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Abstract
Phromkunthong, W.%, Udom, U.t, Supamattaya, K.* and Kiriratnikom, S.2
Effects of spirulina carotenoid on carotenoid deposition and immunity in

sex-reversed red tilapia
Songklanakarin J. Sci. Technol., 2007, 29(5) : 1301-1319

A study was conducted in 235-| glass tanks filled with 180-1 water using closed recirculation water
system of 1.2 I/min flow rateto deter minethe effects of spirulina carotenoid on itsaccumulation and immune
in sex-reversed red tilapia. Feeding trial comprised 8 treatmentswith 3 replications each. Twenty fish of 21
g initial weight were stocked in each tanks into which feed were given in 2 rations daily over an 8 weeks
period of study with completely randomized design. All feeds tested contained 30% protein, 6% lipid and
3,400 K cal digestible energy/kg feed. Formula 1 feed was controal, i.e., without fortified carotenoid; formulae
2, 3 and 4 were with 200 mg/kg feed of fortified synthetic carotenoids, i.e., astaxanthin, zeaxanthin and
bata-carotene, respectively. Dried spirulina were incorporated in feed formulae 5 to 8 to obtain carotenoid
concentration 50, 100, 150 and 200 mg/kg feed, respectively. Results showed that neither synthetic nor
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spirulina carotenoid produced an effect on fish growth or survival. Analysis of total carotenoid showed both
sources of carotenoid elevated carotenoid content and color index in proportional to carotenoid level
fortification. Highest accumulated carotenoid content was noted in feed with zeaxanthin in the feed though
not different from that with 150 mg/kg spirulina carotenoid. Antibody against Streptococcus agalactiae was
enhanced with carotenoid fortification in all formulae except that with beta-carotene. Carotenoid in the feed
has no effect on total hemoglobin and hematocrit, though it increases red blood cell and white blood cell
(p<0.05).
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Table 1. Proximate analysis of feed ingredients (% air-dry basis)?

Feed ingredients Moisture  Protein Fat Ash Crudefiber NFE  Carotenoid (mg/kg)
Fish meal 5.9740.01 70.90+0.94 9.53+0.06 19.14+0.12 0.76+0.01 0.29+0.08 -

Palm kernel cake  4.50+0.01 16.86+0.33 10.60+0.35 4.25+0.01 16.93+0.21 51.36+0.20 -
Soybean meal 7.91+0.01 45.74+055 259+0.18 7.36£0.00 5.73+0.07 38.58+0.43 -

Rice flour 7.90+0.36 7.97+0.12 1.24+0.11 0.29+0.00 0.27+0.01 90.24+0.23 -

Broken rice 9.54+0.03 9.03+0.01 2.69+0.05 4.33+t0.05 0.81+0.01 83.15+0.11 -
Spirulina sp. 457+0.07 54.29+0.01 5.36+0.00 6.87+0.04 1.96+0.05 31.54+0.01 1,706.86

M ean + standard deviation of threereplications

NFE: nitrogen free extract
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Table 2. Composition of experimental diets (% asfed basis)

Ingredients Diet formulae (%)

(9/100 g feed) 1 2 3 4 5 6 7 8
Soybean meal 40 40 40 40 38 35 32 29
Fish mea 12 12 12 12 10 9 8 7
Broken rice 10 10 10 10 10 10 10 10
Palm kernel cake 14 14 14 14 14 14 14 14
Rice flour 10 10 10 10 10 10 10 10
Fish ail 2 2 2 2 2 2 2 2
Vitamin mixtures 1 1 1 1 1 1 1 1
Mineral mixtures 3 3 3 3 3 3 3 3
Choline chloride 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6
Astaxanthin 0.24
Zeaxanthin 0.48
[B-carotene 0.24
Soirulina sp. 3.57 7.14 10.71 14.28
Rice hull 7.4 7.16 6.92 7.16 7.83 8.26 8.69 9.12
Total 100 100 100 100 100 100 100 100
Digestible Energy 33935 33935 33935 33935 33859 33818 33777 33736
(Kcl/1 kg feed)

Vitamin mixture (mg/kg feed): Thiamine (B,) 10; Riboflavin (B,) 20; Pyridoxine (B,) 10, Cobalamine
(B,,) 2, Retinal (A) 4,000 1U; Cholecalciferol (D,) 2,000 IU; Menadione sodium bisulfite (K) 80;
Folic acid 5; Calcium pantothenate 40; Inositol 400 ; Niacin 150; Tocopherol (E) 50; Biotin 1; Ascorbic

acid (C) 500

Mineral mixture (g/kg feed) : Na 3.278; Mg 25.25; K 76.612; Ca 49.096; Fe 4.821; Zn 0.667; Mn 0.433;
Cu 0.069; Co 0.00198; | 0.01

Table 3. Proximate analysis of experimental diets (% air-dry basis)?®

Experimental

Composition (%)

group Moisture Protein Fat Ash Crudefiber NFE Carotenoid
(mg/kg)
1 (Contral) 6.76+0.02 30.70+0.26 6.13+0.23 10.24+0.01 7.80+0.03 45.13+0.07 3.79+0.24
2 (astaxanthin) 7.25+0.00 30.66+0.43 6.35+0.42 10.30+0.03 7.56+0.35 45.14+0.37 185.63+3.94
3 (zeaxanthin) 555+0.15 30.32+0.52 6.27+0.38 10.17+0.05 7.52+0.67 45.72+0.75 199.18+1.17
4 (B-carotene) 525+0.06 30.17+0.20 6.38+0.36 10.19+0.03 7.63+0.10 45.62+0.22 200.42+4.31
5 (carotenoid of spirulina
50 mg/kg) 8.16+0.14 30.88+0.15 6.50+0.48 9.98+0.05 7.83+0.20 44.82+0.38 56.71+2.83
6 (carotenoid of spirulina
100 mg/kg) 6.61+0.09 30.57+0.09 6.37+0.10 9.95+0.10 7.86+0.16 45.24+0.25 108.22+1.49
7 (carotenoid of spirulina
150 mg/kg) 8.22+0.06 30.45:+0.84 6.29+0.16 9.80+0.02 7.93+0.03 45.54+0.63 150.51+4.94
8 (carotenoid of spirulina
200 mg/kg) 6.47+0.03 30.35+0.18 6.13+0.07 9.82+0.00 7.96+0.23 45.74+0.49 201.66+1.26

IMean + standard deviation of threereplications

NFE: nitrogen free extract
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wigavladeiuvesdmtiauasuasinenis 8 ¥ans
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naass Wuldluwumadeduihminmasvesdan ua
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1 1 v
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danmsseamevasanlasuerminaasany 8
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(Table 5)

4. sanmauasuemsluiie dsz nEanmsly
Wseiu wazmislidssleminnllsiv ng

o Py | 491 a a [

danmsasuomsiuiie Ysz nimwmsly

Table 4. Average body weight of sex-reversed red tilapia fed the experimental dietsfor 8 weeks (g)*

Experimental Rearing period (week)
group 0 2 4 6 8
1 (Control) 21.27+0.16 36.08+1.92*¢ 53.561+4.96* 77.20+6.50* 101.70+8.322
2 (astaxanthin) 21.27+0.18 35.49+1.46* 52.05+259* 7359+3.44% 95.27+6.442
3 (zeaxanthin) 21.27+0.09 34.85+0.43* 51.95+3.51% 75.08+7.25* 96.58+10.31%
4 (B-carotene) 21.27+0.12 34.82+1.79 51.52+527% 73.20£7.95% 95.92+10.24°
5 (carotenoid of spirulina50 ppm)  21.25+0.15 34.72+0.38* 50.67+1.86° 71.99+5.58° 94.43+9.24°
6 (carotenoid of spirulina100 ppm) 21.26+0.13 34.34+0.98* 49.95+2.49* 71.99+2.98* 95.28+5.16°
7 (carotenoid of spirulina150 ppm) 21.30+0.10 35.57+1.51% 53.42+4.84* 77.06+8.86* 99.13+9.69°
8 (carotenoid of spirulina200 ppm) 21.27+0.04 35.41+0.64* 52.09+1.50*% 74.16+2.64* 97.38+5.30°

Mean + standard deviation of threereplications
M ean within each column not sharing a common superscript are significantly different (p<0.05)
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Table 5. Weight gain, aver age daily gain, rate of feed intake and survival of sex-reversed red tilapia
fed the experimental diets

Experimental Weight gain  averagedaily gain  rateof feed intake  survival
group (%) (% /body weight/day) (g/ body weight/day) (%)
1 (control) 378.23+£38.642 1.44+0.15 3.14+0.08* 100+0.007
2 (astaxanthin) 348.12+33.807 1.32+0.122 3.21+0.03* 100+0.007
3 (zeaxanthin) 354.30+£50.422 1.34+0.19° 3.15+0.072 100+0.007
4 (B-carotene) 351.09+48.53° 1.33+0.18? 3.23+0.03*° 100+0.007
5 (carotenoid of spirulina50 ppm)  344.20+41.407 1.31+0.16° 3.39+0.05¢ 100+0.007
6 (carotenoid of spirulina 100 ppm) 348.28+25.40% 1.32+0.09? 3.28+0.10 100+0.007
7 (carotenoid of spirulina 150 ppm) 365.34+43.34% 1.39+0.172 3.28+0.05" 100+0.007
8 (carotenoid of spirulina200 ppm) 357.91+24.06* 1.36+0.09° 3.33+0.05™ 98.33+2.89%

IMean + standard deviation of threereplications

M ean within each column not sharing a common superscript are significantly different (p<0.05)

Table 6. Feed conversion ratio (FCR), protein efficiency ratio (PER) and
apparent net protein utilization (ANPU) of sex-rever sed red tilapia

fed the experimental diets'

Experimental group FCR PER ANPU (%)
1 (Control) 1.35+0.072 2.42+0.13° 51.45+1.17¢
2 (astaxanthin) 1.42+0.04%* 2.30£0.07® 43.10+£0.04~
3 (zeaxanthin) 1.39+0.10* 2.38+0.17° 43.75+0.21%
4 (B-carotene) 1.43+0.07%* 2.33t+0.11» 45.43+1.22¢
5 (carotenoid of spirulina 50 ppm) 1.51+0.07° 2.15+0.118 43.53+1.82~
6 (carotenoid of spirulina 100 ppm) 1.45+0.04% 2.26+0.06* 41.14+0.35°
7 (carotenoid of spirulina 150 ppm) 1.42+0.05%¢ 2.31+0.08* 45,38+0.04¢
8 (carotenoid of spirulina 200 ppm) 1.47+0.03 2.24+0.03* 37.63+0.442

Mean + standard deviation of threereplications
Mean within each column not sharing a common superscript are significantly different

(p<0.05)

Tsdu wazmslddszlominnllsiu nivesmiiauns
1 Vv
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mlsnuesand 4 unasnt suluerns udanlasy
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Table 7. Whole body composition (%) of sex-reversed red tilapia fed the experimental diets
for 8week 1 (% on dry matter basis)

Experimental group Moisture Protein Fat Ash
Fishinitia 72.61+1.18 50.50+0.33 23.08+0.65 15.91+0.45
1 (Control) 71.32+0.33 57.49+0.26° 24.10+0.46° 13.79+0.08*
2 (astaxanthin) 73.84+0.55  58.76+0.39%  17.45+0.01° 16.89+0.24%
3 (zeaxanthin) 73.30+0.69¢  59.54+0.37¢ 20.89+0.91° 15.03+0.59
4 (B-carotene) 72.16+0.73*  56.03+0.09% 22.43+0.08" 15.45+0.30~
5 (carotenoid of spirulina 50 ppm) 72.94+0.80%  56.24+0.14% 21.15+0.56° 15.58+0.01
6 (carotenoid of spirulina 100 ppm) 74.88+1.69*  58.04+0.59*  20.58+0.08° 16.05+0.19+
7 (carotenoid of spirulina 150 ppm) 74.41+0.85¢  59.40+0.70¢ 18.79+0.31° 17.50+0.19°
8 (carotenoid of spirulina 200 ppm) 76.08+1.04° 57.61+0.36° 18.55+0.31° 17.35+0.76°

Mean + standard deviation of threereplications

M ean within each column not sharing a common superscript are significantly different (p<0.05)

Table 8. Blood parameters of sex-reversed red tilapia fed the experimental diets!

Experimental Hemoglobin  Hematocrit Whiteblood cell Red blood cell Plasma protein
group (g/dl) (%) (x10* cell/mm®)  (x10°cell/mm?) (g/dl)
1 (Contral) 7.14+0.37¢  35.52+5.372 8.11+0.2% 1.64+0.28° 4.16+0.50°
2 (astaxanthin) 7.13+1.03*  29.84+3.60F  12.62+2.28% 2.60+0.59 3.56+0.322
3 (zeaxanthin) 7.74+0.88°  32.44+35%*  11.18+1.62* 2.86+0.59 3.25+0.46°
4 (B-carotene) 7.38£t0.57¢  32.10£3.89*  10.80+2.28%° 2.73£0.98° 3.63+0.19®
5 (carotenoid of spirulina 50 ppm) 7.64+1.00¢0  33.63£7.43*  14.19+1.62¢ 2.64+0.41° 3.67+0.16®
6 (carotenoid of spirulina 100 ppm) 7.81+1.19*  31.72+6.24*°  12.67+2.424 2.62+1.26° 3.70+0.39®
7 (carotenoid of spirulina 150 ppm) 7.51+0.75*  33.49t5.88*  11.73+1.20~ 2.74+0.30° 3.51+0.86°
8 (carotenoid of spirulina 200 ppm) 7.68+0.61*  33.78£7.05%  12.72+2.54 2.61+0.30° 3.46+0.172

Mean + standard deviation of threereplications

M ean within each column not sharing a common superscript are significantly different (p<0.05)

Tylawr 150 wn/emms 1 an. _andaitldsy
o1IYAAILAN (Table 7) finadlviulugaarii
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waz Wilawndia snnalugenivau (Table 7)
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Tnaduuazdinlansavesmnlasumlsiuesdnnuvids
faq Wiianuuaneaiu (p<0.05) (Table 8)

7. “vinamavesdartia
s 1A a o w d' Yo
Namsiad1 " vinaddvesdanlasveims
,A3a 9 wuhianuuandaiudan aglily Table 9
Tagnuin Mmanu N9 (L-value) vosdanlasuerms
L Sumlsfivesdannnnunds endumnua-ualsiui
fmnhidanlasuemsyanivan (p<0.05) (Table 9)



2. qUaIUASUNS M.
9 29 23iu9 5 n.8. - a.a. 2550

navasmlsiivesaain lislanludatiauasuasna
1311

JANT WIVNYUNDY LaTAME

Table 9. Color values(L, a, b) of sex-reversed red tilapia fed the experimental diets

for 8 week?
Experimental group L value avalue b value
1 (Control) 52.37+3.66*  -1.86+0.807 -2.12+1.022
2 (astaxanthin) 47.83+2.51° 3.09+1.88° 6.36+2.68~
3 (zeaxanthin) 40.04+4.13* 9.10+2.19° 4.92+1.67°
4 (B-carotene) 55.12+3.75¢ -1.46+1.33* 0.33+2.22°
5 (carotenoid of spirulina 50 ppm) 49.82+2.08* 2.26+1.03° 7.13+1.94«
6 (carotenoid of spirulina 100 ppm) 48.50+3.85* 3.79+2.67*  555+1.49°
7 (carotenoid of spirulina 150 ppm) 41.84+2.15° 7.17+0.98¢ 6.03+1.30°
8 (carotenoid of spirulina 200 ppm) 46.71+2.55° 5.33+0.73¢  8.44+2.85¢

Mean + standard deviation of threereplications

Mean within each column not sharing a common superscript are significantly different (p<0.05)
L value (Brightness), a value (Red-Green), b value (Yellow-Blue)

Table 10. Antibody titer of sex-reversed red tilapia fed
the experimental dietsfor 8 week *

Experimental group

Antibody titer

1 (Control)

2 (astaxanthin)
3 (zeaxanthin)
4 (B-carotene)

5 (carotenoid of spirulina 50 ppm)

6 (carotenoid of spirulina 100 ppm)
7 (carotenoid of spirulina 150 ppm)
8 (carotenoid of spirulina 200 ppm)

1:8°

1:16°
1:32¢
1:8°

1:16°
1:32¢
1.64¢
1.64¢

M ean + standard deviation of threereplications
M ean within each column not sharing a common superscript are

significantly different (p<0.05)

= Y o oA oA N o q Y1
F9 AAADIAUNWUINND L-value 1 azilval a-
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Table 11. Carotenoid content in whole body of sex-rever sed
red tilapia fed the experimental dietsfor 8 week
(% on dry matter basis)*

Experimental group

Carotenoid content (ppm)

1 (Control)

2 (Astaxanthin)
3 (Zeaxanthin)
4 (B-carotene)

5 (carotenoid of spirulina 50 ppm)

6 (carotenoid of spirulina 100 ppm)
7 (carotenoid of spirulina 150 ppm)
8 (carotenoid of spirulina 200 ppm)

7.28+0.49a
18.58+1.22¢c
31.69+1.66f

8.37+2.65a
15.58+1.05b
21.40+1.00d
30.55+0.59 f
28.10+0.23 e

IMean + standard deviation of threereplications
M ean within each column not sharing a common superscript are

significantly different (p<0.05)
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