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ABSTRACT

The purpose of this study is to determine the effect of the 60 days on aging
method on beef flavor, and the sirloin was performed for 15, 30, 45, and 60 d
ays using Wet(wet aging), Dry(dry aging), and Dry-bag(dry aging in the ba
g) methods. Free amino acid analysis and electronic tongue sensor measureme
nt were performed every 15 days during the 60 days of the aging period.

Total free amino acid content tended to increase as the aging time extended,
and glutamic acid and aspartic acid increased by about 9 times and 200 times
respectively during 60 days of aging. Differences in free amino acids among a
ging methods were observed. The free amino acid content of the Wet was m
ore abundant and there was no significant difference between Dry and Dry-b
ag. As a result of classifying and comparing amino acids among groups, Wet
increased the content of all groups compared with days 0 and 60 days of agi
ng. In addition, sweet, savory, bitter, and functional amino acid groups were s
ignificantly higher than other aging methods. sweet group in Dry and Dry-ba
g was decreased, and the savory, bitter, and functional groups increased. In a
ddition, there was no significant difference between Dry and Dry-bag.

As a result of electronic tongue measurement, sourness indicated a high tend
ency of Wet, and umami of the Dry and Dry-bag significantly increasing as t
he aging time expanded. Dry, and Dry-bag have improved umami, richness, a
nd saltiness over Wet.

As a result of the correlation analysis, the content of total free amino acid,
umami, richness, and saltiness revealed a positive correlation (+) with the agi
ng period. Glutamic acid and aspartic acid did not show correlation with uma
mi and richness sensors.

In conclusion, the results of measuring free amino acid and electronic tongue
of Dry and Dry-bag were almost similar. Therefore, it is concluded that the t
wo aging methods provide the same flavor, and the possibility that the Dry-b

ag method may replace other aging methods was confirmed.
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Figure 7. The taste buds of the tongue(source, pharmacyl180).

G4 ol vl Bajol oa) AQEE fiohveate A% Fuje AyA=
A oas m golih 94 B4 BFHoE Age] wit FrE FHIATHK

outsidis &, 2008). #*x WA o A= calpain, cathepsin % multicatalytic proteina
se complex©l] 23l polypeptide® +3]%¥ < dipeptidyl peptidase, tripeptidyl pep
tidase R carboxipeptidase®} -2 peptidaseol o3 22 E2}9] peptide® 3
Hth o] % mpAut @A Al amino peptidase, dipeptidase ¥ tripeptidase®] &
of olaf frejotr=qto] AFATH(=HSA RS, 2014). ALV E AdsHAl wHH
Frefotn|i=qke] gheko]l FIhskAl Hol arv)e] sto] dH™ FElotn=ike] %

< Adated T a8kt (Macleod, 1994; Nollet 5, 2012; Ro

.,
rlo
K
N
o,

lu
o
>

tola &, 2015). Aoki 5(2009)° w=wW alanine, glycine, proline, serine, threonin
e ¥ lysine2 oS e ™, arginine, histidine, isoleucine, leucine, methionin
e, phenylalanine % valine2 <49, glutamic acid®} aspartic acide= &%= o
Efitl T3k Nishimura 5(1988a)°] W=W tyrosine, tryptophan< 224} methi
onine, glutamine< ¥4 histidine, asparagine©] Al%HS W=t 7]ojd 4= 9o

1 aspartic acid®} glutamic acid ©] 99 % carnosine¢] 7+ =S ¥ 4= Qi)
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Ho
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o

dEES AT (Macleod, 1994). Mailard B8 F2 Zgl¥ 117
T HAY = v dElzmay 3peEe dle]l Hu st e o
7 e uks yEld 4 9lo ribonucleotides®] ribose$t & SR ofv] -4kl
cysteine ©]# gk Wk F Q3 AFE Aot (Mottram, 1998). T3 leucined i
soleucine Mailard ¥F3-ol A A ¥ dicarbonyl 3+g&E 3 Wk3-3le] 117] WA 2

-, 3-methylbutanalS A4 4 ) HKoutsidis &, 2008).

o
ok
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Sweet taste Bitter taste Umami Taste
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143 H ><H Y 5
NH HNY
HzN~ “COOH HzN” ~COOH LA o)
Alanine(Ala) Glycine(Gly) OH
HN~ “COOH
HoN COOCH HoN COCH
NHg* 2 Histidine (His) =
Arginine(Arg) Aspartic acid(Asp)
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e f f
H COOH ]
2N Proline(Pro) HoN “COOH HoN~ “COOH H,N” “COOH o} OH

Lysine(Lyisi
ysine(Lyisine) Isoleucine(Ile)  Leucine(Leu)  Methionine (Met)

LOH S ekt H,N~ “COOH
H,N” “COOH HoN “~CooH Glutamic acid(Glu)
5 5 COOH
Serine(Ser) Threonine(Thr) HaN~ ~COOH HzN
Phenylalanine(Phe) Valine(Val)

Figure 8. Flavor classification of free amino acids(%3, 2011).
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44 BEZ=Z A5 gEgs e Sv AFERZ 4y A e, glutamic ac
idet $7 At Tl AsAEs w4 T s W aZA @ik B 9
F AEEse] wdEHe T AF=dAEY o] S tHCalkins 5, 1982). =
= % AS T8 o5 U9 ATP+= ¢A¥ 22 ADP(adenosine diphosphate), A
MP(adenosine monophosphate) ® #3812, AMP= AMP deaminase®] 23] &
obu) = HH-&-& AA IMPZ EalEth IMP= Alte] Adel mel 4% 289
9]3)] inosine =& hypoxanthine® 2 3| ¥ ™, inosine B3t %% 22 hypoxa
nthine® 2 3] ¥ Tt} hypoxanthine2 259 &us oy dHHom A4S
WA AysA @ AF IMP7F E& o] 44253 hypoxanthine?] 3ol

Fkstel Flol Auldow FE GYe = & glonz AAW Sy 3

3HA) JERJ 2 IMPe] o] =& Au7]E= 719 T thiold disulfideS 53t

furan Lol Wol WAt FHE =Aot

Rl

adHA o, IMP AA7E A
ool &3S FAIT glutamic acid 53 A 2§ Al A AJYA] aHRE do

1Tt B3 %3 Q) th(Nishimura &, 1938b).
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L

Ag- 3

=
=

WA ol 7ol

A A s 7

Ea

7}

&}
<1

A A= 5

ol

d

of &gl °o]&= At

xr
il

il

bo Aol 44,

°

A Az WAE A

olth(o] %, 2020). A =}
- 21 -

]_



o] ¢Jt}H(Hong, 1996).

(3 A48 9 5% %

f
M
J

A= AAZE dA sk 43 v AS5E A B glo]l 1714
Aoz Wgste] A¥sts Aoz v
AM 7L zhe o] glom, 74 AAM = o] 5A40]
ency, bitterness, umami, saltiness, sourness®} #|
tertaste-A(astringency), aftertaste-B(bitterness), richness(umami) #-2 w2zt =}
= e Yot =4S yEdeol AR 238 F e Aot AAe H F
g SgE s fFASHA vES S 5 Sl AFE e Wz A E R ES A Y
RS

e, ot Fdol e Abgrel Bs HUF Aot w2 A+ FaaAE %

HoAAE Y] A go] &)Y ut FAEAE ARk H ATAHoE ANEHS o,
A FAel v &8 Thede] Ava Baskd ey AAF e AlA vk
< B3R stEelwt Zivksty A shebE ] HAlele A &5 ol H T
(Baldwin &, 2011).

_22_



Lt

=0

ANsg 9 "

.

it

LT

=74 0

=
=

4 AR A

|

=

Fo] 1569 1+4 0

S

]

, 159, 309, 459, 60U = A A
A B3 % 0.03g/m/24h, ©]

A A

6078 =&

2 F

A8+ 0

W% 0.1g/

e

/1\1,

2

~X

ol gstglom, 4T o]&le]

A%

-
X

m’/ 24he] Nylon A&

<24 A g packaging bag(Umai Dr
oA 8 F3 == 8000g/ 16w/ m'/ 24

y Co., USA)

A= o]83om striploin®] Y} bon

-
X

2.3mL/m'/de] PE A&

o] g319 k.

I
7] 44 (LMP-1045DA, Daeyoung E&B, Kore

S

27191 30emx60cm Z o] = ul

eless ribeyes =

!

shel o,

R

[e]
|

3

2=
j."

a)oll Al 2°C~4°C, 5% 85%~90%, 71+ 0.5~2.0Ms0l A]

Table 1. Setting condition for beef aging

X0 3 &
S do
| ° Col=
vAO N mo
MR g
< o N\ S
o H 8,

Ajm

& 9

X0 =
‘UAI.O A#.ﬁ ]! ju
i IR N©
-1 £ S
X ~ ~ =
i~ ! ) =

~ | 8

-
=t

18
o |z o
A o X0 o
el e Fo
Qo |o ™ !

&) i

g

e | &R

N ~ | m

0 7o ﬂ.o

o] A I

_23_



3. frelobul et 24

N

—_
fite)

o

iz

—_
fite)

el

- 9%
tel &

S

(3,000rpm, 10min) =] 2]

111 (x 2vf 342 AAE 2 (12,000rpm/15min)

trichloroacetic acid(TCA)

o

5

A<

KeN
=

n-Hexane

B2 Aok At 2

I Th EFEA
Fol o}m] wAb A= 847 (L

S

3

B (0.2um syringe filter)

-8900,Hitachi Co., Ja

201 3] 4]

e

-
-

#Jo}r]

5uf, +F

FSA ot

S

pan)Z ¥4

100

100

A

70
60
50
| 40
30
20
10
o

Name

sko ove'9y

bry 192941

JeD 0967044

suy £26'904

SIUONE 099°€0}
SIH /81°66

SO 029'96
sk1 €206

wo €806

shiH 09898

€HN 00L'6L

THNHO3 08072
1 089°2L

vav-d L8889

vav-q 09.¥9 —
Blv-q €€1°€9

8Ud 00€'6S

aeee——rs
na] €19°¢S L

9|l /88'lS

[BA L8G'SY

4 —
; o =0
on Sm.oko —

n

Jag-d €€6'}
T T

Minutes

120
T

110
T

100
¥

70

90 |

80

o
©

70 §
50
40
30
20
10
o

A
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Table 2. Retention time of amino acid standards

No Name RT
1 Phosphoserine 1.933
2 Taurine 2.693
3 Phosphoethanolaimine 3.280
4 Urea 4573
5 Aspartic acid 11.807
6 Threonine 16.893
7 Serine 18.613
8 asparagine 21.613
9 Glutamic acid 23.647
10 Glutamine 25.033
11 Sarcosine 28.400
12 Glycine 38.093
13 Alanine 40.120
14 citrullineCitrate 42.067
15 a-aminobutyric acid 43.520
16 Valine 45.587
17 Cystein 46.840
18 Methionine 48.500
19 Cystathionine 49.940
20 Isoleucine 51.887
21 Leucine 53.613
22 Tyrosine 55.827
23 Phenylalanine 59.300
24 B-Alanine 63.133
25 B-aminoisobutyric acid 64.760
26 y—aminobutyric acid 68.887
27 Triptophan 72.680
28 Ethanolamine 74.080
29 Ammonia 79.700
30 Hydroxy-lysine 86.860
31 Ornithine 90.873
32 Lysine 94.073
33 1-Methylhistidine 96.620
34 Histidine 99.187
35 3-Methylhistidine 103.660
36 Anserine 106.973
37 Carnosine 110.960
38 Arginine 116.767
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AAs FAL o F49 T Ve A5E UEdE 5719 @A FA S

A Au AA7E ZF2e [AxE 7] 7](Taste Sensing System SA402B, Insent, Jap

an)E AR&3se] FASoH, MES AdE AR 100gS 85T F/F 400mlet
al

Hhale] & 5 o] 3% (Whatman No.1)oll 23] wkE

Table 3. Characteristics of taste information on taste sensors

Sensor probes | Tole ommation | T nformatin
CAOQ Sourness -
C00 Bitterness Aftertaste-B
AE1 Astringency Aftertaste-A
AAE Umami Richness
CTO Saltiness -

(Kwak -5, 2015)

5. A &4

Bt Axte] 7= SAS(Statistics Analysis System, USA) program(2001)
= o] &3t A sARHGEA =4, A4 =4, AHEY s A4

adoez FAHEAS AAIE% 2™, Duncan
(1955)¢] veddez 29l ke #F94(p<0.05 p<0.01; p<0.001)& WL 24
stk w3 §4 74, T A8 R dAAE s (ko] Ad#aAl (correlation) &
ol B 7] 935te] Pearson's 375 (coefficient of correlation)E =74 -4 3t

.
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G/ e Frelohrl it g

Table 4, 5= A7zt WE Felotn|=qte] kat Hl&S UEhl Folt
Hl ek olm| = AkQl taurine®} y-aminobutyric acid(GABA):= <4 7] 7ko] Eolu
WA 45 Aol shEFy) w]Eo] feolHow SV Y. Taurines ©@HubS W,
Al A 7S Bol Exsta A= FElolr=Atew, AW ofg Ao x5}
AA kst g3, Febr obvn=Ate] WiEk s =2k, AHRS =E, A AE]
Ay BE 5 oYt 715S (& &, 2015). y-aminobutyric acide @ ¢

Ast, Fakst 23 5 AYgA 7lsel o glutamic acid®] B EAMSE
3 A At (Inoue &, 2003). Aspartic acid®} glutamic acidi= 73
A deA o wAd7|gko]l A el wel kel AEFS BAdou 79
AQl Zpol= YEtuA] gk 4 0¥ Aok 60 Ao RS vl S W asp
artic acid:e °F 2008 =718t o, glutamic acid: oF 987} Z71stgdct. A &)
AFol e A 7|7+ A atol] wel aspartic acid®t glutamic acid’} 5718k
o 2 YelgtH(Foraker 5, 2020). Arginine, phospho ethanolamine, tryptophan, t
ol AdE Frhstvrt w4 459 Aol 9]

o7 7tAaslE eSS HeEd arginine, tyrosine¥ tryptophang 2HHS

o
o,

2
o

_—

yrosine®] &} H] & A7

=

>,
~N
A
of\

b 4 A Ao (Nishimura 5, 1998a; Aoki 5, 2009). Anserined <4
o

rE
oty
il

>,

AAHow F7sleE S oW, carnosines A 7|7 5 &
HEWH FoHor 30d7HA Zastdthrt ol F7het T
able 6°] Hl&o] W& A4 Aol FoHoE FHhstes Ao AT
Anserine¥} carnosine< B-AlanineS &3+ histidyl dipeptides® % &3, &
2t FA 5 AR 98-S FH, carnosined T a17]9] 7R uke] 7] o]
3 4= At (Jung 5, 2013; Dashdorj %, 2015). Ethanolamine® ammonia®] &+
I &S A4 45 Aol FoH R FUstA=TH ol AR AMP(adenosine

monophosphate)®] €olv| = ¥Eg-o met dEYolrl AL, 54 T Hdas)

rlr
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=
o
o
o
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e el oM E Yol B 7 olwlFIE AdE + Ah(Ko, 2017),
T =

3 459 A

Threonine, serine, glycine, B-Alanine, valine, histidine®] 3$F#2
o FoHoz F7tsle] 609 Aol #HAsh= A¥S H I, alanine, proline, iso
leucine, leucine %3, =4 459 A74A] F7bstohzl 609 Afell A AR <=
71 794 Aol yUEtuA @tk F frelobr = (TotalFAA) ] 3
2 A 459 Ao folHer FUFsEY 2™, Yanagihara 5(1995)2] o o}

2A7)E 64U A Ay F et abe] ¢Fo] 6447 A STt
otk 3L lida 5(2016)2] Aol A okafE 6043t 43 23 & Fofv]

wibe] BEe 309 olFel F43 3

ol
N
N
ol
E)
2
®
©
r
A
ox
~
&
oft
r
jab]
=.
=
]
o
[0}
o
=

duEso] ZejHe mE Aol HRauEa dvk(Feidt 5, 1996).
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Table 4. The content of free amino acid according to the aging period

Aging Time(d)

mg/kg 0 15 30 45 60 Sig
) 194.88° 212.37° 204.30" 450.45 532.20°
Taurine sk
+42.46 +37.01 +34.79 +94.48 +£172.24
Phospho 5.27% 6.49% 5.27% 0.00P 0.00° .
ethanolamine +1.20 +1.63 +1.13 +0.00 +0.00
. 208.48™  220.77" 194.71° 306.10% 315.92°
rea +
+54.10 £43.11 +53.58 +115.36 +£146.10
) ) 0.54 19.41 34.41 51.98 103.82
Aspartic acid NS
£1.32 +11.62 +11.34 +84.70 +119.42
) 50.19° 117.17°  143.65™ 320.05° 241.75"
Threonine *
+7.64 +28.19 £25.95 +184.05 +248.23
) 69.27 165.00 184.94 72.23 203.96
Serine NS
+9.88 +38.68 +35.37 +158.13 +319.86
) 27.80 60.10 71.57 47.64 104.96
Asparagine NS
+3.37 +16.43 +14.52 +86.10 +166.32
) ) 40.77 137.00 168.70 262.61 372.85
Glutamic acid NS
+18.79 +59.30 +78.24 +330.49 +454.12
) 421.23 528.60 420.15 112.14 348.27
Glutamine NS
+112.01 +176.89 +85.61 £172.22 +571.83
) 74.90P 121.18° 134.63° 324.28% 295.50%
Glycine sk
£11.55 +24.35 +20.36 +162.33 +£176.98
) 322.87 496.48 493.10 894.75 664.38
Alanine NS
+45.82 +81.18 £90.92 +685.86 +£755.67
) 67.10° 172.46> 209.72 528.14% 390.94%
Valine sk
+9.83 £41.21 +39.55 +277.98 +357.71
) 0.00 0.00 0.00 1.69 9.32
Cystein NS
+£0.00 +£0.00 +£0.00 +4.14 +18.09
o 36.12° 93.05% 99.874 186.88% 176.25%
Methionine ®
+8.30 +24.07 +20.29 +109.35 +13491
) 50.05 126.77 146.40 234.11 186.71
Isoleucine NS
+8.56 +30.04 +28.35 +161.39 £261.17
) 96.58 237.69 266.73 465.40 388.35
Leucine NS
+18.39 +58.45 +55.24 +310.68 +508.87
) 60.80° 142.77° 149.12% 26.92¢ 9.64¢
Tyrosine Hkk
+10.24 +37.40 +33.47 +32.27 £9.10
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52.36

134.43

152.21

239.07

207.10

Phenylalanine NS
£7.95 +33.66 £33.00 £190.99 £293.31
) 7.53° 9.89° 11.35" 30.66% 26.22%
B-Alanine stk
£1.52 £2.80 +3.00 £12.38 £10.22
y-aminobutyric 0.89 0.42" 0.63 6.84° 3.58" .
acid £0.75 £0.29 £0.49 £7.15 +3.67
9.73 22.03° 22.51% 17.44% 0.00¢
Tryptophan Kk
+1.66 £6.47 £5.82 £16.85 £0.00
. 0.00° 0.00° 0.00° 12.39° 16.31°
Ethanolamine Hkok
+0.00 +0.00 £0.00 +8.74 £12.44
) 98.26" 112.71° 114.84° 489.11% 482.68%
Ammonia etk
£2.95 £16.26 £22.07 £119.74 £103.58
. 12.28" 18.16" 18.21° 83.43" 183.08°
Ornithine %
£7.00 £9.46 £6.42 £111.40 £213.59
) 69.89° 165.30P 199.88™ 264.42% 351.89%
Lysine o
£7.21 £38.07 +35.27 £160.42 £166.10
o 34.37° 68.95 73.92° 197.78* 176.67
Histidine sesksk
£4.25 £16.92 £12.60 £83.81 £90.24
) 887.75™ 933.36%¢ 707.93¢ 1288.67% 114858
Anserine *
£270.06 £212.20 £203.10 £413.11 £374.39
) 4495.31° 4508.87" 3299.87¢ 6192.23° 5529.36°
Carnosine ssksk
£269.23 £586.25 £262.96 £890.36 £1225.94
o 66.89° 144.92% 152.03? 26.09> 3.24¢
Arginine Hkk
£8.53 £34.10 +36.44 £59.68 £5.24
) 28.01 53.53 65.71 139.37 89.56
Proline NS
£2.93 £10.73 £16.93 £145.31 £138.17
D 7490.11°¢ 9029.82 7746.32° 13272.86%  12563.07%
TotalFAA *
£479.51 £1154.11 £718.83 £4106.11 £6107.09

Result presented Means+ SD.

¢ Means with different superscripts in the same row significantly differ(p<0.1).

Sig, Significance.; NS, Not significant.; ~ p<0.1; * p<0.05; ™ p<0.01; ™ p<0.001

DTotal free amino acid
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Table 5. The percentage of free amino acid according to the aging period

Aging Time(d)

% 0 15 30 45 60 Sig

) 2.59° 2.39° 2.67° 3.64 4.74°
Taurine sk

+0.46 +0.53 +0.56 +1.15 +1.89
Phospho 0.07 0.07 0.07 0.00° 0.00P o

ethanolamine +0,02 +0,02 +0,02 +0.00 +0.00

2.79 2.49 251 2.51 2.60
Urea NS

+0.71 +0.62 +0.62 +1.42 +1.12

o 0.01° 0.22P¢ 0.44% 0.342¢ 0.63
Aspartic acid *

+0.02 +0.13 +0.12 +0.46 +0.49

) 0.67° 1.29% 1.85% 2.21% 1.53%
Threonine Kok

+0.12 +0.18 +0.22 +1.05 +1.01

. 0.93 1.812° 2.37° 0.42¢ 1.03>
Serine sk

+0.15 +0.25 +0.29 +0.88 +1.54

) 0.37 0.66 0.92 0.28 0.53
Asparagine NS

+0.06 +0.11 +0.15 +0.49 +0.80

o 0.54 1.51 213 1.70 2.25
Glutamic acid NS

+0.25 +0.53 +0.90 +1.74 +1.90

) 5.66° 5.75% 5.45° 0.67° 1.71°
Glutamine stk

+1.59 +1.40 +1.10 +1.02 +2.77

. 1.00° 1.33° 1.73% 2.30° 2.27°
Glycine sk

+0.16 +0.13 +0.16 +0.86 +1.18

) 431 5.48 6.33 5.84 3.97
Alanine NS

+0.52 +0.54 +0.73 +3.79 +3.32

. 0.90° 1.89" 2.69% 3.69* 2620
Valine s

+0.16 +0.26 +0.32 +1.55 +1.58

) 0.00 0.00 0.00 0.01 0.05
Cystein NS

+0.00 +0.00 +0.00 +0.02 +0.09

o 0.49 1.02¢ 1.282 1.29° 1.27
Methionine Hokk

+0.13 +0.16 +0.17 +0.54 +0.39

) 0.67° 1.39% 1.88% 1.56° 1.01%
Isoleucine *

+0.14 +0.19 +(.24 +0.87 +1.22

) 1.30° 2.61%" 3.42° 3.12° 2.19%
Leucine i

+0.28 +0.39 +0.47 +1.67 +2.31

) 0.82° 1.57° 1.91° 0.23¢ 0.10¢
Tyrosine Hkk

+0.15 +0.26 +0.31 +0.32 +0.12
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) 0.70 1.47 1.95 1.55 1.13
Phenylalanine NS
+0.12 +0.22 +0.29 +1.05 +1.34
. 0.10° 0.11¢ 0.14" 0.25% 0.23%
B-Alanine sk
+0.02 +0.02 +0.03 +0.13 +0.11
y-aminobutyric 0.01" 0.00” 0.01" 0.05° 0.03" .
acid +0.01 +0.01 +0.01 +0.05 +0.02
0.13 0.24 0.29 0.11° 0.00°
Tryptophan Hkk
+0.02 +0.05 +0.06 +0.10 +0.00
) 0.00° 0.00" 0.00° 0.12 0.19°
Ethanolamine Aotk
+0.00 +0.00 +0.00 +0.11 +0.14
. 1.32° 1.25° 1.50° 3.96 4.88"
Ammonia sokx
+0.06 +0.09 +0.39 +1.25 +2.76
o 0.17° 0.19° 0.24° 0.53" 1.11%
Ornithine *
+0.10 +0.08 +0.11 +0.59 +0.96
. 0.94¢ 1.81% 257" 1.95% 2.88°
Lysine o
+0.11 +0.23 +0.29 +1.11 +1.32
o 0.46° 0.75" 0.95" 1.49° 1.42?
Histidine stk
+0.07 +0.10 +0.12 +0.46 +0.59
. 11.71 10.51 9.17 0.84 10.34
Anserine NS
+2.95 +2.80 +2 57 +2.01 +4.05
) 60.09 50.01° 42.75° 49.36" 48.86°
Carnosine *
+2.77 +3.29 +3.14 +11.24 +12.12
o 0.90° 1.59° 1.95% 0.17¢ 0.04¢
Arginine Hkk
+0.13 +0.22 +0.35 +0.37 +0.06
) 0.38 0.59 0.84 0.85 0.45
Proline NS
+0.05 +0.06 +0.17 +0.87 +0.67

Result presented Means = SD.

ad \Means with different superscripts in the same row significantly differ (p<0.1).

Sig, Significance.; NS, Not significant.; * p<0.1 * p<0.05; ™ p<0.01; ™ p<0.001.
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Table 6. The content of free amino acid according to the aging methods

mg/kg Aging Time(d)
. 0 15 30 45 60
Aging
Method | wet  Dry Ib);g Sig| Wet  Dry bDé’ﬁg’ Sig| Wet  Dry bD;’fg’ Sig| Wet  Dry bD;’fg’ Sig| Wet  Dry bD;g Sig
216 220 149 229° 240° 168" 220 225 168 453 536 363 684* 566 346°
Taurine NS * NS NS +
£34 20 34 £16 14 +22 w40 21+l 68 70 71 £168  +52  *12
Phospho 5® 6 4P 7 8 5 6 6 4 0 0 0 0 0 0
ethanol + NS NS NS NS
amine +] £0 £0 +]1 +]1 +2 +2 +0 +]1 +0 +0 +0 +0 +0 +0
227 204 195 210 237 215 187 199 198 388 175 355 443 177 328
Urea NS NS NS NS NS
+61 +82 55 +3 58 £72 +32 91 +70 +88 +61 +50 +94 +164 +5
. a b b
Aspartic 2 0 0 NS 16 20 23 NS 34 28 42 NS 128 15 13 NS 257 27 28 .
acid +2 +( +( =7 +16 +18 +11 +15 +11 +135 +10 +3 +36 +9 +]
. 54 53 43 116 122 114 141 140 150 493 253 214 551° 66" 109°
Threonine NS NS NS NS *
+8 +3 +8 +62 =0 +4 +42 +37 11 +21 +42 +276 +113 +58 +62
) 74 75 59 165 169 161 191 165 199 208 6 2 6017 5P 6
Serine NS NS NS NS *
+9 *1 +9 +85 *1 *11 52 +46 +8 +263 +6 *1 +196 +3 *1
) 31 26 27 63 60 58 78 65 71 143 0 0 309% o° 6
Asparagine NS NS NS NS *
*2 +3 +3 +36 +6 +4 27 *12 *1 +99 *0 *0 +116 +0 +8
Glutamic 62 33 27 185 102 124 226 90 190 590 68 130 919° 82P 118"
d NS NS NS NS *
acl *12 *14 +5 +98 *16 *16 +78 51 47 +464 22 +76 +364 +53 *1
403 519 341 492 657 436 444 399 417 334? 2b o° 1045 oP o°
Glutamine NS NS NS Hkok *
+161 +63 +12 +298 +121 16 +182 +6 +36 +27 +4 =0 +424 =0 =0
89* 70° 65" 123 123 117 135 128 141 421 281 271 470 121 296
Glycine * NS NS NS NS
+5 +1 +4 +53 +9 +7 +33 +28 +4 47 *43 +316 =77 +164 =47
) 327 313 329 443 534 513 450 487 543 1340 445 899 1632° 157 204°
Alanine NS NS NS NS Hk
+6 +80 +61 *151 +23 24 +59 +165 41 75 230 1222 27 207 +30
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74 68 59 172 172 173 209 197 224 713 456 415 815° 163" 194°
Valine NS NS NS NS +
*10 +0 *12 92 *1 7 +61 55 *19 +35 94 521 £174 £75 +£250
0 0 0 0 0 0 0 0 0 5 0 0 28 0 0
Cystein NS NS NS NS NS
+0 +0 +0 +0 +0 +0 +0 +0 +0 7 +0 +0 24 +0 +0
o 42 35 31 97 90 92 104 92 103 291 130 140 340% 82P 107
Methionine NS NS NS NS *
£9 4 £10 52 *1 *10 +30 +30 +6 +33 +34 +157 87 +45 +4
. 57 48 44 127 127 126 147 137 155 389 137 177 504* 18° 3g°
Isoleucine NS NS NS NS *
+7 +1 12 +66 +3 *14 44 42 +8 +31 62 +229 +£189 +26 54
. 112 9% 83 244 236 233 270 255 276 768 289 339 1009° 65" 91°
Leucine NS NS NS NS *
*17 *2 24 +129 +5 +20 £79 90 +20 63 +64 444 +£349 68 111
. 70 61 52 148 138 142 155 141 152 29 48 3 7 4 18
Tyrosine NS NS NS NS NS
£9 6 £10 +82 +7 12 +57 +45 *11 *18 +53 +4 *1 +6 *13
Phenyl 60 50 47 141 132 131 162 139 155 446 106 166 568° 22P 31°
lani NS NS NS NS *
alanmne =7 +2 +9 +74 +2 +8 +50 +47 +12 +35 +42 +218 +196 +18 +22
. 8 7 8 9 10 10 10 10 13 26 43 23 29 25 25
B-Alanine NS NS NS NS NS
+2 +1 +2 +6 +0 +2 +4 +3 2 8 =7 12 +4 +22 2
I 1 0 1 0 0 1 1 1 2 9 9 5 3 3
y-amino_ NS NS NS NS NS
butyric acid | = 11 0 0 =0 =0 0 =0 1 =0 2 +3 13 +7 4 =0
12 9 9 24 20 22 26 19 22 31 4 17 0 0 0
Tryptophan NS NS NS NS NS
+1 +1 *1 *14 *1 +3 +9 +6 +0 £8 +6 24 +0 +0 +0
0 0 0 0 0 0 0 0 4P 1% 222 2b 21% 26"
Ethanol NS NS NS « «
amine +0 +0 +0 +0 +0 +( +0 +0 +0 +5 +] +4 +2 +2 +10
93 100 97 100 124 114 92¢ 141* 112° 428 540 499 379 518 552
Ammonia NS NS sk NS NS
+5 *1 +3 21 *18 *2 +3 *1 +4 *141 70 1834 *15 *10 *141
11 17 8 16 24 14 18 21 16 197 25 29 441* 79 29°
Ornithine NS NS NS NS *
7 *11 *1 *10 *15 *1 +9 *10 *1 +£152 £9 *18 135 88 *15
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78 69 63° 164 162 169 201 188 211 422° 278° 93P 493 242 321
Lysine + NS NS + NS
*1 +0 7 +85 +5 +3 58 44 *19 52 116 63 55 +£256 63
o 38 35 31 69 67 70 77 67 78 243 139 211 251 109 171
Histidine NS NS NS NS NS
+4 5 2 +36 *10 4 23 £9 +4 +30 +£105 +£108 47 73 114
. 931 921 812 878 1054 868 719 746 659 1399 1297 1170 1314 1177 955
Anserine NS NS NS NS NS
+379 £112 +437 £117 £120 +£391 +£264 +£123 +337 +£493 +96 £741 +533 231 482
. 4557 4349 4579 4236 4458 4833 3323 3072 3505 6629 5633 6315 6831 4753 4953
Carnosine NS NS NS NS NS
+398 £104 +359 871 +£749 +£185 +£256 +300 22 +£167 565  +1607 911 +957 +£495
o 75 66 60 149 138 148 169 118 169 74 4 0 0 4 6
Arginine NS NS NS NS NS
+6 +3 7 75 *1 £8 +45 +32 *11 £104 +6 +0 +0 5 £9
. 28 29 27 53 54 53 73 52 72 252 13 153 263* 5P o°
Proline NS NS NS NS *
2 5 +3 23 *1 6 +20 +20 +8 *15 *18 217 69 £8 +0
Total 7742 7478 7250 NS 8678 9276 9135 NS 7864 7329 8046 NS 16845 10945 12029 NS 20237% 8490  8961° ;
FAAY +601 +£137 +£726 £2327  +921 74 £385  +1299  £437 £1347  £1158  £6457 984 #2580 +1396

Result presented Means + SD.

¢ Means with different superscripts in the same row significantly differ (p<0.1).

Sig, Significance.; NS, Not significant.; ~ p<0.1 * p<0.05; ™ p<0.01; ™ p<0.001.

YTotal free amino acid
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Table 7. The percentage of free amino acid according to the aging methods

% Aging Time(d)
) 0 15 30 45 60
Aging
Method | wet  Dry Ib)?g’ Sig| Wet  Dry bD?g’ Sig| Wet  Dry bD;’fg’ Sig| Wet  Dry bD;’fg’ Sig| Wet  Dry bD;g Sig
278" 2947 2.05° 2.72 2.61 1.84 2.82 3.09 2.09 2.69 4.89 3.34 341 6.90 3.93
Taurine + NS NS NS NS
£0.22  £0.22  £0.28 £0.54  £0.40  £0.23 065  +0.25  £0.13 £0.19 £0.13  £1.20 £1.00 £149 £0.74
Phospho 0.07 0.09 0.06 0.08 0.08 0.06 0.07 0.08 0.06 0.00 0.00 0.00 0.00 0.00 0.00
ethanol NS NS NS NS NS
amine £0.01  £0.01  +0.01 £0.01  £0.00 £0.02 £0.03  +£0.01  £0.02 £0.00  £0.00  £0.00 £0.00  £0.00  £0.00
291 272 2.74 2.52 2.60 2.36 2.39 2.65 2.49 2.29 1.64 3.59 2.21 1.89 3.70
Urea NS NS NS NS NS
£0.57  £1.05 £1.03 £0.64 £0.88 081 £0.52 078  £1.00 £0.34 £0.74  £2.34 057  £1.36 052
A 4 0.02 0.00 0.00 0.18 0.22 0.26 0.43 0.37 0.52 0.74 0.14 0.14 1.27% 0.31° 0.33°
spartic NS NS NS NS sk
acid £0.03  £0.00  £0.00 £0.04  £0.20 £0.19 £0.12  £0.14  £0.11 £0.74  £0.11  #0.09 £0.12  £0.01  £0.06
) 0.71 0.72 0.60 1.29 1.32 1.25 1.78 1.91 1.86 2.94 2.35 1.36 2.71° 0.70° 1.18°
Threonine NS NS NS NS *
£0.16  £0.04  £0.17 £0.37  £0.13  £0.06 045  #0.16  £0.04 036  £0.63  £1.57 042  £048  £0.52
) 0.96 1.01 0.82 1.84 1.83 1.77 242 2.23 2.48 1.18 0.06 0.02 2.95° 0.06° 0.07°
Serine NS NS NS NS *
£0.18  £0.01  +0.21 £0.49  £0.20 £0.13 £0.54  +0.23  £0.03 £147  £0.06  £0.00 £0.82  £0.01  £0.02
) 0.40 0.35 0.37 0.69 0.65 0.64 0.99 0.89 0.88 0.83 0.00 0.00 1.52% 0.00° 0.06°
Asparagine NS NS NS NS *
£0.06  £0.05  £0.08 £0.23  £0.01  £0.05 £0.30  +£0.00  #0.06 £0.52  £0.00  £0.00 £0.50  £0.00  £0.08
Glutamic 0.81 0.44 0.38 2.06 112 1.36 2.85 1.19 2.35 341 0.64 1.06 4.50° 0.92° 1.33°
. NS NS NS NS +
acid £0.22  £0.18 +0.11 £0.59  £0.28  £0.17 £0.85 049  £0.45 248  £0.27  £0.07 £1.58 035  £0.22
) 5.31 6.96 4.72 5.41 7.06 4.78 5.60 5.54 5.20 1.98% 0.03° 0.00° 5.12° 0.00° 0.00°
Glutamine NS NS NS Hkok *
£2.50  £097  +0.31 £1.98  £0.60  £0.22 204 £1.06 £0.74 £0.00  £0.04  £0.00 £1.85  £0.00  £0.00
1.16 0.94 0.91 1.39 1.33 1.29 1.71 1.74 1.76 2.52 2.56 1.81 2.32 1.19 3.30
Glycine NS NS NS NS NS
£0.16  £0.04 £0.14 £0.24  £0.04  £0.09 £0.33  +£0.08  £0.05 £048  £0.13  £1.65 £0.26  £1.57  +0.01
) 4.24 4.17 451 5.05 5.79 5.61 5.71 6.55 6.74 8.00 3.98 5.56 “8.07 1.55 2.29
Alanine NS NS NS NS *
£0.25  £099  £0.40 £0.38  £0.82 +0.21 047 £1.10 #0.14 £1.08 £1.68  £7.18 £0.25  £1.97  £0.02
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) 0.97 0.92 0.83 1.92 1.86 1.90 2.64 2.67 2.78 4.26 4.15 2.67 4.01 1.88 1.98
Valine NS NS NS NS NS

£0.20  £0.02  £0.25 £0.54  £0.17  £0.10 064 028  £0.08 £0.55  £042  £2.90 066  £0.31 £2.48

) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.00 0.00 0.14 0.00 0.00
Cystein NS NS NS NS NS

+0.00  +0.00  +0.00 +0.00  +0.00  +0.00 +0.00  £0.00  *0.00 +0.04  +0.00  *0.00 £0.12  £0.00  £0.00

o 0.56 0.47 0.44 1.08 0.97 1.01 1.32 1.24 1.28 1.75 1.18 0.95 1.68 0.93 1.21
Methionine NS NS NS NS NS

£0.16  £0.07  £0.19 £0.32  £0.08 +0.11 £0.33  £0.20  £0.01 £0.33 £0.18  #0.80 £0.35  £0.25  £0.15

) 0.75 0.65 0.63 1.42 1.37 1.39 1.85 1.86 1.93 2.32 1.23 1.12 2.47° 0.18" 0.39°
Isoleucine NS NS NS NS +

£0.15  £0.02  £0.23 £0.37  £0.10  £0.16 £047  £0.23  £0.01 £0.37  £044  £1.30 +0.81 £0.25  £0.54

) 1.46 1.27 1.18 2.72 2.56 2.55 3.42 3.42 3.43 4.59 2.63 2.14 4.95° 0.68" 0.93°
Leucine NS NS NS NS +

£0.33  £0.01 +£0.45 £0.76  £0.31 £0.24 £0.84 062  £0.06 £0.74  £0.31 £2.55 £148  £059  £1.10

) 0.91 0.82 0.73 1.64 1.50 1.56 1.96 1.90 1.89 0.18 0.47 0.04 0.04 0.04 0.22
Tyrosine NS NS NS NS NS

£0.18  £0.06  +0.21 £0.50  £0.23  £0.14 £0.63  +0.28  £0.04 £0.12  £054  £0.06 +0.01 £0.06  £0.18

Phenyl 0.78 0.67 0.66 1.57 1.43 1.43 2.05 1.87 1.93 2.66 0.95 1.05 2.79° 0.24° 0.38"
lani NS NS NS NS *

alanine £0.16  £0.04  £0.18 £043  £0.16  £0.10 £0.54  +0.31 +£0.05 £042  £0.28  £1.25 £0.83  £0.13  £0.30

) 0.10 0.10 0.11 0.10 0.11 0.12 0.13 0.14 0.17 0.16 0.41° 0.19° 0.14 0.27 0.29
B-Alanine NS NS NS + NS

£0.03  £0.01 +£0.02 £0.04  £0.01 £0.02 £0.04  +0.02  £0.02 £0.06  £0.11 +0.00 +0.01 £0.18  £0.02

—amino 0.02 0.01 0.02 0.00 0.00° 0.01° 0.00 0.02¢ 0.01% 0.02 0.09 0.06 0.03 0.03 0.04
¥ral . NS EEES + NS NS

butyric acid | +902  +001 +0.01 £0.00  £0.00  £0.00 £0.00  +0.01 +0.00 +0.01 £0.04  £0.08 £0.04 £0.04 +0.01

0.15 0.12 0.12 0.27 0.22 0.24 0.33 0.26 0.28 0.19 0.04 0.11 0.00 0.00 0.00
Tryptophan NS NS NS NS NS

£0.03  £0.01 +0.03 +0.09  0.01 +0.03 +0.10  £0.04  0.01 +0.06  +0.05 *0.15 +0.00  +0.00  +0.00

Ethanol 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.11 0.22 0.01° 0.26° 0.29°
e NS NS NS NS *

amine +0.00  +0.00  +0.00 +0.00  +0.00  +0.00 +0.00  £0.00  *0.00 £0.04  £0.02 #0.16 +0.01 £0.06  £0.06

1.27 1.34 1.34 1.17 1.33 1.25 1.17° 1.95% 1.40% 2.58 4.93 4.37 1.87 6.41 6.36
Ammonia NS NS + NS NS

+0.04  £0.01 +0.10 £0.07  £0.07  £0.04 £0.02  +0.33  £0.03 £1.05  £0.11 +0.81 +0.01 £2.06  £257

o 0.16 0.23 0.12 0.18 0.25 0.16 0.23 0.31 0.20 1.14 0.23 0.23 2.17 0.81 0.35
Ornithine NS NS NS NS NS

£0.11 £0.15  £0.03 £0.06 £0.14  +0.01 £0.11 £0.19  £0.00 +0.81 £0.10  #0.03 056  £0.79  £0.22
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) 1.01 0.92 0.88 1.83 1.76 1.86 254 2.56 2.62 2.50 2.61 0.74 243 2.51 3.69
Lysine NS NS NS NS NS

£0.09 £0.01  £0.18 £0.49  £0.12  £0.05 £0.62  +0.15  £0.09 £0.11  £1.34  #0.13 £0.16  £2.25  £1.28

o 0.49 0.47 0.43 0.77 0.73 0.77 0.98 0.92 0.97 1.46 1.23 1.78 1.24 1.21 1.83
Histidine NS NS NS NS NS

£0.08  £0.08  £0.07 £0.21  £0.04  £0.05 £0.25  £0.04  £0.01 £0.29  £0.83  £0.05 £0.18  £0.49  £0.99

) 11.88 12.30 10.95 10.68 11.36 9.49 9.23 10.19 8.09 8.22 11.87 9.44 6.57 14.10 10.37
Anserine NS NS NS NS NS

£3.97  £1.28  £4.93 421  £0.16  +4.21 +380 #0.13 #3775 227  £0.37  £1.09 295 £156  £3.77

5885 5818  63.23 4924 4789 5292 4238 4222 4364 39.44 5149 5715 34.16" 5690 55.52°
Carnosine NS NS NS +173 | NS *

£0.57 £246  £1.39 +3.17  £333  £245 £533 +£339  £264 216 029 Ty £6.16  £6.02  £3.13

o 0.98 0.88 0.83 1.66 1.50 1.62 2.14 1.60 2.10 0.47 0.05 0.00 0.00 0.04 0.08
Arginine NS NS NS NS NS

£0.16  £0.03  £0.18 £042  £0.17  £0.10 £047  +0.16  £0.03 066  £0.06  £0.00 £0.00 £0.05  +0.11

) 0.36 0.40 0.38 0.60 0.59 0.59 0.92 0.70 0.91 1.51 0.11 0.93 1.30% 0.05° 0.00°
Proline NS NS NS NS Hk

£0.04  £0.06  £0.08 £0.11  £0.05  £0.07 £0.21  #0.15  #0.15 £0.21  £0.15 £1.31 £0.28  £0.07  £0.00

Result presented Means + SD.

4 Means with different superscripts in the same row significantly differ (p<0.1).

Sig, Significance.; NS, Not significant.; ~ p<0.1 * p<0.05; ™ p<0.01; ™ p<0.001.
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Table 8. Classification of free amino acid according to function

Sweet Savory Bitter Functional
Alanine Aspartic acid Arginine Ammonia
Asparagine Glutamic acid Cysteine Anserine
Glutamine Histidine B-Alanine
Glycine Isoleucine busi:;?irgig(c) d
Proline Leucine Carnosine
Serine Lysine Ethanolamine
Threonine Methionine Ornithine
Phenylalanine et}g};ﬁgﬁg ne
Tyrosine Taurine
Tryptophan Urea
Valine
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mag/kg

20,000 L
—o— FAA(Wet)
—n— FAA(Dry)
15,000 = 4= FAA(Drybag)
—— sweet(Wet)
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=—a- sweet(Drybag)
—O— savory(Wet)
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O~ bitter(Wet)
~M - bitter(Dry)
A~ bitter(Drybag)
functional(Wet)

5,000 .
~—m— functional(Dry)
n

« functional(Drybag)

day

Figure 10. Changes in the content of amino acid groups according to the aging methods and periods.
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Table 9. Changes in the content of free amino acid groups by classification accordi

ng to the aging methods and periods

Content Aging Aging Mehtod
(mg/kg) Time(d) Wet Dry Drybag Sig
0 1005.95°+181.17 1086.02"B+21.69 890.84+45.40 NS
15 1455.19+708.32 1718.19%+113.50 1452.74+25.31 NS
30 1511.48“+416.21 1436.56*+302.54 1593.20+19.40 NS
Sweet
45 3190.75"+231.09 1000.45"°+239.51 1540.16+2030.99 NS
60 4870517102159 354.01°°+439.73 620.60"+146.32 *
Sig ok * NS
0 63.595+14.41 33.10+14.39 272384515 NS
15 200.515+105.88 121.63+31.49 147.10%+34.10 NS
30 259.255+88 88 118.09+66.17 231.972457.23 NS
Savory
45 718.04%P+598.86 83.03+32.85 142.722+73.34 NS
60 1175.34%+£400.31 108.73"+61.89 145.96%°+2.37 *
Sig + NS *
0 617.66+71.20 534.90%+0.84 479.12+94.67 NS
15 1335.705+703.63 1282.39%8+6.25 1306.96+88.12 NS
Bitter 30 1519.828+457.74 1353.614+399.73 1543.71£110.21 NS
45 3411.48%+298.13 1591.09%+231.43 1561.28+1761.10 NS
60 4014.56™£1122.44  708.76"°£569.33 977.00°+426.03 *
Sig ok + NS
0 6054.77°+868.07 5824.155¢+£101.60 5853.02+780.45 NS
15 5686.48%+809.25  6154.19%5¢+832.36 6228.41+153.38 NS
) 30 4573.58%+578.10 4420.35°+530.61 4677.36+250.61 NS
Functional
45 0524.46"+815.02 8270.06%+719.85 8785.11+2591.75 NS
60 10177.054£1560.63  7318.995+1509.19 7217.74+825.64 NS
Sig ok * NS

Result presented Means = SD.
ab Neans with different superscripts in the same row significantly differ (p<0.1).
A€ Means with different superscripts in the same column significantly differ (p<0.1).

Sig, Significance.; NS, Not significant; ~ p<0.1 ™ p<0.05; ™ p<0.01.
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Table 10. Changes in the percentage of free amino acid groups by classification

according to the aging methods and periods

Percentage Aging Aging Mehtod
(%) Time(d) Wet Dry Drybag Sig
0 13.13+3.36 14.53%+0.02 12.32+0.61 NS
15 16.26+3.80 18.56+0.62 15.91+0.40 NS
30 19.11+4.36 19.54%+0.66 19.82+0.83 NS
Sweet
45 18.95+0.14 9.085+1.22 9.66+11.70 NS
60 23.987+3.88 3.55°°+4.10 6.88°+0.57 *
Sig NS ok NS
0 0.835+0.25 0.44+0.18 0.38°+0.11 NS
15 2.23%B+0 62 1.34+0.47 1.61%+0.36 NS
30 3.28%8+0.97 1.56+0.63 2.874+0.55 NS
Savory
45 4.13*B+3.22 0.78+0.38 1.205¢+0.04 NS
60 5.7744£1.70 1.23°+0.36 1.655°+0.28 *
Sig NS NS ok
0 8.045+1.54 7.155+0.14 6.71+1.98 NS
15 14.84%8+4.13 13.894+1.32 14.32+1.08 NS
) 30 19.214+4.88 18.28%+2.21 19.18+0.33 NS
Bitter
45 20.39%+3.40 14.514+0.58 10.57+8.97 NS
60 19.73%+4.59 7.685+4.37 10.66+3.10 NS
Sig + ok NS
0 78.01%45.15 77.89%B+0.06 80.60+2.69 NS
15 66.68*5+855 66.235C+2.40 68.18+1.12 NS
) 30 58.414P+10.21 60.63°+3.51 58.13+0.04 NS
Functional
45 56.53%+0.33 75.645+1.43 78.57+20.63 NS
60 50.545°+10.17 87.554+8.83 80.817+3.37 *
Sig + * NS

Result presented Means = SD.

ab Neans with different superscripts in the same row significantly differ (p<0.1).
A€ Means with different superscripts in the same column significantly differ (p<0.1).

Sig, Significance.; NS, Not significant; = p<0.1 ™ p<0.05; ™ p<0.01.
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o
AeS Hastgdth Kim 5(2017, 2019)9] A+ A
Az HA4%5L 54 548559 sourness”t oz WA LERA TE bittern
ess, astringency, umami, saltinessi= 24 o2 =7 YElgT ol ¢ =2
9] glutamic acid % aspartic acide} @ ¥ Aolgt H s}, 72
A s A7) Abele] Fnl A4 stEQl frEotv| Al IMP 2 39 Y T oF
Lo Aolz Fujo FEFs WA F o, FElotu it AA R Ak &k
o s = F AL, A R FVI/UEFE A3 3 Anty Atk 9IS =
T T (Shahidi &, 1994; Lee 5, 2019). =3+ 714 A3 AAEXH 542 60

Y Z} umami, 459 %} saltiness& A &8t REFEA A F o
A A A5 ANEY S Aboldl &n] zpolE wrHskA] i sdRt

Zu 2 AT 4 A Y (Ahnstrom 5, 2006; Degeer %, 2009). T3 Lee
5017 wEm HAEF A3 duk 1A SAloA IMPSF dF-=o] fE o}
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Sourness Sourness Sourness
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Saltiness  Bitterness Saltiness Bitterness Saltiness Bitterness
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Umami AftertasteB Umami AftertasteB Umami AftertasteB

AftertasteA AfteriasteA AftertasteA

(a)Wet (b)Dry (c)Drybag

Figure 11. Measurement results of electronic tongue sensor according to aging periods
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Table 11. Measurement results of electronic tongue sensor according to aging
methods and periods
Aging Aging Method
Time(d) Wet Dry Drybag Sig
0 -6.51+0.57 -6.57+0.25% -6.52+0.134 NS
15 -6.23+0.13° -6.62+0.014° -6.58+0.02 *
Sourness 30 -7.19+0.28° -8.17+0.01%" -8.14+0.40" +
15 -6.62+0.82 -8.81+0.56" -8.02+0.285" +
60 -7.09+1.17 -9.28+0.78" -8.28+0.16" NS
Sig NS EX3 *%k
0 7.23+0.48 6.80=0.30 6.99+£0.59 NS
15 8.18+0.28 7.54+0.71 7.61£1.28 NS
Bitterness 30 9.38+0.62% 6.35+0.78" 7.75+1.05 +
45 7.65%1.29 8.00=£0.16 9.09+0.69 NS
60 7.91+2.09 7.45%1.07 7.71£0.69 NS
Sig NS NS NS
0 2.10£0.31 1.14+1.11 1.49+0.63 NS
15 2.59+1.36 2.01£0.68 2.33£0.30 NS
Astringency 30 2.62+0.13" 1.87+0.16™ 1.69+0.37" +
45 1.87£1.08 1.91+0.33 2.33£0.78 NS
60 1.49+0.43 1.24£0.25 1.47+£1.56 NS
Sig NS NS NS
0 -3.01+0.59" -3.47+0.06° -3.34+0.87° NS
15 -2.75+0.18" -2.49+0.13" -2.54+0.34P NS
Aftertasto_B 30 -0.51+0.45" -2.11£0.38" -1.52+0.57% +
45 -0.97+0.34* -0.60+0.16* -0.06+0.34* NS
60 -0.16+1.19* -0.53+0.28* -0.69+0.2228 NS
Sig * *%k Kokok
0 -0.06+0.13 -0.11+0.004 -0.14+0.14 NS
15 -0.09+0.05 -0.01+0.04* -0.10+0.04 NS
30 -0.12+0.02* -0.25+0.04"" -0.22+0.01° #
Aftertaste-A 5 ~0.020.07 ~0.100.05* ~0.100.01 NS
60 0.00+£0.11 -0.11+0.08* -0.10+0.01 NS
Sig NS + NS
0 -2.26+0.30° -2.27+0.25" -2.33+0.13° NS
15 -1.60+0.05* -1.40+0.11¢ -1.59+0.16" NS
Umami 30 -1.21+0.014° -0.68+0.18" -0.65+0.08 *
45 -1.26+0.414° 0.04+0.20™ -0.31+0.05" *
60 -1.23+0.10%° 0.46+0.122 0.04+0.01*" okt
Sig * *okok *okok
0 2.78+0.04 2.71+0.37A8 2.36£0.08 NS
15 1.64+1.31 1.59+0.27" 2.07£0.23 NS
Richness 30 2.12+0.04 2.50+0.43" 2.32+0.41 NS
45 2.56+0.08" 4.20£0.0224 3.24+0.49" *
60 2.85+0.52 5.15+2.09* 3.38£1.35 NS
Sig NS + NS
0 -16.17+0.26 -14.54+2.1748 -15.26+1.00 NS
15 -19.11+2.20 -17.62+0.29% -16.65+0.81 NS
Saltiness 30 -17.20+0.33" -14.42+1.1248 -15.59+0.51% +
45 -16.27+0.72¢ -12.93+0.224% -14.74+0.23" *
60 -15.79+0.40 -12.70+1.55" -14.80+1.15 NS
Sig NS + NS

Result presented Means = SD.

¢ Means with different superscripts in the same row significantly differ (p<0.1).

A Means with different superscripts in the same column significantly differ (p<0.1).

Sig, Significance.; NS, Not significant.; * p<0.1 * p<0.05; ™ p<0.01; ™ p<0.001.



Table 12+ §d 54 Ho] AddAE Uedle folH, §4 &4 dFom+=
pH, &4 ZF<(aging loss), =2 (Lightness, Redness, Yellowness), 2] "] E(T
orry meter), 7+8 7% (Cooking loss), A &8 2 z27F TBA(Thiobarbituric aci
d reactive substance), VBN(Volatile basic nitrogen), =+ &4 &= (Water activit
v)E BA38. A 7] 7k aging time)S pH, A4 7%, TBA % VBN¥ A (+)
o] A#AAT YeEben, £ v, 7tE3bsF, A= (Shear force) 3 7 = (H
ardness) ¢t HF-(-)9 A#AAZE et pHe §4, B2 7H 9 Mg
I F(-)e] AHBAT vE e, 24 S FEoA daE, &9 (Springn
ess)& Alelstal B F(-)9] FdaAZE dEstal, TBA 2 VBN#= A(+)9
BHAATE BT AS5S SsA4 Al A 7] A3t Shol whel dado] &
Hol AAdEE 9718 7 dEYoel # olwl - (dimethylamine, trimethylamin
e )7F S7Fste] VBN FX% FrtstH, 29 4tgt=2 Q138 malondialdehyde
7F A4 EH o] TBAS FA %= S7hshe. w3, A4stg=o 44 o= pH7F 57t
sHAl P tHObuz &, 2014; ©] &, 2018; Utama &, 2020). 42 A=7 €2 2
T2 @71 9% T8 AHow A4z FUPF 25 W E4d 9% 2

AR ] B A% Astel 9cle] Ha, Awel R mH o] isy]

|

o A7 F FElohu =Ar=0520") 7 A (0 AHBAE JERA oA,
savory, bitter, functional®] $t=3%= A (+)e] AAIAAE YeEPHATHAZ r=04
45" 1r=0.481"; r=0563"). pHE sweet L& (r=-05639¢ H&3 F(-)9 A&
HAE YeEbUTh 547332 functional 15 (r=0.696")2] B &3 =2 A (+)9]
AAAAZS eI L, sweet(r=-0.609"; r=-0.708"), savory(r=-0.522"; r=-0.612
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™), bitter(r= - 0.524"; r=-0.577") 159 FF} vE&ES 1E2 F(-)9 FHH
AE YEMAY. B2 "PlH= bitter 55 (r=- 04375 r=-04737)9 3F 2 1
3 F(-)9 ZHaAE YElA. IR ES sweet 1w (r=0.428" r=0.515")
o] & 9 W& savory LH(r=0.3717)9] g3 A(+)9] AIIAATF pERS A,
functional L3 (r=-0.390)9] Hl&3} F-(-) FHAA7 Yyt

Table 14%= Azts] 4 9 §4 &4 &5 31 3345 dEbd Eolth Sou
ressE A 717F pH, A4 7%, TBA % VBN 1:2 F(-)9 AaaA 7}t
Uetva, §4) B2 vy, 7tazkE 2 Aot A+ AaaAATE YEET o]
o} W& 7+ ukS YElE umami, richness® 72 AlAE £A4717F pH, <
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Table 12. Correlation coefficient between meat quality analysis

Aging Aging  Light Red Yellow Torry Cooking  Shear Hard  Adhesi Resili  Cohesi Spring Gummi Chewi Water
Time pH Loss ness ness ness meter loss force ness veness  ence  veness  ness ness ness TBA VBN activity
pH 766" Y 1 820" 6467 -3t -A2rt -6297 -67T 221 -586T 6997 -.428° 4327 .339 -626" -382° 573" 8147 -.581"
AgingLoss A432° 820" 1 -39 -973" -924™ -333 -964T 604 -.326  -5B3l" 439" 266 .340 -.348 -156 594" 8127 -.497"
Lightness -.287  -6467  -.849" 1 388" .866™ 329 873" 017 218 .340 A25° 157 -.234 224 .070 -.387°  -5557 374
Redness 476 -3t -973" 888 1 941" A54° 952" -.060 .339 .498™ 443" 322 -.361 A11° .190 -572" -750™ 429
Yellowness -519" -7 -924™  866™ 9417 1 471 .882™ -.031 .343 537 438" 354 -.197 433" .266 499" 744 425
Torrymeter 814"  -629" -.333 329 A54° 471 1 439 584™ 4227 686" 283 465 -119 545 .399 -275  -610™ -.137
Cookingloss 458" 7677 -964™ 873" 952 882" 439 1 017 .358 438" 469" 279 -.306 .400° .200 -516" 724" 450
Shearforce -424° -.221 604" 017 -.060 -.031 584" 017 1 322 375" -.012 .160 064 311 .260 -.002 -.127 -.282
Hardness -603"  -B86"  -.326 218 .339 .343 A22° .358 322 1 782" -.066 158 -.211 7537 606™ -458°  -575" 488"
Adhesiveness  -.839"  -.699" -531" .340 498" 53T 686" 438" 375 782" 1 105 325 =350 703" 495T  -462°  -748"  705™
Resilience -.229 -428° 439" 4257 443" 438" 283 469" -.012 -.066 105 1 .326 011 137 .082 -.262  -.408° 565"
Cohesiveness  -545"  -432"  -.266 157 322 354 465 279 .160 158 325 .326 1 243 7467 7347 -406° 468" 242
Springiness 259 .339 .340 -.234 -.361 -.197 -.119 -.306 064 -.211 -.350 011 243 1 .015 375" .264 .325 -.176
Gumminess 7337 -626" -.348 224 All" 433" 545" 400" 311 753" 703" 137 746™ 015 1 909" -550"  -651" 434
Chewiness -512"  -382" -.156 070 190 .266 399 .200 .260 606 495" 082 734 375" 909" 1 409"  -.431° 312
TBA A07° 573" 594 -387° 572" 499" -275  -516" 002 @ -458"  -462° -262  -.A406° 264 -550"  -.409 1 731 -.205
VBN 799" 814 812" -5t /0T 744t -610" 7247 -127 0 -575T -748T -.408° -.468™ 325 -651"  -431" 7317 1 -.604™

DPearson'’s correlation coefficient.

© p<0.05; 7 p<0.01.
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Table 13. Correlation coefficients of free amino acid group and meat quality analysis

Aging pH Aging Light Red Yelow  Torry  Cooking  Shearf Hard  Adhesi Resili  Cohesi Spring Gummi Chewi TBA VBN Water

Time Loss ness ness ness meter loss orce ness veness ence  veness ness ness ness activity
I}:Ztil 0 52072 146 -.366 .280 272 .203 -.363 218 -.367" -.206 -.311 062 -.265 -.118 -.298 -.320 -.055 147 094
Sweet 276 -106  -.609" 416 A74™ 395" -.257 428" -.391° -.078 -.116 .090 -.136 -.237 -.136 -.229 -.267 -.133 251
T:/g Savory A45° 044 -.522" 423" 317 .328 -.285 371" -.392° -.206 -.238 254 -.261 -.102 -.311 -.314 -173 -.005 .284
g
Bitter 481" 095 -.524" .266 .293 213 -.437" .276 -498"  -211 -.315 054 -.266 -.160 -.307 -.347 -.099 081 169
Functional 563" .308 -.005 .101 .042 .000 -.300 -.031 -172 -.225 -.356 .000 -.271 .009 -.309 -.274 138 .344 -.106
Sweet -.188 411" -708™ .382" 534 467 -.052 5157 -.291 123 205 121 .039 -.375° .108 -076  -.420° 4717 .382
Savory A35° 038 -.612" 314" .334 .291 -.344 .357 =470 -247 -.250 273 -.299 -090  -.361" -.333 -.206 -.061 392
o
" Bitter .302 051 577" .081 .148 .088 - 473" 177 =555 -.199 -.248 -.004 -.266 -.182 -.296 -.341 -.081 -.009 .236
Functional -.101 180 696" 281 -.383F -316 284 -.390" 463" 061 043 -.096 142 .285 129 .238 217 251 -.349

DTotal free amino acid.
9 . ..
PPearson’s correlation coefficient.

* p<0.05; ™ p<0.01.
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Table 14. Correlation coefficients of electronic tongue
quality analysis

sensor and meat

Sourness Bitterness  Astringency Umami Richness Saltiness
AgingTime -6581 .258 -.126 838" 522 385"
pH =767 .038 -.035 881 603" 486"
AgingLoss -.826" -.223 -.319 890 6447 77
Lightness 6047 140 054 -.656" -.287 - 47
Redness 822" .029 094 -.823" -.496™ =577
Yellowness 824 074 176 -.804™ -.502" -.606™
Torrymeter 5’8 -.235 -.087 -739™ -.249 -.266
Cookingloss 765 054 113 -.763" -481™ -.531"
Shearforce .059 -.221 -.270 -.255 180 253
Hardness 565 -.180 190 -.613™" -.440" -.343
Adhesiveness 686" -211 191 -.816™ -491™ -.450"
Resilience 311 .148 109 -.294 -.217 -.245
Cohesiveness 431" -.092 045 -.492" -.317 -.164
Springness -.333 .243 084 407" 238 178
Gumminess 6217 -.191 192 -.695" -.469" -.337
Chewiness 395" -.023 296 -.422" -.319 -.272
TBA -.691™ -.088 -.181 642 619" 565"
VBN -.819" -.098 -.284 872 763 697
aﬁf‘vtftry 319 277 576" -.423 -526" -.603"

Dpearson’s correlation coefficient.

" p<0.05; ™ p<0.01.
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Table 15 ofv=At 2159 & 3 v &3 dxe AA P Aadads 24
g Folth T frElobrl At Boobn Ak o] S dAs = Aol e
A ok o v} 15 functional?} richness© A (+)9] A##AA 7} YEFStHr=427
). Sweet L&F 9] HI &2 sourness®t G (+)9] F#AAE YEFH R AL, umami, ric
hness, saltiness®} 5-(-)¢] A#AaA 7} Vb (z 2 r= - 0.393", r= - 0524, r=
-0.459%). T3k functional 19 H] &2 richness, saltiness®} A (+)e] 334
7b UERETH(ZE 2 1=0.393", 1=0.385°).

Table 16, 172> 2|opn|mate] o B wjaxt dxs AAM o] FadA=
A3 F ot} Sourness? 77z A <42+ phosphoethanolamine(r=0.552""; r=0.492"
"), glutamine(r=0.587""; r=0.614""), tryptophan(r=0.391"; r=0.386"), arginine(r=0.42
8% r=0.368")<] 3 R vl& AH(+)e FH#IAAZE YEFE S, taurine(r= - 0.47
1" r=-0.677"), B-alanine(r= - 0.508""; r=-0.690""), y—-aminobutyric acid(r= - 0.
4127 r=-0.487"), ethanolamine(r= - 0.630”; r=-0.619"), ammonia(r= - 0.575"; r
=-06767M¢] FF B HlE = F(-)o FAAAE YEskth E3 asparagine
(r=0.3729¢] w&3 A+ AAIA, lysine(r= - 0.447"), histidine(r= - 0.482")
o Bl&d= F(-)o AT yerwgo feobr =ik Ao § FRE =
A Ad7]e] Algke] 7]ojgk 4= 9l oW (Hanagasaki 5, 2018), Nishimura (1998
a)oll W= histidine, asparagine®] Al2bs W=d 7o sttt H 318t oF. Fora
ker 5(2020)¢] 7o w= Aluky} Fg]obn| A aspartic acid(r=0.78), aspara

X

~

gine(r=0.78), glutamic acid(r=0.77), ornitine(r=0.75), phenylalanine(r=0.75), lysine
(r=0.74), tyrosine(r=0.70), cystein(r=0.67), & F2lo}7|=2Hr=0.72)0] 1 =2 A
()] AHAAZE Advha Bl Bitternesse 77 A4 frElobn] by
AAAA T JERA 29k ™ arginine, histidine, isoleucine, leucine, methionin
e, phenylalanine, tyrosine, tryptophan % valine< <utS Wty 48 # o}
AT Aol A= Fefobr Akt &ut IF AadAZE vEbbA] 8kt Astri
ngencyt tyrosine(r=0.376")9] &3t AG(+)o] FaA @A YERSEIL, umamif]
#7y A4+ taurine(r=528"; r=0.663"), B-alanine(r=0.620"; r=0.721""), y-amino
butyric acid(r=0.405" r=0.466""), ethanolamine(r=0.732""; r=0.712""), ammonia(r=
0.730"; r=0.769"), lysine(r=0.380"; r=0.535""), histidine(r=0.423"; r=0.660"")2] 3}
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2 9 v & A(+)e] AABAAT eSS phosphoethanolamine(r= - 622°; r
=-0.635"), glutamine(r=-541"; r=-0.710"), arginine(r=- 393" r=-0.400")2}
F(-)9 A#AAAT veEbst ks doha el A & glutamic acid®l as
partic acid® umami®t A @3A7F JebA &kth(ZH2E 1=0.024; r=0.078). Sabi
kun 5(2021)¢e] Ao =% lysine(r=0.565), arginine(r=0.758), #¥ <& (r=0.
870)°] A(+)e] AAAAZS 1.9 1L, histidine(r=0.531), threonine(r= - 0.553), glyci
ne(r= - 0.721), isoleucine(r= - .842), tyrosine(r= - 0.805), proline(r=0.863), methion
ine(r= - 0.824), serine(r= - 0.816) ¥ cystein(r= - 0.846)2 umami 7 d4<} H
(-)9 AAAAZS Hdow, glycine(r=0.486%) 2 valine(r=0.4029¢] v} &3} A
(+)9] AAAA7} YeErwteh T3 glutamic acid(r=0.277) 2 aspartic acid(r= - 0.
087)= umami®t F##AA 7 YdEbbA] Eokvta Busiglon 2 Ak AR
A7 YEy T Richness® 77 A+ taurine(r=590"; r=0.648"), B-alanine
(r=0.638"; r=0.682""), y—aminobutyric acid(r=0.510"; r=0.593""), ethanolamine(r=
0.668™; r=0.581""), ammonia(r=0.615"; r=0.565")¢} == AH(+)e XA AA7}
e AL, phosphoethanolamine(r= - 623™; r= - 0.566™), glutamine(r= - 555™; r=
-0.663™), tyrosine(r= - 640" r= - 0.609"), tryptophan(r= - 538"; r=-0.631"), ar
ginine(r= - 673"; r=-0.648") 3 =2 F(-)9 A# A7 YEISE S Y, serine(r
= - 578"), asparagine(r= - 500™), phenlyalanine(r=-411*)¢] B &3} ¥ (-)¢ 4
FAAZE e Saltiness 72 A5 taurine(r=370" r=0.525"), B-alanine
(r=0.476"; r=0.569"), y—aminobutyric acid(r=0.368"; r=0.469"), ethanolamine(r=0.
528 r=0.482"), ammonia(r=0517""; r=0.542")¢} A (+)¢] AAAA7F Yebya,
phosphoethanolamine(r= - 514™; r=-0.421"), glutamine(r= - 487"; r= - 0.503"), t
yrosine(r= - 568" r= - 0.494™), tryptophan(r= - 538"; r=-0.565"), arginine(r= -
609" r=-0550") A== F(-)o AIIAZE YEIS S W, serine(r= - 523%),
asparagine(r= - 462%), phenlyalanine(r= - 383™)¢] ®] &3 F(-)°o A#AAA 7} Y
Bt} richness 2 A B ot mibe] Aol fARSE AdE HoAF
Atk Wang 5(2022)9 w2 aspartic acid, glutamic, glycine, threonine, argin
ine, alanine, cystein, valine, methionine, tryptophan, phenylalanine, isoleucine, 1

eucine 2] o}v =2te] 28 saltiness #d A (+) FHAAAZE 7fH o, 732
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Table 15. Correlation coefficients of free amino acid group and electronic
tongue sensor

Sourness Bitterness  Astringency Umami Richness Saltiness

TotalFAAY .060% 102 -.058 121 128 -.028
Sweet .293 -.013 -.023 -.131 -.198 -.248

m/g Savory 129 122 026 035 -.076 -.182
s Bitter 118 023 -.048 108 -.045 -.127
Functional -.146 186 -.084 265 A2T 199

Sweet A47 -.157 .087 -.393" -.524™ -.459"

. Savory .083 255 155 094 -.184 -.315
. Bitter 043 -.002 075 143 -.225 -.242
Functional -.257 046 -.099 121 393" 385"

DUTotal free amino acid.
2 . . .
PPearson’s correlation coefficient.

" p<0.05; ™ p<0.01.
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Table 16. Correlation coefficients of free amino acid content and electronic
tongue sensor

mg/kg Sourness Bitterness  Astringency Umami Richness Saltiness
Taurine - 4717 218 -.140 528" 590™ 370"
cibdospho 522" 227 219 622" - 623" - 514™
Urea 014 183 061 .059 .089 -.083
Aspartic acid 033 144 -.022 078 -.007 -.104
Threonine 063 048 -.105 141 062 -.015
Serine 284 021 095 -.182 -.339 -.360
Asparagine 291 -.017 022 -.161 -.260 -.287
Glutamic acid 154 115 .039 024 -.094 -.201
Glutamine 587 -.236 .050 -.541" -.555™ -.487"
Glycine -.120 .038 -.148 322 267 132
Alanine 184 074 -.037 -.030 -.065 -.145
Valine -.037 .064 -.155 241 179 079
Cystein 183 -.122 -.139 -.022 -.036 -.030
Methionine 041 .038 -.080 190 051 -.047
Isoleucine 213 -.004 -.055 -.002 -.122 -.157
Leucine 192 .000 -.077 .020 -.079 -.130
Tyrosine 297 -.028 376" -.286 -.640™ -.568™
Phenylalanine 253 014 -.019 -.044 -.172 -.208
B-Alanine -.508"" .044 -.165 620" 638" AT76™
¥raminobutyric - 4p- 250 -.064 405" 510" 368"
Tryptophan 391" .050 327 -.257 -.538™ -.538™
Ethanolamine -.630™ 172 -.226 732" 668" 528"
Ammonia -.575" 137 -.179 730" 615" B17
Ornithine 045 -.013 -.106 062 119 016
Lysine -.222 018 -.043 380" 249 074
Histidine -.210 094 -.165 423" .349 194
Anserine -.146 272 -.086 224 443" 134
Carnosine -.024 145 -.050 136 328 134
Arginine 428" -.063 297 -.393" -.673" -.609™
Proline 245 .059 -.044 -.052 -.116 -.169

Dpearson’s correlation coefficient.

* p<0.05; ™ p<0.01.
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Table 17. Correlation coefficients of free amino acid percentage content and
electronic tongue sensor

% Sourness Bitterness  Astringency Umami Richness Saltiness
Taurine - 677 184 -.153 663" 648™ 525™
aiadospho 492 - 260 138 - 635" - 566" - A21°
Urea -.009 .080 .166 -.077 -.063 -.066
Aspartic acid -.095 238 034 217 -.037 -.131
Threonine -.044 021 -.063 231 016 -.013
Serine .340 -.008 218 -.312 -.578" -.523™
Asparagine 372" -.047 144 -.303 -.500™ -.462"
Glutamic acid 130 255 .186 058 -.221 -.359
Glutamine 614" -.321 .089 =710 -.663" -.503"
Glycine -.328 -.019 -111 486" 327 216
Alanine 299 -.036 052 -.219 -.308 -.306
Valine -.211 052 =175 402" 229 151
Cystein 180 -.110 -.131 -.021 -.035 -.035
Methionine -.135 .046 010 379" -.022 -.086
Isoleucine 233 -.035 052 -.067 -.324 -.292
Leucine 204 -.030 010 -.022 -.253 -.251
Tyrosine 257 -.058 319 -.300 -.609™ -.494™
Phenylalanine 299 013 125 -.123 -411" -.383"
B-Alanine -.690™ .036 -.116 7217 682" 569"
¥raminobutyric _ 4g7 165 -082 466™ 503" 469"
Tryptophan .386" -.004 338 -.356 -.631" -.565"
Ethanolamine -.619" 203 -.170 72" 581" 482"
Ammonia - 676" 141 -.136 769™ 565 542
Ornithine -.071 -.048 -.108 150 233 103
Lysine -447 -.015 048 535" 245 130
Histidine -.482™ 139 -.133 660" 459" 323
Anserine -.114 124 -.152 055 353 179
Carnosine -.039 -.043 -.038 -.139 169 247
Arginine .368" -.058 278 -.400" -.648™ -.550™
Proline 323 041 039 -.171 -.302 -.308

Dpearson’s correlation coefficient.

* p<0.05; ™ p<0.01.
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