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Inhibition of Enzymatic Browning of Taro (Colocasia antiquorum var.
esculenta) by Maillard Reaction Products from Glycine and Glucose
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Abstract

The inhibitory effect of MRPs (Maillard reaction products) on enzymatic browning of taro was investigated.
The MRPs prepared by heating glycine and glucose at 90°C for 7 hr exhibited a strong inhibitory effect on
taro polyphenol oxidase (PPO). The maximum inhibitory activity of MRPs against taro PPO was detected toward
(+)~catechin, catechol, 4—-methylcatechol followed by L-B-3,4~dihydroxyphenylalanine (L-DOPA) and pyragallol
as a substrate. The MRPs synthesized from fructose and glucose with glycine as a amino acid significantly
reduced the taro PPO activity. MRPs prepared by higher glycine or glucose concentration showed stronger
inhibition against taro PPO. Increasing reaction time of the glycine and glucose promoted the inhibitory effect
of MRPs against the PPO activity of taro, whereas the color formation was gradually increased.
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reaction)<> AE-of 7zt b olfe} g g Fofr} Fof
ARY e P02 oS v Ach(1,2). Al F 9lelA
o] 2w A B4 T glo] deid= Maillard reac-
tion, caramelization, ascorbic acid oxidation 5-2] v] &4
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ofe] 742 wlo] Q1o o) slol = 7 el Ahgs o]
A7FAlQl sulfiting agent®: E 5 ATHT8). 22} 9]
5o S5 Baloh Fokasl 3k, Aol et 534
o] FAAIH ] AT A Aol h3te] Abgo] FAH AL
o], olol wbe} ZHH-G AR oAY = gle A 2
W oA A 2] Jfte) 835 v glo} A £ Ql F(9), natural
aliphatic alcohol(10), cysteine(11), Maillard reaction prod-
ucts(12-17)¢| 4 PPOE A3}z &4 o] &al= i} 23
o) 344 e flgle] H& PPOY #A3 (3= Exw
ZAE PPOS] vl A7(18)7) 3= .o, B3t 2 &
Adsle Al AF F¢ A3 v A2 Aot 1
HEg B P ole] sl 2AL Zelste] A2
MRPs7} E3¢] PPO° v x| & A &) A4-& 93] 4} 3k

off e rlo ofn
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B A3 AL E(Colocasia antiquorum var. es—
culenta)E FAFFA A AbskFell Al 98, glycineS
Yakuri Pure Chemical Co. A &% A}-£-3}9] 2.9, catechol,
4-methylcatechol, pyrogalioll, L-B-3,4-dihydroxyphenyl-
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alanine(L-DOPA) 5-9] 7] 4 3} A}-4-3} @2 Sigma Chem-
ical Co. A F& AH&3tgich

ZTELM TH|

E2H140 )& S Bl AR M-S F A H, 70 mL
2] 50 mM potassium phosphate buffer(pH 6.8)& %7}3}
o] wlx 2 537t vt 5l a, cheese—cloth® 333k F- 4°C,
16,000 x gel| A 2087r 94l #8]3ld, 22 A45H4-& ammo-
nium sulfate fractionation(30~80%)3}3%, =2 A o] A8
2] 23 hFL-dE 7laled LA 7] ¥ Cellulose dialysis
membrane(molecular weight cutoff: 12,000) 2.2 1243t F
A F 2ELE AMEGTH

Maillard reaction products(MRPs)2| Z=x|

MRPs: %22] 15 M glucose2} 1.5 M glycine-& 90°Cel|
A 7AZE wb-E Al A AA s ol F EELR 3l 156 M
glucose®l] glycine?) == & @)l & 1.5 M glycinel
glucose?] F%E5 a]slo] 90°CollA] HH-&- A2 el sl
MRPs& A4 skt

PPO M £3

£ PPOY 4 &% & W4 50 mM potassium phos-
phate buffer(pH 6.8) 1.9 mLe] E8 &4 0.1 mLE 3
7}8le] 25°Coll A 587t B@sled e} 28] 2 0.2 M catechol
10 mLE A 7Feted wh-8-& A 2hshed 2.0, 420 nmell A {3
% (Pharmacia BiotechA}2] Ultrospec 3000)8] ¥ 312 o) &
3lod A4 #Al-S 23319t} (12). Catechol 0199 714
7139 28| o}eba], 410 nm{4-methylcatechol), 334 nm
(pyrogallol), 475 nm((+)-catechin, L-DOPA)oll4] &4 &
A& FA st ch. MRPsell 93 a2084 9] A ¥ L 50
mM potassium phosphate buffer(0.9 mL), £4%} 1.0 mL %
MRPs(1.0 mL)& 7}38}lo] 527} incubation ¥, 0.2 M 7|3
1.0 mLE 7kt EANHES HAE o

gt ZF7YHE MRPs2| Aol =1t =X

2 2814 MRPsE $82] 1.5M glycine® 1.5 M9 thef
g E79 & 90°CollA 7A 2 ub-&AIA Zh7ke] MRPsE
A8 H12). 3S glucose, lactose, sucrose, fructose,
maltose® A3t 5 20, A= 72 MRPsell tigF 231 PPO
o) &) A vty 28 3 glycined} glucose?] %
EE005M01M05M, 1.0M, 1.5 M2 H3lNA QA
= ztzhe] MRPsol tl& &3 PPOS] A& £3& HEs]
Aot

HEE AlZtoll 2 MRPse| AMsli ot Y M7z st X

1.5 M glycine®} 1.5 M glucose3 90°Cell4] A]7hdE & ul-&
AA A= MRPse] £33 PPOd]| tijt A 8 &35 7] &3}
Qo] kg A 7bol wE MRPs®) 472 W3} 420 nmell A
FExE A

2R
MRPs2| &7} Znjof| oigt 7|&le| |&t
Table 1 o2} 7}A] 71" o] ©}& MRPs®] &3 PPOs)
g 24 A8 ZAxts 2ARE oo} B3 PPOe) g
MRPs®] A s 8A4-L A}-8-3 7] A o whe} Aboldkgl o, AF -
43+ 7]# o] (+)-catechin(12.7%), catechol(20.0%), 4~me-
thylcatechol(44.2%), L-DOPA(53.7%), pyrogallol(73.8%)
o2 A dAlo] =gttt g, Tand} Harris(12)= 4-
methylcatechol, catechol @ L-DOPA7} 71 & 2 A} &-=1¢]-&
o] A}3} PPOe W& MRPs] Al &ar} gz 2 w3)
9k, =3 Billaud 5-(14)-2 chlorogenic acid, (+)-catechin
& 71 A Z AF§-38F 794l ¥]8}e] 4-methylcatechole] 7]& a1
7%, MRPs®9} A3} PPOol| gt # s Expr} of Eokela
Barstgich oleh zro] B Aol Aol rhi Aol E el
Har glovt o= AR, A¥ =7 59| Aeld 7]qlg AL
2 338

MRPs2| &7} Zzlol| CHet Ee| HE

Fig. 1% 1.5 M glycine &4 ol o{2] 7}] 3 &L 3H7}s}
o] A2 MRPs7} £4 Ao vlx & 4 ¢S HES A}
o]}, Fructose®} glycine® A}4-3ted A4 & MRPs7| &3
PPO° disle] 714 & A& AxE 2y on(A g =
9.8%), th-&- 2 2 glucose(F &A= 21.0%)%t}. 22},
u g9l vrel sucroseS A4 5ol & MRPsdll &3 8.4
o] A el A =7} Foheh (A A = 52.3%). Billaud 5-(15)¢]
o Foll 4 = glucose/cysteine, fructose/cysteine £94-& A}
£-3td A MRPs® Ak} PPO A 8l &35 A A}
fructoseel] ®]3}ed glucosed Al-83 MRPs®] 3] &7}
v =4 vebdeh

MRPs2| &7} Z1loll CHSt glycineZ} glucose &X2
dgt

Fig. 2= 1.5 M glucose -& ¢l t}oFgt 5% 9 glycine %
A& A7lete] Y4 MRPs7} Edbel A} $&3 PPOC! 7

Table 1. The inhibitory effect of MRPs synthesized from
glucose and glycine with various substrates on taro PPO

Substrate (10 mM)

Relative activity (%)

Catechol 20.0
4-Methylcatechol 442
Pyrogallol 73.8
(+)-Catechin 12.7
L-DOPA 53.7

The MRPs were synthesized by heating 1.5 M glucose and 1.5
M glycine for 7 hr at 90°C. The PPO activity was assayed by
a spectrophotometric procedure at 420 nm (catechol), 410 nm
(4-methylcatechol), 334 nm (pyrogallol), and 475 nm ((+)-ca-
techin, L-DOPA(L-B-3,4-dihydroxyphenylalanine)). The relative
activity expresses % PPO activity in the absence of MRPs
compared to that in the presense of MRPs.
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Fig. 1. The inhibitory effect of MRPs synthesized from var-
ious sugars with glycine on taro PPO.

The MRPs of various sugars were obtained by heating equal
volumes of each 1.5 M sugar solution and 1.5 M glycine solution
at 90°C for 7 hr. Catechol was used as a substrate.
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Fig. 2. The inhibitory effect of MRPs prepared by varying
glycine concentration on taro PPO.

The MRPs solution was synthesized from various concentration
of glycine "with 1.5 M glucose at 90°C for 7 hr. Catechol was used
as a substrate.

Ae ANP=E vehd ol B9 PPOE glucosest
glycines Z+7+ 1.5 M4 A7lsled QA g MRPsol| 2]3}o]
= A8 A A = 23.0%)E 53k ot 1.5 M glucosed]]
1.0 M glycine2 #7}ste] A g MRPsel 2] 5} Abo) 244
%7} 385%%. 7tAstedrt. Fig. 32 1.5 M glycine £ t}
FT F= 9 glucose 44L& H7}atod Al =3 MRPs7F £4
FA o wlx FF-E& 2AE Aafolr}, F = glycine,
glucoseE A}2-3le A 23 MRPs+ 3 PPO9Y o3t A s)
A7} F3k o} e glucosed] FX oA A F3 MRPs+=
32k PPOo)| gk A a7} - ez Jsbet Tand
Harris(12)+ 0.5 M glucose £l 1.0 M, 1.5 M cysteine 4
A& H7ste 90°Cell A 2417k &4k wk$- A A A 23 MRPs
7} Abs} PPOS] Ao vlale S AR 29, 3155
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Fig. 3. The inhibitory effect of MRPs prepared by varying
glucose concentration on taro PPO.
The MRPs solution was synthesized from various concentration

of glucose with 1.5 M glycine at 90°C for 7 hr. Catechol was used
as a substrate.

9] cysteined A 7}3}e A& MRPsd & A}3) PPO9| of
g A8 A7) o Eokoka ekl ol =3 Billaud $(16)
& opFg F29 cysteine 44 < o] 83t A Z=3 MRPs7}
Al PPOS] #Adol| mixe A3FE FAIEE A3} cysteine
L9 Fxr} FoldF Alw PPO2] A 8] £7} E3kch

MRPs2| &7} Zxloll Chst gt3 AlZlel HE

Fig. 4% 15 M glycine €95} 1.5 M glucose £ %2 90°C
oA AZBEE qhgAlA AZEF MRPs7F 4 €4 v
= 43%& AR Agolrt AAIZE uh3-Al A A4 E MRPs
7} B8 PPOS) &4 A4& =A A}, aejx 27
2] MRPs b3 Al 7ko] HojAd 5 WA A wr} ot
Billaud %-(14)8} < F-<l| A+ fructose/glutathione, glucose/
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Fig. 4. Time dependent color formation and inhibitory effect
of MRPs synthesized from glucose with glycine on taro PPO.
The MRPs were prepared by heating equal volume of 1.5 M
glucose and 1.5 M glycine at 90°C for various times. Catechol
was used as a substrate.

Relative activity (@—@); Absorbance at 420 nm ().
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glutathione §-9-& 2}1-8-3}od A} 2§ MRPsE 90°Coll 4] 394]
7k ¥b-3-Al 7] A 3}, ub-g A Zko] Ao A of wpet MRPs®] AF3%
PPO #| 8] &7} 27184} =3 Billaud $(15)2 %9
glucose == fructose 93} cysteine €48 t}ok3l pH,
22 2 uh2-AA A x3 MRPs7} A3} PPOS] A & off =]
e QgL FARIE oY, v ALE 6A TR S
73 8-¢l] 108°Cel|A] A Z3%F MRPs(pH 2.5)8] A3} &5}7} 3
Ao g vepgoly ¥ watgdeh 28] 1 Billaud 5(16)E 5
2F 9] glucose/cysteine, fructose/cysteine 5%4-2 90°Cel| A
A 7P 2 ub-8- A1 A A Z& MRPs7} AL PPO2] A & o] =]
2 G gE 2ARG A3 ub-g AjZte] HolA4E MRPs9
o] vj9- A3 kT AelA] LA A& AH AL FAo
=2 W 3lstgd ol o ¥ sl ol Morales®} Jiménez-Pérez(17)
o} A7 7, B34 oprlib-g Hhsted A 2F MRPs
£ AZPE R ubSAI RS 7S uES Al gkl mE) e A
7} F7bakd et
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E2° 2 ¥E polyphenol oxidaseE 3% 38}°] Maillard
reation products(MRPs)7} E& PPOq| v X]+= 4 3-& Z 4}
stglch. £ PPOel thdk MRPs<] 8 &3} A3 714
o] (+)-catechin, catechol?l 7Z-$-ol] ¥4 vtepyde}l. 28]
MRPs®] £t PPO A 8] A3 we] 275 9t A4
¥ MRPs Foll A fructoses} glucoseZ A3 MRPs®] #
7} A 7V 29t o | glycine glicosed) ¥ %27} TolAl 4=
= A& 23l 2ol e} vES- A7kl w2 MRPse] A 3
AFHE A A kS A 7ke] ZA o] A 45 MRPse| WA
A7}t Folzl on, o] Wt B3 PPO tE A3 &
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