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Abstract

This study was carried out in order to investigate the browning reactions of fish oil-amino acid model system
at differant temperatures and water activities. The 23 amino acids, induced duting dehydration in the presence of
oil and avicel (5 to 45° ), Aw 0.33 to 0.95, were resulted in three types of browning patterns : Type | showed high
browning rates at Aw (.33, 0.95 than at Aw 0.52, 0.75 (phenylalanine, trans-4-hydroxy-L-proline, methionine,
valine). Type [ showed high browning rates decreased with increasing water activity (poline, leucine, isoleucine,
arginine). Type I showed high browning rates at Aw 0.52, 0.75 than at Aw 0.33, 0.95 {(tryptophan, cystein, thre-
onine, lysine). The temperature effect on the browning development of the four most active amiino acids : pheny-
lalanine, vatine, trans-4-hydroxy-proline and methionine are shown to represent the 23 amino acids. Above
25°C the browning rate began to increase. Activation energy of the amino acids-fish oil was 8 to 40kcal /mole, and

Qo were 2 te 10.
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Table 1. Various amino acids used in Maillard reaction

Lys L-Lysine His L-Histidine

Gly  Glycine Cys L-Cysteine

Met  L-Methionine Gln L-Glutamine

Val L-valine Trp L-Tryptophan

Tau Taurine Asp L- Aspartic acid

Ala L-Alanine Arg L-Argining

Asn L—Aspéragine T4H trans-4-Hydroxy-
L-Proline

I L-lIsoleucine Leu L-Leucine

Phe  L-Phenylalanine Pro L-Proline

Ser L-Serine Thr L-Threonine

Tyr L-Tyrosine Cyst. L-Cystine

Glu L-Glutamic acid
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2 7l e® o] Be] amino acid® phenylalanine, trans-
4-hydroxy-L-proline, methionine, valine %13 taurine,
glycing, glutamine, serine 5% %2 & efjo] A gk 2 2]
AErb dgieh Tpe [ Awrt 371848 2 st

Type |
460
0,40
) L
<
0.20 |
0. 00 s AT i s
0.p0 0.33 052 0.75 0.95
-0. 10
Water activity
Type 1
1
1,60 |
Pro
—== Leu
e+ N T Ha
—-—-Arg
= 5 —~--w Hig
f=3 0. 80 ———— Ala
Asn
- -——Gly
"~
0,40 S,
MR E e
Stee L AT
T e TS
0. 00 e

0.00 033 0,52 075 0.95
Water activity
Type I
0,460

.08 0.3% 0,52 0.75 0.85 .00
Water activity

Fig. 1. Maillard reaction of amino acids with oil at 45°C at dif-
ferent water activities (Type 1~I1).
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Fig. 2. Maillard reaction of aming acids with ofl at 35° C at dif-
ferent water activities (Type 1~1E).
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Fig. 3. Maillard reaction of amino acids with oil at 25 C at dif-

ferent water activities (Type [~H).
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Fig. 4. Mailtard reaction of amino acids with oil at 5° C at dif-
ferent water activities (Type [~J[).
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Fig. 5. Effect of temperatures on browning rate for phenyia-
lanine-oil at different water activities.
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Fig. 9. Arrhenius plot for the rate of browning rate a pheny-
{alanine-oil at different water activities.

Table 2. Activation energy for Maillard browning in amino
aC|d5~od at different water activities at 25~45°C

Watcr activity

20.79

0.33 0.52 0.75 0.95
Type 1
Phe 21.54 10.05 8.53 24.11
T4H 11.67 4.49 27.64 19.70
Met 6.35 8.17 24.61 27.94
Val 6.50 7.7 11.80 2277
Tau 2476 14.53 10,16 11.59
Gly 379 8.37 17.84 31.47
Gln 11.39 10.30 10.98 15.18
Ser 11.26 13.86 39.31 43.74
Type Il
Pro 9.85 9.56 16.20 15.71%
Leu 19.15 16.72 13.10 17.07
flu 10.78 11.48 18.54 21.89
Arg 13.78 1.80 11.88 11.31
His 7.99 21.55 20,56 34.36
Ala 2.70 11.00 13.58 27.22
Asn 517 8.27 8.41 23.08
Glu 5.47 12.51 8.27 18.77
Type 1
Trp .09 3.44 22.33 1616
Cys 13.70 3607 27.35 9,32
The 11.58 14.88 28.33 48.21
Lys 10.08 11.93 9,83 2.90
Cyst 4.24 9.92 4.61 2.60
Tyr 29.46 20.32 33.30 17.57
Asp 16,17 .97

35.44
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Table 3. Quo for the Maillard reaction in amino acids-oil at
different water activities in the temperature range

35~45°C
Water activity
0.33 0.52 0.75 0.95
Type [
Phe 2.60 2.03 1.95 2.47
Tar 2,57 1.36 o7 1.26
Met 1.92 1.71 7.49 2.26
Val 1.68 1.85 1.52 1.47
Tau 8.78 1.25 2.85 2.64
Cly 1.40 1.32 3.46 &.47
Gln 2.30 15.50 1.6% 3.86
Ser 2.56 3.25 2.96 10.75
Type I
Pro 1.46 1.14 1.70 1.58
Leu 4.81 4.03 1.32 1.04
Il 2,10 2.05 1.06 1.65
Arg 116 1.16 1.73 1.75
His 1.75 2.06 4.43 1.88
Ala 1.08 2.54 1.48 1.87
Asn 1.30 2.25 1.38 1.63
Glu 1,57 2.50 1.43 1.00
Type I
Tp 1.9G 1.03 343 4.90
Cys 2.27 3.04 2.26 111
Thr 2.35 4.48 3.47 -
Lys 1.83 3.00 1.16 1.33
Cyst 1.00 1.33 1.00 1.00
Tyr 1.16 1.36 1.07 2.33
Asp - 1.33 2.00 1.60
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0.955) B3] Aw 0.523F Aw 0.756)4 =z gre) Egtcl.
duid ez Type [, I, I 5% 2HE7} 22 Awel A
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35°Ce} 25°Coll A 8] Quo gt (Table 3) Type [ I,
2E 3R 210 HaEy, Type [ «14 glutamines]
74 Aw 0,529 A] 15 o] Ak, serine Aw (.950]]4] 10 o]
A2 & A E vtk Type o4 I oAl Awsl
w3} w2 gre) WEbr) Type I o w4l 7} ekatel. o
ulE o = whH E U ARAlE)A] Qued 2-6 08 BT
332 3l (16).

2 o

23Z2) amino acid®} fish oil#he] kel ub-S-ll A Aw

2 2xo] gl A A Aw 03304 Aw 0.954]
A 37k FelE Belvh Type & Aw 03354 Aw 0.95
A48 ZAH e Aw 0529 0.75 o) & ghe el
W Zlo| = {phenylalanine, trans-4-hydroxy-L-proline, me-
thionine, valine), Type [+ A x=7t E71gd4-2
M T 7} Zhadd Ao (poline, leucine, soleucine, argi-
nine), Type [ Aw 0333 0.95 Hels Aw 05284 Q.75
o4 & 2w T 5 ehdl o) (ryptophan, cystein, threo-
mine, lysing). £l HE AWz HAoe £ 2%
HNEEEZ woiE=d £3) phenylslanine, valine, rans-4-
hydroxy-proline = methioninea] %1 T, Activation ener-
gy 8~40ical/moles] G2, Qo g 2~102) 2T}
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