
China is one of the biggest producers of tangerines. 
Tangerine wine has been one of the most impor-
tant products of the tangerine industry. However, 
microbial spoilage is among the most significant 
bottlenecks for tangerine wine production (Fugel-
sang & Edwards 2007). Lactic acid bacteria cause 
the fermentation of malic acid, which produces sev-
eral unfavourable compounds such as butanediol, 
tartaric acid, and so on, resulting in the spoilage of 
tangerine wine (Arauz et al. 2009). These lactic acid 
bacteria include e.g. Lactobacillus spp., Leuconostoc 
spp., and Pediococcus spp. Bacillus aceticus was also 
found to be one of the spoilage bacteria in tangerine 
wine (Rojo-Bezares et al. 2007). Although sulphur 

dioxide is widely applied in the wine industry to 
control the fermentation of malic acid-tartaric acid 
(Costantini et al. 2009), its usage is subjected to 
very strict limitations.

Nisin is recognised as safe for use in foods by the 
Joint Food and Agriculture Organization/World 
Health Organization (FAO/WHO) Expert Committee 
on Food Additives and was allowed to be applied as 
one of the food additives by more than 40 countries 
all over the world (Zacharof & Lovitt 2012). Nisin 
has an extremely strong inhibitory activity against 
most of the Gram-positive bacteria including Lac-
tobacillus spp., Leuconostoc spp., Pediococcus spp., 
Staphylococcus aureus, and Listeria spp. However, it 
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was not found to be active against yeast (Zacharof 
& Lovitt 2012; Parapouli et al. 2013; Gharsal-
laoui et al. 2015). The application of nisin would 
help reduce the usage of sulphur dioxide in wine 
production. Due to its protein structure, it would be 
easily decomposed in the human body by stomach 
protein enzymes. Therefore, nisin is considered as 
one of the safest food preservatives. In this study, we 
investigated the application of nisin in tangerine wine.

Material and methods

Production of tangerine wine. Tangerine wine was 
prepared following the diagram presented in Figure 1. 
After the juicing process of tangerine fruits, SO2 
was added immediately at 75 mg/l of fruit juice to 
rapidly inhibit the oxide present therein. Sugar was 
added to 20°Brix. After the tangerine juice sample 
was adjusted to pH value of 3.5, sterilisation (60°C, 
30 min) was conducted. Specific yeast of tangerine 
wine cultured at Shaanxi University of Technology 
was then inoculated with the inoculum size of 7% 
followed by fermentation at 18°C for 8 days. The wine 
was filtered to remove the impurities. A pasteurisa-
tion method (80°C, 15 min) was used to sterilise the 
bacteria in the final product. The wine was stored at a 
constant temperature of 10°C. The total sugar content 
was tested by Fehling’s Reagent and the content of 
SO2 was tested by a pararosaniline hydrochloride 
method (Arauz et al. 2009). Contents of total acids 
and soluble solids were tested according to national 
standards (GB 2758-2012 and GB/T12456-2008).

Testing of strains and activity spectrum. Leuconostoc 
mesenteroides CICC 9008, Lactobacillus acidophilus 
CICC 6241, Oenococcus oeni CICC 6066, Acetobacter 
pasteurianus CICC 20874 were bought from the China 

Centre of Industrial Culture Collection (CICC). Sac-
charomyces cerevisiae ATCC 9763 were bought from 
the American Type Culture Collection (ATCC).

Tangerine wine was inoculated with indicator 
strains from the exponential phase (2% inocula) as 
well as with nisin (100 μg/ml) (Yinxiang Bioengi-
neering Co. Ltd., Zhejiang, China). The choice of 
a high concentration of nisin was made in order to 
confirm the inhibitory activity. Bacteriocin activity 
expressed as lethality is:

Lethality % = (A0 – A)/A0 × 100%

where: A – OD600 of tangerine wine treated with nisin after 
24 h incubation; A0 – OD600 of tangerine wine without nisin 
treatment after 24 h incubation

Bacteriocin activity in tangerine wine. Doses 
(104 CFU/ml) of indicator bacteria from the mid-expo-
nential phase were respectively inoculated into tangerine 
wine with pH 3.5. Nisin (50 μg/ml) was added to tange-
rine wine and cultivated at 30°C for 24 hours. OD600 and 
viable cells (by plate counts with MRS medium at 30°C for 
48 h) were tested and the wine without nisin treatments 
was used as a control. Tangerine wines with 104 CFU/ml  
indicator bacteria and 50 μg/ml nisin, as described 
above, were adjusted to different pH (3.0, 3.5, 4.0, and 
4.5, respectively) and cultivated (maintaining the set pH 
values) for 24 h to study the effect of pH on the activity 
of nisin in tangerine wine. The choice of the pH range 
was made to replicate the final pH of tangerine wine. 
The same experiments were also conducted with varied 
concentrations of nisin (25, 50, 75, and 100 μg/ml).

Application of nisin to tangerine wine. After the 
juicing process was over, nisin (25, 50, and 100 μg/ml)  
was added at rates of 0, 25, 50, and 75 mg/l of SO2, 
respectively. Then the samples were inoculated with 
104 CFU/ml  of indicator strains and cultivated at 

Figure 1. Process of making 
tangerine wine

fig.1
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18°C for 8 days for fermentation as described above. 
OD600 and viable cells of indicator strains were tested 
every day. On the other hand, nisin was added to the 
final wine product as well as the indicator strains of 
104 CFU. OD600 and viable cells were also investigated.

Sensorial properties. Different nisin concentra-
tions of 20, 50, 100, and 200 µg/ml were separately 
added to the final tangerine wine. Twenty people 
were asked to taste the samples to tell whether the 
taste is acceptable or not. Transmittance was meas-
ured by OD625. Glucose, fructose, ethanol, glycerol, 
acetic acid, succinic acid, citric acid, tartaric acid, 
malic acid, and lactic acid were tested according to 
national standards (GBT 15038:2006 – Commen 
analysis methods for wine and other fermentation 
fruits wine, GB 2758:2012 – Quality of fermentation 
wine and their integrated alcoholic beverages, and 
GB/T12456:2008 – Determination of total acids in 
foods).

Statistical analysis. All data represent an average 
of three replications. The values recorded in each 
experiment did not vary by more than 5%. Single data 
points are therefore presented in the figures without 
standard deviation bars. SAS software (version??, 
year) was used for the statistical analysis.

Results and discussion

The final wine was golden in colour and clear. Sugar 
content was found to be 31.03 g/l, SO2 was 53 mg/l, 
pH was 3.62, soluble solids content was 12.9%, and 
content of acids was 0.20 mol/l.

Leuconostoc mesenteroides CICC 9008, Lactobacil-
lus acidophilus CICC 6241, Oenococcus oeni CICC 
6066, and Acetobacter pasteurianus CICC 20874 
were sensitive to nisin. However, Saccharomyces 
cerevisiae ATCC 9763 was resistant to nisin (Table 1). 
The assessment of the inhibitory spectrum is an 

important characteristic when evaluating possible 
applications of a bacteriocin (Aly et al. 2012). Neris 
et al. (2013) reported 11 strains of lactic acid bacteria 
to be sensitive to 1000 IU/ml of nisin in grape wine. 
In this study, nisin was able to inhibit the spoilage 
bacteria in the tangerine wine making process but 
it did not inhibit the growth of yeast. Similar results 
were reported by Rojo-Bezares et al. (2007), who 
observed that nisin MIC50 values for the tested isolates 
were as follows: 0.024, 12.5, 200, and ≥ 400 μg/ml  
for oenococci, Lactobacilli–Pediococci–Leuconostoc, 
acetic acid bacteria, and yeasts, respectively. This 
characteristic property makes nisin a promising 
ingredient in tangerine wine making to replace SO2.

According to the results of single factor experi-
ment, pH and bacteriocin concentration significantly 
affect the activity of nisin and further experimenta-
tions were carried out within the pH range of 3.0 to 
4.5 and with concentrations ranging from 25 μg/ml  
to 100 μg/ml. The results of the action of nisin against 
Leuconostoc mesenteroides CICC 9008 are shown 
in Table 2. Under the same conditions of nisin ad-

Table 1. Activity spectrum of nisin

Strains Lethality (%)
L. mesenteroides CICC9008 85.37
L. acidophilus CICC6241 90.14
O. oeni CICC6066 87.25
A. pasteurianus CICC20874 88.69
S. cerevisiae ATCC9763   7.26 

Lethality % = (V0 – V)/V0 × 100%; where: V0 – viable cells 
before nisin treatment; V – viable cells after nisin treatment

Table 2. Lethality of Leuconostoc mesenteroides CICC9008 
(L.c.), Lactobacillus acidophilus CICC6241, Oenococcus 
oeni CICC6066 (O.o.), and Acetobacter pasteurianus 
CICC20874 (A.p.) treated with nisin at different condi-
tions

Nisin 
(µg/ml) pH

Lethality (%)
L.c. L.a. O.o. A.p.

25

4.5 57.9 62.3 56.4 58.2
4.0 59.6 82.8 64.1 69.4
3.5 94.3 92.8 90.3 84.4
3.0 97.5 98.4 95.8 94.9

50

4.5 61.9 68.1 65.4 68
4.0 71.3 75.8 74 72.2
3.5 95.3 94.6 92.7 85.4
3.0 96.8 97.8 97.4 95.1

75

4.5 79.6 74.4 79.6 86
4.0 76.2 83.9 78.9 86.8
3.5 95.1 96.8 95.5 92.3
3.0 97.3 98.5 98.1 96.3

100

4.5 84.6 78.7 88.1 88.2
4.0 88.2 88.3 89.1 91.4
3.5 97.1 97.9 97.1 92.4
3.0 98.2 99.1 97.9 98.9

Lethality % = (V0 – V)/V0 × 100%; where: V0 – viable cells 
before nisin treatment; V – viable cells after nisin treatment
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dition, the lethality of Leuconostoc mesenteroides 
CICC 9008 increased as the pH decreased. When 
the concentration of nisin is up to 75 μg/ml, the 
lethality is more than 94%. The maximum lethality 
was recorded to be 98.2% with the addition of nisin 
at 100 μg/ml and pH 3.

The dynamic model relating the lethality caused 
by nisin (Y) with pH (P) and nisin addition (C) on 
Leuconostoc mesenteroides CICC 9008 was obtained 
by SAS software as below:
Y = 0.1022C –0.503P  

**P < 0.0001, C[25, 100], P[3, 4.5]
Lactobacillus acidophilus CICC 6241 is more sen-

sitive to nisin than the other strains (Table 2). The 
maximum lethality of 99.1% was achieved at pH 3 
with the addition of nisin at 100 μg/ml. The dynamic 
model relating the lethality caused by nisin (Y) with 
pH (P) and nisin addition (C) on L. acidophilus CICC 
6241 was obtained by SAS software as below:
Y = –70.14 + 0.42C –0.00022C2 + 0.001658PC,  

**P < 0.0001, C[25, 100], P[3, 4.5]

The lethality of Oenococcus oeni CICC 6066 strain 
caused by nisin at different conditions is shown in Ta-
ble 2. When the nisin concentration is over 75 μg/ml,  
the lethality of all treatments is over 90%. The maxi-
mum lethality is 98.1%, which was achieved with pH 3 
and the addition of nisin at 75 μg/ml. The dynamic 
model of the lethality of Oenococcus oeni CICC6066 
caused by nisin (Y) is as follows:
Y = –89.094 + 0.276C –2.7P + 0.00363PC,  

**P < 0.0001, C[25, 100], P[3, 4.5]
where: C – concentration of nisin added; P – pH of experiment

For Acetobacter pasteurianus CICC 20874, the 
maximum lethality was 98.9% at pH 3 and nisin ad-
dition was 100 μg/ml (Table 2). The dynamic model 
relating the lethality caused by nisin (Y) with the 
pH (P) and the addition of nisin (C) on Acetobacter 
pasteurianus was obtained by SAS software as below:
Y = 0.145C –2.658P + 0.0033PC, 

 **P < 0.0001, C[25, 100], P[3, 4.5]
The pH value is one of the most important factors 

to affect the activity of nisin. Bacteriocins generated 

Figure 2. The cell growth of indicator strains with the addition of nisin alone, SO2 alone, and combination of nisin and 
SO2: (A) Leuconostoc mesenteroides, (B) Lactobacillus acidophilus, (C) Oenococcus oeni, and (D) Acetobacter pasteurianus 
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by lactic acid strains are generally active at acid or 
neutral pH. Optimal activity of buchnericin LB to 
Lactobacillus plantarum was recorded at pH 5.0–8.0, 
but at pH 5–6 the activity was higher (Pingitore et 
al. 2012). Abrams et al. (2011) reported that bacteri-
ocin was active over a wider pH range (2.0–10.0), but 
the best pH is 4. This pH dependence may be due to 
specific interactions between bacteriocins and target 
cells or structural pH dependent modifications of the 
bacteriocin receptors on the target cell surface. In 
this study, nisin (100 μg/ml) showed a good activity 
in the pH range from 3.0 to 4.5, which covered the 
pH of natural tangerine wine, meaning that nisin is 
promising in application of tangerine wine making.

When nisin was added in the juicing process, the 
growth of indicator strains was not completely inhibited 
(Figure 2), indicating that components in tangerine 
juice might impact the activity of nisin. Previous re-
ports have suggested that the activity of bacteriocins 
might be affected by some components in the food 
matrix. However, the addition of nisin would decrease 
the concentration of SO2 in tangerine wine produc-
tion (Figure 2). These results are interesting because 
currently there is a concern over the development of 
super-resistant strains in wineries where cultures are 
routinely exposed to sulphur compounds, thus the 
susceptibility of LAB to other inhibitory compounds 
is appreciated. The survival of a viable population in 

the bottled product is the most worrying contamina-
tion, responsible for the known ‘second growth’ which 
can make use of residual l-maleate as a carbon source 
(Fugelsang & Edwards 2007). An effective control of 
O. oeni by alternative antimicrobial compounds is really 
needed if we consider that it can survive in a concentra-
tion of 100 mg/l of free SO2 (Neris et al. 2013). Our 
results suggested that nisin plus SO2 exhibited better 
inhibitory activity. This may be so because SO2 could 
change the physicochemical characterisations of the 
cell membranes of sensitive bacteria to allow nisin 
to make pores in the cell membranes.

When nisin was added to the final wine, 50 μg/
ml nisin was able to control four sensitive strains 
below 20 CFU/ml during the next 7 days (Figure 3). 
When added during the juicing process, nisin did 
not work very well. However, when added after the 
sterilisation process, nisin was able to inhibit spoil-
age bacteria. This might be so that the sterilisation 
process denatured the enzymes, polyphenol, or other 
food components in fresh tangerine wine, which 
could affect the activity of nisin (Knoll et al. 2008).

These results confirmed previous findings indi-
cating that the inhibitory activity of bacteriocins in 
culture media was not always reproducible in food 
systems (in situ) (Collins et al. 2011). Several fac-
tors present in the food can influence the inhibitory 
effect, such as interaction with additives/ingredients, 
adsorption to food components, and inactivation by 
food enzymes and pH changes in the food (Pei et 
al. 2013). Low solubility and uneven distribution in 
the food matrix and limited stability of bacteriocins 
during the food shelf-life are additional factors that 
influence the activity of bacteriocins in foods.

There was no unfavourable smell when the con-
centration of added nisin solution was lower than 
100 µg/ml. However, when the concentration of 
nisin solution was higher than 100 µg/ml, the fla-
vour of tangerine wine was not palatable. Although 
transmittance was reduced after the addition of 
nisin (Table 3), it reached the national standard 
(GBT 15038-2006). The addition of nisin would 
increase the final concentration of maleic acid and 
decrease the final concentration of lactic acid (Ta-
ble 3). The results indicated that nisin did not affect 
the components and sensorial characteristics of tan-
gerine wine, but inhibited the natural fermentation 
of lactic acid. The effect on sensorial properties was 
important for application of food additives, such as 
vitamin C, ginger powder, and so on (Balestra et 
al. 2010; Gamboa-Santos et al. 2013). The effect of 

Table 3. Sensorial properties of tangerine wine with nisin 
treatment

Sensorial properties Without nisin With nisin
Taste (20 µg/ml nisin) palatable palatable
Taste (50 µg/ml nisin) palatable palatable
Taste (100 µg/ml nisin) palatable palatable
Taste (200 µg/ml nisin) palatable unfavourable
Transmittance (%) 95.82 90.63
Glucose (g/l) 1.43 1.42
Fructose (g/l) 0.28 0.21
Ethanol (g/l) 78.6 78.3
Acetic acid (g/l) 0.23 0.23
Succinic acid (g/l) 0.22 0.21
Citric acid (g/l) 0.48 0.52
Tartaric acid (g/l) 2.35 2.45
Malic acid (g/l) 3.64 5.17
Lactic acid (g/l) 1.58 0.63

Transmittance, glucose, fructose, ethanol, acetic acid, succinic 
acid, citric acid, tartaric acid, malic acid, lactic acid were tested 
with or without 100 μg/ml nisin treatment
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bacteriocins on the sensorial properties of foods was 
little studied. Fortunately, nisin application would 
not affect the sensorial properties of tangerine wine 
because of the low concentration of nisin addition.
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