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Chemical Studies on the Quality of Citrus Juice

II. Effects of Ascorbic Acid, Sugars and Amino

Acids on the Browning of Citrus Juices

Zhong-Fu LI, Masayoshi SAWAMURA, Xiaolin YU and Hirozo KUSUNOSE
Laboratory of Chemistry and Technology of Agricultural Products, Faculty of Agriculture

Abstract: The browning of 6 kinds of citrus juices (yuzu, lemon, Satsuma mandarin or un-
shiu, hassaku, ponkan and pummelo) during storage was investigated by addition of several
components involving furfural (FUR) and 5 -hydroxymethyl-furfural (HMF). The results de-
scribed below were similar to each kind of citrus juices.

The browning level increased greatly with the addition of dehydroascorbic acid (DHA) to
the juices as compared with that of ascorbic acid (AA), while there was a great increase of
FUR by the addition of AA, but little increase by DHA. The browning level of the juice in-
duced by the addition of FUR was only one tenth that by the addition of AA. Similar be-
haviors were observed in all kinds of juices adjusted to pH 2. 1. It was, furthermore, dem-
onstrated that there were few effects of FUR and HMF on the browning, as shown from the
result of the experiment on added sugars and amino acid to the juices.
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. EBRHE - B L L TRARRERBRICRE I ATV ARD 6 REO S v+ v REEFEH
Lﬁ.o 2 X : Citrus junos Tanaka, ¥ ¥ ¥ 2 ¥ :C. unshiu Marcov., ~v % 7 : C. hassaku
Hort. ex Tanaka, 7 # v : C. grandis Osbeck forma Tosa-buntan, V€ » : C. limon Burm.
f., cv Lisbon, & v# ¥ : C. reticulata Blanco, cv Morita-ponkane
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Table 1. Effect of ascorbic acid (AA) and dehydroascorbic acid (DHA) on browhing and
formation of furfural (FUR) and 5 -hydroxymethylfurfral (HMF) in various juices

Control + AA (0.1%) + DHA (0.1%)
Juice pH Browning®” FUR**HMF"* Browning FUR  HMF Browning FUR HMF
Yuzu 2.56 0.240 72.8 187 0.370 815 150 0.460 125 163
Lemon 2.14 0.110 87.8 289 0.250 1196 237 0.260 138 286
Unshiu 3.48 0.180 16.3 88.8 0.310 167  75.9 0.490 16.6  88.2
Hassaku 3.00 0.210 23.8 221 0.270 384 168 0.450 22.4 201
Ponkan 3.4 0.180 27.0 117 0.290 182 92.9 0.510 32.3 102
Pummelo 3.06 0.200 37.1 203 0.270 389 186 0.560 38.7 218

* : Browning level was measured at ODu
* * . The concentration of furfural and 5 -hydroxymethylfurfural was given in ¢ g/100 ml.
The juice samples were stored for 4 weeks at 37£0.1°C.
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Table 2. Effect of AA, FUR and HMF on browning‘of various juices

Browning ODux
Juice Control + AA* (M) + FUR” (M) + HMF* (M)
5 X107 5 X107 5 X 107! 5 X107° 5 X107* 5 X10°?

Yuzu 0.160 0.190 0.330 0.170 0.200 0.170 0.280
Lemon 0.050 0.090 0.190 0.080 0.110 0.090 0.160
Unshiu 0.100 0.180 0.220 0.140 0.170 0.140 0.170
Hassaku 0.110 0.170 0.230 0.150 0.170 0.170 0.190
Ponkan 0.100 0.170 0.250 0.140 0.160 0.140 0.190
Pummelo 0.110 0.190 0.200 0.140 0.180 0.150 0.230

% : See Table 1 for the abbreviations.
The juice samples were stored for 2 weeks at 37=0.1°C.
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3. A—pHick 284 DA v+ v RITOEBZE, FUR BLU HMF DAFEBOHE #5411
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Table 3. Effect of AA on browning and formation of FUR and HMF in various
juices adjusted to pH 2.1 :

Control + AA* (0.5%)
Juice Browning FUR" HMF* Browning FUR HMF
Yuzu 0.190 77.6 271 0.450 3905 215
Lemon 0.110 72.8 300 0.440 4438 229
Unshiu 0.080 19.0 771 0.310 2775 996
Hassaku 0.130 34.7 1025 0.340 2494 1108
Ponkan 0.080 32.0 1004 0.290 2991 889
Pummelo 0.100 50.9 . 947 0.270 2788 1240

* : See Table 1 for the abbreviations.
The concentration of FUR and HMF was given in #g/100 ml.
The juice samples were stored for 3 weeks at 37 + 0.1°C.
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Table 4. Effect of amino acids and glucose on browning of yuzu juice

Amino acid Browning (ODszc ) Amino acid Browning
Control 1~ 0.190 Phe 0.220
Control 2" 0.220 Pro 0.220
Gly*** 0.240 Asp 0.210
Ala 0.220 Glu 0.220
Val 0.210 Arg 0.220
Ser 0.220 Gys 0.210
Tyr 0.220 Asn 0.230

% : Neither amino acid nor glucose was added.
* % : Five % of glucose were added only.
* % % : Both each amino acid (0.1%) and glucose (5 %) were added to yuzu juice.
The mixture was stored for 3 weeks at 37 = 0.1 °C.
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Fig. 1 Effect of sucrose and L-aspartic acid on browning, and formation
of FUR and HMF in yuzu juice.
[1 Browning level, [ |HMF, [l FUR. See Table 1 for the abbrevia-

tions.
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Table 5. Changes of absorbance and AA, FUR and HMF con-
tents in the yuzu juice samples before and after heating

Treatment OD AA” FUR* HMF*
Yuzu juice

Control 0.080 57.8 0 0

Heated™” 0.070 52.8 10.5 112.5
Yuzu juice + AA*""

Control 0.075 179.8 0 0

Heating 0.068 168.3 24.6 113.1

* : See Table 1 for the abbreviations.
The concentration of AA, and FUR and HMF were given in
ng/100 ml and xg/100 ml, respectively.
* % : The samples were heated for 30 min at 80 °C.
* % % : The concentration of AA added to the juice was 100mg/100 ml.
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