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1 Introduction
With the development of society, the life pace of people is 

faster and faster, especially for the young people who are in the 
career rising period and have an unprecedented sense of time 
pressure. Therefore, all kinds of products that can improve the 
life happiness through simple operations are highly sought in the 
market. Food is the most important thing for the people. Food 
semi-finished products (SFP) are a variety of foods processed 
by standardized operation process and quantitative mechanical 
automation technology. They can meet the nutritional needs 
of people, and solve the problems of tight time and inability 
to cook (Makhoul et al., 2016; Rodolfi et al., 2022). Food SFP 
include vegetables, meats, soups, fruits, etc. Recently, affected 
by the COVID-19, many people have reduced their outdoor 
activities, and the food SFP have become a new favorite in the 
catering market (Kuang et al., 2020).

Green vegetables are the main components in prefabricated 
dishes. However, they are easy to lose their bright green and 
form brown when heated in the central kitchen. In addition, 
the cooling, transportation and reheating will not only cause the 
chlorophyll degradation, but also cause the increase of nitrite 
content, resulting in the decline of consumers’ appetite and the 
safety (Heaton & Marangoni, 1996; Bahadoran  et  al., 2016). 
Broccoli, green pepper and French bean are the green vegetable 
deeply loved by the public due to good color, texture and nutrient 
(Kumar et al., 2020; Ríos-Fuentes et al., 2022; Zhang et al., 2022), 
and they are very suitable for food SFP. However, there is no 
study on the quality changes of these three green vegetable SFP 
during cooking and storage. Therefore, this study investigated the 

effects of cooking method and storage temperature on quality of 
these three green vegetable SFP, in order to provide a theoretical 
basis for their processing and transportation.

2 Materials and methods
2.1 Materials and instruments

Fresh broccoli, green pepper and French bean were purchased 
from RT-Mart supermarket in Xihu District, Hangzhou 
(China). 722-G visible spectrophotometer was provided by 
Shanghai Yidian Analytical Instrument Co., Ltd., (Shanghai, 
China). G70D0CSP-D2(SO) microwave oven and CH21203D 
induction cooker were purchased from Guangdong Galanz Living 
Appliance Manufacturing Co., Ltd., (Foshan, China). Acetone, 
sodium hydroxide, zinc acetate, glacial acetic acid, sodium 
nitrite, phenolphthalein, hydrochloric acid, diethylenediamine 
hydrochloride, p-sminobenzene sulfonic acid, sodium tetraborate, 
phthalic acid, potassium ferrocyanide and other reagent were 
provided by Sinopharm Chemical Reagent Co., Ltd. (Shanghai, 
China).

2.2 Cooking methods of vegetables

Blanched cooking 

Under the conditions of normal temperature and normal 
pressure (induction cooker power, 2100 w), 100 g of pretreated 
vegetables (broccoli, green pepper and French beans) were 
placed in 4 kg of boiling distilled water for treatment for 130 s.
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Microwaved cooking 

Under microwave power of 700 W, 15 g of distilled water 
was added to the microwave bowl containing 100 g of pretreated 
vegetables, followed by sealing the microwave bowl using 
preservative film. The microwave treatment was performed 
for 150 s.

Stir-fried cooking 

A 10 g of corn oil was added to the dry pan. After heating on 
induction cooker with 1300 W power for 40 s, 100 g of pretreated 
vegetables was added to the pan, followed by stir-frying for 100 s.

2.3 Storage temperature experiments

The cooked vegetables were cooled using cold water. Then, 
they were stored at low temperature (4 oC) and room temperature 
(20 oC) for seven days, respectively. At different time point, the 
quality of vegetables was evaluated.

2.4 Evaluation of sensory score

The sensory score of vegetable SFP was evaluated using ten-
point scale. The scale contented four items including color, texture, 
flavor and decay rate. The score of each item was ranked into four 
grades: 2.5 points, 2 points, 1 point and 0 point. The total score 
of four items was taken as the final evaluation result (Table 1).

2.5 Determination of weightlessness rate

At different time point of storing, the vegetable SFP were 
weighed. The weightlessness rate was calculated as follows: 
weightlessness rate (%) = [(weight before storing - weight after 
storing)/(weight before storing] × 100.

2.6 Determination of nitrite content

At different time point of storing, the nitrite content of 
vegetable SFP was determined by spectrophotometry. A 50 g of 
vegetable SFP sample and 50 g of distilled water were added to 
the tissue homogenizer, followed by homogenizing for 5 min. 
A 15 g of homogenate solution was taken, and added by 12.5 mL 
of saturated borax solution and 150 mL of 70 oC water. After 
fully mixing, the mixture was heated by boiling-water bathing 
for 15 min, followed by cooling to room temperature. A 5 mL of 
106 g/L potassium ferrocyanide solution and 5 mL of 220 g/L zinc 
acetate solution were added the above mixture, followed by fixing 
the volume to 200 mL using water. After standing for 30 min, 
the upper fat was removed, and the supernatant was filtered. 
A 40 mL of filtrate was taken, and added to 50 mL colorimetric 
tube, followed by adding 2 mL of 4 g/L p-aminobenzene sulfonic 

acid, 1 mL of 2 g/L neethylenediamine hydrochloride and 
appropriate amount of water to the scale mark. After mixing well, 
the mixture stood for 15 min. The optical density was measured 
at wavelength of 538 nm in the visible spectrophotometer. 
The nitrite content in vegetables was calculated according to 
the standard curve of nitrite.

2.7 Determination of chlorophyll content

At different time point of storing, the chlorophyll content 
of vegetable SFP was determined by spectrophotometry. A 50 g 
of vegetable sample and 50 g of distilled water were added to 
the tissue homogenizer, followed by homogenizing for 5 min. 
A 2 g of homogenate solution was taken, and added by 10 mL of 
ethanol-acetone mixture (1: 1) and appropriate amount of water 
to 50 mL. After standing for 5 h, the mixture was filtered, and the 
supernatant was taken. The optical density of supernatant was 
measured at 645 nm in visible spectrophotometer, respectively. 
The content of chlorophyll in vegetable SFP was calculated 
according to the standard curve.

3 Results and discussion
3.1 Effects of cooking method and storage temperature on 
sensory score of vegetable SFP

Sensory quality of food is very important for raising the appetite 
of consumers (Acu et al., 2021; Tan et al., 2022). The sensory 
score is also an important parameter of vegetables (Lignou et al., 
2014; Owureku-Asare et al., 2021). As shown in Figure 1, the 
sensory score of all vegetable SFP showed a downward trend 
during storage. On the day 1 and day 2, there was no significant 
difference of sensory score of each vegetable SFP between storage 
temperature 0 oC and 20 oC, respectively. On day 3 of storing 
at 20 oC, the vegetable SFP were seriously rotten. The sensory 
score of vegetable SFP stored at 4 oC showed a slow downward 
trend. From day 2, the sensory score of vegetable SFP stored at 
4 oC was significantly higher than that stored at 20 oC. On day 
7, there was serious decay. Under the same cooking method and 
storage environment, the variety of vegetables will also affect 
the storage effect. For example, in this experiment, the score of 
broccoli in the two treatments is significantly higher than that 
of green pepper and green knife bean on the days, and this trend 
is basically maintained in other storage times.

3.2 Effects of cooking method and storage temperature on 
weightlessness rate of vegetable SFP

Water retention is a significant parameter in food storage 
(Isola et al., 2022). For fresh vegetables, the weightlessness rate 
is one of the main indicators to reflect their freshness. It can 

Table 1. Sensory scoring standard of vegetable semi-finished products.

Item 2.5 points 2 points 1 point 0 point
Color Completely green 10% yellow 30% yellow Completely yellow

Texture Extremely brittle Slightly brittle Slightly soft Extremely soft
Flavor Unique fragrance No fragrance Mild odor Obvious putrid smell

Decay rate No decay < 5% decay 5%-20% decay > 20% decay
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also reflect the edible value of cooked prefabricated dishes 
(Greule et al., 2015). Figure 2 showed that, with the extension 
of storage time, the weightlessness rate of all vegetable SFP was 
increasing. On day 1, the weightlessness rate of all vegetable SFP 
under storage temperature 4 oC was higher than that under 20 oC. 
The reason for this needed to be further explored. The cooking 
method had little effect on the weightlessness rate for the same 
vegetable SFP under the same storage temperature. Moreover, 
the influence of vegetable kinds on the weightlessness rate was 
not great.

3.3 Effects of cooking method and storage temperature on 
nitrite content of vegetable SFP

Human body is poisoned or died due to ingestion of a large 
amount of nitrite in vegetables (Lidder & Webb, 2013). As shown 
in Figure 3, with the extension of storage time, the nitrite content 
showed an upward trend. Nitrate in vegetables can be reduced 
to nitrite under the action of nitrate reducing bacteria. With the 
extension of storage time, more nitrite is produced (Denktas et al., 
2021). The nitrite content of each vegetable SFP stored at 4 oC 
was lower than that at 20 oC. Under low temperature, not only 
the metabolism of vegetables is reduced, but also the activities 
of microorganisms such as molds and bacteria are inhibited, 
which reduces the rate of nitrate to nitrite (Duan et al., 2020). 
No matter the storage temperature, the nitrite content in blanched 
broccoli was higher than that in microwaved broccoli.

Figure 1. Effects of cooking method and storage temperature on sensory 
score of vegetable semi-finished products.

Figure 2. Effects of cooking method and storage temperature on 
weightlessness rate of vegetable semi-finished products.

Figure 3. Effects of cooking method and storage temperature on nitrite 
content of vegetable semi-finished products.
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4 Conclusions
In conclusion, the comprehensive quality of three green 

vegetable SFP shows a downward trend during the storage. 
The cooking method and storage temperature have significant 
effect on the quality.
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