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Abstract 
The aim of this work was to evaluate the change in the quality of litchi juice treated by DMDC combined with 
Nisin during storage of 4 °C. Results found that addition of 250 mg/L of DMDC combined with 100 IU/mL of 
Nisin can ensure the microbiological safe of litchi juice during storage at 4 °C. Compare with heat treatment 
(95°C, 1 min), the treatment of DMDC combined with Nisin can retain a more value of sensory attributes, but a 
more loss in the content of total phenolics, ascorbic acid, and antioxidant capacity was observed during storage 
at 4 °C because of the ineffectiveness of DMDC and Nisin to the oxidase of litchi juice. Moreover, no significant 
change (P > 0.05) was observed in the value of L∗, a∗, b∗, and △E in the heat-treated litchi juice, and yet the 
litchi juice treated by DMDC and Nisin gradually turned into light red at the end of storage because of the 
oxidation of phenolics by residual POD in the litchi juice, which resulted in a significant changes (P < 0.05) in 
the value of L∗, a∗, b∗, and △E in the litchi juice. This study would provide technical support for commercial 
application of DMDC combined with Nisin in litchi juice processing. 
Keywords: litchi juice, Dimethyl Dicarbonate (DMDC), nisin, quality, storage 

1. Introduction 
Litchi (Litchi chinensis Sonn.) is a non-climacteric subtropical fruit with high commercial value for sweet and 
juicy flesh and attractive bright red pericarp. Apart from being consumed freshly, litchi fruit is also processed 
into juice, canned litchi and dried fruits. Litchi juice is enriched with sugar, minerals, vitamin, and various 
antioxidants and widely appreciated flavor, and thus it is able to compete in the market of fruit juices (Wu et al., 
2007; Zeng et al., 2008; Saxena et al., 2011). But litchi juice is a low-acid food with an approximate pH of 
4.5-5.0, so it has a higher risk of microbial contamination than more acidic foods, such as apple juice and orange 
juice. Some yeast and lactic acid bacteria grow quickly in litchi juice, which can cause spoilage and produce 
undesirable organoleptic changes in products (Li et al., 2012). Therefore, litchi juices should undergo some type 
of preservation to ensure product quality and safety.  

Thermal processing is the most straightforward means to inactivate the microorganism and enzymes in fruit 
juices and which are generally at 70-121 °C for 30-120 s (Li et al., 2012). But many juice producers, especially 
small seasonal operators, are unable to use thermal processing for economic reasons or opposed to thermal 
processing because of perceived undesirable effects on product quality and acceptability. Therefore, 
low-temperature alternatives are being sought: particular attention has been given to the use of antimicrobials 
(Cao et al., 2012; Yu et al., 2013). 

DMDC (dimethyl dicarbonate), a dicarbonic acid ester, is a powerful antimicrobial agent due to its potential high 
reaction capacity with nucleophilic groups of enzymes from microorganisms, such as imidazoles, amines, or 
thiols, and which results in the rapid inactivation of microorganisms (Golden et al., 2005). In 1988, dimethyl 
dicarbonate (DMDC) (Velcorin) was first approved for use as an inhibitor of yeasts in wine and ready to drink 
tea beverages; and subsequently in 1996, approved as a yeast inhibitor in spirit drinks and in carbonated or 
non-carbonated, non-flavored beverages containing added electrolytes, juice sparklers, dilute beverages 
containing juice, fruit flavor, or both, with juice content not to exceed 50%, at a concentration of 250 mg/L (FDA, 
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1996; Golden et al., 2005). In addition, as of 2000, there is an effective notification for the use of DMDC as a 
microbial control agent in noncarbonated juice beverages containing up to and including 100% juice (FDA, 
2000). Nisin is a heat-stable antimicrobial peptide produced by certain strains of Lactococcus lactis subsp. lactis 
(De Vuyst, 1994), and it is the only bacteriocin recognized as safe for the food industry by the World Health 
Organization (De Arauz et al., 2009; Li et al., 2012). Nisin exhibits antimicrobial activity toward a wide range of 
Gram-positive bacteria in juices (Li et al., 2012; Zhao et al., 2013).  

The efficiency of DMDC against microorganism depends on the strain, initial cell concentration, temperature, 
pH, and kinds of juice beverages (Fisher et al., 1998; Williams et al., 2005). Some bacteria in juice are very 
resistant to DMDC, especially Leuconostoc mesenteroides. So individual addition of 250 mg/L DMDC to juice 
cannot completely kill and control some bacteria of juice, especially the low-acid juice (Yu et al., 2013a). Nisin 
had been evaluated for its efficacy in enhancing the inactivation of DMDC to bacteria of litchi juice in our 
previous study, and results showed that the treatment of DMDC combined with nisin offers a useful alternative to 
conventional heat treatment for controlling microbial growth and significantly extending the shelf-life of litchi 
juice (Yu et al., 2013a).  

The aim of this work was to compare the effects of DMDC combined with nisin, and thermal pasteurization 
(95 °C /1 min) on the quality attributes of litchi juice during storage of 4 °C. This study would provide technical 
support for commercial application of DMDC combined with Nisin in litchi juice processing. 

2. Materials and methods 

2.1 Litchi Juice Preparation 

Litchi fruit (cv. Fei zi xiao) at 95% maturation was harvested from a commercial orchard in Guangzhou, China. 
The peeled and destined litchi fruits were processed with a pulper (Midea Co., Guangdong), and passed through 
filter cloth (100 mesh). And then the pulps were centrifuged at 3000 × g for 5 min, and the supernatant was 
collected as fresh litchi juice.  

2.2 Preparation of Nisin Solution 

Nisin stock solution (20 000 IU/ml) was prepared by dissolving commercial nisin powder (106 IU/g, Zhejiang 
Silver-Elephant Bio-engineering Co., Zhejiang, China) in a 0.05 M of citric acid solution. Nisin stock solution 
was sterilized by immersed in boiling water (100 °C) for 5 min, and stored in the refrigerator of 4 °C after 
cooling (no more than 6 days). 

2.3 Thermal Pasteurization of Litchi Juice  

Fresh litchi juice was thermally processed (95 °C, 1 min) in a tubular heat exchanger (Shanghai pilotech 
Equipment Co., Ltd., China). After heating, the juice was manually filled under hygienic conditions into aseptic 
PET bottles, and immediately cooled down to 15 ± 2 °C by a cooled water bath. 

2.4 DMDC and Nisin Treatment of Litchi Juice 

After fresh litchi juice was cooled to 4 ± 1 °C, 100 IU/mL of Nisin and 250 mg/L of DMDC was added to the 
fresh litchi juice, immediately mixed vigorously, and then the litchi juice above was divided into aseptic PET 
bottles under hygienic conditions.  

2.5 Storage and Sampling 

The PET bottles were stored in the refrigerator of 4 ± 2 °C, and taken out at a regular interval for further 
analysis.  

2.6 Microbial Analysis 

Each sample was serially diluted with sterile 0.85% NaCl solution, and then the dilution was used for microbial 
enumeration by pour plate methods. The viable cells of total aerobic bacteria were enumerated on the Plate 
Count Agar (PCA, Guangzhou HuanKai Microbiological Technology Co. Ltd., China), and the incubation was 
performed at 37 °C for 2 days. The Rose Bengal Chloramphenicol Agar (Guangzhou HuanKai Microbiological 
Technology Co. Ltd., Guangdong, China) was used for detecting the viable cells of yeast and molds, and the 
incubation was performed at 30 °C for 3 days. The total viable cells of lactic acid bacteria were detected using 
MRS agar (Guangzhou HuanKai Microbiological Technology Co. Ltd.). The MRS agar plates were incubated at 
30 °C for 2 to 3 days. Each test was performed in duplicate and results were expressed as colony-forming units 
(CFU) per milliliter. Rose bengal agar (Guangzhou HuanKai Microbiological Technology Co. Ltd., China) was 
used for counting the molds and yeasts after incubating at 28 °C for 72-120 h.  
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2.7 Determination of pH, Titratable Acidity and Total Soluble Solids (TSS) 

TSS were determined with a refractometer (Model RP-101, Atago Co. Ltd, Tokyo, Japan) at 20 °C and 
expressed in degree Brix (°Brix). The pH was determined using a pH meter (Metrohm744, Netherland) with a 
glasselectrode. Titratable acidity values were obtained by titrating 10 mL of juice with 0.1 mol/L NaOH to pH 
8.1, expressing the results as g of citric acid per 100 mL. 

2.8 Determination of Polyphenol Oxidase (PPO), and Peroxidase (POD) Activity 

The activity of PPO was assayed by a spectrophotometric method (Yingsanga et al., 2008) with some 
modifications. Catechol was chosen as the substrate. The reaction mixture contained 20 μl sample juice and 2.5 
ml substrate solution (10 mM catechol in 50 mM phosphate buffer, pH 7.0). The absorbance of the mixture was 
measured at 420 nm for 3 min at 1 min intervals at 30 °C immediately after incubation in a spectrophotometer 
(UV-2450, Shimadzu Co., Japan) with a peltier thermostatic cell holder.  

The activity of POD was also assayed by a spectrophotometric method (Yingsanga et al., 2008). The reaction 
mixture contained 50 μl of sample juice and 2.95 ml of substrate solution (0.1 mL 4.0% guaiacol solution, 
dissolved with 50% ethanol; 0.1 mL 0.46% H2O2; 2.75 mL 0.1M phosphate buffer, pH 5.5). The absorbance of 
the mixture was measured at 470 nm for 5 min at 1 min intervals at 30 °C immediately after incubation in a 
spectrophotometer (UV-2450, Shimadzu Co., Japan) with a peltier thermostatic cell holder.  

One unit of PPO or POD activity was defined as a change in absorbance of 0.001 OD/min of each microlitre of 
litchi juice. The relative activities of PPO or POD were obtained with the following formula: 

Specific activity of PPO or POD in the treated litchi juice
Residual activity 100%

Specific activity of PPO or POD in fresh litchi juice
   

2.9 Determination of Ascorbic Acid, Total Polyphenols, and Antioxidant Capacity 

Ascorbic acid was determined by HPLC method using an Agilent system. The litchi juice (1 mL) was mixed 
with 1 mL of metaphosphoric acid (6%, v/v) aqueous solution, centrifuged at 10000g (5 min), and then the 
supernatant was used for further HPLC analysis (Hernandez, Lobo, & Gonzalez, 2006). Ascorbic acid was 
separated on an Agilent ZORBAX SB-Aq (4.6 × 250 mm) column using 0.02 mol/L (NH4)2HPO4 aqueous 
solution (pH 2.7) as the mobile phase at a flow rate 1 mL/min and 30 °C. Its content was detected using DAD 
detector at 254 nm and reported using external standards (L-ascorbic acid). 

Total polyphenols were determined using the Folin-Ciocalteu method with some modifications (Singleton et al., 
1965). In a 30 mL of test tube, 1mL of litchi juice diluents (litchi juices diluted 20-50 folds with distilled water), 
and 2 mL of Folin-Ciocalteu reagent was added and mixed. After exactly 1 min, 2 ml of sodium carbonate (10 
g/100ml) was added and mixed, and allowed to stand at room temperature for 1 h. The absorbance was read at 
760 nm by a spectrophotometer (UV-1800, Shimadzu, Japan), and the total polyphenol concentration was 
calculated from a calibration curve (R2=0.999), using pyrogallic acid as standard (0-50 mg/L). 

The antioxidant capacity of litchi juice sample was evaluated by oxygen radical absorbance capacity (ORAC). 
ORAC assay was performed according to Ou et al. (2001) using the Infinite M200 microplate reader (Tecan 
Group Ltd., Switzerland). The 80μL of freshly prepared sodium fluorescein solution (1.25 μM/L in 75 mM/L of 
phosphate buffer, pH 7.4) and 20 μL litchi juice diluted with water was added into microplate wells for 5 min. 
Then, 100 μL of freshly prepared 2, 2’-Azobis (2-methylpropionamidine) dihydrochloride (140 mM/L in 75 
mM/L phosphate buffer, pH 7.4) was also added in wells. Fluorescence was collected at 485 nm on excitation at 
520 nm on emission, taking measurements every 150 s for 1.5 h at 37 °C. The standard curve was linear between 
100 and 500 μM/L Trolox. The result was expressed as mM Trolox equivalent (TE)/L. 

2.10 Determination of Browning Degree and Color Analysis 

The browning degree (BD) of litchi juice was analyzed using a spectrophotometric method (Roig et al., 1999). 
Juice was centrifuged with a refrigerated Centrifuge (GL-166-A, Shanghai Anting Scientific Equipment Factory, 
Shanghai, China) at 10000 rpm/min at 4 °C for 5 min, then passed through a 0.45μm cellulose nitrate membrane 
(Beijing Bomex Co., Beijing, China). The BD was determined by measuring the absorbance value at 420 nm 
using a spectrophotometer (UV-726 Shimadzu, Shanghai, China) at room temperature. 

Color assessment was conducted using a color measurement spectrophotometer (HunterLab ColorQuest XE, 
Hunter Associates Laboratory, Inc., Virginia, USA) in the reflectance (transmission) mode. Color was expressed 
as L* (lightness; 0=black, 100=white), a*(-a*=greenness, +a*=redness) and b* (-b*=blueness, +b*=yellowness). 
Three measurements were performed, and the results were averaged. These values were then used to calculate 
the total color difference (ΔE) (Yu et al., 2013b). The calculated equations were as follows, where L*0, a*0 and 
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b*0 are the control values for fresh litchi juice samples: 

2 2 2
0 0 0( *- *) ( *- *) ( *- *)E L L a a b b   

 

2.11 Sensory Analysis 

Sensory analysis of litchi juice was performed by a semi-trained panel composed by 15 panelists (12 and 39 year 
of age, equal distribution between male and female), using a 9-point hedonic scale for scoring odor, sweetness, 
acidity, color and overall acceptability (9 like very much, 1 dislike very much, and 5 as rejection point) (YeH et 
al., 1998; Walkling-Ribeiro et al., 2009; Lim 2011) 

2.12 Statistical Analysis 

For all kinds of samples, two different batches were considered and analyzed separately. All experiments were 
conducted in triplicate. Analysis of one-way ANOVA was accomplished with the software SPSS Statistics 19.0 
(IBM Co., USA). Duncan’s multiple range tests were used to determine statistically significant differences of 
variables at 95% confidence. 

3. Results and Discussion 
3.1 Changes in the Indigenous Microorganism of Litchi Juice Treated With DMDC and Nisin During Storage 

After added 250 mg/L of DMDC and 100 IU/mL of Nisin to the fresh litchi juice at 4 °C, the counts of total 
aerobic bacteria, lactic acid bacteria, yeast and mold in litchi juice linearly declined with increase of time during 
initial 6 h, and the total aerobic bacteria, lactic acid bacteria, yeast and mold in litchi juice were not detected after 
12 h and during 3-month storage, indicating that the juices were microbiologically safe in this study (Table 1). 
This study focused on the changes in quality of the juices during storage at 4 °C, and the analyses concerning the 
changes were presented as the following. Moreover, the litchi juice processed by the thermal pasteurization 
(95 °C, 1 min), which was equivalent effects on the inactivation of microorganisms with the litchi juice treated 
with 250 mg/L DMDC and 100 IU/mL of Nisin, was as the contrast for quality analysis. 

 

Table 1. Changes of microbial counts (Lg CFU/mL) in the litchi juice treated with 250 mg/L of DMDC 
combined with 100 IU/mL of Nisin, and thermal pasteurization (95 °C, 1 min) during storage at 4 °C 

 Heat-treated DMDC and Nisin treated 

 
Total aerobic 
bacteria 

Lactic acid 
bacteria 

Mold/Yeast 
Total aerobic 
bacteria 

Lactic acid 
bacteria 

Mold/Yeast 

0 d N.D. N.D. N.D. N.D. N.D. N.D. 

1 d N.D. N.D. N.D. N.D. N.D. N.D. 

15 d  N.D. N.D. N.D. N.D. N.D. N.D. 

30 d N.D. N.D. N.D. N.D. N.D. N.D. 

45 d N.D. N.D. N.D. N.D. N.D. N.D. 

60 d 0.61±0.04 N.D. N.D. 0.31±0.01 N.D. N.D. 

90 d 0.70±0.06 N.D. N.D. 0.48±0.05 N.D. N.D. 

N.D.: Colony counts below the detection limit (1 CFU/mL). 

 

3.2 Changes of pH, Titratable Acidity and Total Soluble Solids  

The pH, titratable acidity and total soluble solids of fresh litchi juice were 4.48 ± 0.08, 0.28 ± 0.03 g of citric 
acid per 100 mL, and 17.22 ± 0.24 °Brix, respectively. Compared with untreated fresh litchi juice, no significant 
changes (P > 0.05) of pH, titratable acidity and total soluble solids were observed as treated by DMDC 
combined with Nisin, and heat (95 °C, 1 min). And also, during storage of 90 d at 4 °C, the pH, titratable acidity 
and total soluble solids did not show significant changes (P > 0.05) in the litchi juice treated by DMDC 
combined with Nisin, and heat (95 °C, 1 min), which may related to the inhibition of growth of indigenous 
microorganism in the litchi juice.  

 



www.ccsen

 

3.3 Chang

The POD 
which was
efficiently 
heat-treate
as added 2
Nisin cann
showed sig
observed a
protein (D

 

Figure 1. 

 

Table 2. C
storage at 

Storage tim

Heat-treate
0 d 

15 d 

30 d 

45 d 

60 d 

90 d 

Litchi juic

0.5 d 

15 d 

30 d 

45 d 

60 d 

90 d 
a, b, c, d, e, f, g 

net.org/jfr 

ges of PPO and

activity of fre
s similar to th

inactivated b
ed litchi juice d
250 mg/L of D
not inactivate t
gnificant decr
at the end of 

Davies & Trusc

Changes of re

Changes of col
4 °C 

me L* 

ed litchi jucie 
81.08

81.66

81.54

81.19

81.04

80.93

ce treated by D

81.95

83.77

77.73

76.72

76.09

76.98
Different lette

d POD Activity

sh litchi juice 
hose described
by the heat tre
during storage

DMDC and 200
the POD (Figu
ease (P > 0.05
storage (Figur
ott, 2001; Mül

sidual relative

lor parameters

8±0.27 a 

6±0.24 a 

4±0.14 b 

9±0.23 b 

4±0.10 b 

3±0.12 c 

DMDC combin

5±1.42 b 

7±1.84 b 

3±1.44 d 

2±1.04 d 

9±1.25 d 

8±1.42 d 
ers represented

Journal 

y, Color and B

was 2206.6 IU
d in the literat
eatment (95 °
e of 90 d at 4 °
0 IU/mL of Nis
ure 1). The PO
5) during initi
re 1), which m
ller et al., 2014

e activity of PO
during 

s in litchi juic

a* 

-2.32±0.58

-2.60±0.56

-3.04±0.59

-3.40±0.51

-3.38±0.48

-4.05±0.52

ed with Nisin

-2.49±0.31

-1.61±0.26

-1.36±0.22

0.01±0.16

0.62±0.34

1.31±0.26
d a significant d

of Food Researc

85 

Browning Degr

U/mL. No PPO
ture (Yang et 
°C, 1 min), an
°C. However, 
sin to the fresh

OD activity of l
ial 30 d at 4 °
may be attribut
4). 

OD in the litchi
storage at 4 °C

ce treated by D

b* 

8 a 5.32±0

6 a 5.63±0

9 a 4.88±0

1 a 4.78±0

8 a 4.72±0

2 a 9.32±0

1 a 1.64±0

6 b 2.75±0

2 b 3.09±0
c 4.14±0
d 5.58±0
e 10.25±
difference with

ch

ree 

O activity in th
al., 2010; Xu

nd thus no PO
85.6% of POD

h litchi juice at
litchi juice trea
C, and yet a f
ted to the dam

i juice treated 
C 

DMDC combi

△
0.21 c 3.

0.57 c 4.

0.47 c 4.

0.36 c 4.

0.15 c 5.

0.51 d 8.

0.01 a 2.

0.04 b 2.

0.03 b 7.

0.26 c 8.

0.35 c 10

±0.52 d 12
hin the same c

he fresh litchi 
u et al., 2014).
OD activity w
D activity was 
t 4 °C, indicati
ated by DMDC
fast decline of
mage of native

 

by DMDC com

ined with Nisi

E 

82±0.29 b 

23±0.19 b 

74±0.14 c 

99±0.20 c 

06±0.53 c 

85±0.35 e 

92±0.01 a 

38±0.05 a 

23±0.12 d 

86±0.19 e 

0.10±0.26 f 

2.28±0.61 g 
column (P < 0.

Vol. 4, No. 4;

juice was dete
. The POD ca

was detected in
residual after 

ing the DMDC
C and Nisin di
f POD activity
e structure of 

mbined with N

in, and heat du

BD 

0.12±0.01

0.12±0.01

0.15±0.02

0.17±0.01

0.18±0.02

0.20±0.01

0.09±0.01

0.10±0.01

0.13±0.01

0.17±0.02

0.17±0.01

0.19±0.02
05). 

2015 

ected 
an be 
n the 
12 h 

C and 
d not 

y was 
POD 

Nisin 

uring 

b 
b 
b 
bc 
c 
e 

a 
a 
b 
bc 
bc 
d



www.ccsen

 

Table 2 pr
heat during
as added D
showed a 
litchi juice
color of lit
POD in th
to form bro

No signifi
showed sli
juice treate
did not sh
inactivatio
end of stor

The (brow
during sto
reducing s
temperatur

3.4 Chang

The fresh l
were obse
During fur
Some stud
in the litch
al., 2005; L
by the gro
indigenous
showed ra
dissolved o

 

Figur

 

The heat t
observed i
contents o
the heat-tr
aerobically
processing

net.org/jfr 

resented the ch
g storage at 4 °
DMDC and N
tendency to in

e treated by DM
tchi juice treat

he litchi juice (
own pigments 

icant changes 
ight increase b
ed by DMDC 

howed significa
on of POD by h
rage. 

wning degree) B
orage mainly 
sugars (Liu et
re. In this stud

ges of Ascorbic

litchi juice init
erved after 12 
rther storage a

dies reported th
hi juice added 
Leong & Oey,

owth of indigen
s microorgani
apid inactivati
oxygen, result

re 2. Changes 

treatment can 
in litchi juice 
f ascorbic acid
reated litchi ju
y and anaerob
g method emp

hanges in colo
°C. No signific

Nisin to fresh 
ncrease, and ye
MDC and Nis
ted by DMDC
Zhang & Quan
(Yingsanga et

in the L* and
because the car

combined wit
ant changes du
heat. And also

BD value only
was resulted 
t al., 2012). T

dy, the storage t

c Acid 

tially contains 
h as added 25

at 4 °C, no asc
hat ascorbic ac
with DMDC a
, 2012). Gener
nous microorg
sm. As adding
ion. The inact
ing in the mor

in the contents

retain ascorbi
after treated b

d in heat litchi 
uices after 90 
bically during 
ployed (Kenne

Journal 

or parameters 
cant change (P
litchi juice (T

et a tendency 
in gradually tu

C combined wi
ntick, 1997). P
t al., 2008). 

d a* value wer
ramelization re
th Nisin, the v
uring storage 

o the litchi juic

y showed a slo
in the Mailla

The reaction r
temperature w

a high ascorb
50 mg/L of DM
corbic acid wa
cid barely reac
and Nisin coul
rally, the oxida
ganism becaus
g DMDC and
tivation of ind
re ascorbic acid

s of ascorbic a

ic acid of litch
by heat at 95 °
juice showed 
d (Figure 2). 
storage, at the

edy et al., 199

of Food Researc

86 

of litchi juice
P > 0.05) was o
Table 1). Duri
to decrease w
urned into ligh
ith Nisin may 
POD can oxidi

re observed (T
eaction during 
value of L∗, a∗
of the initial 6
e treated by he

ow tendency to
ard reaction ta
rate of Mailla

was 4 °C, which

ic acid, reachin
MDC and 100
as detected in 
ctive with DMD
d be due to the
ation of ascorb
se of the deple
d Nisin to fres
digenous micr
d was oxidized

acid in the heat

hi juice well, 
°C for 1 min (
a fast-to-slow 
Earlier studie

e rates depend
2; Kabasakali

ch

e treated by DM
observed in L∗
ing further sto

was observed in
ht red at the en

be due to the
ize phenols to 

Table 1), and 
heat treatmen∗, b∗, and △E 

60 d (Table 1)
eat did not gra

o increase (Tab
aking place b

ard reaction ca
h can well inhi

ng 230.16 mg/
0 IU/mL of N
the litchi juic

DC or Nisin, a
e oxidation of 

bic acid in the 
etion of dissolv
sh litchi juice,
roorganisms w
d (Leong & Oe

t-treated litchi 

and thus only
(Figure 2). Du
tendency, and

es had showed
ding on storag
is et al., 2000)

MDC combin∗, a∗, b∗, and △
orage, the a∗, 
n the L∗ value 
nd of storage. 
e enzymatic br

quinones that 

yet the b* va
nt (Zhang et al.

in the heated
), which may b
adually turned 

ble 1). The inc
between alpha
an be slowed 
ibit the increas

/L. A 94.9% lo
Nisin to fresh l
ces treated by 
and thus the lo
ascorbic acid 
fresh litchi jui
ved oxygen of
 the indigenou

would decreas
ey, 2012).  

 
juice during st

y 3.4% loss of 
uring further s
d no ascorbic a
d that ascorbic
ge conditions, 
). In the initia

Vol. 4, No. 4;

ned with Nisin△E value after 
b∗, and △E v
(Table 1). An
The changes i

rowning of res
in turn polym

alues of litchi 
., 2013). Unlik
-treated litchi 
be attributed t
into light red a

crease of BD v
aamino groups

down by the
se of BD value

oss of ascorbic
itchi juice at 4
DMDC and N

oss of ascorbic
oxidase (Gold

ice can be inhi
f litchi juice b
us microorgan

se the depletio

torage at 4 °C

f ascorbic acid
storage at 4 °C
acid was detect
c acid can deg
packaging and

al stage of sto

2015 

, and 
0.5 d 
value 
d the 
n the 
idual 

merize 

juice 
ke the 
juice 
o the 
at the 

value 
s and 
e low 
e. 

c acid 
4 °C. 
Nisin. 
c acid 
den et 
bited 
y the 

nisms 
on of 

d was 
C, the 
ted in 
grade 
d the 
rage, 



www.ccsen

 

residual ox
ascorbic a
whereas it
anaerobic 

3.5 Chang

The conten
litchi juice
thermal de
other studi
h as added
ascorbic ac
of dissolve
2008). 

During fur
litchi juice
rate of dec
litchi juice
of phenoli
phenolic c
further de
residual P
compound
2008).  

 

Figure 3
l

 

The ORAC
juice after
and 200 I
tendency t
data trend
positively 

net.org/jfr 

xygen and asc
acid, and when
t has been repo
degradation ra

ges of Total Phe

nt of total phe
e showed a 19
egradation. Th
ies (Klopotek 
d 250 mg/L of
cid, the inactiv
ed oxygen, res

rther storage a
e, and the litch
crease in total
e. It is thought
ic compounds 
compounds na
egrade to colo
POD in the li
ds, which will r

. Changes in th
itchi juices, an

C value of fres
r heat treatmen
U/mL of Nisi
to decrease in 
s for antioxida
associated (F

orbic acid oxi
n the oxygen w
orted that the a
ate constants (K

enolics, and A

enolics in fres
9.9% of reduc
he degradation
et al., 2005). A
f DMDC and 2
vation of indig
sulting in the m

at 4 °C, a tend
hi juice added 
 phenolics in 
t that loss of p
(Trewhella &

turally occurre
orless compoun
itchi juice ad
resulted in the

he content of t
nd the litchi jui

sh litchi juice w
nt, and 24.6% 
in to litchi jui
the heat-treat

ant capacity (
Figure 3), ind

Journal 

dase in heat tr
was totally dep
aerobic degrad
Kabasakalis et

ntioxidant Cap

sh litchi juice 
ction after hea
n of phenolic c
And a 22.9% o
200 IU/mL of

genous microo
more phenolics

dency to decrea
with DMDC 
the litchi juice
henolics was p

& Grint, 1988; 
ed in juices du
nds (Es-Safi e

dded with DM
e enhancement

total phenolics
ice treated by D

was 14.87 mM
of reduction w

ice at 4 °C. D
ted litchi juice
ORAC value)

dicating that t

of Food Researc

87 

reated litchi ju
pleted, the ana
dation rate con
t al., 2000). 

pacity 

reached 561.6
at treatment at
compounds du
of reduction in
f Nisin to litch
organisms by D
s was oxidized

ase in the con
and Nisin (Fig
e added with D
probably due t
Castaňeda-Ov

uring storage, 
et al., 2003; T

MDC and Nis
t of enzymatic 

s and antioxida
DMDC combi

M TE/L. The O
was also obser
During further
e, and the litch
 and total phe
otal phenols 

ch

uice could acce
aerobic degrad
nstants were 1

66 mg/L. The 
t 95 °C for 1 
uring thermal p
n the total phen
hi juice at 4 °C
DMDC and Ni
d by POD (Zha

ntents of total p
gure 3). And a
DMDC and N
to oxidation as
vando et al., 2
and condensa

Turkyilmaz &
sin can accele
browning in th

ant capacity (O
ined with Nisin

ORAC value sh
rved after 12 

r storage at 4 
hi juice added 
enolics conten
made greater 

elerate the aero
dation of asco
00 to 1000 tim

content of tot
min, which c

processing had
nolics was also
C. Similarly w
isin would dec
ang et al., 1997

phenolics was 
at the end of s

Nisin was faste
s well as recip
2009). Conden
ation products 

& Ozkan 2014
erate the oxid
he litchi juice 

ORAC value) in
n during storag

howed a 20.4%
h as added 25
°C, the ORA
with DMDC 

nt of both litch
contribution 

Vol. 4, No. 4;

obic degradatio
rbic acid occu

mes higher tha

tal phenolics in
could be cause
d been observ
o observed aft

with the decrea
crease the depl
7; Yingsangaa 

in the heat-tre
storage at 4 °C
er than heat-tre
procal condens
nsation reaction

were unstable
4). In addition
dation of phe
(Yingsangaa e

 

n the heat-trea
ge at 4 °C 

% reduction in 
50 mg/L of DM

AC value show
and Nisin, an

hi juice seem t
to the antiox

2015 

on of 
urred, 
n the 

n the 
ed by 
ed in 
er 12 

ase of 
etion 
et al., 

eated 
C, the 
eated 
ation 
ns of 
e and 
n, the 
nolic 
et al., 

ted 

litchi 
MDC 
wed a 
d the 
to be 
idant 



www.ccsen

 

capacity o
antioxidan
capacities 

3.6 Chang

Comparing
litchi juice
and 200 IU
significant
treated wit
scores at t
slightly co
and overal
the scores 

 

Figure

 
4. Conclus
Addition o
4 °C. Com
microorga
DMDC co
phenolics, 
ineffective
observed i
DMDC an
residual PO△E in the 
Nisin treat
extending 
microorgan
by DMDC
at 4 °C. 

Acknowle
This resea
No. 2014J

net.org/jfr 

of litchi juice
nt capacities in
(Kalt et al., 19

ges of Sensory A

g with the fres
e in terms of o
U/mL of Nisin
t changes (P >
th DMDC com
the end of sto
ooked or flavor
ll acceptability
of odour, acid

e 4. Sensory ev

sion 
of DMDC com
mpare with h

anisms with th
ombined with N

ascorbic aci
eness of DMD
in the value o
nd Nisin gradu
OD in the litch
litchi juice. A

tment offers a 
the shelf-life

nism, but som
C combined wi

edgments 
arch was suppo
J4100188 of Gu

s. Previous st
n fruits, and th
999; Da Silva e

Attributes 

sh litchi juice, 
odour, acidity,

n to the litchi ju
> 0.05) in the 
mbined with N

orage because 
r and rough fe

y (Figure 4). D
dity, sweetness 

valuation of od

mbined with N
heat treatment 
he litchi juice t
Nisin can retai
id, and antiox
DC and Nisin
f L∗, a∗, b∗, 

ually turned in
hi juice, which

According to th
useful alternat

e of litchi ju
me treatments, 
ith Nisin, will 

orted by Proje
uangzhou City

Journal 

tudies have d
he fruits with h
et al., 2007).

no significant
, sweetness, an
uice at 4 °C fo
scores of odo

Nisin, and yet 
of the change

eel in heat-trea
During further 

and overall ac

dour, acidity, sw

Nisin can ensu
(95 °C, 1 m

treated with 2
in a more valu
xidant capacit
n to the oxida
and △E in the
to light red at 

h resulted in a 
he results discu
tive to convent
ice as only c
which can inh
need be applie

ct No. 314015
y Science and T

of Food Researc

88 

demonstrated t
higher phenolic

t differences (P
nd overall acc
or 12 h (Figure
our, acidity, an

the scores of 
es of color. M
ated litchi juice
storage of 90 

cceptability we

weetness, and 

ure the microb
min), which w
250 mg/L DMD
ue of sensory a
ty was observ
ase of litchi ju
e heat-treated 
the end of sto
significant cha

ussed above, it
tional heat for
considering th

hibit the activit
ed for well ret

531 of Nationa
Technology Pl

ch

that phenolic 
c contents gen

P > 0.05) wer
ceptability as a
e 4). During fu
nd sweetness w
overall accep

Moreover, a gre
e, resulting in 
d at 4 °C, no 

ere observed in

overall accept

biological safe
was equivalent
DC and 100 I

attributes, but a
ved during st
uice. Moreove
litchi juice, an

orage because 
anges (P < 0.0
t can be conclu
r controlling m
he inactivation
ty of residual 
taining the qua

al Natural Scie
lan, China. 

compounds a
nerally show st

e detected by 
added with 25
urther storage 
were observed

ptability showe
eater number o
the decreased
significant cha
n the heat-treat

tability of litch

 of litchi juice
t effects on t

IU/mL of Nisi
a more loss in 
torage at 4 °
er, no signific
nd yet the litc
of the oxidati

05) in the value
uded that DMD

microbial growt
n and inhibit
oxidase in the

ality of litchi ju

ence Fund, Ch

Vol. 4, No. 4;

are responsible
tronger antiox

the panelists i
50 mg/L of DM
of 90 d at 4 °C

d in the litchi 
ed a reduction
of panelists se

d of scores in o
anges (P > 0.0
ted litchi juice

 
hi juice sample

e during stora
the inactivatio
n, the treatme
the content of

°C because of
cant changes 
chi juice treate
ion of phenolic
e of L∗, a∗, b∗
DC combined 
th and signific
tion of indige
e litchi juice tre
uice during sto

hina, and Proje

2015 

e for 
idant 

n the 
MDC 
C, no 
juice 
of 1 

ensed 
odour 
05) in 
.  

es 

ge at 
on of 
nt of 

f total 
f the 
were 

ed by 
cs by ∗, and 
with 
antly 

enous 
eated 
orage 

ect of 



www.ccsenet.org/jfr Journal of Food Research Vol. 4, No. 4; 2015 

89 
 

References 
Cao, X., Zhang, Y., Zhang, F., Wang, Y., Yi, J., & Liao, X. (2011). Effects of high hydrostatic pressure on 

enzymes, phenolic compounds, anthocyanins, polymeric color and color of strawberry pulps. Journal of the 
Science of Food and Agriculture, 91, 877-885. http://dx.doi.org/10.1002/jsfa.4260 

Castaňeda-Ovando, A., De Pacheco-Hernández, M. L., De Páez-Hernández, M. E., Rodríguez, J. A., & 
Galán-Vidal, C. A. (2009). Chemical studies of anthocyanins: A review. Food Chemistry, 113, 859-871. 
http://dx.doi.org/10.1016/j.foodchem.2008.09.001 

Ciou, J., Lin, H., Chiang, P., Wang, C., & Charles, A. L. (2011). The role of polyphenol oxidase and peroxidase 
in the browning of water caltrop pericarp during heat treatment. Food Chemistry, 127, 523-527. 
http://dx.doi.org/10.1016/j.foodchem.2011.01.034 

Da Silva, F. L., Escribano-Bailón, M. T., Alonso, J. J. P., Rivas-Gonzalo, J. C., & Santos-Buela, C. (2007). 
Anthocyanin pigments in strawberry. LWT-Food Science and Technology, 40, 374-382. 
http://dx.doi.org/10.1016/j.lwt.2005.09.018 

Davies, M. J., & Truscott, R. J. W. (2001). Photo-oxidation of proteins and its role in cataractogenesis. Journal 
of Photochemistry and Photobiology B: Biology, 63, 114-125. 
http://dx.doi.org/10.1016/S1011-1344(01)00208-1 

De Arauz, L. J., Jozala, A. F., Mazzola, P. G., & Vessoni Penna, T. C. (2009). Nisin biotechnological production 
and application: a review. Trends in Food Science and Technology, 20, 146-154. 
http://dx.doi.org/10.1016/j.tifs.2009.01.056 

De Vuyst, L. (1994). Nisin production variability between natural Lactococcus Lactis subsp. Lactis strains. 
Biotechnology Letters, 16, 287-292. http://dx.doi.org/10.1007/BF00134627 

Es-Safi, N., Cheynier, V., & Moutounet, M. (2003). Implication of phenolic reactions in food organoleptic 
properties, Journal of Food Composition and Analysis, 16, 535-553. 
http://dx.doi.org/10.1016/S0889-1575(03)00019-X 

FDA. (1996). Food additives permitted for direct addition to food for human consumption; dimethyl dicarbonate. 
Federal Register, 61, 26786-26788. 

FDA. (2001). Food additives permitted for direct addition to food for human consumption; dimethyl dicarbonate. 
Federal Register, 66, 13652-13653. 

Fisher, T. L., & Golden, D. A. (1998). Survival of Escherichia coli O157:H7 in apple cider as affected by 
dimethyl dicarbonate, sodium bisulfite, and sodium benzoate. Journal of Food Science, 63, 904-906. 
http://dx.doi.org/10.1111/j.1365-2621.1998.tb17923.x 

Golden D. A., Worobo, R. W., & Ough, C. S. (2005). Dimethyl dicarbonate and diethyl dicarbonate. In P. M. 
Davidson, J. N. Sofos, & A. L. Branen (Eds.), Antimicrobials in foods, 3rd ed., (pp. 305-327). New York: 
Taylor & Francis Group, LLC. 

Kabasakalis, V., Siopidou, D., & Moshatou, E. (2000). Ascorbic acid content of commercial fruit juices and its 
rate of loss upon storage. Food Chemistry, 70, 325-328. http://dx.doi.org/10.1016/S0308-8146(00)00093-5 

Kalt, W., Forney, C. F., Martin, A., & Prior, R. L. (1999). Antioxidant capacity, vitamin C, phenolics, and 
anthocyanins after fresh storage of small fruits. Journal of Agriculture and Food Chemistry, 47, 4638-4644. 
http://dx.doi.org/10.1021/jf990266t 

Kennedy, J. F, Rivera, Z. S, Lloyd, L. L, Warner, F. P., & Jumel, K. (1992). L-Ascorbic acid stability in 
aseptically processed orange juice in TetraBrik cartons and the effect of oxygen. Food Chemistry, 45, 
327-31. http://dx.doi.org/10.1016/0308-8146(92)90032-W 

Klopotek, Y., Otto, K., & Bohm, V. (2005). Processing strawberries to different products alters contents of 
vitamin C, total phenolics, total anthocyanins and antioxidant capacity. Journal of Agricultural and Food 
Chemistry, 53, 5640-5646. http://dx.doi.org/10.1021/jf047947v 

Leong, S. Y., & Oey, I. (2012). Effect of endogenous ascorbic acid oxidase activity and stability on vitamin C in 
carrots (Daucus carota subsp. sativus) during thermal treatment. Food Chemistry, 134, 2075-85. 
http://dx.doi.org/10.1016/j.foodchem.2012.04.002 

Li, H., Zhao, L., Wu, J., Zhang, Y., & Liao, X. (2012). Inactivation of natural microorganisms in litchi juice by 
high-pressure carbon dioxide combined with mild heat and nisin. Food Microbiology, 30, 139-145. 



www.ccsenet.org/jfr Journal of Food Research Vol. 4, No. 4; 2015 

90 
 

http://dx.doi.org/10.1016/j.fm.2011.10.007 

Lim, J. (2011). Hedonic scaling: A review of methods and theory. Food Quality and Preference, 22, 733-747. 
http://dx.doi.org/10.1016/j.foodqual.2011.05.008 

Liu, Y., Hu, X., Zhao, X., & Song, H. (2012). Combined effect of high pressure carbon dioxide and mild heat 
treatment on overall quality parameters of watermelon juice. Innovative Food Science & Emerging 
Technologies, 13, 112-119. http://dx.doi.org/10.1016/j.ifset.2011.11.001 

Müller, A., Noack, L., Greiner, R., Stahl, M. R., & Posten, C. (2014). Effect of UV-C and UV-B treatment on 
polyphenol oxidase activity and shelf life of apple and grape juices. Innovative Food Science and Emerging 
Technologies, 26, 498-504. http://dx.doi.org/10.1016/j.ifset.2014.05.014 

Ou, B., Hampsch-Woodill, M., & Prior, R. L. (2001). Development and validation of an improved oxygen 
radical absorbance capacity assay using fluorescein as the fluorescent probe. Journal of Agricultural and 
Food Chemistry, 49, 4619-4626. http://dx.doi.org/10.1021/jf010586o 

Roig, M. G., Bello, J. F., Rivera, Z. S., & Kennedy, J. F. (1999). Studies on the occurrence of non-enzymatic 
browning during storage of citrus juice. Food Research International, 32, 609-619. 
http://dx.doi.org/10.1016/S0963-9969(99)00128-3 

Saxena, S., Hajare, S. N., More, V., Kumar, S., Wadhawan, S., Parte, M. N. P., Gsutam, S., & Sharma, A. (2011). 
Antioxidant and radioprotective properties of commercially grown litchi (Litchi chinensis) from India. Food 
Chemistry, 126, 39-45. http://dx.doi.org/10.1016/j.foodchem.2010.10.051 

Singleton, V., & Rossi, J. (1965). Colorimetry of total phenolics with phosphomolybdicphosphotungstic acid 
reagents. American Journal of Enology and Viticulture, 16, 144-158. 

Trewhella, M. J., & Grint A. (1988). Condensation of phenolic groups during coal liquefaction model compound 
studies. Fuel, 67, 1135-1138. http://dx.doi.org/10.1016/0016-2361(88)90383-3 

Turkyilmaz, M., & Ozkan, M. (2014). Effects of condensed tannins on anthocyanins and colour of authentic 
pomegranate (Punica granatum L.) juices, Food Chemistry, 164, 324-331. 
http://dx.doi.org/10.1016/j.foodchem.2014.05.048 

Walkling-Ribeiro, M., Noci, F., Cronin, D. A., Lyng, J. G., & Morgan, D. J. (2009). Shelf life and sensory 
evaluation of orange juice after exposure to thermosonication and pulsed electric fields. Food and 
Bioproducts Processing, 87, 102-107. http://dx.doi.org/10.1016/j.fbp.2008.08.001 

Williams, R. C., Sumner, S. S., & Golden, D. A. (2005). Inactivation of Escherichia coli O157:H7 and 
Salmonella in apple cider and orange juice treated with combinations of ozone, dimethyl dicarbonate, and 
hydrogen peroxide. Journal of Food Science, 70, M197-M201. 
http://dx.doi.org/10.1111/j.1365-2621.2005.tb07188.x 

Wu, Y., Cui, S.W., Tang, J., & Gu, X. (2007). Optimization of extraction process of crude polysaccharides from 
boat-fruited sterculia seeds by response surface methodology. Food Chemistry, 105(4), 1599-1605. 
http://dx.doi.org/10.1016/j.foodchem.2007.03.066 

Xu, Y., Wen, J., & Xiao G. (2014). Effect of thermal and ultra high pressure treatments on quality characteristics 
of litchi juice, Journal of Anhui Agriculture Science (P. R. China), 42(31), 11078-11082. 

Yang, S., Li, B., Liu, W., Mei, C., & Wu, Y. (2010). Study on quality of litchi juice treated by ultra-high 
pressure and heat processing, Science and Technology of Food Industry (P. R. China), 31(1), 95-99. 

Yeh, L. L., Kim, K. O., Chompreeda, P., Rimkeeree, H., Yaud, N. J. N., & Lundahl, D. S. (1998). Comparison in 
Use of The 9-Point Hedonic Scale Between Americans, Chinese, Koreans, and Thai. Food Quality and 
Preference, 9, 413-419. http://dx.doi.org/10.1016/S0950-3293(98)00028-7 

Yingsangaa, P., Srilaonga,V., Kanlayanarat, S., Noichindab, S., & McGlassonc, W. B. (2008). Relationship 
between browning and related enzymes (PAL, PPO and POD) in rambutan fruit (Nephelium lappaceum 
Linn.) cvs. Rongrien and See-Chompoo. Postharvest Biology and Technology, 50, 164-168. 
http://dx.doi.org/10.1016/j.postharvbio.2008.05.004 

Yu, Y., Wu, J., Xiao, G., Xu, Y., Tang, D., Chen, Y., & Zhang Y. (2013b). Combined effect of dimethyl 
dicarbonate (DMDC) and nisin on indigenous microorganisms of litchi juice and its microbial shelf life. 
Journal of Food Science, 78, M1236-1241. http://dx.doi.org/10.1111/1750-3841.12215 

Yu, Y., Xiao, G., Wu, J., Xu, Y., Tang, D., Chen, Y., Wen, J., & Fu, M. (2013a). Comparing characteristic of 



www.ccsenet.org/jfr Journal of Food Research Vol. 4, No. 4; 2015 

91 
 

banana juices from banana pulp treated by high pressure carbon dioxide and mild heat. Innovative Food 
Science & Emerging Technologies, 18, 95-100. http://dx.doi.org/10.1016/j.ifset.2012.12.003 

Zeng, X., Chen, X., Qin, G., & Zhang, L. (2008). Composition Analysis of Litchi Juice and Litchi Wine. 
International Journal of Food Engineering, 4(4), 1-18. http://dx.doi.org/10.2202/1556-3758.1379 

Zhang, D., & Quantick P. C. (1997). Effects of chitosan coating on enzymatic browning and decay during 
postharvest storage of litchi (Litchi chinensis Sonn.) fruit. Postharvest Biology and Technology, 12, 
195-202. http://dx.doi.org/10.1016/S0925-5214(97)00057-4 

Zhang, X., Chen, F., & Wang, M. (2013). Impacts of selected dietary polyphenols on caramelization in model 
systems. Food Chemistry, 141, 3451-3458. http://dx.doi.org/10.1016/j.foodchem.2013.06.053 

Zhao, L., Wang, S., Liu, F., Dong, P., Huang, W., Xiong, L., & Liao, X. (2013). Comparing the effects of high 
hydrostatic pressure and thermal pasteurization combined with nisin on the quality of cucumber juice drinks. 
Innovative Food Science and Emerging Technologies, 17, 27-36. 
http://dx.doi.org/10.1016/j.ifset.2012.10.004 

 

Copyrights 

Copyright for this article is retained by the author(s), with first publication rights granted to the journal. 

This is an open-access article distributed under the terms and conditions of the Creative Commons Attribution 
license (http://creativecommons.org/licenses/by/3.0/). 

 


