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Abstract

Objective: The aim of this study was to obtain the time range of non-industrial fresh watermelon juice (FWJ), 
which is widely used in the catering industry under different storage conditions, with safe-drinkable quality, 
and the drinking time range of fresh juice with good nutritional quality and sensory quality.
Method: The quality of non-industrial FWJ was audited by assessing the shelf life of non-industrial FWJ 
through microbial safety, nutritional, and sensory quality investigating during 24 h of storage at 4, 25, and 37°C.
Results: According to the microbial safety quality, the safe drinking time of FWJ was within 12, 4, and 4 h 
when stored at 4, 25, and 37°C, respectively. Based on the nutritional and sensory quality, FWJ was drinking 
with good quality within 2 h, and with just acceptable quality for no more than 4 h when stored at 4 or 25°C. 
Electronic nose and gas chromatography–mass spectrometry (GC–MS) could effectively distinguish and iden-
tify the changes in volatile components in FWJ under different storage conditions.
Conclusion: It is a feasible method to predict the shelf  life of non-industrial FWJ by this method, and hence 
to guarantee non-industrial FWJ being drinking with safety and health, and it might be used in many other 
fresh juice shelf  life predictions.

Popular scientific summary
• The shelf  life of fresh watermelon juice were predicted. 
• The safe drinking time of FWJ was within 12, 4, and 4 h when stored at 4, 25 and 37°C.
• The drinking time of FWJ with good quality was within 2 h when stored at 4°C or 25°C.
• The FWJ still had acceptable quality when stored at 4°C or 25°C for no more than 4 h.
• E-nose and GC-MS could distinguish and identify the changes in volatile in FWJ.
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With the improvement in the food consumption 
level and dietary habits, people are increasingly 
pursuing natural, nutritious, and healthy food 

(1). Fresh juice not only provides rich nutrients, a plea-
surable taste, and an attractive color, but it also has no 
additives and is pure, natural, and minimally processed. 
Therefore, in recent years, the consumption of fresh juice 
has significantly trended upward, and fresh juice is gain-
ing much popularity among customers throughout the 
world; it has gradually become the new favorite of the 
beverage industry (2, 3). Non-industrial fresh watermelon 
juice (FWJ) is one of the most common fresh juices in 
the market; it is an excellent product to quench thirst and 
relieve the heat in summer and the tropics. Non-industrial 
FWJ, which contains several minerals (Mg, K, Ca, and 
Fe), vitamins (A, B, C, and E), specific amino acids (ci-
trulline and arginine), and various antioxidants (polyphe-
nol and lycopene), is highly nutritious (4, 5). Moreover, 
due to its pleasant taste and attractive color, FWJ has be-
come a popular health functional beverage. 

China’s Food and Drug Administration recommends 
that non-industrial fresh juice should be consumed as 
soon as possible. However, for both homemade fresh juice 
and catering services non-industrial fresh juice, timely 
drinking cannot be guaranteed due to many reasons. For 
example, a juice shop prepares fresh juice in advance and 
waits for customers to buy it within a period of time; a 
housewife prepares too much juice to drink at a single 
time and drinks the remainder the next day; and a juice 
shop prepares too much juice to sell in 1 day and then 
stores the remainder to be sold the next day (6). In ad-
dition, compared with industrialized juice, non-industrial 
fresh juice, including non-industrial FWJ, is usually drank 
directly after juicing without any sterilization treatment, 
which results in the problem that bacteria are easily bred 
and cause microbial contamination during storage and 
retail (2, 7–9). In addition, as non-industrial FWJ does 
not contain any food additives, its sensory index and 
nutritional and functional indicators will change signifi-
cantly with the extension of storage time; it is easy to 
cause sensory deterioration and nutritional loss if  stored 
improperly or for a longer storage time (2, 10). At pres-
ent, many countries have not yet developed the relevant 
hygiene standards and quality standards for non-indus-
trial fresh juice, which brings great inconvenience to the 
management of the freshness and microbial safety of 
non-industrial fresh juice. Therefore, it is very import-
ant and meaningful to analyze and master the quality 
change rules of various non-industrial fresh juices under 

different storage conditions and obtain the shelf  life of 
non-industrial fresh juice with safe-drinkable quality and 
good nutritional quality and sensory quality. Only in this 
way, the production, management, and consumption of 
non-industrial fresh juice can be scientifically guided, and 
a good and safety quality for consumers can be assured.

Based on the aforementioned information, in this study, 
the dynamic changes in microbial indexes of non-indus-
trial FWJ, which are widely used in the catering industry 
under different storage conditions, were measured and an-
alyzed, aiming to obtain the time range of non-industrial 
FWJ with safe-drinkable quality. In addition, the dynamic 
changes in sensory, nutritional, and functional indicators 
of the juice under different storage conditions were also 
investigated, to obtain the drinking time range of fresh 
juice with good nutritional quality and sensory quality. 
Furthermore, a new method for evaluating the shelf  life 
and the quality of fresh juice was also established. This 
study can provide certain guidance for the quality assur-
ance of sale and management in non-industrial FWJ in 
catering as well as provide some basic data and a theoreti-
cal reference for consumers to judge the quality of non-in-
dustrial FWJ.

Materials and methods

Samples and chemicals
Jingxin No. 1 fresh watermelons (fully ripened, no mildew, 
no pests, or diseases) were purchased from a local mar-
ket (Trust-mart Chain Supermarket, Yangling, China) to 
produce non-industrial FWJ. The watermelon was peeled, 
cut into small cubes, and crushed using a juice extractor 
(H-AE-DNBI19, Seoul Hurom Co. Ltd., Seoul, Korea). 
The juice extractor, cutter, and kneading board were thor-
oughly sterilized by UV or heating. The juicing process 
was carried out in accordance with standard operating 
specifications.

Non-industrial FWJ was poured into pasteurized glass 
bottles and stored at 4, 25, and 37°C, which was tried to 
simulate the refrigerated storage temperature, the indoor 
temperature, and the summer high temperature, respec-
tively. The changes in the microbial index and sensory, 
nutritional, and functional indexes were measured after 
0, 2, 4, 8, 12, and 24 h, and the sensory characteristics 
of non-industrial FWJ under different storage conditions 
were measured by an electronic nose and gas chromatog-
raphy–mass spectrometry (GC–MS). 

All standards, including gallic acid, ascorbic acid, 1,1-di-
phenyl-2-picrylhydrazyl (DPPH), the Folin–Ciocalteu 
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reagent, 6-hydroxy-2,5,7,8-tetramethylchroman-2-carbox-
ylic acid (Trolox), and 2-octanol, were purchased from 
Sigma-Aldrich (St. Louis, MO, USA). Sodium acetate tri-
hydrate, FeCl3·6H2O, 2,4,6-tripyridyl-S-triacine (TPTZ), 
ethanol, glacial acetic acid, HCl, Trolox, and anhydrous 
sodium carbonate were purchased from XinFang Chemi-
cal Reagent Co., Ltd. (Yangling, Shaanxi, China).

Microbial analysis
Non-industrial FWJ is rich in nutrition, and it easily breeds 
spoilage and pathogenic microorganisms. Hence, the aero-
bic bacterial count (TBC) and the presence of Escherichia 
coli, molds and yeasts, were selected as microbial detection 
indicators in non-industrial FWJ under different storage 
conditions. Using the plate counting method to determine 
the aerobic bacterial count and the amount of molds and 
yeasts and using the most probable number (MPN) method 
for enumeration of E. coli, a volume of 1 mL of juice sam-
ple was mixed with 9 mL of sterile saline solution (NaCl 
0.9%) and continuously diluted (10-1~10-6) for the microbial 
count in triplicate. Nutrient agar medium was used for de-
tecting the aerobic bacteria, and the plates were incubated 
at 37°C for 48 ± 2 h. The enumeration of total molds and 
yeasts was carried out on Rose Bengal agar medium incu-
bated at 25°C for 5 days. E. coli was were detected by lauryl 
sulfate peptone broth and brilliant green lactose bile broth. 
The plates were incubated at 36°C for 48 ± 2 h. All media 
were purchased from Hope Bio-Technology Co., Ltd. (Qin-
gdao, China). The results were expressed as log [cfu/mL].

Nutritional and functional indicators

Total soluble solids, pH analysis
The total soluble solids (TSS) of the juice samples were 
determined as °Bx using a PAL-1 digital Abbe Refractom-
eter (ATAGO Co., Tokyo, Japan). The pH values of the 
juice samples were measured using a PHS-3E pH meter 
(Shanghai Leici Co. Ltd., China).

Determination of ascorbic acid
Ascorbic acid of  fresh juices was measured using the 
2,6-dichlorindophenol method with minor modification 
(11). Aliquots of  10 mL of  juice samples were placed 
individually in 50 mL centrifuge tubes; then, 10 mL of 
extracting solution (metaphosphoric acid-oxalic acid 
solution) was added. The mixture was treated with a 
vortex for 3 min, kept stable for 30 min, and then cen-
trifuged at 8,000 g for 8 min using a 5804R centrifuge 
(Eppendorf  Co., Hamburg, Germany). A volume of 
10 mL supernatant was then titrated with 2,6-dichlorin-
dophenol solution until a faint pink color was observed 
for 15 consecutive seconds. In addition, a blank test was 
carried out to eliminate interference. Ascorbic acid was 
calculated as follows:

Ascorbic acid (μg/mL) = [(V–V0) ×T ×A × 1,000]/V1

where V is the volume of 2,6-dichlorindophenol solution 
consumed in the titration of juice samples; V0 is the vol-
ume of 2,6-dichlorindophenol solution consumed by the 
titration blank; T is the titration of 2,6-dichloroindophe-
nol solution; A is the dilution ratio of fresh juices; and V0 
is the volume of juice samples.

Determination of total polyphenol content
The total polyphenol content (TPC) was determined by 
the Folin–Ciocalteu colorimetric method (12). The results 
are expressed as µg gallic acid equivalents (GAE)/mL 
juice (µg GAE/mL juice). The measurements were per-
formed using a UV-1800 spectrophotometer (Shimadzu, 
Kyoto, Japan).

Analysis of the antioxidant capacity
Antioxidant capacity was determined by DPPH-free rad-
ical scavenging capacity and ferric-reducing antioxidant 
power (FRAP) in this study. The DPPH scavenging activ-
ity and FRAP assays were based on previously described 
methods with slight modifications (13). The results are 
expressed as μM Trolox/mL juice.

Organoleptic indicator

Sensory evaluation
The method of sensory evaluation was performed accord-
ing to the research of Zhang et al. (14) with slight modifi-
cations. A total of 31 untrained volunteers (16 males and 
15 females) from Northwest A&F University conducted 
the sensory evaluation. Volumes of 200 mL of fresh juices 
under different storage conditions were served in a ran-
domized order in clear glass bottles and accompanied by 
unsalted crackers and purified water. Volunteers evalu-
ated the appearance, color, odor, flavor, sweetness, acidity, 
and overall acceptability on a 9-point hedonic scale. The 
hedonic scale is from 1 to 9; for each attribute, 9 points 
represent like it very much, and 1 point represents dislike 
it extremely; 5 points stand for neither like nor dislike it. 
After the evaluation process, the mean intensity scores of 
all the attributes were calculated and plotted. 

Suspension stability
As the turbidity of the juice can be divided into a precip-
itable part and stable part retained in the original juice 
during centrifugation, the absorption at 660 nm after 
centrifugation can be used to predict its turbidity stability 
during storage. The higher the light absorption value, the 
higher the suspension stability (15). Aliquots of 10 mL of 
juice samples were centrifuged at 3,000 g/min for 15 min, 
and 3 mL of supernatant was collected. The suspension 
stability was determined by a UV-1800 spectrophotometer 
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(Shimadzu, Kyoto, Japan) at 660 nm, and deionized water 
was used as the blank. 

Color analysis
The color attributes of watermelon juices were measured 
at 25°C using a Ci7600 colorimeter (X-rite, Grand Rap-
ids, Michigan, USA) in reflectance mode. Color was ex-
pressed as L*, a*, and b* values. The total color difference 
(ΔE) was calculated using the following equation, where 
L a b, , and* * *

0 0 0  are the control values.

∆ = − + − + −E L L a a b b[( ) ( * ) ( ) ]0 0
* *

0
2 * 2 * * 2 1/2

Detection and identification of non-industrial FWJ by an 
electronic nose
The electronic nose analysis was conducted using a PEN 
3 electronic nose (Airsense Analytics, Schwerin, Ger-
many) containing 10 metal-oxide semiconductors. The 
assay procedure was according to the research of  Wang 
et al. (16). In total, 5 mL of  fresh juice samples was 
placed in 20 mL vials. Testing started after equilibrating 
at 25°C for 10 min. Each juice sample was analyzed at 
least 10 times. Specific parameters of  electronic nose de-
tection were as follows: the carrier gas velocity was 300 
mL/min, the detection time duration was 60 s, and the 
cleaning time was 240 s.

Detection and identification of the change in volatile 
components in non-industrial FWJ by GC–MS
The volatile components in juice samples were analyzed by 
headspace solid-phase microextraction (HS-SPME) com-
bined with GC–MS based on a previous study with minor 
revision (16, 17). In total, 5 mL of juice samples mixed with 
1.5 g NaCl was placed in 20 mL headspace vials, 80 µL 
of 2-octanol (60 µL/L) was added as the internal standard, 
and headspace vials were sealed. Samples were equilibrated 
at 45°C for 30 min, and the volatile compounds were ex-
tracted from the headspace to the SPME fiber (50/30 μm; 
DVB/CAR/PDMS, Supelco, Bellefonte, USA) for 30 min. 
Then, the SPME fiber was injected into the injection port 
of the GC–MS system and desorbed at 250°C for 2 min.

A GC–MS-QP2010 (Shimadzu, Kyoto, Japan) was used 
for qualitative and quantitative analysis of the volatile 
compounds. A fused silica capillary column (DB-17MS; 
30 m×250 μm, 0.25 μm) and helium gas (1.93 mL/min) 
were used for detection. The initial temperature was 40°C, 
and this temperature was maintained for 3 min. The tem-
perature rose to 120°C at a speed of 4°C/min, then rose at 
a rate of 6°C/min to 240°C, and was maintained for 9 min. 
Mass spectrum (MS) conditions were as follows: the elec-
tron impact ionization (EI) ion source temperature was 
230°C, the ionization energy was 70 eV, and the scanning 
range of MS was m/z 35–500 in the full-scan mode.

Each volatile component was identified according to the 
NIST 14 MS database by matching degree and retention 
time. Selection of substances occurred with a matching 
degree greater than 85% as effective aroma components. 
All tests were conducted in triplicate, and the relative peak 
areas were calculated in relation to the peak area of the 
internal standard area. The internal standard was 2-octa-
nol for quantitative calculation of the content of aroma 
substances in different juice samples.

Statistical analysis
Regarding the electronic nose analysis, principal compo-
nents analyses were conducted by using SPSS 20.0 soft-
ware (18). Other experimental results are expressed as the 
means ± standard deviations (SDs) of three replicates for 
each treatment. Correlations were calculated using linear 
regression. Statistical analyses were performed using DPS 
7.05 software (Hangzhou, China).

Results and discussion

Dynamic variation rules of the microbial safety quality of non-
industrial FWJ under different storage conditions
Figure 1 shows dynamic variation rules of  microbial 
indexes of  FWJs under different storage conditions. 
The aerobic bacterial count and presence of  E. coli, 
molds, and yeasts were selected as microbial detection 
indicators.

Aerobic bacterial count and amount of E. coli
The aerobic bacterial count and amount of E. coli in FWJ 
increased rapidly during the 24 h storage period (Fig. 
1a, b). The two microorganism levels in juices stored at 
25 and 37°C were significantly higher than those stored 
at 4°C (P<0.05). This finding indicated that storage at 
4°C could significantly restrain the reproduction of the 
two microorganisms in the juice. The initial aerobic bac-
terial count and amount of E. coli in FWJ were 1.59 log 
CFU/mL and 1.48 MPN/100 mL, respectively. After 24 h 
of storage, the aerobic bacterial count in the juice at 4, 
25, and 37°C increased to 4.59, 6.73, and 7.65 log CFU/
mL, respectively, while the amount of E. coli increased to 
2.98, 4.32, and 5.04 log MPN/100 mL, respectively. On 
the whole, both the aerobic bacterial count and amount 
of E. coli in the juice increased markedly with the increase 
in the storage temperature.

Currently, there is no widely accepted standard for the 
sanitary quality of fresh juice. Two local standards in China 
(Chinese national standard DB46/117-2008 established by 
Hainan province and DB33/533-2005 by Jiangsu province 
of China) stipulate that the aerobic bacterial count and 
amount of E. coli in fresh juice should be less than 10,000 
CFU/mL (4 log units) and 2,400 MPN/100 mL (3.38 log 
units), respectively. Therefore, fresh juices that meet this 
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standard can be safely consumed. Combining Fig. 1a, b, 
it could be concluded that the microbial safety quality 
of FWJ can be guaranteed for 12 h when stored at 4°C, 
whereas it can only be ensured for 4 h when stored at 25 
or 37°C. This finding indicated that the time ranges of 
microbial safe drinking of the FWJ stored at 4, 25, and 
37°C were 12, 4, and 4 h, respectively, and it should be 
emphasized that the premise of this conclusion is that the 
whole juicing process must be strictly in accordance with 
the standard operating specifications.

Molds and yeasts
Dynamic variation in yeasts and molds of FWJs under 
different storage conditions is shown in Fig. 1c, d. The 
results showed that the molds and yeasts in the juice ex-
hibited a growing trend during the storage period (0–24 
h). Similar to the aerobic bacterial count and amount of 
E. coli, the growth of yeast and molds was significantly 
inhibited when the juice was stored at 4°C. However, the 
difference is that the yeast and mold increased rapidly at 
25°C, while the aerobic bacterial count and amount of 
E. coli grew fastest at 37°C. It is well known that the opti-
mal growth temperature of yeast and mold is 25°C, while 
that of aerobic bacteria and E. coli is 37°C. In summary, 
4°C of storage is most beneficial to ensure the microbial 

safety of FWJ and prolong the time range for safe drink-
ing, and these properties could only be ensured for 12 h.

Sílvia et al. (19, 20) and Feng et al. (21) indicated that 
the initial aerobic bacterial count and the amount of coli-
form bacteria, yeasts, and molds in watermelon juice were 
approximately 2.5–4 log CFU/mL, which is significantly 
higher than what was measured in this experiment. This 
difference was mostly because the juice extractor, cutter, 
and kneading board used in this experiment were thor-
oughly sterilized, and the juicing process was carried out 
in accordance with standard operating specifications. The 
FWJ was poured into pasteurized glass bottles immedi-
ately after juicing for further analysis. Thus, the initial mi-
crobial loads in FWJ could be effectively controlled and 
reduced. 

Dynamic variation rules of nutritional and functional indicators 
of non-industrial FWJ under different storage conditions

TSS, pH analysis
TSS and pH are two important indicators that affect the 
sweetness and acidity of juice. During the whole stor-
age period of 24 h, the TSS of FWJ stored at 4°C were 
significantly higher than those stored at 25 and 37°C 
(P<0.05), and the juice stored at 37°C showed the lowest 

a

c

b

d

Fig. 1. Dynamic variation rules of microbial indexes of non-industrial FWJs under different storage conditions: (a) aerobic 
bacterial count; (b) Escherichia coli; (c) mold; and (d) yeast.
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TSS (Fig. 2a). Similar trends were also observed during 
the storage of Arenga pinnata juice (22) and bayberry 
juice (23). Thus, it is speculated that the TSS in juice 
negatively correlates with storage temperature. In addi-
tion, there was a noteworthy increase in TSS after 2 h of 
storage (P<0.05). Then a sharp decrease was observed 
during 2–24 h (P<0.05). This trend is mainly due to the 
hydrolysis of polysaccharides into monosaccharides and 
oligosaccharides in the early stage of storage (24). As the 
storage time increased, microorganisms in FWJ multi-
plied rapidly; TSS are used as a nutrient source for mi-
crobial fermentation, which led to a significant decrease 
in TSS (22, 23, 25).

As shown in Fig. 2b, the initial pH in FWJ was 5.64. 
The pH value of FWJ stored at 4°C was relatively sta-
ble, ranging from 5.64 to 5.89 throughout the storage pe-
riod, while that of juices stored at 25 and 37°C showed a 
rapid downward trend after 8 and 4 h (P<0.05), and the 
pH value dropped to 5.39 and 4.63 at 24 h, respectively. 
Similarly, Feng et al. (21) observed an obvious decline in 
pH for watermelon juice during storage at 10°C. Previous 
studies also showed a decrease in the pH value of grape 
juice (25) and A. pinnata juice (22) with an increase in the 
storage period. The main reason for the decrease in pH is 
the increase in acidity caused by the metabolic activity of 
microorganisms during the storage period (25).

From Fig. 1a–d, it is clear that the microbial activity 
would be low at 4°C, while the microorganisms prolifer-
ate rapidly at 25 and 37°C. As microorganisms decom-
pose carbohydrates to produce various organic acids (23), 
the TSS and pH of the juice stored at 4°C were relatively 
stable, whereas the TSS and pH of 25 and 37°C declined 
markedly during the later stage of storage, which was at-
tributed to rapid proliferation of microorganisms in FWJ 
stored at 25 and 37°C.

Ascorbic acid
Figure 3a reflects the variation in ascorbic acid contents 
of FWJ under different storage conditions. The initial 
ascorbic acid content of FWJ was 39.88 µg/mL, which was 

close to the measured data reported by Rawson et al. (26) 
and Oliu et al. (27). Overall, the increase in storage time 
and storage temperature led to a significant reduction in 
ascorbic acid content in FWJ, especially for juices stored at 
37°C which showed a more pronounced downward trend 
in comparison with 4 and 25°C (P<0.05), which was con-
sistent with previous research on changes in ascorbic acid 
during storage of other fruit juices (23, 25, 28). Ascorbic 
acid is sensitive to a variety of factors, such as oxygen, 
pH, heat, water activity, and metal ions (23). The degra-
dation of ascorbic acid during juice storage was mainly 
due to oxidative degradation; ascorbic acid can be easily 
oxidized in the presence of oxygen by both enzymatic and 
non-enzymatic catalysts (24, 29). Oxidative degradation 
is positively correlated with storage temperature. In addi-
tion, the ascorbic acid content of juices at 4, 25, and 37°C 
decreased by 16.82, 21.14, and 30.50%, respectively, after 
storage for 4 h, while it decreased by 66.51, 76.67, and 
83.90%, respectively, after storage for 24 h.

Total polyphenol content
It could be seen from Fig. 3b that the TPC of FWJ 
stored at 4°C remains basically unchanged (P>0.05). 
Vallverdú-Queralt et al. (30) also found that pheno-
lic compounds were stable in tomato juice during stor-
age for 4°C for 3 months. In addition, the TPC in the 
juice stored at 25 and 37°C increased significantly within  
0–2 h (P<0.05), increased gradually from 2 to 12 h, and 
then dropped sharply during 12–24 h (P<0.05). This 
trend was probably because the dissolution and extracta-
bility of  polyphenol compounds were relatively lower at 
4°C, while it was significantly enhanced when stored at 
a higher temperature, especially at 37°C. Furthermore, 
the oxidative degradation of polyphenols was susceptible 
to occur at 25 and 37°C, while relatively insusceptible to 
occur at 4°C (30, 31), which well explained the variation 
trend of TPC in FWJ under different storage conditions. 
In addition, the decline in TPC in the later stage of  stor-
age may be caused by the aggregation of polyphenols 
with proteins in the juice (14).

a b

Fig. 2. Dynamic variation rules of (a) TSS and (b) pH of non-industrial FWJ under different storage conditions.
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Antioxidant activity
The positive effects of  juices on human health are 
mainly attributed to the antioxidant substances that 
they contain and their associated antioxidant activi-
ties (32). Fig. 3c, 3d represents the variation in DPPH 
scavenging activity and FRAP assays of  FWJ under 
different storage conditions. Apparently, a downward 
trend in DPPH scavenging activity and FRAP assays 
could be observed during the whole storage period in 
juices stored at 4°C. However, the two indexes of  juices 
stored at 25 and 37°C showed an upward trend first and 
then a downward trend. It is not difficult to perceive 
that the decrease in TPC and ascorbic acid content 
during storage is reflected by the decrease in DPPH 
and FRAP antioxidant capacities of  FWJ (Fig. 3c, d). 
On the whole, the variation trend of  DPPH scavenging 
activity and FRAP assays was highly in accordance 
with the change in TPC. Klimczak et al. (33) have also 
demonstrated a strong correlation between antioxi-
dant capacity and TPC values during the storage of 
orange juice.

Considering the above nutritional and functional in-
dicators comprehensively, it can be concluded that fresh 
juice stored at 4 and 25°C can still retain good nutritional 

and functional characteristics within 4 h, while juice 
stored at 37°C can still retain good nutritional and func-
tional characteristics within 2 h.

Dynamic variation rules of the sensory quality of non-industrial 
FWJ under different storage conditions
Organoleptic evaluation
The sensory characteristics of  any food have an import-
ant impact on acceptance or rejection by its consumers. 
An artificial sensory evaluation test on juice samples 
that was safe for microbial indicators was performed. 
The sensory evaluation with respect to appearance, 
color, odor, sweetness, acidity, and overall acceptability 
of  FWJ under different storage conditions is shown in 
Fig. 4. It is clear that acidity and sweetness had less 
effect on the sensory score of  watermelon juice. Con-
versely, the appearance, color, and odor had a greater 
influence. In addition, it was found that the odor of  the 
juice stored at 25°C was closest to the control group, 
while the sensory indexes of  the juice at 37°C deteri-
orated with the increase in storage time. In short, the 
FWJ still had acceptable sensory properties (sensory 
scores ranging from 7.17 to 8.88) when stored at 4 and 
25°C for no more than 4 h.

a b

c d

Fig. 3. Dynamic variation rules of (a) ascorbic acid content, (b) TPC, (c) DPPH scavenging activity, and (d) FRAP assays of 
non-industrial FWJ under different storage conditions.
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Color analysis
Color is also a crucial parameter for the evaluation of 
juice quality. The ΔE value represents the total color dif-
ference, while the L* value represents the lightness index. 
According to Fig. 5a, it is obvious that both storage time 
and storage temperature had a significant impact on L* 
and ΔE. The ΔE value of  FWJ under different storage 
conditions increased with the increase in storage time. 
Zou et al. (34) and Guan et al. (35) also found similar 
changes in mulberry juice and mango juice. A notice-
able difference can be observed between two colors when 
the ΔE value is greater than 2 (36). Therefore, the visi-
ble color change in FWJ could be observed after 2 h of 
storage. In addition, the ΔE value of  juice stored at 37°C 
was significantly higher than that stored at 4 and 25°C 
(P<0.05). During the experiment, it was also noticed that 
the higher the storage temperature, the more serious the 
fading phenomenon of  FWJ, possibly due to more se-
vere browning reactions occurring at 37°C (35). In ad-
dition, when the storage temperature rises, the pigment 
in the juice is more easily destroyed and degraded, and 
the polymerization reaction between the pigment and the 
polyphenol is also intensified (37). This study concluded 
that higher storage temperature accelerated the color de-
terioration of  the FWJ and further affected the sensory 
quality of  the juice.

In addition, during the whole storage period, the L* 
value of  the juice stored at 25 and 37°C increased grad-
ually. In contrast, the L* value decreased significantly 
when juice was stored at 4°C (Fig. 5a), which indicated 
that FWJ stored at 25 and 37°C became brighter gradu-
ally, whereas that stored at 4°C was significantly darker. 
Currently, there is still controversy about the change in 
the L* value during fruit juice storage. Zou et al. (34) 
and Gironés-Vilaplana et al. (38) reported that the L* 

value in mulberry juice and maqui berry and lemon juice 
tended to increase during the storage period at 4 and 
25°C.  Conversely, Guan et al. (35) and Calligaris et al. 
(39) found the L* value of  mango juice and banana juice 
decreased over the entire storage period. The downward 
trend in the L* value during fruit juice storage has also 
been reported in other studies (24, 25, 37). Therefore, fur-
ther research is still needed.

Suspension stability
Suspension stability reflects turbidity stability under cer-
tain centrifugal forces. It is an important factor affecting 
the consumer’s acceptance of  juice products. Consum-
ers generally do not want the juice to be stratified or 
emulsified, that is, they want the juice to have stable tur-
bidity. Obviously, with the increase in storage time and 
temperature, the suspension stability of  FWJ showed a 
significant downward trend (Fig. 5b), and the degree of 
decrease for 25 and 37°C was more pronounced in com-
parison with 4°C (P<0.05). Hence, it can be concluded 
that storage at 4°C was beneficial to maintain the sus-
pension stability of  FWJ.

Overall, 4°C of  storage was beneficial to maintain 
the suspension stability and original color of  FWJ. 

Fig. 4. Dynamic change of oranoleptic indicators of FWJ under 
different storage conditions: (a) spider plot of sensory analysis; 
(b) color (ΔE) and lightness (L*); and (c) suspension stability.

a

b

Fig. 5. Dynamic changes in the sensory characteristics of 
non-industrial FWJ under different storage conditions: (a) 
Color (ΔE) and lightness (L*); and (b) suspension stability.
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However, storage at 4°C significantly darkened the 
FWJ, which also negatively affects the color of  the 
juice. In short, it can be concluded that FWJ still had 
acceptable sensory properties when stored at 4 and 
25°C for no more than 4 h.

Using an electronic nose to evaluate and discriminate non-
industrial FWJ under different storage conditions
To discriminate and classify different juice samples, the 
average stable signal of each sensor at 56–60 s of an elec-
tronic nose was used in this study; all sample data were 
subjected to linear discriminant analyses (LDAs) (40). 
Figure 6 depicts the LDA results of different FWJs based 
on electronic nose response data. The two discriminant 
functions explained 97.3% of the total variance, including 
84.2% by LD1 and 13.1% by LD2. In general, the elec-
tronic nose with LDA models can distinguish 11 groups 
of FWJs under different storage conditions. Although 
there is some overlap or some sample points are very 
close, they are not mixed together. Juice samples with dif-
ferent storage conditions showed a regular distribution. It 
is clear that the FWJ stored at 25°C, especially the juice 
stored at 25°C for 2 h, was closer to the control group, 
and its aroma characteristics were closest to the control 
group. This finding indicated that the aroma character-
istics of FWJ stored at 25°C for 2 h were basically the 
same as those of the control group. This result is consis-
tent with the previous results of artificial sensory evalua-
tion (Fig. 4). In addition, the distribution of juice samples 

stored at 4 and 37°C was far from the control samples, 
indicating the odor characteristics of juices stored at 4 or 
37°C changed significantly. Consequently, the electronic 
nose could be used as a powerful alternative approach to 
evaluate and discriminate FWJs under different storage 
conditions due to its high sensitivity and objectivity.

Using GC–MS to investigate the change in volatile 
components of non-industrial FWJ under different storage 
conditions
Identification of volatile components and the relationship 
between their relative contents may be a useful means for 
identifying varieties (41), adulterations (40), and freshness 
of fruit juices. Based on the results of artificial sensory 
evaluation (Fig. 4) and an electronic nose (Fig. 6), the 
odor characteristics of FWJ changed significantly under 
different storage conditions. Thus, an electronic nose can 
effectively distinguish different fruit juice samples (Fig. 5). 
To further explore the impacts of storage time and tem-
perature on volatile components in FWJ, GC–MS was 
used to qualitatively and quantitatively analyze and com-
pare the changes in volatile components in FWJ under 
different storage conditions. The results are presented in 
Table 1.

In total, 80 kinds of volatile components were identi-
fied from seven groups of FWJs under different storage 
conditions: 18 species of alcohols, 16 species of aldehydes, 
14 species of alkanes, 7 species of ketones and alkenes, 5 
species of esters, 4 species of furans, 2 species of sulfide 

Fig. 6. LDA results of non-industrial FWJ under different storage conditions.
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and phenols, 1 carboxylic acid, 1 nitride, and 3 unknown 
compounds. The volatile compounds and their concen-
trations were significantly different in different sample 
groups. A total of 65 volatile compounds were observed 
in the control group (25°C, 0 h). Among them, ethanol 
(4.93%), hexanal (7.40%), (E)-4-nonenal (4.11%), (Z)-6-
nonenal (7.18%), nonanal (13.82%), (E,Z)-2,6-nonadienal 
(6.56%), (E)-3-decen-1-ol (32.69%), and decamethylcyclo-
pentasiloxane (5.84%) were found to be the eight major 
compounds, accounting for 82.53% of the total content 
of volatile compounds. Similarly, Liu et al. (4) identified 
55 compounds from watermelon juice using SPME GC–
MS/O. Hexanal, nonanal, (E)-2-nonenal, (E,Z)-2,6-non-
adienal, (Z)-3-nonen-1-ol, and (E,Z)-3,6-nonadien-1-ol 
showed to be the main aroma components of watermelon 
juice. However, in the investigation by Lea et al. (42), in 
which 59 compounds were identified from watermelon, 
hexanal, Z-6-nonenal, nonanal, (E,Z)-2,6-nonadienal, 
(E,Z)-3,6-nonadien-1-ol, and E-2-nonenal accounted 
for 77.3–81.6% of the watermelon volatiles. Although 
some volatile compounds are not exactly the same as 
previously reported, C9 alcohols and aldehydes, such as 
hexanal, nonanal, (Z)-6-nonenal, (E,Z)-2,6-nonadienal, 
(E,Z)-3,6-nonadien-1-ol, and (Z)-3-Nonen-1-ol, have 
been confirmed to be the typical volatile compounds in 
watermelon by much research (4, 42, 43). The differences 
in the volatile substances among these studies were proba-
bly attributed to watermelon variety and origin, ripeness, 
extraction method, absorbing material, chromatographic 
column polarity used, and so on. C9 alcohol and aldehyde, 
which are generally considered as the products of oxida-
tion and pyrolysis of polyunsaturated fatty acids (PUFA), 
such as linoleic acid and linolenic acid, under the action 
of lipid oxidase, hydrogen peroxide lyase, and alcohol 
dehydrogenase, were the main aroma substances in wa-
termelon juice (4). It is remarkable that (E)-3-decen-1-ol 
(32.69%) was the most abundant flavor substance in the 
control group. However, at any storage temperature, for 
a storage period of less than 2 h, a large amount of (E)-
3-decen-1-ol was converted to (Z)-3-nonen-1-ol, probably 
due to the action of isomerase and oxidase in the oxidative 
decomposition pathway of linoleic acid or linolenic acid 
(4). In addition, other aldehydes in watermelon juice, such 
as hexanal, (E)-4-nonenal, (Z)-6-nonenal, nonanal, and 
(E,Z)-2,6-nonadienal, decreased significantly throughout 
storage. In particular, (E)-4-nonenal showed a significant 
negative correlation with storage time and temperature.

From Table 1, it is clear that 65 and 66 types of  vola-
tile substances were identified in the control group and 
the 25°C, 2 h group, respectively. In comparison with the 
control group, both the composition and concentration 
of  volatile substances in the 25°C, 2 h group were the 
closest to the control group. Specifically, the 25°C, 2  h 
group and control group contained 61 identical volatile N
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Quality assurance of non-industrial fresh watermelon juice

substances, 27 kinds of  which had no significant differ-
ence in their concentrations (P<0.05). More importantly, 
among the 8 kinds of  major flavor substances in FWJ, 
the concentration of  ethanol, hexanal, Z-6-nonenal, 
and (E,Z)-2,6-nonadienal showed no significant differ-
ence between the two groups (P<0.05). Thus, the aroma 
characteristics of  the 25°C, 2 h group were the closest 
to the control group. This finding also verifies the results 
of  the electronic nose (Fig. 6). In contrast, compared 
with control group, only 57 and 48 types of  volatile sub-
stances were identified in the 37°C, 2 h group and 37°C, 
8 h group, respectively, and the content of  typical vola-
tile compounds, such as hexanal, (E)-4-nonenal, (Z)-6-
nonenal, nonanal, and (E,Z)-2,6-nonadienal, declined 
rapidly with the storage duration. In addition, juices 
stored at 37°C produced six new volatile substances 
(content ≥20 µg/L): dimethyl sulfide, acetoin, 6-methyl-
5-hepten-2-one, (Z)-2-decene, 3,3-dimethyl-1-octene, and 
(6E)-nonen-1-ol. The content of  2-pentylfuran increased 
sharply. In addition, juices stored at 4°C mainly produced 
two new volatile substances (content ≥20 µg/L): sec-bu-
tyl nitrite and (6Z)-nonen-1-ol. The content of  ethanol, 
1-hexanol, 2-pentylfuran, octamethylcyclotetrasiloxane, 
1-nonanol, and dodecamethylcyclohexasiloxane in-
creased significantly.

Overall, the volatile components of FWJ changed sig-
nificantly under different storage conditions. Compared 
with juices stored at 4 and 37°C, the odor characteristics 
of FWJ stored at 25°C for less than 2 h, which were clos-
est to the control group, were the best. However, when the 
storage time exceeded 2 h, the volatile substances were 
well preserved at 4°C on the whole. However, storage 
of juices at 37°C not only reduced the types of volatile 
components but also caused the escape of typical aroma 
components and produced some unpleasant odors, such 
as that from dimethyl sulfide.

Conclusion
People often ask if  overnight non-industrial juice is still 
drinkable. In the present study, the quality change rules, 
including microbial safety quality, nutritional quality, and 
sensory quality, of non-industrial FWJ under different 
storage conditions were systematically investigated. In 
general, 4°C storage was most beneficial to ensure the 
microbiological safety and prolong the time range for 
safe drinking. The time range of microbial-safe drinking 
of the FWJ stored at 4, 25, and 37°C was within 12, 4, 
and 4  h, respectively. Moreover, the increase in storage 
time and storage temperature led to a significant reduc-
tion in ascorbic acid content in FWJ. The TPC of juices 
stored at 4°C remained basically unchanged, while that 
of juices stored at 25 and 37°C first increased and then 
decreased, and the antioxidant activity was highly in ac-
cordance with the change in TPC. Overall, with regard 

to the nutritional and functional indicators, fresh juice 
stored at 4 and 25°C can still retain good nutritional and 
functional characteristics within 4 h, while juice stored at 
37°C can do so within 2 h. For the sensory quality, 4°C 
storage was beneficial to maintain the suspension stability 
and original color of non-industrial FWJ. Non-industrial 
FWJ stored at 25°C for less than 2 h demonstrated the 
best odor characteristics, which were closest to the control 
group. In short, it can be concluded that non-industrial 
FWJ still had acceptable sensory properties when stored 
at 4 and 25°C for no more than 4 h. Based on the results 
of nutritional and sensory quality, a conclusion could be 
drawn that the drinking time range of nonindustrial FWJ 
with good quality was within 2 h when stored at 4 or 25°C, 
and the nonindustrial FWJ still had acceptable nutri-
tional and sensory quality when stored at 4 or 25°C for no 
more than 4 h. Furthermore, an electronic nose and GC–
MS can effectively distinguish and identify the changes 
in volatile components in FWJ under different storage 
conditions. Thus, the combination of an electronic nose 
and GC–MS can be used as a new method to evaluate the 
shelf  life and the quality of nonindustrial FWJ. Therefore, 
in terms of the juice microbial safety quality, nonindus-
trial FWJ stored at 4°C for 12 h is still drinkable, which 
means that overnight juice is still drinkable. However, 
with regard to the nutritional quality, after storage at 4°C 
for 12 h, the ascorbic acid content of juice decreased by 
approximately 36%. The sensory quality also decreased 
significantly. Obviously, the juice was no longer of good 
quality at this time.
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