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Study on the Improvement for Shelf-life of Chilled or
Processed Meat by Hydrostatic Pressure Technique
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SUMMARY

I. Title
Study on the Improwverment for Shelf-life of Chilled or Processed Meat Ev
Heydrostatic Pressure Techniqgque

II, Ohjectives and the Significance of the Besearch

The main ohjective of this study was fo extend shelf-life of chilled meat,
which is important technical factor in export and distribution in domestic, by
hvdrostatic pressure technicques, This technique is known as efficient method in
reduction of micreorganism lewels of foods without lesing flawors and nutrients,
Also, to improve quality of Bulpegd products, hwdrostatic pressure technique was
applied to Bulgogi product, And then extension of shelf-life and change of

rhvsico-chemical and sensory characteristics were evaluated,

III, Besearch Scope
1) Effect of pressure conditions on meat quality
4 ) Determination of physico-chemical characteristics

D Texture
iz TEA walue
& VBN walue
@ Color
& Water holding capacity
Determination of nutrient contents (fatty acid, vitamin E)

E) Total plate counts

Z) Determination for change of protein structure and texture depending on



hydrestatic pressure technique
A) Ewvaluation of structural changes on microscope

E} Ewaluation for textural changes

3) Development of technelogy for processed meat products
A) Effect of hydrostatic pressure treatment on shelf-life of Bulrogi
E) Effect of hydrostatic pressure treatment on quality of Bulrogi

4) Determination of flaver profiles
A) Comparison of flaver profiles ketween hvdrostatic pressure treated and
untreated meat
E} Evaluation of flavoer profile of meat hydrostatic pressure treated after

storage for short period

b1 Consumer’s test

Determination of color, flavor, texture and owverall acceptakility

B} Determination of quality change for hwdrostatic pressure treated chilled meat
during storage
A) Determination of physico-chemical characteristics
T Texture
iz TEA walue
& WEBN walue
@ Color
& Water holding capacity
Determination of nutrient contents (fatty acid, witamin E)

E) Total plate counts
71 Economic analvsis

A) Estimation of cost: Assumption of additional cost due to application of

new technigue

_1{]_



- Addifional cost for equipments
- Addifional cost for operating
E) Estimation of benefits
C) Estimation of social benefits

IV, Hesults & suggestion

1, Effect of Hydrostatic Fressure Condition on IMeat GQualities

There was no significant change of TB&A and VEN walue of  beef -with
hvdrostatic pressure treatment (100 ~ 250 WFa, for 6 min), Also meat color was
not significantly changed compared to control when hydrostatic pressure freatment
has been done with under 150 WPa for 5§ min, In total plate counts, hedrostatic
pressure treatment with 100 BPa was neot effective in decrease of total plate
counts, Howewver total plate counts of beef treated with abowe 1650 WNFPa was

decreased akout 1 log compared to control,

2. BEwaluation of Wiscle Protein Structure and Characteristics of Texture of IMeat

Depending on the Hwdrostatic Pressure Treatrment

Hywdrogtatic pressure induced phivsicochemical changes of beef loin were
observed, Solukility of myefibrilar protein(Ivit) in 06 & KCI-20 mbd tris buifer
(pH 700 was decreased after exposure to 100-250 MPa, ME Ca-ATPase activity
was slowly decreased with incressing pressure up to 200 MPa, but decreased
remarkakly with 250 MPa, Structural change of myofibeil i loin muscle freated
with hydrostatic pressure was observed through optical microscope, MWyofibril
without hyvdrostatic pressure, treated with 100, 200, and 250 MPa was observed
clear long filament, original myofibril but short, aggregation of skeletal protein, and
losing spot but agzregated W, respectively, Also owverall muscle structure was
observed through scanning electron microscope, MWyofibeil without hwdrostatic

pressure was tvpe of myefibed bundle, Howewer myofibell bundle lein muscle

_11_



treated with 100 MPa was dispersed and 150 MMPa treated one showed
phencmenon which myoefibeil filament in lein muscle became thin, The higher
pressure applied to myofibeil, the thimmer filament bundle cobserved, With akowe
results, we considered the high hvdrostatic pressure (250 MMFa) mduced destruction

of mofibrl ultrastracture and denaturation of protein composed of morofibril,

3, Development of Hwdrostatic Pressure Technigque for Processed Meat Products
To increase shelf-life of Buoleogi hyvdrostatic pressure was applied to the
product, Beef and pork lein were obdaimed from slaughtering house and sliced
0.3 thick, Commercial seasoning mix for Buleosi was added to sliced meat and
mized wel, And then 500 = of meat (Bulgogl) was vacuum-packaged with Al
laminated pouch, treated with loedrostatic pressure at 300, 400, or 500 MPa for 20
min, and stored at 10°C, Total plate counts (TPC), VEN, TEA, and sensory
characteristics of Buleogl were observed during storage, TPC was significantly
reduced with hydrostatic pressure treatmnent, so TPC of 500 MPa treated sample
and control were below 1zl10' and 2xz10° cfulg respectively  after 16 days
storagze, There was neo significant change of YEMN and TEA walue among
treatments, In sensory characteristics, 500 BMFa treated Bulpogi (beef) and 400
MFa freated Bulgogi (pork) showed the highest overall acceptability due to

texture and taste,

4. Ewvaluation of MMeat Flawver Profiles Depending On the Hwdrostatic

FPressure Treatment

Flawvor components of hvdrostatic pressure treated beef was analveed with
GC-IWED, Among flaver components, aldehwdes such as pentanal hexanal, and
heptanal in 100 MPa freatment was increased compared to contrel but in 200 WFa
treatiment was decreased, There was no significant differences in content of flaver
components with magnitude of pressure treated, In quantitative analwsiz of flaver
components of hvdrostatic pressure treated beef, content of total flaver components
was the most in 100 and 160 MPa treafment, However beef treated with ower 200

MPa hwdrostatic pressure showed less in content of total flaver components, The

_12_



longer storage daw, the less content of total flavor components was observed,
Especially, low-molecular —weight flaver components was decreased significantly
with Increasing the storage day, Twpical component showed abowe trend was

aldehydes (pentanal through decanal),

b, Sensory Test for Consutmers

Sensorial characteristics of hydrostatic pressure freated beef were evaluated,
control through consumer’s test, Control which was not hydrostatic pressure
treated beef was evalvated among treatment as the kest in color, but the worst in
texture and juiciness, For 100 MMPa/Smin treatment was evaluated that there was
noe significant difference with contrel In color and texture, but 150 MFa/Smin
treatment was evaluated that ne significant difference in color but better juiciness
and owerall acceptability compared to contrel, In contrast, 200 MFa/Smin
treatment was evaluated that color, texture, juiciness and overall acceptabiity were
poor  compared to other treatment used in this experiment, Therefore, we
considered that 160 IPa/Smin treatment could give better texture, juiciness and

overall acceptability for beef,

6. Ewvaluation for @uality Changes of Chilled Meat Treated with Hwdrostatic

Fressure

To evaluate effect of hwdrostatlc pressure treafinent on the shelf-life and meat
gquality of chilled beef, total plate count, VBN, TBA, color, texture, composition of
fatty acid and content of witamin E were analyvzed during storage, Hwdrostatic
pressure (60, 100, 180 and 200 MPa for § min) was treated for beef, and then
stored at 4% for 21 daws, In tofal plate count, 150 IMPa treatmment was not
showed significant difference, but 200 MPa freatment was from control, There
was ho  slgnificant difference in VBN, TEA  walue, meat color, fatty  acid
composition and content of witamin E among treatments Jduring storage (p<0105),
About texture, 200 MPa treatiment showed softer texture than other treatments,
Therefore, we considered hydrostatic pressure technigue can be used for extending

shelf-life and providing good quality of chilled meat

_13_



7, Economic Analysis of Hydrestatie Pressure Technique

The consumer survey showed that the consumers’ willingness to pay (WTFE)
tor Buleogi (potk) treated with hvdrostatic pressure was 5,520 wontke , which is
higher than existing product price of 28000 wondkg by 1,020 won/kz In case of
chilled beef treated with hyvdrestatic pressure, consumers were wiling to pay 4,000
wonlks more per kg If the producers face same market demand curve, producers
profits are masimized at the price of 5000 wondkg and 30,800 wonfks for Bulrogd
(pork) and chilled heef respectively, Optimum profits increase by 190 million wons

and 1,720 wons while demand for product decrease with the increases of prices,

_14_
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Yok e Rz MHMTH W E TE I miE o 222 AR oA A ZEhe
HERAZE Fart Mled, 1UAME ddsS d93AE F2 D IE0E 250
oo S0 I WEI JE 2 BEAUY 4= 24 TEhd §3H2] HE
T 4H1A A A= S AeFF SITH LY AT £ 2] longissimus TS

™

2285 B&lsarcomere) Q0] 7Y 2022, pH?T 20120, Warner -Bratzler 210
AT, IYd 2T 2EFA] F21E HEE 2 E(sarcolemmal) 2} 2

H F2iendomysial sheath)2] 22, & (bands)2] %, T8 8 F(mvofibrilla) 31

T HEF 7Y Z7Hintermyofibrillar space)®] 2 S0 €HUti2 B1ED ST
ESE PR E glvcogen YRS §MAI D, WAE mitochondria$} sacroplasmic
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reticulum®] LEILL, XH A2 = mitochondria?t 2] 21T T}, o]4} o]
DA 3t 2 2FL S2FEH HEAEo Ll 178 JFE
LHEH = Foin, $HEez Do 28] ZslRe oed FeiE47 439
5d2 AZE FUI T} Dye] el dEu oege 227 "HEsE s
01 &5t 25 2 FUd Z22E £ 9
JtEAZ A BN E linonene ™ 2T 20ho] HE}L}N HLE S, %‘3’}9}
W= 4100 amolA 3022 A2]5te 2@ 2 HHAE FASPE SHELH £35H
He YA 2AE DYAHIAT FF R 4T FUE JUE A5k A
vitamnin C2] =4 go] & 17THE T AFE £ AHL YEdHE B BoIL
224, 297 IMEHOEE HAsted LUAHZE 0B SHELH S, AT
EdtAHE R?]Uﬂ o, gty FA AE MDA (acidulant) S2] HMEE o] W
SUAHE EE F 4000-6000 atm o2 [-30E27F JH4stH T2 ®e] A 4000 atmo A
158, B Fd(puree)s 4000 atmofl A 1022 JHstE B0 YAz UHE BE
8o fsf THE B gl HHT By At AE JWE AYn, JEL]
HEITE T IEPIAZ 29 o) 2 EH0] itd WREE FESA HY B
oiA A7 Eh PTUAElA] o 22 Y E dEEHEA EEIiA L TR
7t 9tH, AR W, ZAL 130 B2 Y AR E LYHE] F sl A
HAEL A8 50 HA 22 WE 4000 atm2 E 250l A 1027 I HA 2] 5L
OlH B2 Moz WHiled, ol AsH EMss ZHELLY BTHEL B
Z3I0E =, 3 YA Y A 42 polvphenol oxydase(PPO) EHE 24 %1
: I EZ71EIH, PPOS] B4E FUAHZIE YHEEIHZn 2 01EHA
o} Tt &AL AR, 230 24 2T H2ZoA 5000 atm2 2 1523
A2 S of As] '@ AR H: 24 WD DT Y=Y
F
T}
&

k
I

re d

[k

—_
~ [
o U

i

o]

(=]

&}

RS2 #d %
L2 rr 2 e Mo
=
EII:.'
1z
[y ]
E

PO EEEETE 22 AHAA rdmA, Y @ Hae 259 T2t
E E 4000 atm, 50%C WA 20| 22(deionized water), Ca¥'L} CO.2
z

|ru

Co e
e

PO 224 A @A 052 U4 EXAAN = SEEEHA
C':'ﬂkl = Adl Al ZEs5] 45

= _|_.
rr
=

=
rg
1=
]
1=
ne

TH gelation)
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HZe] HERB S phc, 4000 atm 2R 0B FtuAZEH gelS V451D, 5000
atmif A= o] REA ez SFHA SFREHMAACI G000 atmd A= 2H
gels BATICE Yo 25 BAEE gel2 22 TOIE AUH, vERIO|L
OrD|ite] =80 g, Dof Lo EBHE gelol HsH L A Bl W=
e o 230 HHEE gelod vl 2w HE IW=
Hitd(adhesiveness 1S AW ol U=o]
ket W FJard s dasted, OrE 2T gelS 5000
waEtH 16 e 2 E Aot T
Yol 2ef BEE gels JME geld] HlE BHE (gumminess)0] FASHA L,
E000-7000 atmo] A 4 W ogels BAMAA oW MEstd HEDD, 4=0]
12 += 388 (cohesiveness)0] ST, 4= ATE 22 Blsullvn) EAE
E7H 22 A BEEE lysincalanine & & FHATH JPoAZ I AR 2 Haqu
lysincalanine= TH5HA M= EF] lvsinealanineS oA 3318 22 =S
Hdste oA Fal Z49 ZES EREASHY, 012 98t 9A ol A
oo 2k 0]ES0] BHAIE T, 420] &3 AT M E ribetlavin, folic acid,
thiamine £2 HIE}IF I} obEEA 0 DUH 2T ATz 01§ BIEIQIO] ol H

HEk2 BhZ] orl:r} f’_}% carrageenan, ovalbumin, T THH ze]2] T =HE

=

atmofl A BHEHH JHE

2184 S o 2T

Hu
od:
0%
ri
g
o,
H
E

TR
e

Hg=o] S5 didted, ol LYY S0RET elE BHTLE S
LIEPHLE, Oof Hhsf agaroseh} zelatin gel2 2=i0] S0P 22 =L Ho| 2715
LEHHE W3, Beja], 7I0Ee], 33 55 dEE it surimi®] 2% 4000
atm?] F+Us 02T 2 ANHE 0BT surimid] FF £ETH 2§ UHAS
G000 atm22 FtYstd " 4 =), Yo 2sf HEE surimi gels 71E
H-ATh gelo] H]?H TBoHL R 2500 E Yubtd ez o)t A% tEE FE
3718 1Ay Adds ERled AT 5 M4 A O B0 ME
HAAT 1212 AEEA, TE surimilt surimi 228 HH®5 {2

o
—
m
o
a
—+
i
L=
O

analogue) M EFS HAZSted o 082 £ S12H 0c 0]5tl A gels
A HEH BL0] ST St WE2EAN 209 A Wit
StE L ST Ay Elfﬂ gelaﬁon &= J‘}““Dﬂ o %t A= 42y, F

r; g
0Z gl
= o
o
B
E

2AAAY WY IS PV, olnf JHo] 9T IS BEWHAY, Y] gT
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gelationol M= OOl &t FHE SHEL e 2 27 AW AHEZ A WO

L EH3 gel BHY & 9Lk

1A 2FEeE AF FAW RIS goiklaUy v ERE s BuEL
by Mg A2l 55 S s A3 (digestibility) S S7HA171H, BHE AL
BETH JMAL ] EESS HYdAd HEAT 7 DEAN ZUEb TEO
Yoktde 2 ALE THE 22 WA (blanching)E o 24 = EEHETHAT
8o fsf = E0] Ei4E EU oIt A%4LT EEH M BODA 2 H+E
WRAF L D2 ] BE 9] duo] Eof, 01T A28 dA2] TEAME
082 274471 3 log cyele Z25t= YHH, = D HUHE) 2] 232 WM 4 log

d
EFUIHHNL E+E HAZ]sie ZdE 92 £ 3o, 35 LYUAHs €22
o z17sts o Hle A E ¢y 20 28HEE HeF0] AL A5 2T

AFL o2 Pkt FEo] fith HHT gxY THE Es 058 2
AxFS 798 o C UEE 93 208 EE5H 214 AZE 08 +L
AL gutAeE Az due RS s o0 Sk, Co:8 o
ZEd 3 £ES WE AT HEs T H4T SThchive), M2 FHithyme),
uted], vet 52 THRE 55 atm, 46Tl ZAT B COE JHYAZ] A
AE=2 i SSEREAY, S35 WA, wel, S5 Sty E Z0)0
MR T I HET Egie] F&T I8Es 1Y COE ATt
AR MF ZMALE a8 + AL SELL AYys2E E3F AES
HEEE 21E8] R (convection) SHEEHEA Vsl O M=H AT £ JUCh S
S 2 kgt BE AUIE 2000 atme=E MYStHE sz ol 2 8020 28HE=T,
ojo] BkH H=olMs A0l 2R ofRA L Us 01ESHH st 2147 =

d
SE7 HE food A T 275} vndE of ToIL o
He a2 ged, 1712 gHo] The WAEE ALY T

AT Jcd AT SF< 220 AUBEA B E1
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atm© 2 JMUStH 6Y F, 4000-4500 atm2® PUHE o= 6-13E8 R

rEL'r,1

Bastr] AlZEstE T 3T LE 5400 atm, B27Col A 122 Pty £ @@ H AT §RE
-8 23 RE A gt Dol L EXW o Bais Qo] 23R
ENAH, o]2T F P unfolding)S ©HEL] Y534 §dd HIE MAHEL
I, UHIY HEY, FEHE gel BE5E 2289 58 EHo] dF¥s o0
Ciehy DobAzy oegds ZHAS FHToRH AF IS M54 AEL
HE2LEZ Mgsted 0188 £ UAL HE S0 YHAHAT UHde] FHHE
pHH 2% & w0t S3HEH, ovalbumin 2 25°, 6000 atm2 2 P2 A] pH

o
I
o
r=
s

o

125 M E & ohEEN fE=EE UEMHH e L ovalbumin®]

AR 23U A T casein®|L £ A albumin®] 2F
‘:'E}Eml FY¥ez S Yoted, o8 2 T ZRo OF AOlis
DI 5-5 EYL A0l 9T e 2 o )

41 el 21}

DeE HEdA ToE2oIL Higl FE £ HAMMEL £F EES
ZFARP =M AMEE £ Tk A E E9Y amarenth B A= Chenopodium rebrum
=, 2500 atm S 2 0B A2A MZ2RE 2%
wHocE FEDML T, JuUZ 0HEL M4 BHE
30 C'I'ﬂ/‘\“l JrgEtH Wi Bdo] JfHH R AHEANLEH BE Serratia
marinprub e AU o)A red, orange, vellow, cream, white =% HAE
ABASEATE 300 atmt A= white 71 BOEA AL 2H S MH reds ML B H51A
oroi} ChHAlS MuAoz BjA7| LA B O 1S AMEE S T S,
B-lactoglobuling 2000 atm =% YU AZE thermolysin® 25 4322
BHE A 0 a-lactalbuminS 2= A =T 2 A (milk whey)old a-lactalbumin
JE oA StHEA B-lactoglobulinits HHiAE o2 HAHs= 2 2T
YUIE =, ol 2 TEUS RO01E 2H 254 HAEE AEE oo e

FE5HA AMEE 4 217 =0T, W Z48(ice nucleation-active) A 0] ST

FF Aol A Mo g 222 #4840 S8 ded ofs DdEs Eds
AEALE st Wb tis ¥s 9771 o]:H AL 2 22 SHE A 3000
atm O8] AyAdls Wl EE A HAZE S22 2+ SR
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00| ZIHEER triglyerided] ZEAS SRR A2olA A A uro]
2EHYA ZEY (arystal)T BN, S3 DYl ol LI B2 wEA W A
Z(tat arystal)?] BH0] ZAFHET, o]nf o-FHHol B A p-BFHo|,
p-ZEo] Bl p-2FH0] SHHOE HWHHLD BT, 2UNAS s

Q0] 4 JARHIL SUEE W 544 BEOIL ZAAEE Alocust bean

gum)®] Eil= FEREF] =T I zvlosedt lysine, xvlose 2t B-alanine,
glutaraldehvde 8} P-alanine®] ZHE DRO]Y 9HEimaillard reaction)= 12 W2
ol HHE, TH 4-20c oA 308 ZF 1000-4000 atm S 2 FHekR 2]a] Hojz]dd
EAEtE lipases SEEETHL, 012 siA O] Hiott-flaver)d] AUS AT 5=
e Aibfatty acid)d] A& AT £ AT Carctencid, chlorophyll,
anthocyanin 52 H4= TYAHRALD S50 EUE HEP GA Y myoglebins
Y VIR §RE LYAZEHA HUE e dZ80] Fims FEol Sl
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H 2 g Az 3 g

Hl
Hn
E)
i4h
i
=
rH
ok
Hil
0
4
il
oo

2, VENIt &4

AR 10 g= H5HH 25 70 me2t 2 blendingst2 100 m wolumetric flask=®
=A 100 mZ B0 Al HAtAS AFESHH gt s s 1 omed] 001 N
boric acid 1 %} conway reagent &0 pi0066%5: methwl red @ bromocresol
green/EtOH = 1315 PHEM Potassium carbonate(l2 0z Blg /D)W, 100 me) 1| mi=
AT TS 37 oA 12082 2R F 001 W osulfuric acid® 238 30}

VBN mg *imgfli0g sample)= (a-b) = £ = 001 = 140075 = 100 = 100
fa-b) = 14035 / S
Siosample wt, & sample m? b blank me fr HaS Oy factor

3. TBaZt =4

ATE AR 2 g5 #HShH 3862 perchloric acid 18 mest BHT 50 @5 HI15
1 homogenization® ThE Hatstd Aot 72 mE HatHd TEAE® (TEBA 28533 g
inl o DWJZmE 75t T H 3 YS AHstd 15-17T b 29 A
SHCh R4 631 nmil A S 2EE ZE5t ot ZAS 0] 25 F T

TE4 (mg of malonaldehyde / 1000g of meat) = 901 x Abs,

=
Ho
1

11

AR 2] HEE A A Color Difference MWeter, Yasuda, G00IU, Japan)S
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O] E5tq & dEHY Hunter scaled] 2]3H L, a, bE WERAR L, AESS
{(89,2-L, % (0,921 -2, P+(0,783-b, % 22 A 45hod LIERY 9ich

5, 0= (&2=)

A

A
=]

AE BEHO 100 oS swab 312 015 BP9 m I8 homogenization
7 T2 A% #4551 pouring methodZ A HETS &+ plate count agard
BET & I7C incubater A 48A12F W BT & A5 A 5HELO

(=]

. =A AT
ZAE ZBites SAS BAZZEIEE 0]E5HH MEE HAUGLEE BASIHL BY
2 A2 221482 Duncan's multiple range test] 25k HAspdL}

1Y o T2 2ge] g 2z 9 27 Ed HE 2385 517 Y51
=4 A ARE 3 E}CE] Ho1ds] ez 9™ HUE T US g HOEFE L
SEME 085t Y=z o] o 22 HElY U3 2ES FIoHStEL
i, THEs o s 24

THEF O EL] HEE Katoh 52 wEd Tl et S, 2204 Azl
A ME 229 25 10 g FFet 10 ] 01 M-KCL 20 mhi-Tris HCI
(pH70) &9 (Buffer 1)2 &4 ¥ @colshAIFIHA 1248 53] homogenize$t &
FHPFHE HAB Aste 388 HZ22 §AFEL datE /S 6000 rpmH A
1022 A 223 £ dHs HAstEnh dd3e 285 43 st 82
UHAESE T HE7 UHEE stEn
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}z

Ha T
T == EBjgret®H o 2 H-HAZF 1L

A

s
=]

THEF AL Ca-ATPaseZ4 U Mg-ATPase BH2] &3

=& 1g0 20 mb-Tris HCIpH 7.0) bufferE 100w % 21519 £ 2% ST} 01
I-KC1, 5 mM-CaClalor MeClz), 25 mM Tris-maleate, 5 mh NalNz2 vH2 Z ¢
85 miof 20 mh-ATP 05 mest 7225 o 29 | wE EPsi 280y

4,

1027 9+ 2710 ¥RE2E 102 HCIOE & me H21EHY 915 & FAAPL, elon
Aleks W 208 B AR TS spectrophotometerE 01 E5H] 640 nm ™A
L ¥ et
B, oHEs o ds] 06 M KECIY W B &3

Z4E SELEREY M2t 2dds UHE HESH (10 mg/n)] KCl SZ7F 06 M
0] =8 ZETH T 4¢o]stelAd 247 FoF wutstHy 284 oeads =l e
T} THA] 10,000 g0l 3022 HHZ2AE 51 HE3YH Fo oMI%ES i 4
I de { oz Wt (8 HESHY ESEE SHETH S Eeizs] i
4= U= 2

ST (Solukility, 240 = (& / B) = 100

AHEFE Takahashi 52 %o Ot 20 3(Olympus  Model
FILADAK phase-contrast microscopeldt AFRZ | (Olympus Model C-3BAD-4IE 0]E
5t zI00EH&E = =EsHHTH

7. SEMM =&
2t2te] Z740% 2712 MUY ZAS 05 w U] HARHos zao B
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] & A2 1 25% glutaraldehvde, 02 M Na-Pi (pH 700014 2217 02 M Na-Pi
(pH 70004 308, 23 csmium tetroxide, 0,10 Na-Pi (pH 70014 1413F A2 %
alcoholdl iscamyl acetate 2 2 A171TE, O|FA AR A|REE Scanning Electron
Microscope (model B0E0T36)S 01 E3HH =EB0wE, 156 kVoll A S&stsETh

1 ¥ds A= ¥ =3

2 Es =5 SHS 01~03 wZ MEsq AEYD s dAHUMT 21
7] e g HIlEln & Eeksbe] wdo] ZE202 Ho|LE gk wrdnr @ ol
F EEs =55 500 g8 YR g A ot AT zTS oA
2,09 ¥ A

s 2TE YEss 21Y FAE 01E5H Z00-500 MPas] Y¥S 5-308 =
oF M2 O =23 8HE MASY 278 A A EHER 10cH H%‘E}EH
4o AESRAL
3. AT T oy FLES

H 1E2] Wye] 25t SASHEL

4 TEE (3F4) 53

AR 1 g& Hatd o] E2]d ¥4 9 mt 71511 homogenization?t Tl H&% 3
H35He pouring methed® SHIIAN, Zd2c plate count agard] HETH T 37
incubator 1A 48A12F LT £ 25 H£51510

5, BE A

oS galstd HAY YURS YA 2ol ZAS B 0L YHH 3
Jlz @3 2 drde] 2RsE 1029 2A0lA HAHUL 2ASHA 1700 28
2 3% Eob AU U BWIIRES 4wty QUSR] nato] BB FuEg wa o



the TS SIS s1Ech BWILRS W WA JTTHOW BI} wHe 9
A AHEED 0, =A 12z 2 AR YUY Kolol st BrkstET

B, A A]
ZAE Zd= SAS BEAEZZ]¥ES 0| E5Mq MEE HAELE BASIHL B9
21 Ede] 22]4E2 Dunean's multiple range testo] 2151 AA ST}

A 42 v 5495}

1. AZAR &£H]|

B3 2 1go] A 285 ER0ls TRad @9 15 22T Us
DYAZERA @1 A 2] 48 28R DYME SHETH U9 AE
AlRE bool AZstEA AEE EE AASE TX 24 4 A -
BEstH A E4HAL

o
TIEE L BHES F TIEEL] £ WHE dynamic headspace EHHEE

2 I tubed 20t 130°%C/20 min heating
PR (1/87 % 127 stainless steel)d]

§td THE B S Tenax-GCI7F 23T E
= absteE 0}

TAEEES BAIRY] HEt 340 =2 EAES AMESIED 222 2=
/R FAIAA 220CMA s AIFEL SYAEE 2 E S9AEE F52 12

ml/ming -?.-ZM]?&J_, split ratio= 102 E 5L
TN HE L] BAHZE gas clromatograph-mass spectrometric detector (WISDEEIN,
Hewlett Packard, USA)E AMESHHALTH

_31_



A5 A 2dx B4R

1, Alg £H]

B T 180 A 2E(SH)e €R0Es oA 94 AT 2T Us
TUAIERAN @2 100, 150, 200 MPa W 2 521 ALE G0 U™
HA2ld A= 4col 128 BETH Os 482 2 A AR SESL

Z, 28 A 2A
1E gHsts 29 94 HEs 4

AME HAlEtEL EiEEEE An, 238 UEH, A9 fERo &35 e

2 94 MAHE: like extremly, 1t dislike extremly)= = 2+ AR 2] AHj

=
2 apolef gJEt EoMEtE S ST

3. BAAY
ZAE Zil= SAS BEA=ZZ0WSE 0|5tk ST HAGLE BASIE L BY
21 Ede] 22]4E2 Dunean's multiple range testo] 2151 AA ST}

A 2 219 A2 dASE] A3 = W E Hot

I dEN Y AT 27

% T 190l AP 282 LR01F BRAo] PoiH UTTAY OS
YA A P2 oz JHA (G0, 100, 150, 200, 250 MPa) U ZWR
HEE sHETh 9 MUY ARE doold 219 BU ATSED, AZo) @
ARE 24 @ x4l UMES0] o I%oE wHgo] WilEE A2 WA

st -Tco] BEsiHAY BAsiEn)

'I.

(]
He
r\J

2
il
i
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ZE T EeHe S Lee 28 WA T2bd 23siEL S 202
THE 200 g8l 25% NaCle H71shd dcol M 52 2508 SN, 25 20]
E &t 2o AV1EL VIZEE AAT T plasticd fHB(LO] 108 om, HEF L3
cm)TtH 2025 g& 35K BEcolAd 302 JHET £ Wy 308 F o ¥
AIZFTEH E2F F 10,000 x g A 02 FHERE dA AR S T HER
(ZolH)e] SEH(X)E B2 E stEN 5 BEHHe dEs Ul 24

E=4-C

41 AEY BY
B:yWBY 2%
C: azde 2%

3, Vitamin E 24

Stahl 24 o T2t ZE JAZE AR 1 g2 #5K KOHE FIEh
n-Hexane2 2 F£A7 TS ethamelE =9 filtering sHECH HFAHZE 7t %
HPLC{ Spectra-Physics 8800 Ternary)® 0] &350 E &34 T}

4, Aukit 224
ARE 05 g T £ Park S0(1994)2] ¥rE o] 2 M5 methvlationstE 20, Takle
1 2858 gas clromatograph (HEWLETT FACE ARD 6390 SERIESIH A

injectiondt 9L} dOlEHE Aute chro programs O] E&kd o, £3351490}

5. 71E} 4

Hi1d=] o] 25t A sHET
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Takle 1, Condition of gas clromatograph for fatty acid

analvsis
[tem Condition
Instrument Hewlett Packard 6330 Series
Colurmn Supelcovwax 10 Fused silica capillary
column, 30m =032m 1D, 0256gm film
thuckness
Detector FID

Jwen temp, Initial termp. 180% (held for 15min)
Increase rate 1 5%/ /min
Final temp. 230°%C (hold for Smin)
Injector temp,  230°%C
Detector temp,  Z0°C
Carrier zas Helium (99,9993 )
Split ratio 501

YSERO ZAHE 52 10YREH 138 AFANY WUAD 38 PRI
SUZDIE B3RS WY R LAStED AR 7132 ¥8 483
bk EIbel o3 218 ARstHen, B2AL ool WA AgEgolt
AFANY WUAS WYSE ZABEA =Hol LY JHIHAEIEE E7)32
QurAol (B BE MAoR I3W0 EES HACE AWstED

2) 227] 185

209 AP 220000 B ZAE 92 LRE 13U T R FUR0IE
WAAE HAUSE YASED, o) ZAQHE DIERT 22 WHS AU
QurAol (B BE MAIOR ITEY EES AT AWstED)
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H 3 asd WE X 23

-_

A 14E dH2Ae] 34 w2 23 #A7}

1. VENJ} HE

H'l.:\-h_;\.] .:._En:u"_-:r

£ A3 A W=Eecsz AT US VENIFE BAE Bds Table
29t Zoih ARHZE 1A 2SS WEFe] AL 1316 me% e S UERED 100,
150 WPa W=io® 2|5 AR M s FE=ISE 21017 @921} 200 MPa O]4&Fe] oF
Hoz HIASIHE s 2F 7 mew HFED ST S UERATH o] T 232 us

== '='I—1
ol Ty Pxol FVE NHSE

Hdes g2 E AlAsts 202t HEshET

Takle 2, Changes of VEN wvalue of beef depending on the hydrostatic
pressure freatrment

(unit: g2l
180 WPa/bmin 200 MPa/Smin 250 WFPaffmin
1316 £1 31 1333174 13,20 x0.08 1571 +4 21

Control 100 MFa/5Smin

1541 £3 654
2. TEAZT HE
wEAHTE 252 TBAZY HEl= Takle 33 3o, Yd=EA =200 OE =85
o] A ert Aelrt g s BEDAn ol H1FE B} W3 Zobs &2
2Eoz oA WM AT AMAMHE F2AEE] ¥@= doz Todstd T
Takle 3, Changes of TEBA walue of beef depending on the hydrostatic
pressure freatrment
funit: mg of malonaldehyde / lkg of meat)
Contrel 100 WMPa/5min 150 MPa/Bmin 200 MPa/Smin 250 MFafSmin
026+0.20 023x004 027 +£0.13 024 +£007 025005
H HE]
BRolH DY UYL A2 Sl IPE = Aol Y=o Yutdes g2
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AU AL I AVAY 22F ABsE wEol
T}E Takle 4, 5 6, 70 UEE=o B2
= Alol7h Yo 150 MPa o4& M

=R ‘?:’.‘l:._i} Hl%’ﬂ %‘“JEE 100 WMPa H2l7oMs Z232e 3017 gy =2
2 %20 150 MPa o]&2] Y AFHME a value?t 27t ZEE ERLL
b value2] ZFF (Takle 6) 150 MWPaA =27 S2715HE S UERI= L #Autd =
WEAZ 2 HEF L 2 AP g AL E UENET Total color difference (AE)
= Table Tt €20 =< YHs AZE+=E Tisle JA2E UEE2H 100 MPa
Hrol e R 2L 2 21017 9= Ao 2 LIERELE
LHAR Hgs 2 UE 25 FH0 :*'H*:. HA HAHE
B

Takle 4, Changes of L walue of beef depending on the hydrostatic

pressure treatment

Confrol 100 MWPa/Srmin 150 WPa/Smin 200 MPa/Smdn 250 MPa/Smin

3/.12+047%  3/EI+0.6° 37hE+182™ 3672+2.00" 3nE0+1.21°

Different superscripts within a row indicate significant differences(p<05)

Takle &, Changes of a walue of beef depending on the hwdrostatic

pressure freatrment

Control 100 MPafSmin 150 WPa/bfmin 200 WPa/Smin 250 MPa/Smin

17694244 1746+ 257" 1809+192™ 1887 £186™ 2061 £0.262

Different superscripts within a row indicate significant differences(p<058)
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Takle 6, Changes of b walue of beef depending on the hvdrostatic

pressure treatment

Control 1008Fa/fmin 1500 Pa/Smin 2000Fa/fmin 2500 Fa/Smin

6,60 £0.71%" 634+1,13" 7372072 653 +0.28* .30+034™

Different superscripts within a row indicate significant differences(p<05)

Takle 7, Changes of AE walue of beef depending on the hwdrostatic

pressure freatrment

Contral 100Fa/fmin 1800 Pa/fmin 2008 Fa/fmin 260 MPa/Smin
E70Z+043*  BEO9+001° R4O0+1.16" FERL+1.31" R348 +120°

Different superscripts within a row indicate significant differences(p<058)

A 24 WE DAE TS AT 2o Table 83 TTL HEF

¢4 A0ls 27 Fyent 150 MPa 014 AR A
FESTH al0)7 UEIRTL ol YEiMifleo] 84 ATdE GF%ed 2
o2t JtEds AAlsts 242t ALREL

Takle 8 Changes of total plate counts of beef depending on the hydrostatic
pressure treatment {funit: < £/ el

Control 1000Fa/ffmin 1900 Pa/Smin 2000Fa/Smin 250 WPa/Smin

2.9x10° 1,3z10" 4 6=10" 7.3=10" B 510"
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Fig, 1. Hvdrostatic pressure induced changes of mvofibrilar
protein solubility in 06 M KCl solution,
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2, Ca-ATPase ¥ Mg-ATFase activity HE

2109 Ao TOE ZFWH Ca-ATPase 2483} Mz-ATPase B4 HEE Fig 2
g ZLIT} HAEFA0084, 00530 BlsH 150 WPall 112, 010707t A= AHAE] 716l
AEs BH ol 200 MPaRE = =33 Asteles 3T = YERAST

B Ca-ATPase

[]Mg-ATPase
0.10-

0.08

0.06

0O.D at 640 nm

0.04

0.02

0. | | | | | |
Con 0 100 150 200 250

Pressure (MPa)

Fig. 2. Hvdrostatic pressure induced changes of activities
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of Ca-ATPase and Mg-ATPFase in muscle,

Fig. 32 Z2ZHIZA &8 cddF7E 2 AL SHd7E 2402
S EHESH EFs ESFHOF BRI I HRas] Y] Saniien UEA
glo] Tl EFFHE A Judn A @ 470 @2 Eols A0
T e, 60 MPal Ms HEs] €7 HE 4£<2Hd MU Foitls o
7 ool ZED LT A 100 MPa AMZFes HeE HERIF gisl, 1680
WPasl U= Azl Als 2 z-line0] HHD SHHERIT 23 2T BEELE 20
IMPa Oldts H2lTh 25 20Y=] 2¢9s £2F HUE £ 3l ARE HEE 3

=2 32 A o

4, SEMH 2T Zat

Fig, 4= SEMO 25t SHa 222 Zaft Aoh, A
AFADE 22 BEEhH, tEFo feds Batt dRTheE
o] oo mEF EEHAD IFEAAE =
100 MFas M 2% Z€dw7 244 2ls =

ey
= T 2
77 2l AL 200 MPa o]de A= AN ds & 5 SIS
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(a) control (k) 100 MFa

{c) 150 NPa {d) 200 MPa

Fig, 3, Optical micrographs1000) of myofibrilar protein after pressure application,
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(a) control

{c) 150 NPa {d) 200 MPa

{e) 250 MPa

Fig, 4 Scanning electron micrographs of muscle after presswe application,
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d &2 AFE o FIEHES A5 TUAHLE s1FeH O 20E US4
Fig, 52t &5} d=ixdd T2 452 ahols F38HE1, 300, 400 MPa A2l 2
T OAZ Y MAL £F470 100 0lshE I 500 MPa AMEFE AT MY A
=7 10" olstnh ety B dZ0E A 300 MPa AT o] UEAiEE 49

T2 AFds 0d ooz 3A FEHAE £ TR TSSO

7
6_
“E S5
O
S4r
3]
o3
Sot
l_
0+l 1 . 1 1 I.I.I._
O 7 14 17 21 24 27 31 3B 3B 41 4
Day

o control, WM 300 IPa, & 400 MPa, @ 500 LFa

Fig. 5 Changes of total plate counts of Bulgogi (beef) after

hvdrostatic pressure treatment during storage at 10 °C,

2) VBN 7t ¥HE}
A 27 HEF L VBN Y= AR EL SR 2L (Fig, 6) A0
I ES Tl 272 VBNIEPT A UEIED JZu g9 32 O E AHZe
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0 7 4 17 22 24 2Zr 31 B B 4 4
Day

O control, W 300 MPa, & 400 MPa, & 500 MMFa

Fig, 6 Changes of VBN waluse of Bulgogi (beef) after

hvdrostatic pressure treatment during storage at 10°C,

3) TBAZT ©HF

o= Aol TE TBAZH BE= Fig 73 25T YAl 20471 34 < 4
22 UE 20 A2t Ao 0jas 220 24 @ts U4E 97 2 ast
A 208 BN

4) B3
BS2Ate] o3 WEE 500 MPaE HEldHe B AT Aol ZH JHR @
AL E UEMITHTable 9), EF A2l = £+, 300, 400 WMPa A2l = 400 WPa

HAgl#r2t 9% e BolU ZFM Odtds iES0] B Azl2at aolg =07
Eils A2 2 He3n
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TBA value(ppm)
S o 9O B P
N o ® o N
T T T

o
N
T

O 7 14 1r 21 24 271 31 3B B 41 44
Day

o
o

o control, WM 300 IPa, & 400 MPa, @ 500 LFa

Fig. 7. Changes of TBA value of Bulgogi (beef) after

hvdrostatic pressure treatment during storage at 107,

Table 9 Scores of sensory properties (texture) of Bulgogi (beef)

after hydrostatic pressure treatment during storage at 10°C

T1*-3:51tr‘1:1E:IE:ItaYS 0 2 © 3 13 16
Contrel 0" 50 EQ0° 50" ik ik
300 MPa 53" g2 51° 4.7 447 50°
400 MPa 51" E&? 53" 51" 52 5™
E00 IvIPa £2* 5E 3% £g* E5* £.8

Different superscripts within a colurmn indicate significant differences (p=<05)

J%H WOlME B0 MPa H2RIF AT Hute] 2 I 22 Aow LERdoH,
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300, 400 MPa H279 A2 WEIET JzHo] 25y oL 2
LIERSTH ThebA 500 MPa H2]2E oA o133t vleh o] 2o o
EH0] 2251 UECH, AN JsHlME NP = ML 24
LFERSTE,

re g e
P o
[o off o
bt 1% HU

Table 10, Scores of sensory properties (overall acceptability)
of Bulgogi (beef) after hvdrostatic pressure treatment
during storage at 10°C

TrBamBSm 0 2 5 g 13 16
Control E0° 50" E0° 5.0* E0° Nk
00 MPa 4,3 45° 4.3 4.6 53" 44"
400 MPa ik 522 47" 449° E0° 52"
E00 MPa E.3* 522 1* 51% 5.7 6.0

Different superscripts within a column indicate significant differences(p=05)

U ERL U4 Azl TE 44 HEE Fig adb 2T

2 HAf U=EHAH 274 WM 2EEUE AT 16 22 55 UEY
H =i 253 ORPHAZ B0 MPaclA 213 @2 E LEhAY] HF 3749
T 107 01518 &2 48 UERAZCE 2L 500, 400 MPa ﬂil—'rlE = i il
o Aol 30 OIJQ HAELLD AAREL

—-—-

2) VBNIT HE

VENZI A 53 H=t 22er Hzjd U=iaole OoE a0t FstA
Hot (Fig, 90, AZo] 3N OE S71EL o AZE Y= 210171 Dj0)&t
s
A Fute] ZA AHZE 9= 37 2 YT /A9 ol g5

[
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Log cfu/cnt
O r N W d» 01 O N

o control, WM 300 IPa, & 400 MPa, @ 500 LFa

Fig, & Changes of total plate counts of Bulgogi (pork) after

hvdrostatic pressure treatment during storage at 10 C,

3) TBAJ} ®E

TEAZIHAME VENM 22 T E Az U=y OE o= 37 ¥ 2e=
LIEFRTE (Fig, 10), 232 F: ATo] ZHEW T2 gy ZET TBAIPT
=2 ZsE UshFen 2 H3d g2 A g9 30 OE ZEE TEEFD] o

2Rt
4) =27

A 2 YEESL WEs WIdRFac g2 300, 400 MPaE A2IEtH
S AR A HMute] B b @I Ao 2 UERFTH (Table 1), Y=X2]27 AT
Aokl 23 HEFET: 243 28 HHYF 2021} 500 MPa_l Az 2A0] 2
39 300 E= 400 MPa HZ|FEL DAs 2TeR 2400 iz =4 EZ
BIE 2 wah
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VBN value(mg%)
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0O 6 13 18 22 2B 2% VD H#A 3JI 40 4B
Day

o

O control, W 300 MPa, & 400 MPa, & 500 MMPa

Fig, 9 Changes of VBN wvalue of Bulgogi (pork) after

hvdrostatic pressure treatment during storage at 10 °C,

FE BIkE 2AAoAMe 22 ZLLE 300, 400 MPa

7t Z21e® LFERICH 600 MPa H22E HEFEOE 240

PR AR JhE JhE 9 E®otE s
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TBA value(ppm)
O o 9O B B
N o o o N
T T T T

o
N
T

O 7 14 17 21 24 27 31 3B 3B 41 4
Day

o
o

o control, W 300 MPa, & 400 MPa, 4 500 DMPa

Fig. 10, Changes of TBA wvalue of Bulgogi (pork) after

hvdrostatic pressure treatment during storage at 10 C,

Table 11, Scores of sensory properties (texture) of Bulgogi (pork)

after hyvdrostatic pressure treatment during storage at 10°C

Davs
1] 2 E g 13 16
Treatrment
Control 50" B0 E0° 50" 50" B0
300 MPa 2" B R3° 57 2 EE"
400 WPa 52 59" i 55 52 53"
500 IwPa 47" RE" 1% RE" 9 A

‘Different superscripts within a column indicate significant differences(p<05),
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Table 12 Scores of sensory properties (overall acceptability)
of Bulgogi (pork) after hydrostatic pressure treatment
during storage at 10°C

Days
z B q 13 16
Treatimen
Control B.0" ik A 0" ik ik
300 MEa 47" 45" F3* FE* 52" 51"
400 WFa 552 F4° £33 Fge 552 542
500 WEa 42" 51" F1* Fa2t 53" 52"

‘Different superscripts within a column indicate significant differences(p<05),
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Figure 11, TIC of flavor wolatiles of beef with and without hydrostatic
pressure treatrment,
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Takle 13 Identification of volatile compounds in beef

Peak Retention

No. . Compounds
1 100 ethanel
Z 106 BN -dimethwl-12Z-ethanediamine
3 110 {1-Dlethensl
4 122  Li{+)-alanine, ethyl ester
5 133 Z3-kutanedione
B 138 L-alanine, methyl ester
7 176  pentanal
a 206 D1-dimethylamine
| 236 acetic acid
10 337 methylbenzens
11 369  I-hwdroxy- Z-butanone
12 3495  Z3-dihwdrefuran
13 413  hexanal
14 477 Z2.3-butanedis]
15 EAd  d-pentenal
16 E06  methyllaurate
17 6,35 1 Z2-dimethylbenzens
1a 663 1-butancl
19 £.79  hexanenitrile
20 717  3-heptanone
21 724 1 4-dimethvlbenzens
2z 734  Z-heptanone
&3 776  heptanal
24 847  dibwdro—4 -methvl-2(3H -furanone
Zh 872  dihwdro-2(3H)-furanone
Zh 10,18 henzaldehvde
27 1112 Z-nitro-14-benzenedicarboxzamide
4 1120  heptanacl
29 11 22 3-buthyltetrahydro -2 -methvlfuran
a0 1160 1-octen-3-ol
31 1189 3J-octancne
37 1210  Z-pentvlfuran
33 1269  octanal
34 1388 limonene
35 1424  Z-ethyl hexanol
36 1425  Z-ethyl hexanol
37 1432 nonane
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Takle 13 Continmed

Peak

RT Cormpounds
Mo,
] decane
| elcosane

an 1455  hkernzeneacetaldehsyde

41 1478  1-nitro-hexane

a7 15658 Z-octenal

43 1605 prepanoic acid, octwl ester

44 1657  n-octanal

a5 1324  nenvl aldehyde

4f 1957 3.5-bis (M, N’ -dimethvlamine-9-methane
a7 2118  d4-petenal

44 21,19  nonenal

49 2181 naphthalene

50 2282 octancic acid

51 2314 Z-decancne

=Y 2379 decanal

53 Z-igononenal

A4 671 Z-nonenal

55 872 Z-decenal

56 2783 nonanoic acid

57 2888 octadecane

o] 28933 @ -methyl-Z-furanacetaldehyde
59 950 frans, trans-Z24-decadienal

B0 067 F4-dihwdropyran

Bl 3168 dihwdro-5-pentyl-2(3H)-furanone
EZ 3201 F-dodecen-1-al

63 3230 Z-methvl-Z-ethyl-propancic acid
Gd 3279 decancic acid

B5 M0Y  hexadecane

Bh M34 tridecanal

67 k13 EZ-methyl-piperazine

6a 3709  heneicosane

2] ATEl cwclodecane

T 858 Z-tridecane

71 38489 tetradecane

72 317 ZE-bis(l,1-dimethylethy]l) phenol
73 3939 ZE-bis(l,1-dimethylethyl) phenol
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Takle 13 Continmed

Feak

RT Cornponinds
Mo,
T4 4784  diethyl phtalate
75 4347  hexadecane
Th 43586  9-octadecen-1-ol
7 1-octadecansl
T8 4674 cwclotetradecans
79 4745 F-methyl-3-cwvelohesen-1-ol
al 47E5  heptadecane
a1 4311 261014 -tetramethvl-hexadecane
gz 4328  tetradecanal
a3 RORT  tetradecancic acid
ad 5145 3,711 -trirnethyl-1-dodecanal
ah H186  octadecane
Ak RZE0  tetradecanal
a7 E3RE Z2-kromoethanal
an 5385 3711, l6-tetramethvl-2-hexadecene
a9 5639 furaltadone
an EREE  1-tetradecanc]
91 5581 1-hexadecansl
. hezxzadeancl
93 6RAE 1, 1-cwclobutanedimethanarmine
94 G005  phthalic acid, kutyl ester, ester
a5 61272 hexadecancic acid
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Takle 14, Changes in flavers of beef with and without hydrostatic pressure

treatrent {unit ¢ area/10,000)
Peak Retention Feak area
Mo, time Compounds Control 1006/Fa 1500 Fa 000Fa fa0MFa
1 100 ethancl 0 ] ] ] 0
i 1.0E B -dimethyl-1,E-ethanediamine £n.7 ] ev.E ] 0
3 110 (1-Dethencl 0 ] ] ] 0
i 128  L{+)-alanine, ethyl ester 10,5 ] 151 ] 1]
b 133 E3-kutanedicne a0k ] £7.b ] 19.6
b 1,36 L-alanine, methyl ester ] ] 16,7 ] 0
7 176 pentanal 5.3 184 10,3 B.3 10,5
B 06 Dl-dimethylamine 0 ] ] ] 0
g ¢.36 acetic acid 0.1 £c.g ¢80 17.1 ¢3.0
10 337 methylbenzene 10,8 ¢B.E il 7.0 1.3
11 368 J-hydrozy- 2-batanone 4.9 185 331 B.5 134
12 395 2 3-dibswdrofuran 0 ] §E ] 0
13 118  hezanal 1328 4155  E83.0  12hEB E0.5
14 177 Ed-hutanedicl 308 ] ] ] 1]
15 FBl  d-pentenal 0 ] b.h ] 1]
1B B.0F trethyllaurake 3.B 7.0 7.3 ] 0
17 B35 1E-dimethwlkbenzene 14,0 ¢0.B 30,8 ] 1]
1B B3 1-butanel 13.6 £e.0 ¢l.0 114 0
15 £.78 hiezanenitrile I 16,3 7.7 71 0
el 717 J-heptanote d.b E.7 0e ] 0
&l T2l 1 t-dimethlbenzene 14,2 18.1 ¢l ] 0
&2 731 E-heptancte 0.5 148 13.B 7.3 0
&3 762 hezanal 0 ] [ ] 0
el 776 I heptansl R4 E  1EBI1 1383 705 dB.d
i E'l? gih_‘?df[ﬁ'—ll—ﬂlEtthl—E(gH]—fU[ﬂﬂDﬂ El [ [ [ 1
bl B.7¢  dibwdro-203H)-furancne 0 ] b.1 ] 1]
er 10,16 bkenzaldehyde EE.E 1464 4.5 7E.1 46.0
ch 1112 E-nitro-1, 4-kenzenedicar bozamie ] ] 4.7 9.7 0
&g 1120 hegtancl 164 i7.B 363 13, 1]
a0 1107 tﬁl—buth?ltetraharer—E—nmtharlfura I 0 0 0 0
3l 11D 1-octen-3-ol 33.6 a0l £3.k 13.0 e0.e
3z 11,80 3-octanche ] ] b5 ] ]
33 1210 E-pentylfuran 11.B il 144 11.E 11.0
Jd 1269 octanal 0B 160D 144D 9.1 BB.5
3k 1386  limooene 0 ] 172 7.3 108
36 1180 E-pthvl hezanool 0 ] ] ] 0
a7 1826 E-ethwl hezanool 1E.2 157 1E.1 ] 118
Bl 1132 nonane ] ] ] ] ]
35 decane ] ] ] ] ]
] BiCOEANE ] ] 16.7 ] ]
11 1455  benceneacetaldetsde £d.c 39,5 36.3 10,5 33.B
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Takle 14 Continued

i Feak area
Pﬁg.k Hﬂﬁiﬁm Compounds control 1006Pa 1600Fa ¢00MPa Z50Pa
12 1878 1-nitre-hezane 7.5 ev.l b4 12.1 0.B
13 1536 hegane 0 et 16.4 ] 1]
14 1568 E-octenal 0 ] £o.d ] 1256
15 160%  propencic acid, octyl estec ] ] ] ] 0
16 1667  n-octanol 1.6 B1.5 795 By.d 6.0
17 1888 nonvl aldehsde ¢BBE  RD7ML  3TID  R3IEE  33ER
1 15,57 tSﬁEEE?b%sE[‘J,N'—dimethylamina]—ﬂ— 0 0 0 0 0
15 ¢l 1B d-petenal 0 ] ev.0 ] 0
50 ¢l.19  nooensl 152 ] ] ] 177
bl ¢l.Bl  naphthalene ¢h.B ] 365 BE5 hrd
hE cEBE ootancic acid ] ] ] ] ]
b3 a1t E-decancne 0 ¢3.B 165 ] 7.1
b ¢d.78  decanal b.3 10.E ] 0.4 77
bR e-isononenal 0 ] i ] 1]
1] cb. 7l f-nonenal ] ] ec.g ] ]
Y ¢6.72  E-decenal 0 £3.h ] 18.1 0
hE er 83 nonancic acid ] 5.3 ] ] ]
50 ¢BOB  octadecare ] ] ] ] ]
1] ed.33 o -methyl-2-furanacetaldehyde ] ] ] ] ]
k1 B R0 trans, trans-£d-decadienal ] B.7 10,0 ] 77
ke 06 3d-dibwdropsran ] ] ] ] 0
B3 .68 dihydro-5-penksyl-203H)-furanche 0 ] ] ] 1]
bd 20l 3-dodecen-1-al 0 ] 7.7 ] 0
4] 3230 E-rethyl-2-ethd -propanoic acid ] ] ] ] 0
G 3279 decancic acid ] ] ] ] ]
7 3407 hezadecane ] ] ] B.7 ]
BB 30,30 tridecanal B.ED ] ] ] B.0
] 3613 E-methyl-plperazine ] ] ] ] 0
7l 3708 heneicosane 0 ] ] ] 1]
71 3761 cwcledecane ] ] ] ] 0
TE 3858 E-tridecane 0 ] ] ] 0
73 3889  tetradecane ] ] ] ] ]
T 3017 EE-kis(l 1-dimethylethyl) pheool 0 ] ] ] 0
75 3930 B E-kisil 1-dimethylethyl) pheaol 0 ] ] ] 0
7B 4288 diethyl phtalate 0 ] ] ] 0
Exi 4347  hezadecane I ] ] ] 0
7B 4386  O-octadecen-1-ol 0 ] ] ] 1]
78 1-octadecanol ] ] ] ] ]
1] 46 ¥d  cwclotetradecane ] ] ] ] 0
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Table 14 :Continued

Feak Refenfion Peak area

Mo, time Compounds control 1000Fa 1500Fa Z00Pa (50MPa
b1 4745 J-methyl-3-cyclohezen-1-ol ] ] ] ] 0
BE 17 % heptadecanel ] ] ] ] 0
B3 47 B heptadecane ] ] ] ] ]
B 4B 11 EE,1014-tetramethyl-hezadecane ] ] ] ] ]
BE 4828  tetradecanal I ] ] ] 0
BB E0AT  tetradecancic acid ] ] ] ] ]
i 6145 37 11-tricnethyl-1-dodecanol ] ] ] ] 0
il 6186  octadecare ] ] ] ] ]
] EERD tetradecanal ] ] ] ] ]
an E3RB E-kromeethancd ] ] ] ] ]
Al 53.55 ?E-tEtI[aﬂlEEh?l—El—hEK'lﬂdEEEI!LE 0 L L L o
gz 6,39 furaltadone 0 ] ed.7 ¢B.8 JE
83 EREE  1-tetradecancl ] ] ] ] ]
04 ERO1  1-hezadecancl 12.1 ] ] ] ]
1 hexzadeancl ] ] ] ] ]
0 BROR 1 1-cyolokatanedimethanami ne ] ] ] ] ]
o7 E0O%  phthalic acid, butyl ester, ester ] ] ] ] 0
] 61272  hezadecancic acid 0 ] ] ] 3.8
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Takle 15, Changes in total amount of welatile compounds from beef
with and without hydrostatic pressure treatment during storage at 492

Treatment Storage (davs) Total areal=10%
Control 1] 10,735
14 16,538
21 8,910
100 MWiFa 0 19,656
14 19,578
21 20,521
160 MWIFa 0 158,372
14 31,335
£l 26,336
200 WFa 0 12,066
14 18,221
£l 9,564
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Takle 16, Quantitation of flavor wolatiles in hydrostatic pressure
treated beef during storage at 470

Peak areal 109

Peak

Mo, RT Compounds 10d e 0
1 1.00  ethancl 0 ge6 1086
3 110 (1-DJethencl 0 0 69.3
4 122 Li+)-alanine, ethyl ester Z1n 0 0
B 133 Z3-butanedione 0 1350 0
T 176 rpentanal 125 207 0
g 206 Dl-dimethylamine 0 0 44
9 236 acetic acid 122 a7l 738
10 337 methylbenzene T3 ] 0
11 369 3J-hwdroxv-Z-butanone 0 44 0
13 419 hexanal 1495 a1y 0.3
14 477  Z3-butanediol 0 g4 11.1
17 635 17-dimethylbenzene Z20 0.1 0
18 663 1-kutand 97 0 0
21 724 1 A-dimethylbenzene 2470 0 0
&2 134 Z-heptanons 0 G4 0
23 7796 N heptanal 114 5 0.0 0.6
24 847 dihvdro-4-methvl-Z2(3H)-furanone 0 0 73
26 1018  benzaldehwde 336 R0 184
28 1120 heptancl 34E 340 0
29 1122 3-buthvltetrahwdro-2 -methvlfuran 0 1] 95
30 1160 1-octen-3-dl 138 a1 8 43
J2 1210 Z-pentylfuran 0 201 0
33 1269 octanal 1322 1071 356
35 1474 Z-ethyl hexzanol 0 1] 217
36 14725  Z-ethyl hexanol 0 ad 7 0
37 14372 nonane 0 1] 124
39 1437 eicozane KRR 1] 0
40 1455  henzeneacetaldehyde 495 1R 2 £9.0
42 1658  Z-octenal 44 3 0 6.1
43 1605 propancic acid, octyl ester 0 1] B5
d4 16587 n-octanol 6Z.1 64 5 4.4
45 1824 nonvl aldehwde fR7h 2366 w007
46 1987 %,BEFI—bE(N,N’—din1etl15rlamino]l-9—Inet 0 0 6.1
43 2119 nonenal 381 a0 6 13.7
43 2181 naphthalene 0 204 14,1
B0 2287 octanoic acid 94 134 a5
H1 2314 Z-decanche a4 207 215
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Takle 16: Continued

Feak areal =109

"§E BT Compounds 0d  2d 304
EE E3.7D decanal 11.3 177 11.8
EE EB7E  E-decenal 8.2 0 6.0
BB 2793 nonancic acid B.E ] 174
Y ZBOR  octadecane ] ] b1
BB 2933 o -methyl-2-Ffuranscetaldehsde ] 0 5.0
58 EOAD  trans, trans-2.4-decadiensl 176 ch.3 &0.4
B0 3067 3 4-dibwdropsran ] 0 b.b
1 31.BB dibwdro-b-pentyl-203H)-Euranone 0 1] 7.
B¢ 3801 3-dedecen-1-al 0 0 ET.3
B3 3230 E-methyl-@-ethyl-propanoic acid ] ] 7.B
B 3270 decancic acid ] ] g7
Ef 3407 hezedecane I 8.3 135
BE 3134  tridecanal 0 1] 12.1
67 3613 E-rethyl-piperazine ] 0 b1
BE  3Y.08 heneicosane ] ] 12,5
B8 376l cvclodecane ] 1.3 11.B
70 3B.5D E-tridecane 0 0 10,7
M 38,80 tetradecane ] ] cdl
e 3017 2B-kis(l 1-dimethylethyl) pheocl 12.2 e0h 116.0
73 3030 Eb-bis(l1-dimethvlethyl) pheool I 0 195
e 47080 diethsl phtalate 0 0 .9
Th 4347  hezedecane ] ] ¢B.g
T6 4386 9-octadecen-1-ol ] 10,5 £3.8
T8 4670 cyclotetradecane ] 0 &4.5
47k 3-methyl-3-cvcloheren-1-ol ] ] 1028
B0 4768 heptadecane ] ] ¢6.B
Bl 4811 EE1014-tetramethyl-tezsdecane ] 0 155
Be  4B.2B tetradecanal 0 1] 6.8
B3 G0AT  tetradecancic acid ] ch 4 3hB
Bd G145 3.7 11-trimethyl-1-dodecarnocl ] 0 60,3
B5  R1.8F octadecane ] ] ]
BE  RZRD  tetradecanal ] ] 410k
BY  E3RR E-bromoethanc ] ] 7.0
BE 53,85 3711 16-tetramethyl-2-hezadecene ] ] BE.B
B8 6530 furaltadone i0.B 49,3 16,2
80 REGE  1-tetradecancl ] ] b.3
1 K581 1-hezadecanol ] ] iz
83 BRAG 1 1-cyclobutanedimethanamine ] 0 1.9
04 EDO%  phthelic acid buatwl ester, ester ] 0 30,5
05 B2  hezedecancic acid ] 01508
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A gE HMHARLZEA colord MM E ZEtEAT 2EO0] e E2
Wete T, juiciness WO AR 22 EIE 2T 1Y AZFdds HEU=EH 3
ol T2} Ao12t 2199t 100 MPa YUES R A
Wz2et 2017 glHlely 2288 9P e B F
A2 A= colordl 1A Wzt 20T FL5HA] @291 AT s 3 TAE
S2 UENITH Hs8L b 247 2z FHotgo] Ak JE oA I
= EIE whoi} 9 200 WPa AR E color] 10 CHE Al gt {elEHA
=% A2 2 UENA D texture WHSICIE BIE 2ot juiciness HUME EF
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Takle 17, Scores of senscry properties of beef depending on the pressure
treatmment by hedonic scale”

Control 100 MPa/Smin 150 MPa/Smin 200 MPa/Smin

Color E3+10® 70 +05 57409 32 +05"
Texture 37412 45+1.0" B5+07 42+04"
Juiciness 40+05" E7+00 £.0+06 4F+04"
Overall . N N .

. I0+1.0 EZ2+053 74405 33+07
acceptability

YEach walue represented the mean of 50 observatons on hedonic scale of
1 (dislike extremely) to 9 (like extremely).
*Ditferent superscripts within a column indicate significant differences(p<05),
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Takle 18, Pressure-induced VEM walue

|

2]5t

THEH 2 0]

Moo st

=T

THAS EME

changes of eve of round from heeves

during storage at 4°C (unit @ mgs)
[EBEEAERE

Dieyr Control L0 MPa 100 MPa 150 IFPa 200 MPa
0 1484 +040" 12E1+214 15084592 1064000 1102+0.20
3 1686 +495™" 15.14+£040™ 21804334 1750+214% 1175+020°
T 11,81 £078" 16E9+197% 1257+079* 2251 +825% 1872 +0359%
10 1851 +224* 1236+059" 1546 £020™ 18333587 13.93+000%
14 12124098 1634 +£217* 12734315 757+£039" 1192+039*
15 1419 +118" 32304097 1564 +237" 2296+713° 1784+1.18"
21 23.3240.20* 1549+198" Z1E1+059%" 16A5+13%° 2020+1.17°

Y hean 5D with difference superseripts in the same
different (p=0.05),

Z, TBAZY
Table 19=

S50 Az
=
e

=
E TBAZIY A0l= FESHA < 22E HWIALL

_64_
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Takle 19, Pressure-induced L walue changes of eve of round from beeves

during storage at 4'C funit @ mg malonaldehvde/kg meat)

atment

D Control R0 IWFa 100 MWFa 160 IWIFa 200 MFa

ay
a 009+001™ 011+0,03™ 010+0,02® 012+002® 0,15+002
3 01a+001" 018+003" 013+000° 016000 O03F+003°
7 0Z3+000* 0J16+001° 0234003 024+4001* 022+001°
10 0234000 0354003 0234003 0254003 028+001°
14 0,20 +0.01 017+003 0184002  020+001 020 +001
18 034+001% 033+006® 0244003 0374004 022+001°
21 015+000°  020+000° 0180017 039+001* 027+002°

" lean +5 D with different superscripts in the same row are significantly
different (z=008),

Takle 20, Pressure-induced L walue changes of eve of round from beeves

during storage at 4°%C

Day Control 50 IWPa 100 kPa 150 MPa 200 MPa
0 3821+085 3995+093" 3746+182° 4169+£085* 4389+157°
3 3|2T+214° 4099078 30680657  3079+0967  4280x0533°
T 3790+093° 4ZE6+065* 314141177 3985 +0B0°  41.49+04922
10 40R2+173% 4603 +117* 3833+184° 4031 +06E" 411941 44"
14 3061+1,34= 30,12+093° 4003 +135" 3895 +£129" 4594 +132°
18 3913 +254% 4002348 39.06+311%  30E0+£117*  4186x126°
21 4317+203* 4106+135%" 3025 +178° 38979+£209" 3994 £349°

#hEBans Wiﬂ} the different superscript in same row are significantly different
by Duncan's multiple test{p<005),

Brgte] SiEtels ©2] a 212 HEHTable 21)= EAHSE 72
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Takle 21, Pressure-induced a walue changes of eve of round from heeves

during storage at 4°¢

Day Control 50 WPa 100 WFa 150 MFa 200 MWIFa
1667 £150® 1826+194* 1526+200° 1502+163" 1776 +145°
1717 +£319"  1689+1.01" 1877+212" 1647+171" 2100177
7 1988 £138* 2056+091* 1670+176" 1775+126" 2091 +24962
10 1899 +216® 1697+139" 1727+£341" 16E7+149" 1972+238*
14 1545 £237® 1422+£089" 1677+210° 1737+157* 1554 +147™
18 1664 £233* 16412268 1682259 1633 x163* 16839136
21 19,12 +£328*  1592+220° 1523+203" 1628+087" Z123+238°

#MvIpans with the different su erscrlpt in same row are significantly different

by Duncan's multiple test

=008,

Takle 22, Pressure-induced b walue changes of eve of round from heewves

during storage at 4°%C

Dhay Control 50 IPa 100 IPa 150 IFa 200 MPa
0 GAO+1,15% 504 +146° 590 +094™ ThA+149° 362 +1,19°
3 B2T£113 9,11 £0.722 4,71 +£113" 4,95 +0 39" 8.95 £0.79°
7 8.12+082" 1034+046* 40741097 8.47 +£04939" 5.07 £142"
10 gAG+1.18" 10264083 8.02+1489" 758 £0 50" 7.92 £094"
14 308 £082° £h2+057° 822 +129% G.40+114" gR1£131°
18 B17+156" 808 +224* 7571 5G™ 595 +1 22" sA0£144°
21 987 +£148° .58 £1.05® 37T 109 752 +078" 7.99 £137"

*Neans with the Jdifferent superscript in same row are significantly different

by Duncan’s multiple test{p<005),
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Table 23, Pressure-induced AE walue changes of ewve of round from beeves

during storage at 4°¢

Day Control 50 MWFa 100 InFa 150 MFa 200 InTPa
0 5371 +1,158" 5244 +051° 5395 +139"° 4817+118% B725+123°
3 5406 +247" 5145077 6054 +040* GOGRL+106% G6124+100°
7 BEI1+04F" 514240517 GODZ+146* 527340755 65232+206%
10 FZEO+138" 4704+134° HB406+£107* HG183+087" GZ10+1R2"
14 BO4E +121* BORI*101* 5224 +151" B32Z0+£127" 4636+153°
18 BZ.80 £2 396%™ 5222 +2R5%® G315 +234* GBZGI+132*™ G0RI+105°
2l 5046 +109° 51083+135° G6078+195* G315+191" G384+£317"

#Npans with the Jdifferent superscript in same row are significantly different

by Duncan's multiple test{p<005),

AR

=2
=

4, 1B E

YHEA0] 150 MPa 0]&Y HF HEZ HLSH] EF47H1 log B
#E BERY 1503 200 MPa s AF 2049 olZos 207 @R A
FZHME 200 MPa AT S 244713 leg BEMA] = @5 290
5, H9

Az dute] 23 BL82] A0)E Table 53F 22 100 MPa 3222
B0 AuwAce R I 225 2108 UEIGTH YA By dF9E
02z 22 BN g YeE B85 THAZ | ¢1H O o]ae g
HED F3 B0 ASEE ¥ 5 AL
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Fig. 12 Pressure-induced total plate count changes of eve of round

from beeves during storage at 4°C,

B, 2

MHAFH] £ F 27E AE BRer ste 2o 220 AFo] Yol
HZF2 B2 0LAE 206 ke force? 5 UENESH U220 = 160 MPa
HMel7el 27 ARt 2 AL FE UEFITHTable 9), A&o] A¥EA Tha}
HdgEo] W] gz A ez £422E 0g Foaty FE 3
AR A 10LAEE 10 ke force 015He] S UEMATEH SEATE 150 MPa
UAS i B2 AT 7Y FEEH 10
kg force®]sts] S B ST L 200 MPa U™ AM2l2s= AF 10Y MEH
H2 s EED o] Ha2 44 HIstEE0] DYu A ool ERs Hady
olgtd Z=F 0] ZetA EAEHHE Jtsdo] 22 EE ARELL
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Takle 24, Pressure-induced WHC changes of eve of round from heeves

during storage at 4°%C (unit : 247
t t

) L control 50 MPa 100 MPa 150 MPa 200 MPa

ay
0 8380 +124 8115+031° 9476+4139® T7754+039° BOAZ+ 175
3 7776 +041° T723+£123% O486+052° 0501 £043° 7783+ 204"
7 753941065 9103+271* B948+1.17* 79093+027° T5ET+101°
10 7640729 BRATE113' 923T+163° TRTRE014° B2EO+15T
14 9077 +051* BEAG+212° BEO05+032° 7026 +230° 70174037
18 7703 +058° BZEA+ZF1® 7247+035° T2AG+068° 0016 016
21 B741 £107 705042479 93234032° 7316 +041° 815740230

" ean +3 0 with different superscripts
different (p<0,05),

in the same row are significantly

Takle 25, Fressure-induced texture changes of eve of round from beeves

during storage at 4

eatment
5 Control 50 MEPa 100 WEa 150 MEa 200 WPa
av
] 88239 12997 7 15626 7 71869 4 72220
+7r3 04" +880 5" +10R6.1" +12730* +1147 ¢
; 13967 9 17873 7 11161 3 19426 7 BEEZ.2
+7RE9 4° +1124 9 +1961 3" +1901 03 +10450°
8 20508 .2 71031 2 17124 2 17482 1 10334 .2
+2103.1* +3337.0° +2268.7" +1196 0" +1896.0"

" Wean 3D with different superscripts in the same row are significantly
different (p=0.05),
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Takle 76, Changes in fatty acid composition of eve of round from beeves treated

with hydrostatic pressure during storage at 4°%C funit @ 240
‘Treatment Eatty arid
Doy Fressur Sahirated wd wi w

Cemtrd £330 £00M4" .15 00 11:29% ooo® ar2st ooet

&0 MFa £011+ 080 373+ Q0E° g6l 1057 T EEL 0T

o 100 MPa 4616+ 085" 41038 128810707 FET4 007
150 MFa 4325+ 073" 716+ 061" 1405 +0407 FASE054

200 MFa £3.07+ D0 221+ oge” EEEE015" o0 024

Centrd 4723+ 0157 347+ o0 1241 +0087 FEEoE001

&0 MFPa 4358 o5 sareon’t 12.m+084" 744+ 0a”

3 180 MFa 4370 015" 772+ 00 140440147 2453+ 0m?
150 MPa 4855+ 013" 425+ 005" 606008 4057 +008

200 MFa 51322+ om” 246007 A5 +0.15% 746+ 03"

Centrd 4532+ 015 4450127 1385+0257 c2exoa”

&2 MFa 47155 115 sdztoM’ 1057+ LF" ETELoM"

7 100 MFa AT 46+ QA" 103210217 2088 E085" N22+01F
150 MPa 732t 0m” 332+ om* 1308 £0307 Bl 0"

200 MFa 5024+ 154 286+ 107 £55+ 0 40312078

Centrd 4314+ 080" £EEE 030 1575 £ 0757 546+ oaab

& MFPa 4208 1307 &20t 05T 15151067 ETELE LY g

10 10 MPa 4301+ 081" 217+ 030" 1606 £041" 742 010"
150 MPa 4347+ 028 4504 005" 177017 MHE4 00

200 MFa AB06E 0127 Iz 1135+ 03" AT27 05T

Centrd 4128+ 004" EE 005 14581018% 15141 015°

& MFa 4167+ 0A2" EADE 45 142805 AT A4 £004

4 100 MPa 4512+ 00RT £o5E 005 13ME013" 3518+ 013"
150 MFa 4255+ om® £154 0% 15450127 EANES A by

200 MPa 4520+ 1507 405+ e’ 12054 Lod® 3570+ ot

Contrd E4EE1L0E 2124 o0e" 05 +033° 3505+ 11517

5 MPa 4125+ 171" 7E2E 072 17.41+142" EEREL

15 123 MPs 4387+ 2.8 E71+£247" 15761 85" 456138
150 MPa 44342 025" 506 0157 15440317 516025

200 MPa 4608+ 0127 433 o’ 11451018 2504 1035

Centrd 4100+ DEo” £43+ 030" 1658 052" 2570+ oA’

& MFa AR05E 005 481tom’ 831 +008 112008

2l 100 MPa Az ESE 0 12* 488t 019" &80+ 005" 02+ ooEt
150 MFPa 43862 oW 454 00 1567 £0077 2502+ 0°

200 MPs 4550t 05t 407+ 0.18° 1252+ 040 50000

" ean +5 D with different superscripts in the same column at the same storage

day are significantly different (p-<005),
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Takle 27, Changes in wvitamin E compeosition of eve of round from beeves treated

with high hwdrostatic pressure during storage at 4°C funit ¢+ #z/100g)
[eBbrnett
Do Control 50 WPa 100 MWPa 150 WPa 200 MWFPa
0 EZEL £088" 2733+074° B928+090* 4970+261° 3202+211°
3052 +095° E237+129% 4154+181° 5041+£003° 2733 +£048°
4845 +036° 3BEE+154° EBOGZ+109° 49664027 30.11+080°
10 3542 £099° 4048+£147" 321840547 SEET£130° 2833 +030°
14 2995 +065° B272+136% 35092+103° B424+077° 2709 +£049°
15 7985 £023° 3E0+105* 3492+09* 3274+111* 3358 +039°
21 FEIL1A0° 46344073 2791+204° 3426+084° P9RI#11F

" Ilean +5 D with different superscripts

different (p<005),

in the same row are significantly
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