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The Shelf Life and Meat Quality of Broilers Fed Pine Bark Extract (Pitamin)

Byung-Sung Park*
Department of Animal Biotechnology, Kangwon National University, Chunchon 200-701, Korea

Abstract

A component of pine bark extract, pitamin, is known as an antioxidant and antimicrobia agent that exerts a variety of
physiological effects; this compound has a so been used widely in human beings. A 35-day trial was conducted to determine
the influence of dietary pitamin premix viaa sensory evaluation and evaluations of the TBARS, and meat quality in broiler
chicken. We used 4 treatments groups: Control, Antibiotics, Pitamin premix 0.1%, and Pitamin premix 0.2%. The amino
acid and protein contents in chicken breast muscle did not differ among the treatment groups. The pH of broilersfed on diets
containing pitamin premix was lower (p<0.05) than broilers fed on the control and antibiotics diets, whereas the WHC was
significantly higher in chicken breast muscles fed on the diet containing pitamin premix compared to the control and anti-
biotics groups (p<0.05). The TBARS isintended to be increased during the storage period (in days), and was significantly
lower (p<0.05) in the chicken thigh muscles with skin from broilers fed on the diet containing the pitamin premix as com-
pared to the control and antibiotics group (p<0.05). The sensory evaluation of boiled chicken, with the exception of the anti-
biotics group, revealed significantly better results from chickens fed on diets containing pitamin premix than the control
group (p<0.05). These results suggest that dietary pitamin premix may improve the shelf life, flavor, taste, and meat quality

in broiler chicken.
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ANEslel tf-g-star YA B
Aglel gk Filo] Folx|aL ot 53],
A7F Azgk Aoz 4zl o4t HavlE vl
FAA WAEEAIE st 93t FHOZA T1SAEE
A7EEe A tiAlEZ ] Jide] Alggh AAo]oH(Dibner
and Richards, 2005). &U5- Ad S5 digh e
Abe] A73e]| o]elo] & 4= e A whiZel A =
ol AU Ao 50d o) P EAEA
polymer &<} polyphenol “d¥-o] = =] Y %
&3} Ak (Grimm et al., 2005)7} 384 (Torras et
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al,, 2005), Ay S B JAT DES EFI TS
QAR Ees Ad Aoz HuHlrh(Rohdewald,
=)

2002). AU A4 FEE-8 polyphenolic monomers, pro-
cyanidins, phenolic T2+ cinnamic acid Z12]3 glycoside=
TAE] ok AU A FEE - A (essential
oil) A3+221 polyphenolA] #:kslE4-2 taxifolin, catechin
52 monomerZ- HIE3 cateching} epicatechin 5©| dimer,
oligomer == polymer Fe|2 Z23E Edz deA
TH(Hasegawa, 2002; Torras et al., 2005). AV A4 +
=59 65-70%7} theks AlEZole] catechin?} epicate-
chins subunit® $3-3}+= prosyanidinse]t}. polyphenol 2]
HVERE ZeEe sl TEeiA] procynadins
] A= BAS Zk= 0= UeiA] Utk(Rohdewald,
2002). TEP (pitamin)S FEZFHEF)NA A= ¢

et AF A AAERY fFskd FEEolH, 2%
2 &% A4 FZE(pycnogenol), TEH FEE =3} =
5, 23 FEE0| F52 o7 3H A2 polyphenal
Al &2k} bioflavonoids’} 01tk (Rohdewald, 2002).
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o] g FYZHES FF & AST TAlol A =
ZHES A Hojzd 4 JAUTE Kimd} Park(2008)2
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Table 1. Formula and chemical composition of the experimen-

tal dietsfor broiler chickens (1-3weeks) (% as-fed)
Treatments
Item Control Antibiotics P P
0.1% 0.1% 0.2%
Yellow corn ground 51.98 51.88 51.88 51.78
Soybean meal 34.00 34.00 3400 34.00
Corn gluten meal 4.70 4.70 4.70 4.70
Pitamin premix (5%) - - 0.10 0.20
Chlorotetracycline - 0.10 - -
Soybean oil 5.00 5.00 5.00 5.00
Limestone 125 1.25 1.25 1.25
Dicalcium phosphate  1.70 1.70 1.70 1.70
Sodium chloride 0.25 0.25 0.25 0.25
DL Methionine (40%) 0.30 0.30 0.30 0.30
L-lysineHCI 0.30 0.30 0.30 0.30
Mineral premix? 0.34 0.34 0.34 0.34
Vitamin premix? 0.16 0.16 0.16 0.16
o-Tocopheryl acetate  0.02 0.02 0.02 0.02
Total 100 100 100 100
Calculated values®
Crude protein (%) 22.00 22.00 22.00 22.00
ME (kcal/kg)® 3,100 3,100 3,100 3,100

Sl e}t FEAREOlA 35 B 442X 3 W (FHE
F 207ke])o 2 9hxqle) wiA|st] =3 AtEol AHEA
AT & e 2 EE 100k /mA)siel A ARS38EA
o A¥AEF= ZxT, FAA(chlorotetracycline, CTC)
0.1%, P 0.1%(Pitamin 5.0%7} €% Pitamin premix 0.1%
3HT), P 0.2%(Pitamin 5.0%7} &3H% Pitamin premix 0.2%
= FESHT Pitamin premixs FFEZRL(G)OEH
B Alguke Feld] 5097 772 9500S et &
% Lhgo 2 Alzslgch. ARARE 955, UlT 915
2 52e]9] Y8 THS TFE T UA=ESE viddsA
om, AArE ] i thalel|RA] s BIES &
© YUY FEES T - FUck(Table 1, 2).

=
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ARl TadE
v (FHET 2 3t ATl 7k Al 39kE])e] BE
dHE Agste] AFEE <AL B (Close et al., 1997)
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Table 2. Formula and chemical composition of the experimen-

tal dietsfor broiler chickens (4-5weeks) (% as-fed)
Treatments
Item Control Antibiotics P P
0.1% 0.1% 0.2%
Yellow corn ground 49.98 49.88 49.88 49.78
Soybean meal 25.00 25.00 2500  25.00
Corn gluten meal 5.70 5.70 5.70 5.70
Wheat bran 10.00 10.00 10.00  10.00
Pitamin premix (5%) - - 0.10 0.20
Chlorotetracycline - 0.10 - -
Soybean oil 5.00 5.00 5.00 5.00
Limestone 1.25 125 1.25 125
Dicalcium phosphate  1.70 170 170 170
Sodium chloride 0.25 0.25 0.25 0.25
DL Methionine (40%) 0.30 0.30 0.30 0.30
L-lysine HCI 0.30 0.30 0.30 0.30
Mineral premix® 0.34 0.34 0.34 0.34
Vitamin premix? 0.16 0.16 0.16 0.16
o-Tocopheryl acetate  0.02 0.02 0.02 0.02
Total 100 100 100 100
Calculated values®
Crude protein (%) 19.00 19.00 19.00 19.00
ME (kcal/kg)® 3,150 3,150 3,150 3,150

Dsupplied per kilogram of diet: Fe, 80 mg; Zn, 80 mg; Mn, 70
mg; Cu, 7 mg; I, 1.20 mg; Se, 0.30 mg; Co, 0.70 mg.

ASupplied per kilogram of diet: vitamin A (retinyl acetate),
10,500 1U; vitamin D, 4,100 1U; vitamin E (DL-o.-tocopheryl
acetate), 45 mg; vitamin K, 3.0 mg; thiamin 2.5 mg; riboflavin
5 mg; vitamin Bg, 5 mg; vitamin B,,, 0.02 mg; biotin, 0.18 mg;
niacin, 44 mg; pantothenic acid, 17 mg; folic acid, 1.5 mg.

9Calculated from valuesin NRC (1994).

‘M etabolizable energy.

DSupplied per kilogram of diet: Fe, 80 mg; Zn, 80 mg; Mn, 70
mg; Cu, 7 mg; I, 1.20 mg; Se, 0.30 mg; Co, 0.70 mg.

Agupplied per kilogram of diet: vitamin A (retinyl acetate),
10,500 1U; vitamin D, 4,100 1U; vitamin E (DL-o-tocopheryl
acetate), 45 mg; vitamin K, 3.0 mg; thiamin, 2.5 mg; riboflavin,
5 mg; vitamin Bg, 5 mg; vitamin B,,, 0.02 mg; biotin, 0.18 mg;
niacin, 44 mg; pantothenic acid, 17 mg; folic acid, 1.5 mg.

3Calculated from valuesin NRC (1994).

“Metabolizable energy.
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sted U A] 5e] Alopol| A KolA] eie wElE EAA
2 o]Eeltt. olagwoz FH|E AL IR o=
908 CO, 100% =04 30% Bt =E3lA 53t
Attt EAl= WS Aol =A% &(58-60°C)dl 4 A
T H@ $F gRUIE 2% 3¢ BHAIA RS U
HEL A 1580 o]FolHon TAE AR A7t
QF oF 18°CY| AL A RS, 1 ool Ab

AN ZE7LA] 4°C Y734 (chilling room)oll A B.#-sli Tt
AAEZA EA] T TA49] §iZZ|A pHE S5}
a1, U R] g B S48 AIRE AfHSHATH
oM At BAS 9% | AR AR 2407 R 47
Fo| ARE FHot AsEAiTiEE F455E F -20°C)
A BA A7HA] B3l ar, TBARS(thiobarbituric acid
reactive substances) S48 & T2 AR 24717 A

NEE Astel B4 o) gahATt
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Sa17] 7lake] oAl 48 Automatic amino acid
analyser(L-8800, Hitachi, Japan)S A}&-3}e] =43}
o] oAk 6N HCIE ©]&3te] 110°Co|A] 24
A7HseE Ak 71eE8)15E Tk, PITC(phenyl-isothiocyanate)
FrEA] Aloko 2 HREAIAX “gFetTH( White et al., 1988).
e opr| Ak} ERETL 717t Allred?} MacDonad
(1988), Landry$} Delhaye(1992)¢] HPH-S o]-&3te] Ak
=g

pH

ar71e] pHe QFEAE 5 BARE ool WEd =AR
FE QEZE oA SAsHR o, t7| =4 pH4.0
7 700 gEHoZ HAS {2l (Insertion glass elec-
trodg)o] =¥ F-® pH meter(Crison 507, Crison,
Milan, Itay)E o]-&3i4 FE|d=S Havld Ay 3=
3lo] =A3}9THBerri e al., 2008).

HaE

2317]¢] B8 (WHC, water holding capacity)S oFeh
A & 3AZE oY) T4 109 70°CY] 2ol A
3057F G-A]3F TR, 4°CllA] 48417 <t BE3te] 1,000
rpmell A 1083 ARl oai §F S4FS 54
sttt 3, Ha7] 7isate] RS S (G
Sk-SFE w)/R 10002 B4 (%)S 78T
(Honikel, 1998).

TBARS
Sar7)e] A= (TBARS, thiobarbituric acid reactive
substances)= 7471 E=AITE R FAIAEC] 7]Eg viet

2ot ARE 24X771A] 4°C FAdoll A Bagh A8 &
S 3¢ o4t 10 g polypropylene plastic bagel
Y, 7] @A n A33 2 E maondiadehyde acid
(MDA)E 715=5-31517] 9184 70°C water batholl ] 10%-
Fot 71 x| AABE dozl the-(Jo and Ahn, 1998),
QL] BeE S8 fl8iA] 23F 4% MDA
(Sushil and Mdliss, 1997)5 £2493}7] 93t HPHOo ZA] A]
FE Oxygen permeable polyethylene zip lock bagell ¥
Al 4°C, 797t A%EEA TBARS ¥HE2] 45 Burge
oF Aust®] W(1978)° F3lA SR =, o v
A 597 SHSG 15mLE T3t homogenizer(Tissue
grinder 1102-1, Japan) 13,500 rppmell 4] 587t 2 s)s}
Ak 72 1mLe} butylated hydroxyanisol 50 L (72%),
60T £33} thiobarbituric acid 1.3%(wtivol)S- 375}
= 50%9] trichloroacetic acid E¢H-8-4(TBA/TCA) 2mLE
7kste] Eqtsldnt. WAS fldte] TFES 60°C F2F
ZoA INZE FRFE 7R TR A271A] WZEAAA 3,000
rpmell A 1587 A4 F s AT dEsds
spectrophotometer(UV mini-1240, Shimadzu, Japan)oll 4] 531
nme] F3EE 43¢ v, SR/ 1mLe} TBA/TCA &
& 2mLE dehs W3 (blank)e] S4=19} Hlawstal
a1, 71 zfo] gholl FEAIS 5885 FalA Hal71S| TBARS
S MDA(maondiaddehyde) mglkge 2 AR T MDA
FAS 98] oA 222 H3)|=E+= tetrathoxypropane
(Sigma, USA)S EFE2E ARSI

or

AAt
7] 7VEAE AR o= Ee Ee 7N
°lgl & xE 7S o]83ste 30% oJud
B7HAA A H7HHE AR HaTE vt
td Har7] stoll tigh B AAskaT TS
29 WA (g 78, A TS At
71 o] o UARE FTHES Al & A7
| S35 StAth WrHE-S Harr]Y] st 3ftaste,
flavor), =2 (color), THE4d(juiciness), Z 27 (texture), A
A7) E %= (overal acceptability) 5 ©|al 7 FEHE 9
AT A B3] S Gl 1R e Ha] 3
A7y vl 7, 55 s |, 97 i AEEge =
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(GLM) procedureE ©o]-83t 9435 AU &
7] opu|:=4}k, pH, B8, TBARS ¥ #5734 A5
A oJu X](randomized block design) 24  EAME
(ANOVA)ell oJallA A3t A=t 11| ol
95% Aol M 9485 A73ATHSAS, 2000).
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Sa17] 7igake] oulicsl ke Table 304 Rem)
o} 2t} garr] 7igake] zehild Tga & B9t H
Lotu| it e ZF Al Alolel] BAIAQI FoA}
7F YERA] etk ey i) ofweAk gl glo]
M 7t AT Aboldll Fox it Yehs AES Bt
dut oz o] 2§ U A oju|At ek o
e AlRe] Foolueat 53] glo|ale AlJshd A
FEFe x| oke Zow IA Uti(Moran, 1999). E
ATEY FoE = Ak dolriest o] UG
Soll= Eslal g 7igatela Ji7R ofuligke] xjolzh
Yehd H& 7SS Ul obriAte] S #g Ho

Table 3. Effect of dietary pitamin premix on composition of
amino acidsin chicken breast muscle (%)

Treatments
Amino acids Antibiotics P p SEMY
Control ““0106  01%  02%
Crudeprotein  20.01 1993 2015 2013 0.1577
EAA? 10.03 998 1011 9.87 0.0228
Arginine 1.78° 173 130° 135" 0.0109
Histidine 093 107° 0.92% 0.81° 0.0215
Isoleucine 0.89° 0.37° 0.77*  051° 0.0193
Leucine 1.55° 1.58° 2290  2.13* 0.0218
Lysine 1.22% 1,08 117 1.35% 0.0109
Methionine 0.23° 0.19° 0.35* 0.20° 0.0198
Phenylalanine 1.622 1.44° 155  1.55% 0.0106
Threonine 0.66®  0.59° 079"  0.69® 0.0273
Tryptophan 0.77° 0.84*  0.41° 0.88* 0.0177
Valine 0.38° 1.09% 0.56°  0.40* 0.0132
NEAA?Y 9.98 997 1004 1026 0.0299
Alanine 0.93° 0.88® 078" 1.02* 0.0209
Aspartic acid 1.15° 1.12° 1572 1.32° 0.0172
Cystine 0.63 0.48 0.52 0.47 0.0109
Glutamic acid 3.85° 3.72% 383 357° 0.0222
Glycine 153 147 1.39 148 0.0278
Proline 1.012 1.08° 0.98°  1.09° 0.0290
Serine 0.46° 0.722 0.54® 0.65® 0.0174
Tyrosine 0.42° 050 043° 0.66* 0.0215

YSEM: standard error of mean values.

IEAA: essential amino acids.

9NEAA: nonessential amino acids.

#Mean values with different superscripts are significantly differ-
ent at p<0.05.

WAL wEd Aoz YA 4 .

pH2t H =2

COl oJ3liiA] 2E#H2E F74] il FgZF o= sl
B Ha71Y pHE}F 7SN S B Table 4
A He uviel Atk pHE P 0.1%9} P 0.2% 77}
=T 2 A HIE] HlsiA frelFHos Hgkth
(p<0.05). &, TEWRIS AT Fa17]9] pH HE= 6.09-
6.18= UERS whdHel iz B FAAE HFHT Harv)
o] pH He= 6.49-653°2 YElon FERN] 7o}
27 2 A H7HRE FAAR] AT I8E A
ThH(p<0.05). SHFEAZA S4E Ha7] 7ls4ke] By
2 P 0.1%¢2} P 0.2% 717} v+ 2 A A7
o BlshA FolF o R =UTH(p<0.05). Hellx F4kst &
glo] F7toll 71918 Bpe Sk AR 2%, pH 2 &
AakE g PEo] Z) o (Young et al., 2003; Nissen and
Young, 2006), P 0.1%%} P 0.2% H7}+ & 7Aool B
Fo] FTkSE o= FERRle] AW ksl St
oJal ol =A9] pH B w2 SR BA7} 2
7

2 Jow F43 B F Atk A% pHE BEYUY £
)

RS AR pH S719k 231302 ddsiar 3ltk(Young
et al., 2004b). Y¥rH o= TAFXN EAF Farr]e
pHE A2 Foll 2ebd 4= 7] wiiol] ARd3 o]
S5 Foll 203 A S HT pHE ")) F4
Bkl ARk Aok A59] HF pH7E vtew By
AaEe AR 4EiA o oS (paeness)e] =
A7} e By e HF pHet BAVE AAY e
Aol &3 Zlo= defA Urh(Van Laack et al., 2000).
T2}, Qiao 5(2001)8 SAo] Mg e B garr]o
A e pH g w8 FEEES Ueille At B
O 52 pH B W2 FREES Ad Al HlgiA B
FEo] =94tk 31, Young 5(2003)S 2~EHAE
asleto] QAo R S| ASH Hol pHe AR 30EClA 4
AZEA] o281 Apol7t gllov 2EHAE e &

L

Table 4. Effect of dietary pitamin premix on pH in whole
chicken meats and WHC in chicken breast muscle

Treatments
Item Contrg ANtibictics P p  SEM?
0.1% 01% 0.2%
pH 6.49° 6.53 6.18% 6.09° 0.0108
WHCY (%) 55.67°  56.28° 57.81* 58.01% 0.2106
Moisture(%) 74.27° 7438  7513* 75.25% 0.0792

DWHC: water holding capacity.

ASEM: standard error of mean values.

abMean values with different superscripts are significantly differ-
ent at p<0.05.
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Aol A =AT T ARE AIRPEE S743 pHe {9
27F AATkL FPeH, o] HuEs) thE A vl
pH7} B 7HAE 8] skthal 818t COo, 712~
Al o3l 2EHAE HAasletY AT B AT7E
= o5 Hae} HszEig e, Haly] 7ieAke] pHrb
SOIARE Bpgo] 28 offoll tisixe AlsHAl 4
2 vl g7] Wil ko= o] i) #3 o B A
7} 998 Aoz Er} 3k, P 0.1%} P 0.2% H7H
5 7l SEgHFe] =3k W] RH4=lo] =3t
< 3o g FAHETH Harv|o pHeE Bege Halvlo
FAd Akt JFS Fo, BRFHLS TpFAle] AAA
3} AH|A} 7|5 A P FUh pH g 21719
A FAG7IE S 7HE S83% EEHHSe] Rl
H 31719 71EA A9 AR 49 SARE
A de] o]-&3tH(Young et al., 2004q). AW E pHE=
T59 2P TS AHAOE RIPS AeE B F Q1o
o, A9E, §5E4 2 S0 JFS vk xg 2

& pH Wol= ZE]=Ale] o} Bedo] ar, =ik A
34 2Ed 20 vhg3te] S T EoNle slAo| %
pHe] &9 I FIE S7MI7Ie 3 =A49
25 s8] Eal HA Y A 2EYE =55 ALlst
E Ao® 4#A] th(Briskey and Pedersen, 1961; Young
e al., 2003). S5 B B £ 25 U U
s, @), A2, AE, Bt 9 whe 4 Qlte Aol
oF] e S48 FlelA gl A7EA 25 W @
oFl BpdEe §F9] Tuuvhg, 784 ddhs) o &
AE o718 4 Q7] Wil 252 {3 TR
] gto] §IAl Ha1 317]9] FHo] "ojxItk(Tian and Yu,
2001).

1o,

H17|2] M& &5 TBARS s}

ga1719] AA7IZE 5 TBARS W3l Table 504 X
ookl 2ok o gAS T3s ik AA F A
=S Yehlle TBARS $he A7} 5718
ueba] Fobxlon, tizTtet Al H7HE Aleldle
Sz} Yo P 0.1%st P 0.2% H71E d2T 2
A 7l BIsA frejFoz e H3fo] FEls)
ATHP<0.05). & Aol et A2F AR BEY
g AlE U] e ZE|uAE TS 902 '
1719 A AFEARE 7T 5 ke Holth 1
RN el 7oA TBARS A& 0] $-8HA e}
 He el drE ditkst @4 2 st g4E4
o] ZRgoll oslir] Vet a9Y Aoz FA3) & 5 3
tHAhn et al., 2007, Ahn et al., 2004). Torras 5 (2005}
Tk AURAA 55352120 pycnogenole] @tsl &
& HIEI E, BIEY] C B E&4] FEE HIgiA €4
53] Eken, &3 pycnogenol e f3lAlTY] S 7

Table 5. Effect of dietary pitamin premix on TBARS valuesin
chicken thigh muscle with skin during storage at

Socl)
- Treatments
orage — 2)
SEM
days  control AMUPIONCS 54100 P00k
0.1%

0 0.15 0.14 0.15 0.13 0.0107
3 0.332 0.372 0.25° 0.24>  0.0138
5 0.652 0.68% 0.57° 0.55°  0.0109
7 0.80% 0.812 0.62° 0.60° 0.0201
DTBARS: thiobarbituric reactive substance (malondial dehyde mg/
kg meat).

ASEM: standard error of mean values.
abMean values with different superscripts are significantly differ-
ent at p<0.05.

sHAl Al frolst wAES] s HX1s= a3t
F2 Z0F Bty e A EulEA it
31222l bioflavonoidsS 3Hr3}H (Devarg et al., 2002;
Rohdewald, 2002), ©]&]gt @4tslEdo] 2803 iy
o] AFA AFEATL A vERd AoR s &
Ant. AAslE §4E Y5 810w malondiadehyde
= AAY 84 FaHEREA 7] W AELste] Ae
£ Higsh=t de A2 4 = A 3Eo|th(Rahajo and
Sofos, 1993). 210X &3 B E FEALF H7lsh
W 2 & 23tEo] e o] 7HA] sshEde] TEe
AR B8 & F AL, =] ol AES A%
RS uf 3}8E72 = phytochemical extracts® 5, &
Zol, velgol & ulolgie] ik 222 E HoS &
UE TYE LA, B3 AESFEET TA| Alo]d
W HAEFL FtEAe] dHtans ol oz 4
FtH(Dickens et al., 2000). Fe}Tlol] T-HH HHEZo]
Al Y] EFHEC A% JoE8T) T EFHES] A4
28-S Yo A Hal7]e] TBARS A4S AAIg slo=
£ 4 SItH(Young et al., 2003). T7He FAFEHdEl= A
Axslo| A of7)d 2EF 20 g BE%Ho] F Ao
2 B7| wjio), Jepyl zZajgx 7] w2 TBARS
A A= & HarlY AR AFEHRE e sl

B2 5 ek

ZsNE

5 7RES AAR SUF Ao R a2 o] B
74k AL Table 6914 B ukel 2o} syt A
2ol gl 7M1 v 9 Aol 190 TS
W Aok, A H7HE Al wa1e] #sErt
HE SAS A g FEA zees A7t
z7ol HIsiA B 2 AoZ YEETHp<0.05). &
], £ AgelM vehd Fad Fe Bade AR 3
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Table 6. Effect of dietary pitamin premix on sensory evaluation
of boiled chicken breast muscle?

Treatments Taste and Color Juiciness Texture Total_ .
flavor acceptability
Control 714> 755 764 727 7.70°
Antibiotics 3 - - - -
0.1%
P0.1% 8.80% 725 873 8.44% 8.38%
P0.2% 8.55% 773 818 8.38% 8.52%
SEM? 0.2082 0.0121 0.1868 0.0861 0.1822

YNine-point taste and flavor intensity scale (1=extremely strong,
5=too strong, and 9=just about right), Nine-point color scale (1=
much too dark, 5=too light, and 9=just about right), Nine-point
juiciness scale (1=much too dry, 5=too juicy, and 9=just about
right), Nine-point texture scale (1=dislike extremely, 5=neither
like nor didlike, and 9=like extremely), Nine-point total accept-
ability (1=dislike extremely, 5=neither like nor dislike, 9=like
extremely).

ASEM: standard error of mean values.

9Not determined.

abMean values with different superscripts are significantly differ-
ent at p<0.05.

A& 4= Qo= ARolt). eI e Hubte| A
T80 =3 He A e =g HIoA
Bgo] 29b7] WjEo g E 4= QltiTable 4).

o OfF
) =

E

A FEE SRS b AeEgs 3y
2 FARA dEA o, oy =4
FSF 17Ee] aelA ZRA o] 8EHATH HEde A
Ul il ZEje|lav) srisdte] 254, TBARS
2 Fsgrll BlAe G 2ANE] SlsiA 35
AFe FhsAT AFAYT vle T, A
A 0.1% H7FE, TER Za92 0.1%, JEFY] Za]es
0.2% H7} 72 FESIGT & 7atke] Tl Ay} ojm)
G i S e s %74]1‘1 ezt isiet. e
Wz MRS AFE #3719 pHe T B
FAA M7 Hope wielo »} o Jlare] Bage 1)
Ehl Zelgs Wb iz 2 Al Frl vis)
A Freldog ESth(p<0.05). ¥ AL T3 gt
o] TBARS @& A%UG7} Z71atel] mehy Eolx=
Aol om, Hep Zejex Hrbrh gzt 2 A
A A7 HIsiA fe]Hog Bokth(p<0.05). A
ANNTE A3 2k wr]e Y AFe Fev
Zels HA7b) gzl vs|A folFoz =gkt
(p<0 05). ©] A¥= BEYY AE W) el Ze]9ar)
719 F4, o, & aea APES IE 5 de

AARSlET

ol
T e
oo
2
et

N, o U rlo
["—HO\]‘: |
-

Lo

HAte 2
B 7 200795 ErEte) Hl A1 3 e
thsta %%»@wgqﬁwér SEALTE AL Y A
fog FaEon], drd B2F siE @mAd 3
A A7, e, 29 gACA I =Y
HO28
1. Ahn,J., Grun, |. U., and Mustapha, A. (2007) Effects of plant

10.

11

12.

13.

extracts on microbial growth, color change, and lipid oxida-
tion in cooked beef. Food Microbiol. 24, 7-14.

. Ahn, J,, Grun, I. U., and Mustapha, A. (2004) Antimicrobial

and antioxidant activities of natural extracts in vitro and in
ground beef. J. Food Prot. 67, 148-155.

. Allred, M. C. and MacDonard, J. L. (1988) Determination of

sulfur amino acids and tryptophan in foods and feed ingredi-
ents: collaborative study. J. Assoc. Off. Anal. Chem. 71, 603-
606.

. Berri, C., Besnard, J., and Relandeau, C. (2008) Increasing

dietary lysine increases final pH and decreases drip loss of
broiler breast meat. Poult. ci. 87, 480-484.

. Briskey, E. J. and Pedersen, W. (1961) Biochemistry of pork

muscle structure. |. Rate of anagrobic glycolysis and temper-
ature change versus the apparent structure of muscle tissue.
J. Food Sci. 26, 296-305.

. Burge, J. A. and Aust, J. D. (1978) Microsomal lipid peroxi-

dation. Methods Enzymol. 52, 302-308.

. Closg, B., Banister, K., Baumans, V., Bernoth, E. M., Brom-

age, N., Bunyan, J., Erhardt, W., Flecknell, P, Gregory, N.,
Hackbarth, H., Morton, D., and Warwick, C. (1997) Recom-
mendations for euthanasia of experimental animals, Part 2.,
Laboratory Animals 31, 1-32.

. Devargj, S., Vega-Lopez, S., Kaul, N., Schonlau, F., Rohde-

wald, P, and Jiaal, I. (2002) Supplementation with a pine
bark extract rich in polyphenolsincreases plasma antioxidant
capacity and alters the plasma lipoprotein profile. Lipids 37,
931-934.

. Dibner, J. J. and Richards, J. D. (2005) Antibiotic growth

promoters in agriculture: History and mode of action. Poult.
Sci. 84, 634-643.

Dickens, J. A. Berrang, M. E., and Cox, N. A. (2000) Effi-
cacy of an herbal extract on the microbiological quality of
broiler carcass during asimulated chill. Poult. Sci. 79, 1200-
1203.

Grimm, T., Schafer, A., and Hogger, P. (2005) Antioxidant
activity and inhibition of matrix metalloproteinases by
metabolites of maritime pine bark extract (pycnogenoal). Free
Radic. Biol. Med. 36, 811-822.

Hasegawa, N. (2002) Inhibition of lipogenesis by pycno-
genol. Phytother Res. 14, 472-473.

Hong, B. J, Oh, J. S, Kim, B. W., and Park, B. S. (2008)
Effect of feeding dietary pitamin as a organic livestock feed
additivesin laying hens. Kor. Assoc. Organic Agric. 16, 205-



436

Korean J. Food Sci. Ani. Resour., Vol. 29, No. 4 (2009)

14.

15.

16.

17.

18.

19.

20.

21.

22.

218.

Honikel, K. O. (1998) Reference methods for the assessment
of physical characteristics of meat. Meat Sci. 49, 447-457.
Jo, V. and Ahn, V. (1998) Fluorometric analysis of 2-thiobar-
bituric acid reactive substancesin turkey. Poult. Sci. 77, 475
480.

Kim, B. W. and Park, B. S. (2008) Effects of pitamin as a
antibiotics replacement on the content of cholesterol of
chicken meat, plasma lipids and performance in the broiler
chickens. Korean J. Oil. Chem. 10, 43-48.

Landry, J. and Delhaye, S. (1992) Simplified procedure for
the determination of tryptophan and feedstuffs from Barytic
hydrolysis. J. Agric. Food Chem. 40, 776-779.

Moran, E. T. (1999) Low dietary levels of lysine reduce
broiler carcass quality. Feedstuffs. 63, 13-15.

Nissen, P. M. and Young, J. F. (2006) Creatine monohydrate
and glucose supplementation to slow- and fast-growing
chickens changes the postmortem pH in pectoralis major.
Poult. Sci. 85, 1038-1044.

Qiao, M., Fletcher, D. L., Smith, D. P, and Northcuitt, J. K.
(2001) The effect of broiler breast meat color on pH, mois-
ture, water-holding capacity, and emulsification capacity.
Poult. Sci. 80, 676-680.

Raharjo, S. and Sofos, J. N. (1993) Methodology of measur-
ing malonylaldehyde as a product of lipid peroxidation in
muscle tissues: areview. Meat <ci. 35, 145-169.
Rohdewald, P. A. (2002) Review of the French maritime pine
bark extract (pycnogenol), a herbal medication with a
diverse clinical pharmacology. Int. J. Clin. Pharmacol. Ther.
40, 158-168.

23.

24,

25.

26.

27.

28.

29.

30.

31.

SAS (2000) SAS/STAT Software for PC. Release 6.12, SAS
Institute Inc., Cary, NC, USA.

Sushil, K. J. and Méeliss, P. (1997) The effect of oxygen rad-
icals metabolites and vitamin E on glycosylation of proteins.
Free Radic. Biol. Med. 22, 593-596.

Tian, G and Yu, B. (2001) Recent advances in flavour of
chicken quality. Chin. Schuan Anim. Sci. Vet. Med. 28, 54-
55.

Torras, M. A., Faura, C. A., Schonlau, F., and Rohdewald, P.
(2005) Antimicrobial activity of pycnogenol. Phytother Res.
19, 647-648.

Van Laack, R. L. J. M., Liu, C. H., Smith, M. O., and Love-
day, H. D. (2000) Characteristics of pae, soft, exudative
broiler breast meat. Poult. Sci. 79, 1057-1061.

White, J. A., Hart, R. J., and Fly, J. C. (1988) An evaluation
of waters pico-tag system for the amino acid analysis of food
materials. J. Automatic Chem. 8, 170-177.

Young, J. F, Stasted, J., Jensen, S. K., Karlsson, A. H., and
Henckel, P. (2003) Ascorbic acid, a-tocopherol, and oregano
supplements reduce stress-induced deterioration of chicken
meat quality. Poult. Sci. 82, 1343-1351.

Young, O. A., West. J,, Hart, A. L., and Van Otterdijk, F. F.
H. (2004a) A method for early determination of meat ulti-
mate pH. Meat Sci. 66, 493-498.

Young, J. F, Karlsson, A. H., and Hencke, P. (2004b) Water-
holding capacity in chicken breast muscle is enhanced by
pyruvate and reduced by creatine supplements. Poult. Sci.
83, 400-405.

(Received 2008.12.16/Revised 1st 2009.3.10,
2nd 2009.6.18/Accepted 2009.6.18)



