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Abstract 

Postharvest handling is one of the major factors affecting the chemical contents of vegetables 
after harvesting. It is for this reason that the study was conducted to determine the influence 
of freezing on some plant toxins (cyanide, nitrate, soluble and total oxalates) and 
micronutrients which include vitamins (β-carotene and vitamin C) and mineral elements (Fe, 
Cu, Mg, Na and K) in Amaranthus cruentus. The results showed that the concentrations of 
vitamin C, β-carotene, K, cyanide, soluble and total oxalates in Amaranthus cruentus 
decreased significantly (p < 0.05) during one week of freezing and they remained 
significantly unchanged in the second, third and fourth weeks of freezing. Except that the 
concentration of β-carotene in the fourth weeks was significantly lower than the second 
weeks of freezing. The decreasing effect of freezing on nitrate concentration in Amaranthus 
cruentus was not significant during the first week of storage, however, its concentration 
decreased significantly (p < 0.05) in the second weeks and the value remained significantly 
unchanged for the third and fourth weeks of freezing. The significant decreased in the 
concentrations of Fe and Cu during freezing was observed during three weeks of freezing and 
remained significantly unchanged in the fourth weeks of storage. Similarly the concentrations 
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of Mg and Na in Amaranthus cruentus decreased significantly (p < 0.05) during two weeks of 
freezing and remained significantly unchanged in the third and fourth weeks. The results 
conclude that although freezing significantly reduced the antinutrients and toxic substances in 
Amaranthus cruentus it has a deleterious effects on the micronutrients content of the 
vegetable.  
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1. Introduction  

Amaranthus cruentus is an important leafy vegetable, grown throughout the temperate and 
tropical regions of the world. It is an herbaceous annual leafy vegetable that can be produced 
for fresh market in 4 - 6 weeks after planting (Schippers, 2000). The vegetable can be 
produced all the year round depending on the availability of water. Amaranthus cruentus 
requires loamy to sandy loam soil for good yield and does well in soils with high organic 
matter content (Grubben, 1986). There are about 60 species of Amaranthus and several of 
them are cultivated as leafy vegetables, cereals or ornamental plants (Schippers, 2000; He, 
2002; Dhellot et al., 2006). The leaves of amaranthus combined with condiments are used to 
prepare sauce in Africa (Oke, 1983; Mepha et al., 2007; Akubugwo et al., 2007).  

Amaranthus cruentus has a high nutritional value because of the high contents of vitamins 
such as β-carotene (precursor of vitamin A), vitamin B6, vitamin C, riboflavin, and folate, as 
well as dietary mineral elements including calcium, iron, magnesium, phosphorus, potassium, 
zinc, copper, and manganese (Makus, 1984; Makus and Davis, 1984; Sussan and Anne, 1988; 
Stallknecht and Schaeffer, 1993). The vegetable is also rich in lysine, an essential amino acid 
that is deficient in diets based on cereals and tubers (Schipper, 2000). The vegetable also 
contain some plant toxins such cyanide, oxalates, nitrate, phytate and other secondary plant 
metabolites that have negative effect on animals and humans health at high concentrations 
(Macrae et al., 1997; Ogbadoyi et al., 2011; Musa et al., 2011). The concentrations of the 
nutrients and toxic substances in vegetables after harvesting are affected by the post-harvest 
treatment. It is on this basis that the research was conducted to determine the effect of 
freezing on the concentrations of some phytotoxins and micronutrients in Amaranthus 
cruentus.    

2. Materials and methods 

2.1 Source of Amaranthus cruentus 

The fresh samples of Amaranthus cruentus was bought in three sets at different time from 
Maikunkele, Bosso and Chanchanga markets in Minna town, Nigeria.    

2.2 Chemicals 

Except otherwise stated, all the chemicals used were of analytical grade and were purchased 
from Sigma and BDH chemical companies, both of England.     

2.3 Freezing  

The leaves of Amaranthus cruentus were washed with distilled water and kept in a well 
labelled polythene bag and stored in a freezer at the temperature of - 4oC for a period of four 
weeks.  The concentrations of the nutrients, antinutrients and toxic substances were 
determined at weekly intervals over the four - weeks period. 

2.4 Sample analysis  

The nitrate concentration in the samples was determined by the colourimetric method as 
described by Sjoberg and Alanka (1994). While the alkaline picrate method of Ikediobi et al. 
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(1980) was used to analyse the cyanide content in the leaves of Amaranthus cruentus. Both 
soluble and total oxalates in the samples were determined by titrimetric method of Oke 
(1966). The mineral elements (Fe, Cu, Mg, Na and K) in samples were determined according 
to the method of Ezeonu et al. (2002). The ascorbic acid concentration in the samples was 
determined by 2, 6-dichlorophenol indophenols method of Eleri and Hughes (1983). While 
β-carotene concentration was determined by ethanol and petroleum ether extraction method 
as described by Musa et al. (2010).  

2.5 Statistical analysis 

Analysis of variance (ANOVA) was carried out using statistical package Minitab to 
determine variation between different freezing time on the concentration of nutrients, 
antinutrients and toxic substances in the leaves of Amaranthus cruentus. The DUNCAN’s 
Multiple Range Test (DMRT) was used for comparison of means.   

3. Results 

3.1 Cyanide concentration 

The determination of cyanide concentrations in fresh and frozen samples of Amaranthus 
cruentus showed that the cyanide concentration decreased with freezing. The cyanide 
concentrations in fresh samples of Amaranthus cruentus decreased significantly (p < 0.05) 
during one week of freezing from 88.51 to 56.59 mg/kg (Figure 1). In the subsequent second, 
third and fourth weeks, the cyanide content also decreased insignificantly with time and the 
values obtained were 53.27, 52.3 and 46.58 mg/kg, respectively (Fig. 1).  
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3.2 Nitrate concentration  

The concentration of nitrate in the fresh, and those of one, two, three and four weeks frozen 
samples of Amaranthus cruentus were 4335.22, 4263.33, 3288, 3208.43 and 3149.31 mg/kg, 
respectively (Fig. 2). The results showed that the decreasing effect of freezing on nitrate 
concentration in Amaranthus cruentus was not significant in one week of freezing. However, 
during the second weeks of freezing the nitrate concentration decreased significantly (p < 
0.05). The values obtained for third and fourth weeks of freezing also indicated reduction in 
nitrate concentration which was not significantly different (p > 0.05) from the second weeks 
of freezing (Fig. 2).   

 

3.3 Soluble oxalate concentration  

Determination of the effect of freezing on the soluble oxalate content in Amaranthus cruentus 
showed that the oxalate concentration decreased with freezing time. The soluble oxalate 
concentration in fresh and those of one, two, three and four weeks frozen samples were 4.02, 
3.28, 3.28, 3.04 and 2.67 g/kg, respectively (Fig. 3). The results showed that the soluble 
oxalate concentration in Amaranthus cruentus decreased significantly (p < 0.05) in the first 
week of storage and remain significantly unchanged (p > 0.05) for second, third and fourth 
weeks of storage(Fig. 3)  
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3.4 Total oxalate concentration 

Analysis of total oxalate concentration in fresh and frozen samples of Amaranthus cruentus 
showed that the oxalate concentration decreased with freezing time. The total oxalate 
concentrations in fresh sample of Amaranthus cruentus decreased significantly (p < 0.05) 
after a week of freezing from 7.99 to 6.27 g/kg. In the subsequent second, third and fourth 
weeks, the total oxalate content also decreased insignificantly with time and the values 
obtained were 6.15, 5.74 and 5.02 g/kg, respectively (Fig. 4).  
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3.5 β-carotene concentration  

The results obtained from the analysis of β-carotene concentration in Amaranthus cruentus 
showed that the carotenoid content decreased with freezing time. Significant reduction (p < 
0.05) in the β-carotene concentration from 11956.80 µg/100g in fresh sample to 9557.00 
µg/100g was observed in one week of freezing.  The mean value obtained from the second 
weeks (9088.00 µg/100g), third weeks (8381.70 µg/100g) and fourth weeks (7067.30 
µg/100g) of freezing also indicated reduction in β-carotene concentration. While the 
reduction in the third weeks was not significantly different from second and fourth weeks, the 
β-carotene concentration in the fourth weeks of freezing was significantly (p < 0.05) lower 
than second weeks (Fig. 5).   
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3.6 Vitamin C concentration 

The vitamin C concentration in fresh samples of Amaranthus cruentus decreased significantly 
(p < 0.05) after one week of freezing from 69.35 to 13.34 mg/100g (Fig. 6). In the second, 
third and fourth weeks of freezing, the vitamin C content also decreased insignificantly with 
freezing time and the values obtained were 11.21, 10.14 and 10.14 mg/100g, respectively 
(Fig. 6).  
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3.7 Iron Concentration  

Results obtained from the analysis of Fe concentration in fresh and frozen samples of 
Amaranthus cruentus showed that freezing reduced the mineral content of the vegetables. 
The concentration of Fe in fresh and samples freezed for one, two, three and four weeks were 
19.70, 19.20, 17.08, 14.60 and 13.16 mg/kg, respectively (Fig. 7). The results obtained 
revealed that the Fe content in the vegetable decreased significantly (p < 0.05) in the first 
week of storage and remain insignificantly (p > 0.05) unchanged for second weeks until the 
third weeks where a significant (p < 0.05) decreased was again observed. The decreased in 
the concentration of Fe recorded in fourth weeks of freezing was insignificant from that of 
the third weeks (Fig. 7).   



Journal of Food Studies 
ISSN 2166-1073 

2013, Vol. 2, No. 1 

www.macrothink.org/jfs 84

 

3.8 Copper Concentration  

The concentration of Cu in Amaranthus cruentus decreased with freezing storage. Significant 
(p < 0.05) reduction in the mineral content from 24.24 mg/kg in fresh sample to 18.89 mg/kg 
was recorded after three weeks of freezing. The mean value obtained from the fourth weeks 
(18.54 mg/kg) indicated reduction in the Cu content which was not significantly different 
from second weeks (19.4 mg/kg). The Cu concentration in the first week (22.22 mg/kg) was 
however significantly higher (p < 0.05) than those in the third weeks and fourth weeks of 
freezing (Fig. 8).    
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3.9 Magnesium Concentration 

The concentrations of Mg in the fresh, and those of one, two, three and four weeks frozen 
samples in Amaranthus cruentus were 27.78, 26.44, 23.97, 22.90 and 22.21 mg/kg, 
respectively (Fig. 9). The results showed that the decreasing effect of freezing on Mg content 
in Amaranthus cruentus was not significant in one week of freezing. However, after two 
weeks of freezing the mineral element concentration decreased significantly (p < 0.05). The 
values obtained for third and fourth weeks of freezing also indicated reduction in Mg content 
which was not significantly (p > 0.05) different from the second weeks (Fig. 9).        
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3.10 Sodium Concentration 

The concentrations of Na in the fresh sample of Amaranthus cruentus (12.30mg/kg), and 
those samples frozen for one week (11.50 mg/kg), two weeks (10.50 mg/kg), three weeks 
(9.90 mg/kg) and four weeks (9.53 mg/kg) showed that freezing had no significant effect on 
the mineral content in the vegetable in one week of freezing. However, with two weeks of 
freezing, the Na content decreased significantly (p < 0.05). The mean values obtained for 
third and fourth weeks of freezing also indicated reduction in Na content which was not 
significantly (p > 0.05) different  from the second weeks (Fig. 10).     



Journal of Food Studies 
ISSN 2166-1073 

2013, Vol. 2, No. 1 

www.macrothink.org/jfs 87

 

3.11 Potassium Concentration 

The amount of K in the fresh and frozen samples of Amaranthus cruentus for one, two, three 
and four weeks were 241.88 mg/kg, 192.92 mg/kg, 187.50 mg/kg, 174.40 mg/kg and 159.78 
mg/kg, respectively. The results obtained showed that freezing significantly (p < 0.05) 
decreased the K content in the first week and the values remain significantly unchanged 
throughout the fourth weeks of storage period (Fig. 11).  
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4. Discussion   

The decreasing effect of freezing on cyanide, nitrate, soluble and total oxalates, β-carotene, 
vitamin C and mineral elements (Fe, Cu, Mg, Na and K) concentrations observed in the 
leaves of Amaranthus cruentus corroborates with the reported of following researchers 
(Richard, 1991; Booth, 1992; Olaofe, 1992; Yadav and Sehgal, 1995; Abakr and Ragaa, 1996; 
Polo et al., 1997; Pruthi, 1999; Yadav and Sehgal, 1997; Fellow, 2000; Lisiewka and Kmiecik, 
2000; Hui et al., 2004; Ejoh et al., 2005; Berguist et al., 2006; McDonald et al., 2006; 
Ogbadoyi et al., 2006; Piotr et al., 2006). These authors reported that freezing ruptures the 
plant cells which result in the release (leaching) of antinutrients and nutrients content of the 
cell. Budavaris et al. (1989) also stated that the decrease in cyanide during freezing may be 
attributed to the solubility of the compound in water. Thus cyanide may be trapped in the ice 
and released during thawing. Ogbadoyi et al. (2006) further stressed that freezing of tissues at 
high moisture content results in the formation of ice crystals within the cells. The sharp edges 
of the crystals so formed are capable of lacerating the cell membranes resulting in cell 
leakage and its contents. Similarly Booth et al. (1992) noted that, in addition to cell ruptures 
and leaching that occur during freezing, the observed decrease in the β-carotene 
concentration could be as a result of enzymatic activity coupled with oxidation associated 
with conjugate double bond in the compound. Olaofe (1992) on the other hand, reported that 
decreased in vitamin C concentration during refrigerated storage is partly due to the 
enzymatic activities of vitamin C oxidase, cytochrome oxidase and vitamin C peroxidase that 
were endogenously present. The findings agreed with the report of Bergquist et al. (2006) that 
during freezing of vegetables the ascorbic acid concentration decreased considerably and the 
dehydroascorbic acid/vitamin C ratio increased. The generally insignificant differences 



Journal of Food Studies 
ISSN 2166-1073 

2013, Vol. 2, No. 1 

www.macrothink.org/jfs 89

recorded in the β-carotene concentration in second to fourth weeks and vitamin C content in 
first to fourth week of storage could be seen as a result of decrease in endogenous enzymatic 
activity and reduction of oxidation of the compound as freezing storage progresses.  

The mineral concentrations in vegetables depend on species, cultivar, plant age, production 
techniques, and post harvest handling, beside other environmental factors (Chweya and 
Nameus, 1997; Lisiewska et al., 2006; Rickman et al., 2007). The observed declined in the 
minerals (Fe, Cu, Mg, Na and K) concentration in Amaranthus cruentus with freezing time 
indicated that freezing generally decreases the mineral concentration of the vegetable. The 
reason for this could be attributed to the fact that freezing can damage some foods (especially 
salad vegetable, mushrooms and soft fruits) because the formation of ice crystals during 
freezing causes the breakage of the cell membranes. Freezing is also known to inflict physical 
injuries to the cell wall and as well as alteration of plant pigments, which are sources of 
bioactive compounds. All these processes lead to the release of cell content including some of 
the mineral content (Polo et al., 1997; Pruthi, 1999; Fellow, 2000; Hui et al., 2004; 
McDonald et al., 2006). “Freezer burn” which occurs during freezing of vegetables and other 
soft plant materials is known to decrease the bioactive compounds including the mineral 
elements. 

5. Conclusion   

This study revealed that even though the concentration of plant toxins (cyanide, nitrate and 
oxalates) in Amaranthus cruentus decreased significantly with freezing, the nutrient contents 
of the vegetable were also compromised.    
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