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Analysis of Mechanism of Non-Enzymatic Browning of Physalis pubescens L. during Fermentation
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Abstract: The mixed culture fermentation of the fruit juice of Physalis pubescens L. with yeast and lactic acid bacteria
was carried out at 25, 30 and 37 C, respectively. Changes in the contents of vitamin C, total phenols, 5-hydroxymethyl
furfural (5-HMF), reducing sugar and amino acid nitrogen, associated with non-enzymatic browning occurring during the
fermentation process, were examined in order to explore the mechanism of non-enzymatic browning through path coefficient
analysis. The results indicated that the change of browning degree (BD) was closely related to 5-HMF, reducing sugar,
and amino acid nitrogen in the fruit juice of Physalis pubescens L. fermented at three temperatures. In addition, 5-HMF
had the strongest direct impact on BD, while interaction between 5-HMF and reducing sugar was the chief determinant of
non-enzymatic browning during fermentation at 25 ‘C. When fermentation was done at 30 “C, amino acid nitrogen had the
strongest direct impact on BD and the major cause of non-enzymatic browning was interaction between 5-HMF and amino
acid nitrogen. During fermentation at 37 “C, the non-enzymatic browning of Physalis pubescens L. was mainly caused by
5-HMF as the principal determinant of BD. Therefore, Maillard reaction is the major cause of the non-enzymatic browning
of Physalis pubescens L. during the fermentation process.
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Tablel Physicochemical properties of Physalis pubescens L. during
fermentation
,fg B NVCRR XSHMFRE XFMAR XERELE xpMmbAeE o
BEC B (mgloomL)  (ugmL) (ugml)  (g100mL)  (mg/100 mL)
0 2667610221 530610082 93705£0063 3924£0000 40004000  0.000+0.000
1 06020221 1059210087 8528910070 3675£0002 42014000 0.17620.001
41638010441 1344950087 8429320070  3372£0.001 42004000 0356:0.001
6 148010221 16735£0.058 834960211 3260£0.005 49051049 0515+0.004
§ 1170120221 2059210029 8L753L0000 30870002 54254025 0.58510.003
10 748820110 2369420202 7976120000 293740002 5800028 0.690£0.002
B 120 592840201 24.898+0.058 78367£0000 2790+0006  60.07£000  0.76420.004
14 343240110 2646940029 7727140282 269540002 61.50£070  0.80740.003
16 LI4x104 BOULONS 7562720070 260740007 62252000  0.870£0.001
18 093620221 291840058 7537820000 254240001 6305000  0.8960.007
20 09360044 30.102£0317 6870510000 2462£0.009 63.50£0.71  0.920+0.001
2 093620022 307750058 61.036£0.126  2426+0003 64.00£0.00  0.958+0.000
0 2667610221 530620082 93705+0063 39240000  40.00£0.00  0.000£0.000
2 198820221 1269410058 83.247£0.070 3.321+0.000 50254035 0.22440.001
4 143210441 1665310231 8205210070 308010006 57751074 047710013
6 1326020221 2079610087 8LISST0000 294120017 61252074 0.630£0.001
§ 889220662 2526510000 7936210000 2823+£0003  6650+049  0.715+0.009
10 6396£0221 2740810433 7737140070  2.6860.005 70004000 0.781+0.004
o 12 45410221 293470058 7637410000  2.593£0.003 72058000 0.875£0.001
14 241820110 3098020000 7498010423 255420008  7350x071 093240001
16 031220044 3261240115 7164310070 2470£0003 75002000  0.997£0.002
18 031240044  35245+0.144  65916£0.000 2.345+0.007 T80510.14  1.099+0.001
20 031220000 3646920.144 589420070 230910000  8100£0.14  115220.001
2 031220000 3844920038 5257010423 228710017 83502021 1255£0.001
0 2667610221 530610082 9370510063 392420000  40.00£0.00  0.000£0.000
2 1684810220 1561210087 8093610363 3.069£0009  60.50£0.57  0.384£0.003
41092020110 2046910144 7806810000 297120005 69.05£0.04  0.579£0.001
6 9204£0221 25326+0029 7727120000 2788£0000 72004028 0.748+0.002
§ 686410441 2985720202 755780070 270610005 7512304 089020013
- 100 280810441 347350015 7388420000 260240002 77155042 103620004
12 06420110 3757120144 7244510077 250920008  83.00£042 118020011
14 046810221 39.63310.115 70.990.423  2.400£0.001 87502071 1.25240.149
16 015610000 4220410173 68.008+0.563 233140006 9200£000 137420004
18 015620000 4518420520 6183320704 229140005 97051014 145720001
20 015620000 4753120029 5575740000 226020002 9901014 154820001
20 015620000 4975520058 4340610563 223010006 102002000 16180005
22 25 CREEFA NERERAER T
®2 HZRTFHARREK
Table2 Correlation coefficients among chemical parameters of
Physalis pubescens L. fermented at 25 'C
HT X X, X, X, X, Y
X 1 —0.989 0.841 0989 —0972 —0.992
X, —0.989 1 —0.892  —0.996 0.983 0.996
X, 0.841  —0.892 1 0901 —0.840 —0.881
X, 0.989 —0.996 0.901 1 —0.972  —0.995
X, —0972 0983 —0.840 —0.972 1 0.974

1E25 CREEFMT, EMBEERTX. X,. X\
X, XM AEFEY 2 (B AR RN R 2, @ AR #r I
#3. 25 CREEZMTN, TS AN K74 BDIIS2 M B
KEPNRFFARIKSE: S-HMFS & (P,=0.8410) &5
H8E (P=—07870) - VCHFE (P,=03370) . AHER
BREEE (P=—0.1660) MZE&E (P,=0.1460) . M\
IR LLEH, XN5HRa NMARMZ EER W,
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Table3 Path analysis of chemical parameters of Physalis pubescens L.
fermented at 25 C

A1 X, X X X, X;

X 0.3370%  —0.8317 0.1228  —0.778 3 0.161 4
X, —0.3333 0.8410%  —0.1302 0.7839  —0.1632
X, 02834  —0.7502 0.146 0¥ —0.709 1 0.139 4
X, 03333 —0.8376 0.1315 —0.787 0* 0.161 4
X —0.327 6 08267 —0.1226 0.7650 —0.166 0*
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Table4 Correlation coefficients among chemical parameters of Table 7  Path analysis of chemical parameters of Physalis pubescens L.
Physalis pubescens L. fermented at 30 'C fermented at 37 C
SR X X X X, X; Y SR X X X X, X
X, 1 —0.987 0.847 0.987 —0.986 —0.980 X, —0.004 0* —0.8479 0.026 0 0.040 1 —0.1807
X, —0.987 1 —0.905 —0.986 0.997 0.996 X, 0.003 8 0.8870*  —0.0299 —0.0394 0.188 5
X5 0.847 —0.905 1 0.876 —0.905 —0.913 X5 —0.003 1 —0.802 7 0.033 0* 0.034 8 —0.176 5
X, 0.987 —0.986 0.876 1 —0.991 —0.984 X, —0.003 9 —0.8515 0.028 0 0.041 0* —0.1857
X; —0.986 0.997 —0.905 —0.991 1 0.997 X 0.003 8 0.8755 —0.0305 —0.0399 0.191 0*
Es gk st RECHEA R T OPEEZ2 4R (D
Table 5 Table of path analysis at 30 'C
(2) ) :
AT X X X X, X;
X, 01170 —04550 —00194 00148 —06370 d,=0.000016 &,=0.7867 d=0.0011 d,=0.0017 d=0.0365
X,  —0.1155  04610* 0.0208 —0.0148 0.644 1 d,,=0.0068 d;=—0.0002 d,,=—0.0003 d,s=0.0014
X5 0.099 1 —0.4172 —0.023 0% 0.013 1 —0.584 6 d23=—0.053 0 d24=—0.069 ] d25=0.3 144
X, 0.1155 —0.454 6 —0.020 2 0.015 0* —0.640 2
X, —0.1154 0.459 6 00208 —0.0149  0.6460* d3=0.0107  d;=—0.0116

W REOT RS R (FkF2.27 (1)
(2 ) .

d=00137 d,=02126 d=0.0005 d,=0.0002 d;=04173

d,=—0.1065 d,;=—0.0046 d,=00034 d,=—0.1490

d,=00192 d,=—0.0136 d,=0.593 8
dy=—0.0006 d;;=0.026 9

dy=—0.019 2

Yd=0.994 1 Pe=+/1—0.9941=0.076 6
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WEKRZE, d,,=0.593 8; AERESATE (X)) LM
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S AR IS R, dy=0.212 6; AR DI
Heo Yd=0.994 1, Pe=0.0766, Uil % & T LR
FOR B R AR R AL 1) EEL R .
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Table 6 Correlation coefficients among chemical parameters of
Physalis pubescens L. fermented at 37 'C
M7 X X, X X, X Y
X 1 —0.956 0.786 0978 —0.946 —0.935
X, —0.956 1 —0.905 —0.960 0.987 0.995
X, 0.786  —0.905 1 0.848 —0.924 —0918
X, 0.978  —0.960 0.848 1 —0.972  —0.937
X;  —0.946 0987 —0.924 —0.972 1 0.982
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