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Abstract. The watermelon juice was treated by the ultra-high temperature and 

pasteurization, respectively. The quality and aroma of the pasteurized juice were 

evaluated during the storage at 37 °C for 6 d. The pasteurization was effective to 

maintain the total microbial counts of the watermelon juice within the limits for 6 d. 

Altogether 30 volatile compounds were identified in the unpasteurized juice with the 

aldehyde (70.6 %) as the main component. The typical volatiles of the ultra-high 

temperature were reduced from 52.1 % to 29.4 % during the storage. 

Introduction 
Watermelon juice is sensitive to the heat, oxygen, light, ion, and etc. [1-4]. Various 

processing methods such as the high pressure treatment gives less adverse effects on 

aroma and color of the watermelon juice [2, 3]; the high pressure carbon dioxide 

treatment holds the original properties by inactivating the polyphenoloxidase, 

peroxidase, and pectin methylesterase [5]; the pulsed electric field treatment holds the 

((Z)-6-nonenal, 1-nonanol and (Z)-3-nonen-1-ol) content of the watermelon juice for 

21 d [1] and maintains the antioxidant capacity [6]respectively. However, the 

mentioned techniques were all involved in intermittent production with the high 

running cost and limited production capacity.  

Similarly, Ultra-high temperature (UHT) treatment inactivates spoiling 

micro-organisms [7], enhances the stability of the orange juice during the storage at 

10 °C [7], and maintains the phenolics content of apricot nectars [8]. However, the 

qualities of the watermelon juice pasteurized by UHT had not been evaluated during 

the storage. 

Therefore, the aim of the present study is to evaluate the effectiveness of UHT and 

Pasteurization on the qualities and aroma of the juice watermelon juice was stored at 

37 °C for 1 week.  

Material and Methods 
Processing of the Watermelon Juice 
Mature watermelon (Citrullus lanatus var. Jingxin No.3) was purchased from a local 

fruit market. The fruits were round with regular stripes and weighted about 3~4 kg per 

fruit. The flesh of the fruits was red with a soluble solid content of 11.5~13.5 % (SSC 
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was measured using a refractometer (PAL-α, ATAGO, Japan) calibrated with distilled 

water).  

The fruits were peeled and squeezed in a juicer (make: Philips) after stored at 4 °C 

for 24 h (HR1861, Philips Co. Beijing, China). The juice was mixed with complex 

food additive including arboxymethylcellulose sodium, ascorbic acid, xanthan gum, 

ethylene diamine tetraacetic acid, carminum, sodium pyrophosphate and etc [9]. The 

mixture was fully stirred and adjusted to the pH 4.1 with the citric acid (1mol/L), and 

adjusted soluble solid content to 8.0 with the high fructose corn syrup (4502504-01, 

Fresh Juice Industry (Kunshan) Co. Ltd.). The formulated juice was homogenized at 

50 MPa (NS101L2K, GEA, Parma, Italy). The juice was pasteurized by Pasteurization 

and UHT respectively. Specifically, the Pasteurization treatment heated the juice at 

60 °C for 30 min, and the UHT treatment heated the juice at 135 °C for 2 s. 

The pasteurized juice was stored at 37 °C for 6 d. The qualities and aroma of the 

UHT was evaluated at 1
st
, 3

rd
 , and 6

th
 d, which nominated as the UHT1, UHT3, and 

UHT6. The juice before pasteurization was considered as the Unpasteurized.  

Total Flora Counts  
Juice was serially diluted, plated in total count agar for total flora counts. The plates 

were incubated at 30 °C for 48 h and counted manually. 

Electronic Nose Analysis 
The aroma of the watermelon juice was compared by the electronic nose (PEN2, 

Airsense Analytics GmbH, Schwerin, Germany). The sample of 2 mL was put in the 

testing tube. And then the electronic sensor was put into the testing tube to collect the 

results for 60 s.  

GC-MS Analysis and Identification of Volatiles 
The volatiles of the sample were performed on an Agilent 6890 gas chromatograph 

coupled to an Agilent 5973I mass selective detector (Agilent Technologies, Palo Alto, 

CA). The volatile compounds were separated on a DB-Wax column (30 m × 0.25 mm 

i.d., 0.25 μm film thickness, Agilent Technologies).  

Volatiles were identified by comparison of their mass spectra and retention times 

with those of authentic standards, or by comparison of Kovats’ retention indexes and 

mass spectrum. The K.I.s were calculated from the retention times of C6–C40 

n-alkanes followed the recently method.[10] 

Statistical Analysis 
Analysis of variance (ANOVA) was used to compare mean differences of the results. 

If the differences in mean existed, multiple comparisons were performed using 

Duncan’s Multiple Range Test. All analysis were conducted using SPSS for Window 

Version 19. All experiments were done in triplicates or more. 

Results and Discussion 
Total Microbial Counts of Watermelon Juice 
The effect of storage time on total microbial counts of the watermelon juice is shown 

in Fig. 1. The initial count of the Pasteurization and UHT was lower than 2.0 Log 

CFU/mL. Subsequently, the total microbial count of each treatment was enhanced 

with the storage time. The total microbial count of the Pasteurization and UHT 

reached 2.6 and 5.6 Log CFU/mL, respectively, on the 6
th

 d. Therefore, the 
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Pasteurization was effective to maintain the microbial count of the watermelon juice. 
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Figure 1 Effect of storage time on total microbial counts of the watermelon juice 

Aroma of the Watermelon Juice 
The pasteurized juice was stored at 37 °C and the aroma of the pasteurized juice was 

compared by the sensor array of 10 electrodes in the electric nose during the storage 

(Fig. 2). The dimensions of electrical responds were reduced by the principal 

component analysis. The main component 1 and 2 contributed 93.43 % and 4.17 % 

for the total watermelon aroma, respectively. The main component 1 represented the 

main aroma of the watermelon juice. The area of the Unpasteurized had no overlap 

with the stored watermelon juice. Consequently, the aroma of the UHT1, UHT3, and 

UHT6 was different to that of the unpasteurized juice. Interestingly, the aroma of the 

berry juice pasteurized by the UHT is well maintained [11], while the heating at 90 °C 

for 28 s leads to a significant aroma change of the apple cider [12].  

 

Figure 2 Effect of storage time on aroma of the watermelon juice 

Volatiles of the Watermelon Juice 
Total 30, 28, 25, and 28 volatiles were tentatively assigned in the unpasteurized, 

UHT1, UHT3 and UHT6, respectively (Table 1). The aldehyde, alcohol, ketone, 

alkane, and ester constituted 70.6 %, 15.8 %, 9.24 %, 4.42 %, and 0.26 %, 

respectively, in the unpasteurized watermelon juice. The acid was not found in the 

unpasteurized watermelon juice. Consequently, the aldehyde was the main component 

in unpasteurized watermelon juice.  

 

 

 

Unpasteurized 

UHT1 

UHT3 

UHT6 
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Table 1. Volatile contents (%) of the watermelon juice during storage 
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Table 1, cont. Volatile contents (%) of the watermelon juice during storage 

 

*: not detected. 

Remarkably, the aldehyde content of the unpasteurized, UHT1, UHT3, and UHT6 

was 70.6 %, 61.9 %, 43.7 %, and 31.0 %, respectively. The aldehyde was believed to 

be the main aroma of the watermelon juice. The aldehyde content reduced 

significantly during the storage, while the alcohol, acid, and ester content of the juice 

were enhanced during the storage. 
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Figure 3 Effect of storage on typical volatiles of the watermelon juice 

The C9 alcohol and aldehyde are the key aroma of the watermelon juice. The 

1-Nonanol, (E)-2-Nonen-1-ol, (3Z)-3-Nonen-1-ol, (3E,6Z)-3,6-Nonadien-1-ol, 

1-Nonanal, (E,Z)-2,6-Nonadienal, and (2E)-2-Nonenal were designated as the typical 

volatiles of the watermelon in the watermelon juice. The content of the typical 

volatiles of the unpasteurized, UHT1, UHT3, and UHT6 was 52.1 %, 46.4 %, 40.7 %, 

and 29.4 %, respectively (Fig. 3). Hence, the watermelon aroma of the pasteurized 

watermelon juice was reduced with the storage time.  
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