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The Browning Reaction and Inhibition of Apple Concentrated Juice

Soo-Kyung Bae', Young-Chul Lee and Hyeon-Wee Kim

Ottogi Reserch Center, Anyang 431-070, Korea

Abstract

The study was conducted to investigate the effect of the browning inhibitors such as PVPP (polyvinylpoly -
pyrrolidone), A.A. (ascorbic acid) on nonenzymatic browning factors [free sugar, total amino acid, organic
acid, A.A., HMF (hydroxymethylfurfural)] and enzymatic browning factors [PPO (polyphenoloxidase) activity,
polyphenol compounds] in concentrated apple juice during 90 days storage. Considering color value (L value,
AE), absorbance at 420 nm, concentrated apple juice added with PVPP showed clearly the effect of browning
inhibition. According to the storage period, the changes of nonenzymatic factors in concentrated apple juice
added with browning inhibitors were similar to those in control (concentrated apple juice without browning
inhibitors), which were the decrease of sucrose (0.24 ~0.35% at 90 days), the slight increase of glucose and fructose,
the decrease of total amino acid (530.4~573.1 mg/100 g at 90 days), same value of A.A. at 90 days (385~786
mg/100 g), and the increase of HMF (27.8~30.6 mg/100 g at 90 days). On the contrary, enzymatic browning
factors were significantly inhibited in concentrated apple juice added with PVPP, judging from the slow increase
of PPO activity and the significant decrease of initial value in polyphenol compounds (especially chlorogenic
acid). These results suggest that PVPP plays an important role as enzymatic browning inhibitor, that is, a
scavenger of polyphenol compounds by adsorption in concentrated apple juice.
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oo A7 23+ PVPP(polyvinylpolypyrrolidone, Sigma
Chem. Co., USA)#} ascorbic acid(Z-24 A, Korea)& 77}

Agshsich

Aotz E 4ol ME
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wnow FHFZ 3w Mg b A AA, &5 PVPP
(polyvinylpolypyrrolidone) = 1.7%, ascorbic acid(e] &+ A A
2 H7DE 04%7F B =5 AHrbstar ARE-E wirbet 0.45 pm
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pH2} “Brix+ 27} pH meter(Beckman, USA), digital au-
tomatic refractometer( Abbemat, West Germany )2 2% 3}
ot A X = A xA (Hunter Lab Dp-9000, Reston, USA) 2
27 8}e] Hunter scaled] 213} L, a, bzt ¥ E=[(L-L,) +
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cinate, fumarate-g 27 F==%H (0.1, 0.5, 1 mg/mL)&. 74
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array detector(PDA 1050, Hewlett Packard), UV detection
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Sucrose, maltose, glucose, fructose s ZF FX2H (0.1, 0.5,
l mg/ml) 2 XA sle] T8 o7 & a1, /‘];{t EX- ]
106} 3] 3h 4 Ah-g-apsdet. 4 2732-(15) HPLC(Hewlett
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&Lt eb(16). Ab3-535 10 mLE W84 3 I (reaction vial)
o 23 6 N HCI 15 mL& 7}3le] 105+1°C2] ovenell4] 244]
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Hewlett Packard PN 79916AA-572), 71 % 7]+ photodiode
array detector(PDA 1050, Hewlett Packard), UV detection
at 338 nmE AH-8-3lsich A2 40°C, o] 48 amino
acid buffer A, B, F=¢%2 10 pLZ 3}t
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Table 1. Effect of antibrowning agents on pH, soluble solid (°Brix) and color of the concentrated apple juices

Storage period (days)

Treatment Characteristics

1 30 60 90
pH ‘ 311 3.07 3.04 31
Soluble solid (°Brix) 2776 2764 27 80 2773
Control L 6.94 5.24 3.96 415
ro Cal a -021 0.63 1.59 1.09
oot b 435 327 2.46 0.37
JE 0 2.18 3.96 5.03
pH 3.12 3.08 3.07 3.10
Soluble solid (°Brix) 27.80 2776 27.96 27.76
b L 8.84 811 6.94 695
Added PVPP ol a 25 175 -0.29 050
olor b 6.01 418 3.98 2.36
JE 341 1.94 0.38 211
pH 3.10 3.06 3.06 3.09
Soluble solid (°Brix) 27.86 2777 27.92 27.81
L 7.02 572 4.06 4.42
2)
Added A.A. . a 052 0.39 0.71 121
olor b 4.48 317 367 3.35
JE 035 1.80 3.10 3.06

PPVPP: polyvinylpolypyrrolidone YA.A.: ascorbic acid
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Fig. 1. Effect of antibrowning agents on browning of the

concentrated apple juices.

PVPP : polyvinylpolypyrrolidone, A.A.: ascorbic acid
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Table 2. Organic acid contents of the concentrated apple
juices treated with antibrowning agents during storage

(Unit : %)
Organic Storage Added  Added
acids period  Control = pyppl A p?
(days)
Oxalate 0.01 0.01 0.01
Tartarate 0.06 0.07 0.07
Malate 0.97 1.00 0.98
Lactate 1 0.08 0.10 0.09
Acetate 0.05 0.06 0.06
Citrate 0.07 0.07 0.06
Succinate 0.03 0.03 0.01
Fumarate r tr tr
Oxalate 0.01 0.01 0.01
Tartarate 0.08 0.08 0.10
Malate 1.05 1.04 1.10
Lactate 30 0.06 0.12 0.13
Acetate 0.06 0.06 0.06
Citrate 0.14 0.09 0.17
Succinate 0.04 0.04 0.10
Fumarate tr tr tr
Oxalate 0.01 0.01 0.01
Tartarate 0.08 0.08 0.10
Malate 1.06 1.06 1.10
Lactate 60 0.09 0.08 0.09
Acetate 0.06 0.06 0.07
Citrate 0.07 0.07 0.03
Succinate 0.06 0.04 0.14
Fumarate tr tr tr
Oxalate 0.01 0.01 0.01
Tartarate 0.10 0.10 0.10
Malate 1.07 1.09 1.10
Lactate 90 0.09 0.10 0.11
Acetate 0.08 0.07 0.08
Citrate 0.09 0.12 0.12
Succinate 0.06 0.06 0.09
Fumarate tr tr tr
‘1 PVPP: polyvinylpolypyrrolidone

2) . . .
A.A. ¢ ascorbic acid
3 .

tr : trace

Table 3. Free sugar contents of the concentrated apple jui-
ces treated with antibrowning agents during storage

(Unit : %)

Free Storage Control Added Added

sugars period (days) ontro PVPP" AAY
Fructose 12.74 13.05 13.33
Glucose 1 8.62 8.86 9.35
Sucrose 4.76 5.00 5.08
Maltose 0.21 0.16 0.19
Fructose 14.31 16.48 15.33
Glucose 30 10.37 12.49 10.84
Sucrose 1.15 1.61 1.10
Maltose 0.58 0.34 0.14
Fructose 15.20 15.43 14.44
Glucose 60 10.87 11.46 11.24
Sucrose 0.23 0.563 0.37
Maltose 0.35 0.43 0.25
Fructose 14.64 13.95 16.38
Glucose %0 10.53 10.33 10.84
Sucrose 0.24 0.46 0.35
Maltose 0.42 0.20 0.49

‘“PVPP . polyvinylpolypyrrolidone
“A.A.  ascorbic acid
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Table 4. Total amino acid contents of the concentrated apple juices treated with antibrowning agents during storage

(Unit: mg/100 g)

Treatment

Control Added PVPPY Added AA”

Amino .
aoids 1 30 60 90 1 30 60 90 1 20 60 90
?ﬁam,c ?Cl.‘jj 6268 5530 3884 2707 6124 5164 3909 2594 5736 4833 3311 2838
putame ac 72 176 177 205 407 216 176 188 376 231 160 215
Serine 74 117 223 118 169 171 196 106 9.7 108 128 141
Glycine 52 84 65 60 53 54 63 50 41 44 59 538
Threonine 108 111 161 129 210 180 165 123 150 153 157 148
Alanine 168 172 169 208 238 198 167 203 175 179 178 223
Arginine 40 89 100 119 225 148 107 276 150 135 95 267
Tyrosine 46 132 238 184 44 133 230 137 30 151 235 199
Cystine 26 4l 94 33 1.7 44 7.1 55 12 25 60 38
Valine 82 96 122 93 8.0 79 99 90 67 62 81 95
Methionine 77 87 124 18 67 136 146 86 54 41 105 81
Phenvlalanine 58 66 70 67 6.4 74 94 65 55 63 67 71
Isoleucine 127 163 146 447 105 161 173 125 96 122 149 138
Leucine 89 43 69 54 84 91 7.1 37 76 74 13 45
Lysine 194 203 200 204 193 191 184 181 162 190 213 179
e 68 72 66 119 44 45 28 88 52 69 44 95
Proline
Total 7949 7182 6508 5730 8124 7085 6479 5304 7329 6480 5715 5131

pypp: polyvinylpolypyrrolidone YA.A.: ascorbic acid
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S
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Fig. 2. HMF (hydroxymethylfurfural) contents of the concen-
trated apple juices treated with antibrowning agents during
storage.

PVPP : polyvinylpolypyrrolidone, A.A.: ascorbic acid
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Fig. 3. Ascorbic acid contents of the concentrated apple jui-
ces treated with antibrowning agents during storage.
PVPP : polyvinylpolypyrrolidone, A A, ascorbic acid
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IFig. 4. Effect of antibrowning agents on PPO activity of the
concentrated apple juices.
PVPP : polyvinylpolypyrrolidone, A.A.: ascorbic acid
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Table 5. Polyphenol compounds of the concentrated apple
juices treated with antibrowning agents during storage
(Unit: mg/100 g)

Storage period (days)

T'reatment Compounds 1 20 60 "
Catechol 030 ND” 08 518
Catechin 057 098 255 335
Control  Chlorogenic acid 1197 1448 1175 1230
Caffeic acid N.D. 0.11 1.69 0.42
Epicatechin 015 098 N.D. N.D.
Catechol 019 009 230 470
Added Catechin 0.48 6.53 3.90 3.98
pvppY Chlorogenic acid 7.84 9.36 8.00 8.43
Caffeic acid N.D. 0.14 1.97 0.22
Epicatechin 0.09 0.42 N.D. N.D.

Catechol 0.20  N.D. 1.10 1.98

Added Catechin 0.54 1.53 3.07 4.65
AAY Chlorogenic acid 11.82 1270 1082 1150
o Caffeic acid N.D. 0.15 1.93 0.38
Epicatechin 0.15 021 ND. N.D.

}’PVPPI polyvinylpolvpyrrolidone
:JA.A.I ascorbic acid
“N.D. : not detected
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Fig. 5. HPLC chromatograms of polyphenol compounds iso-
lated from the concentrated apple juices on storage 1 days.
A ¢ control (no additive)

B added PVPP (polyvinylpolypyrrolidone)

C: added A.A. (ascorbic acid)

1 catechol, 2! catechin, 3! chlorogenic acid, 4: caffeic acid, 5
epicatechin

o] 2] & chlorogenic acid®] 7% A #7173t 7] =4, A A
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Fig. 6. HPLC chromatograms of polyphenol compounds iso-
lated from the concentrated apple juices on storage 90 days.
A control (no additive)

B added PVPP (polyvinylpolypyrrolidone)

C: added A.A. (ascorbic acid)

1: catechol, 2! catechin, 3: chlorogenic acid, 4: caffeic acid
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