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 Effect of simulated nitric and sulphuric acid rains on the nutrient content of Amaranthus hybridus 3 

L.  4 

Abstract: 5 

 Aims: To evaluate the potential effects of simulated nitric and sulphuric acid rain on the proximate, 6 

minerals, vitamins and antinutrients contents of Amaranthus hybridus Linnaeus (A. hybridus). Study 7 

design: The study was carried out in a complete randomized block design. Place and duration: 8 

Department of Botany, University of Calabar, Calabar, Nigeria between March and June, 2016. 9 

Methodology: Plants were harvested at two months post simulated nitric and sulphuric acid rain 10 

treatments. The leaf, stem and root were separated, dried, milled into powder and used for proximate, 11 

minerals, vitamins and antinutrients analysis according to standard methods. Simulated acid rain pH 2.0, 12 

pH 3.0, pH 4.0 and control pH 6.0 were used. Results: Results revealed significant (P = .05) decrease in 13 

proximate, minerals or elements, vitamins and antinutrients of A. hybridus treated with simulated nitric 14 

acid rain (SNAR) and simulated sulphuric acid rain (SSAR) when compared with the control. Reductions 15 

induced by acids rain were significant according to pH of acid concentrations. Nutrients composition in the 16 

plant parts varied with more protein, carbohydrate, moisture, K, Ca, Fe, and Cu in leaf. Stem part had 17 

more of ash, fat, fibre, Zn, vitamin C, hydrocyanic acid. Others had similar amounts in leaf, stem and root. 18 

Highest nutrient reductions induced by SNAR and SSAR occurred at pH 2.0 and lowest reductions at pH 19 

4.0, pH 6.0 had the highest amount of nutrients. Reduction in minerals imposed by acid rain on iron in leaf  20 

at pH 2.0 were 6.30±0.01 (SNAR), 6.30±0.01 (SSAR) compared with control pH 6.0 value of  14.03±0.01 21 

mg/100 g,  the stem had values of 5.01±0.01 (SNAR), 5.65±0.01 (SSAR) compared  to 14.09±0.01 22 

mg/100 g value for the control pH 6.0, reduction values for the root were  4.28±0.01 (SNAR), 4.28±0.01 23 

(SSAR) when compared with control pH 6.0 value of 14.88±0.01 mg/100 g. Decrease in protein values 24 

caused by acid rain at pH 2.0, 3.0 and 4.0 had values of 12.69±0.01,12.97± 0.03, 13.76±0.03 for SNAR 25 

and 9.39± 0.01, 10.82±0.02, 11.82±0.06 g/100 g  for SSAR respectively in leaf. Conclusion: Exposure of 26 

Amaranthus hybridus to simulated nitric and sulphuric acid rains adversely altered its nutrient content. 27 

Keywords: Amaranthus hybridus, Simulated nitric and sulphuric acid rain, proximate, minerals, vitamins,   28 

       antinutrients.  29 

1. Introduction 30 

In the last few decades, air pollution caused by a number of factors including burning of fossil fuel, 31 

aerosols, air conditioners, and natural environmental changes such as volcanic activities has become a 32 

problem. The quality of the growing environment of the plant is of fundamental importance to its survival, 33 

growth and productivity. Industrial activities accompanied by air pollution have become a major source of 34 

acid rain posing a threat to healthy existence of natural and cultivated crops [1], [2]. Large amounts of 35 
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gases (sulphur oxides and nitrogen oxides) emitted into the atmosphere from industrial plant and other 36 

sources cause profound deterioration of urban air quality [3]. These gases undergo series of chemical 37 

reactions; sulphur dioxide (SO2) react with oxygen in the air to form sulphur trioxide (SO3), which in-turn 38 

reacts rapidly with atmospheric moisture (H2O) to form sulphuric acid (H2SO4) [4]. Similarly oxides of 39 

nitrogen react with moisture content in the air to produce nitric acid (HNO3) which falls as acid rain. Under 40 

natural conditions, atmospheric precipitation is slightly acidic due to the dissolution of carbon dioxide in 41 

the atmosphere [5]. Rain is considered acidic when the concentration of H
+
 ions is greater than 2.5µeq

-1
 42 

and pH values lower than 5.6. Acid deposition may cause a decline in plant health and growth [6].   43 

Amaranthus hybridus is a vegetable that serve as an indispensable constituent in diet supplying the body 44 

with minerals, vitamins, proteins, fibre, hormones, microelements and broadens the food base of the 45 

people. It is a crop that plays an important role in traditional medical practice and local diet; improve 46 

household income generation. Nutritional composition of this vegetable has been reported to possess 47 

high amount of protein, fat, fibre, ash, mineral elements, vitamins and amino acids [7]. It is widely 48 

cultivated on a commercial scale in southern Nigeria where they are cooked with yam and used in soup 49 

preparation. Urban or homestead (vegetable) farming is now an important phenomenon in major towns in 50 

Nigeria because of knowledge of phytonutrients. Nigeria and other third world countries depend on 51 

starch-based foods and the poor populace cannot afford animal and other forms of supplementary 52 

nutrients, hence the need to feed on vegetables to meet the body’s nutritional requirement [8]. 53 

 The susceptibility of plants to acid rain has been reported to vary greatly with plant species.  Reductions 54 

in plant nutrients in respect of acid rain have been studied; decrease in vitamins A, E and C content of 55 

strawberry plants sprayed with simulated acid rain [9]. [10] reported a reduction in N concentration in 56 

leaves of apple by rains of low pH but observed no significant difference in levels of K
+
, Ca

2+
, Mg

2+
.  [11] 57 

reported a reduction Mg, Ca, Fe, K, and N content of Solanum lycopersicum at low pH.   58 

Information on acid rain effect on the nutrient content of plants is scare. The determination of the nutrient 59 

contents of plants, which are natural sources and the effect of acid rain which is the result of 60 

environmental pollution on nutrient levels are important. This is needful for future plans and for the 61 

measures to be taken. Owing to population increase and anthropogenic activities acid rain is on the 62 
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increase in Nigeria. In view of the importance of this vegetable to the Nigerian people and the adverse 63 

effect of acid rain, the present study is aimed at determining the effect of simulated nitric (SNAR) and 64 

sulphuric acid rain (SSAR) on the nutrient content of Amaranthus hybridus L. 65 

2. Materials and Methods 66 

2.1 Seeds and materials collection  67 

Seeds of A. hybridus were obtained from a farmer in Calabar South Local Government Area in Calabar. 68 

Polyethylene bags of 16 mm in diameter used for planting were obtained from the Ministry of Agriculture, 69 

Calabar. Nitric and sulphuric acids were purchased from a Scientific Store all in Calabar, Nigeria. 70 

  2.2 Seeds planting 71 

 The experiment was conducted in a greenhouse at University of Calabar, Calabar, Nigeria (latitude 72 

4.952’N and longitude 8.341’E) at 25±3
0
C. Amaranthus hybridus plants were grown in a greenhouse to 73 

minimize pest infestation and uniformity of sunlight and water supply. Seeds were planted and the young 74 

seedlings grown in a nursery for weeks before transplanted into planting bags. The transplanted 75 

seedlings were watered every two days for two weeks before the application of the simulated acid rain 76 

treatment. A total of thirty five bags were used, fifteen bags each for nitric acid and sulphuric acid rain and 77 

five bags for the control.  Each pH treatment had five replicates and the poly bags arranged in a complete 78 

randomized block design. 79 

2.3   Preparation of simulated acid rain 80 

Simulated nitric acid (SNAR) and sulphuric acid rain (SSAR) concentrations of pH 2.0, 3.0, 4.0 were 81 

separately prepared using 30 ml of each of the acids for pH 2.0, 20.1 ml for pH 3.0 and 10.2 ml for pH 4.0 82 

and a control pH of 6.0 using a Deluxe pH meter and distilled water (Mofunanya’s method). The different 83 

simulated acid rain concentrations were sprayed using a domestic hand-spraying unit on the plants as 84 

well as soil by the method of [12]. Fifty  (50 ml) of each acid solution was applied at the initial stage every 85 

two days interval for thirteen weeks. The amount increased in the course of plant growth. 86 

2.4   Samples preparation  87 
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At the end of thirteen months post simulated acid rain treatment, the whole plants were harvested and the  88 

parts (Leaf, Stem and Root) separated and sun-dried for one week. The different parts were milled 89 

separately into powdered form in an electric mill (National Food Grinder, Model MK 308, Japan).The 90 

pulverized samples were used to analyzed the potential effect of simulated nitric and sulphuric acid rains 91 

on the proximate, minerals, vitamins and antinutrients contents of Amaranthus hybridus. 92 

  2.5   Samples analysis 93 

Standard methods of analysis were employed. Crude protein was analyzed by the Kjeldahl method. Ash, 94 

fat and fibre content by the method of AOAC 2006 [13]. Minerals present in plant parts of acid treated and 95 

control plants of A. hybridus; Calcium, magnesium, iron, zinc and copper were analyzed using the atomic 96 

absorption spectrophotometer. Sodium and potassium were estimated by flame photometry, phosphorus 97 

by colorimetric method as outlined by the method of AOAC 2006 [13]. Antinutrients and Vitamins A, B, B2, 98 

B3 B6, E and C by methods of [14].    99 

2.6   Statistical analysis 100 

Data obtained were subjected to analysis of variance (ANOVA) at P = .05 using the Statistical Package 101 

for Social Science, Version 15.0 [15]. 102 

     Results 103 

3.1       Effect of simulated nitric acid rain and sulphuric acid rain on proximate composition of 104 

 plant organs of   Amaranthus hybridus L 105 

Data analysis of effect of simulated nitric acid rain and sulphuric acid rain on all proximate (ash, protein, 106 

fat, fibre, carbohydrates and moisture) nutrients of Amaranthus hybridus plant organs or parts (leaf, stem 107 

and root) analyzed revealed reduction in content. The quantities of these nutrients varied in plant parts. 108 

Ash, fat and fibre (proximate) content were more in stem than in leaf and root samples. Protein, 109 

carbohydrate and moisture content were more in leaf than in stem and root samples (Table 1). Ash, fat 110 

and fibre contents in leaf and root did not differ. Significant (P = .05) mean values reduction for fibre 111 

content in stem, leaf and root at pH 2.0 (SNAR) were 6.47±0.01, 3.32±0.01 and 3.32±0.01 g/100 g, while 112 
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SSAR had values of 6.42±0.01, 3.22±0.01 and 3.52±0.01 g/100 g compared with control pH 6.0 values of 113 

8.68±0.01, 7.81±0.01 and 7.90±0.01 g/100 g respectively. Fibre content in SSAR treated leaf sample did 114 

not differ at pH 3.0 and pH 4.0.   The control pH 6.0 had highest amounts of proximate nutrients when 115 

compared with simulated acid treated samples. Highest nutrient reductions in plant parts of A. hybridus 116 

occurred at pH 2.0. The leaf sample had more protein content followed by the stem and root. Leaf protein 117 

content of SNAR treated plant organs had mean values reduction of 12.69±0.01, 12.97± 0.03, 13.76±0.03 118 

g/100 g at pH 2.0, 3.0 and 4.0 and values of 9.39± 0.01, 10.82±0.02 and 11.82±0.06 g/100 g for SSAR 119 

treated plant respectively compared with control pH 6.0 value of 17.80±0.01 g/100 g.  The stem had mean 120 

protein reduction values of 11.39±0.03 (pH 2.0), 12.52±0.01 (pH 3.0) and 13.62±0.01 g/100 g (pH 6.0) for 121 

SNAR, 10.26±0.01 (pH 2.0), 10.48±0.03 (pH 3.0) and 10.50±0.01 g/100 g (pH 4.0) for SSAR compared 122 

with control value of 17.60±0.02 g/100 g (pH 6.0). Root protein had significant (P = .05) mean reduction 123 

values of 10.68±0.01 (pH 2.0), 11.72±0.01 (pH 3.0) and 12.86±0.02 (pH 4.0) for SNAR, 11.27±0.01 (pH 124 

2.0), 11.42±0.01 (pH 3.0) and 12.43±0.01 g/100 g (pH 4.0) as against control (pH 6.0) value of 125 

17.49±0.01 g/100 g. There were significant reductions in protein and moisture at each pH concentration 126 

compared to the control Table 1.  127 

 128 

Table 1: Effect of simulated nitric acid rain and sulphuric acid rain on proximate composition of 129 

plant parts of  Amaranthus hybridus L. 130 

                                                                       g/100 g                                  

                                    HNO3 (pH Concs.)                                                H2SO4 (pH Concs.) 

Proximate                    

nutrients           2.0                      3.0                   4.0                  2.0                  3.0                4.0            Control (6.0)  

Ash 

Leaf               10.86±0.01         11.01±0.01       11.01±0.01     10.89±0.01    11.72±0.01    11.72±0.01    13.90±0.01 

Stem              11.29±0.01         11.27±0.02       11.37±0.02     11.96±0.01    12.02±0.01    12.44±0.01    14.00±0.01 

Root               10.96±0.01         11.62±0.01       11.77±0.01     11.59±0.01    11.82±0.02    11.90±0.01    13.96±0.01 

 

Protein   

Leaf                12.69±0.01         12.97± 0.03      13.76±0.03     9.39± 0.01     10.82±0.02    11.82±0.06      18.80±0.01 

Stem               11.39±0.03         12.52±0.01       13.62±0.01    10.26±0.01    10.48±0.03     10.50±0.01      17.60±0.02 

Root                10.68±0.01         11.72±0.01       12.86±0.02    11.27±0.01    11.42±0.01     12.43±0.01      17.49±0.01 

 

Fat 
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Leaf                 3.70±0.01           3.86±0.01        3.88±0.03       3.80±0.01     4.50±0.01       4.65±0.02       4.70±0.01 

Stem                4.06±0.01           4.37±0.01        4.45±0.03      4.12±0.02      4.49±0.01       4.31±0.01      4.40±0.03 

Root                 3.76±0.01           3.82±0.01        4.22±0.01      4.35±0.01      4.38±0.01      4.69±0.01        4.78±0.01 

 

Fibre          

Leaf                  3.32±0.01          4.72±0.01        4.97±0.01        3.22±0.01     4.78±0.01     4.78±0.01       7.81±0.01 

Stem                 6.47±0.01          6.82±0.01        6.96±0.01       6.42±0.01      6.51±0.01     6.70±0.01       8.68±0.01 

Root                  3.32±0.01          3.76±0.01        4.52±0.01       3.52±0.01      6.62±0.01     3.71±0.01       7.90±0.01 

 

Carbohydrate     

 Leaf                 83.21±0.01       83.47±0.01        84.45±0.01     82.65±0.01    84.13±0.01    85.13±0.01    90.13±0.01 

 Stem                80.15±0.01      80.40±0.01        80.41±0.01      80.14±0.01     82.04±0.01    83.01±0.01    90.87±0.01  

Root                  82.21±0.01      83.14±0.01        83.20±0.01      83.48±0.01     84.14±0.01    83.51±0.01    90.49±0.01  

 

Moisture     

Leaf                79.02±0.01        80.10±0.01        83.71±0.01      78.99±0.01      80.25±0.01       84.10±0.01   88.02±0.01                 

Stem               77.03±0.01        78.11±0.01        83.12±0.01      77.10±0.01      79.21±0.01       83.20±0.01   86.14±0.01    

Root                78.51±0.01        79.18±0.01        82.43±0.01      78.52±0.01      79.20±0.01       82.23±0.01   84.57±0.01                                                                                                       

• Means of three replicates ± SEM, n =3, P = .05. 131 

• HNO3  = Nitric acid, H2SO4  = Sulphuric acid, Conc. = Concentration 132 

• SNAR = Simulated nitric acid rain, SSAR = Simulated sulphuric acid rain 133 

3.2          Effect of simulated nitric acid rain and sulphuric acid rain on mineral composition of   134 

   plant parts of Amaranthus hybridus L. 135 

Analysis of variance on results of effects of SNAR and SSAR on mineral content of A, hybridus revealed 136 

significant (P = .05) reductions in K, Mg, Ca, Na, Fe, Mn. The content of copper in acid rains treated and 137 

control samples did not differ at pH 2.0 and 3.0 but was significantly higher at pH 4.0. Reduction in 138 

minerals caused by SNAR and SSAR varied according to pH concentrations with highest mineral 139 

nutrients reduction obtained at pH 2.0 and lowest at pH 4.0. The pH 6.0 had the highest amounts of 140 

mineral nutrients when compared with acid rains treated plant parts. The amounts of minerals possess by 141 

each plant part varied. Results revealed significant (P = .05) variation in the amount of K, Ca, Fe and Mg 142 

present in the plant parts of A, hybridus. No variation in quantities of Mg and Fe was obtained in control 143 

plant parts (Table 2).  Potassium, Na, Ca, Mg and Fe were more in A. hybridus leaf than in stem and root. 144 

Reductions in mineral nutrients posed by SNAR on K content of leaf, stem and root at pH 2.0 were 145 

20.08±0.01, 18.77±0.01 and 17.06±0.01 mg/100 g. Corresponding values for SSAR at pH 2.0 were 146 

24.45±0.01, 21.43±0.01 and 19.07±0.01 mg/100 g as against control pH 6.0 values of 54.03±0.01, 147 
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50.90±0.01 and 43.01±0.01 mg/100 g.   Mean reduction values obtained for Ca at pH 2.0 for SNAR were 148 

leaf (25.30±0.01), stem (24.56±0.01) and root (23.26±0.01), SSAR had 20.37±0.01 (leaf), 19.77±0.01 149 

(stem) and 19.01±0.01 (root) when compared with mean values of   43.89±0.01 (leaf), 42.73±0.01 (stem) 150 

and 40.09±0.01 mg/100 g (root) at pH 6.0. Calcium was more in plant parts of SNAR than SSAR. 151 

Manganese in stem part of SNAR plant at pH 2.0 (0.06±0.01), pH 3.0 (0.07±0.01) and pH 4.0 (0.09±0.01) 152 

was higher than that in SSAR treated plant part of pH 2.0 (0.04±0.01), pH 3.0 (0.04±0.01) and pH 4.0 153 

(0.05±0.01) but significantly lower than the control pH 6.0 (3.09±0.01 mg/100 g) (Table 2). 154 

Table 2:   Effect of simulated nitric acid rain and sulphuric acid rain on mineral composition of 155 

plant parts of Amaranthus hybridus L. 156 

                                                                       mg/100 g                                  

                                          HNO3 (pH Concs.)                                     H2SO4 (pH Concs.) 

 

Minerals                      2.0                  3.0                 4.0                 2.0                 3.0               4.0               Control (6.0)  

Potassium (K)   

Leaf                        20.08±0.01      22.06±0.01     26.22±0.01      24.45±0.01  26.52±0.01   25.33±0.01        54.03±0.01 

Stem                      18.77±0.01      19.83±0.01     24.01±0.01      21.43±0.01   23.55±0.01   24.65±0.01        50.90±0.01 

Root                       17.06±0.01      18.30±0.01     20.06±0.01      19.07±0.01   21.22±0.01   22.22±0.01        43.01±0.01 

Sodium (Na)     

Leaf                        4.90±0.01        5.15±0.01       5.47±0.01        5.34±0.01     5.62±0.01      5.66±0.01          6.90±0.01 

Stem                       4.52±0.01        5.22±0.01       5.72±0.01        3.82±0.01     3.92±0.01      3.90±0.01          6.90±0.01 

Root                        4.38±0.01        4.45±0.01       4.66±0.01        4.30±0.01     4.40±0.01      4.40±0.01          5.09±0.01 

Calcium (Ca)          

Leaf                       25.30±0.01     25.39±0.01      35.12±0.01      20.37±0.01   20.88±0.01     20.89±0.01         43.89±0.01 

Stem                      24.56±0.01     24.32±0.01      24.52±0.01     19.77±0.01    20.38±0.01     20.42±0.01        42.73±0.01 

Root                       23.26±0.01     23.55±0.01      23.60±0.01     19.01±0.01   19.60±0.01     19.99±0.01         40.09±0.01 

Magnesium (Mg)   

Leaf                       171.37±0.01    171.39±0.01    171.58±0.01   172.51±0.01  172.94±0.01   172.94±0.01    232.84±0.01 

Stem                      170.42±0.01    170.47±0.01    170.47±0.01   171.45±0.01  171.52±0.01   171.62±0.01     232.57±0.01 

Root                       170.18±0.01    170.25±0.01    170.41±0.01   170.40±0.01  170.50±0.01   170.50±0.01     232.09±0.01 

Iron (Fe)  

Leaf                       6.30±0.01        6.31±0.01         6.30±0.01         6.30±0.01      6.30±0.01       6.30±0.01       14..03±0.01 

Stem                      5.01±0.01        5.04±0.01         5.04±0.01         5.65±0.01      6.67±0.01       6.81±0.01       14.09±0.01      

Root                       4.28±0.01        4.28±0.01         4.29±0.01         4.28±0.01       4.28±0.01      4.28±0.01       14.88±0.01 

Zinc (Cu)         

Leaf                        0.03±0.01       0.05±0.01        0.05±0.01         0.03±0.01       0.05±0.01        0.56±0.01       3.40±0.01 

Stem                       0.04±0.01       0.06±0.01        0.07±0.01         0.20±0.01       0.03±0.01        0.30±0.01       3.48±0.01 

Root                        0.04±0.01       0.06±0.01        0.09±0.01         0.06±0.01       0.09±0.01        0.09±0.01       4.09±0.01 

Copper (Cu) 

Leaf                       0.03±0.01       0.04±0.01         0.06±0.01         0.02±0.01       0.03±0.01       0.04±0.01         0.03±0.01 

Stem                      0.01±0.01       0.01±0.01         0.02±0.01         0.04±0.01       0.04±0.01       0.04±0.01         0.03±0.01 
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Root                       0.02±0.01       0.03±0.01         0.03±0.01         0.02±0.01       0.02±0.01       0.09±0.01         0.04±0.01 

Manganese (Mn)      

Leaf                        0.03±0.01      0.04±0.01       0.05±0.01          0.05±0.01          0.05±0.01        0.07±0.01       3.07±0.01 

Stem                       0.06±0.01      0.07±0.01       0.09±0.01          0.04±0.01          0.04±0.01        0.05±0.01       3.09±0.01 

Root                        0.04±0.01      0.06±0.01       0.08±0.01          0.08±0.01         0.08±0.01         0.10±0.01       4.09±0.01                                                                                                    

                     

• Means of three replicates ± SEM, P =.05. 157 

• HNO3  = Nitric acid, H2SO4  = Sulphuric acid, Concs. = Concentration 158 

• SNAR = Simulated nitric acid rain, SSAR = Simulated sulphuric acid rain 159 

 160 

3.3     Effect of simulated nitric and sulphuric acid on vitamin composition of plant parts of  161 

          Amaranthus hybridus L. 162 

Data analysis revealed significant (P = .05) reductions in all the vitamins content of acid rain treated plant 163 

organs which also varied according to pH concentrations. Vitamins A and C were more in leaf plant part 164 

than in stem and root. Results also revealed a general trend of highest reduction at pH 2.0 and lowest 165 

reduction at pH 4.0 compared with control pH 6.0. Highest reduction is depicted by lower values and 166 

lower reductions shown by higher values. Quantities of vitamins E, B1, B2, B3 and B6 in leaf, stem and root 167 

differed statistically. Significant (P = .05) reduction in vitamin C at pH 2.0, 3.0 and 4.0 in SNAR and SSAR 168 

compared with the control pH 6.0 are shown (Table 3). Stem part of A. hybridus had the highest amount 169 

of vitamin C. Vitamins A, B1, B2, B3, B6, E and C were significantly reduced in acid rain treated plant 170 

organs or parts. Reductions induced by SNAR on vitamin A content of A. hybridus plant organs at pH 2.0 171 

had mean reduction values of 2.20±0.01, 2.18±0.01 and 1.85±0.01 µg/dl for leaf, stem and root, while 172 

SSAR had mean values of 1.84±0.01, 1.67±0.01 and 1.59±0.01 µg/dl respectively compared with control 173 

pH 6.0 values of 4.56±0.01 (leaf), 4.51±0.01 (stem) and 4.02±0.01 µg/dl (root). Results analysis also 174 

showed significant (P = .05) reduction in vitamin C caused by SNAR and SSAR. Mean reduction values of 175 

9.48±0.01 (pH 2.0), 9.54±0.01 (pH 3.0), 10.05±0.01 (pH 4.0) for SNAR in leaf sample. While mean values 176 

of 9.68±0.01 (pH 2.0), 10.45±0.01 (pH 3.0), 11.40±0.01 (pH 4.0) were obtained for SSAR compared with 177 

control value of 23.80±0.01 mg/100 g (pH 6.0). Vitamin C values obtained for stem and root samples at 178 
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pH 2.0 and pH 4.0 were11.78±0.01, 14.78±0.01 mg/100 g SNAR while values of 10.07±0.01, 10.21±0.01 179 

and 13.78±0.01, 10.40±0.01 mg/100 g for SSAR plant organs as against control pH 6.0 values of 180 

20.89±0.01 and 25.80±0.01 mg/100 g (Table 3). 181 

 182 

Table 3: Effect of simulated nitric and sulphuric acid on vitamin composition of plant parts of 183 

Amaranthus hybridus L. 184 

                                                                                                        

                                       HNO3 (pH Concs.)                                                         H2SO4 (pH Concs.) 

                    

Vitamins                   2.0                 3.0                  4.0                  2.0                  3.0                 4.0              Control (6.0)  

 Vitamin A (β-Carotene)(µg/dl) 

 Leaf                       2.20±0.01        2.46±0.01     3.00±0.01        1.84±0.01       2.10±0.01       2.18±0.01      4.56±0.01                  

Stem                       2.18±0.01        2.23±0.01     3.00±0.01        1.67±0.01      1.71±0.01       1.91±0.01       4.51±0.01                                   

Root                        1.85±0.01       1.92±0.01      2.01±0.01        1.59±0.01      1.59±0.01       1.59±0.01       4.02±0.01     

  

Vitamin B1 (Thiamine) (mg/dl) 

Leaf                     1.10±0.01          1.19±0.01     1.20±0.01         1.00±0.01       1.06±0.01        1.06±0.01      3.30±0.01                                  

Stem                    1.08±0.01          1.08±0.01     1.08±0.01         1.03±0.01       1.04±0.01        1.06±0.01      3.29±0.01    

Root                     1.00±0.01          1.02±0.01     1.02±0.01         1.00±0.01       1.01±0.01        1.02±0.01      3.15±0.01      

                   

Vitamin B2(Riboflavin)                                             mg/100 g 

 Leaf                     1.04±0.01        1.08±0.01      1.09±0.01          1.18±0.01       1.22±0.01       1.26±0.01       1.79±0.01                    

Stem                     1.03±0.01        1.04±0.01      1.04±0.01          1.17±0.01       1.20±0.01       1.20±0.01       1.78±0.01        

Root                      1.03±0.01        1.03±0.01      1.04±0.01          1.17±0.01       1.19±0.01       1.19±0.01       1.78±0.01 

 

Vitamin B3(Niacin)  

Leaf                       1.07±0.01      1.09±0.01        1.10±0.01          1.08±0.01        1.12±0.01     1.29±0.01      1.60±0.01   

Stem                      1.07±0.01      1.08±0.01        1.10±0.01          1.06±0.01        1.10±0.01     1.20±0.01      1.58±0.01        

Root                       1.07±0.01      1.07±0.01        1.09±0.01          1.07±0.01        1.09±0.01     1.20±0.01      1.57±0.01         

 

Vitamin B6(Pyridoxin)  

Leaf                       1.30±0.01      1.45±0.01        1.60±0.01         1.56±0.01        1.74±0.01     1.80±0.01       2.35±0.01  

Stem                      1.24±0.01      1.31±0.01        1.51±0.01         1.51±0.01        1.69±0.01     1.73±0.01      2.30±0.01      

Root                       1.20±0.01      1.25±0.01        1.40±0.01         1.46±0.01        1.55±0.01     1.55±0.01      2.26±0.01     

 

Vitamin E(α-Tocopherol)  

Leaf                        0.39±0.01      0.47±0.01        0.50±0.01         0.33±0.01       0.43±0.01    0.48±0.01      0.42±0.01 

Stem                       0.39±0.01      0.42±0.01        0.45±0.01         0.34±0.01       0.39±0.01    0.45±0.01      0.41±0.01 

Root                        0.39±0.01       0.42±0.01       0.46±0.01         0.34±0.01       0.38±0.01    0.44±0.01      0.42±0.01  

 

Vitamin C (Ascorbic acid) 

Leaf                        9.48±0.01          9.54±0.01      10.05±0.01     9.68±0.01       10.45±0.01     11.40±0.01   23.80±0.01  
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Stem                      11.78±0.01       13.13±0.01     14.78±0.01     10.07±0.01     11.28±0.01      13.78±0.01   20.89±0.01  

Root                       10.07±0.01       10.21±0.01     10.92±0.01     10.21±0.01     10.30±0.01      10.40±0.01   25.80±0.01                         

• Means of three replicates ± SEM, P =.05. 185 

• HNO3     = Nitric acid, H2SO4  = Sulphuric acid, Concs. = Concentrations 186 

• SNAR     = Simulated nitric acid rain, SSAR = Simulated sulphuric acid rain 187 

4.4        Effect of simulated nitric acid rain and sulphuric acid on antinutrients composition of plant 188 

  parts of Amaranthus hybridus L. 189 

Statistical analysis of antinutrients results of A. hybridus parts depicted significant (P =.05) decreases in 190 

phytate, soluble and total oxalate with increase in hydrocyanic acid of SNAR and SSAR parts over the 191 

control. Highest decreases were obtained at pH 2.0 of SNAR and SSAR and highest quantities of 192 

antinutrients at pH 6.0. Mean increase values for SNAR at pH 2.0 were 2.02±0.01, 2.03±0.01 and 193 

1.67±0.01 mg/100 g and for SSAR values of 2.30±0.01, 2.30±0.01 and 1.54±0.01 mg/100 g for leaf, stem 194 

and root respectively compared with control values of 1.60±0.01 (leaf), 1.60±0.01 (stem) and 1.10±0.01 195 

(root) (Table 4). Total oxalate had mean reduction values due to SNAR at pH 2.0 in leaf, stem and root 196 

parts of 22.04±0.01, 22.47±0.01 and 22.22±0.01 mg/100 g, SSAR had values of 24.91±0.01, 25.05±0.01 197 

and 33.22±0.01 mg/100 g respectively when compared with control pH 6.0 values of 38.86±0.01 (leaf), 198 

40.36±0.01 (stem) and 40.35±0.01 (root) (Table 4).   199 

 200 

 201 

 202 

 203 
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Table 4:  Effect of simulated nitric acid rain and sulphuric acid rain on antinutrient composition of 204 

plant parts of Amaranthus hybridus L. 205 

                                                                          mg/100 g                              

                                             HNO3 (pH Concs.)                                       H2SO4 (pH Concs.) 

                    

Antinutrients                   2.0            3.0               4.0               2.0                3.0                   4.0            Control (6.0)  

Hydrocyanic acid (HCN) 

Leaf                        2.02±0.01   2.58±0.01      2.76±0.01    2.30±0.01     2.60±0.01      2.87±0.01      1.60±0.01 

 

Stem                      2.03±0.01        2.28±0.01      2.55±0.01    2.30±0.01     2.60±0.01      2.75±0.01      1.60±0.01 

 

Root                       1.67±0.01        1.74±0.01      2.06±0.01   1.54±0.01      1.63±0.01      1.86±0.01      1.10±0.01 

 

Soluble oxalate 

Leaf                       18.12±0.01     20.31±0.01     20.78±0.01   18.25±0.01  19.16±0.01    22.01±0.01      32.01±0.01 

                           

Stem                      18.69±0.01     20.31±0.01     20.75±0.01   18.24±0.01  19.15±0.01    22.22±0.01     32.00±0.01 

 

Root                       18.30±0.01     20.30±0.01     20.75±0.01   22.66±0.01   24.11±0.01   25.00±0.01     32.00±0.01  

 

Total oxalate 

Leaf                       22.04±0.01     25.61±0.01    29.85±0.01     24.91±0.01  30.27±0.01  35.48±0.01      38.86±0.01 

  

Stem                      22.47±0.01     28.16±0.01    30.62±0.01     25.05±0.01  36.00±0.01  37.34±0.01     40.36±0.01 

 

Root                       22.22±0.01     29.32±0.01    34.34±0.01    33.22±0.01   35.12±0.01  37.16±0.01     40.35±0.01 

 

Phytate                       

Leaf                       74.25±0.01     79.49±0.01      82.63±0.01    75.04±0.01   75.88±0.01  85.51±0.01  120.61±0.01 

                             

Stem                     74.20 ±0.01    79.38±0.01      81.53±0.01    75.04±0.01   75.87±0.01  84.63±0.01   120.30±0.01 

 

Root                      72.97±0.01     76.38±0.01      80.44±0.01    73.36±0.01    73.38±0.01 74.76±0.01   120.25±0.01                                        

                                                                                                                                                 

• Means of three replicates ± SEM, P =.05. 206 

• HNO3  = Nitric acid, H2SO4  = Sulphuric acid, Concs. = Concentration  207 

• SNAR = Simulated nitric acid rain, SSAR = Simulated sulphuric acid rain 208 

 209 

4. Discussion 210 
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The effect of simulated nitric acid rain and sulphuric acid rain pH on the nutrient content of Amaranthus 211 

hybridus plant parts was determined. The findings of this research revealed a decrease in all the nutrients 212 

investigated. These nutrients perform essential body functions. A detailed report on the importance of 213 

these mineral nutrients (protein, minerals, vitamins, amino acids and antinutrients) to man has been given 214 

[16], [8]. 215 

Proximate parameters showed meaningful reductions to SNAR and SSAR treatments. Ash, protein,fat, 216 

fibre, carbohydrate and moisture contents of A. hybridus leaf, stem and root were significantly reduced 217 

due to SNAR and SSAR when compared with control (Table 1). These conform to reports by [17] who 218 

documented reduction in seed protein at lower pH levels for Amosy 71 (a cultivar) compared with control. 219 

The results of [18] showed that with increasing acidity of simulated acid rain, CAT (catalase) activity and 220 

P contents and soluble protein in the leaves of egg plant increased at first, reaching  the highest at pH 4.0 221 

and 3.0, and then decreased; while sugar content and SOD (super oxide desmutase) activity and soluble 222 

sugar were adversely affected. [10] reported a reduction in the concentration of N in apple leaves at low 223 

pH.  Nitrogen is a component of protein. The reduction in protein, fibre, fat and carbohydrate contents of 224 

A. hybridus by acid rain is threatening because of their role in health and wellbeing. Studies have 225 

indicated the preference of plant protein to animal protein since consumption of excessive animal protein 226 

is linked to heart disease and cancer. The suggestion is that meat should no longer be the centerpiece of 227 

a meal, but instead leafy vegetables (vegetarian) [19]. Plant fibre helps to maintain health and wellness. 228 

They reduce constipation and promote colon health, lower cholesterol, blood pressure and the risk of 229 

cardiovascular disease; and improve blood sugar control after a meal and aid in weight loss. They 230 

improve the absorption of minerals especially Ca. Fibre also helps to reduce diarrhea in some instances 231 

[20]. Ash content is very important from the biochemical nutritional view point. Ash contain all the 232 

important nutritional elements especially minerals (macro and microelements) which are very important 233 

for normal physiological body functions. Fat molecule consists fatty acids; they play an important role in 234 

insulin up-regulation and glucagon down-regulation. Fat is important from the nutritional view point 235 

because1 g of fat give 9 Kcal of energy. Carbohydrate is the primary source of energy in the body; 1 g of 236 

carbohydrates yields 4 Kcal of energy. They are the principal and indispensable energy source. The RDA 237 

(Recommended Dietary Allowance) for carbohydrates is 130 g [21]. 238 
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The mineral nutrients revealed decrease of nutrients in leaf, stem and root of A. hybridus occasioned by 239 

acid rain. All mineral nutrients; K, Na, Ca, Mg, Fe, Zn, Cu, Mn were significantly (P = .05) reduced in acid 240 

treated plant parts compared with the control. The reason for this decrease may be due to the negatively 241 

charged sulphate and nitrate ions in the acid acting as inhibitors permitting positive ions to be leached out 242 

of the soil. As nutrients are leached out of the soil owing to simulated acid rain the plants do not have 243 

enough nutrients for growth and to build up their own nutrients resulting in a decrease in nutrients 244 

content. Magnesium and iron are important components of chlorophyll, their reduction causes chlorosis 245 

and leaf chlorosis compromised the photosynthetic capacity of the plant thus, affecting the plant 246 

performance. The reduction in these minerals occasioned by acid rain is worrisome because when 247 

minerals are deficient in diet, the body picks up toxic metals from the environment. Minerals are important 248 

and cannot be manufactured within the body but must be obtained daily in plants diet. Because of our 249 

exposure to toxic metals and toxic chemicals, it is advisable to eat plenty of these vital minerals from 250 

plants (A. hybridus) in order to reduce the accumulation of toxic metals from our bodies [16]. 251 

 252 

     This research also revealed significant reductions in vitamins A, B1, B2, B3, B6, E and C content of A. 253 

hybridus induced by SNAR and SSAR. Reductions due to acid rain in some strawberry vitamins have 254 

been reported [9]. There are various reports on changes in vitamin levels due to various stress factors 255 

[22], [23]. [24] reported a decrease in pear fruit vitamin C caused by simulated acid rain under pH 4.0. 256 

The formation of free radical oxygen is indispensable in living organisms using oxygen gases in their 257 

metabolism. It is well established that factors in the environment that cause stress increase free radical 258 

formation, to remove this free radical effect organisms must develop various defense mechanisms. [25] 259 

documented that acid rain cause a decrease in protein content and an increase in oxygen radicals in their 260 

organs. Vitamins reductions in this study may be due to increase in the free radical formation in the plant 261 

due to acid rain stress, and plant’s use of the vitamins in order to resist the stress which results in a loss 262 

in vitamin levels. Reductions may also be due to the fact that in autotrophy crops metabolic ways formed 263 

by vitamin synthesis are somewhat inhibited by acidic conditions. It is an established fact that various 264 

crops exposed to stress change their metabolism.  265 
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5. Conclusion 266 

Data obtained in this study revealed that SNAR and SSAR treatments caused adverse reductions in the 267 

nutrient content of Amaranthus hybridus L.  Reductions were significantly different from one pH 268 

concentration to the other in both simulated nitric acid rain (HNO3) and simulated sulphuric acid rain 269 

(H2SO4). Nutrients reduction was high at pH 2.0 and low at pH 4.0 compared with the control pH 6.0. 270 

Simulated HNO3 and H2SO4 acid rain caused significant reductions in nutrient content of A. hybridus. 271 

Control plant samples had the highest amount of all the nutritional parameter investigated. The levels of 272 

nutrients in parts of A. hybridus differ.  The reductions induced by SNSAR on the nutrients of A. hybridus 273 

call for urgent attention because plant nutrients  are effective in the prevention and treatment of 274 

various health conditions such as cancer, heart diseases, diabetes, high blood pressure etc,   and they 275 

remain the only way of obtaining natural and cheapest sources of mineral nutrients [26].  There is 276 

therefore, the need to prevent A. hybridus from acid rain effects.   277 

References 278 

[1]  Tripathi AK, Gautam M. Biochemical parameters of plants as indicators of air pollution. J. 279 

 Environ. Biol. 2007; 28(1): 127-132. 280 

[2] Dwivedi AK, Tripathi BD. Pollution tolerance and distribution pattern of plants in surrounding 281 

 area of coal-fired industries. J. Environ. Biol. 2007; 28(2): 257-263. 282 

[3] Kabir MM, Iqbal Z, Shafiq M. Traffic density, climatic conditions and seasonal growth of 283 

 Samanea saman (Jacq) Merr, on different polluted roads of Karachi city. Pak. J. Bot. 2012; 44(6): 284 

 1881-1890.  285 

[4] Li W, Gao J.  Acid precipitation and integrated zoning control in China. Environ. Manag. 2002; 286 

 30(2): 169-182. 287 



15 

 

[5] Nduka JKC,  Oriskwe OE,  Ezenweke LO,  Ezenwa TE,  Chendo MN,  Ezeabasili NG.  Acid rain 288 

 phenomenon in Niger Delta region of Nigeria, economic, biodiversity and public health concern. 289 

 The SciWorld J. 2008; 8: 811-818. 290 

[6]  Liu KH, Mansell RS, Rhue RD. Cation removal during application of acid rain solution into air dry 291 

 soil column. Soil Sci. Society J. 2010; 4: 1747-1753. 292 

[7]  Mofunanya AAJ, Owolabi AT, Nkang A. Reaction of Amaranthus hybridus L. (Green) to Telfairia 293 

 mosaic virus  (TeMV) infection. Int. J. Virol. 2015; 11(2): 87-95. DOI:3923/ijv.20 2015.87.95. 294 

[8] Mofunanya AAJ. Mineral responses of P.vulgaris L. to Telfairia mosaic virus infection. J. Pharm. 295 

 Biol. Sci. 2016; 11(3,1): 7-13. DOI: 10.9790/3008-1103010713. 296 

[9] Munzuroglu O, Obek E, Karatas F, Tatar SY. Effects of simulated acid rain on vitamins A, E, and 297 

 C in strawberry (Fragaria vesca). Pak. J. Nutr. 2005; 4(6): 402-406. ISSN 1680-5194.  298 

[10] Proctor JTA.  Effect of simulated acid rain on apple tree foliage, nutrient content, yield and fruit 299 

 quality.  Environ. Expt. Bot. 1983; 23(2): 167-174. DOI: 10.1016/0098-8472(83). 300 

[11] Eguagie MO. Effect of simulated acid rain on the growth, yield and mineral nutrient relations of 301 

 Solanum lycopersicum L. European Journal of Biotech and Biosc. 2015; 3(11): 15-18. ISSN: 302 

 2321-9122. 303 

[12] Evans, LS Cunningheam, EA and Lewin, KF. Effects of simulated acid rainfalls on the on yield-304 

 grown radishes and garden beets. Am. Chem. Soc. Div. Environ. Chem. 1981 (212): 82-87.  305 

[13] A. O. A. C. Association of Official Analytical Chemist, Official Method of Analysis. 18
th
 Ed. 306 

 (Washington: Washington D. C. Press, 2006). 307 

[14] A. O. A. C. Association of Official Analytical Chemist, Official Method of Analysis. 16
th
 Ed. 308 

 (Washington: Washington D. C. Press, 1995). 309 



16 

 

[15] SPSS. Statistical Package for Social Sciences (SPSS 15.0. Inc. Chicago, U.S.A. 2003.). 310 

[16]  Mofunanya AAJ. Impacts of Telfairia mosaic virus (TeMV) infection and defoliation (DF) on the 311 

 nutritional quality of African yam bean (Sphenostylis stenocarpa) (Hochst. Ex. Rich) Harms. J. 312 

 Agric. Veter. Sci. 2016; 81-88. DOI: 10.9790/2380-0912018188. 313 

[17] Evans  LS, Hendery GR, Lewin KF. Comparison of statistical designs and experimental protocols 314 

 used to evaluate rain acidity effects on field-grown soybeans. J. Air Pollut. Ctrl. Assoc. 1984; 34: 315 

 1107-1116. 316 

[18] Zhang J, Wang J, Zhao Z, Chen Y, Dou W. Effect of simulated acid rain on physiological and 317 

 biochemical characters of eggplant, the host plant of Tetranychus cinnabarinus. PubMed. 2005; 318 

 16(3): 450-454. 319 

[19]  Levetin E, McMahon K. Plants and society. 2
nd

 ed.  New York, McGraw-Hill, 1999. 320 

[20] Mozzaffarian DKS, Lemaitre RN. Cereal, fruit, and vegetable fiber intake and risk of 321 

 cardiovascular disease in elderly individuals. Java. 2003; 289: 1659-1666. 322 

[21] Khan N, Ruqia B, Hussain J, Jamila N, Rahman NU, Hussain ST. Nutritional assessment and 323 

 proximate analysis of selected vegetables from Parachinar Kurram Agency. Am. J. Res. Comm. 324 

 2013; 1(8): 184-198. 325 

 [22] Mishra A, Choudhuri MA. Amelioration of lead and mercury effects on germination and rice 326 

 seedling growth by antioxidants. Biol. Plant. 1998; 41: 469-473. 327 

[23] Havaux M, Kloppstech K. The protective functions of carotenoid and flavonoid pigments against 328 

 excess visible radiation at chilling temperature investigated in Arabidopsis npq and tt mutants. 329 

 Planta. 2001; 213: 953-966. 330 



17 

 

 [24]  Rinallo C, Modi C.  Fruit yield of field-grown pear Pyrus communis (L.) exposed to different 331 

 levels of acidity in Tuscany. Hort. Abst.  1995; 65: 9512. 332 

[25] Kong FX, Liu Y, Hu W, Shen PP, Zhou CL, Wang LS. Biochemical responses of the mycorrhizae in 333 

 Pinus massoniana to combined effects of Al, Ca and low pH . Chemosph. 2000; 40: 311-318. 334 

[26] Mofunanya AAJ. Assessment of damage due to Callosobruchus maculatus (Coleoptera: 335 

 Bruchidae) infestation on germination and nutrient quality of Vigna unguiculata L. (Walp). J. 336 

 Agric. Veter. Sci. 2016; 9(12,1): 96-101. DOI: 10.9790/2380-09120196101.  337 


