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SUMMARY

I. Title

Development of duck-based meat products and its food service system

II. Objective and necessity of study
1. The objective of study
The objective of this study is to analyze the characteristics of duck meat,
and to develop functional meat products and its food service system; therefore,

ultimately contributes to the increase in duck meat consumption.

2. The necessity of study
There has been change in meat consumption that people began to consider
nutritional value critical; so that the consumption of high—protein, low-calorie
poultry meat is increasing. It has been proved that the duck meat contains lots
of unsaturated fatty acid, and it provides good protein and fat. The studies,
however, about quality change and by-products of duck meat during processing
and storage have yet done/carried out.
Therefore, this study tried to provide basic data with regard to the
development of functional meat products: nutritional characteristics analysis of
duck meat and by-products, processing characteristics of duck meat and

by-products, and its quality change during storage.

III. Contents and the range

1. Study on characteristics and storage of duck meat and by-products
Quality evaluation of duck meat during chilled and frozen storage were
carried out. Also, nutritional and processing evaluation of duck meat and

by-products were each carried out.

- 13 -



a. As for nutritional and processing characteristics evaluation of duck meat
and its by-products(liver, heart, gizzard and feet), following items were
evaluated: chemical composition, amino acid, fatty acid, cholesterol,
mineral, pH and emulsifying capacity etc.

b. As for storage of duck meat and its by-products during chilled and
frozen storage were evaluated: physicochemical properties, micro—
biological and sensory properties.

2. Development of functional meat products utilizing partial characteristics

of duck meat

Duck meat patty, duck bone extract and duck liver product were

developed with various chinese medinal herbs and spices.

a. The formulation of raw material and processing conditions of each
products were set.

b. Quality and storability of each products were evaluated.

3. Development of manual cooking method using duck meat for food
service industry

By analyzing both domestic and foreign cooking methods of duck meat

food, wvarious cooking methods aimed at improvement in acceptability

were developed. Further, food which good-matched with duck meat were

combined into new set menu and released in franchises.

IV. Results and discussion

1. Study on characteristics and storage of duck meat and by-products
a. Quality evaluation of duck meat during thawing (period)
It was concluded that the duck meat, if frozen—stored, would be edible

for 11 months.

b. Nutritional characteristics of duck meat(breast and leg) and its

- 14 -



by—products(liver, heart, gizzard and feet)

1) Duck meat contained low level of moisture and crude protein, high
level of crude fat, while by-products contained the highest level of
crude protein in liver(23.31%).

2) Duck meat contained USFA in the range of 69.3-71.8%, and
by-products showed the highest content of USFA in feet(77.6%).

3) Essential amino acid did not show difference between parts of duck
meat, while by-products contained the highest level of it in
liver(10,381.8mg/100g).

4) The cholesterol content showed the highest level in liver (376.7mg%).

c. Processing characteristics with 4 kinds of by-products(liver, heart,
gizzard and feet) - pH and emulsifying capacity evaluation
1) The early pH content showed the highest level in liver(7.17), and that
in 3 of by-products(liver, heart, and feet) showed tendency that rose
at first, but fell after all.
2) Emulsifying capacity showed the highest level in heart, and it

gradually decreased in liver and heart as time went by.

d. Storability of duck by-products
Physicochemical properties, microbiological and sensory properties.

were evaluated

1) Physicochemical properties change
a) As for storage loss, it showed difference between heart and feet at
47TC.
b) As for cooking loss, it decreased in heart at 4C as storage period
went by.
c) Considering VBN contents, by-products were considered to be

storable by 3 months at 47TC.

- 15 -



d) With regard to nucleotide related materials, IMP content showed
the highest level in the early stage regardless of temperature and
the meat part. It also decreased as storage period went by.

2) Microbiological change
Considering total microbes of by-products, it was judged that use as
raw meat would be able by 4 months of frozen storage.

3) Sensory evaluation change

From sensory evaluation, by-products(liver, heart, gizzard and feet)

were considered to be able to use as raw meat by 3 months of

frozen storage.

2. Development of functional meat products utilizing partial characteristics

of duck meat

a. The formulation of duck-patty was duck meat(70%), pork(30%), and
fat(0.6%), spices - garlic(0.6%6), rosemary(0.05%), cinnamon(0.196) and
chinese medical herbs-Omiza(0.15%6). Processing conditions were raw
meat(grinded into 8mm/3min. mixed), molding(10mm), and cooking
temperature (200C). As a results, chemical composition were
moisture(48.1 96), crude protein(28.6%6), and crude fat(18.6%6) — especially
high in palmitic acid(46.3296).

b. Duck bone extracts was processed with chinese medicinal herbs(0.5%6)
and water(3 times amount of duck bone) added, and then extracted for
3 hours at 110C. Nutritional composition were moisture(98%),
protein(1.5%), and calories(11.4Kcal/100mL). Storage evaluation, duck
bone extract was considered to be storable by 4months in room
temperature.

c. The formulation of duck-liver product was duck liver(38%), duck
meat(57%6), and back fat(5%), spices - garlic(0.796), rosemary (0.3%)
and chinese medinal herbs - Danggui(1.5%), Sansa(1%), and

Omiza(0.5%6). As a results, chemical composition and cholesterol contents

- 16 -



did not show difference between spice-added and chinese medinal

herb—added product. They were considered to be storable by 22days.

3. Development of cooking manuals using duck meat for food service

industry

Research about existing duck meat food showed that people liked duck
meat food because of health(53%), and disliked it because of its smell(6294).
Considering this result, various products and sauces were developed. As for new
products, fried-rice, smoked duck meat, SiChuan—cashew nut smoked duck meat,
smoked-duck steak, duck rinds, and smoked-steamed duck meat were
developed, and they all achieved good score in consumer acceptability evaluation.
Sauces were also developed with 4 different kinds: hot taste spicy, sweet—sour,
sweet, and healthy sauce. Moreover, good—-matched foods were combined as set
menu, and then began selling in franchises. For further increase in duck meat
consumption, there needs to have more public promotion emphasizing nutritional

aspect of duck meat.

- 17 -
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29t AHE =FEETE 2871559 intramuscular fat levelsol we} #5354
EA AT (Chartin et al., 2006), 9.8 7}&5 2 thg|So| 3] chilling &% u}
2} olgetd EA AF(Al et al., 2007a), chicken brolier, spent hen and duck
patties®] # 2 Wl A (Biswas ef al., 2008), duck broiler®] <%
Fo e S% A7 (Bernacki et al, 2008), Nanjing 2.2 229 7la%ere] o}
v =2t peptidess} A AEZ o B3 A (Liu er al., 1007), Ali et al(2007b), S

2 ar7]e] A #A o] alpha—tocopherol acetate”} 7| += d ko] #3F A (Russell et

meatsZ A X3

al., 2004), 855 A3 sausageo]l A Aol @3 AF(Biswas et al., 2006),
NaCIO(20, 50ppm), lactic acid(1.2%) % acetic acid(1.2%) A3+ 2.8 7552
A Ao #3 A (Chae et al., 2006), flour 10% = H7F3F 2.2]317] sausaged] A
Ao sk G- (Naveen et al., 2006), enroled duck cutlet®] WA Fo] o]}
k2l @ nj A E W3] #ek A F-(Vijayakumar and Biswas, 2006), duck meatZ
o] &3t sausage A|X A starter culturese] @3+ A7 (Carioni et al., 2001), =¥
Goose meat 9 22 meatE AME3}9] meat paste A& FA B AdF(Vega
et al., 1993), Miniduck, Polish Pekin ¥ native pekin®¥} w#E2] o Fdwo o
A (Woloszyn et al., 2006), AFade]e| wE Qe]&e] 7la-dgdeod &3k A-(o
s, 2007), AL Ee] e S B EA A7 §, 20060 2 =Y 2
7 7S O Az FHsHol S| mAE I 5, 2006) 0] g A
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FETH) = (A2 AE+F7)-(AE2F AB+F7)/A =257 x 100

AR} 3 ge fdEolAel Wol AWFEE Ato]Edel wa AWr] FH st
F710 FobdE 7189 (ethyl ether)E evaporator® 12} & &

&
k-
22k2 73] desiccatoroll A 3083 WA O FAE FAIA] A HE
A% = {(FEF F7+A) - &5 A F7AEFA x 100

o} Z2w9A (Crude Protein)

AE o 1 g& AY Fajde ¥ol g 4 12 mLelk FwiAl(keltab @ 3.1%
K:S0,+3.5 mg Selenium)E 3o ©a A #a%
A&kl 420C ol Al 2413 )b 7 skal &fo] g Mow H urtx] Fa F
oA AR B & Eajdte] ST 100 mLE AT ¥ol dE =<

5 S AAAY. 7 2 dAL A F7AA (Kjeltec auto sampler system

1035 analyzer)E horic acid @ NaOHE AME3l 3 01N HClZ HAAFoH %=

Zei A (%) = AA2(0.014007 x 229 HCl % x HCl Table®=% %)
/A B x 100 x 6.25(3L7] 9] AXASF)

2} 23] % (Crude Ash)
°F 1 g8 3lEF7]o] ¥ar 550TC 3 szoA] 24A17F 33 & desiccatorel A

stol 719 FAE HAste] 28R FFS AU

Al

tm
HD:

g
A o

[e]

n

o
-
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Z 37 (%)= (33} 15 R #7154 - g3t d 7] FA/AEFA x 100
uf, X4k
A Hab B8 AOACHMH O wel AlF oA X8-S FZ38}3L evaporatorE o] &
3ol §MlE WA A A& XH 20 mgel 0.5 N NaOH/methanol 2 mLEg 7}3}o]
105C dry ovenel 10% &< AFA AT BFs/methanol 2 mL-E& 713}
methylation A Zth Aol 213 ¥ ¥3 NaClg&d 2 mLe Y¥i AHF &E&
% hexane (HPLC grade)g 273 mL 7}3t¢] &E9] F3i hexane &9 A& "S-
HAstol GColAl FA3kAtt. o) x¥4E #4272 Table 1-59F 2 )
Table 1-5. Conditions of GC for fatty acids analysis
Ttems Fatty acid Conditions
Instrument Hewlett Packard 6890 series GC system
Column HP-FFAP capillary column.
2om=*0.32mm 1.D., 0.5um film thickness
Detector Flame Tonization Detector
Initial temp 130 C (1 min)
Oven temp Increase rate 2.5 C/min
Final temp 230 C (10min)
Injector temp 230 C
Detector temp 220 C
Carrier gas Helium
Split ratio 20:1
Flow rate 1 ml/min
vl ZHAHE
2 E FF B ARAA AWAS 5T & dhe8 43 E(60% KOH
8 mL ¥ 40 mL) F3te 100C G2l Al 1A1ZF &k vh&A7 & g8 &=
2 60 mLS 7F3te] WA AT Al 50 mL 2 IN KOH 100 mL-g 718te] £
H AFzeho] 05N KOH 20 mL o] 10&3 7I¥HA &Eo &+ & FFIAYE
Fo WA Fol rhste] €713 A 3g thy A4S w53t WHEETE RS Sa-
Zy 2yl g948 JbE F =9 vhe GCE B4} o ZyAHE BAx
A8 Table 1-63} 71},

- 4] -



Table 1-6. Cholesterol analysis condition

Cholesterol Conditions

Items
Instrument Hewlett Packard 6890 series GC system
Column HP-1 capillary column.
30m=*0.32mm LD., 0.25um film thickness
Detector Flame Ionization Detector
Initial temp 200 € (1 min)
Oven temp Increase rate 20 C/min

Final temp 300 € (6min)
Injector temp 250 C
Detector temp 300 €
Carrier gas Helium
Split ratio 20:1
Flow rate 1 ml/min
A
ABE AN F FeAMoE $AA ojdstel FrRAFLeEr) A4S
B33 H(ICP-AES Inductively Coupled Plasma-Atomic Emisson Spectrophoto
meter, Jobin Yvon JY138 Ultrace, France) 2.2 #43}3th A go| Alg¥ 7S
= 17 MQo| ¥ &= "o] &4 (NATO pure ultra system, Barnstead)o] 3L, ZF ¢
49 TableF& 49 s=+= 0, 1, 10, 50 ug/g® XAste] 4318 o83 Hd=F54s
AAdskel S48tk o W ICP-AES®] 22 Table 1-79% #Zow ofuj
7} £55 48 AccuStandard Inc(USA)A| =S A}&-3F3 T}
Table 1-7. 714 BEX%7
Item Conditions
Power 1 Kw for aqueous
Nebulizer pressure 3.5 bars for meinhard type C
Aerosol flow rate 0.3 L /min
Shealth gas flow 0.3 L /min
Cooling gas 12 L /min
Na 589.592 Mg 279.079
Ca 393.366 Cu 324.754
Wavelength(nm) Te 238.204 Zn 213.856
P 213.618 Mn 259.373
K 766.490

oF. ofr] 2}

AE 1 g& F3Fe] ampuleol

1
o

I 6 N HCl 15 mLE 7}8t t}5 No= A $+5}o]

-4 -



NE3HA "Eskit ol & 106C 224 2443 7k 5 Wlste] dol2
2 50 mL AESgtA=o AL 3 0.2 ytm membrane filter® ]33t} oo 2
mLE FH3 25 mLzZ AL3 F AccQ-Tag HHo=Z HFEA3HAccQ-Fluor,
Reagent Kit, USA)A 7] ofv] At 247 (pump PU-980, detector FP-920,
autosampler AS-950-10, Jasco, Japan)E ©]-&3}¢] oln|w2be X431, A3 e
Nova-Pak Cis(3.9x150 mm, WATERS, USA), %<& 10 uL, 438 £

A&7 fluorescence(Ex. 250nm, Em. 39%nm), ©°|&74<2 014 M sodium
acetate(A), 60% acetonitrile(B)E gradient} &= F43Act Al EF o
HPLCE-S AF&3F9 o olmil 54 (Sigma, USA)E AME3I9 o 7]7]H

A xAL Table 1-83 7t}

Tablel-8. HPLCE o]-&3l o}v| 2k B4 =7
)

Time(min) Flow(ml/min %A %B
Initial 1 100 0
0 1 98 2
15 1 93 7
19 1 90 10
32 1 67 33
33 1 67 33
34 1 0 100
37 1 0 100
38 1 100 0
49 1 100 0

A& 5 goll 10% perchloric acidE 25 mL 7}8fal 2 3lste] 15000 go 5=
0ColA 10&3 AE 3 5 ATe Fstal 1 F3qe 28 o= v
Al ARl 1 s 8] of #A(Whatman No.1)E o 3} 5i v}, of 3o}
o] BN KOHE 7}38le] pHE 659 953l 10% perchloric acid (pH6.5)E 71314
100 mL A&Zeh=ad A3l 308 W3k potassium perchlorate(KCIO4)
& FAHA7IAL o] & 15000 g, 0CelAl 10%xF AAEE e & AFEds sk
HPLC= itede 43t d34de &%
inosine ¥ hypoxanthine< 0.1, 025, 0.5 ¥ 1 mME&-8 A X3 Z+7 HPLCZE
43319 th. HPLC %72 Table 1-99 2},

FTFF o2 ATP, ADP, AMP, IMP,

- 43 -



Table 1-9. A =4 &4 =7

Item Condition

Instrument Jasco PU-2089

Column Kromasil 1004, 5 um, C18
Temperature 25¢C

Detector Jasco UV-2075

Eluents Eluent A, ACN and eluent B, phosphate buffer

(DH 7.00, 60mM K HPO4; + 40mM KH2P04>
Gradient Omin. 1002 B, 4min. 98% B, bmin. 97% B, 8min. 96% B,
16min. 96% B, 15.01min. 100% B
Detection UV 254 nm
Flow rate 1 ml/min

2. 7V & 57 A

Mz

7}, pH
NE 5 g& FHdo FHF 45 mLeS 9o homogenizer® A T pH

meter(Model 13-620-530A, Accumet, Malaysia)Z 7} A8 9 3HA =439}

(ol
d
to
o
Do
£
i
i)
o
X
N
9
al
el
:|N£
AN
o
4
=l
4
i
ht!
A
2
vl
a

W 3kal 1000 rpmel Al 1023 A48 sAY. A 885 Aol FAE FH435+HY
g S Ak &

(%) = 100 - (82 (g)=0.951)/F 51 ¢ & x100}

L T

A ® 25 goll 100 mL cold(0-4C) "SPS solutions 7}&}3 Blender jar® %7 %
13,000 rpm, 2837F A&t slurryE WEU 125 g9 slurryel 37.5 mLe SPS
solutione 7}8Fal tHE blender jar® w71t 5000 rpm, 30&%F w2 dkal 50 mLe]
SFFFE 7P SEFERE VHekE $9F sluryE 13,000 ipm o2 A5
st7F AR = A el Seaae] JU7ME FX5tl HE 57T e 71 =55

*SPS solution = 2.5% NaCl¥} 0.25% KsHPO., S Eeof =91 &f
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& petrifilm(3M, Korea)& ©]-&3lo] ujeksl & FExd 7|X &

D52 Asste]l E coliz dt3lom, ol

coliform bacteria®. 2 A 431t}

3 o 7] A A (Volatile Basic Nitrogen)

A7 5 goll TFF 45 mLS 718k HEEe & of3}x](Whatman No.1)E o] &

gto] o] 73ttt Conway 8715 o] &

0.066% bromocresol green in ethanol

3ol Aol 0.01 N HsBOs; 1 mL¥ *A]oF

(0.066% methyl red in ethanol : = 1:1) 50
ul i Qe AE o 1 mLEs ¥ § &id 50% K:CO3 1 mLe ¥ v
0.02 N HoSO.=

Auke] AH Ak o] 3 37T incubatorol Al 90&7F wk&A 7l &
T THITE AHESIS T

&3 At FALTE 4 AR FFA Al FHTE

Al
VBN (mg %) = (a-bh) x f x 0.02 x 14.007/S x 100 x 100
ar A% AA AvFH(ml), b THF A4 Av " (mL)
f: 0.02N HzSOs Tables=3} A St AEE
th A
Azmel M= AaEA(Model CR-300. Minolta Co, Japan)E ©]-&3te] 93] gyl
gt L(EE), a(AA4%) 2 b(E4%) o= uellon o] of fFEwd2 Lit

97.12, agt -0.13 % bt 214 o2 FEF33FAUTH

AFANA EAAFAE Aste] et o A

13 SAe HAA ARE A4 2428 248 5 9ons 1440 A
Ask & 30%zF Wysle] 27]E 2.0x2.0x15 cm®E

, Stable Micro systems, England)®] & 1.7
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cm cylinder probeZ o]&3lo] TPA(Texture profile analysis)E& A 3stivh 24

%712 head speed 2.0 mm/sec, Strain 50% = A A3} St}

Az 7HEH FAE A8 A7]E2eo] M(DW-8800, Dea won, Korea)®] <
ALE7E 75C7 2 W 7] 7tEs & | FAE

T ) = Frdd FA-7FE 5 FAD/ZrRQ FA +100

o} patty 77
7FEA 5 mm, 10 mm %2 15 mm 772 pattyE A I3 F 200CNA
7]’ 75C7]— T«ﬂ]ﬁ]—x] 7]—03?5]— kel }\]JJ__J ‘Zy]ﬂg: —f—x‘]o]— E]—

ol
>,
ro
ki

TH(B7 = Fd 2l gEete] 1 e dAE AFEAUT A EE 1336
mme Z7|Z2 Aslo] 59 glutaaldehyde(pH 7.0~7.2)e] FA|A|F#H 4To|A 90+
Fot Alge WA g 13 :AAZ] & sorensen buffer® AA 33 Al AIRE
1x1x1 mm= AAsAth 222 AHS 19 0sO1 §H o2 4T A 9% FF 134
71 % buffer= A& 3dH ethanold} propylene oxide® €A H T} o|u] ethanol=-
50%, 7096, 80%, 90% 2 1009%%] ©AHZ ethanol : proylene oxide(1:1) <}
propylene oxide® ZF @AY 2733 wWHEHA @A 71T Infilterations 931
SH5E A A7 AL Al

2§ Epon mixture® YAl 354 WX sty 1 tf8 Epoxy resin embedding

r
o

Epon mixture®} propylene oxide(1:1) %o A5 &

A

media® ®ZA]7] = 27| A 35T, 45T, 60C % 70T % WsE FHA
22& da3tA g7 st FFATY. A AEE ultramicrotome(LEICA
ULTRACUT 90 nm, Swiss)o @ g2 AH(B0-70 um)o.z Awd S yranyl
acetate?} lead citrate®2 2xF @A3lal Fad A AW A (TEM: CarlZeiss LEO912AB
German)Z 100 KvZ AA390. A4A o1& 5000 - 31,7508 712 A A5}
}.
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2 R =

2517] AlEE water bathol Al 80C= 1A13F ¢F 7Fdskal 307 Wwystth. ¢
AlEE 1x3x]1 cm@ A3 texture analyzer(Model TA-XT 2 stable micro
system, UK) ¢] knife probeE o]&3le] A= (Rupture test)s FAHH3 0w
2 z7& Table 1-107 Zu},

Table 1-10. d&8 824 =7

Item Condition
Pre test 3.0 mm/s
Test speed 2.0 mm/s
Post test speed 10.0 mm/s
Rupture test distance 1.0 mny/s
Distance 30 mm
Force 100 g
Time 5.0 sec

5 7ternEAF
e#m 3

R WA FoBEste] §/-EFl BF BE AL AL ATAE FYOE &

=55 30 packs 36£1TolA 10€7F HES 5 204 193

_,4
o
fo

Ay

o [e) [e] =)
oA e Ae gHo Sl

AN
o)
of\
<_I>l_[

[
j:lr
WS ZtdSFo s o] AAsith. Aldse A o, £4, o

Py
4 713eE B@rrekelew Ztde A Fv, 23S, 243@E) R 2§

@4 EEE ks 474e Amvhd Fads WEg v Adadel)
Agstgon 97 A=y o Hrtativh. 5 HItEE Table 1-11% 2t

w7 A gk o)
1) 285 patty A&
7y 2R Ay AEe olfY A, & UFd Ax, AR Vax, ot 4

Py
AAAQ 71328 Hrpskelem H7HA AdAd 2 "7 S 2 AEe A
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AAA AR G, 58-5%, 98- Ftha W7l oHe A%

(1?@1:/]\31@—’ 5@:&%’ 9 u/\u) 6]:(1?(4 71—61— 5%4— EE 9%4 01:61—) al gl ;ﬂ;‘(ﬂ;ﬁ'

712 E0=E, 53 =0, 9d=F )2 RdsAH(Table 1-16 ~1-19).

M e 7Azte] Amvith $A9R WEE Fold ¥ wrhaddld AFsd

B9, %R AAAL A EEE B ATHTable 1-13). ol 2} Fel A 17
M w53 0 W, 9% 1 Mg FWR WksES shack

o] F)ER(I=r e}, 9=n S ETh, Fe] FE(1=v s}, 9-vl S AT,
o129 AE(1=vl$-eFatet, 9= WS FsTh), Fol(1=r] S rpm, 9=r)$-Fr}), F0
o A=l sttt 9= ST 2 AAA F)EE(=v S}, 9ov) $F
thel tsl Brlstgon Agd HPlAdE FARY FR(1=v)ur), 9=v]$gl
o, olAe) AR, AwAY A%, ojr)e] =, Aske] HE(1=v]$G st 9= op
Shth, @) A= ¢, 9=uSEH Aoty B FFAY SE(1=v]
o, 9=r)$-Ethel tal 9% /EWoes Bostarh 58 $ES Table 1-24~
1-259} 2t}

FL

=

2
Axte] ek EAXE = SAS/PCHSAS. 1999)& AR&3le] EAMEA o
Duncan UYs3AAS AAsggon Ao uwE B4 Al SAS(Statistical

Analysis System, 1996) 8.0 Z 2 1#-& o] &3} t-test® #A=33T}

A
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Table 1-11. 985 =% H& 474 g Table 1-12. ANMA A4S A% #sF71E
B7hR
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g LtOl:
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o duig
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. r r r [ T T ] B5A N
1 2 3 4 5 6 7 8 9 A Lo
o 2% A%+ B0 wet T Ha 210 TableZ|s) FAAIL.
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0 o7 =] 504.8~597.8 551.6+35.1 25.8+1.7
o o) 239.0 ~269.6 253.7+119 11.9+0.7
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) 99.1 ~127.6 100.9£13.4 39.8
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o} AA 9 A 75.9~1482 10554245 957
cxou W 77.1 ~106.0 8814127 214
e v 2.9~515 453159 241
E50 AA 9 A 30.1~628 546185 290
W, 64.6~86.1 7814126 415
o Az 784~132.1 109.7+11.3 498
| A 9 A 77.1~1392 108.4£20.1 493
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20220.7 15.2+0.4

151+0.3
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of A#glo] HA|WEHS T4 Ehow R P A e AFv|oA ¥
o},
Table 2-4. F-¢Jo] W& EZFo o IR (9 %9)
o VRS vhe] 59 5
5 75.2£1.7 59.2+1.9 72.1+£0.0 59.6+£0.9
Ze 20.1£15 15.7£0.6 20.4+£0.4 15.9+0.4
Z A 7 2.2+0.8 26.1+0.1 6.0£0.7 22.8+0.3
Z9 & 0.9£0.1 0.7£0.0 0.810.1 0.7£0.1

Table 2-5+= F-9lol w WAegle] 7h5 % v F-89] 74 dafs He
W Aolrh, ZrEo] 156373725154 ppmozE 7 B T

120.847251.54 ppm, YWEF 508377478 ppm, vwIulE 121272251 ppm, HE
51178.12 ppm, & 0.6673.49 ppm, o}<1 1.0271.68 ppm, 72 0.1270.39 ppm % &3t
0.0270.03 ppm wo2 vEston Adw 8 ARvkEe HAEsA furh 4+, 9,
2 g e U EEe darldA tgeR-else davinyg 52 e 5ol
on ZRtel A FAG AES Btk e A 9 Ao of R wE Aolw

SHEG davlda o =2 512 s Btk

W) E2207¢
Table 2-62 F-9lo W& EF o9 7t& ¥ tEg 59 Y714 g2s e
J o Aolth, ZFo| 21573727063 ppmlE  PF ®Be TS wgow 9l

156.67228.33 ppm, YWEF 595277891 ppm, "FIMlE 16.08722.75 ppm, HE
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A47977.17 ppm, & 1.4973.28 ppm, o} 0.8972.22 ppm, 78 0.270.44 ppm = E3F
0.0270.03 ppm o= UElstow WAool o] A gt ARvhad HEHA
sttt A 2 Ao o R wel we XolE HAow T Aav]eA

O

i=e)

9 ¥ 14 F%e g

Table 2-5. §-9]o| wE vl ogle] H7]x 3k (90 pe/g)
] 9% ohel 5915
=

A=)’ =T = ="

Se Trace Trace Trace Trace
Ca 5.54+0.24 5.11£0.44 8.12£0.25 5.74+2.16
P 251.54+11.53 169.26£8.67 206.50+4.96 120.84£19.50
K 305.98+50.11 21753+22.56 250.35+40.94 153.73£40.01
Na 65.72+3.51 57.88+7.37 74.78+12.79 50.88+5.87
Mg 22.51£1.08 17.50+0.09 19.78+1.91 12.12+4.42
Fe 3.49+0.08 2.34+0.23 2.02+0.13 0.66+0.30
7n 1.34+0.06 1.02+0.04 2.73+x0.20 1.68+0.41
Mn 0.03+0.00 0.02+0.00 0.02+0.00 0.02+0.00
Cu 0.39+0.00 0.29+0.10 0.25+0.03 0.12+0.04
Ge Trace Trace Trace Trace

A R A A AT A=)

A R s BEe A

Table 2-6. F-9lo| & EFe oo Fr]d gk (90 pe/g)
- 7hEE-A 5 o 95
o S =g 2= =%
Se Trace Trace Trace Trace
Ca 7.17 479 6.87 6.37
P 228.33 173.75 19777 156.6
K 260.63 248.14 270.63 215.73
Na 78.91 59.52 76.0 67.78
Mg 22.75 16.59 19.22 16.08
Fe 3.28 242 1.74 1.49
n 1.14 0.89 2.64 2.22
Mn 0.02 0.02 0.03 0.02
Cu 0.44 0.38 0.36 0.2
Ge Trace Trace Trace Trace
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chromatogram ©] t}.

7h) A Qg
Table 2-7+= WA 2o Fo¥ Xulil 248 Yehdl Ao = oleic acid(C18 :
D& 45.0749.3% % H.9 o palmitic acid(C16 @ 0)= 22.7723.1%<¢] #H¢z A4 ¢
Ape] o Fo wE Aol HolA stk F EIAA(SFA)Y] T
20.0731.4%, TEIEZIFAMAHUSFA)Y T2 6857709% 2 vrlE X g1 =4l
(PUFA) G2 1697195% 2 4Arsi7]olM v w2 d3Fs Bou 241l Apol=
Holx] ¢kttt PUSFA/SFAS] H &2 05706%= Az7|Ho E3k8d4 o v

FFe PO} FAH Aol welx sk,

Table 2-7. %910 T2 w0 2le] Awibes (231: %)
g Tt o] 59 &
N et =g A=) =g
Lauric (C12:0) Trace 0.1+0.0 0.1+0.1 0.1£0.0
Myristic (C14:0) 0.6£0.1 0.7x0. 0.7£0.1 0.7£0.0
Myristoleic (C14:1) 0.1£0.0 0.1£0.0 0.1£0.0 0.1£0.0
Palmitic (C16:0) 23.1+£0.9 22.7£0.2 22.3%0.8 22.4%0.1
Palmitoleic (C16:1) 3.1+0.7 3.620.0 3.9£0.3 3.7£0.1
Margaric (C17:0) 0.1£0.0 0.1£0.0 0.1£0.0 0.1£0.0
Margaroleic (C17:1) 0.1£0.0 0.1£0.0 0.1£0.0 0.1£0.0
Stearic (C18:0) 7.0x1.4 5.6%0.0 6.0£0.2 55+0.1
Oleic (C18:1n9) 45.0+4.4 48.9+0.1 48.4+1.6 49.3£0.5
Linoleic (C18:2n6) 15.2+1.7 15.1+0.1 14.8+1.2 15.2+0.1
Linolenic (C18:3n3) 0.7£0.0 1.0+0.0 0.8+£0.1 1.0+0.1
Eicosenocic (C20:1) 0.4%0.0 0.620.0 0.4%0.0 0.5%0.1
FEicosadienocic (C20:2) 0.4%0.2 0.2£0.0 0.3£0.1 0.2£0.1
Eicosatrienoic (C20:3) 0.3£0.1 0.1£0.0 0.1£0.0 0.1£0.0
Ficosatetraenoic (C20:4) 2.7+1.8 0.3+0.0 1.2+0.3 0.3£0.1
Lignoceric (C24:0) 0.4+0.3 Trace 0.1+0.0 Trace
SFA 31.4+1.4 29.5+0.3 20.4+1.1 29.0+0.3
USFA 68.5+1.4 70.5+0.3 705+1.1 70.9+0.3
MUFA 48.9+5.0 53.5+0.3 53.0+1.6 53.9+05
PUFA 19.5+4.1 16.9+0.0 17.4+1.7 16.9+0.2
PUFA/SFA 0.60.1 0.5+0.0 0.5+0.1 0.5+0.0
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) EEed
Table 2-8& EF o g9 F9W Wit 2448 Yeld AS=Z oleic acid(C18 :
D& 48.6751.4% % K. o palmitic acid(C16 @ 0)= 21.7723.2%<¢] #H¢z A4 ¢
Aol o] 7 B AolE HolA @il & EIAAHSFA)S ke
281730.6%, ZTEEZEAWAHUSFA)S sH2 69.3771.8%, Y7HE 32 W4HPUFA)

G 1537164% 2 AR 2 Ao ofFo] mhE Aolst glglon] FFol uhE A

Table 2-8. F-9lo] up& EFe o] A itz (291 %)
- e A ohe] -9 &
SETh S A=) =g
Lauric (C12:0) Trace Trace Trace Trace
Myristic (C14:0) 0.7+0.0 0.8+0.0 0.7+0.1 0.8+0.0
Myristoleic (C14:1) 0.1+0.0 0.1+0.0 0.1+0.0 0.1+0.0
Palmitic (C16:0) 23.0+0.9 23.2+0.8 21.7+1.6 22.9+0.5
Palmitoleic (C16:1) 3.4+0.2 3.6%0.1 3.7+0.1 3.9+0.1
Margaric (C17:0) 0.1+0.0 0.1+0.0 0.1+0.0 0.1+0.0
Margaroleic (C17:1) 0.1+0.0 0.1+0.0 0.1+0.0 0.1+0.0
Stearic (C18:0) 6.5+0.4 59+0.1 54+0.2 5.8+0.1
Oleic (C18:1n9) 48.6+1.4 49.6+2.2 51.4+2.8 50.2+1.4
Linoleic (C18:2n6) 13.8+0.7 14.1+0.8 13.8+0.9 13.9+0.4
Linolenic (C18:3n3) 0.6+0.0 0.6+0.0 0.6+0.0 0.6+0.0
Eicosenoic (C20:1) 0.5+0.1 0.5+0.0 0.6+0.0 0.5+0.1
Eicosadienoic (C20:2) 0.3+0.0 0.2+0.1 0.2+0.5 0.2+0.0
Eicosatrienoic (C20:3) 0.1+0.0 0.1+0.0 01+0.0 0.1+0.0
Eicosatetraenoic (C20:4) 1.5+0.6 05+0.2 0.83+0.2 0.4+0.0
Lignoceric (C24:0) 0.1+0.0 0.1+0.0 0.1+0.0 Trace
SFA 30.6+0.8 30.2+1.1 28.1+1.9 29.7+0.8
USFA 69.3+0.8 69.8+1.1 71.8+1.9 70.210.8
MUFA 52.8+1.0 54.0+2.4 56.1+2.7 54.8+1.3
PUFA 16.4+0.3 15.7+1.2 15.7+0.7 15.3+0.5
PUFA/SFA 0.5+0.0 0.5+0.0 0.5+0.0 0.5+0.0




SEEE DI R C R B

7 2.2

Table 2-9= WA 2ol 7l5 9 25959 oivxil 2A4E YEN Aoz
Tt A9 e Asiv]e] A 195334 meg/100 g, &% 14,1223 mg/100 g, vhe]F-9
=] 4hs17] 19,0336 mg/100 g B &3 14,5829 mg/100 go F ofv|x=At ke
2 2w shek 20.8%, 15.1%, 20.2% R 15.2%¢F fAFSE S At

HApotnqbe]l A 7hEFSH9 A3T|eA 93138 mg/l100 g ¥ E3HF
6,661.7 mg/100 g& EIow tEgFFolrs 91122 mg/100 ¢ 2 67415

mg/100 g2 F-glo] upZ Aol HolA kot FA B A o Fo wel of
°F 2,30072,600 mg/100 g2 #lol&E XAt} H|Fpoln|xsbe] A¢ A7) 10,219.7
mg/100 g 2 &3} 7460.3 mg/100 g& B A om o F-952 57| A 99215
mg/100 g 2 &3 78414 mg/100 g& ©] H3 F-o] w2 xpolE Holx| @gro
AR L A o 5o whe} oF 2,00072,700 mg/100 g9 el E HAAth

Table 2-10 WA Qg e] 7t & vpe|F-9l 5o w& shap #Agh opv| =il %
< YEeRH Aot av] wha} #AWH  gg3boln Ak (glutamic acid, cystine o
methinine) &L 7FEF-9F9] AA7|olAM 41093 mg/100 g9 =3 29219
mg/100 golRoem v iefe] Amz|da 39882 mg/100 g 2 &3 3,065.0
mg/100 g = F-9o] W& Aol= glleoy EFuvt AaivloA ar)skyt dE g

ofbm]:Aiko] ©oF 90071,000 mg/100 g X9 AfolE B YTE Hd wsnty &yl of

o

=

g3l o} :2ke- alanine, glycine, histidine, tyrosine, leucine % phenylalanine ®.
2 F9ek #AAge] AFary] 5871.776,0388 mg/l00 g ¥ =3 44266745326
mg/100 g€ WHAE B
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Table 2-9. F-¢lol] ut& WA e go] ofn|it %74 (mg/100g)
o 9% chel 9l %
7] =3 7] =3

o] it 9,313.8+427.2 6,661.9+484.4 9,112.2£115.7 6,741.5+317.3
Histidine 555.6£36.9 394.1+55.4 546.8+7.7 412.3+38.9
Arginine 1,287.6+21.5 952.6£75.3 1,300.5+46.9 957.6+20.8
Methionine 528.0+24.4 377.8+15.2 5221124 393.2¢27.1
Phenylalanine 844.4+47.1 H97.5+49.2 821.8+10.0 602.7x28.1
Threonine 891.9+41.7 639.4+29.7 873.1+94 644.7+27.2
Isoleucine 894.31£40.0 635.1+44.7 886.8+0.92 642.5+49.0
Leucine 1,619.5+80.1 1,147.6+84.5 1,558.6+25.2 1,146.2+71.4
Lysine 1,746.8+85.5 1,239.6+82.0 1,684.6+36.4 1,259.9+72.9
Valine 945.5£49.5 678.0+48.0 917.7+8.7 682.1£23.3

H] g obr] e At 10,219.7+456.6 7,460.3+581.4 9,921.5+2754 7,841.4+196.4
Aspartic acid 1,940.7+123.7 1,374.5+117.1 1,850.5+51.4 1,421.1+46.7
Alanine 1.280.0£11.4 972.4+89.9 1,263.3£24.5 979.1+16.3
Glutamic acid 3,090.4+142.4 2,186.6+£156.4 2,989.6+53.1 2,292.1+67.8
Glycine 960.1£62.3 751.8+74.1 933.1£89.0 874.9+222.7
Cystein 490.9+22.3 357.4+149 47654234 379.70.0
Proline 814.6£52.2 618.8+49.9 821.8+31.8 685.1+100.4
Serine 863.7+50.1 635.4+65.1 838.5£12.6 642.012.0
Tyrosine 779.1£79 563.1+13.6 747.9+10.8 567.3+16.4
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Table 2-10. F-9j¢l up& WA gle] stat Fadl opv|wmqlh 24 (mg/100g)
7h -9 5 o 915
Py
A7) =T A7) =g
Fugk vt 9,385.41464.4 6,773.7£512.2 9,173.7£196.6 6,935.25+109.9
Aspartic acid 1,940.7£123.7 1,374.5+117.1 1,850.5£51.4 1,421.1+46.7
Serine 863.7+50.1 635.4+65.1 838.5t12.6 642.0£12.0
Arginine 1,287.6+21.5 952.6+75.3 1,300.5£46.9 957.6120.8
Threonine 891.9+41.7 639.4+29.7 873.1x94 644.7+27.2
Proline 814.6+52.2 618.8+49.9 821.8+31.8 685.1+100.4
Valine 945.5£49.5 678.0+48.0 917.7+8.7 682.1+23.3
Isoleucine 894.31£40.0 635.1+44.7 886.8+0.92 642.5£49.0
Lysine 1,746.8+85.5 1,239.6%82.0 1,684.6+36.4 1,259.9+72.9
wuk, st 6,038.8£230.0 4,426.6+366.9 5,871.7+130.2 4,582.6+84.1
Alanine 1,280.0+11.4 972.4+89.9 1,263.3+24.5 979.1£16.3
Glycine 960.1£62.3 751.8+74.1 933.1+89.0 874.9+222.7
Histidine 555.6£36.9 563.1+13.6 546.8+7.7 412.3+38.9
Tyrosine 779.1£79 1,147.6+84.5 7479+10.8 567.3116.4
Leucine 1,619.5+80.1 597.5+49.2 1,558.6+25.4 1,146.2+71.4
Phenylalanine 844.4+47.1 394.1+554 821.8+10.0 602.7+28.1
aLz| st 4,109.3£189.2 2,921.9+186.6 3,988.2+64.2 3,065.0£95.0
Glutamic acid 3,0900.4£142.4 2,186.6+£156.4 2,989.6£53.1 2,292.1+67.8
Cystein 490.9+22.3 357.4+149 476.5+23.4 379.7x0.0
Methionine 528.0124.4 377.8+15.2 522.1+124 39321271
al 19,533.45 14,122.3 19,033.6 14,582.9
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W) BEF e

Table 2-11& EF9 9] 7l 9 79K opnwit 248 vEd o=
7t A9 49 19,6150 mg/100 g, & 14,665.6 mg/100 g, the]F-¢]
Fo] A7) 199433 mg/100 g ¥ &3 15962.3 mg/100 g9 F olnwit T
2 ozewd ghek 20.1%, 15.7%, 20.4% 2 159%9F f-AeE ke wgith

Aol ite] A9 pEREAKY Ao 92851 mg/l00 g 2 =3
6,787.7 mg/100 g& ¥aoH TERYKAE 92247 mg/100 g 2 7,350.1
mg/100 g2 F-9o] w2 oli= Holx @gkoud Az = Xu o Roj upz} oF
°F 1,80072,500 mg/100 g2 Ao]E Bl wAolunate] A9 i) 10,329.9
mg/100 g ¥ &% 7460.3 mg/100 g& HYow vF5e Aarjda 10,718
mg/100 g 2 &3 8612.2 mg/100 g2 ©] Wd F9o] upz xo]i= KHo|x &gro
U od g 1k o Fof whe} oF 2,10072,400 mg/100 g9 Aol E K9}
Table 2-12+= WA Qg o] 7t & vheF-9l 5o w& shap #Ash opv| ik x4

ey Aoloh Ay gty #HEE g3olv wik(glutamic acid, cystine %

552 7)ol A 4,099.5 mg/100 g &3 3,041.5 mg/100

golom o F-95e Armr)olA 41358 mg/100 g 2 &3 3,383.7 mg/100 go

2 Rl & AolE oyt E3u} s A st B ek ofu] mAbo]

o

°F 70071,000 mg/100 g HE2] Aol & H AT HEdk whula} Aubo] J3F3lE o))
wAFE- alanine, glycine, histidine, tyrosine, leucine % phenylalanine® & 23 7] &=
F-919F #ASle] 6125.976,324.6 mg/100 gollon & A% 46127 T 4927.2
mg/100 g WHE KAt
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Table 2-11. 590 W& EZ202 9 ofn|xit x4 (mg/100g)

K ohel 9l %
=

A7)’ =3 A7)’ =3

o] it 9,285.1 6,787.7 9,224.7 7,350.1
Histidine 556.1 421.3 568.6 445.6
Arginine 1,313.3 929.8 1,362.9 949.0
Methionine 533.1 390.2 534.0 433.5
Phenylalanine 837.2 603.7 843.8 653.7
Threonine 904.3 665.0 878.5 742.7
Isoleucine 888.2 635.8 876.6 695.0

Leucine 1.602.1 1,153.9 1.572.8 1.257.7

Lysine 1.715.3 1,283.4 1,661.6 1,424.5
Valine 935.5 704.6 925.9 7484

H] g opr] e 4k 10,329.9 78779 10,718 8,612.2

Aspartic acid 1,916.1 1,1513.5 1,910.0 1,596.1
Alanine 1.323.9 944.9 1,370.3 907.3

Glutamic acid 3,068.7 2,405.8 3,080.7 2,057.4
Glycine 1,023.5 941.5 1,223.7 983.9
Cystein 497.7 394.9 521.1 392.8
Proline 852.7 725.6 981.0 705.8
Serine 864.2 703.1 886.4 739.9
Tyrosine 783.1 615.5 745.4 629.0
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K ohel 9l %
=
7] =3 7] =3
ek st 1,173.7 7,011.4 1,185.3 7,601.4
Aspartic acid 1,916.1 1,431 1,910.0 1,596.1
Serine 864.2 666.4 886.4 739.9
Arginine 1,313.3 929.8 1,362.9 949.0
Threonine 904.3 665.0 878.5 742.7
Proline 852.7 695.4 981.0 705.8
Valine 935.5 704.6 925.9 7484
Isoleucine 888.2 635.8 876.6 695.0
Lysine 1,715.3 1,283.4 1,661.6 1,424.5
wuk, 2ut 6,125.9 4,612.7 6,324.6 49272
Alanine 1,323.9 932.5 1,370.3 907.3
Glycine 1,023.5 899.2 1,223.7 983.9
Histidine 556.1 421.3 568.6 445.6
Tyrosine 783.1 602.1 745.4 629.0
Leucine 1,602.1 1,153.9 1,572.8 1,257.7
Phenylalanine 837.2 603.7 843.8 653.7
aL7| B 4,099.5 3,041.5 4,135.8 3,383.7
Glutamic acid 3,068.7 2,254.3 3,080.7 2,057.4
Cystein 497.7 397.0 521.1 392.8
Methionine 533.1 390.2 534.0 433.5
A 19,15.0 14,665.6 19,943.3 15,962.3
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Table 2-13& WA o 2 EFowe] 7 2 95 Zu2HE g
HKe 2sr)olA 92.00 mg/100 g 2 &
95.65 mg/100 g¢ gHE wolow v FForE Hair] 6393 mg/100 g =
EF 6151 mg/100 g& A L AWoigo] wE Aol HolA Frort thEE
AFHT 7FEESoA o B2 ZH2HE s B,
oo A% EEASY Amrlola 8089 mg/l00 g 2 &3 80.89
mg/100 g& Hoew tyigdSoas 4317 61.88 mg/l100 ¢ 2 &3 64.25
mg/100 g2 2 WAoo} o] A gl Ao i mpE zolE= glglow sheH

AFolM ¥ =2 Fe2HE FFe B

)

|

Table 2-13. 59 w

s
it
it
ko
_VE
NE
il
ofN
ko
_VE
lo
i
=
[
=,
il
i
o

(&9 mg/100g)

_ RS okl 90 5

G
RLEREREY 92.00£17.50 95.66+8.97 63.93+0.35 61.51+4.39
EFed 80.89£13.96 80.89+0.72 61.88+0.64 64.256+0.23

3
NE
.
3
=
Y
o
ol
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rir

1) gtep2 ws

7F pH w3}
Fig. 2-2:= AF 2435l £z 543 75 9 g 3959 pHE 0L A5-H
TAA71A] 5243 A Aol 7hEE-9529 %7] pHiz 5900 A

9076065 H.got %473kl wE WalE yolx|



orgrow AT W3 53076182 ZAl7|7re] Autshe] whE pH Wal= ewo] B4
glol =LA yehA ekskrl v F-9159 27| pHE 6.230E 7IEH-9159 &7
590 Bt} =& #& Holow v F-esFo] A vs A A7) st
= JEth 0T 45 193 644, 293 661, 3L 67322 oA = HFS
o 44x58Y 6412 pH #e] w7t gislvh 4T A% 1dolA 7.032

AR} F 71 we pHE RAOH 20T Wb 4T Wk

o
bt

vER Aot 7RSS WX FelA 0T A% 3742 A7 wet
37173928 HAo sAV|zEe wE Aolw HolX gFgkow
17.2719.30.2 s 7|7k wel FolA= ATE BTk 4T A5 5473k wf
2 W& gho] 36.1740.7% Byon] FMmeA 162717602 4477k wE Aol
7} it

the] 958 Ba(Lihe 0T A58 7]3be] we} 354739802 %4 7)1t

mhE Apoliz Wolx| ergtow VlRg§3 2 Aol molx erskrh A meA
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140716302 2 Aol oo AheRe Kol el we A wATh 4T

o] AL £A7)7bo] we} WE Fro] 37.27388% Hom AMToA 138715602

o7
N 0 1 2 3 4 5 7
L 37.4 37.1 376 39.2 389 37.1 35.4
+0.9 +1.3 +0.5 +1.0 +1.4 +0.8 05
N 172 183 183 183 184 187 19.3
+0.7 +0.4 +0.4 +0.4 +1.0 +0.6 +0.2
. 15 2.1 1.1 0.4 0.2 0.0 -1.0
e +0.7 +0.2 +0.1 +0.8 +0.6 +0.4 +0.7
L 37.4 39.3 39.7 36.1 36.3 40.7 383
+0.9 +1.8 +1.2 +0.9 +0.9 +36 05
o 174 16.2 174 173 176 165 174
+0.7 +0.7 +0.6 +0.2 05 +0.8 05
. -15 -15 05 -0.1 -0.8 0.8 -0.1
+0.2 +0.2 +0.2 +0.3 +0.4 +15 +05
L 38.8 36.8 369 38.0 384 35.9 35.4
05 +0.4 +0.8 0.5 +0.6 +0.6 +0.9
N 14.0 153 149 16.3 15.4 16.1 16.2
+0.4 +0.5 +0.5 +1.6 +0.7 +13 +1.0
. -13 -1.7 12 0.2 -1.0 -0.6 -0.4
e +0.1 +0.2 +0.5 +0.6 +0.2 +0.2 +0.1
L 38.8 334 372 37.7 38.1 38.0 37.7
05 2.2 +0.9 +0.8 +13 16 +0.9
o 14.0 148 146 146 156 155 138
+0.4 +0.5 +0.5 +0.8 +0.8 +0.6 +1.0
. -13 29 -0.7 -0.5 -0.1 -05 -0.8

0.1 0.5 iO:? +0.3 +0.6 0.2 0.5

9.30 mg%E HAO

o)

Te] 24kl A 10.09 mg%%, 49*F 11.80 mg% % 7Lt
1399 mg%= %74 7|3kl FSrbgkel wel A ATV ef A A gFo] FhEelth 4T
ol M= 2¥ Akl A 9.29 mg%, 49 A} 14.84 mg2% R T2 16.04 mg%=E 0T 2o
/4 717bell whe) 3] Ve Aawo]l S sk A¥E WERISAYE

RS 4 27 SR d s 881 mg%E Blon 0T 2%
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A 9.58 mg%, 492 11.72 mg% R 793} 1331 mg%=E <74 7]zko] A aghe] uwh
gt A AVIEAAFo] kel on AT E 294kelA 9.24 mg%, 493k 1548

mg% 2 7Y 1870 mg%= /7|3l wEl bt o F-9 9 REof wE
zpol= HolA ¥kt
Fig. 2-3. XTZx3 7I% 2 v 7959 54 T duddgs g
Zh) A EEA W
Fig. 2-43= &% 9 59lo u& diadEde] was 2487 3 522

2 ATP, ADP, AMP, IMP, inosine ¥ hypoxanthine®] peakE YERH R o]},

Fig. 2-5 ~2-6< 233 7l R g2 3959 0C =4 & ditddaz]
HEtE el Ao ATPE $47)7k we} 0.0670.89 mol/g® 47 71 7kel] up
zpo]7h HolA kel o] &4 1¥Xel] ATPO #3)7F ojn] &y7] wiEed A
oz wadEy, A7 wEl ADPE 1.0271.90 mmol/gs K oew AMPE
0.3370.88 mol/g-s ¥ 3 Hxi= 34071701 mmol/glo2 A1 7|7ke] whe) Folx|i=
s Btk IMPe A% 27]A 2917 mol/g= 71 A e e 547
zrol F7hste]l Hxel jhaFo] old % IMPE 3haFo] vrolx] 7Y XAfol= 7.11 ym
ol/gl.& 717 sttt

.

-

e Ee 5o 0T #4 & IdHEEAY WA E ATPE 4713 &<

- 71 -



0.070.29 mmol/gZ <4 7|7k wWE o7} Holx ek o]E &4 1Yt
ATPS #37F o|n] #ytr] wj#el Zez dAdE ek HA47|3F ¢ ADPE
0.7171.94 mol/gs ¥ ow AMPE 0.0070.36 mmol/gs M3l HxE %

ol/gol Al 792k 1641 mol/g 2.2 S 7]7ke] A fghe] wel FeolxlE ks B3
ol IMP9] - 7] 29.06 mol/gl 2 7hEF-9152 Z7)(29.17 mmol/g)?t AR
FAE BA 5477kl wel Hxe] §eko] Folds=x IMPO| $haFo] stobx] 7
Axfoll &= 4.28 mol/g o7 e FAE KT}

Fig. 2-7~2-8& A x7d 7t5Yd degF95e] 4T 4 5 IaHE4
HE s Ueld Aoz ATPE $4 7|7k wel 0187050 mol/g2 543 7] 3ol uh
Z}o] 7} wolA| ekgkow ADP¥E 1.1971.64 mol/g, AMPE 0.0170.63 mol/gs 5.9
3l Hx3= 34071771 mol/g o2 A4 717k wel Eolx|i= ks w otk IMPY
B¢ 04l Al 2917 mmol/g® 7HE EA vERY 0T 7hE5-915 3 Zo] 0d Aol
7H Al AR IMPE RS WSlow A VIRl whel Hxé] $eko] woldaE
IMPe] gheko] wtolx| = A& M AT

the -9l Foll A= ATP7E 4713kl wet 0.0070.30 mol/g® 4 7]3ke] whe
AFol7b HolA| @kgkom ADPi= 0.9871.64 mmol/g, AMPi= 0.0070.64 mol/gs ¥.9)
3 Hx¥E 093 598 mmol/gol A #l 2034 mmol/g o2 <A 7]7ke] uhg}l olx| &=
TS Btk IMPe A% 0dAelA A 29.06 mmol/gs HAow 4 7THH
556 pmol/g 0= FAE B
el A 2 B9 wE FHu IMPE A% 0gAelA 73 =A e
Aol W o]z Holx| ekgkrl,

o

s

R

>
ol
35
o T
o rlo

i)
1x

o

a)
rfo

— u
s
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Fig. 2-9= WX Aste] 2nd¥E AT edH9] 7Madadads vepd Aot
0T A% %4 193] 099%% o™ 293 1.00%, 393 1.93%, 492 1.67%, 5
DA 184% R TR 301%% H47100] TUF FFE EoHE ATE BATh
AT A% 197 090%, 297} 1.56%, 39 1.82%, 442k 1.65%, 5A 2 2.58% H

A} 271%2 447170l F7F A4 o 4L mgrh

o] 7% 33.23740.25% = A7) 3bel| wE AR HolA| &gkt
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Table 2-15

S 197 86 kg, 294 53 kg yro}

wolt} 374 apel| Fmolx ) vhA
193 88 kg, 294 52 kgo & 0TS} o] wrolx]

bt 5YAFY ThAl wobA 279

LHER ST

ﬁo

o
ﬁo

Btk 4T
Holt} 374U A}

KeN
=

M= 3P

1}
P

=
=

KeN
=

= A

Table 2-15.

a3

1o
o}

8.6 53 7.1 6.5 6.9 53
10.4 2 +1.0 t1.6 +04 +2.3 0.8

0C

0.9

1.2

0.5

8.3
3.0

1.2

1T

o}

Table 2-16
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W Aoz F3g Z7]olE 49 log CFU/gAal 0T A% 54 7830 59 log
CEU/goll o™ 4Tl AR 0T o] s47]3bo] AAEF5 fold oz F7hato]
797 69 log CFU/g9 345 Bl dldate 49 x7]ol& 2.3 log CFU/g
ol o 5Av|ke] AHEAFE EolA 0T 4% 54 7Yl 36 log CFU/g,
4TC9 A5 743 45 log CFU/gg e el 4-$
CFU/gel9le™ 0T A 554 7449 4.1 log CFU/gg Bom 4T A¢ 7
dxto] 4.9 log CFU/go. 2 Z7138le A#E Ve oh

z7] 3.3 log

Table 2-16. X% gF9 54 T vAEY HA (&9): log CFU/g)

. o 1 2 3 4 5 7
0C 5.2+0.1 5.6+0.1 5.3+10.3 55+0.1 6.1+0.2 5.9+0.0
F 4.9+0.5
4C 5.2+0.1 5.8+0.1 5.8+0.3 6.310.4 6.4+0.3 6.910.0
0C 2.5+0.1 26100 2.7+0.1 2.6+0.1 3.0+0.1 3.610.0
gt 2.3+0.1
4C 2.610.1 2.8+0.0 3.1+0.2 4.3+0.1 45+0.1 45+0.0
0C 3.2+0.0 41406 3.710.0 3.8+0.2 3.9+0.1 4.1+0.1
gt 3.3+0.0
4C 3.2+0.1 48+0.8 5.1+109 5.0+0.2 4.7+0.1 4.9+0.0
~Ad R A BEI 23] B4
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194kel] 80 3 = 80FHCRE F& FFE HAT B F-HFY 0CAA= =44

(AE)ANA 192t & AFE HYoH 4TAAE EE oA 1Akl 7%

2%e) 4 T FAWAE A Aste] sl L BHURAGOR ol
C % 4aTel AsAA B 49 Adstgon 0949 4

Ae 2ol Lehgie,

= o
é o
e

1) s}eh4 w3t
7}) pH ¥z}
Fig. 2-112 @7 ¥24sto] 2xdz A% 2gx9 7t % v -9

o
= al
27N TAARA ) AFE FAMoR el Aow snRege] A¢ 27)

gl

900l e 0TCAAME =377 & 5.6276.020.=
bolow 4TCo| e 54770 Aol wel wolx= AES Holt} 5YU Ao A

6.12% FobAE A

&‘O
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Table 2-192 &7] 273} 9 Tl R 8o Aol wEl
& YEd Aotk FEEAES 0T 27 BRI e 3742 SA47IER
37074092 SA7IZERE Apol= HolA| @gow AL 154719.00%2 2
2pol= gtk 4T e A9 W Fho] 36473945 Hlow FAToA 164717.62
2 5477k wE xpolrt gliglen 0C 2 4Te 2% wE zolrb gl

el 59159 "R FelAE 0T A9 27] 3882 <A 7|zbel whg} 3877421
o] WMo} A7l wE Apol= HolA| gktow JpEE-fem F Aol
wolx kgkr). AMEAE 137715607 F ol gldort stEEglel nlE)

SA7)ZE B gho] 36774065 Holow 4

s
‘o
H
027
ht!
)
o,
o
N
s

SE,

F

T 988 mg%on 0T A5 2¢xtelA 1461 mg%, 494 16.84
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mg% 2 TAA 2154 mg%E H4 71zkel Aol wek HWA A7) ek el
Zsom TARAEE 2/t AdH T Yee ¢ F ATk 4T AS 2
Aol Al 13.38 mg2%, 492 14.10 mg2% 2 7Y A} 2751 mg%= 0T 2o] 547

grol Aol wel Ay @vH Aigel F7b s AL ¢ F dgon 795

FE Fl7E A dae & o STk
el F- 9 FelM = 271 SIS A7 I E a7 828 mg%E Hloew 0T A% 2

Aol A 156 mg2%, 497 1506 mg% 2 794 2053 mg%E &4 71kel At
of uwel A AVIefd Aol FrbEow TIdAEH Furl AP Jes
ok %= 9t 4T A% 29 5elA 1439 mg%, 493 1584 mg% 2 7L 3061
mg%E 0T o] sA7]kel met 3dd A7Iel Ao 71 st e Td4

2~
oA ¢ F-ol7F HAEE & STk

Table 2-19. 713274 7}

oy
NE
i
_VE
A
o
fo
lo
A
o,
ofN
it
o
3
oty

24

IS 0 1 2 3 4 5 7
L 374 40.3 38.1 35.8 40.9 39.6 38.0
0.9 2.3 2.3 1.9 3.8 2.2 t1.8
0C 17.2 17.5 19.2 19.0 17.3 17.5 15.7
a 0.7 0.8 1.4 1.7 +1.9 +1.0 +1.3
b -15 0.2 1.8 1.4 1.9 20 35
0.2 +1.9 2.0 2.5 2.9 1.4 +1.0
e
L 374 38.1 37.8 364 39.6 37.4 39.4
0.9 +1.3 1.8 3.6 +1.9 +1.3 2.2
AC 17.2 17.6 17.5 16.4 17.5 17.6 16.9
a 0.7 1.1 0.8 2.1 +1.3 1.7 1.7
b -15 0.7 1.6 1.0 20 3.7 3.2
0.2 0.2 2.4 0.9 1.2 +0.6 1.1
L 38.8 42.1 405 40.8 41.6 39.8 414
0.5 2.5 2.2 2.2 2.7 2.0 0.8
0C 14.0 14.1 15.6 14.8 15.0 15.2 14.9
a 0.4 1.4 1.3 1.2 2.0 1.5 0.5
b -1.3 1.2 11 24 26 1.5 3.96
e 0.1 t1.6 2.2 1.7 2.2 t1.6 174
L 38.8 38.5 40.0 36.7 39.8 37.0 40.6
0.5 t1.6 2.1 2.4 +1.9 0.9 +1.3
AC a 14.0 15.2 16.7 14.8 15.2 15.5 14.9
0.4 0.7 2.9 1.8 1.2 1.1 0.8
b -1.3 04 20 0.7 1.5 0.7 4.0
0.1 2.1 1.5 0.9 t1.6 1.2 +0.6
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Fig. 2-13 ~2-16<2 $71E4S 7IsF959 0C 4 § ditadEde] s
E vEd Ao 2 ATPE 473k whe} 0.3370.51 mol/g, ADP 0.9171.5
AMPE= 0167094 mmol/gS ¥.9 3 Hxi= %27] 340 mol/gol A Hth 18.01 mmol/ge
2 HA7Iel Ayl wEl Folx: dEs vl IMP A 1Al A
33.80 mol/go. 2 7FE A YEls o SA7|ZE A dte] whel Hxo] ko] kob
F= IMPe] &aFo] Yol 10Yxtoll&= 2.13 mol/gl.2 ¥ FAE BT

0Ce] el SR 471759 ATP7E 0.070.07 mmol/g, ADP 0.9671.64
ol/g, AMP 0.0070.74 mmol/gol1 o™ Hxy¥= %7] 598 mol/gel A 742 15.29 mmol/g
o=z 473t A wEl Folxw= AFES Bt IMPO A 04l A 29.06
mol/g o2 7h5E-9152] 143 3380 mmol/g WTl ¢ vt FAE WY 5473
of wel Hxe ko] FolAF=E IMPY FHaFo] wrolx] 7AAel| 853 mmol/gl 2
A vEbs

Fig. 2-24725v= @71 27338 7kagR-9l=e] 4T 54 5 ddadede] ¥ss
Bl Ao E ATPE 4717Hs<t 0.2171.00 mol/gs ¥ o ADP= 1.227154 m
ol/g, AMP¥= 0.1170.63 mmol/gs X3 Hx¥= 3.40721.04 ymol/g o= 4717 A3t

i
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of wel wobAE FEE AT IMPO B¢ 7] 2917 mol/g= 7HE EA e
U 0TY 7I=5-9959 3380 mol/g Hvh 2& e welow 473t e
Hx?] 3tgko] Zold 42 IMPo dr#ko] vrolx] 7 x}bol] 526 mmol/gS H.A T}

el F- 9 ol A= ATP7E 524473kl wet 0.0770.44 mmol/gs o™ ADP=
0.9271.74 mmol/g, AMP+= 0.0070.29 mmol/gs H.A3L Hx+ 1¥xF 15.30 mol/goll Al
Hu 23.33 mol/g o= A 7|3t Aol we) FolAl= e Wl

Fig. 2-13. &7 248 7I55-9159] 0C =4 = 4= ¥

Fig. 2-14. &7 243 v 5959 0C =4 = d4=d 9 w3
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Fig. 2-17& 37|

]_

J

1dxke] 1.58% o 2¥UxF 3.24%, 3Yx} 3.08%, 4%

ojy
;OO
ﬁo

A

b
W

0

BN
T

7}

=
[}

TLA} 455% = <74 7|7kl
Haow 4Te] 4% 19 1.65%, 29 2F 2.48%, 3¥ =l 2.53%, 492} 4.74%

=1
2} 5.21% = 22 7] 7Fo]

3.29%, 59+ 4.20%

7Y

=1
=

K

&

%

3

X

Fajo] £EMR %

-
XN

Fig. 2-18& &7|

7] 7HEFEE 39.7%% T 0T

A 41.17469% = =4 F

41.87473%= 0C< FAF

o]
-+

4Ce] 7

z7] 7bdb o]l 44.39%= 0T A+ 574 F 42.1746.8%0]

-
1.

tel 791 ol A

-
1.

Foll 35.18% = yrolx|

Z

o 74

ATAT% = 7}
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Table 2-20

[}
=

3
< 7.2

wl
=

T 194 65 kg, 2€*F 5.6 kg

ﬁo

—

10

o
ﬁo

& HAAth 4T9

2
kg, 294 6.0 kg, 3¥2F 4.0 kg & 4¢3 38 kg & 0Tt #o] 4 x7]|d ¥

;OO
e

1 oskobA

} 39 kgo2 =4 7)o ulF

Z

3

oF

ER

SH7) 3

Table 2-20.

e
ol

46
0.7

0.6 3.9 o1 3.9
1.2 1.0 +0.4 0.9 0.5

6.5

10.4

0c

45
0.2

4.3
+0.6 0.8

+0.6

£1.0

1.2

4cC

X731

7]

Table 2-21+

A~
—_I_"

o]
A%

7] 5.2 log CFU/gel992e™ 0T

N

B!

KeN
=

Foll 6.1 log CFU/g

)
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BUIGE 4T A9 0Tsh o] HAVIzke] AdASE frelHon Foehe

S Hgon 7Uxte] 75 log CFU/go 2 BuaA el 2w+E Horh a9
A9 71 A = 20 log CFU/geld o™ 477kl S7edE FolAd 0T 10¥

2}l 4.4 log CFU/ge Helom 4Ce ZA$ 5439 4.3 log CFU/ge HAth of
At A 271 25 log CFU/gol 9o A 7|3to] Aasda= Folx 0T 10¥

2}l 4.3 log CFU/gS B o™ 4TC2 A-F 543k 4.8 log CFU/gS H.A

Table 2-21. 37|23 2859 &4 T nAES W3} (¢$]: log CFU/g)
—
_ il,:_é A 0 1 2 3 4 5 7
0C 5.1 50 50 55 6.0 6.1
o 52 +0.0 +0.2 +0.0 +0.2 +0.0 +0.0
AC +0.2 53 53 56 5.7 7.0 75
+0.0 +0.1 +0.7 +0.0 +0.0 )
0 2.1 2.3 2.5 2.5 2.6 3.0
A 2.0 +0.2 +0.4 +0.0 +0.0 +0.0 +0.1
AC +0.6 2.0 2.6 34 4.2 4.3 _
+0.1 +0.2 +0.4 +0.3 +0.1
0C 3.2 3.1 3.3 3.6 39 3.7
A 2.5 +0.0 +0.0 +0.0 +0.7 +0.1 +0.0
AC +0.2 3.2 34 4.2 4.3 4.8 B
+0.1 +0.3 +0.0 +0.0 +0.0

4) s3] W3}
Table 2-228 7|3 28 &9 4 T AMAHF9 A4 HsE vepd 7ol
g 7hEE-ASY 0C A

@]
o
or] $A7|3ke] ARLFE o

_H
Y
rir
o
%
o
s
2
ki
—
<O
e
2
2,
o,
i)
0
™~
jatn)
W
N
}01'

E 123802 71 we WS dokn) 47
7 A =e& HAFE Holu S 7]7ko)
o Az o]l AASe Bmo] 2 ks nHE Aoz waow red uf

Aol= wolA il

r[m
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ed%e] 2R 2 oW 2477 F 284 waE A4dvde Bl
¢

AT (b= A4 294A 232 FHE0] | oy o dF7 FH o e
Eol #EE I 9low Z-line, I-band, A-band % M-line®= AH3A & 4 A

o} E3F myofibrilstte] ZHAE @ol] YWoixal & dAAE Hola vk (oF =
A 5UAA Y AP o ® myofibrilsE°] 4 27]HY 0% Ay g AL B ¢

A AT Myofibrils®] % 3]+= Z-lineF-&oll A ®o] Auy a A9 dEF- myofibrils

NAE M-lined FHOEE AUsT Qi Bkl Mol ek 2AYF Aol
o mlEEselelz Azt A3 BHE AW W AReH 1 £E gol FEm
A= AL & 5 gtk

Fig. 2-20& AFEFH 08 AEPA% elel 4T Hyshe Bore 247

A WslE HoFE AR (e)v 4 1€FE ARICRE 0T Y =545 ARzl A
o}i= Y =4 Z-line, I-band, A-band % M-lineE°] A3} A Holmy XA =
<A S0 wido] sEHA Y] AlFstar QUAIRE A A o2 AATA widE o] U=
Fo Hola Qv (He dA Ao Z BE lineEd bandEo] A3}

B g UAAAR 53] I-band®] FH7F Bol Soljvtar = AS & F e
=

¢l AHE F A B HE 5SS 0C $450 A vhRrlA L
Z-lineo| Al A= QAT GFAEM-line s FALEZE HIH I 9= EFol
oA vk (hi= <4 58 A ARl o2 myofibrils 22 E0°] HS 335 o] 3=
EFolth

3 34T HasaA

Gerelt 5(2002) ¢A5-& calcium chlorided] % =]
slatAol thste] AP A3t CaCle A2+ 2447 Fol thz=ol 3] M-line
2 I-band® AAZE glelxlew, 16813 Foll= Z-lineo]l FAA(E )¢t 1
filaments 7-%2] So] A& A mETA Qo] CaCl, Ao 28 & ddzle 7%
A8 AAIBFATE Mikel(1996)2 5o 714 A dh= Ao Ko Ao =
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3l 3 e Taypor(2002) 52 Moose®t Reindeer?] AM$-71#4 %

ZAsrA WslE B Ay Longissmus thoracis <S-FWel 24 H A4 (Fiber

3
Ao
i
4
%0,
i

area)e moose’} ¢F 3270 um® reindeer 1,170 um’Z reindeer’} moose B.th
tenderdt Aoz W3S} olu I-band ¥ AT Moose’| 74 (H 1.7+ 1.7%),
149 (4.3£4.8%), Reindeer= 7% (3.7£0.9%), 149(3.3+2.5%)2] A5 BT
Choi(1995)6 2 AW H(PVC-wrap ¥ Cryo-vac) ¥ AT wE -89
ZAWMsE o] gl el SAAF 7Y deEtet Z-lined FE4 &

At st om Azke] A BFE Z-lined &Ml HWopA il A-band % I-

3ttt s 27 (@)= myofibrils So] Al&EA oz ojoja] ¥l FIHE0]

BolA AW 54 24 o] FFY xAEo] Bol Hirt WAHI Jes & F

OFHE 2gafAole] MEE=eloln wol AR 1 £ BohH )
y

S48 E¢ AR (e 9SS 4T &

FALS YlojXal glE HE5S Holal vk (D 54 244 Aoz #dda ¢
S g EES By gyd FUdFARe] Ftel s rlEFE=g o}
= EFolth. Boyer ¢ Greaser(1998)F ¢85 471

al C
=574 wol WE WEE 2 Ay A7 9 Z-lined HAShE AU LH
7

Sotelo $(2003)2 E7|%9 semimembranosus <52 petridium aquilinum 2 =

kel

EAEFe] ATl A 72417 7FA] AW Blo| A FLE-A o0 2 perimysial, endomysial 2
connective tissuew™ FHEH AL BHAFHTE A ] w242 3F Fofl =
myofibrils®] W&, sarcolemma?) 4% A3 gapEo] AAEHUI, 3247 5o
= tissue fibere] =3, 72417} %o+ muscle bundleE°] #4% % intercellular
gapsE< A3 AFYI Baskal ok wepa] I AFoAE 2o uE xo]=

AN 540 3ol A ehy WE7E A JEdal 3l Ae € 5 AT
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(a)

(b)

ABEAE AR5 0CTHY F LA

22k, (b): 22k, (C): 54, (d): 784}, A
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(e)

(f)
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vl & 1 10,0004
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(a) (b)

(c)
ST Ao wE dn A 2Fwsl

Fig. 2-21. 2% & 79959 0C s45 ¢
HZu& : 10,0000]

(a): 044k, (b): 244k, (C): 544k, (d): 7TLA,
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(e) ()

(g) (h)

)

Fig. 2-22. A3 LA e 91%e) 4T 45 LAwd] 0e dvj g zgug

(e): 14k, (D): 247k, (g): 3L A (h): 5Lk, AA4H& 1 10,0004
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ATxdd 28 7FEFA5e et 0TCAA st ¢ dAAn A v &-&
15,7508 (Fig. 2-24)2 SuiAlA AFe] 9 Z-linedlA Z-line7k#|ql 4

Z

(sarcomere)®] Zo|WMEE TEME F3le] 543 ZA3E Table 2-24(Fig. 2-23)9
el ok 7 23 4 Wgls 10,000019] wig2 A4S Aapep e ATS
How A Zo|(sarcomere length) W3tE JEHF-HSe A4 X2V E
sarcomere A o|7} 1,326+5.3 nmAA| T o] A&He we} 2 Aol HF Ao
A= S wolal 3o 0T 7tEF-H=dAs 54 384 2,062.2£34.6 nmE
HQ Aol & BT ol F A 7delE 1,79254351 nm7bA A Eolmis AES
UEeR It} sarcomere length®] el %o 93k d3FH T} F¢jo] o3l o dFo]
FE Aoz AU

Table 2-24. 3% @rlF oz 24 oa%el s 2 velsge) 2AZo
(¢H9: nm)

or Nereg vl 791

DA 0t 4 0c 4t
0 1,326.8+5.3 1,326.8+5.3 2,067.7+24.2 2,067.7+24.2
1 1,354.6£26.6 1,732.1+439 1,205.8+59.9 1,