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Effects of Feed Rate and Screw Speed of Extruded Diets on Growth and
Body Composition of Olive Flounder Paralichthys olivaceus
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Hyun-Sob Han
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The aim of this study was to investigate the effect of diet extruder conditions, such as feed-loading rate and screw
speed, on growth performance and biochemical responses in olive flounder Paralichthys olivaceus. Over 8 wks, we
used four identical diets (triplicated per treatment) with differing ratios of feed-loading rate (kg/h):screw speed (rpm/
min) in a laboratory-scaled twin-screw extruder of 50:640, 80:640, 120:640, and 80:400, designated as EP1, EP2,
EP3, and EP4, respectively. Screw speed impacted the buoyancy of experimental diets. Diets produced at a screw
speed of 640 rpm/min floated for > 24 hrs, whereas those produced at a speed of 400 rpm/min sank between 10 s and
5 min. Fish that were fed EP1 and EP4 diets grew significantly faster than those fed EP2 and EP3 diets. Fish fed EP1
diets ate and gained weight most efficiently among treatments, a result that is likely to be related to feed-loading rate,
i.e., ingredients extruded at a low feed-loading rate may have more time to cook in the pre-conditioner of the extruder.
A cooked diet may be easier to digest in fish. Fish fed EP4 diets also showed significant weight gain, as compared
to those fed EP2 and EP3 diets. However, we found no differences among treatments in proximate compositions of
dorsal muscle, liver, and viscera of fish. Our results suggest that extruder conditions, may influence feed quality,

impacting feed efficiency and growth of fish.
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Table 1. Ingredients and nutrient compositions of the experimental diet
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Diets
EP1 EP2 EP3 EP4

Ingredients (%)

Brown fish meal 61.1 61.1 61.1 61.1

Soybean meal 9.75 9.75 9.75 9.75

Squid meal 3.8 3.8 3.8 3.8

Wheat gluten meal 3.0 3.0 3.0 3.0

Wheat flour 16.5 16.5 16.5 16.5

Squid liver oil 20 2.0 2.0 2.0

Vitamin mix 0.63 0.63 0.63 0.63

Mineral mix 1.3 1.3 1.3 1.3

Choline chloride 0.3 0.3 0.3 0.3

Others 1.62 1.62 1.62 1.62
Proximate composition (dry matter basis)

Crude protein (%) 55.5 54.7 55.1 55.4

Crude lipid (%) 8.4 8.5 8.0 8.2

Ash (%) 13.0 13.5 13.1 13.0
Table 2. Extruder operating conditions and floating time of experimental diet

Diets
EP1 EP2 EP3 EP4

Feed rate (kg/h)' 50 80 120 80

Screw speed (rpm/min)? 640 640 640 400

Conditioner temperature (‘C) 75 75 75 75

Barrel temperature ('C) 100-115 100-115 100-115 100-115

Floating time 24 hours 24 hours 24 hours 10 sec to 5 min

'Maximum feed rate:150 kg/h.
“Maximum screw speed: 800 rpm/min.
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Table 3. Growth performance and feed efficiency of flounder fed experimental extruded pellets (EP1, EP2, EP3 and EP4) with different feed

rate and screw speed for 8 weeks

Diets’
EP1 EP2 EP3 EP4
Initial mean weight (g/fish) 149+41.7™ 149+0.3 147+0.9 148+1.3
Final mean weight (g/fish) 286+2.22 262+9.9° 257+3.8° 2824212
Mean weight gain (g/fish) 137+3.12 112+9.8° 11044.7° 133+3.42
Feed efficiency (%)? 10245.32 9313.12% 87+1.1° 95+3.7%
Daily feed intake (%)* 1.8610.10" 1.9310.06 2.0610.03 1.8810.07

Values (mean+SE of three replications) in each row with the different superscript are significantly different (P<0.05).
'Feed rate (kg/h)/screw speed (rpm/min) in experimental diets: EP1, 50/640; EP2, 80/640; EP3, 120/640; EP4, 80/400.

Fish wet weight gain x 100/feed intake (dry matter).

3Feed intake (dry matter) x 100/[(initial fish weight + final fish weight + dead fish weight) x days fed/2].



580

[e)
LT

= 23hal7]0] goIgt Aolo, 227 U4E 2712 At
S7RRFEPY A 3= of 7 Al ol A1 &] 43 9 ALz o] 885 A
SHAI = QS Al o & HThETh AR Al e pFol Ao F
o] wheba] S91oll Wl F/dAtRSE E40llA 7Hetet
WARE 2T = o, didE2 Ak 3 Aot &
A 59 S Aetsto] tidFo] Al H ol Agket &
o] Ak 2 A 25 ofof g ol A 9] A YAl thi
82 24 QAN FA RIS AHLE A 3le] ol 2ol
AL Qiek. whebA] Y] ARS8 EP Al A =2 WellAl g9 A
2 437Hgolat BAES §Aan, 24 W 2ol 43w 4
= Aol #9] YoM 2357 SAEEE Ye 2ol |
A A48 EPe] 21 941 Slafol 1412 2 0.2 Tkt

Aol JAEREE AMESE EP Al2A] dadddE
S EEPREREETE P P ST
A&ror = 98 3ude o] AT EP A9 A% 9
AEE G| Aeteh ATHE ot ARUR T W
= AERYO oH|7}E 4=E2 4 7|(conditioner)ol| ALY
27 HEEE ARt G nRIth AR YR a2
279, olulrbe 271U A=) 28 9 o) 7144

o

i
>

= T

= Algto] S7tete] Al z=E EPQ] oA o] 8/ FakE v
= 9JS Ao 2 FetkE L) Barrows et al. (2007)2] dT-ofl A =
8 FFEHEEE 27 ko] A3 EPE TR S0 & AR
St A3}, AT 9 ALRAF & F-23t AfolE Bt 1

L2 AelA] Agols] YUARMARE ARFHF L 2
25 S Eo] JES WA gsket. o] T AR S 3
ol 1%, AR YR A W ARIF 22 Folo] 9

o)

A0 BT,
AlS]

sy =

ot ool2et Ane =

Az 27 AR bR B4 o

ox et
Ab AL
AP S AR A A AR A Y B

3] ¢19L, RP-2014-AQ-90)2] x| ¢of| o]af &4 =] gy Th

References

o] 2%, 7H ul Al

olEpA B

21v o

2 ~395 IAEEE 2 Az
A9 AR a el g nHen,
TAEA7|AL 2357 B3

Atrago] AR 27E 23
o, EP Al 25 915 o AERE 9] A
ol 71018 = Sl

g ool

Barrows FT, Stone DAJ, Hardy RW. 2007. The effects of ex-
trusion conditions on the nutritional value of soybean meal
for rainbow trout (Oncorhynchus mykiss). Aquaculture 265,
244-252. http://10.1016/j.aquaculture.2007.01.017.

Chevenan N, Rosentrater KA and Muthukumarappan K. 2008.
Effect of DDGS, moisture content, and screw speed on
physical properties of extrudates in single-screw extru-
sion. Cereal Chem 85, 132-139. http://dx.doi.org/10.1094/

Table 4. Proximate composition of flounder fed experimental extruded pellets (EP1, EP2, EP3 and EP4) with different feed rate and screw

speed for 8 weeks

Diets'
EP1 EP2 EP3 EP4

Dorsal muscle

Moisture (%) 75.7£0.42m 75.5£0.15 75.7£0.25 75.9+0.09

Crude protein (%) 22.5+0.10™ 23.0+0.23 22.9+0.30 23.3+0.03

Crude lipid (%) 0.240.04" 0.1+0.03 0.2+0.06 0.1+0.02
Liver

Moisture (%) 71.742.54" 71.1£1.99 71.7+2.44 66.1+2.17

Crude protein (%) 12.3+0.26"™ 13.5+0.27 13.610.72 13.210.23

Crude lipid (%) 10.8+2.14" 11.4£1.63 10.1+£2.27 14.6+1.62
Visceral

Moisture (%) 83.5+0.77" 82.8+0.33 83.2+0.46 82.5+0.40

Crude protein (%) 13.1£0.64" 13.5+0.48 13.2+0.40 13.8+0.23

Crude lipid (%) 1.3+0.06™ 1.2+0.12 1.5+0.12 1.7+0.20

Values (mean+SE of three replications) in each row with a different superscript are significantly different (P<0.05).

ns, Not significant (P>0.05).

'Feed rate (kg/h)/screw speed (rpm/min) in experimental diets: EP1, 50/640; EP2, 80/640; EP3, 120/640; EP4, 80/400.



HIEALE AR T ) A

CCHEM-85-2-0132.

Duncan DB. 1955. Multiple-range and multiple F tests. Biomet-
rics 11, 1-42.

Harper JM. 1981. Extrusion of foods. Volume II Boca Raton FL
CRC Press, Boca Raton, USA.

Harper JM. 1989. Food extruders and their applications. 1-15. In
Mercier et al. (ed.) Extrusion Cooking. St. Paul, MN, Ameri-
can Association of Cereal Chemists, 1989.

Kim KD, Lee SM, Park HG, Bai SC and Lee YH. 2002. Essenti-
ality of dietary n-3 highly unsaturated fatty acids in juvenile
Japanese flounder (Paralichthys olivaceus). ] World Aqua-
cult Soc 33, 432-440.

Kim KD, Kang YJ, Lee HY, Kim KW, Kim KM and Lee SM.
2006. Evaluation of extruded pellets as a growing diet for
adult flounder Paralichthys olivaceus. J Aquacult 19, 173-
177.

Kim KD, Kang YJ, Lee JY, Nam MM, Kim KW, Jang MS and
Lee SM. 2008. Evaluation of extruded pellets and raw fish-
based moist pellet for growth of sub-adult flounder Parali-
chthys olivaceus. ] Aquacult 21, 102-106.

Lee GH. 2011. Extrusion characteristics for the snack of corn
flour using twin-screw extruder. J Agricult Life Environl Sci
23, 47-52.

Lee SM and Jeon IG. 1996. Evaluation of dry pellet on growth
of juvenile Korean rockfish (Sebastes schlegeli) by com-
paring with moist pellet and raw fish-based moist pellet. J
Aquacult 9, 247-254.

Lee SM, Cho SH and Kim KD. 2000. Effects of dietary protein
and energy levels on growth and body composition of juve-
nile flounder Paralichthys olivaceus. J World Aquacult Soc
31, 306-315. http://dx.doi.org/10.1111/j.1749-7345.2000.
tb00882.x.

Lee SM and Kim KD. 2005. Effect of various levels of lipid
exchanged with dextrin at different protein level in diet on
growth and body composition of juvenile flounder Paralich-
thys olivaceus. Aquacult Nutr 11, 1-8.

Lee SM, Seo JY, Choi KH and Kim KD. 2008. Apparent amino
acid and energy digestibilities of common feed ingredients
for flounder Paralichthys olivaceus. J Aquacult 21, 89-95.

Serge EO, Gu BJ, Kim YS and Ryu GH. 2011. Effects of feed
moisture and barrel temperature on physical and pasting
properties of cassava starch extrudate. Korean J Food Pre-

serv 18, 271-278.

581



