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Changes in Nitrate and Nitrite Levels of Blanched Amaranthus During
Refrigeration Storage

(Perubahan Kandungan Nitrat dan Nitrit dalam Amaranthus yang Dicelur Semasa Penyimpanan Sejuk)

CHEW SC, K. NAGENDRA PRASAD YANG BAO & AMIN ISMAIL

ABSTRACT

Changes in nitrate and nitrite contents (leaves and stem) of Amaranthus gangeticus (AG) and Amaranthus paniculatus
(AP), resulting from blanching, storage time (0-4 days), storage temperature (0 and 4ºC), and reheating were analysed.
Results showed that fresh AG (1859 ± 7.07 mg/kg) had higher nitrite content than AP (1262 ± 2.12 mg/kg). Nitrites
content was 506 ± 2 and 825 ± 3.5 mg/kg for AG and AP, respectively. Reheating and storage times significantly
increased the conversion of nitrate to nitrite in AG and AP. Storage at 0 and 4oC exhibited a significant change (P <
0.05) in nitrate and nitrite contents for both samples. Higher nitrite content was found in AP when stored at 4oC and
0oC. The present study indicated that storage time and temperature affected the nitrite contents in blanched AG and AP
when stored in low temperatures. Apart from that reheating was also found to increase the formation of nitrite.
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ABSTRAK

Perubahan kandungan nitrat dan nitrit di dalam Amaranthus gangeticus (AG) dan Amaranthus paniculatus (AP)
(daun dan batang) kesan daripada penceluran, tempoh penyimpanan (0-4 hari), suhu penyimpanan (0 dan 4ºC), dan
pemanasan semula dianalisis. Keputusan menunjukkan AG segar (1859 ± 7.07 mg/kg) mengandungi kandungan nitrat
lebih tinggi berbanding AP (1262 ± 2.12 mg/kg). Kandungan nitrit bagi AG dan AP ialah 506 ± 2 dan 825 ± 3.5 mg/kg.
Pemanasan semula dan tempoh penyimpanan meningkatkan penukaran nitrat kepada nitrit di dalam AG dan AP
secara signifikan (P < 0.05). Penyimpanan pada 0 dan 4ºC menunjukkan perubahan yang siginifikan pada kandungan
nitrat dan nitrit bagi kedua-dua sampel. Kandungan nitrit yang lebih tinggi dalam AP apabila disimpan pada 0 dan
4oC. Kajian ini menunjukkan bahawa tempoh penyimpanan dan suhu memberi kesan terhadap kandungan nitrit di
dalam AG dan AP yang dicelur walaupun disimpan pada suhu rendah. Selain itu, pemanasan semula juga telah
meningkatkan pembentukan nitrit.

Kata kunci: Amaranthus, Nitrat, Nitrit, Pemanasan semula, Penyimpanan

INTRODUCTION

Research on dietary intake of excess nitrates and nitrites
from food has raisen the concern on their possible adverse
effect on human health. Epidemiological and clinical studies
showed that high level of nitrites in vegetables contribute
to a significant effect in increasing the prevalence of
stomach, oesophagus and bladder cancer (Bartsch et al.
1990; Umah et al. 2003). Vegetables play an important role
in dietary intake of nitrate and nitrite (Kmiecik et al. 2004). It
is estimated that they contribute about 85%, and 43% of
the daily dietary intakes of nitrate and nitrite, respectively
(Gangolli et al. 1994; Cassens, 1995; Walters, 1991).

Amaranthus, locally known as bayam (in Malay), is
one of the most popular leafy vegetables consumed in
Malaysia (Amin et al. 2006). It is one of the rich sources of
nitrate among green leafy vegetables. Amaranthus
gangeticus (AG) is referred to as bayam merah in Malay

language. It belongs to Amaranthaceae family and widely
consumed as green leafy vegetable in Malaysia, China and
Indonesia. The very young leaves can be eaten raw as
salads. It is a tender herb about 80 cm tall with few branches.
Stem smooth, but longitudinally ribbed, green with red
streaks, leaves alternate, elliptic shape with tapering apex.
Amaranthus paniculatus (AP) is referred to as bayam putih,
commonly consumed green leafy vegetable. It is a tall
annual, 1.2 – 1.8 m high with stout, grooved and slightly
pubescent stems, leaves simple, alternate, and broad in
shape.

Several processing of vegetable such as washing,
blanching, storage or freezing can contribute to the changes
of nitrate and nitrite contents in foods (Bednar et al. 1991;
Leszczynska et al. 2009). Recently, the consumption of
leftover food has become a popular practice among
Malaysian in order to prevent food wastage. Prepared
foods were stored in refrigerator, and then later reheated
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before consumed. Many of them are unaware that reheating
may cause the formation of poisonous N-nitroso
compounds, which is a potential carcinogen (Ximenes,
2000; Prasad & Chetty, 2008).

The nitrate-converting enzymes produced by certain
bacteria can also convert nitrates into nitrites at elevated
temperatures during reheating. In theory, the longer the
storage time, the higher is the concentration of nitrites
(Bosch-Bosh et al. 1995). Previous studies done by
researchers also showed that when spinach was kept
frozen, the nitrites content remain unchanged, but when it
was refrigerated, the nitrites content was seriously affected
(Bosch-Bosh et al. 1995).

Thus, the aim of the study was to determine the effect
of reheating, storage time and temperature on nitrate and
nitrite contents in blanched Amaranthus gangeticus (AG)
and Amaranthus paniculatus (AP). The information
obtained through this study will benefit the public
especially in educating the housewives, the correct way of
handling the leftover food, particularly foods containing
high nitrates content.

MATERIALS & METHODS

CHEMICALS

Phenoldisulphonic acid reagent, concentrated ammonium
hydroxide, sodium nitrate, sodium nitrite, sulphonilic acid
reagent and α-Naphthylamine were purchased from Sigma
Co. (St. Louis, MO, USA).

MATERIALS AND SAMPLE PREPARATION

Fresh Amaranthus paniculatus L. (AP) and Amaranthus
gangeticus L. (AG) was bought from five selected stalls in
Pasar Borong, Selangor, Malaysia. AP and AG (1 kg each)
were cleaned under running tap water and remaining water
was drained off. The young leaves and tender stems were
chopped into small pieces, homogenized using homogenizer
and divided into two portions (raw and blanched). The raw
samples (AP & AG) was directly extracted to determine the
nitrate and nitrite contents. Blanching was carried out by
simmering the vegetables in boiling water (100oC) for 1
minute. After blanching, the remaining water was drained
off and the vegetables were allowed to cool at room
temperature. All blanched samples were divided into two
portions to be stored at different temperatures (4 and 0oC)
for the following days (0, 1, 2, 3, and 4 days). Samples were
reheated by blanching at 100oC for 1 minute prior to the
analysis of nitrates and nitrites. The nitrates and nitrites
contents in blanched Amaranthus were determined after
first and second reheating.

DETERMINATION OF NITRATES AND NITRITES

The method of nitrate and nitrites extraction was according
to the method of Stopes et al.1998. Twenty five gram each
of the homogenized samples was blended with 200 ml hot
distilled water. The mixture was then filtered through a
Whatman No. 1 filter paper, and the filtrate was used for
nitrate and nitrite determinations.

DETERMINATION OF NITRATE

The filtrates of sample were analyzed for nitrate using the
phenoldisulphonic acid method (Umah et al. 2003). About
20 ml of each sample filtrate was pipetted into a conical
flask and the content was evaporated to dryness in water
bath (100oC for 15 minutes). About 2 ml of
phenoldisulphonic acid reagent was added into the flask
to ensure dissolutions of all the solid contents. It was then
diluted with 20 ml distilled water and 6 ml concentrated
ammonium hydroxide, followed by stirring. Absorbance was
read at 410 nm using a spectrophotometer (Shimadzu 160 A
model, Japan) against a blank prepared with distilled water.
A standard nitrate curve was prepared using 50 mg/L stock
sodium nitrate solution.

DETERMINATION OF NITRITE

The diazotization method (Umah et al. 2003) was used in
the determination of nitrite content. About 20 ml of each
sample filtrate were pipetted into a conical flask. Sulphanillic
acid reagent (0.5 ml) was added to each flask and left to
stand for 2 to 8 minutes. a-Naphthylamine (0.5 ml) was then
added and allowed to stand for about 2 hours for the full
development of the characteristic pinkish-red color. The
absorbance was measured at a wavelength of 543 nm on
the spectrophotometer against distilled water blank.
A standard nitrite curve was prepared using 50 mg/L stock
sodium nitrite solution.

STATISTICAL ANALYSIS

Data were analyzed using Statistical Package for Social
Science (SPSS) version 15. Results were expressed as mean
± standard deviation (SD). One way ANOVA was used to
analyze the means differences among the samples under
different treatments. The significant level was set at
P < 0.05.

RESULTS AND DISCUSSION

Amaranthus gangeticus (AG) contained more nitrates
content (1859 ± 7.07 mg/kg) when compared to AP (1262 ±
2.12 mg/kg). The results of the present study for both
Amaranthus were in the same range of nitrate content as
reported earlier by Anjana et al. (2007) and Reinik (2007).
Nitrites content in raw AG and AP were 506 ± 2.12 mg/kg
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and 825 ± 3.53 mg/kg respectively. There was a significant
difference (P < 0.05) between the nitrites content in both
species. Therefore, the trend for nitrates content was AG >
AP while AG < AP for nitrites content.

CHANGES IN NITRATES AND NITRITES CONTENTS
OF A. GANGETICUS AND PANICULATUS DURING

STORAGE AT 4ºC

In this study, the effects of different storage time and
temperature on nitrate and nitrite contents in blanched
Amaranthus species were studied over a period of four
days. Significant differences (P < 0.05) were found in the
means of nitrate and nitrite contents of AG and AP at different
storage temperature and storage days. The loss of nitrates
in Amaranthus stored for 0, 1, 2, 3, and 4 days at 4oC ranged
from 4-49% for AG and from 0.2-46% for AP (Figure 1). This
indicated that the longer the storage time, the higher the
conversion of nitrate to nitrite. As a result, nitrite content
increased but, conversely nitrate content decreased. Nitrite
content showed an increasing trend toward storage time
with the lowest content at day 0 followed by day 1, 2, 3, and
day 4. The increment of nitrites ranged from 21-70% for AG
and 4-54% for AP (Figure 2). Therefore, it is advisable that
Amaranthus should never be kept under refrigeration for
more than 2 days after cooking as the increment of nitrites
content was almost fifty percent. Previous studies showed
that microbiological reduction of nitrates and increment in
nitrites takes place more rapidly when Amaranthus was
stored under refrigeration (Domanska-Blicharz et al. 2004).
Bosch-Bosch et al. (1995) in their study showed that
Amaranthus stored (under refrigeration) for 2 days affected
the nitrite levels, however, the contents become significant
after 4 days of storage under refrigeration.

CHANGES IN NITRATES AND NITRITES CONTENTS
OF A. GANGETICUS AND A. PANICULATUS DURING

STORAGE AT 0ºC

The nitrate contents decreased from 1787 ± 4.95 mg/kg at
day 0 to 966 ± 7.07 on day 4 in AG. A similar trend was also
noticed in AP wherein the nitrate content decreased from
1259 on day 0 to 1056 ± 2.83 on day 4 (Figure 3). Storage at
4oC exhibited highest nitrate losses compared to 0oC, since
nitrate converting bacteria are less active, thus the
conversion of nitrate to nitrite was much slower (Prasad &
Chetty 2008; Schuddeboom 1993). Increment of nitrites was
slightly lower compared with storage at 4oC and the
increment in nitrite content varied from 22-63% for AG and
4-45% in AP (Figure 4). During storage, the nitrite content
was reported to increase, especially at high temperature,
due to reduction of nitrate to nitrite by the enzyme
reductase present in bacteria (E.Coli) commonly found in
water used for cooking (Schuddeboom 1993). Similar
increment in nitrite content of carrot juice was reported by
Hall et al. (1977) during storage at 4oC. Thus, storage at
different temperatures (0 & 4oC) exhibited significant
changes in the means of nitrate and nitrite contents for AG
and AP. Higher nitrite content was found in AP when stored
at 4 and 0oC than AG. This is because of the presence of
carotenes in AG which might act as chemopreventive
phytochemicals which could inhibit the formation of N-
nitroso compounds (Huzaimah et al. 2004).
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FIGURE 1. Nitrates content in Amaranthus gangeticus and
Amaranthus paniculatus at 4oC. The value was expressed as
mean ± SD. (n = 3). Different alphabet indicated significant
difference (P < 0.05) between the two types of Amaranthus

species
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FIGURE 3. Nitrates content in Amaranthus gangeticus and
Amaranthus paniculatus at 0oC. The value was expressed as
mean ± SD. (n = 3). Different alphabet indicated significant
difference (P < 0.05) between the two types of Amaranthus
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CHANGES IN NITRATES AND NITRITES CONTENTS OF A.
GANGETICUS AND A. PANICULATUS DURING HEATING

AND REHEATING CONDITIONS

Additionally, the effect of heating and reheating on the
content of nitrate and nitrite of Amaranthus species during
storage at 0 and 4oC was also evaluated (Table 1 & 2). The
nitrate content of raw AG at day zero was 1859 ± 7.07 mg/kg.
After first reheating, the nitrate content decreased to 1787
± 4.95 mg/kg and further decreased to 1610 mg/kg after
second reheating. The decreasing order of nitrates content
was as follows: raw > first reheating > second reheating.
After 4 days of storage, the highest nitrate loss under 4
and 0oC was found in second reheating while the lowest
nitrate loss was found on day zero in AG and AP after first
reheating (Table 1). However, the highest nitrite
accumulation was on fourth day for both storage at 4oC
and 0oC whereas the lowest nitrite accumulation was at
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FIGURE 4. Nitrites content in Amaranthus gangeticus and
Amaranthus paniculatus at 0oC. The value was expressed as
mean ± SD. (n = 3). Different alphabet indicated significant
difference (P < 0.05) between the two types of Amaranthus

species

day zero (Table 2). A significant difference (P < 0.05)
between the nitrates contents in first and second reheating
may be due to the solubility of nitrates into water during
blanching as reported by Reinik (2003). Storage for 2 days
under refrigeration did affect the nitrite levels. The contents
become significant after 4 days under refrigeration (Bosch-
Bosch et al. 1995). Nitrates transform themselves into
nitrites and this process also could be inhibited in low
temperature (Schuddeboom 1993). Moreover, Hall et al.
(1977) suggested that nitrites content changed over period
of 6 hours with increase in temperatures. Hill (1996) also
reported that the rate of nitrites content increased with
temperature over a 6 hour period. This was true for both
Amaranthus when the samples were reheated again for
second times after storage for six hours. Hence, reheating
and storage times had significantly increased the
conversion of nitrate to nitrite in AG and AP.

Leafy vegetables are known to provide a significant
amount of nitrates in our diet. Nitrates and nitrites amounts
of foods are of great important regarding the consumers’
health because excessive nitrate accumulation can occur
in some roots and leafy vegetables (Ozcan & Akbulut 2007).

According to Keeton et al. (2009), vegetables having
the highest nitrate concentrations (1,000 – >2,500 ppm)
include lettuce, spinach, red beets, radishes, celery, parsley
turnip greens; mid-range (500-1,000 ppm); vegetables
include cabbage, turnip; low-range (200-500 ppm) examples
are broccoli, carrots, cucumbers, cauliflower, pumpkin, egg
plant, green onions, melon and very low-range (< 200 ppm)
vegetables include potato, peppers, sweet potatoes,
tomatoes. From the results obtained, we can classify the
vegetables used in the current research (AP and AG) as
high in nitrate content. No literature data on nitrite content
(high, medium and low level) is available.

According to Joint FAO/WHO Expert Committee on
Food Additives in 2002, the Acceptable Daily Intake (ADI)
values are 3.7 mg/kg body weight for nitrate and 0.07 mg/

TABLE 1. Changes in content of nitrates in Amaranthus gangeticus and Amaranthus paniculatus during reheating, storage time and
storage temperature

Leafy Storage First reheating Second reheating

vegetable Days Mean ± S.D (mg/kg) Mean ± S.D. (mg/kg)

Refrigeration (4 oC) Frozen (0 oC) Refrigeration (4 oC) Frozen (0 oC)

A. gangeticus 0 1787 ± 4.95 1787 ± 4.95 1610 ± 0.00 1610 ± 0.00
1 1450 ± 7.07 (-19%) 1610 ± 0.00 (-10%) 1437± 0.00 (-11%) 1440 ± 0.00 (-11%)
2 1382 ± 3.54 (-33%) 1383 ± 3.53 (-33%) 1193 ± 8.49 (-26%) 1244 ± 0.00 (-23%)
3 1119 ± 0.00 (-38%) 1189 ± 7.07 (-34%) 1103 ± 1.41 (-32%) 1157 ± 8.48 (-29%)
4 954 ± 0.00 (-57%) 966 ± 7.070 (-56%) 940 ± 7.78 (-42%) 936 ± 6.36 (-42%)

A. paniculatus 0 1259 ± 0.00 1259 ± 0.00 1258 ± 2.12 1258 ± 2.12
1 1193 ± 8.49 (-8%) 1258 ± 3.54 (-1%) 1037 ± 7.07 (-18%) 1191± 0.00 (-06%)
2 863 ± 6.36 (-32%) 1165 ± 0.03 (-8%) 852 ± 4.95 (-33%) 1114 ± 0.00 (-12%)
3 813 ± 2.83 (-36%) 1073 ± 0.00 (-15%) 775 ± 4.24 (-39%) 1067 ± 2.83 (-16%)
4 679 ± 9.19 (-54%) 1056 ± 2.83 (-17%) 494 ± 0.00 (-61%) 717 ± 0.07 (-44%)

Values in the brackets denote a decrease in percentage of nitrates compared to day zero of storage.
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kg b.w. for nitrite (Anonymous 2008). Approximately 5% of
all dietary nitrates are reduced to nitrites in saliva and
gastrointestinal tract. However, nitrites being highly
unstable as compared to nitrates are easily metabolized
within the digestive tract to N-nitroso compounds (Prasad
& Chetty 2008). Greater nitrite content thus could increase
the likelihood of endogenous nitrosamine reactions, which
in turn may lead to a greater risk of cancer. The main concern
for the public health is the link between nitrates and stomach
cancer. The contents of nitrates and nitrites in raw
Amaranthus were significantly different compared to
blanched Amaranthus. AG had higher nitrates content
compared to AP. When compared between both samples,
AG was reported to accumulate large amount of nitrate due
to their low nitrate reductase activity.

CONCLUSIONS

The present study indicated that storage time and
temperature affected the conversion of nitrate to nitrite in
blanched AG and AP when stored in refrigeration (4oC) and
frozen (0oC). In addition, reheating of blanched Amaranthus
after stored at low temperature also affected the formation
of nitrite contents. Second reheating increased nitrite
contents even more compared to first reheating. Besides
that, blanching also contributed to significant decreased
in nitrate contents. In conclusion, it is advisable that fresh
cooked Amaranthus must be consumed as soon it is cooked
and should not be stored for more than two days. Further
work on the accumulation of oxalates in Amaranthus during
different storage time and temperature is needed to be
investigated.
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