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The Changes of Lipid Oxidation and Fatty Acid Composition of Extruded

Pellet Feed by Dietary Moisture Level and Storage Temperature

Mi-Soon Jang*, Kyoung-Duck Kim, Kang-Woong Kim, Jong Yun Lee and Yong Jin Kang
Aquafeed Research Center, National Fisheries Research & Development Institute, Pohang 791-923, Korea

This study investigated the effects of dietary moisture level and storage temperature on lipid oxidation and fatty
acids composition of the extruded pellet feed. The diets containing the moisture levels of 5%, 15% and 25% were
prepared by adding moisture (water) to the commercial extruded pellets and stored at 5°C, 20°C (room tem-
perature) and 35°C. The samples for analysis were collected at every 2 days for 10 days. Acid value (AV), peroxide
value (POV), 2-thiobarbituric acid (TBA) value and fatty acid composition of the feeds were measured. No dif-
ferences in the AV, POV and TBA value were observed in feed containing 5% moisture at all storage temperatures
for 10 days. However, the AV, POV and TBA value of diets containing 15% and 25% moisture increased rapidly
at 20°C and 35°C after 4 days. Fatty acids compositions of feeds containing 5% moisture did not change during
the storage periods at 5°C and 20°C. However, 5% moisture feed stored at 35°C increased monoene fatty acid con-
tent and decreased the contents of polyene fatty acid, PUFA (polyunsaturated fatty acid)/SFA (saturated fatty acid)
and (Cas+Ci26)/Cieo after 4 days. Also, 15% moisture feed stored at 35°C showed increased monoene fatty acid
content and decreased (Caos+Ca26)/Cigo after 2 days. The diet containing 25% moisture showed increased monoene
fatty acid content and decreased contents of PUFA, PUFA/SFA and (Cas+Ca)/Ciso at all temperatures after 2

days. In this study, lipid oxidation can occur in the extruded pellet feeds of 15% and 25% moisture at room tem-
perature after 2 days.
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Aol s Qs AR =8 H7Iisl] 7S
°} 5%, 15% % 25%/} HA 243 AR AHYARE A
£-3190r}. 2-thiobarbituric acid™ Tokyo Kasei Kogyo Co., Ltd.
(Tokyo, Japan)ZH-E] -]} 11, thiobarbituric acid®] Z7gell
ARGBF TBAEYNS 55 100 mLof) 2-thiobarbituric acid 0.6 g
£ 7heslA @d] Hola AFl F A4k 100 mL 7k Re
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(1990)A vhiol wet E-2 105°CS] dry ovenollA 6A)1ZF A
Z ¥ 23500, WA (Nx6.255 Auto Kjeldahl System
(Bunchl B-324/435/124, Switzerland; Metrohm 8-719/806,
Switzerland)S AME810] A8 1, B etherd: ARE-8)
o] &3l om, 23E-S 550°C2] 33}ENAM 4A7F Bl &
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1% phenolphthalein £ 2~3%-&-& 7311 0.1N KOH-ethanol
gNoz FHAslgict. o) mEMOF 30237t A5HE BE
FHE o2 3l AWHAVE F8I3ict

Thiobarbituric acid (TBA)2 =8

TBAS] 7L Sidewell et al. (1954)2] Wil wet S48t
Act. &, 245k wisAE 3.0 g& FEhL benzene 10 mLE
7}all homogenizer? WHESH & o 3}oic), of A& w7t gl
= AER (2.5emx20 em)el] 4 TBA €% 10 mLE 713l
voltexZ 3t & 3087 71t WA % 530 nmellA]
YT E 24857, vEALE Al benzeneRhE H7FE AL
T2 31T} TBA (%) = (A8T S35 12T $385)x100
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2 UERRSIE

TS

dn o

= [LE

FEAEA BE A7 R 5%, 15% 2 25%7)
=A 24 oigala e YRHdE-S AR A3k Table 19
2t FEERO) 5%, 15% 3 25%20 WiFtAlse) b g

Table 1. Proxiamte composition of extruded pellet with various
moisture contents

Moisture contents

Composition (%)

5% 15% 25%
Moisture 5.84+1.0 15.8+0.1 25.440.1
Crude protein 49.75+0.4 43.8+0.06  39.45x0.2
Crude lipid 24.120.09 20.5+0.06 18.6+0.07
Ash 10.14+0.03 8.86+0.01 8.09+0.01
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Fig. 1. Changes of acid value (AV) in extruded pellet with various
moisture contents stored at 5°C, 20°C and 35°C.
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Fig. 2. Changes of peroxide value (POV) in extruded pellet with
various moisture contents stored at 3°C, 20°C and 35°C.
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Fig. 3. Changes of 2-thiobarbituric acid (TBA) value in extruded
pellet with various moisture contents stored at 5°C, 20°C and 35°C.
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Table 2. Changes of fatty acid composition in extruded pellet with 5%, 15% and 25% moisture contents during stored at 5°C

Storage at 5°C

Moisture 5% 15% 25%

Storage day 0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
14:0 3.07 290 251 3.03 3.03 2.87| 1.63 1.86 1.75 2.19 2.09 2.08| 1.77 1.69 1.63 1.70 1.67 2.12
16:0 19.79 19.70 18.97 19.84 18.35 18.73{20.77 21.03 19.99 20.17 19.75 19.21{19.92 20.54 21.53 22.34 22.14 20.58
18:0 5.37 550 524 559 495 541| 6.14 6.06 596 577 593 5.75| 597 5.38 5.76 5.80 5.77 6.10
SFA 28.23 28.10 26.72 28.46 26.33 27.01|28.54 28.95 27.70 28.13 27.77 27.04|27.66 27.61 28.92 29.84 29.58 28.80
16:1 407 4.18 3.78 4.15 429 4.26| 247 2.63 272 3.00 3.04 3.15] 2.61 2.72 251 2.12 2.16 3.08
18:1 13.10 13.02 15.65 13.58 16.20 16.45(10.53 11.30 13.54 14.12 14.08 14.39(10.88 12.98 12.71 13.15 12.86 14.71
20:1 466 4.63 3.82 518 499 484| 1.60 3.07 2.53 3.06 3.29 3.24]{ 2.97 231 2.19 2.23 2.09 3.32
22:1 3.14 297 298 355 336 3.76; 1.20 1.81 148 1.68 1.76 239 1.68 1.49 123 1.11 098 2.14

Monoene 24.97 24.80 26.23 26.46 28.84 29.31]15.80 18.81 20.27 21.86 22.17 23.17|18.14 19.50 18.64 18.61 18.09 23.25
18:2 9.52 10.00 9.60 9.66 8.42 8.81|13.69 13.10 12.61 12.92 12.03 11.22[12.46 13.43 14.46 15.26 15.23 12.61
18:3 1.08 141 1.05 116 126 1.05| 1.53 1.55 122 121 1.44 1.14] 1.16 1.31 1.36 1.39 1.38 1.53
20:3 1.29 133 132 132 1.18 1.22| 1.61 1.54 151 148 148 1.39| 1.56 141 145 146 147 1.56
20:4 063 0.63 055 0.64 0.58 059 0.52 0.59 0.52 0.56 0.55 0.52] 0.56 0.55 0.54 0.00 0.55 0.58
20:5 893 9.17 852 929 8.69 893 730 7.81 734 776 7.64 7.53| 746 734 681 7.23 6.80 7.87
22:2 0.00 0.48 137 076 186 0.56] 054 1.05 097 073 050 0.44| 0.67 3.03 2.322.478 2.79 0.69
22:3 0.55 0.58 0.52 0.52 0.67 0.50| 0.68 0.65 0.67 065 0.68 0.67| 0.70 0.58 0.58 0.00 0.50 0.78
22:5 203 1.65 1.69 158 148 1.59| 255 1.76 1.77 1.66 171 1.79| 2.28 1.68 1.66 1.43 1.60 1.93
22:6 22.77 21.83 22.42 20.14 20.67 20.43|27.24 24.21 25.42 23.03 24.03 25.07|27.34 23.59 23.27 22.29 22.01 20.41

Polyene 46.80 47.08 47.04 45.07 44.81 43.68|55.66 52.26 52.03 50.00 50.06 49.77|54.19 52.29 52.45 51.45 52.33 47.96

PUFA/SFA 1.66 1.68 176 158 1.70 1.62| 0.95 0.84 092 1.78 087 093] 1.96 192 181 1.73 1.77 0.71

(Caos5+Cne)/Creo | 1.15 111 118 1.02 1.13 1.09 1.31 1.15 127 1.14 122 131] 1.37 1.15 1.08 1.00 0.99 0.99

Table 3. Changes of fatty acid composition in extruded pellet with 5%, 15% and 25% moisture contents during stored at 20°C

Storage at 20°C
Moisture 5% 15% 25%

Storage day 0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
14:0 280 2.76 2.71 2.84 327 3.58| 1.68 1.80 1.81 394 404 428| 144 188 192 205 244 4.06
16:0 20.78 20.48 19.44 20.05 19.81 19.66|22.53 21.17 21.68 17.39 15.77 17.22|20.77 21.04 20.24 21.12 20.57 18.31
18:0 5.59 5.72 539 572 532 499 596 627 627 4.13 3.54 3.79| 6.06 566 595 551 523 4.03
SFA 29.17 28.96 27.54 28.61 28.40 28.23(30.17 29.24 29.76 25.46 23.35 25.29|28.27 28.58 28.11 28.68 28.24 26.40
16:1 3.69 394 3.64 352 460 5.07| 2.54 2.66 2.67 554 582 596| 217 253 2.68 3.12 355 6.60
18:1 12.80 12.88 15.75 15.72 13.58 13.89|10.62 11.03 10.91 19.47 20.64 21.07| 9.81 11.04 11.07 11.78 15.79 16.08
20:1 2.67 432 424 408 495 507 2.17 265 261 7.70 921 9.68{ 1.77 1.73 2.99 3.19 393 7.47
22:1 2.14 2,69 257 227 3.74 344 1.21 141 1.32 6.15 8.71 825 060 1.13 1.44 1.79 238 5.62

Monoene 21.30 23.83 26.20 25.59 26.87 27.47]16.54 17.75 17.51 38.86 44.38 44.96|14.35 16.43 18.18 19.88 25.45 35.77
18:2 10.63 10.70 10.09 10.10 9.20 8.95|15.44 13.59 14.13 6.96 4.92 4.95|14.49 13.78 12.24 13.53 12.78 8.33
18:3 1.10 148 1.35 1.06 142 135 141 156 130 1.14 1.01 1.03| 1.29 133 1.15 1.63 129 145
20:3 1.40 143 1.26 138 1.28 1.30| 1.49 1.60 1.61 0.94 085 0.76] 1.58 1.44 153 1.44 129 0091
20:4 0.60 0.62 0.60 0.57 0.64 0.00| 0.54 0.54 0.54 0.58 0.68 0.63] 0.50 056 0.57 0.61 0.54 0.64
20:5 8.81 898 8.69 897 9.5110.38| 7.18 7.50 7.45 8.9910.45 9.75| 6.69 726 7.67 7.76 7.33 9.08
22:2 0.26 0.00 0.44 0.68 0.00 0.00|] 2.19 0.42 0.53 0.32 0.00 046| 086 0.89 043 1.71 152 1.21
22:3 3.11 0.65 058 0.68 0.54 0.48 0.57 0.68 0.66 0.33 0.30 0.25 0.63 3.10 2.44 058 046 0.31
22:5 2.07 167 1.60 157 1.54 1.54] 1.60 2.01 1.73 1.26 1.37 128 3.51 4.17 232 1.70 1.96 1.40
22:6 21.54 21.66 21.65 20.78 20.61 20.28]22.86 25.10 24.80 15.15 12.68 10.65(27.84 22.48 25.34 22.49 19.14 14.50

Polyene 49.52 47.19 46.26 45.79 44.74 44.28|53.28 53.00 52.75 35.67 32.26 29.76|57.39 55.01 53.69 51.45 46.31 37.83

PUFA/SFA 1.70 1.63 1.68 1.60 1.58 1.57) .77 1.81 1.77 1.40 138 1.18] 2.03 1.92 191 179 1.64 143

(C2051C226)/Ciso | 1.46 1.50 1.56 1.48 1.52 1.56| 1.33 1.54 149 1.39 147 118 1.66 141 1.63 143 1.29 1.29
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Table 4. Changes of fatty acid composition in extruded pellet with 5%, 15% and 25% moisture contents during stored at 35°C
Storage at 35°C
Moisture 5% 15% 25%
Storage day 0 2 4 6 8 10 0 2 4 6 8 10 0 2 4 6 8 10
14:0 233 290 3.15 274 326 389 1.71 155 198 198 214 4.07| 1.99 191 263 2.62 3.54 3.98
16:0 20.17 19.99 18.63 18.96 18.83 18.53|121.48 19.88 19.44 20.60 20.52 18.56|19.92 19.21 19.66 21.37 16.73 17.03
18:0 564 551 497 527 512 4.82] 579 598 531 534 488 438] 6.01 579 5.09 501 4.09 3.88
SFA 28.14 28.40 26.75 26.97 27.21 27.24|28.98 27.41 26.73 27.92 27.54 27.01]|27.92 26.91 27.38 29.00 24.36 24.89
16:1 3.39 4.08 436 4.07 466 538 2.58 247 3.16 333 348 577 2.89 2.86 4.10 4.15 575 6.10
18:1 12.05 12.75 12.75 16.11 16.39 18.72{10.71 12.71 13.89 14.00 14.66 16.34{11.29 14.09 12.71 13.05 19.54 19.95
20:1 3.69 451 496 438 484 7.16 1.90 221 278 2.77 3.08 8.02| 3.29 295 476 3.90 8.05 8.86
22:1 220 2.74 371 336 399 6.19) 095 1.59 1.92 1.68 160 693 2.12 209 3.22 231 742 797
Monoene 21.33 24.08 25.78 27.92 29.88 37.45[16.14 18.98 21.75 21.78 22.82 37.06(19.59 21.99 24.79 23.41 40.76 42.88
18:2 10.87 10.29 8.7t 9.28 836 6.28{14.17 12.69 11.78 13.00 13.50 7.06(12.18 11.64 11.09 12.15 640 5.87
18:3 1.41 145 130 1.06 099 1.00| 1.33 123 1.18 129 1.34 115/ 149 1.16 1.46 1.62 1.09 1.04
20:3 141 134 1.18 1.28 1.14 069 1.52 149 136 138 1.27 094| 1.52 143 1.37 1.27 090 0.74
20:4 0.58 0.63 0.60 059 0.57 0.63] 0.56 0.51 0.50 0.54 0.59 0.59 0.60 0.53 0.59 0.64 0.59 0.53
20:5 8.07 897 8.82 873 9.05 9.65| 743 7.14 7.12 7.10 740 9.38| 7.76 7.42 843 7.60 9.51 8.96
22:2 044 0.72 0.00 059 0.76 0.51] 1.37 175 1.01 1.50 2.83 0.34] 031 054 1.54 1.774 037 0.71
22:3 0.58 0.56 0.48 0.53 048 0.35) 249 068 0.72 059 045 0.37) 1.20 1.16 054 048 033 0.28
22:5 223 162 159 1.62 156 1.34| 230 1.8 1.89 1.74 152 140} 1.72 1.80 1.81 1.65 1.42 137
22:6 24.92 21.96 24.78 21.44 19.99 14.87(23.72 26.29 25.95 23.17 20.71 14.71|25.71 25.41 20.98 20.44 14.26 12.74
Polyene 50.51 47.54 47.46 45.12 42.90 35.32{54.89 53.60 51.51 50.31 49.61 35.94(52.49 51.09 47.81 47.59 34.87 32.24
PUFA/SFA 1.79 167 1.77 1.67 158 130 1.89 196 193 180 1.80 1.33] 1.88 190 1.75 1.64 143 130
(Cos+Cre)/Creo | 1.24 1.10 133 1.13 1.06 0.80| 1.10 132 1.33 1.12 .01 079 1.29 132 [.07 096 0.85 0.75
R AR, 015 YE bt 7l B A Hmonoene) Bl tEX| o] A)d AEhr} whEA] X80T & Hoe) YA|E}
TF2 A EH 07 FTkIen, ol d¥E 2l o) 7 St Bl go] R 5% AR B-E, 5°C?4 o A7
B35l Hpolyene)d] &3 A Fo] 1] £ HES el 10974 Zgdlato] 43680101 35°Cd W 35328 YER
UIZltE oliz Ro (1988)0) oJebd, &) Al & AR & ACR Kol AL} #25F Eudite] 7 -I:‘- o &
Froll mhet zlol= Qo ApRde] Absr ARErE s AEE & 7 Ui, A As 9] wEA JAEs 4 F
ashis A%E polev, ol AHIES RS el sttt

3R] vsle) o] Avle Radk dukel fAsi) 4= HH, Agdo] Al ml Cys2l Tl wig) $i%
F3go] 1 ALt 25 WghARRS] BXs(EE O Cpdl 5‘“*-8— TAA Fashe A%S vt
el Z2jAk FollA] 7h 2 HelE UERR 22 Cia®t Caae  (Tables 2-4). 0132 A|R2] ftolvt 5 &4re] Wslof wfet
ojgled, Bxgit Folle Cisi©l 371K AEE WERGl  methylestershe] XE} F ok27] wiFolel ALEEY, Cuostt Cus
t}. Cho and Park (2000)ll &ja}# CHWP* Azxgel glolxd o] dufjke] wiE-s Jgs] vpelskiia} Takiguchi (1987)2] ¥
AZ £ L3AM) Bredirke 716150 ke AAadhs Wl wat EX3) ]Bol“ M) ZEEE(ClrostCoa o/ Cloo) 74]*}3}03
AvE vepigivia e, o) A7 EHWMI Jo] gHirEe] vl secel ARE RS 5% Y 15%) wiEA RS ¥s)

= ¥ 84 WK (polyunsaturated fatty acid, PUFAM zF

ghElo] iz o2 Fapat gl it vlgo] T7H

2 Petgvkar 31$9vk, Suh and Lee (1994)%
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Yk

| Eejdiile] adivhe B Qe & AR olE 25%R widAkEE A7 4 o] 3

7 At A B3 =8, E2jdAre) dart Agdsel  (Table 3). 3, 35°Co) Ak wjEAlE )
w2t EEE 25% >15% >5%2) £o R #EA JAPH= A

o Hop MigalE Wl AAYE A 18-S A58 & FHA ddeke A%

Atz

19

o] Cho

H=zs

LULES S8

off ujgte] Esika}

%%‘OH

Eledlite] F71et gk

et al. (2000)2] QTF-BaLX Y, chEz|
NzxzA met Zgjdite] Z4ar weA Agges 9

Ao

25%<1 WEALR D] AeE

o] EXFAYA

maiiad

et Eu

BT (Table 2). 20°Col} A3k
FEEEoE Wl %,

AP A2 47&10?—_1&1%7/}%1 = Zol7) figlont, T%%%*

0dA 1379041 1044 0.99% 74
7(:31_?_}:_ 5% 61-3]: HH'G]—}\]_E

TEEH 15% 2

Re Zaske A% B

ASE 8ol
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HeRgtt. o] A2 Akl g vt Z71eE o2 PUFA/SFA H]
£o] A& 07 kA% B 18k Choi et al. (2004)8) AT
5 FARHACH

ok Argdsh wislAlE ) x| AAE2] AV, POV Z TBA 3t
2] W3} (Fig. 1-3)0M BE ulg} Zol, o] 32 vigAtEe]
FEslgol Bl AL} FoldsE G4 Frksta At
T ek wE A AFE S At 24 W MigAE
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7k ZEdate] ek FASHA Ashs AES e
of aksPt wE A AP & = UNTh F, o]AL MR
o] R4 Atsle SR A Tol wEl dAgt g3ke ¢
= S 9visin ik

opdel AngRE, £EE0] A2 iIiEIF AR
2 Mo Qe AA 9 0 7 AalkaiHe| QlojM
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15% 2 25%2] wigALRS] AT 200020l 24 o)
ANl Zio] A AAksel] oFt U &g Hast ¥ 4
g Ao AlgEgth

2
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Z}zt AR 44 9 29 o] RE AV, POV U TBAZI| 43}
A F7¥eteles 1 ¥st T Fiot

3hE, R0l 5% WEAEE 5C 9 20°Ce]] 107E
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e wshe o 2 8%0] 15% 2 25%2 AR
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st T8, R 5% MEALRE 20°C] AR A=
PUFA/SFA -8 % EX3REME FEE(CostCare/CTrao)olT
2] g7t gl o), R 15% 9 25%R1 WiEAEE A
2 49 o]$iE ZAsAT) 350 AT MiFgAlEE 45T
gl Aglo]l A% 24 o] FRE EXsAME =0 54
A 7318 o) AR RE] B 5%l WiEAkR
= ) Aakske] FEE 2A| wol AR5 AdHgle] vk 7
717FEQl ALgo] Z1sE Ao AZEQa, FEE] 15%

2 25%R0 MFALR ] A ZhEEoldE AN ARgSlaL,
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A sl of dobs £4E Hast 2 9 908 AR A}
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