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Abstract: The effects of dimethyl dicarbonate (DMDC), mild heat and their combination on the microorganisms and physicochemical

indices of litchi juice were compared. The results showed that the sterilization effect of DMDC alone or mild heat alone was poor, whilst the
number of residual microorganisms in the litchi juice treated by the combination was the lowest, with the total number of colonies and lactic acid
bacteria being 0.41 and 0.36 Ilg CFU/mL, respectively, and no yeast and mold being detected. Compared to fresh litchi juice, DMDC treatment
had no effect on the quality of Litchi juice, and the changes in ascorbic acid content and color of the mild heat alone group and the combined
treatment group were insignificant, causing the increases in the total phenolics (total flavonoids) by 40.16% (7.16%) and 38.01% (4.35%),
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respectively, and increases in the ferric ion reducing antioxidant power (DPPH free radical scavenging ability) by 15.55% (11.85%) and 7.61%
(3.71%), respectively. These results indicated that mild heat could promote the release of phenolics and improve the antioxidant activity.
Correlation analysis showed that the AE of litchi juice was negatively correlated with V¢ content, and the antioxidant activity was positively
correlated with the contents of total phenolics and total flavonoids. Cluster heat map analysis and sensory evaluation revealed that the combined
treatment could promote the release of flavor substances without causing a pronounced cooking flavor. The total number of colonies in the
combined treatment group stored at 4 °‘C for 21 days was less than 100 CFU/mL. In conclusion, the combination of mild heat and DMDC

treatment led to a good sterilization effect on the microorganisms in the litchi juice without causing adverse effects, and the shelf life of the juice

was up to 21 d. This study provides a scientific basis for the industrialization of high-quality litchi juice.
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Table 1 Aroma descriptors, reference standard for flavor profile test
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Fig.1 Effects of different temperature and time treatments of litchi juice (a) browning rate, (b) stratification rate
& 2 AN[EIREE DMDC LIRSS Z5 4% i H A HIR9%2Mm (1 CFU/mL)
Table 2 The effect of different concentrations of DMDC on the microorganisms of litchi juice (Ig CFU/mL)

DMDC & E/(mg/kg) B %S4 AR 4K FR# FLBR A 4L
ot BRI 4.4840.11° 2.564.10° 1.9040.09° 3.654).15%

50 2.8040.07° 1.6040.11° 1.0340.11° 1.69-40.06°

100 2.6940.13° 1.4440.07° 1.0040.11° 1.3040.02°

150 2.600.07° 1.3040.03° 1.1040.06° 1.2240.03°

200 2.4620.06™ 1.1840.03° N.D. 1.0440.26°

250 2.1740.06° N.D. N.D. 1.0040.08¢

iE: FEAEN=3, B3 RRFFHEATAREMZR (P<0.05), N.DAKME, FTER.
%= 3 AELRE AT B IR 2R R TR 40R0520 (1g GFU/mL)

Table 3 Effects of different temperature and time treatments on the microorganisms of litchi juice (Ig CFU/mL)

43R LA H %S4 B 4 TR FLBRE 4K
W HBURT 4.4840.11° 2.5640.10° 1.906.09° 3.6540.15°
55 C+155s 3.7140.08" 2.7440.06" 2.1840.05% 3.4140.13°
55 ‘C+30's 3.600.05° 2.810.06% 1.4040.07° 3.2340.11°
60 ‘C+155s 2.8440.10° 2.4940.04° 2.2440.05% 2.4440.07°
60 ‘C+30's 2.300.08" 1.9040.05 1.4040.09° 2.16:40.06°
65 C+15s 2.1840.05 1.9440,07° 1.3820.12° 1.6040.10°
65 C+30s 1.9140.06° 1.7540.10° 1.2040.04 1.7040.06
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R 4 BREENZRFHHEIRSE (1 CFU/mL)
Table 4 The effect of combined treatment on the microorganisms of lychee juice (Ig CFU/mL)

S HEEH B H 4L EEHH# e 3L

et HART 4.4840.11° 2.5640.10° 1.9040.09° 3.65:40.15%
55 “C+15 S'DMDC 3.1040.13° 1.8540.12° 1.7840.05° 2.2340.13
55 °C+30 ss'DMDC 2.8840.08° 1.7440.13° 1.8040.05° 2.1140.08°
60 “C+15 s/DMDC 155,05 1.4040.05° 1.0840.08° 0.85:40.03°
60 “C+30 s/DMDC 0.4140.09° N.D. N.D. 0.36:40.08"

Z: A& DMDC R ZRE A 250 mg/mL.
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Fig.2 Effects of different treatments on the contents of litchi
juice (a) total phenols, (b) total flavonoids, (c) ascorbic acid
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Phenols) &4 371 mg/L, DMDC AbFERt 7 R
S A ETC R, 1 R AL BRI A AL SR 2H oy
WIEEIN T 40.16%. 38.01%. AWFFEN, #HBIt&E
PAESE, Sl smIgn, TR AT R i ek
TR A B e RIS A B 2R, (Rt B 22 A
RIS R, PR T K
AR KA, SRttt A, Ham
EEHIBIN T 5.32%-.62.02%, ARG R 52 F 5.

M 2b ATEN, RAHEA S TEE (Total
Flavonoids) &4 391 mg/L, DMDC AbFEX} & 2 i
SEILEELW, TR FIEA AR IS 0 T
7.16%. 4.35%, NGRS BB AT
KL, RAFHRITEN 121 Crani K 5 L EsE

PN A AR FT S 7 A A k. BHIE 3
ATH, SR, DMDC ALFZH ) DPPH H H
FLIERRAE IR FRAP TCR 45k, Yu 2505 5 0,
AL FEAIEL, DMDC KBR300 . Uk dT
TRE T BRI RE 7T, TR AR ORAE SR I 5

X5 AR T SE RN iR A EE A R A Ab HE4H
FRAP 5oRACERAHAHEL B2 MR 5 1 15.55%.11.85%,
JEF% DPPH H HiZERe /1 B i m 1 7.61%. 3.71%,
X5 ERAE. SRS ERBEL, TSN
A HACHE T RER IR H M RE, T TR AN PR 5>
BN A R Z B SEhU M ; RN I e S 805
I3 2K/ N T IRRIR, X L= B A R
EE 1. AT R, B AR S BB R T

HEEMEE, 50 h 7R A OB AT PrEATEE
FALL, 2 BIBan T 17.36%. 16.86%M. th4h, 7£ 90 C 2.0, T FRAP(mmolL) B DPPH(mgL) - 700
PALBRJE SR - KT ORI 5 B A B T Y I S WP
61.549%2, K1, HAAOBE T RS IR I AR R g 14t 1% 3
EAHEA E :3 4400 E,
P 2c AT%n, ARAEFEHH PR (Vo) < ol 1300 E
kA 38.40 pg/mL, =ARALHET ST BRI TR % " oe 0
PRI . BFFER, PUAMR L FAS DMDC KA 0zl 1100
R, AR(ERGRRRAE G T ST, RE Vs IRy e e

1P, At (R SRR 108 ChbEE
30s, HYEAZ C HKiAR] 93% A 4. AT
WA DA A AL, R ERUR . BTR)AE, Xt i
JRIT B M ER I S MR N o
23 A AT

AHFUIEH] T DPPH [ HIZEFFREE /I HI FRAP K

2
[ 3 TRIAIENZ#% R 15k DPPH B FEHE 1150 FRAP EXI4 R
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Fig.3 Effects of different treatments on DPPH free radical
scavenging ability and FRAP iron reducing ability of litchi juice

24 BEWEA

R 5 TRILIEX FRi R BIFRIFN
Table 5 The influence of different treatments on the color difference of lychee juice

5 L* a* b* AE c BI
FEEHART  36.3240.05° -0.1440.06" -1.2140.02° - 1.2149.08 -3.4140.04°
DMDC 36.1840.16°  -0.3020.09°  -1.1240.03° 0.290.06° 1.1640.09° -3.5140.10°
BB 438 35.8240.06°  -0.2340.04%  -0.6640.10°  0.69+40.04% 0.706.05° -2.2040.13°
Res 35.9740.08°  -0.1840.03®  -0.8740.10° 0.509.10° 0.890.10° -2.64:40.06°

F 6 KA IEN TR R I A A RS2 NE (1 CFU/mL)
Table 6 Effects of combined treatment on microorganisms of litchi raw juice during storage (Ig CFU/mL)

e i) d BEEH B H A FHHK FUBRH ¢
et HART 4.4840.11° 2.5640.10° 1.9040.09° 3.65:40.15%
0 0.4140.09° N.D. N.D. 0.3620.08"

14 1.5640.09° N.D. N.D. 1.1240.12°

21 1.9540.08° N.D. N.D. 1.9040.06°

M 5 HATLLE H, DMDC AbFE 75 1 i €3
(AE. ¢ BD SARAHFHRvEL, TREMEE

s PR ERAAB S A AE. (AFEE. A
FHCE BB, EXTRIT RS A K, 2
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TR R, 24 AE=2 I, RyH A L]
BAIL, AE<2 i, BZEACAIRATT W, AT
SRR S OESRT 2, =Mk
XA R BRI AR AR T e
THREF AT RE R Z T R LIy E i ER], (H
RFFARFEM R 5 75 5 PR AT LA AR

25 Fra AR AR R E R A

M 6 FTLLEH, HRECE A REA B e 4
KR BIBCER, IR R AT Re5 75 B ik B i 24 i
% DMDC AR, 754 CHHk 14d J5, B4t
TR 75 B BRI AN 3 5 B AN BB, (H B 7R e B8O
FURRH 2L ETHES, S5 RYPVERI, XL
HLUERAT oY, X SRATZ ARl — 8B, )5
ZEWF R S AT AR ORI R G, AR B S 4
KRR

26 A IR 3 HUR IR AL AT B K AR

(Pearson) #H & 4247

Pearson

FRAP--0944 0109
DPPH - -0s81 0015

Ve- }
Total flavonoids - -0914 0182 5
Total phenols - -0.94s 0066 10
BI --0947 0097 X g 0.5
0.0
-0.5

b* - 0992 0.126

a*- 021 -0.126-0346 0,059 0.097 0066 0.182 0253 0015 0.109

L* -. 021 70,992'0.939.»0,947 0.948'0.914.'0.881 0944

| | I I | 1 I I U
VP O R
)
# N Q‘l’?g

& 4 TEIEERZR R TERLABHRIE] Pear son HHXME 534
Fig.4 Pearson correlation analysis between physical and
chemical indexes of litchi original juice with different
treatments

ANV AL BRI 7 K R & FR AR ) Pearson AHIGHE I
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Table 7 The effects of different treatments on the volatile components of litchi juice (ug/kg)

o o Ve s s
RS MREGHH%K (R S5k Wodh R DMDC  TmAm  meam
1 623 RI. MS BBR = T By 141.27 97.59
2 726 RI. MS SRR B 15.71 30.09 43.86
3 772 RI. MS IR B 5729  59.35 132.62 129.44
4 855 RI. MS  (E)-2-S#& 1398  10.67 6.02
5 888 RI. MS  —¥smi¥rk 3785 3667 88.94 87.93
6 917 RI. MS ARG 17.12 11.64
7 924 RI. MS ALES g 4.70 10.47
8 930 RI. MS  (+)-alpha-J&t 2.98 2.49
9 962 RI. MS R 450
10 980 RI. MS 1-F 4is-3-B 69.81  73.90 159.04 166.65
1 986 RI. MS 73k M R 434 3.22 8.83 9.31
12 990 RI. MS - AARN 7128  70.40 159.53 180.80
13 101 4 RI. MS -5 So b 2.84 3.79 4.423 7.39
14 1022 RI. MS  Ap-FEAR 6.51 13.17
15 1022 RI. MS  AFRATFR 437
16 1026 RI. MS D474 M 4286  45.00 117.662 104.54
17 1037 RI. MS  RX-p-F#H#H 1044 1161 20.41 24.18
18 1047 RI. MS o-F s 10.98 23.11
19 1047 RI. MS  IAX % $ 18.66
20 1047 RI. MS B-5 ¥ 27.37
21 1057 RI. MS Y-k 3.52 5.00 15.43 13.28
22 1081 RI. MS WXz 1664  21.39 40.84 46.04
23 108 6 RI. MS 7 B i M 37.43
24 1098 RI. MS FAEE 17.6 21.30 41.06 46.88
25 1104 RI. MS  2-% /& k3R B 1.62
26 1109 RI. MS  ()-Rfbxons  1.98 2.70 8.89 10.13
27 1114 RI. MS X8 1.55 3.29 5.03 10.76
28 1126 RI. MS B X FIAE 453
29 1128 RI. MS 75 b 7.97 6.93 16.35 15.13
30 1132 RI. MS  2-AAIRTH 3.28
31 1153 RI. MS ki) 1.47 2.17 3.86 6.54
32 1176 RI. MS 4-#E M85 10.72 1053 17.37 15.75
33 1190 RI. MS Ak R 2352 2710 51.30 59.22
34 1201 RI. MS B EAR T BE 4.95 6.00 20.39 18.19
35 1224 RI. MS Aot A Tk 3.36 3.97 9.34 8.85
36 1228 RI. MS (R)-#3 8 61.77 70.79
37 1238 RI. MS FATEE 13.98 6.88
38 1240 RI. MS iR 2.43
39 1257 RI. MS AetEE 123.74  228.75 311.17 579.29
40 1270 RI. MS oATARBE 1026  15.72 38.91 43.01
M 1345 RI. MS  o-3E&mdh 121 1.74 3.78
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45 1376 RI. MS T b 278 228 8.53 5.01
46 1387 RI. MS AR 2 M 0.54

47 1420 RI. MS T At 172 232 6.08 5.48
48 1429 RI. MS BT Bl 0.47 1.94

49 1434 RI. MS K4 )LD 129  1.86 4.25
50 1439 RI. MS P 0.61 0.46
51 1447 RI. MS  JRXAR £i%-35-—H 0.58

52 1451 RI. MS ()-a-& D& 1.40 2.24 2.20
53 1455 RI. MS it 083 110 2.45 2.44
54 1476 RI. MS PSR 2 3 235 215 7.35 8.56
55 1480 RI. MS o FAREARY 1.49

56 1499 RI. MS AR L ikt 372 504 11.52 9.48
57 1513 RI. MS TAALELTR 17.36 24,01
58 1515 RI. MS y-AEAN N 066  0.96

59 1524 RI. MS A-AEAM 264 220 5.00 8.12
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Fig.6 Changes of aroma content in litchi juice with different treatments
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