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ABSTRACTS: Taro is primarily grown for the corm, which is a staple food for millions of people. It is an annual herbaceous 
plant that belongs to the oxalate-rich food group. Oxalate is a naturally occurring plant metabolite that is present in all 
plant-derived human diets. The accumulation of oxalate by crops and pasture plants has a negative impact on the 
nutritional quality of foods and feeds. Oxalate is a poisonous organic acid that has a significant impact on the eating 
quality. Acridity causes swelling of the mouth and throat. Oxalate-rich foods also reduce calcium bioavailability and 
increase the risk of kidney stones. About 75% of all kidney stones are made up primarily of calcium oxalate. Chronic 
kidney disease affects 10% of the global population, and over two million people currently receive dialysis or a kidney 
transplant. Oxalates in food can be reduced through physical processes, chemical treatments, and genetic improvements. 
Cooking root crops may improve digestibility, palatability, storage quality, and safety. Boiling significantly reduced the 
amount of anti-nutritional factors, resulting in higher food quality. Eating high-calcium foods and adding calcium to cooking 
are two other ways to reduce oxalates in the diet. Calcium salts are widely accepted and used as acidity regulators, firming 
agents, and stabilizers in processed foods. Taro corms' total soluble oxalate content also decreased during storage. 
Explicitly, genetic advancements can aid in the development of long-term solutions. The purpose of this paper was to 
investigate acridity, its health and economic consequences, and potential food-acridity-reduction mechanisms. This 
educates users about the dangers of oxalate and aids in the development of mitigation strategies.  
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INTRODUCTION 
 

Taro is an annual herbaceous plant that belongs to the 
oxalate-rich food group (El-Monairy, 2015). The 
accumulation of oxalate in taro plants has a negative 
impact on its nutritional quality. Oxalic acid is a food toxin 
with negative effects on human nutrition. If consumed 
fresh, it causes acridity and swelling of the lips, mouth, and 
throat tissues (Oscarsson  and Savage, 2007). Eating 
oxalate-rich foods also reduces calcium bioavailability and 
leads to kidney stone formation (Libert, 1987a). Chronic 
kidney disease affects 10% of the global population and 
over two million people currently receive dialysis or a 

kidney transplant to stay alive (Thomas, 2019). Chronic 
Kidney stone treatments have high economic implication 
both in developed and developing countries. 

Physical methods such as soaking, boiling, and cooking 
can be used to remove oxalates from food (Oscarsson  
and Savage, 2007). Uses of chemical processes such as 
adding calcium during cooking, or adding calcium salts 
during food manufacturing can reduce the acridity of food. 
Above all, breeding to improve the crop's acridity content 
can permanently solve acridity problems (Lebot et al., 
2004). In this regard, taro has a moderate genetic diversity, 
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and exhausting this diversity could lead to the 
development of cultivars with high corm quality. 
Possession of low acridity and high dry matter are basic 
quality characteristics in taro plant. People who have 
previously formed stones are advised to avoid foods high 
in sodium because they cause calcium excretion. They are 
also advised not to consume foods high in oxalate. Thus, 
the purpose of this paper was to investigate acridity, its 
health and economic consequences, and potential food-
acridity-reduction mechanisms. This educates users about 
the dangers of oxalate and aids in the development of 
mitigation strategies. 
 
 

THE TARO AND ITS ACRIDITY 
 
The taro 
 
Taro is an annual herbaceous plant in the oxalate-rich food 
group (El-Monairy, 2015). It is grown primarily for its corm, 
which is a staple food for millions of people (Oscarsson 
and  Savage, 2007). It is the third root crop in the Araceae 
family grown in West Africa, following yam and cassava 
(Nwanekezi et al., 2010). Despite its adaptation to tropical 
conditions, it has long been grown in parts of Europe and 
the Mediterranean (Oscarsson and Savage, 2007). It is 
currently cultivated in subtropical and tropical regions for 
its edible carbohydrate-rich tuber, which is the most eaten 
part of the plant and is formed underground (Simsek and  
El, 2015). Other plant tissues, such as leaves, flowers, and 
stems, are consumed depending on the variety and local 
cultural traditions, particularly in sauces, purees, stews, 
and soups. It is known by various names in different parts 
of the world (Bradbury and  Holloway, 1988). Cocoyam is 
a collective term for taro and tannia, the two most 
important edible aroids with high oxalate contents 
(Bradbury et al., 1988). 

Despite  the wide application and great potential of taro 
as a chief dietary source of carbohydrate and other 
essential nutrients, its usage is often limited by low 
productivity and anti-nutrient contents which are either 
potentially toxic or may limit the bioavailability of nutrients 
(Alcantara et al., 2013). Apparently, taro leaves and corms 
are ridiculous in anti-nutritive factor exclusively oxalate 
(Oscarsson  and Savage, 2007). Oxalate is a deadly 
organic acid (Lewu et al., 2009) and its accumulation in 
taro plants impacts their nutritional quality, producing 
acridity, causing lips, mouth and throat tissues swelling if 
consumed fresh (Gouveia et al., 2018). Uracil and glycol 
protein lectin have been identified as compounds that 
could explain the acridity (i.e., irritation) of taro mucilage 
(Miyasaka et al., 2019). It happens in soluble form 
producing salts with potassium, sodium and NH4 ions, and 
also in insoluble form producing insoluble salts chiefly with 
calcium, but also with iron and magnesium (Savage et al.,  
2000). The threshold safe level of oxalate in any food is 71 
mg/100g (Kumoro et al., 2014). 

Variation   in   taro   oxalate  content  is    consistent   and 
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significantly correlated with the photosynthetic rate, 
carbohydrate metabolism and protein synthesis (Gouveia 
et al., 2018). Oxalate content in wild taro was reported 
higher as compared to cultivable taro (Buragohain et al., 
2013). African taro cultivars (265.2 to 7725.5 mg/100g) 
were reported more acrid than the Pacific taro cultivars 
(317 to 445 mg/100 g) (Kumoro et al., 2014) . Oxalate in 
taro leaves were reported higher as compared to taro 
petioles (Hang et al., 2011). Soluble oxalate in young taro 
leaves was reported higher as compared to old taro leaves 
which contain more insoluble oxalate than soluble oxalate 
(Oscarsson  and Savage, 2007). 

The amount of oxalate content in crop plant parts varies. 
For example, the oxalate-rich taro (Oscarsson  and 
Savage, 2007) had varying levels of oxalates in the corms, 
leaves, and petiole. According to Hang et al. (2011), the 
total oxalate content of taro petioles ranged from 2400 to 
4420 mg/100g dry matter and from 2021 to 6342 mg/100g 
in taro leaves. 
 
 

The acridity 
 

Acridity has been linked to calcium oxalate, which appears 
as fine needle-like crystals or raphides that can penetrate 
soft skin. Following that, an irritant present on the raphides 
(likely a protease) can cause tissue discomfort. The 
discomfort prevents animals from fully utilizing the 
uncooked taro plant (Tang and Sakai, 2021), and if the 
acridity is not properly removed, it is a deterrent to human 
use. Most foods of plant families contain high to 
excessively high oxalate concentrations are shown in 
Table 1 (Chai and Liebman, 2005). The consumption of 
oxalate-rich plants can negatively impact calcium oxalate 
stone formation (Chai and Liebman, 2005). Acridity 
content of taro plant is considered to be very low when it 
contains ≤ 50 mg, low 51 to 100 mg, intermediate 101 to 
300 mg (Ivancic and Lebot, 1999). 
 
 

Oxalate 
 

Oxalate is produced and accumulated in many crop plants 
and pasture weeds (Siener et al., 2020). Plant oxalate 
content can be affected by nitrogen sources, inorganic ion 
availability and other environmental factors (Libert, 
1987a). Oxalate may play a role in ion balance and 
osmoregulation (Franceschi and Nakata, 2005). Oxalate 
oxidase and oxalate decarboxylase are present in some 
plants. Oxalate can be catabolized and the carbon 
recycled (Tooulakou et al., 2016). Oxalate accumulation 
by crop and pasture plants affect the nutritional qualities of 
food and feeds negatively. 
 
 

Oxalic acid  
 
Oxalic acid is a precursor in the conversion of plant 
calcium to calcium oxalate (Franceschi  and  Horner, 1980; 
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Table 1. Oxalate rich food crops (Chai & Liebman, 2005). 
 

Crop Soluble oxalate (mg/g) Total oxalate (mg/g) 

Phaseolus vulgaris (beans) 38.80 547.90 

Glycyrrhiza glabra (Licorice) 165.00 3569.30 

Trigonella caerulea (Blue fenugreek) 72.30 1245.90 

Glycine max (Soybeans) 37.90 276.80 

Ipomoea batatas (Sweet potato) 76.70 495.60 

Abelmoschus esculentus (Okra) 56.30 317.20 

Theobroma cacao (Cocoa) 571.30 619.30 

Colocasia esculenta (Taro) 85.00 278.00-574.00 

Dioscorea (Yam) 80 % of total oxalate 486.00-781.00 
 
 
 

Oscarsson and Savage, 2007). Oxalic acid is a 
dicarboxylic acid with the chemical formula C2H2O4. It is a 
naturally occurring metabolite in plants and a component 
of all plant-derived human diets. 
 
 

OXALATE'S HEALTH AND ECONOMIC CONSEQUENCE 
 

Oxalate’s health effect  
 

Oxalic acid, a plant metabolite, is increasingly recognized 
as a food toxin with negative effects on human nutrition 
(Chakraborty et al., 2013). About 75% of all kidney stones 
are composed primarily of calcium oxalate (Chai and 
Liebman, 2005). Calcium oxalate crystal deposition in the 
kidneys (Khan and Glenton, 1995) and urinary tract 
(Mandel and Mandel, 1989) are two long-term effects of 
oxalate-containing foods. Furthermore, eating foods high 
in oxalate reduces calcium bioavailability (Amalraj and 
Pius, 2015). Ascorbic acid, glycine, and dietary oxalate are 
thought to be the main sources of urinary oxalate (Holmes 
and Assimos, 1998). Increased urinary oxalate, calcium, 
uric acid, and cysteine levels may aggravate kidney stone 
formation (Heilberg and Goldfarb, 2013).  

Chronic kidney disease affects 10% of the world's 
population, with over 2 million people currently relying on 
dialysis or a kidney transplant to survive (Thomas, 2019). 
In developed countries with universal health care and large 
elderly populations, more than 80% of all kidney failure 
patients receive treatment (Jha et al., 2013). The number 
of cases of kidney failure will increase disproportionately 
in developing and low-income countries, where treatment 
with dialysis or kidney transplantation is prohibitively 
expensive, resulting in the death of over a million people 
each year from untreated kidney failure (Jha et al., 2013). 
The prevalence of kidney stone disease is variable by 
country, age group, gender, and race as shown in Figures 
1, 2, 3 and 4 and Tables 2 and 3 (Chen et al., 2019; 
Romero et al., 2010; Chukwuonye et al., 2018). 
 
 

Oxalate's economic impact 
 

According  to   global   facts   about  kidney  stones,  chronic 

kidney disease treatment in the United States is likely to 
exceed $48 billion per year. Over the next decade, China's 
economy will lose $558 billion due to the effects of heart 
and kidney diseases on death and disability. In Uruguay, 
the annual cost of dialysis was close to $US 23 million. 
Chronic kidney disease costs more in England than breast, 
lung, colon, and skin cancer combined. Treatment for all 
current and new cases of kidney failure in Australia is 
estimated to cost $12 billion. It is estimated that one in 
every five men and one in every four women in the world 
aged 65 to 74 have chronic kidney disease 
(https://www.kidney.org/kidneydisease/global-facts-
about-kidney-disease). 
 
 
MECHANISMS OF CALCIUM OXALATE REDUCTION 
 
Physical, chemical, and genetic improvements can all help 
to reduce oxalates in food (Oscarsson  and Savage, 2007). 
Physical processes, such as cooking, boiling, and soaking, 
can be used to remove oxalates from food. Cooking may 
improve digestibility, palatability, storage quality, and 
make root crops safer to eat. Chemical processes include 
calcium salt treatments, petroleum ether etc. Crop genetic 
improvement could be a long-term solution to reducing 
oxalate in crop plants. 
 
 
Physical methods  
 
Oxalates can be removed from food through physical 
methods such as cooking, boiling, and soaking. Cooking 
root crops may improve digestibility, palatability, storage 
quality, and make them safer to consume. Boiling 
significantly reduced the level of anti-nutritional factors, 
resulting in higher food quality. Boiling seven taro corm 
accessions for 5 minutes, for example, reduced oxalate 
levels by 16-78%, tannin levels by 28-61%, and phytate 
levels by 17-41% (Lewu et al., 2009). Savage and 
Mårtensson (2010) reported that boiling can reduce the 
oxalate content of a food if the water used for boiling is 
discarded. Boiling may also cause significant skin 
(epidermal)  rupture  and  facilitate  the  leakage  of  soluble 
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Table 2. Distribution of kidney stone disease cases by age and sex variability in Nigeria 
(Chukwuonye et al., 2018). 
 

Age  Male Female Total Percentage (%) 

1-10 3 1 4 13.3 

11-20 2 2 4 13.3 

21-30 3 3 5 16.6 

31-40 4 4 8 26.6 

41-50 4 2 6 19.3 

51-60 1 2 3 10 

61-70 1 0 1 3.3 

Total  18 13 31 100 
 
 
 

Table 3. Prevalence (%) of kidney stone disease from population based studies in Nigeria 
(Chukwuonye et al., 2018). 
 

State  Year of study Sample size Percentage Male to female ratio 

Edo  2009 520 23.3 1.9:1 

Osun  2008 454 12.3 1:0.8 

Enugu  2013 1941 11.4 1.6:1 

plateau 2013 510 2.5 1.8:1 

Abia  2014 328 13.4 1.4:1 
 
 
 

 
 

Figure1. Prevalence (%) of kidney stone disease by gender and age group in United State 
of America (Chen et al., 2019). 

 
 
 

oxalate into cooking water (Savage and Mårtensson, 
2010). Cooking, as opposed to sun drying and soaking, is 
a better method for reducing oxalate concentration (Hang 
et al., 2011). Baking reduces the proportion of soluble 
oxalates from 73.90% fresh taro leaves to 21.50% in baked 
leaves (Oscarsson and Savage, 2007). Baking with milk 
further reduced oxalate levels to 21.40% of total oxalates 
(Zelalem and  Shisho, 2017). Boiling mainly affects the 
soluble oxalate content of food but not the insoluble 
oxalate (Zelalem and Shisho, 2017). Baking a food on the 

other hand will result in an effective concentration of 
oxalates in the food due to water loss from the baked food 
(Shimi and Haron, 2014). Other physical methods to 
reduce the content of soluble oxalates include soaking, 
germination, and fermentation. 
 
 
Calcium treatments   
 
Consumption   of   high-calcium   foods,   the    addition   of 

 

Figure1.Prevalence (%) of kidney stone disease by gender and age group in United 

State of America (Chen et al., 2019) 
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Figure 2. Prevalence (%) of kidney stone disease by gender and race in United State of America 
(Chen et al., 2019). 

 
 
 

 
 

Figure 3. Iran kidney stone prevalence (%) by age group (Romero et al., 2010). 
 
 
 

calcium during cooking, or the addition of calcium salts 
during food manufacturing is other methods for converting 
soluble oxalates to insoluble oxalates. For instance, 
soaking in a 10% w/w baking soda solution for 2 hours, 

followed by 60 minutes of boiling at 90oC (Oscarsson and 
Savage, 2007), is the best condition for calcium oxalate 
reduction. The addition of calcium from milk during the 
cooking  process,  or  calcium  salts  during  manufacturing, 

America (Chen et al., 2019) 

 

Figure2.Prevalence (%) of kidney stone disease by gender and race in United State of 

America (Chen et al., 2019) 

America (Chen et al., 2019) 

 

Figure 3. Iran kidney stone prevalence (%) by age group (Romero et al., 2010) 
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Figure 4. Turkey kidney stone prevalence (% ) by age group (Romero et al., 2010). 
 
 
 

for example, able to convert the soluble oxalates into 
insoluble oxalates (Faudon and Savage, 2014; Simpson et 
al., 2009). Calcium salts are widely accepted and used as 
acidity regulators, firming agents and stabilizers in 
processed foods (Msagati, 2013; Saltmarsh and 
Saltmarsh, 2013). A decrease in total soluble oxalate 
content of corms was reported during storage (Dana et al., 
2017). Pre-treatments caused a reduction in anti-nutrients 
while the use of salt during pre-treatment further reduced 
the anti-nutrient content (Abiodun and Akinoso, 2014; 
Haileslassie et al., 2019; Haripriya et al., 2017). 
 
 
Genetic improvement 
 
Increasing the phytonutrient content of plant through 
selective breeding or genetic improvement is an effective 
disease prevention dietary option. However, the majority, 
if not all, of these bioactive compounds are bitter, acrid, or 
astringent, making them unpleasant for the consumer. 
Some have long been thought to be plant-based toxins. As 
a result, the food industry removes these compounds from 
plant foods on a regular basis through selective breeding 
and a variety of debittering processes. This creates a 
difficulty for functional food designers because increasing 
the content of bitter phytonutrients for health may be 
incompatible with consumer acceptance (Drewnowski and 
Gomez-Carneros, 2000). 

The genetic diversity of taro germplasm is relatively 
higher, and leveraging this diversity could lead to the 
development of cultivars with improved disease 
resistance, yields, and corm quality. Several taro corm 
quality characteristics are highly variable and are almost 
certainly genetically determined (Lebot et al., 2004). The 
presence of low acridity (oxalate) is one of the most 
notable characteristics of this corm among those found in 
taro. Oxalate is a quantitative trait determined by a large 
number of genes with minor and cumulative effects. The 
research also confirmed that 25 putative genes are 
responsible for oxalate formation in spinach plants (Cai et 
al., 2018). Uracil and glycol–protein lectin have been 
identified as compounds that could explain the taro 
mucilage's acridity (Miyasaka et al., 2019). 

Plants with high calcium oxalate content, such as 
spinach, have lower calcium bioavailability than plants with 
low calcium oxalate content, such as kale. Efforts have 
been made to identify germplasm (Ritter and Savage, 
2007), growth conditions (Rahman and Kawamura, 2011; 
Rahman et al., 2010), breeding practices (Libert and 
Franceschi, 1987), and food preparation practices 
(Moreau and Savage, 2009) that result in taro plant with 
lower oxalate content. Otherwise, genetic modification 
may be able to reduce the oxalate content of plant foods 
(Nakata and McConn, 2007). 

The oxalate content of plants is determined by the 
growing season (Rahman  and  Kawamura, 2011; Rahman 

Figure 3. Iran kidney stone prevalence (%) by age group (Romero et al., 2010) 

 

 

Figure 4. Turkey kidney stone prevalence (% ) by age group (Romero et al., 2010) 
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et al., 2010). According to research, the summer grown 
spinach cultivar contained more oxalate than the autumn 
grown cultivar (Ghosh Das, 2011). Genetic variation 
studies for oxalate content in a Rheum genotype collection 
(Libert, 1987b) also revealed phenotypic variation of 
oxalate in rhubarb petioles. The same authors stated that 
low heritability and a long interval between generations are 
negative factors for future breeding of low-oxalate rhubarb 
cultivars. Low-oxalate genotypes, on the other hand, have 
vigorous growth and normal levels of titratable acidity 
(Libert, 1987b). Many studies have reported significant 
differences in oxalate content among crop species. For 
instance, Ajibola and Olapad, (2016) reported a significant 
difference in oxalate content among Africa yam bean seed 
accessions. Otegbayo et al. (2018) also reported yam 
varieties with an oxalate to calcium ratio of less than one 
suggesting calcium bioavailability in yam is cultivar-
dependent due to oxalate content. 

Plants have an uneven distribution of oxalate. For 
example, the leaves have the highest oxalate 
concentration, followed by the seeds, while the stems have 
the lowest (Libert, 1987b). According to studies, plants like 
Amaranthus (Bressani et al., 1993), Spinacia oleracea and 
Beta vulgaris (Concon, 1988; Fassett, 1973) have lower 
levels of oxalates in their petioles (stalks) than in their 
leaves. The quantity of oxalic acid in leaves is higher than 
in petioles in the buckwheat family, which includes Rheum 
rhabarbarum (rhubarb) (Libert, 1987b). According to 
Lilbert, (1987b), the oxalate content of rhubarb petioles 
increased with age, whereas rhubarb grown under forcing 
conditions accumulates less total oxalate but more water-
soluble oxalate than rhubarb grown in the field. 

The tropical root crops like Colocasia esculenta and 
Ipomoea batatas were found to have total oxalate content 
ranging from 278 to 574 mg/100 g FW (Holloway et al., 
1989) and 470 mg/100 g FW (Mosha and Gaga, 1999), 
respectively. Total oxalate levels in Dioscorea (true yam) 
tubers were reported to range from 486 to 781 mg/100 g 
DW (Wanasundera and Ravindran, 1994), but this may be 
of little nutritional concern because 50 to 75% of the 
oxalates were in the water-soluble form and thus may 
leach out during cooking. 
 
 

SUMMARY AND CONCLUSION 
 
Taro is an annual herbaceous plant in the oxalate-rich food 
group. It is primarily grown for the corm, which is a staple 
food for millions of people. Oxalic acid is a naturally 
occurring plant metabolite that is found in all plant-derived 
human diets. It is becoming more widely recognized as a 
food toxin with detrimental effects on human nutrition. 
Consumption of oxalate-rich foods reduces nutrient 
bioavailability and contributes to kidney stones. Chronic 
kidney disease affects 10% of the global population, with 
over two million people currently requiring dialysis or a 
kidney transplant. The treatment of kidney and related 
diseases   requires  a  significant  financial  investment  that  

 
 
 
 
not everyone can afford. Oxalates, on the other hand, can 
be removed from food using physical methods such as 
cooking, boiling, and soaking. Cooking root crops may 
improve digestibility, palatability, storage quality, and 
safety. Soaking, germination, and fermentation are some 
other physical methods for reducing oxalate content. 
Consumption of high-calcium foods, as well as the addition 
of calcium during cooking, helps to reduce oxalate in our 
food. Crop genetic improvement could provide a long-term 
solution for lowering oxalate levels in crop plants. Using 
genetic engineering, oxalate-free varieties can be created. 
To conclude, people who have a history of kidney stones 
should avoid oxalate-rich foods. Boiling can reduce the 
soluble oxalate content of a food if the cooking water is 
discarded. Understanding the metabolism of oxalate can 
help farmers improve their crops. This review lays the 
groundwork for breeding taro cultivars with lower oxalate 
levels. In general, breeding to improve Taro oxalate level 
is an untapped opportunity that must be addressed. 
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