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Abstract. The influence of ultrasonic technology on the sterilization effect and quality of Cucurbita pepo 
juice were studied in this paper. The sterilization rate under conditions of control 100W, 200W, 300W 
ultrasonic, color difference, total chlorophyll content, pH changes on juice Cucurbita pepo were determined. 
The results showed that the total color difference, browning index, whiteness index and total chlorophyll 
content of the juice had significant changes, while the pH had no significant changes. Ultrasonic has a certain 
influence on the sterilization effect of Cucurbita pepo, and ultrasonic treatment is helpful to maintain the 
quality of pumpkin juice in a certain range. In the future, it is hoped that ultrasonic technology will combine 
with other technologies to achieve commercial sterility while minimizing the loss of quality in Cucurbita pepo. 

1 Introduction 

Cucurbita pepo, commonly known as zucchini, is a 
common vegetable on the family table, rich in nutritional 
value, deeply loved by people. Pumpkin pulp sweet and 
mild, are rich in polysaccharides, carotenoids, pectin, 
vitamins (C, E, K, thiamine riboflavin and pyridoxine), 
amino acids, minerals (Fe, Mg, K, P, Se), dietary fiber, 
phenolic compounds (flavonoids, phenolic acids) and 
other substances beneficial to human health, so which has 
high nutritional and medicinal value [1-7]. Cucurbita pepo 
in the past use of stacking, cellaring, storage and other 
ways, there are certain requirements for space, 
temperature, humidity, general requirements need 
ventilation, temperature is not too high or too low, higher 
than the set temperature pumpkin easy to rot, less than 0 ℃ 
prone to cold damage.  

Maintain asepsis can extend the storage period of 
Cucurbita pepo in the processing, storage, transportation. 
The high temperature of the traditional thermal processing 
sterilization method will have a certain impact on the 
quality of   pumpkin, while the Ultrasonic treatment can 
reduce the loss of nutritional quality of Cucurbita pepo. 
Ultrasonic processing is one of the non-thermal processing 
technologies to alternative to thermal pasteurization of 
food products and a new low-cost technology. The 
mechanism of ultrasonic processing is simple, no 
chemical residue, high safety, low energy consumption, 
economic and environmental protection, and product 
quality deterioration can be ignored [8]. Ultrasonic 
treatment reduces the pathogenic microorganisms of fruit 
juice, retains the bioactive compounds of fruit juice, and 
has effects on the color, antioxidant, vitamin C, 
polysaccharides, pectin, total phenol content and enzyme 
activity of fruit juice. It has been found in mango juice [9], 

cranberry juice [10], grapefruit juice [11], orange juice [12], 
and other relevant literatures have reported. However, 
there are few studies to evaluate the effect of ultrasonic 
treatment on pumpkin juice. The aim of this study is to 
analyze the effects of ultrasonic treatment on pumpkin 
juice, and to provide a theoretical basis for ultrasonic 
processing and production of pumpkin juice and 
development of fruit juice-pumpkin juice combination 
products.  

2 Materials and methods  

2.1 Experimental materials 

2.1.1 Material 

Pumpkin (bought from Lemaijia Supermarket) 

2.1.2 Drugs and reagents 

Drug: NaCl, LB Nutrition Agar, Ethanol, Acetone 
Reagent:  
① LB medium, 40 g nutrient AGAR powder was 

dissolved in 1000 mL distilled water, and autoclaved for 
15 minutes after packing;  

②The volume fraction was 80% acetone, and 80 mL 
acetone (analytical pure) was added with distilled water to 
a constant volume of 100 ml;  

③0.9% NaCl solution, 0.9g NaCl was dissolved in a 
small amount of distilled water, and then the volume was 
constant to 3 100 ml;  

④75% ethanol solution. 
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2.1.3 Experimental equipment 

15 ml plastic centrifuge tube, 25 ml with calibration test 
tubes, glass rod, a beaker, taper bottle and a cork, wipe 
mirror paper, gauze, funnel, sterile liquid gun, 1 ml spear, 
plate count AGAR, constant temperature incubator, 
Ultrasonic cell crusher SCIENTZ-ⅡD (Ningbo Xinzhi 
Biotechnology Co., Ltd.), super clean workbench, juicer 
(philips), Colori7 color difference meter, ultraviolet 
spectrophotometer (Shanghai Fine China Technology Co., 
Ltd.), Shanghai Lei Magi PHS-3C pH tester.  

2.2 Experimental method 

2.2.1 Pre-treatment of pumpkin 

Clean the Cucurbita pepo, remove the tail, pedicle and 
fruit pulp, cut into small pieces, and press the juice with a 
juicer. Divide the pumpkin juice into four parts and put it 
in a 100 ml brown conical flask, and store it in a 
refrigerator at 4 ℃ for later use. 

2.2.2 Ultrasonic treatment 

Ultrasonic treatment conditions：frequency: 25 K Hz；
time: 5 min; power: 100 W, 200 W, 300 W; temperature: 
25 ℃. 

2.2.3 Measurement of chlorophyll 

The contents of total chlorophyll in Cucurbita pepo were 
calculated according to method of Arnon [13]. 

X=(20.0D663 nm+8.02D645 nm）25/V  (1) 
In the formula, X: total chlorophyll content, μ g/ mL 

fresh weight; V: the volume of pumpkin juice, ml; D663 
nm and D645 nm are respectively 663 nm and light 
absorption value at 645 nm. 

2.2.4 Determination of sterilizing rate 

Test method reference GB 4789.2—2016. The bactericidal 
effect of the Cucurbita pepo treated by ultrasonic is 
expressed by the bactericidal rate, which is calculated by 
the formula: 

Sterilizing rate %  
 

100    (2) 

in the formula, 𝑋  : total number of bacteria before 
treatment; X: total number of bacteria after treatment 

2.2.5 Determination of color  

For color determination of the treated pumpkin juice, a 
colorimeter (Color i7) was used. For measure the color 
changes, the following parameters were determined: 
L*(brightness/darkness),a*(redness/greenness),b*(yellow
ness/blueness), chroma (C), and hue angle (h), total color 
difference (TCD) and browning index (BI) were expressed 
according to the following equations [14]. 

C= (a*2+ b*2)1/2   (3) 
h=tan-1(a*/ b*)    (4) 

TCD＝[(△L)2＋(△a)2＋(△b)2]½   (5) 
BI＝100(X-0.31) （5）in the formula, 

X=( a*+1.75L*)/(5.645L*+a*-3.012b*)  (6) 

2.2.6 Determination of pH 

The pH value of Cucurbita pepo juice was measured by 
PHS-3C pH tester.  

2.3 Statistical Analysis 

For the three samples of pumpkin juice in each group. All 
treatments were carried out in triplicate for each condition 
and all measurements were done in triplicate. The results 
were analyzed by Origin 2019 and SPSS 21.  

3 Results and analysis  

3.1 Influence of ultrasonic technology on the 
sterilization effect of Cucurbita pepo 

As can be seen from Figure 1, with the increase of 
ultrasonic power, the sterilization rate of Cucurbita pepo 
gradually increased, but the sterilization rate was low. In 
the experiment, the ultrasonic power was low, and the time 
of 5min was short, and the ultrasonic temperature was 
controlled below 25 ℃ , which led to the insignificant 
sterilization effect and failed to reach the state of 
commercial sterility. Ultrasonic sterilization mechanism is 
due to its cavitation can have a certain impact on the 
structure of microbial cells, cavitation makes cells and 
organelles within the cell, all kinds of substances shock, 
cell is destroyed and then achieve a sterilization effect [15]. 
It has been found that ultrasound treatment alone is 
effective in controlling the microbiome (thermophilic 
bacteria, cryophilic bacteria, and total coliforms), but the 
combination of heat and ultrasound is more suitable for 
controlling pathogenic bacteria and spoilage bacteria [15]. 
However, the combination of heat and ultrasound is less 
effective in controlling pathogenic bacteria and spoilage 
bacteria. In the future research, it is necessary to adjust the 
ultrasonic treatment parameters to further explore its 
sterilization effect.  

 
Figure 1. Sterilization rate of Cucurbita pepo juice treated with 

ultrasound 
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3.2 Influence of ultrasonic technology on color 
aberration and PH of Cucurbita pepo 

Table 1. Effects of ultrasound treatment on the color attributes 
and PH in the pumpkin juice 

 Control 100W 200W 300W 

C 63.410.024 61.900.047 59.180.038 62.310.007 

h 94.100.009 94.620.006 95.210.003 94.740.006 

TCD ⸺ 7.811.110 30.371.790 9.451.200 

BI 127.374.613 193.330.650 257.222.174 230.330.826 

PH 6.170.120 6.12 0.170  

 

6.11 0.230  

 

6.140.150 

In this study, Effects of ultrasound treatment on the 
color attributes in the pumpkin juice was evaluated 
(Table1). As shown in Table 1, The main results suggest 
that ultrasound did not induce significant changes in C and 
h values, but did induce significant changes in TCD, BI, 
Wang et al, by studying the application of ultrasound in 
strawberry juice, observed that the technique was 
responsible for an increase in the parameter TCD [16]. 
Similarly, in Souza et al study, sonication significantly 
affected all color parameters evaluated in cape gooseberry 
- Physalis peruviana juice [17]. This may be due to the 
inhibition or activation of chromatic aberration-related 
enzymes caused by the cavitation effect during the 
ultrasonic process under extreme physical conditions, thus 
measuring this result [18,19,20]. At the same time, the use of 
ultrasound can cause greater cell disruption, leading to the 
release of intracellular compounds, which can serve as 
substrates for oxidative processes and thereby affect the 
color of the final product [21]. 

Acidity is an important parameter of juice quality. It 
affects not only the taste of the juice but also the possibility 
of the development of microorganisms [22]. It can be seen 
from the figure that there is no significant change in the 
pH of untreated pumpkin juice and ultrasonic treated 
Cucurbita pepo, which is consistent with the result of 
Starek et al. 's study on the influence of ultrasonic 
treatment on the pH of tomato juice [22]. The effect of 
sonication on pH of juice have been reported also by other 
authors—Bhat et al and Abid et al [23,24]. These results 
show that the ultrasound treatment does not change the pH 
quality of pumpkin juice. 

3.3 Influence of ultrasonic technology on 
chlorophyll content of Cucurbita pepo 

It can be seen from Figure 2. that the total chlorophyll 
content in Cucurbita pepo decreases with the increase of 
ultrasonic power. With the increase of ultrasonic power, 
the total chlorophyll content in Cucurbita pepo decreases, 
which may be due to the energy and cavitation effect in 
ultrasonic, which destroys the cellular structure and 
decomposes unsteadily after the release of chlorophyll, 
leading to the decrease of chlorophyll content. If you want 
to better retain chlorophyll, ultrasonic power should not be 
too large. This result is related to Ordnonez-Santos et al. 
had the opposite effect on the carotenoid content of Cape 

Gooseberry Juice after ultrasonic treatment [25]. This study 
results indicated that ultrasonic wave could inhibit the loss 
of fruit and vegetable quality to a certain extent. The 
specific influencing mechanism needs further study and 
proof.  

 
Figure 2. Influence of ultrasonic technology on chlorophyll 

content of Cucurbita pepo 

4 Conclusion 

In this study, the bactericidal effect, visual color, total 
chlorophyll content and pH value of Cucurbita pepo juice 
were evaluated by ultrasonic treatment. After ultrasonic 
treatment, C, h and pH values did not change significantly, 
TCD and BI increased significantly, but total chlorophyll 
content decreased significantly. The results show that 
ultrasonic treatment is helpful to improve the quality of 
pumpkin juice to a certain extent. In the further study, to 
improve the technical parameters, it is expected to replace 
the hot processing technology. 
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