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Changes in Nitrate and Nitrite Levels of

Cooked Vegetables during Storage



EXECUTIVE SUMMARY

Vegetables are good sources of dietary fibres, vitamins and minerals,
and the consumption of vegetables is linked to a lower incidence of
cardiovascular disease and obesity. Although vegetables have a positive
Impact on health, some people are concerned about the alleged increase in the
nitrite levels of cooked vegetables that have been stored overnight in a

refrigerator.

2. Fresh vegetables have a relatively high nitrate content but a low nitrite
level. Human exposure to nitrate is mainly through the consumption of
vegetables while exposure to nitrite is mainly from the conversion of nitrate in
the body. In the body, nitrite can oxidise haemoglobin in blood and cause
methaemoglobinaemia. It may also react with certain amines and amides in
the body and produce nitrosamines which are potentially cancer-causing in
experimental animals. In 2010, the International Agency for Research on
Cancer (IARC) of the World Health Organization (WHO) concluded that
ingested nitrate or nitrite under conditions that result in endogenous nitrosation
is probably carcinogenic to humans (i.e. Group 2A agent). However, evidence
concerning whether nitrate or nitrite per se in food can cause cancer in humans

is inadequate or limited.

3. Nitrate is a major form of nitrogen absorbed by plants. It can be

reduced to nitrite by nitrate reductase, an enzyme present in plant cells, or by



nitrate-reducing bacteria in the environment. Some studies found that the
contents of nitrate and nitrite in fresh leafy vegetables during storage were
affected by the storage time and temperature. As regards cooked vegetables,
one study showed that the nitrite content in cooked Pak-choi stored at room
temperature for 48 hours could be up to 3 times of those kept refrigerated.
Nonetheless, relevant scientific studies of the effects of storage time and
temperature of cooked vegetables on the levels of nitrate and nitrite are limited.
Recently, there have been local media reports, arousing public attention, on the
possibility of a significant increase in the nitrite level of cooked vegetables that

have been stored overnight in a refrigerator.

4, This study (i) examined the changes in the levels of nitrate and nitrite
of cooked vegetables stored at room temperature and at refrigerated temperature
for up to 78 hours after cooking; and (ii) offered advice on proper ways of

handling leftover cooked vegetables.

Methods

5. Vegetable samples (amaranth, Pak-choi, flowering white cabbage,
Chinese lettuce and zucchini) were collected between June and August 2021
from wet market stalls and a supermarket. They were thoroughly washed and
then cooked by (a) boiling in distilled water and (b) stir-frying. Before
cooking, their nitrate and nitrite contents were determined. After cooking,
each type of vegetable was divided into two groups, and stored separately at
room and refrigerated temperature. Their nitrate and nitrite levels were

determined at 0, 6, 12, 24, 36, 48, 72 and 78 hours after cooking. In addition,



the nitrate and nitrite levels of a vegetable soup (prepared by boiling beetroot,
carrot and celery in distilled water) were also determined at 0, 6, 12, 24, 36, 48,

72 and 78 hours after cooking.

Results
6. Before and immediately after cooking, no nitrite was detected in all

vegetable samples and soup.

7. At room temperature, nitrite started to increase (with a corresponding
decrease in nitrate) in some cooked vegetables and soup after storing them for
12 hours. In contrast, at refrigerated temperature, low levels of nitrite were

only detected in some samples after storing them for 72 hours.

Discussion

8. Nitrate in vegetables can be converted to nitrite by nitrate reductase in
plant cells or by nitrate-reducing bacteria present in the environment.  Cooking
denatures nitrate reductase and hence, the detection of nitrite in cooked
vegetables after storage for a period of time is expected due to the activities of

nitrate-reducing bacteria in the environment.

Q. When handling cooked vegetables, bacterial contamination from the air
and utensils is inevitable even though good hygienic practices are followed.
Subsequent storage temperature of cooked vegetables has a great effect on the

growth and activity of the bacteria. If the storage temperature is low (e.g. 0°C



— 4°C), some bacteria are unable to grow while others may grow and multiply

slowly.

10. In this study, nitrite began to be detected in some vegetable samples
when the samples had been stored at room temperature for 12 hours after
cooking, indicating that nitrate in the cooked vegetables was converted to nitrite
by nitrate-reducing bacteria. When the cooked vegetables were stored at
refrigerated temperature, the low temperature reduced the growth of bacteria
and their activities to convert nitrate to nitrite. Hence, the formation of nitrite
was delayed, and low levels of nitrite started to be detected in some cooked

vegetables after storing for 72 hours.
11. It is worthwhile to note that storage temperature, instead of the types
of vegetables, plays a significant role in the conversion of nitrate to nitrite

because it directly affects the growth and activities of bacteria.

Conclusion and recommendations

12, This study revealed that storage temperature has a significant effect on
the conversion of nitrate to nitrite in cooked vegetables. When cooked
vegetables were stored overnight in a refrigerator, their nitrite contents did not
increase. In fact, under refrigeration, low levels of nitrite were only detected

in some samples after storing them for 72 hours.

13. From a food safety perspective, overseas authorities including WHO

recommend that leftover food should be cooled in clean and shallow containers,



and refrigerated in covered containers within 2 hours after cooking. Leftovers
should not be stored in the refrigerator for longer than 3 days because spoilage
bacteria can still grow at refrigerated temperature even though most harmful

bacteria cannot.

14, At room temperature, the total time that cooked vegetables can be
kept should be limited to 4 hours because cooked vegetables are considered
potentially hazardous foods which may contain harmful bacteria and will

normally support their growth and formation of toxins.

Advice to Public

15. Members of the public are recommended to eat a variety of vegetables
with a daily intake of at least 3 servings of vegetables, and 2 servings of fruit
l.e. at least 400 grams of fruits and vegetables (about 5 servings) for the

prevention of chronic diseases.

16. The public should follow the following guidelines to keep leftovers

(such as cooked vegetables) safe:

* Prepare food in suitable amounts to reduce the amount of leftovers.

e Leftoversshould be cooled in clean and shallow containers, and refrigerated
in covered containers within 2 hours after cooking. Leftovers should be
consumed as soon as possible and should not be stored in the refrigerator
for longer than 3 days.

»  Before consumption, leftovers should be reheated thoroughly until the core

temperature reaches 75°C, and should not be reheated more than once.



* Do not consume leftovers if they have been held at room temperature for

more than 4 hours.



Risk Assessment Studies —

Changes in Nitrate and Nitrite Levels of Cooked Vegetables during

Storage

OBJECTIVES

There is concern from time to time about the alleged increase in the
nitrite  levels of cooked vegetables stored overnight at refrigerated
temperature. This study (i) examined the changes in the levels of nitrate and
nitrite of cooked vegetables stored at room temperature and refrigerated
temperature for up to 78 hours after cooking; and (ii) offered advice on proper

ways of handling leftover cooked vegetables.

BACKGROUND

2. Vegetables are an essential component of a healthy diet and are good
sources of dietary fibres, vitamins and minerals. The Centre for Health
Protection recommends a daily intake of at least 3 servings of vegetables, and 2
servings of fruit, which is in line with the recommendation of the World Health
Organization (WHO) of a minimum of 400 g of fruit and vegetables per day for
the prevention of chronic diseases such as heart disease, cancer, diabetes and

obesity2,



3. Inside the human body, nitrite can oxidise haemoglobin in blood,
making the blood unable to carry oxygen, and resulting in a medical condition
called methaemoglobinaemia. Nitrite may also react with certain amines and
amides in the body and produce nitrosamines. Nitrosamines are potentially
cancer-causing in experimental animals®®. Human exposure to nitrate is
mainly through the consumption of vegetables while exposure to nitrite is
mainly from endogenous nitrate conversion (i.e. nitrate is converted to nitrite in

the human body), and to a lesser extent other foods3#67.

4, Previous studies suggested that the contents of nitrate and nitrite in
fresh leafy vegetables during storage are affected by the storage time and
temperature38®,  In general, higher temperature and longer storage time will
result in a larger increase in the level of nitrite and a corresponding decrease in
nitrate in fresh vegetables®. As regards cooked vegetables, a study revealed
that the nitrite content in cooked Pak-choi stored at ambient temperature for 48
hours increased to up to 3 times of those kept refrigerated'®. Nonetheless,
relevant scientific studies of the effects of storage time and temperature of
cooked vegetables on the levels of nitrate and nitrite are limited. From time to
time, there have been local media reports, arousing public attention, about the
possibility of a significant increase in the nitrite level of cooked vegetables that

have been stored overnight in a refrigerator.

What are Nitrate and Nitrite?

5. Nitrate (NO3’) is the major form of nitrogen absorbed by plants for



them to produce amino acids for protein synthesis. Nitrate is the stable form
of oxidised nitrogen but it can be reduced to nitrite (NO;") either by the enzyme
nitrate reductase present in plant cells or by nitrate-reducing bacteria present in
the environment® (Figure 1). In contrast, nitrite ion is relatively unstable;
chemical and biological processes can further reduce nitrite to various

compounds (e.g. nitric oxide (NO)) or oxidise it to nitrate®.

Figure 1. Conversion of nitrate into nitrite ion®

O

1 (@) By nitrate reductase
O=N—0O ! > O=N—0"

(b) By nitrate-reducing bacteria

Nitrate ion Nitrite ion

6. Nitrate and nitrite are ubiquitous in the environment and occur
naturally as part of the nitrogen cycle. Nitrate is a crucial nutrient for the
growth and development of plants and its level varies among different vegetable
typestt.  Conversely, nitrite levels are generally low in fresh undamaged

vegetables®,

7. Apart from naturally present in plants, compounds containing nitrate
and nitrite can also be used as food additives in food. Sodium nitrite is used
as a food preservative, especially in cured meats to inhibit the growth of
Clostridium botulinum?, and nitrate is sometimes also added to food to serve as

a reservoir for nitrite!?,
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Nitrate and Nitrite in Vegetables

8. \egetables are the major source of dietary nitrate, accounting for about
70 — 90% of human’s total estimated nitrate dietary intake®®’.  Its
concentration in vegetables depends on several factors including types of
vegetables, season, light and temperature, method of growth and fertilisers used,

etc.3

9. Nitrate in the soil is absorbed by the root of the plant and is transported
up the plant in the xylem. The xylem carries water and nutrients (e.g. nitrate)
from the roots to the leaves, whereas the phloem carries the products of
photosynthesis (e.g. sucrose) from the leaves to the growth points and storage
organs of the plants (i.e. stem and root tubers)®. This affects the distribution
of nitrate in different parts of the plant. In general, the vegetable organs can
be listed by decreasing nitrate content as follows: petiole > leaf > stem > root >
inflorescence > tuber > bulb > fruit > seed. In lettuce and ‘head chicory’, inner
leaves accumulate less nitrate than outer leaves and in parsley and spinach, leaf
blades accumulate less nitrate than petioles®®. As regards vegetables, leafy
vegetables (e.g. cabbage and spinach) have higher nitrate concentrations,
whereas root vegetables (e.g. potato and carrot) and bulb vegetables (e.g. onion

and garlic) have relatively lower levels®*3.
10. Once transported to the leaves, the majority of nitrate is stored in the
vacuoles of the cells, and a small amount is converted to nitrite by nitrate

reductase, an endogenous enzyme present in the cytoplasm.  Nitrite is

11



immediately transported into the chloroplasts where it is finally combined with
other photosynthetic products to synthesise amino acids for the growth of
plants'*1¢. Therefore, fresh undamaged vegetables have relatively high nitrate

content but a low nitrite level.

Influence of nitrogen fertilisers

11. Nitrogen fertilisation facilitates the accumulation of nitrate in plants.
When taken up in excess of immediate requirement, nitrate is stored as free
nitrate in the vacuole and can be remobilised subsequently when nitrogen
supply is insufficient to meet the demand®®. Applying nitrogen fertilisers
Increases the nitrate concentration in the xylem and the leaf, but has virtually
no effect on the nitrate content in the phloem. Leafy vegetables such as lettuce
or cabbage show an increased concentration of nitrate in response to nitrogen
fertilisers while storage organs such as peas and beans that are fed by the phloem

tend to show little effect®.

Influence of storage

12, A great proportion of nitrate taken up by plants is stored in vacuoles
inside the plant cells. Nitrate levels in raw fresh vegetables kept at room
temperature decrease gradually during storage. However, ageing or damage
during storage can cause loss of function of the vacuolar membrane!’.  Nitrate
is then released from the vacuoles to the cytoplasm and is converted to nitrite
by nitrate reductase, causing a rapid increase in nitrite level (with a
corresponding rapid decrease in nitrate). Differences in plant species and the

amount of bacterial contamination may also affect the levels of nitrite in leaves®.

12



13. Refrigeration delays the senescence of fresh vegetables. Under
refrigerated storage, nitrate levels of fresh vegetables are almost unaffected for
7 days®>8.  Over this storage period, nitrite concentrations remain low, as under
cold storage conditions endogenous nitrate reductase and bacteria are
inactivated. For frozen storage, studies found that there are no significant

changes in nitrate and nitrite content in vegetables for up to 12 weeks?.

14, High levels of nitrite, however, have been reported in home-made
vegetable purees even after refrigerated storage for only 12 hours. Presumably
during pureeing, leaf cells and their vacuoles are broken, releasing the stored
nitrate which is immediately reduced to nitrite by the enzyme nitrate reductase

in the cytoplasm?.

Influence of Food Processing

15. Since the distribution of nitrate in different parts of vegetables is not
even, removal of stem and midrib will result in a decrease of nitrate content by
30 — 40% in lettuce and spinach. Peeling of potatoes, bananas, melons and

beetroot is also found to decrease the nitrate content by 20 — 62%3.

16. Nitrate is soluble in water and washing leafy vegetables can reduce
nitrate levels by 10 — 15%. Different studies also showed a reduction in nitrate
levels when vegetables are cooked in water. Peas, cabbage, beans, carrots,
potatoes, spinach, endives and celery leaves lose about 16 — 79% of nitrate

during cooking. The contents of nitrate and nitrite decrease similarly after

13



boiling by about 50% in carrot, parsley-root, celery and potatoes®.

Toxicity

Kinetics and Metabolism

17, Nitrate is primarily absorbed from the upper part of the human
digestive tract. Absorption is rapid and peak levels of nitrate are observed in
saliva and sweat after 1 — 3 hours of nitrate intake from food or drinks. On
average, about 25% of ingested nitrate is secreted in the saliva and
approximately 20% of the secreted saliva nitrate is converted to nitrite by
commensal bacteria on the surface of the tongue. Oral reduction of nitrate is
the most important source of nitrite for humans, and accounts for approximately

70 — 80% of the human total nitrite exposure31219,

18. After nitrite is transported to the stomach, the acidic conditions will
rapidly transform it to nitrous acid which spontaneously decomposes into
nitrogen oxides. A low pH (i.e. pH 1 —2) in the fasting stomach is considered
too low for bacterial nitrate reduction. However, infants younger than 3
months are highly susceptible to gastric bacterial nitrate reduction because they
have very little production of gastric acid. Most of the ingested nitrate is
eventually excreted in the urine as nitrate, ammonia or urea while faecal

excretion is negligible3119,

Toxicity

14



19. The acute oral toxicity of nitrate in laboratory animals is low to
moderate. It is observed that the oral lethal dose of nitrate in human adults is
around 330 mg/kg body weight (b.w.). Nitrate has to be converted to nitrite
before it can cause acute toxicity. Nitrate can be converted to nitrite naturally
and the process is accelerated in the presence of bacteria.  Nitrite is
approximately ten-fold more toxic than nitrate. Various oral lethal doses of

nitrite in human adults have been reported ranging from 33 to 250 mg/kg b.w.

3,12

20. A toxicological endpoint of concern for nitrate and nitrite is
nitrosamine formation. However, when nitrate is consumed in a normal diet
containing vegetables, other bioactive substances such as vitamin C that are

concomitantly consumed may inhibit the endogenous formation of nitrosamine3.

Methaemoglobinaemia

21. The major acute toxic effect of nitrite poisoning s
methaemoglobinaemia. Blood contains haemoglobin (Hb) which carries
oxygen. When nitrite is present, Hb will be converted to methaemoglobin
(metHb), making the red blood cells less efficiently transporting oxygen.
MetHb in blood is maintained at a stable level by an enzyme that continually

convert metHb back to Hb?.

22. The normal metHb level in humans is less than 2%. When metHb
concentrations reach 10% of normal Hb or above, symptoms of cyanosis (a

bluish colour of skin and lips) usually appear. At higher concentrations,

15



asphyxia (unable to breathe) may occur. Population subgroups such as infants
younger than 3 months of age and the elderly are more susceptible to the above
condition®#?°.  In infants, methaemoglobinaemia is also commonly known as

the blue baby syndrome.

23. At present, the Joint FAO/WHO Expert Committee on Food
Additives (JECFA) has not set any acute reference doses for nitrate and nitrite

that cause methaemoglobinaemia.

Genotoxicity
24. Sodium nitrate was not mutagenic in in vitro test. For nitrite, it was
mutagenic in in vitro test but gave negative results on mutagenic activities in in

vivo test3202,

Carcinogenicity
25. The epidemiological studies reviewed by JECFA in 2002 and European
Food Safety Association (EFSA) in 2008 did not provide evidence that nitrate

and nitrite are carcinogenic in humans®12%,

26. Nitrite was shown to react with certain amines and amides in the human
acid stomach environment to form N-nitroso compounds. Many N-nitroso
compounds have been found carcinogenic in the animal species tested'. In
2010, IARC concluded that ingested nitrate or nitrite under conditions that result

in endogenous nitrosation is probably carcinogenic to humans (i.e. Group 2A

16



agent)*. However, evidence concerning whether nitrate or nitrite per se in food

can cause cancer in humans is inadequate or limited®.

Health-based Guidance Value

217. JECFA has established an acceptable daily intake (ADI) of 0 — 3.7
mg/kg b.w. for nitrate ion, and an ADI of 0 — 0.07 mg/kg b.w. for nitrite ion.
However, in view of the benefits of vegetables and the lack of data on the
possible effect of vegetable matrices on the bio-availability of nitrate, JECFA
considered that it was inappropriate to compare exposure to nitrate from
vegetables directly with the ADI. JECFA also noted that a high intake of
certain vegetables seemed to be associated with a lower risk of gastric cancer
and considered that this may be due to protective factors which are

simultaneously present in vegetables?°22,

SCOPE OF STUDY

28. This study examined the changes in the levels of nitrate and nitrite of
(i) cooked leafy and fruiting vegetables, and (ii) vegetable soup during storage

at room and refrigerated temperatures for up to 78 hours.

29. To investigate whether there were differences in the changes in the
levels of nitrate and nitrite among different vegetables, different types of
vegetables were selected for the study. The following were taken into
consideration in deciding the types of vegetables to be included:

a) Leafy vegetables containing high levels of nitrate!!;

17



b) \Vegetables commonly consumed by the local population??;
c) A fruiting vegetable that contains a high level of nitrate and is commonly

used for packing lunch boxes.

30. Five types of vegetables, namely, amaranth, Pak-choi, flowering white

cabbage, Chinese lettuce and zucchini! were included in the study (Annex I).

31. Vegetable soup, with ingredients (i.e. beetroot, celery and carrot) of

relatively high nitrate levels!!, was also included in the study (Annex I).

METHODOLOGY AND LABORATORY ANALYSIS

Sampling and Preparation

32. Vegetable samples were collected between June and August 2021 from

wet market stalls and a supermarket.

33. Before cooking, the vegetable samples were prepared as follows:

» Leafy vegetables: dirt, soil and damaged areas of vegetables were removed.
The vegetables were washed thoroughly and then drained. Root ends
were removed.

e Zucchini: both ends were removed and the samples were thoroughly
washed. After draining, the samples were cut into slices of 1/4 inch thick.

e Beetroot and carrot: for the beetroot samples, both ends were removed and

the sample was peeled and washed thoroughly.  After draining, they were

18



cut into small chunks. The chunks were divided into two equal halves
and separately put into 2 soup bags. The carrot samples were treated
similarly.

Celery: tough strings and root ends were removed from 2 celery stalks and
the stocks were then thoroughly washed.  After draining, the celery stalks
were cut into chunks of 5 cm long. The chunks were divided into two

equal halves and separately put into 2 soup bags.

Cooking

34,

In order to examine the effect of cooking methods on the changes in

nitrate and nitrite of cooked vegetables during storage, two common methods

(i.e. boiling and stir-frying) were used for cooking raw vegetable samples.

Referring to the food preparation instructions for vegetable items in the First

Hong Kong Total Diet Study?*, the samples were cooked as follows:

Boiling: each type of leafy vegetable and zucchini were put in boiling
distilled water and boiled for 3 minutes®, and then drained.

Stir-frying: each type of leafy vegetable and zucchini were stir-fried
(without cooking oil) in a frying pan over medium heat, and then covered
for 1 minute. After one minute, 1 tablespoon of distilled water for every
420g of vegetables/zucchini was added to prevent vegetables/zucchini from
sticking to the pan?.  The vegetable was covered and heated for another 3

minutes, and then drained.

19



35. To prepare the vegetable soup, the 6 soup bags were boiled in distilled

water of 2 litres over low heat for 1 hour.

Storage

36. After cooking, the cooked vegetables and vegetable soup (with its
ingredients) were then divided into 2 groups. One group was stored at room
temperature (20°C — 25°C) and the other was stored in a refrigerator (0°C — 4°C)

for 78 hours.

Analysis of nitrate and nitrite

37. The nitrate and nitrite content of different vegetables were tested before
cooking. After cooking, samples of cooked vegetables and soup (equal weight
of water and each ingredient) stored at room and refrigerated temperature were
taken for analysis of nitrate and nitrite contents in the following time intervals
(Annex I1):

e immediately after cooking; and

* 6,12, 24, 36, 48, 72 and 78 hours after cooking.

Laboratory Analysis

38. Laboratory analysis was conducted by the Food Research Laboratory
of the Centre for Food Safety (CFS). The nitrate and nitrite levels in cooked

vegetables were analysed by ion chromatography (IC) with UV detection

20



according to BS EN 12014-2:2017 “Foodstuffs - Determination of nitrate and/or
nitrite content - Part 2: HPLC/IC method for the determination of nitrate content
of vegetables and vegetable products”. Sample extraction was performed with
hot water in a boiling water bath and then filtered through a filter paper. The
filtrate was then passed through a membrane filter before instrumental analysis.
Identification was confirmed by comparing the retention time with those of the
nitrate and nitrite reference standards. The limits of detection (LODs) were

0.80 mg/kg for both nitrate and nitrite.

21



RESULTS

39. Nitrite was not detected in all vegetable types before (i.e. in the raw
state) and immediately after cooking. Nitrite was also not detected in
vegetable soup immediately after cooking. Nitrate contents of different
vegetable types and vegetable soup immediately after cooking are shown in

Table 1.

Table 1. Nitrate contents of vegetables and soup before and immediately after

cooking
Level of nitrate (mg/kg)
Amaranth  Pak-choi  Flowering  Chinese  Zucchini Soup
white lettuce
cabbage

Before cooking 5700 5000 2400 1100 650 NA
After boiling 3000 3000 2000 760 390 955
After stir-frying 3700 3800 2350 1300 680 NA

NA = not applicable

Cooked leafy vegetables stored at room temperature

40. At room temperature, nitrite was not detected in all cooked leafy
vegetables until after storing for about 20 hours. Afterward, the nitrite levels

increased to a peak and then decreased gradually (Figure 2).

41. As regards nitrate, the levels of the cooked leafy vegetables decreased
gradually during the first 12 to 36 hours, decreased more rapidly in the

subsequent 12 to 36 hours and then the decrease slowed down again. The

22



(a) Amaranth
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patterns of changes in nitrate and nitrite levels for both cooking methods (i.e.
boiling and stir-frying) were similar (Figure 2).  The levels of nitrate and nitrite

in cooked leafy vegetables stored at room temperature were listed in Annex IlI.
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Figure 2. Nitrate and nitrite contents in boiled and stir-fried leafy vegetables stored at
room temperature: (a) Amaranth; (b) Pak-choi; (c) Flowering white cabbage; and (d)

Chinese lettuce.

Cooked leafy vegetables stored under refrigeration

42. At refrigerated temperature, nitrite was not detected in all cooked leafy

vegetables during the whole 78-hour storage except in cooked flowering white
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cabbage and stir-fried Pak-choi in which nitrite started to be detected at

relatively low levels after storing for 72 hours (Figure 3).
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Figure 3. Nitrate and nitrite contents of boiled and stir-fried leafy vegetables stored at
refrigerated temperature: (a) Amaranth; (b) Pak-choi; (c) Flowering white cabbage;

and (d) Chinese lettuce.

43. The nitrate contents of cooked leafy vegetables stored under
refrigeration decreased much slower than that stored at room temperature during
the whole storage period (Figure 3).  The levels of nitrate and nitrite in cooked

leafy vegetables stored at refrigerated temperature were listed in Annex V.

24



(a) Zucchini

Level of Nitrate / Nitrite (mg/kg)
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Depending on the types of vegetables, the reduction of nitrate at the end of
refrigerated storage was:
«  for boiled vegetables, from 6.7% to 15% (compared with 43.3% to 96.8%
under room temperature);
. for stir-fried vegetables, from 5.3% to 15.4% (compared with 51.4% to

99.6% under room temperature).

Cooked zucchini and soup stored at room temperature

44, At room temperature, nitrite was detected in cooked zucchini and
vegetable soup after storing for 12 hours. Regarding nitrate, the levels in
cooked zucchini and soup started to decrease after storing for 12 hours, and the
decreases continued to below 6 mg/kg in zucchini and 160 mg/kg in soup
(Figure 4). The levels of nitrate and nitrite in cooked zucchini and soup stored

at room temperature were listed in Annex V and Annex VI.

Nitrate (Boiling) Nitrate (Stir-frying) (b) Soup

Nitrite (Boiling) Nitirte (Stir-frying) Nitrate

1000
800
600
400

200

Level of Nitrate / Nitrite {mg/kg)

0

o] 20 40 60
20 40 60 80

Storage Time (Hrs)

Figure 4. Nitrate and nitrite contents in (a) cooked zucchini and (b) soup stored at

room temperature.
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Cooked zucchini and soup stored at refrigerated temperature

45, At refrigerated temperature, no nitrite was detected in cooked zucchini
and vegetable soup during the whole 78-hour storage, and the nitrate contents
remained relatively stable (Figure 5). The levels of nitrate and nitrite in
cooked zucchini and soup stored at refrigerated temperature were listed in

Annex V and Annex VI.

(b) Soup
Nitrate (Boiling) Nitrate (Stir-frying) ——

Nitrite (Boiling) Nitrite (Stir-frying)
1200

1000

{mg/kg)

800

600

te / Nitrite

400

evel of Nitra

- 200

0
20 40 60 80 0 20 40 60

Storage Time (Hrs) Storage Time (Hrs)

Figure 5. Nitrate and nitrite contents (a) cooked zucchini and (b) soup stored at

refrigerated temperature.

DISCUSSION

46. Nitrate in vegetables can be converted to nitrite by two means: by the
enzyme nitrate reductase present in plant cells or by nitrate-reducing bacteria
present in the environment®. In this study, nitrite was not detected in all
vegetable samples (i.e. leafy vegetables, zucchini and vegetable soup)
immediately after cooking. During cooking, nitrate reductase in plant cells

was denatured and lost the ability to convert nitrate to nitrite. Therefore, the
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formation of nitrite in cooked vegetables after storing them for a period of time

Is expected due to the activities of nitrate-reducing bacteria in the environment.

47. Bacteria are ubiquitous in the environment. When handling cooked
vegetables in the kitchen, bacterial contamination (including nitrate-reducing
bacteria) from the air and utensils such as spoons and bowls is inevitable even
though good hygiene practices are observed. When bacteria are introduced
into a new environment (e.g. cooked vegetables in this study), they have to go
through a period of time (i.e. a lag phase?) to adapt themselves to the new growth
conditions before the start of rapid growth?”. During the lag phase, little or no
bacterial growth occurs. Temperature has a significant effect on both the lag
phase and the generation time® of bacteria?’?®. Lag phase is shorter at the
optimum temperature and is prolonged as temperature is lowered?. If the
temperature is low (e.g. 0°C - 4°C), some bacteria (i.e. mesophiles) are unable
to grow while others (i.e. psychrotrophs) may take a long period to adapt to the
new conditions before they can grow and multiply?’ (Table 2). For example,
Pseudomonas fluorescens, a spoilage and nitrate-reducing bacteria, is
commonly found in the environment contaminating foods, and is able to grow
slowly at refrigerated temperature (i.e. a psychrotroph)3®-32, A study showed
that in a new medium the lag phase of Pseudomonas fluorescens increased from

1 day at 20°C to 3 days at 5°C, to 4 days at 0°C, and to 6 days at —3°C%,

2 Lag phase is the initial period in the life of a bacterial population when cells are adjusting
to a new environment before starting exponential growth.
b Generation time is the time it takes for a population of bacteria to double in number.
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Table 2. Growth temperature ranges for bacteria commonly found in food

Temperature (°C)
Minimum  Optimum  Maximum
(a) Mesophiles (bacteria that cannot grow 5to 15 30 to 45 35 to 47
at refrigerated temperature)
(b) Psychrotrophs (bacteria that can grow -5t0 +5 2510 30 30to 35
slowly at refrigerated temperature)

Group of bacteria

48. In this study, nitrite began to be detected in some vegetable samples
when they had been stored at room temperature for 12 hours after cooking,
indicating that nitrate-reducing bacteria were present, and nitrate in the cooked
vegetables was converted to nitrite by the bacteria.  This finding is consistent
with a recent study which showed that the nitrite contents of boiled spinach and
stir-fried cabbage did not change during the first 12 hours of storage at room

temperature®,

49, When cooked vegetables were stored at refrigerated temperature, the
low temperature lengthened the lag phase, and reduced the growth of nitrate-
reducing bacteria as well as their activities to convert nitrate to nitrite. Hence,
the formation of nitrite was delayed, and in this study, only low levels of nitrite
were detected in some vegetable samples after storing for 72 hours after cooking.
Other studies, involving the storage of cooked vegetables at refrigerated
temperature for 24 hours reported by relevant authorities in the Mainland, also
found that the levels in nitrite of cooked vegetables remained low at the end of

the 24-hour refrigerated storage®-°.
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50. It is worthwhile to note that storage temperature, instead of the types
of vegetables, plays a significant role in the conversion of nitrate to nitrite

because it directly affects the growth and activities of bacteria.

LIMITATIONS

51. Other food ingredients such as meat, oil and condiments (e.g. salt,
pepper, sugar, garlic, etc.) that are commonly used in the domestic food
preparation practices may affect the physical characteristics (e.g. salinity, pH,
water activity, etc.) of the dishes which in turn affect the duration of the lag
phase and the growth of bacteria. Also, this study was conducted under
laboratory conditions which may be different from home kitchen conditions
with respect to sources and levels of bacterial contamination.  Nonetheless,
studies have shown that for foods with a high level of water activity and a pH
value near to neutrality, temperature is the most important environmental factor
affecting the duration of lag phase, and the lag phase is little affected by the
bacterial load. Under the same storage temperature, suboptimal conditions
(e.g. high concentrations of sodium chloride) lengthen the lag phase which may

be affected by the bacterial load*%4!,

CONCLUSIONS AND RECOMMENDATIONS

52. This study revealed that storage temperature has a significant effect on
the conversion of nitrate to nitrite in cooked vegetables. When cooked

vegetables are stored overnight in a refrigerator, their nitrite contents do not
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increase. In fact, under refrigeration, low levels of nitrite were only detected

in some samples after storing them for 72 hours.

53. From a food safety perspective, overseas authorities including WHO
recommend that leftover food should be cooled in clean and shallow containers,
and refrigerated in covered containers within 2 hours after cooking. Leftovers
should not be stored in the refrigerator for longer than 3 days**“® because
spoilage bacteria can still grow at refrigerated temperature even though most

harmful bacteria cannot?’.

54. At room temperature, the total time that cooked vegetables can be kept
should be limited to 4 hours because cooked vegetables are considered
potentially hazardous foods which may contain harmful bacteria and will

normally support their growth and formation of toxins*®-°,

Advice to Public

Members of the public are recommended to eat a variety of vegetables with
a daily intake of at least 3 servings of vegetables, and 2 servings of fruit i.e. at
least 400 grams of fruits and vegetables (about 5 servings) for the prevention of

chronic diseases.

55. The public should also follow the following guidelines to keep

leftovers (including cooked vegetables) safe:

* Prepare food in suitable amounts to reduce the amount of leftovers.
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Leftovers should be cooled in clean and shallow containers, and refrigerated
in covered containers within 2 hours after cooking. Leftovers should be
consumed as soon as possible and should not be stored in the refrigerator
for longer than 3 days.

Before consumption, leftovers should be reheated thoroughly until the core
temperature reaches 75°C, and should not be reheated more than once.

Do not consume leftovers if they have been held at room temperature for

more than 4 hours.
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Annex |

List of Vegetables being Analysed

Amaranth (Chinese spinach) &%

Pak—choi (Chinese white cabbage) 3%

Flowering white cabbage 3Z,(»

Chinese lettuce FEF4ESZ

Zucchini ZE [\

Vegetable soup with the following
ingredients:

« Beetroot 4 =Z5H

o Celery PH5¢

« Carrot H7%&
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Annex |l

Flow diagram on handling and preparation of vegetable samples for analysis
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Annex Il

Nitrate and nitrite levels of boiled vegetables stored
at room temperature and refrigerated temperature

Storage ‘ Level Storage time (hours)

Samples

condition | (mg/kg)
Room Nitrate | 3000 | 3100 | 3000 | 2700 | 2400 | 1300 | 190 200
temperature | Nitrite ND ND ND ND 250 | 1200 | 1900 | 1800

Amaranth 5 5
Refrigerated | Nitrate 3000 | 3000 | 2800 | 2600 | 2600 | 2600 | 2500 | 2600
temperature | Nitrite ND ND ND ND ND ND ND ND
Room Nitrate 3000 | 3100 | 2900 | 2900 | 2800 | 1700 | 1700 | 1700
| temperature | Nitrite ND ND ND 2.5 150 670 540 530
Pak-chol Refrigerated | Nitrate 3000 | 2900 | 2800 | 2800 | 2700 | 2800 | 2800 | 2800
temperature | Nitrite ND ND ND ND ND ND ND ND

_ Room Nitrate | 2000 | 1800 | 1700 | 1500 | 810 260 180 64
Flowering | o mperature | Nitite | ND | ND | ND | 170 | 530 820 | 690 | 650
White e efrigerated | Nitrate | 2000 | 1800 2000 | 2100 | 1900 | 1800 | 1700 | 1700
cabbage

temperature | Nitrite ND ND ND ND ND ND 6.4 30
Room Nitrate 760 780 780 800 720 300 250 260
Chinese temperature | Nitrite ND ND ND 1.2 43 130 97 9
lettuce Refrigerated | Nitrate 760 750 760 760 760 690 670 700
temperature | Nitrite ND ND ND ND ND ND ND ND
*ND = Not detected
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Annex IV

Nitrate and nitrite levels of stir-fried vegetables stored
at room temperature and refrigerated temperature

Storage ‘ Level Storage time (hours)

Room Nitrate | 3700 | 3700 | 3700 | 3700 | 3500 | 2500 | 1700 | 1800
temperature | Nitrite ND ND ND ND 200 730 1200 | 1100

Samples ‘

Amaranth : 5
Refrigerated | Nitrate | 3700 | 3700 | 3400 | 3700 | 3700 | 3400 | 3300 | 3500
temperature | Nitrite ND ND ND ND ND ND ND ND
Room Nitrate | 3800 | 3700 | 3900 | 3500 | 2900 | 1400 | 1400 | 1400
| temperature | Nitrite ND ND ND 100 590 | 1300 | 1100 | 1000
Pak-chol Refrigerated | Nitrate | 3800 | 3900 | 3800 | 3500 | 3700 | 3700 | 3700 | 3600
temperature | Nitrite ND ND ND ND ND ND 3.6 6.0
) Room Nitrate | 2350 | 2500 | 2600 | 2100 | 1300 | 420 300 10
Flowering | i mperature | Nitite | ND | ND | ND | 250 | 770 | 1000 | 690 | 700
white Refrigerated | Nitrate | 2350 | 2600 | 2500 | 2700 | 2400 | 2400 | 2400 | 2200
cabbage

temperature | Nitrite ND ND ND ND ND ND 14 100

Room Nitrate | 1300 | 1200 | 1200 | 1100 | 1100 | 540 580 500
Chinese temperature | Nitrite ND ND ND 7.4 27 89 73 60
lettuce Refrigerated | Nitrate | 1300 | 1200 | 1200 | 1200 | 1100 | 1100 | 1100 | 1100
temperature | Nitrite ND ND ND ND ND ND ND ND
*ND = Not detected
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Annex V

Nitrate and nitrite levels of boiled and stir-fried zucchini stored
at room temperature and refrigerated temperature

Storage Storage time (hours)
condition ‘
Room Nitrate 390 280 330 12 1.4 0.88 4.3 3.4
Boiled temperature Nitrite ND ND ND 170 40 0.82 1.0 53
zucchini | Refrigerated | Nitrate 390 550 510 480 450 480 470 500
temperature Nitrite ND ND ND ND ND ND ND ND
Room Nitrate 680 660 710 320 4.7 2.2 2.1 5.2
Stir-fried | temperature Nitrite ND ND ND 260 300 220 2.8 3.7
zucchini | Refrigerated | Nitrate 680 660 720 630 710 670 730 740
temperature Nitrite ND ND ND ND ND ND ND ND
*ND = Not detected

Samples
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Annex VI

Nitrate and nitrite levels of soup stored at room temperature and
refrigerated temperature

Storage Storage time (hours)

Samples

condition
Room Nitrate 955 940 930 630 430 180 160 160
temperature Nitrite ND ND ND 20 110 190 230 230
Refrigerated | Nitrate 955 980 970 970 | 1000 | 940 960 940
temperature Nitrite ND ND ND ND ND ND ND ND
*ND = Not detected

Soup
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