American Chemical Science Journal EEH

&
13(3): 1-7, 2016, Article no.ACSJ.23387 5;:/
ISSN: 2249-0205 2

SCIENCEDOMAIN
SCIENCEDOMAIN international
www.sciencedomain.org

Determination of Nitrate and Nitrite Contents of
Some Edible Vegetables in Guyuk Local
Government Area of Adamawa State, Nigeria

Priscilla Alexander ", Philemon Handawa ! and Umoru Titus Charles *

1Department of Chemistry, Adamawa State University, Mubi, Nigeria.

Authors’ contributions

This work was carried out in collaboration between all authors. Author PA designed the study,
performed the statistical analysis, wrote the protocol and wrote the first draft of the manuscript.
Authors PH and UTC managed the analyses of the study. Authors PA and PH managed the literature
searches. All authors read and approved the final manuscript.

Article Information

DOI: 10.9734/ACSJ/2016/23387

Editor(s):

(1) T. P. West, Department of Chemistry, Texas A&M University-Commerce, USA.
Reviewers:

(1) Kiri H. Jaryum, University of Jos, Nigeria.

(2) Jorge Isaac Castro Bedrinana, National University of the Center of Peru, Peru.
(3) Magdalena Valsikova, Slovak University of Agriculture in Nitra, Slovak Republic.
Complete Peer review History: http://sciencedomain.org/review-history/13622

Received 28 " r!\Iovember 2015
e , Accepted 7 " February 2016
Original Research Atrticle Published 10 ™ March 2016

ABSTRACT

Based on research founding’'s nitrite and nitrate has been discovered as pro-drugs of the
vasorelaxant nitric oxide, however many studies have reported that intake of these ions either
intravenously or as a food supplements enhanced athletic performance. One of the factors and
major causes of gastrointestinal cancer in adults and Methemoglobinemia (blue baby syndrome) in
children is nitrosamine derived from nitrate. Approximately 80 to 90 percent of nitrate which enters
the human body is through vegetables and fruits, in this present study nitrate and nitrite
concentrations in fresh leafy and fruits vegetables in Guyuk was determined and compared with
WHO standard limit. The levels of nitrate and nitrite were determined in six edible vegetable
samples consumed and cultivated in Guyuk Local Government area of Adamawa State, Nigeria.
The vegetables studied were Spinacea oleracea (spinach), Amaranthus caudatus (Amaranthus),
Lycopersicum esculentum (Tomato), Allium cepa (onion), Abelmoschus esculent (Okra), and
Brassica oleracea (Cabbage). The nitrate and nitrite concentrations were analyzed by ultraviolet
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grown and cultivated in other countries.

spectrophotometer method. The results of the present investigation showed no any significant
difference in nitrate levels found in most vegetables cultivated during the dry and rainy season
harvests. Statistically, the mean nitrates level was higher in spinach (52.50+4.00 mg/kg to
53.50+4.50 mg/kg), Amaranthus (43.50+3.50 mg/kg to 47.50+2.50 mg/kg), Okra (39.00+2.10 mg/kg
to 40.50+0.90 mg/kg) and onion (37.50£0.40 mg/kg to 39.00+1.60 mg/kg), intermediate in tomato
(34.50£2.40 mg/kg to 36.50+2.40 mg/ kg), and lower in cabbage (15.00+1.60 mg/kg to 20.50+1.50
mg /kg), as compared with those in other vegetables. However, it was discovered that the level of
nitrate in all the edible studied vegetable samples was lower than the WHO standard limit. The
concentration of nitrite in the different studied vegetables exceeded 1.0 mg/ kg, but is within the
permissible limit of the WHO Standard limit. It was observed that the values have no significant
difference among most vegetables. It was also noted that nitrate contents in the studied vegetables
differs, depending on the kinds of vegetables and were comparable and similar to those vegetables

Keywords: Nitrate; nitrite; edible vegetables; Guyuk Local Government area; Adamawa; Nigeria.

1. INTRODUCTION

Vegetables are highly valued crops; vegetables
constitute a major source of human exposure to
nitrate and nitrite in human diet. Farmers tend to
apply large amount of fertilizer, especially
nitrogen fertilizer, this is a reasonable insurance
against yield losses from nutrient deficiencies.
Today, the use of nitrogen fertilizers plays a key
role on plant growth, performance and quality of
agricultural products and this is increased in
order to boost crop yields and achieve more
productivity, thereby, leading to overusing or
abuse of nitrogen fertilizers [1-4]. The excessive
use of such fertilizers leads to nitrate
accumulation in the plants, which causes toxicity
and carcinogenic effect, in addition to surface
and groundwater pollution these creates
environmental hazards [1-4]. Nitrates
accumulation in plants, causes different kinds of
diseases such as methemoglobinemia in children
and gastrointestinal cancer in adults [1-4].

It was estimated that vegetables contributes
approximately 80-95% and 16-34% of the
average daily dietary intake of nitrate and nitrite,
respectively [5,6]. Nitrate concentrations vary
significantly, ranging from 1 to 10,000 mg/kg
fresh weight, while nitrite level in fresh
vegetables are extremely low (< 2 mg/kg), as
published literatures [1,7]. Furthermore, nitrate
and nitrite have been routinely added during the
curing process of certain meat products, serving
as a preservative against microorganisms, such
as clostridium botulinum, that can cause food
poisoning. Both nitrate and nitrite are monitored
regularly because of their toxicity. There is an
increased awareness of the relationship between
nitrate and nitrite content in food and water
supplies and methemoglobinemia found in

infants and the formation of

nitrosamines [8,9].

carcinogenic

The amount of, nitrate naturally produced in
human body is approximately 62 mg dalily.
Nitrates are naturally present, in most fruits and
vegetables and in food and also added as an
additive or preservative to food [1,4,10-13].
Nitrate usually enters in to drinking water through
contaminated ground water caused by fertilizer,
animal, or human waste.

Eighty percent of nitrate in human diet is present
mainly in beetroots and mostly in leafy green
vegetables such as spinach and lettuce [5,6,14].
Many reports from different studies have
revealed the effects of nitrates on human body
by its direct consumption in the form of nitrate —
rich dietary supplements or inorganic nitrates
[15,16]. In this study nitrate and nitrite
concentrations in available vegetables grown
and cultivated in Guyuk Local Government area
of Adamawa State were investigated.

2. MATERIALS AND METHODS
2.1 Area of Study

Guyuk Local Government area of Adamawa
State lies between latitude 1126 and 1134 'N
and Longitude 14°12 " and 1434 'E.

A total of six fresh edible vegetables samples
were collected from three different farms along
the bank of river Katanbara in Guyuk Local
Government area of Adamawa State, Nigeria.
These vegetables include Spinacia oleracea
(spinach), Amaranthus caudatus (Amaranthus),
Solanm lycopersicum (Tomato), Allium cepa
(Onion), Abelmoschus esculent (Okra) and



Brassica oleracea (Cabbage). The edible
vegetables were randomly collected in three (3)
reference point, sample site A: Kutugam, sample
site B: Purokayo and sample site C: Lakumna,
the samples were collected in the rainy and dry
seasons between the months of May to
December 2011 and January 2012.

Vegetable samples were washed under tap
water for about 30 seconds to remove sort dirt or
wind borne particles that may have been present
on any of the vegetables and then rinsed with
distiled water for several times. Each sample
was then cut and homogenized with a cutter and
a homogenizer, and immediately stored at -20°C
before it is subject to analysis. Fifty (50) ML of
distiled water was added to the well
homogenized sample weighed 1 g in a 100 ml
volumetric flask. The flask was then moved in a
boiling water bath for 20 min. at 80CC, shaken up
and laid on the table until cooled down, and then
diluted to a final volume of 100 ml with distilled
water. It was followed by filtering through a 0.45
pm syringe filter. The first filtrate of 3 mL was
discarded and following filtrate of 1 mL was
collected for the determination of the nitrate and
nitrite. All samples were immediately analysed
within 1hr after sample preparation.

2.2 Statistical Analysis

Data were presented as mean = standard
deviation of three replicates analysis and ranges
(minimum and maximum).

2.3 Reagent and Standards

All reagents used in this study were of analytical
— reagent grade. All the glassware used was
firstly soaked in 10% HCI for 24 hr, and then
rinsed with distilled water for several times. The
standard nitrate solutions were prepared
according to [5] by dissolving 0.25 g of KNO3 in
250 ml of water, which gave rise to a 0.004 gmL™
of stock solution. Serial dilutions were made to
obtain the standard concentrations; 1.0, 4.0, 8.0,
12.0, 16.0 and 20.0 mgL™ nitrate —N

2.4 Nitrate and Nitrite Analysis

Nitrate and Nitrite contents were determined
according to AOAC 2000 [17] and Diazo method
[18]. Ultraviolet detections were at 410 nm and
254 nm respectively.

3. RESULTS AND DISCUSSION

According to comparison, nitrate concentration in
all the samples was lower than standard limit of
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World Health Organisation (Table 1) and are
consistent to Sayed and Rezvan studies 2014

[1].

The results of the investigation of the nitrate
contents, of the selected vegetables are reported
in Table 1. It was shown that the average nitrate
concentration in leafy vegetables (Spinach and
Amaranthus) is more than fruit vegetables, (okra,
tomato and onions). It was observed that
spinach, and amaranthus contained a higher
level of nitrates, whilst okra, onion and tomato
have an intermediate level and cabbage
contained a lower level of nitrates compared with
those in other vegetables. The average mean
nitrate content of the six vegetables ranges as
follows (mg/kg): Spinach, 52.50+4.00 to
55.50+1.50; amaranthus, 43.50£3.50 to
47.50+2.50; okra, 39.00+2.10 to 40.50+0.90;
onion, 37.50+0.40 to 39.00+1.60; tomato,
34.50+2.40 to 36.50+2.40; and cabbage,
15.00+1.60 to 20.50+1.50. The reports of many
studies have shown that the nitrate content in
vegetables can vary from 1 to 10,000 mg/kg, the
level of nitrate variation depends not only on
genetic factors such as kinds or strains of the
vegetables, but also on environmental factors
such as nitrogen content of the soil, temperature,
amount of sunlight and conditions of cultivation
and storage [19-21].

Meanwhile, many studies have reported that the
concentration of accumulated nitrates needed for
subsequent survival and growth in different parts
of vegetables fluctuate. A higher concentration of
nitrate was observed in greenish-yellow leafy
vegetables [19-21]. According to the report of
Scharpf [22] a lower concentration of nitrate was
recorded in the vegetable groups of cucumbers
and tomatoes (below 500 mg/kg), while higher
concentrations were recorded in the groups of
lettuce, Spinach, radish and Chinese cabbage
[19,22].

Tables 1 and 2 showed the average contents of
nitrate and nitrite in six edible vegetables
determined in three different locations A, B and
C along river Katanbare collected in rainy and
dry season respectively. The average nitrate
content in spinach ranged from 52.50+4.00 to
55.5041.50 mg/kg with the highest concentration
in site B (55.50£1.50 mg/kg) and the lowest in
site C (52.50+4.00 mg/kg). The nitrite average
content in spinach ranged from 10.00+1.80
mg/kg in C to 14.00+ 2.25 mg/kg in B, the nitrate
and the nitrite contents is higher in site B, in the
concentration trend order of B>A>C. The
average nitrate concentration in amaranthus



ranged from 43.50+3.50 to 47.50+2.50 mg/kg.
The highest level was recorded in site B and the
lowest level in site C. The result of the
investigation indicated that site B contained
higher concentrations of nitrate and nitrite in
almost all the vegetables analyzed, this may be
due to the high application of fertilizers by
farmers, which might partly explain the higher
concentration of nitrate and nitrite in site B soil.

According to comparison, of nitrate and nitrite
concentrations (Figs. 1 and 2) the vegetable
samples are from highest to lowest including
spinach >amarantus> okra > onion> tomato>
cabbage, while the nitrite level in all samples is in
the trend order amarantus> spinach> onion>
tomato> okra> cabbage.

Nitrate levels of vegetables harvested in dry and
rainy seasons Table 1 showed no significant

Table 1. Average concentration of nitrate in the sa
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difference. Some studies conducted in Europe
and other places have shown that nitrate levels
of vegetables in winter harvests were higher than
those in the summer. However, this difference
was not observed in our study, which showed no
significant difference in nitrate contents. This
disparity in data may be due to different
environmental conditions (i.e. length of exposure
to sunlight, cultivation methods and seeding
time). Guyuk farmers use fertilizers in both dry
and rainy season farming, which might partly
explain the higher nitrite levels in vegetables.

As seen in Table 2, the nitrite contents in most
vegetables were above 1 mg/kg, but within the
WHO permissible standard limit of 100 mg/kg.
There was no significant difference in nitrite
levels of vegetables harvested between the dry
and rainy seasons. The comparison of nitrite in
different vegetables in Fig. 2, showed that

mples and standard limit of sample according to

World Health Organization (mg/kg)

Sample Rainy season Rainy season Dry season Range Standard Limit
May- July August —Oct Nov. — Jan.
(A) (B) ©
Spinach 53.00 £2.20 55.50+1.50 52.50 £4.00 52.50+4.00- (5) 3000-2000
55.50+1.50
Amaranthus  45.00+3.20 47.50+2.50 43.50+£3.50 43.50+3.50- -
47.50+2.5
Tomato 35.50+1.42 36.50+2.40 34.50+2.40 34.5042.40- 5(300)
36.50+2.40
Onion 38.50+3.20 39.00+1.60 37.50+0.40 37.50+0.40- (5) 80
39.00+1.60
Okra 39.50 +1.25 40.50+0.90 39.00+£2.10 39.00£2.10- -
40.50+0.90
Cabbage 17.50+2.10 20.50+1.50 15.00+1.60 15.00+1.60- (5) 500-900
20.50+1.50

Values are means = SD and ranges (minimum and maximum). Each type of vegetable was analyzed in triplicate.
The numbers in the bracket are used resource number. (A, B, and C reference points of sample collection)

Table 2. Average concentration of nitrite in the sa

mples (mg/kg)

Sample Rainy season Rainy Season Dry season Range
May- July August- October Nov.- Jan.
G (B) ©
Spinach 13.00+1.30 14.00+2.25 10.00+1.80 10.00+1.80-
14.00+2.25
Amaranthus 14.00+1.12 15.00+2.88 12.0042.42 12.00+2.42-
15.00+2.88
Tomato 12.00+3.50 14.00+1.66 11.00+0.88 11.00+0.88-
14.00+1.66
Onion 13.00+2.10 14.00+1.20 12.00+2.40 12.00+2.40-
14.00+1.20
Okra 10.00+1.60 11.00+1.70 9.00+1.66 9.00+1.66-
11.00+1.70
Cabbage 3.00+1.26 4.00+1.50 2.00+0.50 2.00+0.50-
4.00+1.50

Values are means = SD and ranges (minimum and maximum). Each type of vegetable was analyzed in triplicate.
(A, B, and C reference points of sample collection)
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amaranthus has the highest nitrite content within
the studied vegetables followed by onion,
tomato, spinach and lower in okra and cabbage,
also site B is higher in its nitrite content than the
other sites.

Standard limit values which are considered
healthy to use according to average of nitrate
concentration in each vegetable in (mg/kg) is
estimated in Table 3. The level of nitrate
accumulation value in different organs of
vegetables is from highest to lowest including
leaflets > leaves > stems > roots > inflorescent >
bulb > onion > fruits > seeds [1,15,23]. The
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leaves contain higher level of nitrate than the
seeds and bulbs [1, 23].

Table 3. Standard limit which is healthy to
use according to average of nitrate
concentration

Kind of Dairy con sumption value (g/kg)
vegetable

Spinach 103

Amaranthus -

Tomato 356.496

Onion 12.2058

Okra -

Cabbage 36.66

Average of nitrate concentration (mg/kg)
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Fig. 1. Comparison of nitrate concentration in vegetables
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Fig. 2. Comparison of nitrite concentration in vegetables



3.1 International Efforts to Evaluate the
Safety of Vegetable Nitrates

Various publications have asserted that such
antioxidant components such as ascorbate, a-
tocopherol, b-carotene, phenol compounds and
indole that occur in plants have strong
suppression effects on the formation of
nitrosamines, thereby reducing the risk of cancer
[24,25]. Furthermore, the panel of the IFT
(Institute of Food Technologist Expert Panel on
Food Safety and Nutrition) has endorsed the
principle that nitrate-containing foods are safe
and it also ruled out any scientific basis that
would necessitate the establishment of a
regulatory regime for such foods. Additionally,
the EERO (European Environmental Research
Organization) of the EU composed of toxicology
professionals from England, Germany, the
Netherlands, Belgium and the MIT, USA, have
arrived at the final conclusion as follows:
Vegetables are a major source of nitrates but
they also supply the minimum requirements of
vital nutrients and antioxidant agents including
vitamins C and E, carotenoid, which in turn
suppress the formation of nitrosamine and
cyanosis, toxic form of nitrites detected in the
human body. Furthermore, there is a great body
of evidence that indicates that vegetables have
preventive effects against cancer and no
scientifically appealing evidence of the toxicity of
vegetable nitrates is available [25]. The USA has
no regulations in place about the level of nitrates
in vegetables, while the EU has established
guidelines, but neither the USA nor the EU has
found any clear evidence that current nitrate
levels in vegetables are harmful to human health.
Note that the EU nations were forced to set
guidelines as a measure to prevent trade
disputes [26].

4. CONCLUSION

From this investigation it was observed that the
nitrate concentration recorded in cabbage was
very low as compared to other studies done in
other places. This is because the concentration
of aggregated nitrates needed for subsequent
survival and growth in different vegetables
fluctuate, also the nitrate content in vegetables
can vary from 1 to 10,000 mg/kg, this is because
the level of nitrate variation depends not only on
genetic factors such as kinds or strains of the
vegetables, but also on environmental factors
such as nitrogen content of the soil, temperature,
amount of sunlight and conditions of cultivation
and storage. The result of this investigation also
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showed that the nitrate concentration in all the
samples was lower than the standard limit of
World Health Organisation, therefore, the levels
of nitrates and nitrites in vegetables grown in
Guyuk were lower than the values obtained in
other places. In conclusion, it is believed that
antioxidant agents ubiquitous in vegetables play
a beneficial role as an inhibitor of the nitrosamine
formation from nitrites. Therefore, nitrates
consumed from vegetables are said to be
harmless to human health.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Afzali SA, Elahi R. Measuring nitrate and
nitrite concentrations in vegetables, fruits
in Shiraz. J. Appl. Sci. Environ. Manage.
2014;18(3):451-457.

2. Nev. Nitrogen,
vegetables.

Available:http://www.nev2013.org/Torino(lt
aly)15-17.

3. Dezfouli A. Adollahi H. Nitrate monitoring.
Agricultural Organization of Fars Province.
Registration Number 280/89; 2009.

4. Manavi Fard M, Dashti F, Ershadi A, Jalali
M. Effect (Urea and ammonium nitrate)
and low levels of nitrogen fertilizer on yield,
quality and nitrate accumulation. Journal of
Agricultural Sciences; 39.

5. Prasad S, Chetty AA. Nitrate-N
determination in leafy vegetables: Study of
the effects of cooking and freezing.
Science Direct: Food Chemistry. 2008;
106:772-780.

6. Shah lltaf, Andrea Petroczi, Ricky A
James, Declan P Naughton. Determination
of nitrate and nitrite content of dietary
supplements using ion chromatography. J.

environment and

Anal Bioanal Tech. 2013;10:4172/2155-
9872.
7. Mohammad Amer Zamrik. Determination

of nitrate and nitrite contents of Syrian
white cheese. J. Pharmacology &
Pharmacy. 2013;4:171-175.
Available:http://www.scirp.org/journal/pp

8. Avery AA. Infantile methemoglobinemia:
Reexamining the role of drinking water
nitrates. Environ Health Perspect. 1999;
107:583-586.




10.

11.

12.

13.

14.

15.

16.

17.

18.

WHO. Nitrates unitrites and N-nitroz
compounds. Geneva, Environmental
health criteria 5; 2009.

Kamkar A, Hussini H, Alavi S, Bahonar A.
Studying the residual nitrate in meat
products marketed in Tehran in 2002,
Research and Development in Livestock
and Aquaculture. 2004;63:60-65.
Khoshtinat KH, Pourmoghim M, Sadeghi
Maki A, Komiel Fenoud R, Golestan Pirali
M. Determine the concentration of nitrate
in lettuce, tomatoes and potatoes
marketed in the Tehran fruits and
vegetables by HPLC. Journal of Food
Science and Technology, Iran. 2009;1:63-
75.

Tabatabaei J, Nazari Deljoo M, Rostami R,
Azarmi Fatemeh, Fakhrzad F, Pahnaei S,
Ashtari SH, Pour Sultan M. Evaluating the
nitrate concentration in leafy vegetables.
Cucurbit and Fruits, Tabriz City; 2005.
Miranzadeh M, Heidari M, Dehghan S,
Hassanzadeh. Study on nitrate in drinking
water and emphasize on its carcinogenic
effects in humans. Journal of the Health
System, In the Sixth. 2009;1057-1071
Mirzaei H, Hosseini H, Kani N. Curve of
nitrite in meat containing 90 and 40.60
percent reduction in meat during storage.
Muramoto J. Comparison of nitrate content
in leafy vegetables from organic and
conventional farms in California. Center for
Agroecology and Sustainable Food
System, University of California, Santa
Cruz; 1999.

Santamaria P. Nitrate in vegetables:
Toxicity, content, intake and EC regulation.
J. Sci Food Agric. 2006;86:10-17.

Webb AJ, Patel N, Loukogeorgakis S,
Okorie M, Aboud Z. Acute blood pressure
lowering, vasoprotective and antiplatelet

properties of dietary nitrate via
bioconversion to nitrite. Hypertension.
2008;51:784-79.

AOAC. Official methods of analsis.

Association of Analytical Chemists. 8th ed.
Washington, USA. 598 -590; 2000.

Sumiko T, Masako K. Naturally occurring
of nitrite and nitrate existing in various raw

Alexander et al.; ACSJ, 13(3): 1-7, 2016; Article no.ACSJ.23387

19.

20.

21.

22.

23.

24.

26.

and processed foods. J. Food Hygienic
Soc. Japan. 1993;34:294-313.

Chung SY, Kim JS, Kim M, Hong MK, Lee
JO, Kim CM, Song IS. Survey of nitrate
and nitrite contents of vegetables grown
in Korea. J. Food Additives and
Contaminants. 2003;20(7):621-628.

WHO. Evaluation of certain food additives
and contaminants. 44th Report of the Joint
FAO/WHO Expert Committee on Food
Additives. Technical Report Series No. 859
(Geneva: WHO). 1995;29-35.

European Commission: Scientific
Committee for Food. Opinion on nitrate
and nitrite. Annex 4 to Document I/
5611/95. 1995;1-25.

Scharpf HC. Nutrient influences on the
nitrate content of vegetables. Fertiliser
Society. 1991;3-9.

Jan Alexander, Diane Benford, Andrew
Cockburn, Jean-Pierre Cravedi, Eugenia
Dogliotti, Alessandro Di Domenico, Maria
Luisa Fernandez-Cruz, Johanna Fink-
Gremmels, Peter Fiurst,Corrado Galli,
Philippe  Grandjean, Jadwiga Guzyl,
Gerhard Heinemeyer, Niklas Johansson,
Antonio Mutti, Josef Schlatter, Rolaf van
Leeuwen, Carlos Van Peteghem, Philippe
Verger. Nitrate in vegetables, scientific
opinion of the panel on contaminants in the
food chain. The ESFA Journal. 2008;
(689):1-79.

Gangolli SD, Van den Brandt PA, Feron
VJ, Janzowsky C, Koeman JH, Speijers
GJA, Spiegelhalder B, Walker R, Wishnok
JS. Assessment of nitrate, nitrite and N-
nitroso compounds. European Journal of
Pharmacology: Environmental Toxicology
and Pharmacology Section. 1994;292:1—
38.

The Press of Agriculture and Fisheries of
Korea. Annual Food Supply in Korea.
1997;830-831.

World Food Chemical News, EU sets new
nitrate limits for spinach and lettuce, but
allows waivers. World Food Chemical
News. 1997;7.

© 2016 Alexander et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/13622




