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Effect of High Pressure after the Addition of Vegetable Oil on
the Safety and Quality of Beef Loin
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Abstract

Olive oil and grape seed oil (10% of meat weight) were added to a package of beef loin. The package was then vacuum-
sealed, and high pressure was applied (HP, 600 MPa) to investigate the effect of the penetration of vegetable oil into meat
and safety and quality of the meat. Non-HP (0.1 MPa) without any oil treatment was considered as a control. The color L*
and b*-values of beef loin were higher and the a*-value was lower than those of the control after HP at 600 MPa. The total
aerobic bacterial number was 3 Log CFU/g in the control but no viable cell was detected in the beef with 600 MPa. All
inoculated E. coli and L. monocytogenes were inactivated by HP. The beef loin with vegetable oil added without HP did not
show any difference in fatty acid composition, but that treated by HP showed a higher oleic and linoleic acid content when
olive oil and grape seed oil were added, respectively. The addition of olive oil inhibited lipid oxidation, and sensory evalu-
ation revealed that there was no difference among treatments. The results indicate that the addition of vegetable oil followed
by the application of HP enhances the safety of beef loin, changing the fatty acid composition in a health beneficial way. In
addition, the use of olive oil can inhibit lipid oxidation induced by HP.
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(Jo et al., 2010). "FEH2 9] 37 S 9 A= 3
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2Hgo g 22 Nt oSAlF AXRE 7heshAl
AL (Morrissey et al., 1998), AA| 3, -, F27,
WHE Az T AEFRTIEY sivE &8Ha o
(Zhang and Mittal, 2008). AT+ Z2313}F A2l& 2%
oz Q% wAze] 29 Pl A% 2 A=
Z7hsh A1) Ao} sk, 9 S Tl Wy 2 7
ol o) gk ALt o] 7Kgl Ate] vERE 4 3lo]
(Carlez et al., 1995; Cheah and Ledward, 1997; Ma et al.,
2007; Orlien et al., 2000) o]l 3k A= = Q3}c}.

7VEEAE Ax A SRS tAlste SR o
& A=A FAE ARSEIA AlEe] A 2SS
713 T4 e A5l 3% Jth(Bloukas er
al., 1997). 71 & S2]|Bf+< F8 Alo] @7} EX31A]
HEARI oleic acid®} $4| tocopherolo]u TFEF] polyphenols
< st ARAIF o= sl EAS AU, AYEA]
e Ashgxel By BAgR WA P9 2 B
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et al., 2000; Gimeno et al., 2002; Kamal-Eldin and
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Beveridge et al., 2005; Ye et al., 1999).
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T 55 FFAFATLE D BiAE
hydrostatic fluid medium®.2 x}¥Z 31%+7](Quintus food
processor 6; ABB Autoclave System, Inc., USA)2] cham-
berol] ¥l 600 MPa 4= o2 587 X8 3o o
] chamber®] &%+ 15+3°C Yo 21 A7 A% A
2ol ] AYE AAT F oA JAFEAsE] 4°C]
A 10947 Bash 250 F4 g udE 45 AA

EH S
AFEZLE /N5 & A15E AF 40 mm, T | mm

o] 2944 (Minolta, Japan)ol] H== Hdsie] Yo & &
AL =43t} |21 e] =42 ARA| (Spectrophotometer,
CM-3500d, Minolta)S ©]-83}>] medium size aperture(#]
£ 10 mm)Z Hunter color L*(M%E), a*(ZA %) 2L b*E}
AE)kE SAstRe™ 49 FS Spectra Magic
Software(Minolta)2 A5 £4 313}t A5 33ES =
okl 1 BTES T W ko A

=AME
A7 BS99 ATt 2 BF AR 257
30x20x10 mme] =712 Hedt
T stgon, ZZ7F EA7](Model TA-XT 2i, Stable
Microsystems Ltd., UK)E ©]83}¢] Texture profile
analysis(TPA)Z #4131}, o] W] #4 AL 75 mm
9] S probeE AR O probed] A == 1.00
mm/sec ]G3l A]Fol 0.005 kg Fo] 7IIAl= AlFHFE
B A5 =019 60%71A] 7+ ¥ 4ES A3E TPA para-
meterS #2435}t =7 parameter= 7%= (hardness),
24 (adhesiveness), B4 (springiness), -5/ (cohesiveness),
7473 (gumminess)Z 4314 (chewinessys ©|3AT}.

37l &2+

2218 Al 10 goll BrrE 21947(0.85% NaCl) 90 mL
S FH7kske] 108 34 & Bag Mixer®(Modoel 400, Inter-
science, France)S AFE-3te] 308 F<F &3 % 108 g
Mo g 33 3] MS tryptic soy agar(TSA, Difco
Laboratories, USA)o =% 3}Ht}. n|AEL] F248
S PO 2 37°CellA] 48417 vl kgt & Ehe Al
4= 3l Log CFU/g. 2 JERAATH
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Nordion International Co., Ltd., Canada)°l|4] 40 kGy2] X
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phase7bA] Z1& HIYH(200 rpm) F- 4°CollA] 1027t A4
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T TFE 2%(vWyEERE HE AT FETE ARE
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HE 21957(0.85%, NaCl) 99 mLE 37} ¥ Bag Mixer®
£ ARESt 30 BRF 9 £ 103 Ao R 54
3} 3|4 NS tryptic soy brothol]l = 3}Sc} v|AYE2] =
21 37°ColA 48417 vt & Jehs AT 8t Log
CFU/ge= YRt}
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A& 30 goll 150 mLe] Folch &8 (chloroform: methanol
= 2:1)& H7tste] AS FF 3 th(Foleh, 1957). =
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190°Co A 200°C7HA] 1°C/minZ %, 200°ClA] 250°C
7HA] 5°C/min 5238} 250°Col|lA] 1083 FA5l =S 8)
gom, oluf Ao F<4L 1 mL/min, split ratio= 100:1
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Z} 93 WA HE (%)= ALt

Aot e 55
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acid reactive substances(TBARS)?tS Ahn 5(1999)9] ®
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ST EGAS 3087 0°C 8N 7D F 102
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Table 1. Surface color of the beef loin added with vegetable
oil and treated by high pressure

Color Pressure N Storage (d)
Treatment

value  (MPa) 0 10 SEM?
Not added 25.79°  26.79°  0.742
0.1  Olive oil 27.33% 2580  0.487
Grape seed oil  25.42° 2583  0.568
L* Not added 48.65°  46.05°  1.072
600  Olive oil 46.88™ 4421  0.623
Grape seed oil ~ 49.16*  47.16% 0.862

SEM? 0.707  0.794
Not added 10.67°  10.79°  0.550
0.1  Olive oil 11.67°  11.56*  0.532
. Grape seed oil ~ 11.09*  10.32% 0.521

a

Not added 6.32° 597° 0263
600  Olive oil 5.82° 6.87° 0423
Grape seed oil ~ 5.71° 6.08°  0.301

SEM? 0.434  0.459
Not added 11.46°  11.27°  0.354
0.1  Olive oil 1230 10.72°  0.595
b Grape seed oil ~ 11.38%  9.93%  0.220
Not added 15.50°  1626° 0213
600  Olive oil 1536°  17.17°  0.852
Grape seed oil ~ 14.30*  15.97° 0.459

SEM? 0.467  0.534

DVegetable oil was added at 10% of meat weight (w/w).

IStandard error of mean (n=18)

3(n=6)

“Different letters within same column differ significantly (p<
0.05).

*Different letters within same row differ significantly (»p<0.05).
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el FHAE <lste] Ao FH S5 Zete od
RBael 9% skar Yk Campus er al., 2008; Kim et al.,
2007; Kruk ef al., 2011). ©]2]3F TS 280 231 A
YA T FAH F SR QA= ™ globin
o] WA} heme2] 9% ©]€, hemochrome®] 4t3}x o]
hemichromeZ A3+ 7] wjF2] Ao 2 LA AT Carlez
et al., 1995; Cheftel and Culioli, 1997).
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Ae 59 4 NS S8l AEdRA J7F +
A A7t 59 Z2AZ ) vAle FEE
= Table 29} 2t} AHgd & 71493 982 =
19t A2 600 MPa gl 7H] S92
YERRA] 9293th Jo 5(2010) H7155dl LE|HAE H
7Fgk 3 300 MPa®] Z31%F Ae|gt A3 T it
AEet A FellA F+YFQ Aozt fIlaL, 7HE
W54 EAL vt 23 2udt A 4§ 2T
Hoh AS7F @A Yebou SR8 AETeAe 2L
Hs 283 o= Tt A= zlol7t ST B
13FE Y. 28y Kim 5(2007)2 52 Semitendinosus
=29 500 MPa Z=11%t *]2]A] Ca?t & Mg?" ATPase &
o] BEAdste}l tjZzTo) wlste] A& (shear force) X
74 = (hardness)’} Foldo g ZUlsttia Bl 1o,
Kruk 5(011)& Aol 500 MPa o] %118 x]g]A|
0.1 MPa 2|7l Hlsl| B=r} o2 oz S7isite B
a1 &kar Aok ¥HA Park $(2010)# Laack $(2001)S =
1S AEEtdS W S5 A o] Sl wet
AT M= 223 5 AE7E BolAle A Halst
At dgATe £ A7EAHRE T & u 23 A
YA FA7re A2 A9 § U A5V Axd 9%
o] 600 MPa Z211¢t Hg] Foll= Axe] JjolE Ho]x]
oroltiy Awsl 5= Q). U AESR|E HrlelR] &
< 2T 2% AP 2@ FAIE ZolE HolA| &
of o]¢} TS F ¢l A= e A7t F&¥E davt
Utkar Erot.
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Table 2. Texture profile analysis of cooked beef loin added with vegetable oil and treated by high pressure

Adhesiveness

Pressure (MPa)  Treatment”  Hardness (kg) (s) Springiness Cohesiveness Gumminess Chewiness
Non-oil 30.50 -4.07 0.64 0.58 17.49 11.27
0.1 Olive oil 29.38 -5.86 0.73 0.63 18.63 13.47
Grape seed oil 24.52 -4.08 0.64 0.59 14.61 9.46
Non-oil 23.57 -5.12 0.68 0.65 15.25 10.35
600 Olive oil 31.75 -10.96 0.56 0.62 19.56 10.97
Grape seed oil 32.64 -10.31 0.66 0.62 20.37 13.66
SEM? 2.115 3.435 0.062 0.024 1.702 1.772

DVegetable oil was added at 10% of meat weight (w/w).
PStandard error of mean (n=18)
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A 5 T é%é FAE H7Fskar 2318t A
gt & nAESE A4S ket Fig. 1] e
o 238 A7) A (A 0dAh) FAET AN T
7} 3.540014 3.95 Log CFU/g & AZEUeH, 1
of "kl 600 MPa X&)t oAM= o3 n]YEE HE
HA] rol 2 Aol ofg nAES] APFEEAE F
3] R & AATh 39 FAET 1o HlaelA
B S EfY IR G J7F AT AERA T
7F gzl vls) ez 1A foFHow =%k
0.4 Log cycle) HIAEFTE YEPHATE. A% 10¢ F9
T Wshe FAEwel ] tiEF 3 Log cycle A% &
7}a AL FAg = Adden Aol 6.87 Log CFU/gr}
2] Z2)3 W 600 MPa Helol e TEMG Hrb
Tk 2.81 Log CFU/g& YEMIAAL, YA XE]FolAM =
A8 S rlAdEC] AEEA 3Tt Jung E(2003)

& 98 F Biceps femoris | 520 MPaZ 260% Zil
o A 2.5 Loge] Fwol At AAE WSt
RO, Garriga 5(2004)2 Z1|" 82 600 MPaZ 6
B2 A9 & AZEFRA A AF 12097 FA7)

2Log CFU/g oJ3t=2 F213S Haste] 219t A=
HAE F2lo] AAEE e FES SA7F Atk B
o7t} ol gh Zagte] ok HAES] *}“U &

QX Qrke] A e AxAnte] Wyol
¥} o]l ghe] My Zaqto @ gk Ao g%/“ﬁ}
Z DNA EA] 2 AA} Agto=z <13 wulad 3k A3
o ot Ao Ml Qlth(Park ef al., 2010; Yuste
et al., 2001). W&t 8ol =19t A= u]xggq]-;q
2 Fe A AT U 'S £ T S 2
o= Atsdr).
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Fig. 1. Number of total aerobic bacteria (Log CFU/g) in the
beef loin added with vegetable oil and treated by high
pressure. Vegetable oil was added at 10% of meat weight
(w/w). *IDifferent letters within same treatment differ
significantly (p<0.05).
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gt & 2319 Agsk AFAAE Fig. 20] YR E.
coli®} L. monocytogenes®| Z7| Z&w<—= <F 7 Log CFU/
g BEE UERe ™, A7 10944 % 7 Log CFU/g
=2 A @ R3S E W ke AE4RA S e
S TeARE AGE V1 B ol el te ol
g RS doT|A] ke AR ATkEn). RPA Medina
5(2007)2 virgin olive oil® A|Z3F vk QU= Salmonella
Enteritidis = L. monocytogenesdE3te] 1|AYE Ao A
3 Log CFU/ge] 9] 7AE X113 ©™ Moniharapon
¥} Hashinaga(2004)y2 X% X F5&5 T =X
A}b’L A= 71—t n-hexane zzﬂoﬂ ;\-] 01:-5]_ ﬂ%zﬂ-ﬂ

o-1-=

= Bt
2311 600 MPa X8]= A& 04x}oll E. coli$} L.
AZIA (10! CFU/g)ol8te] S K.
Ko™ A% 10¢ ol HEEA ol Zaqt A2l
wWE E coli & L. monocytogeness A4 n|AE2] A}
4 g SAA BHE ST 2%k Al 9%
A4 v AEA o] #ASE o]H AFto] W= Gola %
(200 Y= A8 2 buffer system©l| E. coli O157THTHTE

monocytogenes =1

9.00 E. coli ood
a
8.00 b a a
a @ . 010d
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(@)
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o
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b b c c b b
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8.00 a a a a a p o10d
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©6.00
<
T 5.00
(@)
8)4.00
—1 3.00
2.00
1.00
b b b b c c
0.00
Con 0.1 Con 600 Olive 0.1 Olive 600 Grape 0.1  Grape 600

Fig. 2. Effects of high pressure on inactivation of Escherichia
coli and Listeria monocytogenes inoculated into the
beef loin added with vegetable oil during storage at
4°C (Log CFU/g). Vegetable oil was added at 10% of
meat weight (w/w). ““Different letters within same treat-
ment differ significantly (p<0.05).
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AFste] 2k A alS W 5ol 600 MPaz 2
B YAl 4Log AE A AL, buffer system
500 MPaol| A 587t *EJA] 5Log A= FAES Rst
Atk T3 Kruk 5011 71580l E coli 2 L.
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Table 3. Fatty acid composition (%) of beef loin added with vegetable oil and treated by high pressure

Pressure

(MPa) Treatment”  Cyq Cie Cigo Cigi Cisa Ciss Cy Cao4 Cps SFAY USFAY U/SY
Non-oil 2570  3.63 13.88 4231 7.25  1.72 0.07 2.49 0.12 4190 58.10 1.40
0.1  Olive oil 25.08° 3.34 13.02 45.74 641 1.26 0.08"  1.82 0.13* 40.84 59.16 1.46
Grape seed 0il  22.43  2.57 1331 3979 17.10 093" 0.09 1.22 0.0 3793 62.07 1.69

SEM? 1.537 0.381 0.967 1.857 3902 0.221 0.007 0.349 0.019 2.547 2.548 0.186

Non-oil 25.90° 3.32° 1478  41.01° 7.93* 145  0.09° 289 0.8  4280° 57.20° 1.35°

600  Olive oil 21.92% 228>  17.33  48.96° 5.12° 1.23 0.15*  1.09 0.06°  40.99* 59.00° 1.44°
Grape seed oil ~ 18.82° 1.75°  10.67 31.93° 31.42° 1.42* 0.09° 234 0.13*  30.82° 69.18* 2.29°

SEM? 0.648 0.148 1.770 1455 2.801 0.164 0.015 0.629 0.036 2.086 2.086 0.175

*“Values with different superscripts within the same column differ significantly (p<0.05).
*YValues with different superscripts within the same column in the same oil treatment differ significantly (p<0.05).

DVegetable oil was added at 10% of meat weight (w/w).
DStandard error of the mean (n=9)

dSaturated fatty acid

YUnsaturated fatty acid

SUnsaturated fatty acid/Saturated fatty acid
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Table 4. 2-Thiobarbituric acid reactive substances (mg mal-
ondialdehyde/kg meat) value of the beef loin added
with vegetable oil and treated by high pressure

Pressure b Storage (d)
Treatment

(MPa) 0 10 SEM?
Non-oil 0.46 0.81% 0.096

0.1 Olive oil 0.42% 0.63% 0.028
Grape seed oil ~ 0.41% 1.02% 0.098

Non-oil 0.45% 1.42% 0.025

600 Olive oil 0.34% 0.74%% 0.047
Grape seed oil ~ 0.38% 1.58% 0.013

SEM? 0.012 0.085

DVegetable oil was added at 10% of meat weight (w/w).

IStandard error of mean (n=18)

(n=6)

*“Different letters within same column differ significantly (p<
0.05).

*YDifferent letters within same row differ significantly (»p<0.05).
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Table 5. Sensory evaluation of the beef loin added with vegetable oil and treated by high pressure

Pressure Treatment" Color Odor Tenderness Juiciness  Chewiness Flavor Overall ~ Willingness

(MPa) acceptance to buy
Non-oil 5.00% 420 3.80% 4.00 3.90% 4.10 4.00 3.70
0.1 Olive oil 4.50% 3.00° 3.50% 3.70 3.50% 3.30 3.20 2.90
Grape seed oil ~ 5.70% 4,90 4.60° 4.60 4,50 4.50 420 4.00
Non-oil 4.60% 430 2.50 3.40 2.60° 4.00 3.10 2.80
600 Olive oil 5.90° 3.70% 3.90% 430 3.90% 4.50 3.70 3.40
Grape seed oil ~ 4.10° 4.00% 2.80° 3.70 3.05% 4.10 3.20 2.90

SEM? 0.414 0.405 0.438 0.481 0.435 0.357 0.421 0.394

The score was evaluated with 10 semi-trained panelists (1, extremely dislike; 5, neither dislike nor like; 9, extremely like).

DVegetable oil was added at 10% of meat weight (w/w).
IStandard error of mean (n=18)

a®Different letters within same column differ significantly (p<0.05).
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