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Abstract: Problem statement: Boric acid is a pesticide usually used to kill mites, fungi, plants and 
insect including fleas, termites, cockroaches and wood decay fungi. Besides, it was also used in many 
fields such as food preservative, in newborn baby’s nurseries and antiseptic. Many reports indicated 
that boric acid poisoning occurred due to the misuse of household product and illegal use of boric acid 
in food product. In this study, the concern issue was the usage of boric acid that may lead to boric acid 
poisoning. Approach: This review had shown some information for boric acid such as its usage, the 
existent method for detection of boric acid in food. Besides, this review also discussed about the 
toxicology and pharmacokinetic of boric acid and the health impact of boric acid on human and 
animal. Result: Previous studies showed that food products such as yellow noodles contain boric acid. 
The boric acid level in most foods was different among the factory and the production period. It is due 
to the lack of standard measurement during the processing. Conclusion: Since boric acid was harmful 
to human health and may cause poisoning, hence, the control and the awareness of the usage of boric 
acid especially in food should be increased. There are numerous methods available for quantification 
of boric acid such as mannitol titration technique, colorimetric method. Accordingly, the analysis of 
boric acid is essential. 
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INTRODUCTION 

 
 Boric acid (H3BO3) is a boron compound which is 
soluble and circulate in plasma (Di Renzo et al., 2007). 
It is a colorless, water-soluble, salt-like white powder, 
which have been used as pesticide since 1948. 
Normally, it is used to kill mites, insects, fungi and 
algae. For instances fleas, cockroaches, termites and 
wood decay fungi (Cox, 2004; Woods, 1994).  
 Borate chemicals and boric acid have been used 
extensively for industrial purposes and its salts have 
been used for medication as an antiseptic to kill bacteria 
and fungi. Normally, it is used in the form of powder 
and liquid; depending to the target and conditions of 
pest, boric acid might applied as a spray or aerosol, as 
well as in the form of tablets, granule, pellets, paste or 

crystalline (United States Environmental Protection 
Agency, 1993). 
 Boric acid plays a role as a “stomach poison” for 
certain pest such as cockroaches, ants and termites. As 
an insecticide, it usually applied in bait form or used as 
a dry powder in which containing a feeding attractant 
and then added into crevices and creaks so that it forms 
a layer of dust (United States Environmental Protection 
Agency, 1996). So boric acid adheres to their legs when 
the insects move across the powder. Hence, they may 
ingest the poison when the insects groom themselves. 
This will causes death due to starvation and dehydration 
after 3-10 days (Woods, 1994). However, the 
insecticide mechanism of boric acid on insects has not 
been satisfactorily developed. Some hypotheses has 
been suggested including death by starvation owing to 
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abrasive effect on the cuticle then cause destruction or 
slow drying of foregut cells (Habes et al., 2006; 
Cochran, 1995). 
 Besides that, when boric acid used as an herbicide, 
it desiccates or disrupts the photosynthesis system in 
plants. Hence, boric acid is normally used to suppress 
algae in swimming pools and sewage systems (Cox, 
2004). On the other hand, as a fungicide, the fungicidal 
properties of boric acid prevent the production of 
conidia or asexual spores of the fungi; hence, it 
suppresses the growth of fungi. Therefore, boric acid is 
used as wood preservative in wood industry such as 
lumber and timber products that controls decay 
producing fungi (Woods, 1994; Clausen and Yang, 
2007).  
 Boric acid is reported to be used as food 
preservatives in some foods and food products. Boric 
acid is used for preserving meats, meat products, caviar 
and dairy products (Arslan et al., 2008). This is because 
boric acid is able to inhibit the growth of 
microorganism, therefore, the preserved food can stay 
fresh and longer (Normah et al., 1984). Moreover, 
according to Yiu et al. (2008), boric acid was added to 
some food products to control starch gelatinization, as 
well as enhance the color, texture and flavor of the 
food.  
 However, because of boric acid contains cumulative 
toxicity, FAO/WHO Expert Committee declared that 
boric acid is unsafe to use as food additives. Even though 
Ministry of Health Malaysia (MDC Legal Advisers, 
2004) does not allow boric acid to be used as a food 
additive, however, it has been reported in some of the 
local foods in Malaysia such as yellow noodle and fish 
ball (Siti-Mizura et al., 1991). Moreover, boric acid is 
harmful to human health if consumed in higher amount. 
However, due to unawareness of the risk of boric acid, it 
is continued to be used in the production of food 
especially noodles and some processed seafood such as 
fish ball (Yiu et al. 2008). 
 The idea of this review is to focus on the usage of 
boric acid especially in food. It also provides some 
information for boric acid, such as the current methods 
for the detection of boric acid in food. Besides, this 
review highlights the toxicology and pharmacokinetic 
aspects of boric acid and its health impact on human. 
 
Table 1: Level of boric acid in some local foods 
 Boric acid  
Food products concentration mg kg−1 Reference 
Fish ball 130-926 ppm Normah et al. (1984)  
Kueh teow noodle 161-489 ppm Normah et al. (1984)  
Agar-agar strips 918 ppm Siti-Mizura et al. ( 1991) 
Fresh prawn 347 ppm Siti-Mizura et al. (1991) 
Mango (pickled) 819 ppm Siti-Mizura et al. (1991) 

Case reports: Many countries such as United 
Kingdom, Thailand, China as well as Malaysia, have 
banned the use of boric acid for food preservation. 
However, boric acid is still being used as food 
preservative in Malaysia. A number of reports had 
come out from some local institutions; they tested some 
Malaysian raw food products to evaluate boric acid 
level. The reports showed that various local foods 
contain boric acid such as yellow noodle, koay teow 
noodle, loh see fun noodle, fish ball, agar-agar strips as 
shown in Table 1 (Normah et al., 1984; Yiu et al., 
2008; Siti-Mizura et al., 1991). Moreover, many reports 
also found in local newspaper such as The Star and 
New Strait Time regarding to the incident usage of 
boric acid in some local foods in Malaysia. 
 According to Yiu et al. (2008), the concentration 
level of boric acid in the tested food was different over 
time and the manufacturers. The amounts of boric acid 
added by some individual manufacturers were 
inconsistent and vary from time to time. This is because 
there was no consistency in measurement of boric acid 
being added to the foods by some small-scale 
producers. Moreover, different workers could be 
handling the addition of boric acid at different 
production periods. Besides that, amounts of boric acid 
added by some individual manufacturers are based on 
approximation rather than exact measurement. Non-
uniform or poor mixing of boric acid with the flour and 
other ingredients during the production process can also 
cause variation in concentration. In other words, this 
non-uniformity in concentration over time is attributed 
to poor control in boric acid usage.  
 Based on a case report purposed by Hamilton and 
Wolf (2007), perhaps owing to the problems of quality 
control procedures during manufacturing process of the 
noodles, incident of boric acid food poisoning was 
reported in Malaysia during 1988 at Nine Emperor 
Gods Festival. Most of the victims were children aged 
between 2.5-11 years were died in this incident. The 
victims were affected by excess ingestion of boric acid 
and also the aflatoxin contamination was a factor. In 
loh see fun noodle. Boric acid was used during the 
final production stage of loh see fun noodle to 
enhance the color, texture, flavor and crunchiness of 
the noodle (Chao et al., 1991; Cheng, 1992). This 
incident implied that boric acid was used illegally in 
this area (Strong et al., 2001).  
 Besides, boric acid poisoning may occur if the 
handling process was carried out in improper way. 
Borate compound such as boric acid used as aqueous 
solutions in household disinfectants, cleaners, 
pesticides and medical therapy. For medical purpose, 
ointment and skin powders applied for diaper rash and 
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burns treatments. Moreover, it also used for body 
cavities as irrigants (Cox, 2004; Hamilton and Wolf, 
2007; Strong et al., 2001). According to Heindel et al. 
(1997), boric acid was reported to be used for medicinal 
and no medicinal purpose. It is used to treat skin 
infections as an antiseptic. However, documented 
report was shown that deaths have happened usually 
involve young children and newborn baby. This is 
because they are possible to exposure to these 
household products. Some cases caused by the 
treatment of diaper rash by using boric acid powder 
have been reported. It caused fatalities and accidental 
poisonings of infants (Baliah et al., 1969). Reported 
symptoms of acute exposure of infant and children 
included diarrhea, vomiting, erythematic, exfoliation, 
desquamation of the skin and central nervous system 
irritation (Strong et al., 2001). In additional, it was 
reported that death incident had occurred in the 
preparation of infant’s formula where it contained 2.5% 
of aqueous solution boric acid instead of sterile water 
(Hamilton and Wolf, 2007; Wong et al., 1964).  
 Many case reports regarding to the dangerous and 
boric acid poisoning have been reviewed. The 
poisoning incidence happens in everywhere and 
perhaps the common forms of toxicity is because by 
ingestion of food and mishandling. Therefore, with the 
consideration of medical purpose, the applications of 
boric acid should be prevented due to the potential 
lethality and toxicity of borates compound. Besides, 
explanation and awareness of its toxicity is essential 
because of the exposure in industrial and consumer 
exposure to boron (Sabuncuoglu et al., 2006). 
 
Pharmacokinetic features: Review about 
pharmacokinetic of boric acid had been purposed 
previously, hence, the kinetic properties of boric acid 
were summarized in this review. According to Baselt 
(2004), boric acid is an inorganic acid. It was easily 
absorbed via broken skin surface and mucus 
membranes (Hamilton and Wolf, 2007; Murray, 1998). 
Few studies reported that boric acid is entirely absorbed 
by the oral route in humans and animals. Moreover, 
serum boron concentration also indicates boric acid was 
100% and quickly absorbed (Moore, 1997). This 
suggests that borate compound is not strongly bound by 
body proteins or tissues. Since boric acid is water 
soluble compound, it is widely distributed in body 
tissues, such as brain, liver and kidney (Murray, 1998; 
Moore, 1997).  
 Besides, some studies have indicated that absorbed 
boric acid is rapidly dispersed all over the body water 
through passive diffusion in both animals and human. 
As shown from in vivo clinical study, through the direct 

contact of boric acid to the skin, dermal absorption of 
boric acid was much lower than the absorption of boric 
acid into human via dietary intake. This suggested that 
the boron compound might not be able to pass through 
the skin in humans or animals (Strong et al., 2001; 
Murray, 1998; Goldbloom and Goldbloom, 1953; 
Pfeiffer et al., 1945; Valdes-Dapena and Arey, 1962). 
 Boric acid and borates are not metabolized beyond 
the boric acid structure B (OH3) because it needs high-
energy to break the boron-oxygen bond (Murray, 1998; 
Ku et al., 1991; Naghii and Samman, 1997). 
Nevertheless, borate compound forms reversible 
coordination bonds with some biological chemicals 
that contain adjacent hydroxyl groups such as 
mannitol (Woods, 1994; Strong et al., 2001). It is 
eliminated largely unaltered, mainly by kidney, 
through glomerular filtration as in animals and 
humans. Therefore, boric acid is mainly excreted in 
the urine as the regulation of boric acid is basically 
regulated by the kidney during homeostasis process 
(Kot, 2009; Sutherland et al., 1999).  
 In human, it is reported that the excretion half life 
of boric acid is between 13 and 21 h, whereas for rats, 
the elimination half life is 4.6 h. Study In humans was 
reported that after 96 h administration of boric acid, 
around 92-94% of boric acid might excrete in the urine 
whereas in rats, it is absorbed completely within 24 h 
(Strong et al., 2001; Kot, 2009; Jansen et al., 1984a; 
1984b; Usuda et al., 1998). According to Ku et al. 
(1991) and Kot (2009) in animals bone is the only 
tissue in which boron accumulates significantly above 
blood level instead of soft tissue.  
 
Toxic effects of boric acid: Boric acid normally used 
for preservation of food products. It can cause to health 
problem if the food containing boric acid was ingested 
by human as boric acid and borates are toxic to cell. 
Hence, it is deleterious to health and its usage is not 
recommended (Yiu et al., 2008). For new born baby, 
the possible lethal doses are in between 3-6 g, whereas 
15-20 g total for adults (Litovitz et al., 1988). The 
common symptoms from several incidents of boric acid 
poisoning included coughing, eye irritation, vomiting 
and  oral irritation (Baker and Bogema, 1986). 
However, the toxicity mechanisms of boron compound 
remain unclear (Kot, 2009). According to Moseman 
(1994), the usual amount of boron in urine, blood and 
soft tissues, normally in the range below 0.05 mg kg−1 
and do not above 10 mg kg−1. Some boric acid 
poisoning cases reported that as high as 2 g kg−1 boric 
acid was found in liver tissue and brain (Kot, 2009; 
Moseman, 1994). 
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Table 2: Boric acid acute toxicity profile (United States 
Environmental Protection Agency, 1993) 

Acute toxicity Toxicity level  
Acute oral toxicity/rat LD50 = 3.5-4.08 g kg−1 
Acute oral toxicity/beagle dog LD50>0.631 g kg−1 
Acute dermal toxicity/rabbit LD50>2 g kg−1 
Acute inhalation toxicity/rat LC50>0.16 mg L−1 
Acute eye irritation toxicity/rabbit Conjunctiva irritation clearing by day 4 

 
 From laboratory testing, toxicity of boric acid is 
quite low when ingested. In mice,   it   is   around 
3450 mg kg−1 for acute oral LD50, whereas for rats the 
range is between 2660-5140 mg kg−1. Meanwhile, for 
inhaled boron compounds, it has low inhalation toxicity 
with  the  LC50  values  in mice 0.89-21.1 mg L−1 
(Smyth et al., 1969; Weir and Fisher, 1972). Table 2 
shows the acute toxicity profile for boric acid. In 
rabbits, boric acid is poorly absorbed across intact 
skin, the LD50 value in rabbits was more than 2 g kg−1 
when applied to skin. However, the absorption 
increases in damaged or burned skin. Therefore, boric 
acid was classified as very low toxicity for skin 
irritation (Hamilton and Wolf, 2007). 
 For cancer effect studies, boric acid was classified 
as a group E carcinogen by the US EPA. However, 
boric acid is not considered a potent human 
carcinogen based on laboratory animals test which 
showed that boric acid is no carcinogenicity (United 
States Environmental Protection Agency, 1993). These 
studies  were  based  on chronic feeding on rats 
(Strong et al., 2001; Weir and Fisher, 1972). Moreover, 
few reports stated that there was no proof to show for the 
potential of boric acid to cause mutation according to in 
vivo and in vitro study (Strong et al., 2001; Benson et al., 
1984; Landolph, 1985). 
 Many reviews and case reports had provided 
information of boric acid regarding to the effects in 
humans from exposure to inorganic borates (Culver and 
Hubbard, 1996). The chronic “No Effect’ levels for 
humans was reported to be about 1 g day−1 of boric acid 
(2.5 mg B kg−1 day−1) and approximately 5 mg B kg−1 
day−1 was reported for the chronic adverse effect level. 
It was according to the symptoms of anorexia, 
indigestion and exfoliative dermatitis (Strong et al., 
2001).  
 Several studies on mice and rats reported that boric 
acid has toxicity to the male reproductive system (Weir 
and Fisher, 1972; Lee et al., 1978). When the tested 
animals were exposed to low level of boric acid, the 
quantity of the sperm that produced by the animals 
were reduced than unexposed animal (Cox, 2004). 
Meanwhile boric acid suppressed the sperm release 
from testes when the animals were treated with high 
amount of boric acid and causes atrophy. This is 

attributed to the fact that boric acid causes degeneration 
of the spermatogenic epithelium, it inhibits the DNA 
formation in sperm cell and hence, reduces fertility and 
sterility. It impairs fertility in male rodents (Cox, 2004; 
Ku and Chapin, 1994). However, based on a report 
from US EPA 1993, the exact mechanism of action by 
which inhibition of spermiation take place in vivo have 
not been characterized completely. According to a 
report from Ku et al. (1991), chronic exposure of boric 
acid in animal may cause central nervous system 
problem, cutaneous disorder and retarded growth 
(Pfeiffer et al., 1945; Weir and Fisher, 1972; Lee et al., 
1978; Roe et al., 1972). 
 Boric acid will form stable complexes with 
hydroxyl compounds such as carbohydrate components 
(Cox, 2004; Hamilton and Wolf, 2007; Strong et al., 
2001). Recent research findings suggested that boric 
acid might reduce ATP production in chick muscle 
(Geyikogglu and Turkez, 2007). In a study, boric acid 
caused a decrease of metabolite concentrations such as 
glucose, glycogen and lactate due to the formation of 
complexes among boron and hydroxyl compounds. 
Moreover, boric acid causes the damage of some parts 
of mitochondria. Lack of ATP metabolite and the 
defects of mitochondrial metabolism are harmful on 
cell survival and function, mainly in highly energy-
dependent tissues, such as skeletal muscle (Schapira, 
1998). It is well known that energy generation for 
supporting muscle contraction in cell is largely 
originated from mitochondria (Cogswell et al., 1993). 
Hence, destroyed mitochondria might be the reason for 
ATP reduction. According to Geyikogglu and Turkez 
(2007), 4.5 mmol B kg−1 body weight was fairly 
dangerous to muscle energy metabolism. 
 
Analytical method: Owing to the deleterious effect of 
boric acid to health, hence, monitoring and 
determination of boric acid level in foods is very 
important. Numerous methods are available to 
determine the level of boric acid either in food or in 
urine and blood samples.  
 According to Williams (2000) in order to detect 
boric acid in food, preliminary test by using turmeric 
paper was used. A strip of turmeric paper was 
immersed in acidified liquid samples and let the paper 
dry spontaneously. If the borate or boric acid is present, 
the paper turn from red to dark blue green color. 
Previously, the occurrence of borate in cerebrospinal 
fluid or urine specimen was determined by using 
turmeric acid paper test. However, the turmeric paper 
test eventually found to be unreliable because it might 
give false-positive result and is not satisfactory for 
quantitative measurements (Goldbloom and 
Goldbloom, 1953; Valdes-Dapena and Arey, 1962). 
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 Besides, titrimetric method was also used to 
determine boric acid in food (Williams, 2000). Solution 
of food samples was treated with lime water to convert 
the boric acid into free state. A standard alkali solution 
cannot be used for titrating a weak acid such as boric 
acid, hence, before titrated with NaOH, polyhydroxyl 
compound such as mannitol was added into the solution 
to form complexes to convert boric acid into a strong 
monobasic acid. A constant pink color will appear when 
phenolphthalein was added in the solution before the 
titration. Therefore, boric acid concentration in food 
sample was calculated using the titrated volume of alkali. 
According to Siti-Mizura et al. (1991), titrimetric was 
less sensitive and it requires a huge amount of food 
sample to analyze compared to spectrophotometric 
method.  
 Recently, spectrophotometric method is the most 
common and available method to access boric acid 
level. Based on spectrophotometric method that used to 
analyze boric acid in food have so far been described by 
many other researchers, for instances, atomic 
absorption spectrophotometric method (Williams, 
2000), colorimetric procedures using carminic acid and 
curcumin solution (Siti-Mizura et al., 1991; Williams, 
2000; Ogawa et al., 1979; Yoshida et al., 1989). The 
principle of this method is that the boron compound 
may react with curcumin in nonaqueous acid solution to 
form a color complex. The intensity of color is 
measured with a spectrophotometer to detect and 
quantitate boric acid. This procedure can be applied in 
food sample as well as for blood, urine and stomach 
contents. Assessment of this method implicated that the 
curcumin spectrophotometric method is simple and 
good in  quantitativeness,  the detection limit is about 
1 µg mL−1 as a concentration in the test tube (Williams, 
2000; Suzuki, 2005). According to Siti-Mizura et al. 
(1991), from practical point of view, curcumin 
spectrophotometric method is preferred because it 
proved to be accurate and gave the least variation. 
 Besides, curcumin spectrophotometric method 
have been improved by Yoshida et al. (1989) to detect 
boric acid content, so that it is appropriate to be used 
and to avoid the cases of boric acid poisoning. The 
detection  range of boric acid is between 10 µg mL−1 to 
5 mg mL−1. In this experiment, they extracted boric acid 
to 1 mL of the sample solution, then, sulfuric acid was 
added, along with 2-ethyl-1, 3-hexanediol/chloroform 
(an EHD solution) and then shook followed by 
centrifuged. The extract was then dehydrated with 
anhydrous sodium sulfate before used for the coloring 
reaction sample. The extract solution was added with, 
curcumin/acetic acid solution and concentrated sulfuric 
acid. After that, the mixture was mix thoroughly and 

left at room temperature for the formation of 
Rosocyanin. Next, the excess protonated curcumin was 
decomposed by adding with ethanol. Then, the 
absorbance was measured at 550 nm. 
 Besides the conventional methods that have been 
discussed, the concern of biosensor technique in food 
quality control and food industry is increasing nowadays. 
Development of biosensor provides another method to 
ease the analysis in industrial products. It gives benefits 
as alternatives to traditional methods. This is because of 
the special characteristic of biosensor such as fast 
response, simplicity and specificity (Keow et al., 2007; 
Mello and Kubota, 2002; Shan et al., 2007). Biosensor 
is an analytical tool that integrates selective biological 
recognition elements with an electronic transducer. The 
transducer produces a signal which is proportional to 
the analyte concentration into a quantifiable electrical 
response such as potential, light absorption and current. 
The response later will process as a readable output 
(Chaubey and Malhotra, 2002; Lei et al., 2006). 
Biological recognitions such as enzymes, antibodies, 
DNA and microorganisms are the key to specificity for 
biosensor technologies (Keow et al., 2007; D’Souza, 
2001). Meanwhile, the transducer of a biosensor, for 
instances potentiometric, amperometric, Ion-Sensitive 
Field Effect Transistors (ISFETs), calorimetric and 
optical device was used to monitor the reaction of the 
biological compound for analyte target (Mello and 
Kubota, 2002; Shan et al., 2007) Hence, with the 
current potential and situation of biosensor technology, 
its application in determination of boric acid as a novel 
tool could be further developed. 

 
CONCLUSION 

 
 As a conclusion, commonly boric acid is used as a 
chemical preservative in food products to prevent 
alteration and degradation of food product by 
microorganisms to enhance the quality of the products. 
However, excessive addition of these preservatives 
prove to be harmful to consumers, due to the tendency 
of boric acid to induce some adverse health problems 
such as coughing, eye irritation, vomiting, difficulty 
breathing and even death. It can cause toxicity to the 
cell. The usage of boric acid in other fields such as 
household and nurseries should carry out in proper way 
to avoid boric acid poisoning. Since the boric acid 
usage is not recommended in foodstuff, it is essential to 
monitor boric acid levels in foodstuffs in view of their 
importance for human health and food safety. 
Therefore, the development of suitable and inexpensive 
analysis methods of these preservatives is also been 
needed for food safety. Current development of 
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analytical method, biosensor may offer such 
advantages. It was played a role as diagnostic devices 
for rapid, sensitive and inexpensive tool to analysis 
boric acid so to reduce the usage and the abuse of using 
boric acid to make food product. 
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