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Inhibiting Factors and Kinetics of Nonenzymatic Browning in
Ginger{Zingiber officinale Roscoe) Paste Model System
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Abstract

Major factors inhibiting nonenzymaltic browning in stored ginger pastc were investigated using
aqueous model systems with temperature, water activity, pIl and sulfur compounds. Browning index
and total gingerols were measured during storage. The rate of nonenzymalic browning reactions showed
a strong dependence on temperature and pH and a negligible influence on water activity. It was also
reduced by the addition of 0.04% N-acetyl-L—-cysteine{(NAcCys), effectively. Aclivation energies
for aqueous pinger model systems with and without 0.04% NAcCys were 29.0 and 25.8kcal/mole, res—

pectively.

Key words: gingertZingiber officinale Roscoe) pasle model system. nonenzymatic browning, inhibiting

factor, activation energy
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Table 1. Rate constanis for browning development of
ginger pasle model solulions al various water
aclivities and temperatures

Zera order reaclion First order reaction
1 (AOD/ . ko(AODY e
day} ! day) *
30 0.0010 0.9524 0.0177 09454
(.98 40 00045 09500 0.0461] 0.9754
a0 0.0135 0.9685 0.0783 0.9557

30 00010 09405 0.0182 09504
0.96 40 00042 09310 00921  0.9783
50 00130 09793 Q1557 05809

30 0.0008 08471 00285  0.8761
092 40 00036 09428 0.0871 0.5696
50 00121 09920 01483 08908

aw 0.98: Control, ginger paste model solution without ad-
ding of any humaclants
0.96: Made wiih adding sedium chloride(7%4) (o ginger
paste model sohition
0.92: Made with adding sodium chloride(7%) and sor-
bilol{12%) to ginger paste model solulion

Temp.
aw (Oc)
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Table 2. Rate conslanls for browning development of
ginger paste model solutions at various pHs
and temperalures

Zero arder reaction First arder reaction
ot T o 2 kedoD)
ooy kad . 2( / .

day) day!} °
30 0.0003 0.8095 0.0060 0.8183
30 40 0.0015 09771 00249 0.9793
50 0.0085 0.9730 0.0652 09813
30 0.0008 09888  0.0143 05920
50 40 0.0031 05502 00398 0.9736
5] 0.0128 00558 0.0769 0.0884
30 0.0025 {} 9357 0.0334 0.5785
w0 40 0.0087 00362 00840 08351
50 00266 08471 00912  0.0465

YAdjusted with phosphate huffer sohuition

A a5 oA Al W e 1137

Table 3. Rate constants for browning devclopment of
ginger paste model solutions at various sulfur
t compounds and iemperalures

Sulfur Temp.
compound 0} (40D 2 ke(AOD o
Jdayl T fdayr T

30 0.0010 09524 00177 0.9454
Conlrol” 40 0.0045 09300 00461 09754
a0 00135 09685 0.0783 0.8557

30 00002 OB708 00078 (.6430

First order
reaclion

Zero order
reaction

ifilﬁpm A 00010 09274 00175 09I67
c 50 00065 09720 00562 0.9958
NoAcetyl S0 00006 09750 00089 08774

40 00020 09388 0.0279 09870
50 00087 05803 0.0677 09783

"Refer (o Table 1

PMade with adding sodium bisulfile{0 04%) to gimger pa—
ste model solution
Made: wilh adding N-acetyl- L—cysteme(() 04%8) 1o ginger
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Rate epnstant

7.5 i . 1 1 1
3.1 3.2

1/T-K x 107

Tig 1 Arrhenius plot for the rate constants of bro—
wning development in ginger paste model solu—
tion at different pH values.

TipH 70, @ pH B0, W pH 30

Table 4. Kinetic parameters for browning developmeni
in ginger paste model solutions

1 E,

Factor (keal/mole) O

0.98 25.8 15

duy 0.96 iy 36

092 27.0 18

30 332 =2

pH 5.0 275 19

70 03 1 o

Control %58 s

Sulfur So_chum 345 e

ompound hisulfite

COMpoL v Acetyl- 5.0 15

L-cysteine

""Refer to Table 1, 2 and 3

2] 34 7 & gingercl([6l-gingerol, [8]-gingeral %
[101-gingerol?] 2] Faxs Avksle] e A=
Fig. 28t 2t}

& Az HelAE g nlEss dEE
W2 T ay 092> NACCys>pH 3.0 .22 Frlaiad e
v} 2 gingeral @eke] 2HAE pH 30> 2T >a, 0.92>
NAcCys 22 gingercl $8k8] 245 4bA] g4
A =24 Lo A3 e ) & pigeral 3R] A0
=247 g A% 1E T} o)E gingerolS 4l
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Fig. 2. Reciprocal relalionship between Lolal gingerol
contents and browning development of ginger
pasie model solulion durng storge for 30days
al 40°C.

0 a, D 92(pH 6.30), @ N-Acelyl-L-cysteine(pH 6 30
and ay 0.98), & ol 3 0ay 0.98), A7 Conirol(pH 6.30 and
aw 098), ---. Brownmg rate, — Total gingerol conlenl

olsh 7o vhehdrl,

g ok

£E9) v Han FaAsh A LAE Lo
=, i, #E5ES] A 2R
Za}e] A e 445 E o gin-
A sl el g AEs SR8 =9 pH
ZAE e Ao e, S eE
ko zbol 77 pHell 23 <F 2k = 3]
7+ N-acetyl-L-cysteme(INAcCys} 0.04% =
Aol Sahe] FaEEE B30 R oA = 5w B4
s 2 g2 A7} se]l A2 23 9] 759 25 Bkeal/mole
o]9l 91k NAcCys 0.04% 2. 2|25 23 e 4= 250
keal/molee] Gt
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