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Abstract

Optimal substrates and reaction conditions were studied to develop boiled or roasted meat flavor hy

Maillard

reaction under a model system. Sugars for the reactions were xylose, ribose, glucose, lactose, maltose, and
sucrose. Amino acids were cystine, cysteine, methionine, lysine, and glycine as the reaction substrates. The
reacted solutions were measured their absorbances at 278 nm and 420 nm and were evaluated their sensory
properties. Except cysteine, the pentose mixtures with all of the four amino acids showed a faster reaction
rate than those mixtures with hexose or disaccharides. pH was decreased rapidly until 8 hours and then chang-
ed a little thereafter. Sensory evaluation showed that cystine-lactose or cystine-xylose from single substrate
and cystine-lactose-maltose, and cystine-lactose-xylose from mixed substrates reacted at 100°C for 16 or 20
hours were found to be close to boiled or roasted meat flavor. The volatile compounds from the four sclected

sugar-amino acid solutions by GC/MS were 8 hydrocarbons, 10 aldehydes, 6 ketones, 7 alcohols, 2

aromatics

(benzene), 1 ester, 4 furans, 1 base and 5 sulfur compounds.

Key words: meat-like flavor, maillard reaction, model system

M B

zelg SR 2o Alsela) 3oy
9131% AR Wb ozt S5
tepol A} Hz—avvf x
x4 g7 o
Maillard ®F-&2x}
2014 gk,

Meat flavor2] A& 913
BL-2- 2 Maillard ®}F-E-0]
Maillard 81-&-2] & 7]& el o
% pyrazine, oxazoles, thlophenes, thiazoles ~7.8] 77 &

t}E heterocyclic sulfur 3}3+% 3} 7-2 meat flavor

u¢%71

Corresponding author: Woo-Jung Kim, Department of Food
Science and Technology. Sejong University. Gunja-dong,
Kwangjin-gu, Seoul 143-747. Korea

~3

o Zlelehis 9ol Al g41e). ek aming
3}&E 7} carbonyl gHE-2] EHe} v S, pH, 7}
o} Yol u}E Maillard ¥FS- %10 cﬂ-,’—“ R D RV
_CL oi &k o]z]_“-"o]] c}]a} 11- }.%‘:;Z 0]5}3_0»]
o] model system-3- %3+ Maillard 942 204 ¥ &
i) o] H_é{ll“l q.] gLA;_qFMV

o‘\':'
of g F8 WPE

ulk O o

ko, PN

AR
3}

. (1 o P
Z2" meat flavor 244

o) ghal™ ¥ chopg 1

II,

\n

3 )

AR X FIE
!

= S Aol 3]

|
14

=
)

ol
oi“_ rii i

2 i’k nh3-&h
el 22 el
chigls

ALL

fus

=t o] w5t e)
obelicatst ghalerel wbge
meat flavor AAdol] 7]ed7} &
ok}, o]cks = ok-8 model system3}ol| 4] AFE HES
L5} A po1s] s 5

o}u] = —v} QL}LOI—’

L=

Al71 A Wk See] )i



828 HER

T18]3le] B o Ftel| A= meat flavor A Aol A7}
vl y B yE Prlx] oln|wAlE s}l glgiulE g
FA1 2 2 model system3}el) 4] Maillard ¥H-3-3 A] 7}
4] meat flavorel] 7} 24 g 71" 7} vk 278 3
7 f)5kel BH Bash HeET W A AR

EIETE

¢

Mz 3 gy

Mz
& oAl A AR opv el
teine - HCI, DL-methionine, L-lysine - HCI, L-glycine,

L-cystine, L-cys-

L-alanineo|gj ov] ot glucme fructose, xylose, ri-

bose, lactose, maltose, sucrose @ o] 52 ¥ SigmaA
T

o) HlFE oz ol Alekolelc

ghSoHel A=
3} obrlleiks F7HAA vEgAIR] w5 2] A 2
F ukgNe] AEs: 0.2 M opv]ieAlst 02 M we] &

F5l &3 §NS 10mLY #H3lo] 50 mLe) F7e] 9l
L2 < oh3 100°Ce| 5ol 4] 2047k
7hAl 7hed gt ofg Eas SRR 8] Yaskedch
© ol Zﬂ F = L].fx;7|zl Alaﬂo“,p-] A~] 14
o]k 27]ell 170€) ofu]iAtoln} g
oA 7o g ofba) ofw]hAke] Bl 0.2M:0.2
8kt whs 713 A g4 cystine, lactose, xy-
loseh 414 Felom ol% Ahgg 2709l ofvlxsis}
1709] @ ¥k-$-2 0.1 M cystineol] 0.1 M2] cysteine
HCl, methionine, lysine - HCI, glycine, alanine-2 &3}
gl o}u] 14t ool 0.2 M lactose 3= 0.2 M xylose2}
HEEAZ ek g 2o)e] et Re] ofvl Al vb-g-S
0.1 M lactoseo]] 0.1 M2 xylose, ribose, glucose, fruc-
tose, maltose, sucreseS 7+7d 713} tlEgglalo) 0.2
M cystine-& HF-8-A] Z{c}.

%—T‘—PE =1 Hol E¥s|
Model systemel] 2]z} Xﬂ_%i
8, 12, 16, 204 7H & |
1O 9l oll 4 —J’LE % d%‘ T UEE 3451
t}. 3]4iel-8& Spectrophotometer (Spectronic 20D%}
21D, Milton Roy Co., U.S.AYE Al&3fo] ZHA A 4
=2 welel 420 nme} pyrazine &% Z}2Fel 278 nm
oAl FHEG U S Sriz 70T 23
o] F3F1E(420 nm, 278 nm)2| o] A4
3lol o "hE- 4% A5 k (A absorbance hr') & v}e}

E78E] =] A 299 A 535 (1997)

Wgict uhg = pH wWal= pH meter (Model DP-

215M, Digital pH/ion meter) g AH&-8}od 23} s)gic},
BsH 545X

ofe] 7}z 9] opvwleAbst @& wHefgh Maillard J%
F AR RN Ee] ] 548 dsl okl Bl
5317) %9 k3t P4 %, Bk, 1)ak o Sl EH%}

ddA RN Wrbsh siich G RgeR
G7Hek 7 54) HEE (158 RA2 opsiu
(+++++Li F A8 ] 1)
WAL Aol A
32l #la7]}

%l ukg
T 417719) Hn) 5L 1672 ferQ L At
¥ 3]

A °
to d
sdﬁ

T 45~50°Colgic). =i e g .
73 A& Basker?| £A R & o] &3} Hrlsigict.

7| 3o E4
k7] A ¥-2] 3ZEL adsorbent materiale] Tenex

purge and trap concentrator (Tekmer LSC 2000) 3]
Abg-stadoh. Al 271 purge timeo| 158-0]9)
desorby=  180°Cel|Al 33 sz}l o
180°Cell#] 2%, baking2- 200°Colj4] 103
GC/MS A B2 ARE-3l¢ict.

A g Lo 714 e g A ¥-g vl alstaal GO/
MS (HP 5971 series, Hewlett Packard Co., US.A)E
Ab4-8}9i 3 capillary columnS DB-5 (60 m x 0.32
mm i.d.x0.20 pm thickness}E- A}-8-5}¢ic}. Injectore}:
detector®] &xi= 7}7F 200°Co]l 37 ovend %7] &
T 36'Coll 4] 3°C/ming] £ 58 200°C7}3] £-238}ed
Alg-3tedct. Carrier gas®= helium, ionization vol-
tagei= 70 eV, ion source =3 200°Ce] Z 7ol 4] Al
Alstedeh. d GC/MS  chromatogram®] peak=
Wiley/NBS library®] mass spectram} B] 73}o] ] A]
ahodct.

S o2

injection-

@ o



©}-olu] AL Model Systemol|4]2] Maillard ¥H-&- 829

Table 1. Reaction rate constant (k (Aabsorbance hr'l)) of various substrates of 0.2 M amino acids and 0.2 M sugars

measured at 420 nm during Maillard reaction at 100°C for 20 hr

Amino acids

Cystine Cysteine - HCI Methionine Lysine - HCl Glycine
Sugars
Glucose 0.029 0.077 0.325 0.501 0.223
Fructose 0.049 2.555 0.189 0.441 0.388
Xylose 0.069 0.194 0.507 2.487 0.896
Ribose 0.183 0.897 0.848 2.895 1.910
Maltose 0.016 0.262 0.132 0.176 0.127
Lactose 0.022 0.272 0.169 0.178 0.127
Sucrose 0.049 5.561 0.118 0.223 0.073

Table 2. Reaction rate constant (k (A absorbance hr')) of various substrates of 0.2 M amino acids and 0.2 M sugars
measured at 278 nm during Maillard reaction at 100°C for 20 hr

Amino acids

Cystine Cysteine - HCI Methionine Lysine - HCl Glycine
Sugars
Glucose 0.616 0.661 3.304 3.292 0.983
Fructose 1.016 16.45 2.077 3.075 2.605
Xylose 2.004 3.293 10.45 10.66 5177
Ribose 2.645 7.174 8.245 18.44 9.235
Maltose .223 1.523 1.722 1.655 0.932
Lactose 0.243 1.537 1.549 1.640 0.850
Sucrose 0.670 15.80 0.787 1.668 0.811
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Fig. 1. Changes of absorbance in the mixtures of 0.2

M glycine and 0.2 M sugars during Maillard reaction
at 100"C.
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Fig. 2. Changes of absorbance in the mixtures of 0.2
M cysteine-HCl and 0.2 M sugars during Maillard
reaction at 100°C.
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Fig. 3. Changes of absorbance in the mixtures of 0.2
M glycine and 0.2 M sugars during Maillard reaction
at 100°C.
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Fig. 4. Changes of absorbance in the mixtures of 0.2
M cysteine-HCl and 0.2 M sugars during Maillard
reaction at 100°C.
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Fig. 5. Changes of pH in the mixtures of 0.2 M gly-
cine and 0.2 M sugars during Maillard reaction at
100°C.
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Table 3. The Odor characteristics of sugar-amine acid solution after Maillard reaction at 100°C for 16 hr

Amino

Similarity

. Sugars i i
acids b4 Sweety Boiled Boiled
vegetable meat

Roasted

Sulfuric . Bumnt Boiled Roasted
Oily

pungent sugar meat meat

Glucose +
Fructose

Xylose

Ribose

Lactose + +
Maltose +

Sucrose

Cystine

++ +

+++

++

Cysteine - Glucose +
HCl Fructose
Xylose
Ribose
Lactose +
Maltose +
Sucrose +

++
+ + + +++

++ +
++
++t +

Glucose +++ +
Fructose + ++

Xylose +

Ribose +

Lactose +++

Maltose +++

Sucrose ++ ++

Methionine

Lysine - Glucose
HCl Fructose
Xylose
Ribose
Lactose
Maltose +
Sucrose

++ ++
++ +++

Glucose

Fructose

Xylose

Ribose

Lactose

Maltose +
Sucrose ++

Glycine

++

Symbols mean odor intensity
+: weak, +++: moderate, +++++: strong
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Table 4. The Taste characteristics of sugar-amino acid solution after Maillard reaction at 100°C for 16 hr

Taste Similarity
An_lino Sugars i i ;
acids Sweety Boiled Boiled Roasted Urmami oily Burnt Boiled Roasted
vegetable meat meat sugar meat meat
Cystine Glucose + + + +
Fructose +
Xylose +++ + +++
Ribose +
Lactose + + ++ +
Maltose +
Sucrose ++ + +
Cysteine - Glucose + +
HCl Fructose ++
Xylose +++ ++ + +++
Ribese + + + +
Lactose + + + +
Maltose +
Sucrose + +4++
Methionine  Glucose + + +
Fructose ++ +
Xylose + +
Ribose + ++
Lactose + + ++ ++
Maitose + ++ +4++ ++
Sucrose +++ ++ o+
Lysine - Glucose +
H(Cl Fructose ++ + +
Xylose + + ++
Ribose + +4++
Lactose + + + ++
Maltose + + + ++
Sucrose +++ ++ +++
Glycine Glucose ++ +
Fructose + +
Xylose +
Ribose ++
Lactose + +
Maltose + +
Sucrose ++ +
Symbols mean taste intensity
+: weak, +++: moderate, +++++: strong
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Table 5. The Odor characteristics of sugar-amino acid solution after Maillard reaction at 100°C for 20 hr

. Odor Similarity
Amino
acids Sugars S Boiled Boiled Roasted  Sulfuric . Burmnt Boiled Roasted
weety Oily
vegetable meat meat pungent sugar meat meat
Cystine Glucose ++ + + +
Fructose + +
Xylose +++ + ++
Ribose + + +
Lactose + ++ ++ +
Maltose + + ++
Sucrose ++ +
Cysteine - Glucose + ++ + +
HCl Fructose + 44
Xylose ++ + + ++
Ribose + ++ ++ +
Lactose + ++ + +
Maltose + ++
Sucrose + +++++ +
Methionine Glucose + ++ + +4 +
Fructose ++ + +
Xylose ++ +
Ribose +4 +4+4
Lactose + ++ +
Maltose + ++ +
Sucrose +++ + +
Lysine - Glucose + + +
HCl Fructose +
Xyvlose +4+4+ + +++
Ribose +++ F+++
Lactose + + +
Maltose + + ++ ++
Sucrose ++ + +
Glycine Glucose ++
Fructose +
Xylose ++
Ribose + + +44
Lactose +
Maltose + ++
Sucrose +++ +
Symbols mean odor intensity
+: weak, +++: moderate, +++++: strong
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Table 6. The Taste characteristics of sugar-amino acid solution after Maillard reaction at 100°C for 20 hr

) Taste Similarity
Amino Sugars ; ; -
acids Sweety Boiled Boiled Roasted Umanmi oily Bumt Boiled Roasted
vegetable meat meat sugar meat meat
Cystine Glucose ++ ++ + +
Fructose +
Xylose ++ + ++
Ribose +
Lactose ++ ++ +++ ++
Maltose ++ +
Sucrose +++ + ++
Cysteine - Glucose + ++ + +
HCl Fructose 4+
Xylose ++ + + + ++
Ribose ++
Lactose ++ ++ ++ + +
Maltose ++ + +
Sucrose ++ Ea—
Methionine Glucose ++ +
Fructose + +
Xylose + + +
Ribose + + +++
Lactose ++ ++ +
Maltose +++ +++ +
Sucrose ++ + ++ T+
Lysine - Glucose +
HCl1 Fructose + +
Xylose F+
Ribose +4+++
Lactose + +
Maltose + +
Sucrose ++ ++ 4
Glycine Glucose ++4+ + +
Fructose ++ +
Xylose + ++
Ribose + .
Lactose ++ +
Maltose ++
Sucrose +++

Symbols mean taste intensity
+: weak, +++: moderate, +++++: strong
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Table 7. Absorbance, pH and flavor characteristics of twe amino acids-one sugar and two sugars-one amino acid
solution after Maillard reaction at 100°C for 16 or 20 hr

. Absorbance Flavor
Substrates Reaction pH ;
time 420 nm 278 nm Boiled Roasted Burnt Acidic
meat meat sugar
Lactose Cystine+Cysteine - HCI 20 hr 2.80 25.10 1.76 +++ +++ ++ ++
Cystine+Methionine ” 0.30 5.31 3.81 + +
Cystine+Lysine - HCI ’ 0.70 6.18 3.78 + +
Cystine+Glycine ” 0.80 7.35 3.87 ++ + +
Cystine+Alanine ” 0.70 6.90 3.76 +++ ++++ + +
Xylose Cystine+Cysteine - HCI 16 hr 3.40 46.35 1.73 ++ +++ +++ +++
Cystine+Methionine ’” 2.50 57.95 342 + ++ ++ +
Cystine+Lysine - HCI ” 3.40 61.80 3.28 + ++ +4++ +
Cystine+Glycine " 2.50 2325 3.58 ++ ++ +
Cystine+Alanine ” 2.40 24.97 353 ++ +4+4+4 ++
Cystine Lactose+Glucose 20 hr 0.45 4.85 3.55 +++ +
Lactose+Fructose " 1.00 8.00 3.55 ++ +
Lactose+Xylose " 1.10 12.00 3.26 ++ +++ + +
Lactose+Ribose 4 1.95 25.50 3.05 +++ ++ ++
Lactose+Mltose ” .45 3.25 3.54 ++++
Lactose+Sucrose ” 0.83 8.45 3.52 ++
Cystine  Xylose+Glucose 16 hr 1.30 24.80 3.28 ++ ++ + +
Xylose+Fructose o 0.40 9.39 3.25 + ++ + +
Xylose+Ribose ” 1.45 14.85 3.03 + +++ ++ ++
Xylose+Lactose ” 0.45 8.79 3.26 +++ ++ +
Xylose+Maltose ” 0.35 9.30 3.27 +++ ++ +
Xylose+Sucrose " 0.50 13.29 3.26 ++ + +
Symbols mean flavor intensity
+: weak, +++: moderate, +++++: strong
Table 8. Similarity to the meat flavor of sugar-amino (cystineel] alanine & &33}o] lactoser} xylose® 7+7}
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Fig. 7. Total ion chromatogram of volatile components of Maillard reaction solution (A, B, C and D). A: 0.2 M cys-
tine and 0.2 M lactose heated at 100°C, 20 hr. B: 0.2 M cystine and 0.2 M xylose heated at 100°C, 16 hr. C: 0.2 M cystine
and 1.0 M lactose and 0.1 M maltose heated at 100°C, 20 hr. D: 0.2 M cystine and 0.1 M lactose and 0.1 M xylose heated
at 100°C, 20 hr.

Table 9. Volatile constituents of cystine-one sugar and cystine-two sugar solution after Maillard reaction at 100°C
for 16 or 20 hr

Compounds A B C D Compounds A B C D
Hydrocarbons Alcohols
1-Octene P.  1-Hexanol Py,
1-Chloroheptane Pis  1-Heptanol Py P, P,
2, 6, 8-Trimethyl decane P, 2-Ethyl-1-hexanol Pw
1-Chlorooctane Py 1-Octanol P P, P.,
1-Limonene P P, 2-Ethyl-1-decanol P,
2, 4-Nonadiene P 1-Dodecanol P..
2, 6-Nonadiene Pis 2-Tetradecanol P.
2-Methyl-4, 5-nonadiene P., Aromatics
Aldehydes Methyl benzene P,
Acetaldehyde P, P, P, P, 1, 3-Dimethyl benzene P,
3-Methyl butanal P, Ketones
Pentanal P, 2-Pentanone P,
Hexanal P P, P; Py 1-Heptanone |
Heptanal P P, Ps P, 2-Heptanone P
Octanal Py, Py P 5-Methyl-spiro[3.,4] P«
Nonanal P P. P P,;  octan-1-one
Decanal P P, 2-Nonanone Pa
Dodecanal Py 3-Nonanone Pu
2-Nonenal Py Sulfur compounds
Furans Thiourea P,
3-Methy] furan P;  Thiophene Ps
2-Furan carboxaldehyde P, Ps P, P 3-Methyl thiophene Ps P;
(2-Furfural) 2-Thiophencarboxaldehyde P,
2-(Furanyl) ethanone P 2-Formyl-5-methyl thiophene P
2-Pentyl furan Pu P, Base
Ester N-propenyl-2-propen Py
Ethyl acetate P, P, P, -1-amine

P correspond to peak numbers showed in total ion chromatogram (Fig. 7) of four solutions (A, B, C and D) of Maillard reaction.
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