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Abstract:                                                                                                                               

Background: Lye, sodium hydroxide and potassium hydroxide has been used over the years in 

food preparation including the preparation of vegetables and dried meat products, washing or 

chemical peeling of fruits and vegetables, cocoa processing, caramel production, poultry scalding 

and cooking among others. Lye is believed to improve the organoleptic properties and also 

enhances the nutritional value to the products.  

 

Objective:  To assess the effect of food grade lye on the levels of copper and iron in the raw, 

boiled and boiled-fried single vegetables and vegetable combinations treated with and without 

food grade lye. 

 

Methods: Single vegetables, Crotalaria occroleuca, Solanum scabrum, Vigna unguiculata and 

Amaranthus blitum and their combinations were cooled and kept in the fridge at 4
o
Cs. Elemental 

analysis was done for the raw, boiled and boiled-fried samples using Atomic Absorption 

Spectrophotometry (AAS) under standard conditions using wavelengths of 248.3nm for iron and 

324.2nm for copper. Paired t-test was used to compare the iron and copper levels of the boiled 

and boiled-fried vegetables while the independent t-test was done to assess the levels of iron and 

copper in the raw, boiled and boiled fried samples.  

 

Results: Boiled-fried samples recorded higher content of iron and copper than the boiled ones. A 

combination of Amaranthus blitum-Crotolaria occloreuca boiled without lye boiled-fried with 

lye, and boiled-fried without lye had the highest copper contents of 1.66mg/100gram, 

4.56mg/100gram, and 4.56mg/100gram respectively, compared to Amaranthus blitum alone 

(3.48mg/100gram) and Crotolaria occloreuca (0.42mg/100gram). A combination of Amaranthus 

blitum-Crotolaria occloreuca boiled in non-lye water, and those boiled-fried with and without 
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lye had the highest extractable iron of 557mg/100g, 859.2mg/100g, and 859.2mg/100g 

respectively. Iron content was high in the Solanum scabrum (281.1mg/100g), and Crotolaria 

occloreuca (110/100g), Amaranthus blitum (108mg/100g) boiled-fried with lye. It was possible 

that iron was leached from the cooking utensils and absorbed by the vegetables. 

 

Conclusion: The results of this study clearly demonstrated that vegetable combinations of 

Amaranthus blitum-Crotolaria occloreuca had a higher content of copper. Vegetable 

combinations exposed to different treatments had higher levels of iron and copper. This could be 

attributed different nutrient-nutrient interactions between different vegetables combinations.  

 

Key Words: Food grade lye, Crotalaria occroleuca, Solanum scabrum, Vigna unguiculata, 

Amaranthus blitum, iron, copper. 

 

Background 

Copper is an essential nutrient that plays an integral role in the body, acting as a ligand to many 

proteins and enzymes. The enzyme responsible for the conversion of dopamine to norepineprine 

which mediates neurologic function requires copper in its structure. Copper helps in the 

formation of cytochrome oxidase which is a component in oxidative phosphorylation and 

superoxide dismutase, an antioxidant [1]. The synergistic interaction of copper and iron is crucial 

in human health. Copper acts as a ligand to ferroxidase II which oxidizes iron, allowing it to be 

mobilized and transported from hepatic stores to the bone marrow for use in erythropoiesis [2].  

Copper deficiency therefore results in excessive iron in the liver but insufficient iron in the bone 

marrow for effective erythropoiesis [3]. Although copper deficiency is associated with cardiac 

hypertrophy its association with cardiovascular disease is still currently inconsistent. Copper 

promotes angiogenesis, stimulates cell proliferation and promotes microtubule formation in 

cultured saphenous veins (4).  

 Vegetables have some amount of copper and iron  in their raw form which can be 

improved by combining those vegetables with low levels of iron and copper with those  that have 

higher amounts for improved health  benefits to the human body.  Food grade lye, sodium 

hydroxide, has been used over the years in preparation of vegetables and dried meats for a long 

time with claims of improved nutritional value, and, preventive and curative effects in health 

conditions. This study seeks to assess the iron and copper levels in selected raw vegetables and 

their boiled and boiled-fried single vegetables and vegetable combinations, cooked in and 

without lye water.  

 

Introduction 

Sodium hydroxide has been used in the determination of self-associated 5-caffeollquinic acid and 

its complexation using UV-Vis spectrophotometry, and found great applications in the extraction 

alkali metal ions from natural environment. This has been exploited to design the advanced and 
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controllable carriers of drugs and food components [5]. 5-caffeolyquinic acid found in vegetables 

[6, 7, 8] has health benefits including lowering risks of cardiovascular diseases, cancer, diabetes 

and other conditions associated with anti-aging [9], through protection against free radicals, free 

radical mediated inflammation and viral infection [10, 11, 12].  

Effects of pretreatment of sodium hydroxide of three-dimensional poly (l-lactide-co-

glycolide) scaffolds on adhesion, differentiation, and proliferation of MC3T3-E1 murine 

preoteoblasts resulted in statistically significant up-regulation of mRNA expression of alkaline 

phosphatase, bone sialoprotein, osteocalcin, and vascular endothelial growth factor. Sodium 

hydroxide treatment enhances adhesion and differentiation, slows proliferation, and presents a 

simple and inexpensive way of improving scaffolds for use in bone tissue engineering [13].  

 Plant-based complementary foods often contain high levels of phytate, a potent inhibitor 

of iron, zinc, and calcium absorption [14]. Sodium hydroxide binds phytate making these 

electrolytes readily available to the body [15, 16]. In Mexico iron content in vegetables ranged 

from 0.113mg/100g for yogurt to 19.82 mg/100g for commercial cereals which had minerals 

added during processing while in some foods copper was not found and the highest content was 

3.371 mg/100g in beef liver [17]. Results of representative samples of 20 standardized Nigerian 

dishes revealed ranges of iron from 2.28 mg/100g to 22.10 mg/100g while copper contents 

ranged from 0.38mg/100g to 1.88 mg/100g [18, 19].  

There is scarcity of research articles discussing the problem of copper content in edible 

parts of vegetable plants [20, 21]. Copper and iron are involved in the function of several 

enzymes and are also essential for maintaining life [22, 23]. While copper deficiency is 

associated with cardiac hypertrophy, its association with cardiovascular disease is inconsistent. 

Iron complex could prevent cardiovascular disease [24]. This study recognized the role of iron 

and copper in human health and sought to assess the effect of food grade lye on the levels of 

copper and iron in selected raw, boiled and boiled-fried single vegetables and vegetable 

combinations treated with and without food grade lye.  

 

Methods: 

Pods of mature green beans were sun dried for a period of 72 hours, burnt to ashes. This ash was 

filtered over a special container and the filtrate collected into bottles. This filtrate is the food 

grade lye that is commonly used in households in the preparation of vegetables and meats over 

the centuries. Vegetables used in this study were planted at the Maseno University Botanic 

garden and included: Solanum scabrum, Amaranthus blitum, Crotalaria occloreuca, Vigna 

unguiculata. 

Food grade lye (15mls) was added to 250mls of water and brought to boil, and 500 grams 

of each vegetable species and vegetable combinations (at any time two vegetable samples were 

combined in a ratio of 1:1, 250 grams of each to make 500 grams) were added to the boiling 

water and cooked for 10 minutes. This was done for all the four vegetables and the six vegetable 

combinations to form the category of the boiled samples. For the boiled-fried samples, the same 
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procedure was used to boil the vegetables which were then fried in vegetable oil with additions 

of tomatoes and onions, which may have contributed to the high nutrient levels in the boiled-

fried samples. For the samples that were not exposed to lye treatment, no food grade lye was 

added to the boiling water though the procedure followed was the same, for both the boiled and 

boiled-fried samples.  

Samples were cooled and refrigerated at 4
o
C. Each sample was oven-dried at 60

o
C for 12 

hours then crushed into fine powder using a mill (QCG System LLC Model 4E). The powdered 

samples were sieved through 125 m apertures BS 410. 0.5g of each sample was weighed and 

placed in a kjeldahl tube in 20mls of aqua regia acid (5ml HCl + 5ml Nitric acid) (Apha, 1985), 

and heated to boiling for 2hrs at 96
o
c until the resulting solution was clear and the heating was 

continued for 30 more minutes. The digested samples were left to cool overnight and the 

contents were transferred into a 50ml volumetric flask and made up to the mark with distilled 

water, and were filtered through a Whatman filter paper No.1. These samples were finally 

transferred to 100ml polypropylene bottles, ready for elemental analysis. 

Elemental analysis was done on raw, boiled and boiled-fried samples. Atomic Absorption 

Spectrophotometry (AAS) was used to determine iron and copper contents of each sample. A 

standard for each element (1000 parts per million) was diluted with 10% HCl and  aspirated 

directly using a Narian AAS (Shimadzu AA 6200 Model Japan) at the Mines and Geology 

Department, Ministry of Natural Resources, Nairobi, Kenya. The spectrophotometer was 

operated under standard conditions using wavelengths of 248.3nm for iron and 324.2nm for 

copper, following Gerge approach (25). 

Data on the iron and copper content of the single and vegetable combinations were 

subjected to independent t-test to determine whether the treatments’ effects were significant at 

5% level of significance.  

 

Results: 

Iron content of selected African Indegenous Vegetables (AIVs) and AIV combinations of raw 

samples was above the normal requirement (Table 1). For all samples boiled-fried in lye water, 

iron content increased except for Solanum scabrum, Vigna unguiculata, Crotolaria occloreuca, 

and the combination of Amarathus blitum-Solanum scabrum. Consequently, increase in iron 

content was only seen in combinations of Vigna unguiculata-Solanum scabrum, Crotolaria 

occloreuca-Vigna unguiculata, and Crotolaria occloreuca-Amaranthus blitum. Whether the 

vegetables were cooked as single vegetables or as a combination of two vegetables did not have 

an effect on their iron solubility. Some vegetables had higher iron content as single vegetables 

while others had higher content when combined with others. For example, a combination of 

Amaranthus blitum-Crotolaria occloreuca and Crotolaria occloreuca boiled without lye, boiled-

fried with lye and boiled-fried without lye had the highest extractable iron of 557mg/g, 

859.2mg/g, and 859.2mg/g respectively compared to Amaranthus blitum and Crotolaria 
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occloreuca. However these high levels could be attributed to the leaching of iron in to the 

vegetables from the iron pots used. 

 

Table 1: A comparison of iron Content (mg/100g) of vegetable and vegetable combinations fried 

or boiled in lye water and in non-lye water 

 

AIVs Raw 
Boiled 

With Lye 

Boiled 

No Lye 

Fried 

With Lye 

Fried 

No Lye 

Solanum scabrum 17.3 12.4 11.5 281.2 401.6 

Vigna unguiculata 24.1 20.6 15.3 16.7 1208 

Crotolaria occloreuca 14.7 10.7 6.4 110 5.8 

Amaranthus blitum 19.4 95.2 12.4 108 5.3 

Solanum scabrum & 

Amaranthus blitum 
20.5 11.5 11.5 9.1 42.3 

Solanum scabrum& Crotolaria 

occloreuca 
13.2 12.2 13.9 5.1 8.2 

Solanum scabrum & Vigna 

unguiculata 
23.3 69.2 200.4 381.4 6.6 

Amaranthus blitum & 

Crotolaria occloreuca 
12.5 23.6 557.5 859.2 859.2 

Amaranthus blitum & Vigna 

unguiculata 
20.1 69.2 16.6 7.2 303 

Crotolaria occloreuca & Vigna 

unguiculata 
14.7 26.9 9.1 10.1 8.1 

 

Boiled-fried vegetables and vegetable combinations with lye resulted in a significant 

increase in iron in Solanum scabrum, Crotolaria occloreuca, Amarathus blitum, Solanum 

scabrum-Vigna unguiculata, Amarathus blitum-Vigna unguiculata. Increase in iron was in single 

vegetable and vegetable combinations fried without lye for Solanum scabrum, Vigna 

unguiculata, Crotolaria occloreuca-Amarathus blitum and Amarathus blitum-Vigna unguiculata. 

There were no significant interactions between cooking method with the vegetables though a 

combination of Amaranthus blitum-Crotolaria occloreuca had significantly higher iron 

solubility. Iron solubility was enhanced after frying for all products except for Solanum scabrum-

Amaranthus blitum, Solanum scabrum-Crotolaria occloreuca and Amaranthus blitum-Vigna 

unguiculata. 

Raw vegetables and vegetable combinations had the least mean iron content compared to 

the boiled and the boiled-fried ones. Recipes prepared without lye, recorded higher mean iron 

content for boiled-fried (without lye 284.8 ± 427, with lye 272.7 ± 382.6) compared to mean iron 

content for boiled (without lye 85 ± 176, with lye 30.7 ± 28.4). The boiled-fried vegetables had 
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significantly higher iron content compared to the boiled ones (P=0.02). There was no significant 

difference in the mean iron content between vegetables boiled-fried with lye and those boiled-

fried without lye was insignificant (P>0.05).  

 

A combination of Amaranthus blitum and Crotolaria occloreuca boiled without lye, 

boiled-fried with lye, and boiled-fried without lye had the highest copper content of 1.66mg/g, 

4.56mg/g, and 4.56mg/g respectively compared to Amaranthus blitum (3.48mg/g) and Crotolaria 

occloreuca alone (0.42mg/g).  

Copper content of the raw vegetables and vegetable combinations ranged between 0.16-

0.44mg/100g (Table 2). Copper content increased for all samples boiled in lye water except for 

Vigna unguiculata, Solanum scabrum-Amaranthus blitum, Solanum scabrum-Crotolaria 

occloreuca. For all samples boiled in non-lye water, there was a decrease in the copper content 

except for Solanum scabrum-Crotolaria occloreuca, Solanum scabrum-Vigna unguiculata, 

Amaranthus blitum-Vigna unguiculata. Copper content ranged from 0.2-0.56mg/100g in all 

samples boiled in lye water and 0.2-1.66mg/100g for those boiled in non-lye water. Amaranthus 

blitum-Crotolaria occloreuca boiled in non-lye water recorded an exceptionally high copper 

content.  

 

Table 2:  A comparison of copper content (mg/100g) of vegetable and vegetable combinations 

fried or boiled in lye water and in non-lye water  

 

AIVs Raw 
Boiled 

With Lye 

Boiled 

No Lye 

Fried With 

Lye 

Fried 

No Lye 

Solanum scabrum 0.44 0.52 0.34 0.98 1.52 

Vigna unguiculata 0.16 0.16 0.6 0.1 6.32 

Crotolaria occloreuca 0.28 0.32 0.12 0.42 0.1 

Amaranthus blitum 0.18 0.46 0.18 3.48 0.06 

Solanum scabrum & 

Amaranthus blitum 
0.42 0.24 0.4 0.74 0.18 

Solanum scabrum & Crotolaria 

occloreuca 
0.3 0.2 0.34 0.08 0.36 

Solanum scabrum & Vigna 

unguiculata 
0.26 0.46 1.36 1.18 0.08 

Amaranthus blitum & 

Crotolaria occloreuca  
0.34 0.36 1.66 4.56 4.56 

Amaranthus blitum & Vigna 

unguiculata 
0.16 0.46 0.2 0.7 0.6 

Crotolaria occloreuca Vigna 

unguiculata 
0.28 0.28 0.18 0.14 0.1 
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All vegetables and vegetable combinations boiled-fried in lye water recorded a high 

copper content except for Vigna unguiculata, Solanum scabrum-Crotolaria occloreuca and 

Crotolaria occloreuca-Vigna unguiculata. Vegetables and vegetable combinations of Solanum 

scabrum, Vigna unguiculata, Solanum scabrum-Crotolaria occloreuca, Amaranthus blitum-

Vigna unguiculata, and Amaranthus blitum-Vigna unguiculata boiled-fried in non-lye water had 

levels of copper below those of raw samples. Recipes prepared without lye had higher mean 

copper content for boiled-fried samples compared to boiled ones. Boiled-fried vegetables had 

significantly higher mean copper content compared to boiled ones (P=0.03).  

 

Discussion: 

There were no significant interactions between cooking methods with vegetable combination 

though combination of Amaranthus blitum-Crotolaria occloreuca had significantly higher iron 

solubility. Apart from Solanum scabrum-Amaranthus blitum, Solanum scabrum-Crotolaria 

occloreuca and Amaranthus blitum-Vigna unguiculata, all other vegetables had their iron 

solubility enhanced after frying possibly due to availability of vitamin A in the cooking oil which 

could increase iron solubility. Whether the vegetables were cooked as single vegetables or as a 

combination of two vegetables did not have an effect on their iron solubility. Cooking vegetables 

and vegetable combinations in lye water increased their copper content. Some vegetables 

recorded higher copper content as single vegetables while others recorded higher copper content 

as vegetable combinations. Combining vegetables during preparation had different effects on 

different vegetables in terms of their copper content and this could be attributed to different 

nutrient-nutrient interactions between different vegetables. Copper and iron deficiency are some 

of the leading factors to increased risk of developing coronary heart disease. Daily copper 

intakes of populations has been reported to be insufficient [18, 19] and approximately one third 

of daily diets in Belgium, Canada, UK and the USA are also insufficient (0.65-1.02mg) [25, 26]. 

Low intake of copper is frequent in diets and is closely associated with heart disease risk [25]. 

Consumption of adequate iron and copper in the diet can protect the human body from cancer 

and cardiovascular diseases.  

 

Conclusion: 

Sodium hydroxide has shown significant effect in increasing copper and iron content of 

vegetables and vegetable combinations. Iron and copper content increased in fried vegetables 

and vegetable combinations than in the boiled samples. The results of this study clearly 

demonstrate a high copper content in the vegetable combinations of Amaranthus blitum-

Crotalaria occroleuca cooked in lye water. Combining vegetables during preparation have 

different effects on different vegetables in terms of their copper and iron content.  
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