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1 | INTRODUCTION
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Abstract

The street vended foods (SVF) are very popular in China, particularly in highly ado-
lescents populated regions such as schools. Food quality is a critical global issue, but
there are few studies describe the quality assessment of SVF. In this study, the quality
of SVF around a university in Kunming was evaluated, including the microbial quality,
proximate composition, oil quality, and heavy metal content. Microbial results showed
that the aerobic plate count (APC) and Escherichia coli (E. coli) counts ranged from 1.94 to
7.43 log CFU/g or ml, and 0.53 to 1.48 log CFU/g or ml, respectively. A portion of fried
snack samples exceed the standard limit of acid value (AV) and peroxide value (POV),
and the same result was observed in carbonyl group value (CGV), thiobarbituric acid
(TBA) value, viscosity, and conductivity. The proximate composition of the fried snack
samples varied widely, while the fat content was generally higher. The heavy metal anal-
ysis showed most samples met the safety standards, with the content of 12-51, 1-19,
12-73, and 11-88 pg/kg for As, Hg, Cd, and Pb, respectively. In conclusion, although the
overall results of this study were satisfying, more attention should be given to the qual-
ity of SVF. Consequently, there is a need for additional measures to protect consumers,

particularly young adults in college, from foodborne disease.
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and lack of clean water (Ryu et al., 2011). During the preparation

and distribution process of SVF, there is a high risk of foodborne

Street vended foods (SVF) is classified as food and beverages pre-
pared and sold on streets and in public places for immediate con-
sumption World Health Organization. Food Safety, T., (1996). Due
to its convenience, economy, and pungent flavor, SVF gain a lot of
popularity among consumers worldwide, more than 150,000 kinds
of SVF are being consumed in China alone (Lin et al., 2017).
However, most SVF are prepared in outdoor conditions and
commonly encountered with the poor hygiene, improper sanitation,

disease, because of the questionable quality of raw materials, poor
environment, infrastructure, preparation, and the personal hy-
giene of the food handlers (Islam et al., 2015; Mepba et al., 2007).
Previous studies had shown that some SVF exceeded the local
total plate count and total coliforms standards in some countries
(Manguiat & Fang, 2013; Noor, 2016), and some pathogenic bacte-
ria were found (Manguiat & Fang, 2013). In addition, fried, grilled,
and barbecued foods are the most frequently consumed SVF in
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recent years. A variety of chemical reactions (hydrolysis, oxidation,
and polymerization) occur while oil high-temperature cooking, lead
to poor quality of oil, these raise more considerable attention (Rose
et al., 2015). It has been reported that the polar compound, chem-
ical, and physical properties of oils from some SVF did not meet
certification standards (Bou et al., 2012). On the other hand, the
consumption of SVF was closely related to the intake of fats, sat-
urated fatty acids, and trans-fatty acid, as well as the occurrence
of obesity and noncommunicable diseases (Steyn et al., 2014).
Besides, the heavy metals concentration in some SVF exceeded
the tolerable daily intake (Hariri et al., 2015). Simultaneously, the
quality issues including nonpermitted colors, artificial sweeteners,
adulterant oils, and poor sanitary quality were found in some SVF
(Chandrasekhar et al., 2003).

The quality of SVF is a critical issue in densely populated areas
such as university campuses, many college students tend to consume
the SVF and are easy to buy from retail or mobile stores near the cam-
pus (Kim et al., 2013; Nyenje et al., 2012). In China, there are 2,956
universities, and more than 28 million college students (Statistics,
N. B. 0, 2020). The consumption of SVF in Chinese college students
is very considerable and increasing constantly. Consequently, it is
necessary to conduct a systematic evaluation of SVF quality around
Chinese university campuses. Although some studies have assessed
the microbial quality of SVF, the available information on its micro-
bial contamination and oil quality is still little.

Based on the potential hazards of the SVF, this paper analyzed
the physical, chemical, and microbial qualities of SVF near a univer-
sity in Kunming city, China. Our work can provide some valuable
suggestions for the dietary reference of college students and could
be useful for authorities to improve SVF management strategies, and
develop sanitation rules.

2 | MATERIALS AND METHODS
2.1 | Samples collection

The SVF samples were collected from the fixed and floating stalls
around a university located in Kunming city, China, from September
to October 2019. In brief, 133 different SVF samples (about 200 g/
each sample) were randomly collected, comprising salads, pasta,
soy products, fries, and grilled or baked snacks. The samples were
wrapped in sterile polyethylene bags and immediately transported
to the refrigerator (4°C). The microbial quality, oil quality, proximate
composition, and heavy metal content of samples were analyzed
within 24 h.

2.2 | Microbiological measurement

According to the types of preparing methods, the samples were
subdivided into 5 groups namely fully cooked food, fully cooked

food with minimum handling prior to consumption, multi-ingredients
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preparations, raw vegetables (fruits) ready for consumption, and
Handmade drinks (Table 1). The aerobic plate count (APC) and
Escherichia coli (E. coli) count were enumerated according to the
procedures described by Ng et al. (2013). In brief, samples (25 g)
were cut into pieces with sterile scissors, then 225 ml of physi-
ological saline solutions were added and made a ten-fold dilution,
then the suspensions were homogenized using a high shear ho-
mogenizer (Dalong, China) at 2,810 g for 1 min. The 100x dilutions
were obtained using the same method. (a) APC count: 1 ml of di-
lutions were added in soybean casein agar medium, after incuba-
tion at 37°C for 1-2 days, the colonies between 30 and 300 of the
plates were counted. (b) E. coli count: 1 ml diluted liquid was plated
and incubated at 32°C for 2 days on E. coli count Petri film plates
(3 M) under aerobic conditions. After the completion of incubation,
plates were counted on a standard colony counter. The number of

APC and E. coli were converted to log CFU/g or ml.

2.3 | Proximate composition analysis

The moisture, fat, protein, and ash of samples were analyzed using
the standard procedures of the AOAC (2000).

2.4 | Chemical parameter analyses of oils

The lipid samples were extracted with petroleum ether (boiling point
30-60°C) and dried using a rotary evaporator at 40°C for further
analyses (Chen et al., 2018). The acid value (AV) and peroxide value
(POV) were determined according to AOCS and expressed as mg/g
sample (AOCS, 2017). The carbonyl group value (CGV) was deter-
mined by the dinitrophenyl hydrazine (DNPH) method and expressed
as mmol/g sample (Endo et al., 2001). The thiobarbituric acid (TBA)
value was determined according to the previous method and ex-
pressed as mg malonaldehyde (MDA)/kg sample (Chen et al., 2018).
The inhibitions of the antioxidant activity were measured according
to the published method (Kamel & El Sheikh, 2012).

2.5 | Analyses of color index, viscosity, and
conductivity of oil

The color indexes of extracted oils were determined by measuring
the absorbance of 2.5% oil (oil in isooctane, w/v) at 470 nm (Yoshida
& Kajimoto, 1989). The color parameters including L, a*, b’ value of
oil were measured using a colorimeter (Beituo SC-80) according to
the previous report (Krokida et al., 2001). The viscosity was meas-
ured at room temperature using a rotary viscosimeter (Jingke DNJ).
Conductivity was determined according to the report of Li et al. (2016).
In brief, 20 g extracted oil was mixed with 50 ml deionized water in
a separating funnel (250 ml) at room temperature, the mixtures were
stirred for approximately 5 s and held for 5 min, then conductivity was
measured using the conductor (Shengxi DDSJ-308A EC).
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Group Food type Samples

1 Fully cooked food? Pancakes, French fries

2 Fully cooked food with Chinese burgers,
minimum further fermented Tofu
handling prior to
consumption

3 Multi-ingredients Cold dishes with dressing,
preparations® mixed salads, sushi

4 Raw vegetables and fruits Cucumber in sauce,
ready for consumption seaweed salad

5 Handmade drinks Tofu pudding, soybean

milk

#This food was eaten or sold immediately.

TABLE 1 Quantitative contamination

RacblalcpRlation levels of aerobic plate count (APC) and

CFU/g or ml L . -

( : ) Escherichia coli (E. coli) in food samples
APCH E. coli®

<10° <100

<10° <100

<10’ <100

N/A® <100

<10* <100

bFuIIy cooked foods with further handling like slicing, mixing and refrigeration prior to

consumption.

“Not applicable.
dAerobic plate count.
Escherichia coli.

2.6 | Heavy metal analyses of the food samples

The heavy metal (Cd and Pb) contents were determined by a graph-
ite furnace atomic absorption spectrophotometer (Pu Analysis TAS-
990) with Zeeman background correction (Ay & Karayunlu, 2008).
In addition, the inductively coupled plasma mass spectrometry
(ICP-MS) (Thermo Scientific) was used to measure the content of Hg
and As (Yim et al., 2017).

2.7 | Statistical analysis

The analysis was carried out in triplicates for all determinations and
the results of the triplicate were expressed as mean + standard de-
viation (SD).

3 | RESULTS

3.1 | Microbial analysis of SVF samples

Figure 1 showed the numbers of APC and E. coli of SVF. The results
indicated that the average APC value of tested 5 group samples
ranged from 3.41 to 4.37 log CFU/g or ml. According to the micro-
bial standards set by the Chinese Population and Family Planning
Commission, 13 of 74 samples (17.6%) were out of limits of APC. The
highest exceedance was category 3 (multi-ingredients preparations),
the lowest was category 1 (fully cooked food). The highest numbers
of APC were found in category 4 (raw vegetables and fruits ready for

consumption), whereas category 1 (Table 2).

APC
6 E.coli|

Index

2

-

Group 5

-

Group 3

A1 72

Group 1 Group 2 Group 4

FIGURE 1 The aerobic plate count (APC) and Escherichia

coli (E. coli) of street vended foods samples. Data are expressed
as mean (log CFU/g or ml) + standard error of the mean. Group

1, fully cooked food; Group 2, fully cooked food with minimum
further handling prior to consumption; Group 3, multi-ingredients
preparations; Group 4, raw vegetables and fruits ready for
consumption; Group 5, handmade drinks

The average number of E. coli ranged from 0.53 to 1.48 log CFU/g
or ml (Figure 1), and the highest numbers of E. coli were observed
at category 4, whereas category 1. According to the E. coli count
standard from the Chinese Population (100 CFU/g or ml), 10 of 96
samples were out of limits of E. coli. The exceedance of E. coli from
high to low is category 3, 4, 2, 5, and 1 (Table 3).
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3.2 | Evaluation of oil qualities

As showed in Table 4, among all the fried snack samples, AV of fried
fermented Tofu (1.75 mg/g) was the highest, while pancake was the
lowest (0.75 mg/g). According to the statistical results, 6.8% (9/133)
fried food samples exceeded the AV standard, and the French fries
showed the highest exceedance. These may be due to the fact that
oils used in French fries tend to be frying temperature and reused
frequently. 8.3% (11/133) fried food samples exceeded the POV
standard, and barbecues showed the highest POV (14.97 meq/kg)
and exceedance. The CGV (22.6 meq/kg) of fried steamed buns was
highest in tested fried samples, and 10.5% (14/133) samples were
out of limit, barbecue showed the largest exceedance. The French
fries showed the highest TBA value (0.86 mg/kg) in tested samples,
and 10.5% (2/19) French fries samples exceeded 1 mg/kg MDA.

Figure 2 presents the antioxidant activity of SVF samples. As
showed in the figure, antioxidant activity of fried fermented Tofu
was the lowest (31.0%), this may due to the high cooking tempera-
ture of frying destroyed the polyphenols in oil resulting in reduced
antioxidant capacity.

From Table 5, the absorbance value at 470 nm of oils extracted
from SVF samples ranged from 0.189 to 0.422. Among the fried snack
samples, barbecue showed the highest absorption value while fried rice
showed the lowest value. Correspondingly, L* value (30.29) of barbecue
was the lowest, a* value (18.97) of fried drumstick and b* value (33.20)
of fried fermented Tofu were the highest, these results indicated that
the color of the barbecue, fried drumstick, and fried fermented Tofu
had darkened by nonenzymatic browning during the cooking process.

The viscosity of oils extracted from SVF samples ranged from
51.0 to 71.0 mPa s, and the French fries showed the highest viscosity.
The viscosity result was corresponding to the results of acid value. As
shown in Table 5, conductivity of oils ranged from 11.93 to 26.28 ps/
cm, and French fries had the highest conductivity, these findings were

corresponding to the results of acid value and peroxide value.

3.3 | Evaluation of proximate composition

The proximate composition of SVF samples was shown in Table 6.

The moisture content ranged from 9.22% to 50.61%. The moisture

content of fried drumstick and fried rice noodles were significantly
higher than other samples, and the French fries was the lowest
value. The difference of water content was mainly caused by the dif-
ferent water content of raw materials and the different preparation
methods. Therefore, the low moisture content of French fries may
cause by the moisture losing during deep frying. The ash contents of
SVF ranged from 0.40% to 1.82%. Among the SVF, ash contents of
fried fermented Tofu and barbecue were higher than other samples,
which may be due to the rich mineral content of soybean and meat.
The fat content of tested samples varied from 10.32% to 47.30%.
The fat content of French fries was significantly higher than other
samples, mainly due to potatoes absorb more oil during deep frying.
In general, fat content of fried food samples is relatively high (>10%).
With respect to protein content, the fried fermented Tofu and fried
drumstick were rich in protein, while the fried rice and rice noodles
showed the lowest protein content, which was determined by the
composition of the raw materials. In other words, the higher level of

bean and meat, the higher protein content of SVF.

3.4 | Evaluation of heavy metal content

The four heavy metals contents of selected SVF samples were
presented in Table 7. The levels of arsenic ranged from 0.012 to
0.051 mg/kg. The highest and lowest levels of arsenic were found
in barbecue and French fries, respectively. The permitted limit of ar-
senic is 0.5 mg/kg set by the National Health and Family Planning
Commission (NPFPC) (2017). As showed in Table 7, all of the samples
met the arsenic permitted standard.

In terms of mercury content, fried drumstick had the highest
mercury content (0.019 mg/kg), while fried fermented Tofu had the
lowest mercury content (ND) (Table 7), which may be due to the dif-
ference in Hg content in the recipes. Such as 1 of 15 (6.7%) tested
fried rice samples, and 1 of 14 (7.1%) barbecue exceeded the stan-
dard set by the NPFPC (2017) (Table 8).

Among all samples, the Cd level of fried fermented Tofu was the
highest (0.073 mg/kg) and French fries was the lowest (0.012 mg/
kg) (Table 7). According to standards set by the Ministry of Health
of China, Cd content in grain, peanut, and meat products should not

exceed 0.1 mg/kg, and soybean products should not exceed 0.2 mg/

TABLE 2 Incidence and levels of aerobic plate count (APC) in the food samples
Percentage (%) of samples in the indicated intervals
(log CFU/g or ml)
Sample (%) meet Range (log CFU/g  Mean (log

Groups® n standards <3 3-4 4-5 >5 or ml) CFU/g or ml)
1 14 92.9 214 57.1 14.3 7.2 2.20-5.56 3.41+2.07
2 22 81.8 9.1 40.9 36.4 13.6 1.94-6.72 3.51+1.40
3 22 77.3 4.5 31.8 45.5 18.2 2.41-7.43 3.95+2.01
4 22 N/A 4.5 18.2 40.9 36.4 3.38-6.91 4.37 +1.29
5 16 81.3 12.5 56.3 25.0 6.2 2.64-5.99 3.48 +1.08

3Group 1, fully cooked food, Group 2, fully cooked food with minimum handling prior to consumption, Group 3, multi-ingredients preparations,
Group 4, raw vegetables and fruits ready for consumption, Group 5, handmade drinks.
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TABLE 3 Incidence and levels of Escherichia coli (E. coli) in the food samples
Percentage (%) of samples in the indicated intervals
(log CFU/g or ml)
Sample (%) meet Range (log CFU/g  Mean (log
Groups® n standards <3 3-4 4-5 >5 orml) CFU/g or ml)
1 14 929 14.3 50.0 28.6 71 0-2.04 0.53+0.35
2 22 95.5 9.1 45.5 40.9 4.5 0-2.08 0.97 + 0.50
3 22 86.4 4.5 31.9 50.0 13.6 0-3.08 1.16 +0.78
4 22 81.8 4.5 22.8 54.5 18.2 0-2.26 1.48 + 0.66
5 16 93.8 12.5 25.0 56.3 6.2 0-2.12 1.22 +0.35

2Group 1, fully cooked food, Group 2, fully cooked food with minimum handling prior to consumption, Group 3, multi-ingredients preparations,
Group 4, raw vegetables and fruits ready for consumption, Group 5, handmade drinks.

TABLE 4 Quality parameters of lipid extracts obtained from fried snack samples

ESR of ESR of ESR of ESR of
AV AV POV POV CGV CGV TBA value TBA?®
Samples n mg/g % meq/kg % meq/kg % mg/kg %
Fried rice noodles 20 1.07 £ 0.12 0 8.67 +0.79 0 12.8 + 0.5 0 0.29 +0.01
Fried drumstick 12 1.21 +0.06 8.3 12.61 +0.76 8.3 104 +1.0 16.7 0.41 + 0.00
Pancakes 18 0.75 +0.09 5.6 10.24 + 0.51 5.6 9.7+10 5.6 0.38 +0.00
Fried steamed buns 7 1.19 £ 0.14 14.3 14.18 + 1.55 28.6 22.6+2.0 28.6 0.81+0.01 14.3
Roasted rice cake 12 0.83 +£0.07 0 3.94 +0.62 0 51+04 0 0.26 +0.01 0
Fried rice 15 0.92 +0.09 0 10.24 + 0.88 0 11.1 £ 0.6 0 0.25 +0.00 0
Fried fermented 16 1.75+0.17 6.3 12.61 +2.84 12.5 12.8 +3.0 12.5 0.69 +0.03 6.3
Tofu
Barbecue 14 1.35+0.12 14.3 14.97 + 1.56 21.4 14.6 +0.4 28.6 0.58 +0.00 0
French fries 19 1.25+0.22 15.8 12.61 +1.42 10.5 16.6 +0.3 15.8 0.86 +0.03 10.5

Abbreviations: AV, acid value; CGV, carbonyl group value; ESR, Exceeding standard rate; POV, peroxide value; TBA, thiobarbituric Acid.

?Exceeding standard rate over 1 mg/kg.

kg. The Cd content of 1 of 16 (6.3%) fried fermented Tofu samples
exceeded the standard (Table 8).

The lead content in the tested samples ranged from 0.011 to
0.088 mg/kg (Table 7). Among them, barbecue had the highest lead
content, the fried steam bun had the lowest lead content. The max-
imum permissible limit of lead in grain, soybean, and meat products
is 0.5 mg/kg, and the Pb content of 1 of 12 (8.3%) fried drumstick,
1 of 16 (6.3%) fried fermented Tofu, and 1 of 19 (5.3%) French fries
exceed the permitted limit (Table 8), which may be related to soil
pollution in food-growing fields, and abuse of the sewage sludge,
fertilizers, and pesticides.

4 | DISCUSSION

4.1 | Microbial analysis of SVF samples

Generally, the APC is used to evaluate the hygienic quality and bac-
terial contamination in foods which can reflect the total hygienic
quality of SVF, the E. coli can be used to represent the fecal pollution.

If E. coli was detected in foods, it may indicate that there were also

other pathogenic intestinal flora existed, such as salmonella (Metz
et al., 2020).

APC results suggested that some SVF like category 4, 3, and 2
were susceptible to bacterial contamination, which may be caused
by sterilization instruction, handing methods, preserving condi-
tions, personal hygiene of counter-tops (Sibanyoni & Tab it, 2019).
Meanwhile, the microbial population was affected by the tempo-
ral relationship between food preparation and service (Marzano &
Balzaretti, 2013). In addition, the unheated foods such as salad were
generally served raw and naturally contaminated may contain high
levels of microorganisms that can cause excessive levels of APC and
E. coli.

In the present study, APC numbers of tested SVF samples were
near those reported in Korean elementary schools, which indicated
that 15% of nonheated foods and 9% of heated/nonheated food
samples were not meet food standards (Ryu et al., 2011).

SVF in China is characterized by large scale, low threshold,
and high risk of cross-contamination. Therefore, it is necessary to
supervise the control microbiology condition of SVF by the local
government. Some of the SVF did not comply with the regula-

tions governing, and general hygiene requirements for food, the
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TABLE 5 Colorindex, apparent viscosity, and conductivity of lipid extracts obtained from fried snack samples
Absorption Chroma value Viscosity Conductivity
Samples n At 470 nm L* a* b* mPa s pus/cm
Fried rice noodles 20 0.288 67.74 + 0.02 13.30 + 0.67 17.39 + 0.42 525+ 14 12.54 + 0.06
Fried drumstick 12 0.329 52.73 £ 0.05 18.97 £ 0.12 14.60 + 0.28 60.9 +2.9 12.51 + 0.04
Pancakes 18 0.319 55.78 +0.12 3.15+0.24 10.80 + 0.54 53.2+1.2 11.93 + 0.07
Fried steamed buns 7 0.369 40.77 + 0.10 1199 + 1.01 26.56 + 0.67 664+ 1.3 14.34 + 0.08
Roasted rice cake 12 0.198 67.62 + 1.17 7.82 +0.18 19.57 + 0.36 53.7+0.7 12.21 + 0.07
Fried rice 15 0.189 72.36 +2.71 1.63 +£0.07 21.00 £ 0.55 51.0+ 1.6 14.44 + 0.09
Fried fermented Tofu 16 0.333 62.69 +0.62 5.43 +0.05 33.20 + 0.47 68.6+2.4 2490+ 0.11
Barbecue 14 0.422 30.29 + 0.45 12.25 + 0.06 12.00 + 0.26 55.3+25 17.09 + 0.06
French fries 19 0.318 62.34 +0.98 -3.38 + 0.05 13.15 +0.44 710+ 1.8 26.28 +0.10

competent authorities should analyze the cause of noncompliance
and take immediate remedial action to reduce the amount APC and
E. coli in food to a satisfactory level (Sibanyoni & Tab it, 2019).

4.2 | Evaluation of oil qualities

The acid value is the rancidity index of oils, which related to the
quality evaluation and of conserving the method of oil. Peroxides,
intermediate products, are produced during lipid oxidation, and
easily decomposed into volatile and nonvolatile fatty acids, al-
dehydes, ketones, etc. The peroxide value can be used to char-

acterize the hydroperoxides formed during oils frying/baking. In

addition, carbonyl group value is often used as the index of per-
oxide content and rancidity degree and TBA value could express
as the degree of lipid peroxidation products which is used as the
index of lipid peroxidation.

A portion of quality parameters of lipid extracts obtained from
SVF exceeded the standards set by Chinese national standards
Health (SAC, 2003), these may be attributed to the partial dehydra-
tion of food materials and the increasing oxidation of unsaturated
fatty acids at the relatively high temperature of cooking or frying
(Burgos-Edwards et al., 2017).

The DPPH scavenging capacities of oils is related with the total
phenolic contents and cooking conditions, some cooking oils and spices

contain the high level of antioxidants, which can exhibit the strong
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TABLE 6 Proximate composition of

Samples n Moisture (%) Ash (%) Fat (%) Protein (%) street vended food samples
Fried rice noodles 20 51.20+1.44 0.74 +£0.12 10.32 +0.83 3.02 +0.65
Fried drumstick 12 50.61 +2.49 1.57 +0.28 16.83 +1.24 22.63 +3.23
Pancakes 18 23.32+1.02 1.32+0.25 16.51 + 2.65 8.79 +1.15
Fried steamed buns 7 2985+214 0.40 +0.07 18.20 + 1.49 7.83 +0.95
Roasted rice cake 12 4193 +3.23 0.84 +0.13 11.34 £ 0.68 5.30 +0.87
Fried rice 15 43.13+1.76 0.63+0.11 1041 +1.12 3.16 + 0.37
Fried fermented Tofu 16 20.87 +2.96 1.82+0.18 14.81 + 2.07 32.76 + 3.58
Barbecue 14 4751 +3.04 1.71 +0.04 10.71 + 0.73 18.36 +2.26
French fries 19 9.22+1.94 1.13+0.27 47.30 + 2.69 4.10 +0.34

DPPH free radical scavenging capacity (antioxidant ability). Some SVF
such as fried fermented Tofu showed low DPPH scavenging capacities
(Figure 2), may be attributed to the high-temperature cooking methods,
especially frying, roasting, and grilling (Kobylinski et al., 2016).

During high temperatures and prolonged heating, the L* value
of oil usually decreased with the increasing temperature of frying
oil due to the water decrease, oil migration, and Maillard reaction
(Kumar et al., 2017). Besides, the pigments of sauces added in foods,
as well as the pigments existing in used plant oils, such as canola oil,
soybean oil, and palm oil (Sarikaya et al., 2016) decreased the light-
ness, while increased the redness and yellowness of the oil.

Qil viscosity usually has a good correlation with the percentage
of free fatty acids and polymers (Safari et al., 2018), the higher acid
value, the larger oil viscosity (Tables 5 and 6), which may be due to
the formation and accumulation of undesirable components when
the oil exposed to oxygen at high temperature (Kumar et al., 2017).

As reported by Yang et al. (2016), the conductivity of cooking oils
were greatly affected by the volatile decomposition products and
impurities, such as aldehydes, ketones, and alcohols, which mainly
contributed to the conductivity of oils. Oils extracted from some
SVF showed relatively high conductivity (Table 6) mainly due to the
long cooking time and high frying frequency (Yang et al., 2016).

4.3 | Evaluation of proximate composition

The difference of proximate composition of SVF was mainly caused
by the different nutrient content of raw materials and the different
preparation methods (Durazzo et al., 2019). In general, fat content of
fried food samples is relatively high (>10%). Therefore, it is not condu-
cive to human health with large amount intakes to fried foods. All in
all, nutrients of SVF varied widely because of the recipe formulation

and cooking methods, and but the fat content was generally higher.

4.4 | Evaluation of heavy metal content

Heavy mental including arsenic, mercury, cadmium, and lead are
toxic elements and often harmful to human body if their level ex-

ceeds maximum permitted value. For instance, arsenic is cytotoxic

to many organs in the human body and usually causes neurasthenia,
multiple skin lesions, and neuritis. Mercury can cause stomatitis and
neuropsychiatric symptoms. Cadmium can accumulate in the kid-
neys and liver and cause cancer. Long-term consumption of leaded
foods could cause serious damage to the blood and nervous sys-
tems, especially to children's health and intelligence.

Arsenic content in most SVF samples was relatively low, such as
lower than 0.024 mg/kg in meat, 0.103 mg/kg in rice, and 0.036 mg/
kg in beans (Li et al., 2011). With respect to mercury, Fried drum-
stick contain more Hg (Table 7) than meat products in Chile, and
the Hg content (<0.001 mg/kg) of fried fermented Tofu was simi-
lar to that of boiled beans in Italia faculty cafeteria (Alberti-Fidanza
et al., 2002). In terms of cadmium content, the averaged Cd content
of fried fermented Tofu was a little higher than pulses consumed in
Italy faculty cafeteria (0.04 mg/kg) (Alberti-Fidanza et al., 2002). In
addition, the Cd content of fried drumstick and French fries were
remarkably lower than the meat consumed in Italy faculty cafeteria
(0.013 mg/kg) and potato chips sold in Turkey (0.64 mg/kg) (Alberti-
Fidanza et al., 2002; Hariri et al., 2015). Furthermore, the Pb levels
of tested barbecue were close to the pork belly consumed in Korean
(0.08 mg/kg) (Ryu et al., 2011).

In the light of our researches, the levels of heavy metals in the
SVF tested were mostly in line with Ministry of Health of China. The
heavy metal level for SVF samples around the university was agreed
with the literature reported for the same kind of samples around the

country.

5 | CONCLUSIONS

A certain proportion of samples did not meet the APC and E. coli
standards, suggesting that the conditions for the preservation, pro-
cessing, and hygiene of SVF should be improved. The local govern-
ment should pay attention to the administration of street stall, and
develop unified standards of whole restaurant foods. Some SVF
contain too much fat, and qualities like AV, POV, and CGV of some
oil were not satisfied with standards. In terms of heavy metal lev-
els, some SVF exceeded the standards, but most analyzed samples
had low-level content. The relative inconsistencies in the microor-

ganism's contents and fats quality should be given due attention.



ZHANG ET AL. 6677
—WILEY
TABLE 8 Sample size and rate of over permitted standard of
x 333383383 Sl four heavy metals
33333338 383
Rate of over permitted standard (%)
o o N ™ © Samples n As Hg Cd Pb
£ 8 8 8 8 8 3
S o5 ' & o = Fried rice noodles 20 0 0 0
Fried drumstick 12 0 0 0 8.3
g § g § § § g g‘ § Pancakes 18 0 0 0
E} S 33 o oS S 3 o Fried steamed buns 7 0 0 0 0
> HoH H H H HH HooH
=2 5 BN IElCE Y el 3 Roasted rice cake 12 0 0 0 0
a2l & © © © © 9 © o S L.
|2 o o o o o o o o o Fried rice 15 0 6.7 0 0
Fried fermented Tofu 16 0 0 6.3 6.3
% § g § g g % gc.: § % Barbecue 14 0 7.1 0 0
2 0 o o o o o o o o French fries 19 0 0 0 5.3
i wn ol i i ™
.§ 88, 888 . 8 Therefore, a balanced diet is highly recommended, such as reduc-
o o o o o o
ing consumption of SVF around the university. For SVF producers,
more efforts should be made to improve the sanitary conditions and
t238383¢ S S awareness of food safety. Eventually, better management strategies
£ 33333338 83 ’
i H 4 H H H o1 oH HoH and hygiene rules should be developed.
E|§ 333328 0R & o
S| & 9 99 99 909 g9
Ol3 0 o o o c oo o o o ACKNOWLEDGMENTS
This study was supported by the National Natural Science
é g g g g <8f lg § g g Foundation of China (No. 31760440), Yunnan Innovative Research
S 5 66 6 o o o S o Team of Environmental pollution, Food Safety and Human Health
(No. 202005AE160017), and Major Special Plan of Science and
™ Technology of Yunnan Province (No. 2018ZG004). The authors
: O
'§ g [ e e N | o thanked the College of Life Science at the Southwest Forestry
University for providing the facilities to carry out the analysis de-
oy _ = _, - scribed in this manuscript.
© o0 © © © © o o
= S & & & & 9§ S 9
i o o o o o o o o
= HoHHOH A H HoH CONFLICT OF INTEREST
o wn o o™ i ol « < i
;E; & 8 3 8 8 8 8 8 8 No conflict of interest was declared by the authors.
IT|2 o © o o o o o o
ETHICAL APPROVAL
§ x Q R 2B 3 &R > 2 This study does not involve any human or animal testing.
o S 4 N 4 3 O O ™ e 9
=t 2 0 o o o o o o S o
o
° ORCID
j>_'j E § g § g § § § Xuechun Zhang https://orcid.org/0000-0003-1722-3617
§ 2 o o o o o o " I o Jian Sun https://orcid.org/0000-0001-8445-041X
-
G
©w N © 0 O ™ o « < 0 REFERENCES
© o O o Hd A N O
é £ gggg22gg gz8 Alberti-Fidanza, A., Burini, G., & Perriello, G. (2002). Trace elements in
> o :;l ;l (:l :)l ctl :-,l :;l :‘l c:' foods and meals consumed by students attending the faculty cafe-
§ % % g 8 8 g 8 8 8 8 8 teria. Science of the Total Environment, 287(1-2), 133-140. https://doi.
f <| =2 o © o o o o o o o org/10.1016/s0048-9697(01)01009-9
S AOAC (2000). AOAC official methods of analysis (17th ed.). : Association
5 " g of Official Analytical Chemists.
g % = § < 3 AOCS (2017). AOCS official methods and recommended practices of the
— o - . . . . .
o § = QE) g S w American Oil Chemist' Society (7th ed.). AOCS Press.
N w 9 g v o '_g g E ) 'f:: *g Ay, U.,&Karayunlu,S.(2008). Modificationindirectanalysismethod: Metal lev-
'-_'IJ %_ E g ?‘3 g %,-: _g % 5 E S ‘%'5 elsin raw milk at the region of Izmit by graphite furnace atomic absorption
=] E © & ¢ & T O 05 = g = spectrophotometer. International Journal of Food Science and Technology,
T = = © = [e)] = = = o o
|<_E W L L o I & I o L >

43(2), 326-329. https://doi.org/10.1111/j.1365-2621.2006.01441.x


https://orcid.org/0000-0003-1722-3617
https://orcid.org/0000-0003-1722-3617
https://orcid.org/0000-0001-8445-041X
https://orcid.org/0000-0001-8445-041X
https://doi.org/10.1016/s0048-9697(01)01009-9
https://doi.org/10.1016/s0048-9697(01)01009-9
https://doi.org/10.1111/j.1365-2621.2006.01441.x

ZHANG ET AL.

8

Bou, R., Navas, J. A., Tres, A., Codony, R., & Guardiola, F. (2012). Quality
assessment of frying fats and fried snacks during continuous deep-
fat frying at different large-scale producers. Food Control, 27(1), 254~
267. https://doi.org/10.1016/j.foodcont.2012.03.026

Burgos-Edwards, A., Jimenez-Aspee, F., Thomas-Valdes, S., Schmeda-
Hirschmann, G., & Theoduloz, C. (2017). Qualitative and quantitative
changes in polyphenol composition and bioactivity of Ribes magel-
lanicum and R. punctatum after in vitro gastrointestinal digestion.
Food Chemistry, 237, 1073-1082. https://doi.org/10.1016/j.foodc
hem.2017.06.060

Chandrasekhar, U., Kowsalya, S., & Ladha, P. (2003). Proximate compo-
sition, microbial and chemical contamination of street vended foods
versus home-made and restaurant foods from Kochi, Kerala. Journal
of Food Science and Technology-Mysore, 40(1), 58-62.

Chen, Q. Xie, Y., Xi, J., Guo, Y., Qian, H. E., Cheng, Y., Chen, Y. |, &
Yao, W. (2018). Characterization of lipid oxidation process of beef
during repeated freeze-thaw by electron spin resonance technology
and Raman spectroscopy. Food Chemistry, 243, 58-64. https://doi.
org/10.1016/j.foodchem.2017.09.115

Durazzo, A., Camilli, E., Marconi, S., Lisciani, S., Gabrielli, P., Gambelli, L.,
Aguzzi, A., Lucarini, M., Kiefer, J., & Marletta, L. (2019). Nutritional
composition and dietary intake of composite dishes traditionally con-
sumed in Italy. Journal of Food Composition and Analysis, 77, 115-124.
https://doi.org/10.1016/j.jfca.2019.01.007

Endo, V., Li, C. M., Tagiri-Endo, M., & Fujimoto, K. (2001). A modified
method for the estimation of total carbonyl compounds in heated
and frying oils using 2-propanol as a solvent. Journal of the American
Oil Chemists' Society, 78(10), 1021-1024. https://doi.org/10.1007/
s11746-001-0381-1

Hariri, E., Abboud, M. |, Demirdjian, S., Korfali, S., Mroueh, M., & Taleb, R.
1. (2015). Carcinogenic and neurotoxic risks of acrylamide and heavy
metals from potato and corn chips consumed by the Lebanese pop-
ulation. Journal of Food Composition and Analysis, 42, 91-97. https://
doi.org/10.1016/j.jfca.2015.03.009

Islam, S., Nasrin, N., Rizwan, F., Nahar, L., Bhowmik, A., Esha, S. A, &
Ahmed, M. (2015). Microbial contamination of street vended foods
from a university campus in Bangladesh. Southeast Asian Journal of
Tropical Medicine and Public Health, 46(3), 480-485.

Kamel, S., & El Sheikh, D. (2012). Quality evaluation of some commer-
cially fried fast food. Journal and Food Science & Quality Management,
10, 28-35.

Kim, M. J,, Kim, S. A, Kang, Y. S., Hwang, I. G., & Rhee, M. S. (2013).
Microbial diversity and prevalence of foodborne pathogens in cheap
and junk foods consumed by primary schoolchildren. Letters in Applied
Microbiology, 57(1), 47-53. https://doi.org/10.1111/lam.12075

Kobylinski, J. P., Krygier, K., Karlovits, G., & Szydlowska-Czerniak, A.
(2016). Effect of specific oil surface area on the thermal stressing
of rapeseed oil during heating in an electric frying pan. Journal of
the American Oil Chemists Society, 93(2), 237-242. https://doi.
org/10.1007/s11746-015-2770-9

Krokida, M. K., Oreopoulou, V., Maroulis, Z. B., & Marinos-Kouris, D.
(2001). Effect of pre-drying on quality of French fries. Journal of
Food Engineering, 49(4), 347-354. https://doi.org/10.1016/s0260
-8774(00)00233-8

Kumar, M. M., Faiza, S., Debnath, S., & Nasirullah (2017). Status of the
bioactive phytoceuticals during deep-fat frying of snack food using
nutra-coconut oil. Journal of Food Science and Technology-Mysore,
54(11), 3689-3698. https://doi.org/10.1007/s13197-017-2833-z

Li, G., Sun, G. X., Williams, P. N., Nunes, L., & Zhu, Y. G. (2011). Inorganic
arsenic in Chinese food and its cancer risk. Environment International,
37(7), 1219-1225. https://doi.org/10.1016/j.envint.2011.05.007

Li, J., Cai, W., Sun, D., & Liu, Y. (2016). A quick method for determining
total polar compounds of frying oils using electric conductivity. Food
Analytical Methods, 9(5), 1444-1450. https://doi.org/10.1007/s1216
1-015-0324-2

Lin, L., Wang, S.-F., Yang, T.-Y., Hung, W.-C., Chan, M.-Y., & Tseng, S.-P.
(2017). Antimicrobial resistance and genetic diversity in ceftazidime
non-susceptible bacterial pathogens from ready-to-eat street foods
in three Taiwanese cities. Scientific Reports, 7(1), 15515. https://doi.
org/10.1038/s41598-017-15627-8

Manguiat, L. S., & Fang, T. J. (2013). Microbiological quality of chicken-
and pork-based street-vended foods from Taichung, Taiwan, and
Laguna, Philippines. Food Microbiology, 36(1), 57-62. https://doi.
org/10.1016/j.fm.2013.04.005

Marzano, M. A., & Balzaretti, C. M. (2013). Protecting child health by
preventing school-related foodborne illnesses: Microbiological risk
assessment of hygiene practices, drinking water and ready-to-eat
foods in Italian kindergartens and schools. Food Control, 34(2), 560-
567. https://doi.org/10.1016/j.foodcont.2013.05.031

Mepba, H. D., Achinewhu, S. C., Aso, S. N., & Wachukwu, C. K. (2007).
Microbiological quality of selected street foods in Port Harcourt,
Nigeria. Journal of Food Safety, 27(2), 208-218. https://doi.
org/10.1111/j.1745-4565.2007.00073.x

Metz, M., Sheehan, J., & Feng, P. C. H.(2020). Use of indicator bacteria for
monitoring sanitary quality of raw milk cheeses - A literature review.
Food Microbiology, 85, 11. https://doi.org/10.1016/j.fm.2019.103283

Ng, Y.-F., Wong, S.-L., Cheng, H.-L., Yu, P.-H.-F., & Chan, S.-W. (2013).
The microbiological quality of ready-to-eat food in Siu Mei and Lo
Mei shops in Hong Kong. Food Control, 34(2), 547-553. https://doi.
org/10.1016/j.foodcont.2013.05.018

Noor, R. (2016). Microbiological quality of commonly consumed street
foods in Bangladesh. Nutrition & Food Science, 46(1), 130-141.
https://doi.org/10.1108/nfs-08-2015-0091

NPFPC (2017). National standards for food safety in chinses. In
Contaminant limits in food. State Food and Drug Administration.

Nyenje, M. E., Odjadjare, C. E., Tanih, N. F., Green, E., & Ndip, R. N.
(2012). Foodborne pathogens recovered from ready-to-eat foods
from roadside cafeterias and retail outlets in Alice, Eastern Cape
Province, South Africa: Public health implications. International
Journal of Environmental Research and Public Health, 9(8), 2608-2619.
https://doi.org/10.3390/ijerph9082608

Rose, M., Holland, J., Dowding, A., Petch, S., White, S., Fernandes, A.,
& Mortimer, D. (2015). Investigation into the formation of PAHSs in
foods prepared in the home to determine the effects of frying, grill-
ing, barbecuing, toasting and roasting. Food and Chemical Toxicology,
78, 1-9. https://doi.org/10.1016/j.fct.2014.12.018

Ryu, J. H,, Ko, J., Park, H., Yang, S., & Kim, H. (2011). Microbial exam-
ination of nonheated foods served in feeding programs of elemen-
tary schools, Iksan City, Jeonbuk Province, Korea. Journal of Food
Protection, 74(9), 1564-1568. https://doi.org/10.4315/0362-028x.
Jfp-11-009

SAC (2003). Hygienic standard for fried food in Chinese. Ministry of Public
Health of China.

Safari, A., Salamat, R., & Baik, O. D. (2018). A review on heat and mass
transfer coefficients during deep-fat frying: Determination methods
and influencing factors. Journal of Food Engineering, 230, 114-123.
https://doi.org/10.1016/j.jfoodeng.2018.01.022

Sarikaya, I., Bilgen, S., & Akbas, H.(2016). The production of fuel from, and
the thermal stability of, sunflower oil, corn oil, and canola oil. Energy
Sources Part A-Recovery Utilization and Environmental Effects, 38(23),
3514-3520. https://doi.org/10.1080/15567036.2016.1180330

Sibanyoni, J. J., & Tabit, F. T. (2019). An assessment of the hygiene status
and incidence of foodborne pathogens on food contact surfaces in
the food preparation facilities of schools. Food Control, 98, 94-99.
https://doi.org/10.1016/j.foodcont.2018.11.009

Statistics, N. B. o (2020). 2019 national economy and society developed
statistical bulletin of China. National Bureau of Statistics, PRC.

Steyn, N. P, McHiza, Z., Hill, J., Davids, Y. D., Venter, l., Hinrichsen, E.,
& Jacobs, P. (2014). Nutritional contribution of street foods to the
diet of people in developing countries: A systematic review. Public


https://doi.org/10.1016/j.foodcont.2012.03.026
https://doi.org/10.1016/j.foodchem.2017.06.060
https://doi.org/10.1016/j.foodchem.2017.06.060
https://doi.org/10.1016/j.foodchem.2017.09.115
https://doi.org/10.1016/j.foodchem.2017.09.115
https://doi.org/10.1016/j.jfca.2019.01.007
https://doi.org/10.1007/s11746-001-0381-1
https://doi.org/10.1007/s11746-001-0381-1
https://doi.org/10.1016/j.jfca.2015.03.009
https://doi.org/10.1016/j.jfca.2015.03.009
https://doi.org/10.1111/lam.12075
https://doi.org/10.1007/s11746-015-2770-9
https://doi.org/10.1007/s11746-015-2770-9
https://doi.org/10.1016/s0260-8774(00)00233-8
https://doi.org/10.1016/s0260-8774(00)00233-8
https://doi.org/10.1007/s13197-017-2833-z
https://doi.org/10.1016/j.envint.2011.05.007
https://doi.org/10.1007/s12161-015-0324-2
https://doi.org/10.1007/s12161-015-0324-2
https://doi.org/10.1038/s41598-017-15627-8
https://doi.org/10.1038/s41598-017-15627-8
https://doi.org/10.1016/j.fm.2013.04.005
https://doi.org/10.1016/j.fm.2013.04.005
https://doi.org/10.1016/j.foodcont.2013.05.031
https://doi.org/10.1111/j.1745-4565.2007.00073.x
https://doi.org/10.1111/j.1745-4565.2007.00073.x
https://doi.org/10.1016/j.fm.2019.103283
https://doi.org/10.1016/j.foodcont.2013.05.018
https://doi.org/10.1016/j.foodcont.2013.05.018
https://doi.org/10.1108/nfs-08-2015-0091
https://doi.org/10.3390/ijerph9082608
https://doi.org/10.1016/j.fct.2014.12.018
https://doi.org/10.4315/0362-028x.Jfp-11-009
https://doi.org/10.4315/0362-028x.Jfp-11-009
https://doi.org/10.1016/j.jfoodeng.2018.01.022
https://doi.org/10.1080/15567036.2016.1180330
https://doi.org/10.1016/j.foodcont.2018.11.009

ZHANG ET AL.

CWILEY- %7

Health Nutrition, 17(6), 1363-1374. https://doi.org/10.1017/s1368
980013001158

World Health Organization. Food Safety, T (1996). Essential safety re-
quirements for street-vended foods (Revised ed.. World Health
Organization.

Yang, J., Zhao, K. S., & He, Y. J. (2016). Quality evaluation of frying oil
deterioration by dielectric spectroscopy. Journal of Food Engineering,
180, 69-76. https://doi.org/10.1016/j.jfoodeng.2016.02.012

Yim, S. R., Park, G. Y., Lee, K. W., Chung, M. S., & Shim, S. M. (2017).
Determination of total arsenic content and arsenic speciation in dif-
ferent types of rice. Food Science & Biotechnology, 26(1), 293-298.

Yoshida, H., & Kajimoto, G. (1989). Effects of microwave-energy on the
tocopherols of soybean seeds. Journal of Food Science, 54(6), 1596~
1600. https://doi.org/10.1111/j.1365-2621.1989.tb05168.x

How to cite this article: Zhang X, Li Y, Sun J, Kan H, Wang Z,
Xiang P. A preliminary study on the quality of street vended
foods around a university in Kunming, China. Food Sci Nutr.
2020;8:6670-6679. https://doi.org/10.1002/fsn3.1959



https://doi.org/10.1017/s1368980013001158
https://doi.org/10.1017/s1368980013001158
https://doi.org/10.1016/j.jfoodeng.2016.02.012
https://doi.org/10.1111/j.1365-2621.1989.tb05168.x
https://doi.org/10.1002/fsn3.1959

