactus stem powder, CFE; cactus fruit extract. Values are mean+SE of three replications.

Table 7. Lysozyme activity of plasma for Korean rockfish Sebastes schlegeli fed the experimental diets for 11 weeks

Diets
Con CSPO0.1 CSP0.5 CSP1.0 CFE1.0
Lysozyme activity (units/mL) 420426.0% 540+32.0° 496+35.8 409424.3% 355+37.0°

CON; control, CSP; cactus stem powder, CFE; cactus fruit extract. Values (mean+SE of three replications) in the same row not sharing a

common superscript letter are significantly different (P<0.05).

Table 8. Morphological and histological features of the digestive tract in Korean rockfish Sebastes schlegeli fed the experimental diets for

11 weeks
Digestive tract
Mucosal fold Form Mucosal fold Length(um) Goblet cell Numbers/mucosal fold

Con regular branch 352.2+55.4 1947
CSPO0.1 regular branch 628.9+51.7 1614
CSP0.5 regular branch 852.4+33.7 2547
CSP1.0 complex branch 926.7+90.7 3716
CFE1.0 regular branch 453.3+60.1 23+10

CON; control, CSP; cactus stem powder, CFE; cactus fruit extract. Values are mean+SE of three replications.
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