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Abstract

The influence of aging on the flavor precursors and volatile compounds of top round beef was studied. The concentrations
of free amino acids, nucleotides, creatine, dipeptides, and volatile compounds were measured after top round from Hanwoo
was aged at 4C for 21 days. The amount of free amino acids in top round significantly increased with the increase of
aging period. There was no effect of aging on the concentrations of adenosine monophosphate or inosine in top round.
The inosine monophosphate content of top round significantly decreased with age, while the hypoxanthine content increased.
The concentrations of creatine, carnosine, and anserine in top round were not influenced by aging. In total, 24 volatile
compound were identified in aged, cooked top round. Of these, the quantities of aldehydes (propanal, pentanal, hexanal,
heptanal, octanal, and nonanal), hydrocarbons (pentane and octane), 2-butanone, ethyl acetate, and pyridines (4-ethynyl-pyridine
and 4-acetyl-pyridine) significantly increased after aging. We conclude that the flavor of top round can be improved by
aging.
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Y AT 5 282 20139 7] 103 kgl &2 F T2 B4 Aolo] wE A= 49 A¢ =2 WA
A& AT 427 kg F 24%5 A8t JloH, A&H o= dFor A3 B4 F2o] Pt v, 2= Bf B2
2n]ZFo| Z7}35}a1 QlthKorea Meat Trade Association 2014). U ko z ol AT v wale] WA ZAo| Ut

13
SIA|HE £2-0] HojH N3 E B 549 AT =7} 43.5% 7] WlE¢o] E3E 31 9lthMonson 5 2005; Moon 5 2013).
Qe Wk, $EO] MTEL 47%2 R0 B ATEe]  ujebd $59 B9 A BRY 2T P4 $ER

2 3po]7} gl AolthHwang 5 2010). ol2fat ABES] 2 u] AT 89)9 Pa] B4 Aol £7HT g A4
Aol HgJo] W2 Au|Fe] Kol 2 olojx] SEW g ¥ oltk
HT 29]0) 79 A oju] ko] wop Ao} 5748 A%o) Fult Aot 3 A% wed AL BAL
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Maillard reaction, Strecker degradation @ X|¥As} 58 E3
AT T A7la Rl els) A%el Fulsh 2ge
(Macleod 5 1994). T}2bA 412:9] F0] wralo] Qo] 4% U]
ZAst 0] A7BASe) 24 9 ol Bl Fasich
4% 2Ajeks E0) BPEBASE) 24 L FPo) vlAE
A% 2SI B2 W 2T B3 F RUOE s >
Stk £2 1 2902 2%, 5 9 AR 5o gov, &
= 5 99log= &Xo] QtKTikk 5 2006; Koutsidis 5
2008).

o z=g3l Q_Ao]t]—(Mottram DS 1998). F1]+= 5

= felolelietl, Befol
o EH ,n-] B

% 5B 5% ¥ 282 W4 o4 LxolA
o 280 AFRHe] R NAEH 44
Ak & 4 Qlek AUk o AgHe] SR 4

Fo] W] o] o] AHsa

A A& Adsie, A4S 9l Fu) E3 HAETHLee 5
2015). 4 & A59 B4 249 H3= A4S W A5
= 3459 g0 g dojdth 7|E At WEH AE Y

ZA)3}+= calpain, cathepsin, caspase ¥ proteasome 52| Tl
A po) HAS] TUHG AEZH RS Eefsel
& 720 R, o2 s} AwS F7hsin, Fol A7
el gejotulicAlEo] Zvksto] A1%e) Fu] Eat A4
Ho] B uE 3 Q)thKoohmaraie 5 1995; Caballero % 2007)
At 4 % A% W TEA S 9§ PR
sfElo} 4 4} Fu] AFEAS| BFo] F7heo] HuE)
Jom, &AdH 8o A beefy, brothy E caramel &2 Y=
714 8E0] 37kl 959l Ful7t el masgct
(Lawrie 5 1979; Spanier S 1997). 3}A|qt 7|&£9] AFEL
F2 989 TR FHE Ao oRojgon], &
Aol the $EI} 2o W] A Rejo] Fn] Wz} AT vl
u|3k AlAolch
webd 2 Q7 440 12 $E U F0) AF2EE
; Be 2Ajeto] $4o]
ohu 3 S w g

e

i

m{n

5] 7
=9 Fulol vlAlE FFS

1. AI2 FH|

2 Q78 R84 =3 19 79 153
& AlFollA Ftufste] ofo|Aubiof Hol AFARE &

5} A thSeoul, Korea). L3t %2 300 g¥ o] A-F

AH--(287119)

g
o =
T
HE=]
pul

ARE - ol8Y - &

3l

@71 2% - AR

Z7H( - 650 mmHg) 3} o, 71—7] EAE
22 3o ZF &4 dAE 349 L& A|E
T AL S84 08N Ao 7363 o}?‘;ﬁ}.

2. welofn]icat 24
felopo)ieAl AL 95 AH SES SAARNGEC
o, £4 AZXE A& 100 mgS 5% trichloroacetic acid 10 mL
o -‘—"T?l T 4Co|A A st A45AS 225t A
2 um 254 membrane filter(Whatman Ltd, UK)&
% HPLCE Salofu|ieAbe HAsidrt HPLCE
o] 83} ofu| Al B2 Waters(Waters, Milford, MA, USA)9|

O
rlo
=4

A A ESH= acoqtab™ A AL o] g5tgon, BAHE 7|
2Ape] AARAG Zasko] Axsheih

3. HASY 2 2

AATHAED EHS Hote] A & 5 goll 0.7 M per-
chloric acid 20 mL H7}st g, 30% H¢F F2(T10, Ika

Works)3F T} 3,000 rpm 2 4T A 1587 23] HHE S|
A1 E2](Union 32R, Hanil)3t th2 AF&M-& 7 N potassium
hydroxideE ©]83}o] pH 52 ZA3 & | AZetAFo] ¢
31, 0.7 M perchloric acid(pH 5)Z 50 mL7} H=& &3 &
1.5 mLE 3|3l membrane filter(0.2 pm, Whatman)S ©]-&3}4
Ajete] RAARR ALGSAT. AR BAL 98] Zu)H
A& 10 pLE FH3}e] high performance liquid chro-
matography(HPLC, Ultimate 3000, Dionex, USA)E ©|-83}o]
4Bt B @o) AR HPLC 24 278 oheat
t}: Column, Synergi”™ 4 um Hydro-RP 80 A, 250x4.6 mm; ©]%
A}, 20 mm potassium phosphate, monobasic(pH 5); 543, 1.0 mL/
min; &7, UV detector(254 nm); 2=, 30C. AFS st
AMP(Adenosine 5'-monophosphate), IMP(Inosine 5'-monophosphate),
inosine @ hypoxanthine(Sigma-Aldrich) #& 532 AFAS
“gsto] ol 4ot

. Creatine & dlpep’ude gieF 24
Q59 creatine ¥ dipeptide 3 412 45
goﬂ 0.01 N hydrochloric acid 7.5 mL #7} &
A, —‘?— 3,000 rpmof| A 3027F A& stk d4
3 A= | mLE 2 mL tubeo] 71 3 10,000 rpmo]| 4]
7 94 sk YR A2 05 mLE The
2 mL tube®] 7|3 acetonitrile 1.5 mL &7} 3 10,000 rpmo]|
A 1087 YAEE 8t 3 membrane filterS AF-5}o] o 1}5t
85}t £91% AIR 10 LS HPLCE o] 3}
xSttt & Aol AH8E HPLC 20 che
+o}: column, Atlantis HILIC silica column, 150 x 4.6 mm,

i

m{o
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3 um, Waters, USA; o]=4} A, 0.65 mm ammonium acetate in
water : acetonitrile(25:75, pH 5.5); ©]5-4} B, 4.55 mm ammonium
acetate in water : acetonitrile(70:30, pH 5.5); 3<%, 1.2 mL/min;
AZ7], UV detector(254 nm); 2=, 30°C. AFFS 5} creatine,
camosine & anserine(Sigma-Aldrich) EZEAE HFHL &+
Hstol ol gshaict

5. 31%A EVME &

© g0 24z7o] B2 Fr] 42 1mE 94510] headspace
He o] &5tk & W TRE AT ) AR FES
QJ5te] Garcia-Esteban 5(2004)2] HFHS HE s}t = Al
A F 4 goll 12 mLe] 3} NaCl -§4-& H7ket £ 1,130 x
goll Al 1827 #Z(T10 basic, Ika Works)3} 5t} #2323 A
7 10 mLE F3F oh3 34 7] AR 24 A8 vialo] ¥
2 % 80CollA] 30827t 7FE3RE ¥ Y75t headspace7} 2}
F GC-MSD(GC/MS 680/600, Perkin Elmer, Boston, Massachusetts,
USAYE ol gste] BAsHTh $u 9] AR B4 9l
headspacer= 85C=2 {XA|E o, B4 AH-L HP-PLOT Q
(30 m x 0.53 mm x 0.25 pm film thickness, Agilent, Wilmington,
DE, USA)E AME-3H4th Y 2=+ 50ToA 327 -4
8taL, 240 C7HA] £ 5TH 523 § 987 f-A8t%l o,
FYTY &&= 210CE fASA &A= AE7EA

o o
T T O

o) £u) W3} 1021

(20 mL/min)E ARE3IETE GC/MS B4 02 A2 mass spec-
trumE& GC/MSDE] AZEQoj2 A% mass spectrum database
(NIST Library, mass spectral search program, version 2.0, USA)
£ olgdte] B4 W FRsgon, B4 duk 13
(pa*seconds x 1002 JeER|STh

6. SHEAM

BE AL 38 yhEsiel AAsgon, dute Bae
SAS program(ver. 9.3, SAS Institute Inc.) General linear model
procedure®] 2]} one-way ANOVA 2] & &A1} 719 ¢
o4 A4S 9%l Duncan®] 5474 HE ©]-83t] SA=
A (p<0.05)3F .

Za o pE

1. 2| ofo|=at

B TN $ES 20U ST A3t F 2obu Al
o] ol w4 7130l F7Hel Wt fojFor Frhetol
LFERtH(Table 1). Koutsidis 5(2008)2 95 SA1S 2147k
AT A3k flobuliedt o] 80% 7 S7hsheinha

waslgen, $80) 44 F fotuite] Z71E 98
| EASHE A B A5 Agom 2UHG o

Table 1. Change of the free amino acids (mg%) in top-round beef during 21 days of aging at 4C

Aging periods (d)

SEM!
1 7 14 21

Ala 10.64¢ 14.72° 17.81° 21.40° 0.624
Gly 3.54° 485 5.50° 757 0.238
Lys 4.80° 7.45° 3.96¢° 4220 0318
Met 467 6.09° 7.67° 8.95° 0.117
Pro 3.67° 421% 4.67° 5.51° 0.238
Ser 4584 7.50° 9.63° 11.73* 0.344
Thr 23.69° 28.82% 30.32° 32.36° 1.494
Arg 130.35 136.37 138.65 138.19 5.173

Ile 2914 3.88° 4.92° 5.82° 0.15
Leu 5.794 8.65° 11.29° 13.76° 0.276
Phe 5.54¢ 7.42° 9.05° 10.92* 0.161
Tyr 6.65° 7712 6.04° 597 0.106
Val 4.69¢ 7.58° 10.44° 13.07° 0.189
Glu 8.19¢ 10.51° 13.91° 15.48° 0.223
His 18.11° 2430 26.38% 31.37° 2.455
Total amino acids 237.83¢ 280.09° 300.22° 326.34° 4.139

'Standard error of the means (n=12).

*4 Values with different letters within the same row differ significantly (p<0.05).
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ZAEo| el o Aol BaEr QlrkFeidt 5 1996).
N /e o) ieAbE 9] o WIS E W arginine A| 9%t

= FElohmieitEe] 4o W e HIE Hilon,
lysine 2 tyrosine2 A|2]3t alanine, glycine, methionine, proline,
serine, threonine, isoleucine, leucine, phenylalanine, valine, glutamic
acid Y histidine?] gtgfo] &4 & SoAH o2 Zylst= Ao
2 U tH(p<0.05). Lysine 9 tyrosine?] ¢, <4 79 $
24 1939 vjwste] M FF Z7b uegont,
lysine o] =2 Jhfo] axsto] &4 192eF 2ol 7k ¢l
o, tyrosine®| ¥ /4 193FET WA Y thp<0.05).
SR 712 Aol MR 98 4 2197 459
o) elutamines} alanine A|9jg BE §2 obuliare] g
o] Z7ISIATtE B aste] 3 AT AT} U3 AeHA %
ttHKoutsidis 5 2008). Feidt 5(1996)°] Wh2H 952 X9
W2 gejofuldtel g Wshl o2e), ol R9lo] e
whilg 2] w40 $ol thar) gEoleln Bsla 3
o web 2 AT Aael /& A7ET Aol W9 A
olol wh& Az felofuliAte] 24 W Fe Wshh Aol
7b e Ae= AtgHoh

AS W fEotrieite £ EAT gt& W, inosine
mono phosphate(IMP)$} -2 E2 3} gho] Wdof glo] A%
2E e A= IEA UckPyun & Hwang 1988). 2 &
TFolA w4 F &F S7PF Uit f2lotu|ieAt F alanine,
glycine @ threonine ©oHE W& ofu|icAto 2 4 A 9]
S, glutamic acidi= A3, isoleucine, leucine, methionine, phe-
nylalanine & histidine2 £5F2- U™, valine, serine & proline
< dutEnt ofygt 29t Y= ofn|ieAte 2 HIuET Q)
TH(Careri 5 1993; Mau & Tseng 1998). 5] o}n] AR 0]
AT EFEA g d Bk ope}, 459 7HE A ST
AEE3} &7 Maillard reaction 2 Strecker degradation2 5
3 ohFst AV AEES AT HuE T 9JthMacleod G
1994). Koutsidis 5-(2008)°] w-Z=9 isoleucine, leucine, serine,
threonine, valine 2 phenylalanine-2 roasty, meaty 2! sweet &
= Y= 384 1EES Ao ojdto] Bt A

CER - 2EE - FARA A E G FetE ]
o7t 7t S0l LAt ket I EE 5 F
FIIQEES W2 JX#T} A meatyt} onion-like TS AY
Aot olHe & FF WNAHRES F T ohvitE

of et

2. siaEEd

Inosine mono phosphate(IMP)+= adenosine triphosphate(ATP)
e A 22 84 22 = AsY AEuE e 31 A
=42 IA 9o, gutamic acide} T AETE Ao
A5AES 3= Ao R B uE T QQtkCalkins 5 1982). =
2 % A8 S| 28 U ATPE 3140 2 adencsine diphosphate
Z18]31 adenosine monophosphate(AMP)Z E3]Et}l AMP=
AMP deaminase®]| 2]t & otu|i ¥H-3-& A A IMPE Ea|5]
T, IMPE Aj7o] gl njet m4# 2ol 2J3) inosine
= hypoxanthine £33 =™, inosine T3t Z£Z O 2 hypo-
xanthine©. 2 23] E thPyun & Hwang 1988). & o)A &
T 2197 4% A 40 e S W AMP
AJol7} g A2 viehych. v, IMP e 24T, &
A 193 IMP 32 21530 mg/ 100 go]QoLh, 24 7, 14
9 2145 IMP &Fo| Zhz) 125.74, 80.89 X 52.50 mg/ 100
go% 4717k0] Z7heo] wet folx 0w Fagrol v
WHTHp<0.05, Table 2). & A A= 7]E9 A5 27t o
e A2 9% FHL AW SHABE W S 5
719k 57 IMP §go] 7haglo] B TE|R{cKKoutsidis 5 2008)
E3F Koutsidis 5(2008)0] Wh2H <A 7|7 & %27] 79 A}
ofol] IMP 7t2:30] 71 Tk Huslgick 2 AFINE &
4 74 F IMP7} 40% 7H Zdasgte] YRyt Kim 5(2011)
59 FAE sAsHHA AT 22 dEe SR 2
I, IMP 2 gashA Rl IMPO] #8E<] inosine]
H3l= ¢, hypoxanthine 9] -2 Z71gtctal B 13} ¢th
2 AFoME 71EY AT Aot U =4 71Tt F
inosine®] F-9 22l e WM3t= o), &4 7]3to] F7}
ghof| mat §-2]4 2 2 hypoxanthine®] o] F7Fato] ¢l
E|9THp<0.05). 7|2 AFo] EE % SAHE 21U %

Table 2. Change of the nucleotide contents (mg/100 g) in top-round beef during 21 days of aging at 4°C

Aging periods (d) AMP IMP Inosine Hypoxanthine
1 1.64 215.30° 27.77 12.86
7 1.61 125.74° 33.64 29.56°
14 1.89 80.89° 35.75 38.88"
21 1.62 52.50¢ 34.49 4376
SEM! 0.162 13.239 3.001 1.179

! Standard error of the means (n=12).

*4 Values with different letters within the same column differ significantly (p<0.05).
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3 AT 549 14LUAFE inosine?] FF HSE gle WY,
hypoxanthine®] 22 %4717t 571} A A& o= 5
7Htol ElE e, o= IMP7} & Q14F8}HE| 9] inosine O =
¥ E7] k= IMP7} hypoxanthine®} ribose 5-phosphate 2
7MEaE 7] wRolgka B ustith(Shin 5 1994; Koutsidis
5 2008). # A79] ATE o) AL Ul Fu) A7
ol IMP7F 44 F $E0) Fulo v]X Aok 4L Ao
A7k,

3. Creatine1} dipeptide

Creatine™} dipeptide] carnosine & anserine2 A% A ATP
of WAL B AYNA S BHE welo] w44
W EAst= A 71548 EEE H1EI Ylok(Decker 5
2000; Intarapichet & Maikhunthod 2005). S}A|qt 4]8-2] &
ul S A o]52 2%F Y FUATELEE iy
3 QIthMacleod G 1994). 2 HF9] A1} % U creatine,
carnosine 3 anserine ol WA= 549 A= fle AL
2 Uehgth B A7ARs s|2e) dT AT REKos
L5} =H, Koutsidis 5(2008)°] W2 ¢ 542 <4
% creatine ¥5F HI= AT HgFo| §l.o™, carnosine?] 7
$ %4 149 3 4% FATED Bk sS40l
218 W creatine 2 dipeptide2] ko] m|X|= ggko] H3t
QA77} vl wlElete] olo] thet 3% A7t Waw Aow
Rz,

4. 4o S|ME
by B2 X8-S 719 A] Maillard reaction, Strecker

degradation, A%} &3l W AkSl TE|3 FAHEE Tholl A&
ol o AAEH, o= thdt F& ol 259 FuE
A= £9 9 2lo|thMottram DS 1998; Ba 5 2012). &
ArolM s 4T 52 7HEE A I AR E
A & 24%0] EZo] TAE 92, aldehydeF 9, hydrocarbon
5 7%, ketone$F 4% 18|31 ester L sulfur containing com-
pound”Z} Z}Z}F 15, pyridine 250]Q1tHTable 4). Watanabe

Table 3. Change of the creatine and dipeptides contents
(mg/100 g) in top-round beef during 21 days of aging at 4T

Aging periods (d) Creatine Carnosine Anserine
1 312.40 160.75 26.90
7 308.00 158.83 28.19
14 300.73 164.55 27.71
21 302.00 162.61 27.42
SEM! 3.890 16.621 2.546

! Standard error of the means (n=12)

o) £u) W3} 1023

S(015)2 =4 ¥ 7HEE % A=olA F 69F9] LA
F7ES TS 2 Aol sHE YA FA
2ol 27} M2 ol gt AU YR 2auol ta
® Q7oA HEA IR B 919 0TI S8
743t ¥, Watanabe 5{(2015)2 -2 180 Col|A 7+gs}t
et 79T 2255 A IR ot ol St
o] o] oA Wl vl 9lckAmes 5 2011). Dominguez
50140 T2 FAKo N AHEE LA BIE 5
aldehyde®] ¢fo] 7P Wria BHustgich &£ AFoA e <
A 3 7hAs $EOIA aldehyde®] o] 714 Bl Bl
of 7129 AT Az} ARG Lhekrteh. SHAIEF aldehyde
FAME 7 B2 &S X A5k acetaldehyde?] 739 54
o w2 $914<) e Wake ghgol BIEIITh Aldehyde
o) A] propanal, pentanal, hexanal, heptanal, octanal ¥ nonanal
o %4 219 F 29ol4 v 7 froH oz St
(p<0.05). HydrocarbonF0]|4]+= methanethiol, 2-butene L hexane
2 734314, pentaned} octane F715= Ao 2 UERG)
o} 7]& Aol MEWH 2 AFollA Aol sl T 57t
7} Vet aldehyde® €} hydrocarbonf= 4159 A% & 7}
Ao W AHitstz Qe 2 YHEH=E 2= B
T3 o™, propanal caramel, sweet, cooked L spicy ¥,
hexanal-> green @ fatty F, heptanal-2 fruity, fatty, sweet &
0ild}, octanal-2 fruity L green ¥, nonanal sweet, fatty 2
green 3 1231 pentane oFke] A1 A S LA
3 B %3 QIti(Shahidi & Pegg 1994; Ba S 2012; Watanabe
5 2015). KetoneZ0]| A= 2-butanoneQt <A1 7] 7F Z71¢ 37|
27kl Uepten, o2 Asla UuAs 4RES

£ 012130 Aol7h LehiA etk T S a1
H.O 2 A ethyl acetate”} acetaldehyde T2 0.2 713 Wk om,
$4 219 F gojHom o) ol Zlael BAET
(p<0.05). 3} 4-ethenyl-pyridine L 4-acetyl- pyridine2 <=4 21
A ¥ goHom ol b Fkeel ehuckpe0s)
Pyridines3+= Maillard reaction AAEZ cracker-like & U=
Aoz BT rkBa E 2012).

Qo u #=

B ATE &40 mE $Eo| o) ATEA @ A
P74 e HslE o) 98 AU B A7E
AN E5 19 Fo| 153 ANTL8NY) $ES AF

ofu|=Ake| 3EF F7Het A lysine, arginine ¥ tyrosine2 A|
9%t fEjotn|AbEo] 47|17 o] STl wet Stk
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Table 4. Change of the volatile compounds (peak area x 10°) in top-round beef during 21 days

ol - WAL - oA -

S RES LA PEL R4 GBI

of aging at 4C

Aging periods (d)

1 7 14 21 SEM'
Acetaldehyde 153.83 158.78 13239 142.87 10.059
Propanal 0.98° 0.90° 1.39° 3.93* 0.196
Butanal 4.90° 5.35° 5.09° 3.18° 0.260
Pentanal 1.18° 1.38° 1.51° 3.90° 0.240
Aldehydes Hexanal 8.27° 10.12° 11.27° 32.14° 2.025
Heptanal 0.62° 0.55° 0.50° 1.04* 0.067
Benzaldehyde 2.09 2.01 1.62 1.64 0.148
Octanal 0.33° 0.24° 0.28° 0.86" 0.044
Nonal 0.57° 0.52° 0.67° 1.59° 0.208
Methanethiol 28.77° 33.14 25.82° 7.59° 2.813
2-Butene 3.01% 3.79 2.80° 2.02° 0.340
Butane 1.84° 3.56 231% 3.09% 0.407
Hydrocarbons ~ Pentane 2.04° 3.47° 3.99° 11.99° 0.659
Heptane 0.41% 0.44% 0.61°* 0.39° 0.060
Hexane 2.55° 2.50° 2.65° 142° 0.142
Octane 0.26° 0.31° 1.68° 456" 0.673
2-Butanone 1.23° 1.39° 1.34° 237 0.193
2-Propanone 37.87 34.59 49.40 35.59 5.246
Ketones 2,3-Butanedione 0.80 0.69 0.61 1.51 0.433
2-Butanone,
3-Hycroy-Proline 421 2.85 1.60 1.85 0.935
Ester Ethyl acetate 35.83° 31.17° 33.47° 81.56" 2.146
S‘ﬂfcfnf;;ig‘mg Carbon disulfide 218" 3.63® 473 3,13 0.558
o 4-Ethynyl-pyridine 2.57° 2.47° 2.52° 18.28" 0.488
Pyridine o b b b .
4-Acetyl-pyridine 0.25 0.23 0.29 1.48 0.019
! Standard error of the means (n=12).
*® Values with different letters within the same row differ significantly (p<0.05).
Aoz Uerdthp<0.05). 4% £ SR o ZAe| =
H3lof| glojx= AATE Y= 8 EZQ IMP= 547

ZF 3719k W Basgon, IMpe] Ea

=
AFE-21 hypoxanthine

o] o2 7] A= AT (p<0.05). =2 creatine %

dipeptideQ] carnosine} anserine $HHF-L <
e T 9y )
o wske B 23, 3 2450 84 B4R
glom, xHAEsE 58 aldehydeF-2} hydrocarbonH5©

(o) =g e]

gk 44T $ES

)=

E29

o] &4 T Z7s5tE= Aol FelE oo, Maillard reaction

AR pyidine EFF 44 F

290

ﬁ‘t]— tdfal'k] _o=
= Z2eg AlgHrh

A F7ksk= Aol yEr

Sl e To e =S A

B ATE HFATAT A 71 SN AANRE-2014M
2A2A6045051)2] A2 Saylo] o]o] FAHE =YL
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