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Effect of Dietary Probiotics Supplementation Contained with Astaxanthin Produced by
Phaffia rhodozyma on the Productivity and Meat Quality of Ducks
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ABSTRACT This study was carried out to investigate the influence of dietary probiotics supplementation contained with
astaxanthin synthesizing microorganism “Phaffia rhodozyma” on thie productivity and meat quality of ducks. Growth perfor-
mance carried out during 45 days for day-old ducks offered in Joowonori incorporated. A total of 150 day-old ducks(cheribery)
of mixed sex(M:F=1:1) were allotted into 5 groups. The basal diets were added with four levels of astaxanthin containing
probiotics. We investigated mortality, bodyweight, and feed conversion used by growth performance. 45day-old ducks were
butchered and carried out nutrients composition analysis, meat quality test, organoleptic examination, fatty acid analysis,
cholesterol analysis, storage test, and astaxanthin concentration analysis. Control showed 3.7% mortality and treatments showed
0% mortality. These results showed improvement of immunity, for influence of dietary probiotics supplementation contained
with astaxanthin. The control gained 2.68 kg and treatment gained 2.84 kg. The control was 2.15 and treatment was 1.83
for feed conversion. Treatment was increased feed conversion than control as significantly. The results of meat quality test
showed that treatment was tender and taste more than control. The results of nutrients composition analysis showed that
treatment was produced low fat and high protein meat. Ducks meat of treatments contained higher unsaturated fatty acid and
lower cholesterol than control. The case of carotenoids confirmed that astaxanthin and B-carotein were accumulated in duck

meat.
(Key words: astaxanthin, probiotics, caroteinoids, growth performance)

N 2

5g FRlaso] FYNUA AF P vAEe) =
QBT 7120 Bed A ATl JRFHos Ws  oFm YASHE FE 1Y AFoR e Uik
A A2 e §F 4 A EG A6 g B HIA o8 K $E AR} dple] YA 285l ok
o wedsiel, To Agzeel JlEs 2usl GuiEel 7} EE A2 eelwle dud sl 5 2R A%
2 itk Ao] ek gHpElo] Aol Wad A4S FIE F 9%,

23713 7 dEA 712 T sl e2lale AA el ZH2EE F4E dAstn Fhce 4Lt
7, BxdE, gk R, E273 54 21 A 'P71 uol] A ngY 22 A ol Za

] "1

Lo
fz

" To whom correspondence should be addressed : kskim@obtkorea.com




|
3
i
H

74 AR 5 : Asmanthing AY3HE Phafia rhodoma® THY vIBAA ] FoI7l 22)el 4Rt g2 oAE 9P

7h glom, the SRt ge) dEld AFolne 943t ¢
W @ Ae) FEeoleRe Aol aig A7 AnoA §)
53l 22 eewle S5 WAg Bue 8

- A3t] Hofl Hlste] B &u)7} o] FAR|A] Reta e

Ro] Apdolth

wah elmrle 42 A BE 7|ZEE PP
I FEYES E017] HalM 71548 EFE AR Hrb F
d3le dF7F SV ov] Hud dAFEE H F
(2003)0l] 2J3F Al=rlE F9, 4 5(2004)° <& g3t F4
5] Utk A 5(2003)L A=vlES FAT Wt F
iRk o)y BT} BXA A ko] T3 S5
A=7t A= T AFA ol FIHAT Bustiod, &
52004y guto] FrleFo] F715 wet 2@l B
e B, et §F] solxivhy Eustih

£ =5dA A738laA} = Astaxanthin £2-2 vitamin
A2] A FA|o]™ caroteniods < xanthophyllo] &3t= M4
A A de] EXHo] th(Fang and Cheng, 1993).
Astaxanthin& &3} carotenoids= ZAANAS B&A 3} A
7)e giks a9 9 g El gle Re= 4EA Qo
o] MAEL FEAL w1 glon | AT ¥ ol
FEL EE AIIAIE 99 8% 98 Y ETRHF
38 A FAo) Brhsdstez S8R stk
3lt}. o]& carotencids EAE-S TE0] XY= ol A
Aol BEF Az} 4E g Fsbs, A7 3 59 715
S 7R3 gleme, AFA] FolillA AR de ALS-
H3 glon oekioliA wmsPA| A, FAsiA|, F2Ed
2A), FAA 2] ALgo] Bui=x e A8y Bdoltt
1 A% astaxanthing in vitro Aol A] singlet oxy-

geno] W3t ¥ o] Ags| 73sle] a-tocopherol®]
activityol] v} 80u] Fx= g Aoz BWEFIrHMascio
%> 1989). Astaxanthin singlet oxygen®#%}t o} @} peroxyl
radical & A AdtE EEAE E=ov(Lim 5, 1992), 1 Hell
Blakeman 5{(1995)-< astaxnathino] 2| ghal, 4| ¥, 25 do]
ME free radical& F&H o2 A st

Astaxanthino] 4o} €02 Aol RowE 19709
29 AR o] YA SR FES Wol £ red yeast(Phaffia
rhodozyma)7} W EAQl Ao 2 T}hE carotenoids FHA AR 9}
Hlwate] wl$- $7)4dolx, @A, X, Hleldl B § 5
% go] FH-3H, F carotenoidsE astaxnathing T ¥
ol g}l A% AA 7L 715 4ol HEE ARZRE A
A28 F2¢ "9} glon astaxanthing Y3l 270l
Hlg] L=} watke F-o] glci(Johnson 5, 1980).

£ A+= 2t F315F 2.2]o) A astaxanthing ¥ 3ete o
2 Z7-9] carotenoidsE YA s v AW ERQ] Phaffia rhodozyma
7F 234 7154 PIAE AAE AHANAHES 9 289 A
7 &3t e2nv)e S viAle 9= HHN] At
o AAlSHAT

Mz gk

1. AEAA

AdA= 27) A7l F 60, AEFF 3078 FA
stk dzTe Iyt wiEAER F93in, A te
0.1% FTo 2 FeHEY] 7|54 AL H/HE 4o F

oatlon zt A7 g 3uE A28 FATHTable 1).

Table 1. Microbial composition and dietary supplementation level of the probiotics

No. of No. of Ducks Composition of test products
o Additive - .
replication R T Other microorganisms Astaxanthin microorganisms

Control 3 10 30 -
Saccharomyces spp.
1x10°cfu/g
Enterococcus facecalis
1x10"cfu/g Phaffia spp.

Treatment 3 10 30 0.10% , . #ia spp
Photosynthetic bacteria 1x10°cfu/g
1x10°cfiv/g

Bacillus spp.
1x10%cfu/g
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 BAIEE, S0AIE W Aletuial

HA7ksted 2o] Bel® ¥ A2S Aot 18 oS capil-
lary column(100m x 0.25mm i.d. x 0.20 m film thickness)<
A5k gas chromatograph(HP 589011, Hewlett Packard Co.)S
ol-g-sta] EASIEE, o] camier gas® A4 ©] 8315
o column?] 7] 2EE 180TE, 231 JFLEE 240
TERTC/min)Z 333t} Injectore} detectore] L=+ 250TE
A7k

Table 2. Calculated analysis of the experiméntal diets

% A 5 5 1 (®)=E
A PALEE Table 29 231, AJ] o83 22)& G Inclnded Duck phase 1 Duck phase 2
Ao oA AFE 147 SE@ )R AAFS
Corn 8% 39.23 42.63
B 52 golAutt
NgAtad] W7e vl ABAAS) B4R 243 Aad Wheat 200 200
A715EL Table 13} 2t} AlgHe & At LAY & Rice polishing 3.00 3.00
2937 ALALRE AMESN] 1Y9FOA 79FARE 15 C Soy bean meal 24.75 23.54
AL E, 8UH oA 217X & 12 P AR E, 214 F o)A 44 Rapeseed 4.00 4.00
dR7AE 25 P AR E T $428)9 Mg 1 Tallow 1,00 ;
a ‘1;] T (e}
A A 219 H 7 = B LHES] FEANSAA HlE g Molasses 1,50 1,50
ARSEa 29 REE S5 AT BUY xele :
A S - Lysin-HCI 0.51 0.39
oA FHAASsIE T 53] 3293 FE = ozt AE3tan A o
2359, DL-methionie 0.23 0.20
AW E HAL A 24 B, AdE, 249, 7197 Salt 035 0.35
F, TedAL A e, Gl Hds § S8 B3 AL Calcium carbonate 027 0.07
g2 FENEH FAATFLNA AR, FH2HE Tricalcium phosphate 1.78 1.95
4.8 A=A ED 7Y, astaxnathin T2 FLH]E] £ § Minetnix? 0.20 0.20
BAE Juby o rle
i‘f‘fﬂ?ﬂﬁ?ﬁﬂw 43190k Ztzte] EAHL o  Vitami® 005 0.05
% 2 Choline-Cl 0.10 0.08
1) UrMEZA} Antibiotics_ 0.03 0.05
A, Ak $8 9 382 AOAC(1998) W dl| wet B Total 100.00 100.00
- Ak Caleulated analysis
DM(% 88.34 88.37
2) BoAHE 24 9
Y 2EHE E4E AT AF9 FZ& Folch 5(1957)9] Crude protein(%) 20.00 18.00
o) #3191 F2E XA g7E F FH2HE Bther Extract 3.60 375
22 Sale 5(1984)9] TAM o) oJsled A stk Crude fiber(%) 274 249
Crude ash(%) 5.69 4585
3) Xt =M
4 1 0,
Tubeol] A] 2.2 23 Folch W#(1957)0.8 % x| d 228 Caleium(%) 098 0.80
31T}, Lepages} Roy(1986)2] whlo] wel 100C] water Available phosphorus(%) - 0.40 0.38
bathol| 4] 1Az} methylationA]7] 3 WZ}E o} 7)o]] hexaneS TME(kcal’kg) 2,900.00 3,000.00

2 Provides per kg of diet : Vitamin A, 8,000 IU; Vitamin D,
1,600 IU; Vitamin E, 10 mg; Vitamin K, 2 mg; Vitamin By, 1.5
mg; Vitamin B,, 4 mg; Pantothenic acid, 5 mg; Vitamin B, 2
mg; Vitamin Bjy, 0.01 mg; Niacin, 20 mg; Folic acid, 0.4 mg;
Choline, 500 mg; Cobalt, 0.3 mg; Copper, 6 mg; Iron, 50 mg;
Todine, 0.6 mg; Mananese, 30 mg; Selenium, 0.15 mg; Zinc, 40

mg.

ux] £ & geLxoA 17)e YRLEEE 80TE 3o
1AZE B9 719 % T2, A7 0.5 inche] Folz A Wk

4) Mete |
ke 2] moko 2 ARREEY 61 g)ato] &
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o2 A8E AFI F A =74 7](Wamer-Bratzler shera
force meter, USA)E o] 8-3te] S8 &3 -2 o] H]o]
Qe PR A IF S 9o SR E AEE Y
i, 71A1E FAEAA AEE ol 2 W rtaA A
£ olu ®E IS g oz EHINh

5) B4&

24222 Hofmann 5(1982)9] <] 7}x] 21yl e} plexi-
glass plate $95-o] o] 7}x](Whatman No. 2)& ¥ A&
AR 03 g& 3N 2 Yol B2 thg thE 17]¢] plexiglass
plate® Hi 5¥3It 4FAIZ] & planimeter(Super planix a,
Tamaya, Japan)S o]-§3te] A7pA|o] 2Fo] £o] Sl @
Hz} go] Folgle F9e) FAAL ATk

%240 2o Yt WA
Fio] Zolle WA

x 100

By =

6) 7tdzta

7o) SRE AAsa AdH0lA BYo e Fddlo
FAE 2RHETEF 61 g)3ta 2492 X3 F 2 F£x
A 17]e] WELEE 80TE ko] 1417 B¢t 71’ o
<, eoA YA A AFE FAE AT ol &
ZFe o Al At ot

7V HEH%) =
_ A8 AR - 7tE ¥ A8 FAR) |
719 A Algel FA(g)

100

7) B

N 8% electric pancl|d] BUF A 02 71HF The 2.5
x25x 03 om2 Ao} 05, A%, P9 ARAR 715
=2 o] Bxadd Jatd tEd, A%, Fu| & Ant
A 71E=(1=¢ Ak 671 FEHE 6l <jsiol
B8k

8) X|gt AMEfE(TBARS)

=43 22ar)E AAERE vzt 4TdA 79
F ARSIEA 0, 74wttt A e gld HsES
ZAVstA T

Thiobarbituric acid reactive substances(TBARS)+ Sinnhuber
<} Yu(1997)] #hol] o3 A= 2 g& F 3k} 3.86% per-
chloric acid 18 mL$} BHT 50 uL& 713t #4317 o

o }ste] ojzl 2 mLE 3 5}e] TBA(thiobarbituric acd) &
H(TBA 2.883 g in IL D.W.) 2 mLE 7}5tm £33 9 A&
oA WE st 15~17A12F B2t WX gk oA 531
mmol] A FFEE S5 ol FAE o] &} TR

TBARS(mg of malonaldehyde /1,000 g of meat)

__ ABEFE - blanke] FBT) x 46
ABFA x5

9) cHHE wafiE (VBN)

Volatile Basic Nitrogen(VBN)2] &4 -2 113(1975)2] =51y
< o]&3lo A& 10 g2 FH3A S/ 70 mle} A EF
3}1. 100 mL volumetric flask® 7] 100 mLE 239t} ©}
Al AR F AHESt] 77 T o Hd 1 mLE Conway
unit 2]} ¥ 3 Y4+ 0.01 N boric acid 1 mL2} Conway
reagent 50 ul(0.066% methyl red : bromocresol green / EtOH
= 1: D 39¢ Doj=gich 7% P 20| FAMAL
Hl23 F742 22 Z Potassium carbonate(K.COs 50 g /
D.W. 100 mL) 1 mLE o] $9 F FA] A7l o
4718 THoE WA v 37CAlA] 12087 WA &
0.01 N sulfuric acid® U419} boric acide] €4S =A 5199tk

VBN mg %(mg/100 g sample)
= (a - b)xfx0.01x14.007/Sx100x100
= (a-b)x1403.5/S
S: sample wt., a: sample mL, b: blank mL, f: H;SO4 factor

10) Astaxanthin &% &4

289 telz4 A2 1 g& 100 mL volumetric flaske]] 2
I Z8<5 80 ml, SR olr(lil) 1 mL, EYA/HA(1:1)
100 mge ¥ E33 U2 WS st wpslg o}
50°C ultrasonic waterbathol| 4] 1417+ H}5] }4T}. Waterbathol]
Al Aol XAe A7 F FRSFE 250 mLrt HA At
of E35ith A% F59 10 mLE 250 mL volumetric
flask 2 7] 31 absolute ethanol 100 mLE 7}3} 1 ether2 250
mLo] H7 gAsle] EFsIATt. fel# Ay AsA 5
g TASA Y1 hexanelether(l:1) §Ho 2 F3A7] &
343t FEN 25 mLE Ho]E T hexane/ether(1:1) -2 150
mLE §ZA1A 250 mL Ao 3t 50TelA 24 2
3 & ZkA}oll 14% acetone in hexane £ 10 mL2 &3]3
3 0.45 um membrane filter2 o] F}slo] ZH o)) o] &3tk
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3. EAlEA

o] o] Ao dojzl Axf= SAS(1999)2] GLM(Gene-
ral Linear Model) i o2 BX8}%i 3, 2t Ad T3 /<
A %2 Duncan®] multiple range test® o] &3} th

Zn 3 1

1. 8M8E

2 A8 AFatedA AT S840 197 60mf
2 & W 3t 7 30mtEy dizTet A2 Yo
AAlEIgTE ARt Alg kS Fogh tizTelA] 1uke]r) Ak
HABIA AL, 7154 WAEAAE AtRe] 410 Foid A2
FoME HA 2SR gtrHTable 3). A2 To] 4,
YAre1 29 astaxanthing A3 81= Phaffia rhodozymas 4
Fzto] o] o Bl g Aol F718I7]
wjEoltt}.

2. A U ARLTE

Table 40l|x] TAJE uHle} Zo], th2Fo] A$ HF 2.68
kg, 2T 2.84 kgo] SAE EHth ol& ulAEA A )
A7ME R FAAEE = 2 A wiAE B3 2
4, 1x7e] 94Ut 2 Balgh YA e JFEA9
A2 b} oF&2] Table 49 Yehd vle} Zo] g+
<} vlmale] Ao AlRFEEo] A3 =4

3. it ME U oA

Astaxanthin Fojol] w2 ¢a]mr]e] dutd B} Za 2

Table 3. Mortality

Table 5. Analysis of nutrients composition
Control Asta Duck

Moisture 78.61+0.05  79.86+0.09

Nutrients Crude protein  16.96+0.11° 18.67+0.14°

© composition(%)  Crude fat 025:0.07  0.210.03
Crude ash 1.01£0.02  1.02+0.02

Cholesterol(mg/100g) 5423015 51.78+0.07

** Means with different superscripts within a row significantly
differ(p<0.05).

£ I Table 59 2} 7 2ol 93 )27
H3] Asta 927} E¢ta, ZA WL 2T 2L ATE B
Atk 2RI FAQ Aol7F YEA] ¥sta tix
T7F Asta 220 Hg) )02 w& FYAHE GFE
Btk £ A3 A3} Astaxanthing FJ3F 9852 gt
Q8% Ha] AL 10.1% ¥, AU 16% 2gon

FU2EIER 55% AL J o2 Y Asta 2871 ok

AAG AFNFLE RS F S Aoz g

4, Xt =M

Astaxanthing Fo{ ¢ 22| 117]9] A4k 242 Table 69
A B dke} Zo] gzl Hlste] E3pRuHakl palmitic
acid®} stearic acid7} 9F 1.5% AE 74 v w2
3} AR oleic acid7} 4.5% o4 713 AHE Bk
9d Exs Ake o 4HA €5 FEA U 24
2HEY ZAE MM ens N8 ET e A
18 ZA7} ATk S 2 (Grondy 1987), = 259 %
7} FAs}o] oleic acid FFo] FoH 4]89] wg FA 3tn
(Lunt and Smith, 1991), #5%7lA & JFE devte

Mortality Survival ratio H 27} 9tiDryden and Maithello, 1972).
Contel >70% 20:30% ozl W8 Asta 0217} Tah A4 gge fejHoR
Asta duck v 100% AT FES AP G frelF o2 $A Uehdeh
Table 4. Feed conversion
Initial B. W. Final B. W. Increasing Feed intake Feed conversion
Control 52 2,740° 2,688" 5,769 2.15°
Asta duck 52 2,893 2,841° 5,185 1.83°

Unit: g/1-duck.

** Means with different superscripts within a column significantly differ(p<0.05).
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Table 6. Analysis of essential fatty acid

Control Asta duck
Myristic acid(C14:0) 0.02+0.02 0.01+0.08
Palmitic acid(C16:0) 22.14+037  20.54+0.25
Palmitoleic acid(C16:1n7) 7.13+0.05 7.66+0.12
Stearic acid(C18:0) 5.00+0.10° 3.4740.05°
Oleic acid(C18:1n9) 49.90+1.12°  54.52+0.44°
Linoleic acid(C18:2n6) 14924032 15.1240.69
Linolenic acid(C18:3n3) 0.47+0.04 0.4840.04
Eicosenoic acid(C20:1n9) 0.41i0.01"‘ 0.26:0.01°
Eicosadienoic acid(C20:2n6) 0.07+0.04°  0.26+0.03°
Eicosatrienoic acid(C20:3n6) 0.07+0.02 0.09+0.05
Arachidonic acid(C20:4n6) 0.15+0.02 0.16+0.01
Docosatetraenoic acid(C22:4n6)  0.00+0.01 0.12+0.02
Saturated fatty acid 27.16+0.19 22331020
Unsaturated fatty acid 73.1240.68  78.67+0.49

** Means with different superscripts within a row significantly
differ(p<0.05).

5. ut SEZAL U BsHAL

Asta 22)9} tl2Te] HuE, Bd sid s 4 A3
A} AE Table 79 e A 71E 4L di=x
T7} Asta @ 2]ol] B]3] ¥ AHE Btk B lojd
2TEY Asta 227} 3% ©]d EUTE B 450
0|8}ty FZ % Ade 9 o2 Axe 22, w
D43 o] 9T Wierbicki and Deatherage, 1958). o]l u}

P

Table 7. Meat quality test

2 B57A 29 Ase 087} YzTRT 9EAY 95,
a2lm g BEol B AnE HaFQd. Wush Smith
(1987)= B5ee tuldo) WA B o & Zwe] ¥l Sof
e} depitin SidEd, B A7ME Asta 7)) Tl
A garo] 7ol Hla) ELo] W Jgoz Holgh B
A% 9] A7 astaxanthin YA FFE FAsHe Ro] 7o
Frsin e 08 w|E ANTS BaFlon, X
WAk 240 W3l S 715k T w7t 2L 5
< Aol Hrhd

6. MEAIH

Table 85 X W astaxanthin A FFE Fo3t Asta 2.2
7} At o) Tl d M E A BERoA dl2pEg
S Btk £ A|99] Ao astaxanthino] 7F7] F4F
3bs HEQA Ao B ZolHn Asta 22|17} tZTol Hg) X
WAt o D Al selA] P} YRAAA] A
=71 8 FRIES € 4 U Demeyer $(1979) 317)
o A Foll A A &l og JieEs W)
<} WBE oiAtel o3t AkA syt =HHA JlRY 51
E, ¢3&, AE Susl= 9 FAHER Za=] g7 &
o 92 vXA Hx A% 713ko] B33l whe) TBARS
ol Sttt n B ustgich

VBN 11719] ®sfi7} e gol me} gl doe] o]t
I3 a9 B 242 BadHe 3HE ST Aew
Crespo 5(1978)] oJ3t¥ ©¥iA chain®] Y7} AdsH
Al FrEjotr el S #H B, offlF, Ry} Ao}
9 & By A253HEo] $7HH] 17]9) 553 9t
e Ueille 2oz 4=A o

7. Astaxanthin SE 244
=¢43 e8lmr9) vhe] %A 1 g& 3 B-caroteinT}

Control Asta duck
Shear value(kg/0.5inch’) 2.67+0.10° 2.0840.07° Table 8. Storage test
Water holding capacity(%) 44.73+4.42 48.1943.10 Control Asta duck
Cooking loss(%) 3241032 30.39+0.28 Lipid rancidity 0385008 03350.06
Juciness 3.8 4 (11 days) (MA/kg) T T
Organoleptic
exiﬁnati)n Tendemess ‘ > Protein deferioration )0 (e 1 150 15.2742.12"
Flavor 3.8 44 (11 days) (%/mg)

** Means with different superscripts within a row significantly
differ(p<0.05).

** Means with different superscripts within a row significantly
differ(p<0.05).
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Table 9. Antioxidants contented of 1 g in'leg tissue

Control Asta duck
B-carotein 0 0.98
Astaxanthin 0 2.2

- astaxanthin 332 HPLCE o|&3}] =73+ Z 3} Table 99
A B ulel o] astaxanthin A HF7 FE Pl AYEA]
AE FA% AP+ o3 m7|o) A5 B-caroteinT}
astaxanthin©] Z}z} 0.98, 2.2 ppm E013l& A LE YEstT

Fig 194 B Agel #7ke, 2usEd 4975
Phaffia rhodozyma7} carotenoids A4d%5<] 9J-2-S HPLCE &
& #1315 1L, Fig. 204 X g]l79] Q8] 17]of p-caroteiny}
astaxanthin 5 carotenoids A8 ] FA3}A| 7} FA =0 S
< A

B A1ge] Ax g4kslA|Ql astaxanthino] Q2] Aol &2
Hol 28 1718 AFshs AlgolAl d 28 E A o
o] Zldi=H, 2] ARSAle] HIAAAE AsAA ot
Ao 2 ¥E] BHodt] #Aleo] HAisE E37) o€k

Standard |

S0, et

i
£
= /\ A

o 60 100 abo abo o abo 23 750 2 .00 1000
100.000. Phaffia thodozymd.
0000
o000 B - carotene
<wmo g Astaxanthin
oo N i 3
- _ N ]
rn O, °80 233 5o 250 2ko’ ) 3.30° 400’ a0 #.00 23 050 6.30

Fig. 1. Analysis of antioxidants in Phaffia rhodozyma.

Controt

L N R S A I T T e A T A X )

[ N2 T MY
é Astaxanthin

= (20 RAT 270 280 273 %o a0 [27) <%

J].8 -carotene JJ Astaxanthin dimer

Fig. 2. Anaylsis of antioxidants in duck lég tissue.

5 2

E dte 2t 383 92|dA astaxanthin A FFQI
phaffia rhodozymas E 33t MW EAAE AlBol] H7)sked
FAAZHLEA 28lo] 4 W= B} eBlur] &
A vlAe FFE T A8l AT G T
193 23] 15078 FA8 wigAtEl vlAEAAE 3
71HA &L EH}_—T’{C)Q} Phaffia rhodozymaZ X33 u] A}
EAAE 1 AITME FATh HYTE Phaffia
rhodozyma7} A Ao 1x10%cfw/go] G5 2 2|25l AlE
o 0.1%% &3t} FoItith A E S T3l HAME
I FAE, AIREES ZARIN T 459 o) =gsia] 7]
o gt ANt RZAL SEAHAL AL A B, 2
#2HE 4, AFAI Y, astaxanthin 35 4 58 A3}
At 2 A7, PAEAAE HIIEHA] &S gE2TE 3.7%
9 FHAREE, ATl A 0% HAMSS Ho] ¥ g &
FAol F7HRIASS Bk =T 4$ HT 2.68 kg
FAE, A TE 284 kgl TAE BAT AlBLTEE O
2T 215, R T 1.830.2 Ha T g8o] SAUA M
AR 22 3r]d tig SAHA A 279} v ws
o AT So| ReH 3 nAFYT YN BRAA Z
I A7 7t dlzTo vla) A Zn vl Adhe
< Folxorn, FYAHEL 1 EX3} At o)
=2 1FY wde & F AU 22 2IUY 712
B0l el A% Ao 28] 23 o astaxanthin
7} B-caroteino] ZH = o] -5-& BAsITH

oIZEsE

AOAC 1998 Official methods of analysis. Association of
Official Analytical Chemist. Washington DC USA.

Blakeman DP, Ryan TP, Jolly RA, Petry TW 1995 Diquat-
dependent protein carbonyl formation. Biochem Pharmacol
50:929.

Crespo FI, Millan R, Moreno AS 1978 Chemical changes during
ripening of Spanish dry sausage III. Changes in water soluble
N-compounds. Ax Archivos de Zootechia 27:105-109.

Demyer DI, Vanderkerckhove P 1979 Compounds determining




80 AT 5 Astaanthing A S1E Phaffia rhodoyma® E33 1 A2 A2 HA7h 22le] 47 8o mHE 9

pH in dry sausage. Meat Sci 3:161-165.

Dryden FD, Marchello JA 1972 Influence of total lipid and fatty
acid composition upon the palatability of three bovine
muscles. J Anim Sci 31:36-40.

Fang TJ, Cheng YS 1993 Improvement of astaxanthin pro-
duction by Phaffia rhodozyma through mutation and opti-
mization of culture conditions. J Ferment Boiengin 75:466-
469.

Folch J, Lee M, Stanley GHS 1957 A simple method for the
isolation and purification of total lipids from animal tissues.
J Biol Chem 226:497-500.

Grundy SM 1987 Monounsaturated fatty acids, plasma chole-
sterol and coronary heart disease. Am J Clin Nutr 45:1168-
1172,

Hofmann K, Hamm R, Bluchel E 1982 Neuesuber die Besti-
mmung der Wasserbindung des Fleisches mit Hilfe der Filter-
papierpressmethode. Fleischwirtschaft 62(1):87-92.

Johnson EAm, Villa tG, Lewis MJ 1980 Phaffia rhodozyma as
an astaxanthin source in salmonid diets. Aquaculture 20:123.

Lim BP, Nagao A, Terao J, Tanaka K, Suzuki T, Takama K
1992 Antioxidant activity of xanthophylls on peroxyl radical-
mediated phospholipids peroxidation. BBA 1126:178.

Lunt Dk, Smith SB 1991 Wagyu beefs holds profit potential for
US. feed lot Feedstuffs 19:18-19, 23-24.

Mascio PD, Kaiser S, Sies H 1989 Lycopene as the most
efficient biological carotenoid singlet oxygen quencher. Arch
Biochem Biophy 274:532. ‘

Sale FO, Marchesini S, Fishman PH, Berra B 1984 A sensitive
enzymatic assay for determination of cholesterol in lipid
extracts. Anal Biochem 142:347-350.

SAS 1999 SAS/STAT Software for PC, SAS Institute, Cary, NC,
USA.

Sinnhuber RO, Yu TC 1979 The 2-thiobarbituric acid reaction,
an objective measure of the oxidative deterioration occurrihg
in fats and oils. J Jap Soc Fish Sci 26:259-267.

Wierbicki E, Deangerage FE 1958 Determination of water
holding capacity of fresh meat. J Agr Food Chem 6:389-394,

Wu FY, Smith SB 1987 Ionic strength and myofibrillar protein
solubilization. J Anim Sci 165:597-602.

A% FI2 FHTF olTFE 258 o)A7] 2003 Alzrly
w7t 2219 4ol nX & G F=Eia TR
23(3):200-208.

T B2 ALY 28x 73] 51743 Yr)e 2004
e Foi7t e8jmrle] o|gtsd BN nlx= oa
BLENYFR] 24(1):66-72.

ERAA 1975 ARGOBERS L HE AnTE 18(4):105-
108.




