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Effects of Dietary Fish Qil, Vitamin E and C Supplementation on DHA Deposition and
Shelf-Life in Broiler Chickens

H. K. Kang', S. H. Kimt, J. H. Kim', G. H. Kang', D. J. Yu', J. C. Na', D. W. Kim',
0. S. Sed’, G. H. Kin? and B. S. Park®'

'Poultry Science Division, National Institute of Animal Science, Korea, “Kangwon National University, Korea

ABSTRACT This study was compared the effect of shelf-life and DHA accumulation in chicken meat from broilers fed
experimental diets for two weeks(21~35 days) of growers. Two hundred-ten male Ross broilers, 1 day of age, were randomly
allocated to seven treatment groups. Experimental diets were assigned to each of the seven groups: control diet containing
tallow, T1 with 1.00% fish oil, T2 with 2.00% fish oil, T3 with 2.00% fish oil, 200 ppm vitamin E and 200 ppm vitamin
C, T4 with 2.00% fish oil and 200 ppm vitamin C, T5 with 2.00% fish oil and 200 ppm vitamin E, and T6 with 3.00%
fish oil. The levels of DHA in chicken meat was the highest in T6, and T1 in breast muscle and thigh muscle with skin was
higher than that of T2~T5, T2~T5 in raw chicken meat and wing with skin was about two-fold higher than that of T1. The
contents of DHA in chicken meat according to storage days were significantly reduced to 42.30%, 49.38% and 48.51% in
T1, T2 and T6, respectively, and this decrease was higher than that of T3, T4 and T5 (p<0.05). Particularly, the rate of reduc-
tion of DHA was the lowest in the T3 and T5, which were the lowest in TBARS(thiobarbituric acid reactive substances).
TBARS increased in the order of T6, T2 and T1, but reduced in the order of T3, T5 and T4 according to storage days, and
there was a significant difference among the treatment groups (p<0.05).

(Key words : broiler, fish oil, vitamin E, vitamin C, chicken meat, DHA, TBARS)

M E S 1HUauy and Valenzuela, 2007), AF3} EZH-5E2 DHAY]

g7kl ol w7 el eJFERYH —‘o:——jr—?: A, ol

Abgke] A% =0 He n3A9e n B3 Ak 2 ool HHE F3lA A Wl DHA 755 =49 & Aot

£3], 5FE Aol FH3s}A Eo9)= DHA(Docosahexae- (Burdge et al., 2002; Mantzioris et al., 1994; Brown et al., 1990).

noic acid, 22:6n-3)¢} EPA(Eicosapentaenoic acid, 20:5n-3)<] olgigt o2 F4HAE Ul DHAS @}%}aﬂt =go] 74]5\“
A av= g geElA Atk DHAE g Fo] A Hi glon, He Al W olfy, oS 7t g8l =

T ZHZHE e w3 AguA 29, ndst 4o 24 ga17] ) DHAS 38212 QJEHHowe 2002; Peter,

7 23 9 d=2 uxsl=d Yojr FL8e TS 3w 1998; Leskanich and Noble, 1997; Hargis and Elswyk, 1993;
Tk ole}, HAE] SIS TopA T Hd T =20 Farrell and Gibson, 1990).

= Aoz e ATHConnor, 2000; Simopoulos 2000; Sis- aHUG ARE Y] off E oS I FF oo E HUt
covick et al., 1995). Bi17]E ZHIAES HH st = A A7 3] 7 Har7] ) DHA S8 52 =9 &
2KLinolenic acid, 18:3n-3).0.Z 3 E] DHA% A 5 2 Ao}, AHRE 0] HiaL|o| A ofH(fishy odor)E =72

" To whom correspondence should be addressed : bspark@kangwon.ac.kr



260 BT 50l

U771 Wil Harrlel tigh 71E%r Hojd 4 e —Erxﬂ
7} ﬁlE}(Uauy and Valenzuela, 2000; Kinsella et al., 1990). &=

gh A% e 71 2 2] AN 1% EX S AL
DHAS| Akslr} wli-¢- w2 A Xs= 5= Q17] wfj#oll Harr]
o] F4o] Hold = = FAI7F AUk wEbA o] & A5
A3 2L HZ HHe AE7] Fa3}cHNash et al., 1995;
Jensen et al., 1998).

BB} E(a-tocopherol)= A ZZF o] XA o]FZd 4
Joju= 1% EX 3} AAe] AFsAksE WAE] H, o
715 2 o Hee A4 2 WS ST F

15 A7) ol =wo] FtKSheehy et al., 1993; Gray
and Pearson, 1987). BIE}Y C(ascorbic acid)y= Z/F7} 2E#|
25 WS o old] g A THS = FE= IFH 4
FAgA, I Z7F ol whebA garv|e] ks e At
S} A7 EAEA AL 5 7] Wil =] thdo] Har
I THWhitehead and Keller, 2003; Pardue and Thaxton, 1986).

5] AkEC offre} A Bl E E= HIERR] CE A7)
T3] FA =¥ Hi7] f DHA &35 =9 + J1L, &
Al F garr]ex F71e oFHAE BAE FH(Bou et al., 2004;
Grau et al., 2001; Surai and Sparks, 2000), B1E}Y) E$} C= &
2}t 715 2] Wil B3} Ak 4bskE Qg &
719 A% 15 T FE A Aste Ees =
J2-o] &% tHBou et al., 2006; Young et al., 2003; Houben,
1998; Bartov, 1983). w}etA] o729 %7} 2223} AEA| =2
» HE] E 9 CE HollA 3494171 ¥ #317] W] DHAS]

d

o,

S

%2 B3 2AF art ok

¥ Q7 ol B E B o8 $Hishe 49 ARE
FoId Bz Aol Ha7] Ul DHA 4 B9} 2 444
2 241 9514 st

A=z gl gh

i

1. 3Al S F A oA

Il 3 21045 7A 2] Fx3HHE (TS
AT 10002 ¢-d Qo] wjx] F BEd F7] 2521~35
o) B ARSI 7709 AF M oRfE HUEHA
a1 7] 450%% Firshe T, o 1.00% H7HH(TL),
ol 2.00% H7HH(T2), o1+ 2.00%+H1EFI E 200 ppm+H]E}
91 C 200 ppm H7HH(T3), o} 2.00% + BIEFT! C 200 ppm
A7V7HT4), o1+ 2.00%+BEF E 200 ppm 7}H(T5), 28]
I o]f 3.00% H7FHT6)E Rk

ol

>4

N

[N

o
& |
°§ fl

L Vit E, Vit 9 §471 §a17] Ul DHA 3

2 B Al I Al 22|
29 A}g% u]5e] NRC ARIEZE(1994)00 4] #1413k broi-
lerel YL ATFFS FHL 5 UEE S54(53.00%), o)
=2

N

13, 40%) el 27 ARS W, vgw E
% Co U}t ol mE 989 F= FEL S5 3Vt
Fog A, AF AR ol 29 E(18.70%) At
o4 2](3,400 keallkg) TS LS o= 248 F4
THTable 1). At AEe] 52 vt SAARAA 4
A= AFgShs 450%= agstlaL, dA 71 g A-e-st
I e g oA FHPOEA A9 DHA U024
o5 A7 &3t A7eiA 2-s ATt Absel H7HE HlE
9 E ¥ C= «a-tocopheryl acetate 253 #l|(Rovimix E-50, Hoff-
mann-La Roche Ltd., Basel, Switzerland), 28] ascorbic acid

FA|(Rovimix C, Hoffmann-La Rpach Ltd., Basel, Switzer-
land)E Bou 5(2004)°] 7} +=3 BIs=g 2+ 200 ppm
o ol&atth M7} ke A AL ©x)0] A
-, A At tigk A AR HE(%) 2 A e
S u) 33} A} 55.23%(14:0 4.56%, 16:0 28.20%, 18:0
22.47%), B-ESFA A} 44.77%(16:1n-7 2.20%, 18:1n-9 32.25%,
18:2n-6 10.32%) 5 3L, ol A4 33.73%(14:0
4.59%, 16:0 22.49%, 18:0 6.65%), E-E3}A"Al 66.27%(16:
In-7 4.14%, 18:1n-9 18.76%, 18:2n-6 8.48%, 20:1n-9 10.00%,
& n3 AP 2489%)E AHAISFRA oM, A n-3A|E A
b gtk 24.89% 712-d| A EPA 16.55% 1231 DHA 8.34%%
A5 EE AEAEE Asd Fidd BaAshEA
BEde 2187y 3BYH7A| 25 S FAR FAs) F
AL, = A= FAF HdFHeHA sk

w
kA
>
0T
o
>
no
s
B
0z
HI
>

Ha7le] 2R B A 2S£ s H
7] B9 A5 AH AL ot 2ok ATHS H oW
E AL 44, o 2 7S TS 7R 2918 P8
| 9A7lel ¥ar el & g mhe] AR AR E A
stk & Uit o oeid /\]Ei AAS xF39 o,

o 7S A AL 25 TS AFstAA EA
014‘1’6}035} A o] 85 e ’\] = 7+ AT F 674
HHES) X A F SR oW, Bt Aol 71 7k He A
3ttt =AW S-S AOAC(1995)4 ol 2J3) ethyl ether
F=o oJsiA SAAT AR E492 Folch 5(1957),
Morrison®} Smithe] WHH(1967)2 HE sl AA o, 9]

£ re] leshd v 2k ®av] B9 A8 10 g
ol &3 #7718l (chloroform: methanol=2:1) 24 mL$} 0.88%



Kang et al.: Effects of Dietary Fish Qil, Vitamin E and C Supplementation on DHA Deposition and Shelf-Life in Broiler Chickens 261

Table 1. Formula and nutrient content of the experimental diets for broiler growers(215t~35th weeks)l)

(as-fed %)

Ingredient Control T1 T2 T3 T4 T5 T6
Corn ground 53.00 53.00 53.00 53.00 53.00 53.00 53.00
Soybean meal 30.40 30.40 30.40 30.00 30.20 30.20 30.40
Wheat bran 8.80 8.80 8.80 8.80 8.80 8.80 8.80
Tallow 4.50 3.50 2.50 2.50 2.50 2.50 1.50
Fish oil - 1.00 2.00 2.00 2.00 2.00 3.00
Limestone flour 1.40 1.40 1.40 1.40 1.40 1.40 1.40
Tricalcium posphate 1.10 1.10 1.10 1.10 1.10 1.10 1.10
Common salt 0.40 0.40 0.40 0.40 0.40 0.40 0.40
DL-methionine 0.20 0.20 0.20 0.20 0.20 0.20 0.20
Vitamin-min.mix® 0.20 0.20 0.20 0.20 0.20 0.20 0.20
a-Tocopheryl acetate - - - 0.20 - 0.20 -
Ascorbic acid - - - 0.20 0.20 - -
Total 100 100 100 100 100 100 100
Calculated values®
Crude protein (%) 18.70 18.70 18.70 18.70 18.70 18.70 18.70
ME (kal/kg)” 3,400 3,400 3,400 3,400 3,400 3,400 3,400

2 Control, tallow; T1, fish oil 1.0%; T2, fish oil 2.0%; T3, fish oil 2.0%+vitamin C 200 ppm+vitamin E 200 ppm; T4, fish oil
2.0%+vitamin C 200 ppm; T5, fish oil 2.0%+vitamin E 200 ppm; T6, fish oil 3.0%.

2 Contained per kilogram of diet: Fe, 80 mg; Zn, 80 mg; Mn, 70 mg; Cu, 70 mg; I, 1.20 mg; Se, 0.30 mg; Co, 0.70 mg, vitamin
A, 10,500 IU; vitamin D; 4,100 mg; vitamin E, 45 mg; vitamin Ks 3.0 mg; vitamin By, 2.5 mg; vitamin B, 5 mg; vitamin B,
5 mg; vitamin By, 0.02 mg; biotin, 0.18 mg; niacin, 44 mg; pantothenic acid, 17 mg; folic acid, 1.5 mg.

¥ Calaulated from NRC(1994).
“ Metabolizable energy.
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Table 2. Fatty acid composition of whole chicken meat from broilers fed the experimental diets for two Weeks(21~35days)1)
(% of total fatty acid)

263

Fatty acid Control T1 T2 T3 T4 T5 T6 PSE?
14:0 1.54° 1.12° 1.19° 1.12° 1.25° 1.19° 1.25° 0.03
16:0 31.74° 21.77% 23.07° 20.95° 22.19" 19.80° 21.32% 0.85
16:1n-7 6.72° 4.82° 513 4,95° 4.39° 4,99 4,61 0.15
180 6.13° 0.35" 0.20° 0.54" 0.49™ 0.51™ 0.48™ 0.36
18:1n-9 4153 58.17 57.30" 58.25" 57.82™ 58.96" 57.29" 1.29
18:2n-6 12.34° 7.32° 7.63° 8.39" 8.02° 8.32" 7.06° 0.37
18:3n-6 -3 - - - - - - -
18:3n-3 - 1.60° 0.61° 0.75™ 0.69™ 0.71™ 0.83" 0.08
20:1n-9 - 0.66 0.61 0.59 0.68 0.69 071 0.02
20:5n-3 - 3.64™ 347" 3.59" 3.69° 4.02° 5.36° 0.15
22:6n-3 - 0.55° 0.79" 0.87° 0.78" 0.81° 1.09° 0.04
SFA? 39.41° 23.24° 24.46 22.61° 23.93" 21.50° 23.05" 1.22
UFA? 60.59" 76.77° 75.54° 77.39° 76.07 78.50° 76.95™ 1.23
n-3 - 5.79" 487° 5.21° 5.16" 554 7.28° 0.14

Y Groups: refer to Table 1.

2 Pool standard error of mean values(n=42).
¥ Not detected.

% SFA: saturated fatty acid.

% UFA: unsaturated fatty acid.

" Values within the same row with different superscript are significantly different(p<0.05).

Table 3. Fatty acid composition of chicken wing with skin from broilers fed the experimental diets for two Weeks(21~35days)1)

(% of total fatty acid)

Fatty acid Control Tl T2 T3 T4 T5 T6 PSE?
14:0 3.98° 1.26% 1.32% 1.15° 1.56° 1.25% 1.35° 0.2109
16:0 30.58° 26.32" 22.85% 22.77% 23.38° 23.25" 22.52° 0.6161
16:1n-7 031 359° 4.10° 4.91° 458° 5.01° 5.22° 0.3535
18:0 581 ° 0.24% 0.30" 0.22° 0.35" 0.41° 0.33" 0.4310
18:1n-9 48.60° 52.65° 55.47" 57.09° 54.35° 55.00 53.08° 0.5646
18:2n-6 1072 ° 8.96" 8.75" 7.17° 9.05° 8.91° 9.02° 0.2159
18:3n-6 - - - - - - -

18:3n-3 - 152 1.85° 1.43° 159° 147 1.56° 0.0384
20:1n-9 - 0.95° 0.86" 0.70° 0.90° 0.92° 0.88° 0.0278
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Table 3. Continued

Fatty acid Control T1 T2 T3 T4 T5 T6 PSE?
20:5n-3 - 353° 3.568° 3.63° 3.35° 3.82° 4.69° 0.1074
22:6n-3 - 0.98° 0.92° 0.93° 0.89° 0.96° 1.35° 0.0429
SFA? 40.37° 27.82° 24.47% 2414 25.29° 24,91 24.20° 1.2445
UFAY 59.63° 72.18° 75,53 75.86" 74.71° 76.09° 75.80" 1.2899
n-3 - 6.03° 6.35° 5.99° 5.83° 6.25° 7.60° 0.1029

b Groups: refer to Table 1.

2 pool standard error of mean values(n=42).

% Not detected.

9 SFA: saturated fatty acid.

% UFA: unsaturated fatty acid.

*f Values within the same row with different superscript are significantly different(p<0.05).

Table 4. Fatty acid composition of thigh meat with skin from broilers fed the experimental diets for two weeks(21~35days)1)
(% of total fatty acid)

Fatty acid Control T1 T2 T3 T4 T5 T6 PSE?
14:0 1.71% 1.80° 172" 169" 1.95° 1.56° 1.62° 0.0319
16:0 32.12° 31.56° 32.25° 32.15° 33.35° 32.55° 30.25° 0.2053
16:1n-7 763" 7.32° 7.96° 8.01° 6.93° 7.45° 6.96° 0.0917
18:0 037 ° 055" 051% 0.45" 0.18° 0.59° 0.43® 0.0336
18:1n-9 4783 4265 40.02 40.98° 38.90° 40.04° 4215 0.6151
18:2n-6 10.34 ° 8.12% 9.14° 8.00° 8.09% 8.10% 8.32° 0.1818
18:3n-6 - - - - - - -

18:3n-3 - 0.75 0.87 0.86 0.76 0.89 0.92 0.0251
20:1n-9 - 3.15° 3.33° 3.29% 418 3.88 3.45° 0.0903
20:5n-3 - 3.21° 3.41° 3.69° 468" 4.09° 4.88° 0.1518
22:6n-3 - 0.89 0.79 0.88 0.98 0.85 1.02 0.4519
SFA? 34.20" 33.91° 34.48" 34.29" 35.48" 34.70° 32.30° 0.2085
UFAY 65.80™ 66.09° 65.52° 65.71% 64.52° 65.30° 67.70° 0.2085
n-3 - 4.85° 5.07% 5.43% 6.42° 5.83° 6.82° 0.1137

Y Groups: refer to Table 1.

2 Pool standard error of mean values(n=42).

% Not detected.

% SFA: saturated fatty acid.

% UFA: unsaturated fatty acid.

T Values within the same row with different superscript are significantly different(p<0.05).
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Table 5. Fatty acid composition of breast muscle from broilers fed the experimental diets for two weeks(21~35days)1)

(% of total fatty acid)

Fatty acid Control T1 T2 T3 T4 T5 T6 PSE?
14:0 1.28° 1.45™ 151® 1.48% 1.50% 1.65% 1.49% 0.0291
16:0 21.73° 23.50° 21.09° 22.01° 23.50° 20.43° 21.69" 0.2446
16:1n-7 4.83° 4.60' 5.03° 5.25° 6.24° 5.69° 5.01° 0.1172
18:0 0.43° 0.54™ 0.74* 0.62% 0.75° 0.77° 0.68° 0.0317
18:1n-9 63.51% 54,55° 53.12° 53.29° 50.12" 51.62" 50.77° 0.9390
18:2n-6 8.22" 7.95° 9.33° 8.88° 9.01° 10.75% 8.99° 0.1878
18:3n-6 -9 - - - - - -
18:3n-3 - 0.88 0.91 0.89 0.79 0.86 0.80 0.0226
20:1n-9 - 2.56° 3.65° 3.00° 3.91° 3.58° 3.61° 0.113
20:5n-3 - 3.45° 3.81° 3.72° 3.25" 377 5.95% 0.2186
22:6n-3 - 0.52° 0.81° 0.86™ 0.91® 0.88® 1.01° 0.0418
SFA? 23.44° 25.49° 23.34% 24.11° 25.77° 22.85° 23.86™ 0.2355
UFAY 76.56" 74.51° 76.66% 75.89° 74.23° 77.15° 76.14™ 0.2355
n-3 - 4.85° 553" 547° 4.95° 5.51° 7.76% 0.1455
b Groups: refer to Table 1.
2 pool standard error of mean values(n=42).
% Not detected.
9 SFA: saturated fatty acid.
% UFA: unsaturated fatty acid.
“f Values within the same row with different superscript are significantly different(p<0.05).
Table 6. Crude fat content of chicken meat from broilers fed the experimental diets for two weeks(21~35days)1) (%)
Parts Control T1 T2 T3 T4 T5 T6 PSE?
Whole meat 5.36° 5.18%* 483" 5.27% 4.74° 4.86™ 5.33% 0.0771
Thigh meat” 11.20 11.56° 10.46" 11.48° 10.16° 10.90™ 11.13" 0.1203
Breast muscle 5.08° 4.16™ 4.10™ 3.73% 3.36° 3.81™ 427" 0.1246
Wing? 13.40° 12.19° 13.71° 12.54° 13.30° 14.36° 13.46° 0.1593

Y Groups: refer to Table 1.

2 ool standard error of mean values(n=42).

¥ with skin.

4 values within the same row with different superscript are significantly different(p<0.05).
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(p<0.05). & 27l To7F 7P =9k, T6, tl&=, T2, T4,
T1, T3o.2 Yolxlon, tjz=19) T1, T3 & 7|e} A +1t
EAZAQ fFeolAdo] AATHp<0.05). Bou 5(2006)> HEY
HE 5097 ARSgE Foll =AM A FFH ] s =
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Fig. 1. Amount of DHA deposition in chicken meat”.
Y Groups: refer to Table 1.
Bars represent standard error of mean values(n=42).
"¢ Values represent significant difference(p<0.05).
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2. XZt = DHA =A 2! TBARS

5 thejARS 4Tl A 17911 A7gsHA] 54 ¥ DHA
4 W3} 2 TBARS Z3H= Table 73 2th. DHA 33k&
= ATt AZLFIE Aol wheba G sk
S HYow T, T2 2 Texe zHz} 3YA) 11.53%, 3.70%,
25.74%, 1597 42.30%, 49.38%, 48.51%7} 7+A31. 01, o]
E2 T3, T4, To9} vl e wf {90 4aE Yepithp<
0.05). T3, T4, T59] 4%, A4 & DHA /39| 7482 3Y
Aol 2}t 6.97%, 12.08%, 6.81%, 1FL A 15.11%, 20.87%,
14TI%Z2A] B S-S el o, 53] o-f2} 4 H
EFY1 C(ascorbic aicd)@} E( a-tocopherol)Z 4133} T32} HIE}
9 EE AFS 159 4 7MY @& DHA THAaES e

on F N

Table 7. Effect of the dietary fish oil, vitamin E and C on TBARS and DHA content of chicken breast muscle stored for 7 days at 4CY

Item Days Control T1 T2 T3 T4 T5 T6 PSE?
------------ mg MDA?/kg breast muscle -----------

0 0.15 0.16 0.15 0.15 0.15 0.15 0.15 0.0213

TBARS? 3 0.38 0.40 0.40 0.37 0.38 0.38 0.40 0.0225
7 0.81% 0.80% 0.80% 0.68° 0.78" 0.70° 0.88° 0.0422

--------------- % of total fatty acid -------------

0 - 0.52° 0.81° 0.86™ 0.91% 0.88™ 1.01% 0.0418

DHA? 3 - 0.46" 0.78° 0.80° 0.80° 0.82° 0.75° 0.0432
7 - 0.30° 0.41° 0.73° 0.72° 0.75° 052" 0.0207

Y Groups: refer to Table 1.

2 TBARS: thiobarbituric acid reactive substances.
¥ DHA: docosahexaenoic acid(22:6n-3).

“ Pool standard error of mean values(n=42).

% MDA: malondialdehyde.

% values within the same row with different superscript are significantly different(p<0.05).
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