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ABSTRACT

Honey is sought globally for nutritional and therapeutic purposes because of the several chemical
constituents that are abound in it. Some of these chemicals such as the anti-nutrients are defensive
metabolic byproducts of plants from which bees obtained the nectars for honey production. This study was
undertaken to determine the cyanide, oxalate, phytate, tannin and saponin compositions of honey samples
from four North Central States of Nigeria. Anti-nutrients were analyzed following the Standards of
Association of Official Analytical Chemists protocol for anti-nutrient compositions. Data obtained were
compared using One-Way Analysis of Variance (ANOVA) and the means were separated using Fischer’s
Least Significance Difference (LSD). The results showed that cyanide, phytate and tannin were present in
all the four honey samples while oxalate and saponin were only present in two of the honey samples,
though at varying concentrations each of them. All anti-nutrient except cyanide are within tolerable limit for
human consumption. There were significant differences (p<0.05) in each of the anti-nutrient’s
concentrations across the honey samples. The study showed that location and geographical region
significantly influence honey’s anti-nutrient compositions as well as their concentrations.
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INTRODUCTION
Honey is the natural sweet substance produced foraged plants (Spanik et al, 2014). This is
by honey bee (Apis spp) from the nectar of plants because nectars are derived from plant phloem
or from secretion of living parts of plants or sap and their exact composition varies
excretions of plant sucking insects on living parts tremendously based on plant species as well as
of plants, which bees collect, transform, deposit, environmental factors like pollution and soil
dehydrate, store and leave in honey comb to nutrients (Spanik et al., 2014). A number of plant
ripen and mature (CAC, 2001). It is a secondary metabolites are known to act as
supersaturated sugar solution and the unique means of defense against herbivorous insects,
combination of its components makes it a priced pathogens as well as adverse growing
addition to diet (David, 2007). Apart from its conditions. These are secreted in the plant saps
worldwide nutritional acceptability, honey had and accumulate in pollen and nectar at a level,
been found useful in management of wound, which could significantly alter the chemical
which enables healing and prevents the spread properties, or compromise the safety of honey
of infection to other body tissues (Oyeleke et al., produced from such plant’s nectars (Brian, 2015).
2010). Apart from its nutritional compositions it A group of such plant metabolites known as anti-
has other several phytochemicals (Kaskoniene nutrients is often neglected when setting safety
and Venskutonis 2010). Honey is widely sought standards for honey meant for consumption. Anti-
after not only because of its nutrients but nutrients or anti-nutritional factors are substances
sometimes because of it medicinal and health synthesized in plant by normal metabolisms or by
properties due to its phytochemicals (Buba et al., other mechanisms (Akande et al., 2010). They
2013). are capable of precipitating deleterious effects in
man and animals by reducing nutrients
Phytochemicals in honeys are influenced by the availability and utilization (Shanthakumari et al.,
nectar composition and geographical location of 2008). They largely determine nutrients
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bioavailability in humans as they interfere with
the process of digestion, absorption and
assimilation of intake food nutrients (Okaka and
Okaka, 2005; Gilani et al., 2012).

Despite the fact that honey is widely consumed
because of its accepted nutritional value (Buba et
al., 2013), there is dearth of sufficient information
on the anti-nutritional factors in them. This study
was therefore undertaken to evaluate the anti-
nutrient compositions of honey samples from
Nasko, Warra, Lafiagi and Dongu Daji in Niger,
Kebbi, Kwara and Kaduna States Nigeria,
respectively.

MATERIALS AND METHODS

Sample Collection

Honey samples used for this study were
purchased from local harvesters from four
different states in Nigeria; Warra in Kebbi State,
Nasko in Niger State, Lafiagi in Kwara State and
Dongu-Daji in Kaduna State, designated as
samples A, B, C and D, respectively. They were
separately collected in sterilized airtight glass
bottles and kept in dark cupboard and separately
analyzed at The Center for Genetic Engineering
and Biotechnology, Federal University of
Technology Minna, Niger State, Nigeria.

Determination of Phytate

Phytate was determined according to the method
described by Norhaizan and Nor Faizadatul Ain
(2009). To 20 ml of distilled water, 4.0 g of
sample A was added, stirred and filtered. Then, 5
ml of the filtrate was taken into the conical flask
and 4.0 ml of reagents containing 2.0ml of 0.03%
FeCls soluton and 2.0 ml of 0.3%
sulphosalicyclic acid was added until a brownish
yellow color persisted for 5 minutes. The
absorbance of the supernatant was measured at
500nm using a spectrophotometer (Bulk
Scientific AAS; Model: Accusys 211: USA). A
calibration curve for the colorimetric method was
obtained by using sodium phytate standards. The
same procedure was used for samples B, C and
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D. Three replicates were determined for each
sample.

Determination of Oxalate

The method described by Day and Underwood
(1986) was used in the determination of oxalate
in of each of the sample. To 10 ml of distilled
water, 2.5 g sample A was added in a corked
conical flask. Oxalate in solution was precipitated
with CaCl; as calcium oxalate. The precipitate
was then washed with 20 ml of 25% H2SO4 and
dissolved in hot water, then titrated with 0.05N
KMnOs to determine the concentration of oxalate
until a pink colour was observed (1 ml of 0.05N=
0.045 g oxalic acid) . The concentration of
oxalate was determined using expression (1).

TUXEQV XWT XDF X353
X100

concentration of axlalate =

Where TV = Titre Value; Eqv. Wt = Equivalent
Weight; D.F = Dilution Factor; 3.55 = Phytin-
Phorsphorus Factor; 100 = Conversion Factor to
mg/100g of sample and W = Weight of Sample.
Three replicates were determined for each
sample.

Determination of Tannin

Tannin was determined according to Van-Burden
and Robinson (1981) method. To 100 ml of
distilled water 5 g of sample was added in a
250ml beaker. This was shaken for 1 h in a
mechanical shaker. This was filtered into 100 ml
volumetric flask and made up to the mark. Then,
1ml of the filtrate was pipetted into test-tube and
mixed with 0.4 ml of 0.1M FeClz in 0.1N HCl and
0.008M potassium ferrocyanide. After 10
minutes, the absorbance was measured at 550
nm and the tannin concentration determined
according to expression (2)

(oncentration of tannin (mg/100g) {:\|=j—j x (5 %1000

AU = absorbance of unknown sample, AS =
absorbance of standard, CS = concentration of
standard, CU = concentration of unknown sample
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and 1000 = conversion factor to mg/100g. Three
replicates were determined for each sample.

Determination of Cyanide

Cyanide was determined by a modified
procedure of method described by Orjiekwe et al.
(2013). To 50 ml of distilled water, 10 g of sample
was added in a corked conical flask. The mixture
was subsequently filtered to obtain soluble
cyano-glucosides as filtrate. The filtrate was
mixed with Picric acid. In the presence of free
cyanide, picric acid is reduced to the coloured
isopurpuric acid, with the colour intensity directly
proportional to the concentration of free cyanide
originally present in the sample. Thereafter, the
absorbance of the solution was measured using
a spectrophotometer at wavelength of 510nm. A
standard calibration curve of absorbance against
cyanide concentration in HCN equivalent was
plotted. Three replicates were determined for
each sample.

Determination of Saponin

Total saponin in the samples was determined as
described by Arivalagan et al. (2013) with some
modifications. Sample A (1g) was mixed with 9
ml of water in a corked conical flask and
thoroughly stirred. Then, 5 ml of the solution was
dissolved in 2 ml of ethyl acetate, to which 1 ml
of 0.5% (v/v) p- anisaldehyde in ethyl acetate
and 1 ml of 50% (v/v) H2SOq in ethyl acetate was
added. Reaction mixtures were then incubated at
60°C for 10 minutes for colour development.
Saponin present in samples is deglycosylated via
acid hydrolysis, such that chromophore
development arises from total saponin +
sapogenin in a sample. After 10 min incubation,
each tube was placed in a cold tap water bath.
An aliquot of 0.5 ml of distilled water was added
to each tube. The absorbance of the colour
developed solution was measured in a
spectrophotometer at 430 nm. Diosgenin in 2 ml
ethyl acetate was used as standard. The same
procedure was used for samples B, C and D.
Three replicates were determined for each
sample.
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Statistical Analysis
Triplicate data of the samples were expressed as

mean * standard deviation and were subjected
to one-way analysis of variance (ANOVA) for the
concentrations of cyanide, phytate and tannin.
Then means were separated by Fisher's Least
Significance Difference (LSD) at p< 0.05. While
students’ t-test was used to compare the
concentrations of oxalate and saponin.

RESULTS

Anti-nutrient contents

The result of anti-nutrient contents is shown in
Table 1. Sample D has higher (p>0.05) cyanide
values (59.17 £ 0.19 mg/100g) when compared
to samples A, B and C. Oxalate was only
detected in samples C and D. The result also
indicated that sample A showed the highest
phytate concentration (961.20 + 28.71 mg/100)
and this was significantly different (p<0.05) when
compared with samples B, C and D. The
concentration of Tannin (42614 + 1143
mg/100g) in sample B was significantly higher
(p<0.05) as compared to that of samples A, C
and D. Saponin was detected in samples C
(14.47 + 0.11 mg/100g) and D (15.63 £ 0.10
mg/100g) only and the concentrations were
significantly different (p<0.05).

DISCUSSION

Anti-nutrients were detected in the honey
samples under investigation. These substances
are secreted by plants as anti-feedants against
insect herbivores. The anti-nutrient constituents
of the four honey samples showed that cyanide
concentrations ranged between 29.71 and 59.17
mg/100g. Cyanide in the honey samples was
higher than 0.005 mg/100g reported for honey
collected from Biase Southern Senetorial District
of Cross River State, Nigeria by Igbang et al.
(2018) and 18.99-19.13 mg/100g of honey
collected from Akure, Ondo State, Nigeria
(Adeniyi et al., 2016).
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Table 1: Anti-nutrient composition honey from four Northern States of Nigeria (mg/100g)

Sample Cyanide Oxalate Phytate Tannin Saponnin
(mg/100g)

A 29.71 +£0.012 ND 961.20 +28.712  390.32+ 3.832 ND

B 29.71 +£0.012 ND 75424 +29.46°  426.14 £ 11430 ND

C 3483+£0.080 370+£0.022 2229 +0.03¢ 329.49 £19.75¢ 14.47 £0.112
D 59.17£0.19c 472+0.01® 79.21+1.09¢ 27848+ 0.27¢ 15.63 £0.10°
LSDo.05 0.52 43.12 24.62

ND, not detected

The values given are means of triplicate analysis. Mean values in the same column with the same superscript letters are not

significantly different

The maximum recommended acute reference
doses (ARfD) for cyanide from consumption of
foods with cyanogenic glycosides in humans are
4.5 mg/60kg body mass (Abraham et al, 2016)
and 5.4 mg/60kg body mass (JECFA, 2012).
Thus, excessive consumption of this honey in a
single dose could result in cyanide toxicity.
Higher cyanide ions in human have been
reported to inhibit cytochrome oxidase, ATP
formation and energy generation as well as death
(Akyildiz et al., 2010). Chronic exposure to high
cyanide could also result in deficiency in amino
acid cysteine, vitamin B2 and iodine in human
(WHO, 2004).

Oxalate had the lowest quantity (3.70-4.72
mg/100g) among the anti-nutrients detected in
the honey samples. It occurs only in honey
samples from Kwara and Kaduna States. This is
similar to the finding of Igbang et al. (2018) who
did not detect oxalate in the honey sample from
Biase Southern Senetorial District of Cross River
State, Nigeria. The value of oxalate reported in
this study is lower compared to values obtained
for sweet and bitter honey (59.40-59.50
mg/100g) from Akure, Ondo State, Nigeria
(Adeniyi et al., 2016). Oxalate content in the
sampled honey in this study is lower than the
average of 200 mg/kg recommended for honey
(EMEA, 2003). It also fell below the range of 5-
500 mg/daily consumption reported for
Europeans diets (EMEA, 2003). Higher
consumption of oxalate in diet could result in
oxalic acid forming insoluble salts with divalent
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ions like Ca2*, Fe2* and Mg?* thereby rendering
them unavailable for absorption in human system
(Groff et al,1995). Consumption of moderate
oxalate in food, however, enhances immune
response to diseases and prevention of
cancerous cells growth (Hodgkinson, 1977).

Tannin concentrations (278.48-426.14 mg/100g)
in all the samples were higher than the tannin
levels (0.59 mg/100g) reported for samples
obtained from other regions of the country
(Ighang et al., 2018), but lower than the average
consumption of 1000 mg/day and 820 mg/100g
as obtained in the USA and Spain, respectively
(Chun et al, 2007; Tresserra-Rimbau et al,
2013). Tannin has a number of nutritional and
health benefits such as being an anti-oxidant,
cardio-protective,  anti-inflammatory,  anti-
carcinogenic and anti-mutagenic (Kumari and
Jain, 2012). Similarly, plants containing tannin
have been reported to be used for healing of
wounds, varicose ulcers, hemorrhoids, frost bile
and burn in herbal medicine. However at higher
concentrations, tannins may complex with food
thereby rendering digestive enzymes like trypsin,
chemotrypsin, amylase and lipase less effective
(Felix and Mello, 2000).

Phytate is the most abundant of the anti-nutrients
(22.29-961.20 mg/100g) tested for in this study.
Phytate constituent in this study is higher than
0.38 mg/100g reported for honey sample from
Biase Southern Senetorial District of Cross River
State, Nigeria (Igbang et al.,, 2018) and 1.98-
2.01 mg/100g reported for samples from Akure,
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Ondo State, Nigeria (Adeniyi et al., 2016). This is
also less than the average daily consumption of
2000-2600 mg and 150-1400 mg for vegetarians
and humans with mixed diets, respectively
(Reddy, 2002). Phytate in human diets
significantly lowers cholesterol and the risk of
coronary diseases (Klevay, 1974; Jeriwalla et al.,
1990). It also helps in the management and
prevention of diabetes as well as growth of
different cancer line (Yoon et al, 1983,
Thompson, 1993; Shamsuddin et al, 1996).
However, at higher consumption rate, phytate
has been associated with nutritional diseases
such as ricket in children and osteomalacia in
adults (Adeniyi et al., 2016).

Saponin content (14.47-15.63 mg/100g ) was
observed to be high when compared to 1.43-2.44
mg/100g saponin content of honey from Pakistan
(Khaliqur et al, 2013) and 3.05-3.15mg/100g
reported for sweet and bitter honeys from Akure,
Ondo State, Nigeria (Adeniyi et al, 2016).
Saponin rich diets are important in the control of
plasma cholesterol, prevention of peptic ulcer,
osteoporosis and reduction in the risks of heart
diseases (Gemede and Retta, 2014). However,
higher concentration of saponin in human diet
could reduce bioavailability of nutrients, enzyme
activity and protein digestibility (Liener, 2003).
The anti-nutritional compositions of honey
samples differ greatly according to their floral
sources, honey bee species, geographical area,
season, mode of storage and technology
(Cantarelli et al., 2008; Ebenezer and Olubenga,
2010). These factors may have influenced the
differences observed in the amount and types of
phytoconstituents detected in the honey samples
(Adeniyi et al., 2016; Igbang et al., 2018).

CONCLUSION

The study revealed significant differences in the
concentrations of various anti-nutrients in the
sampled honeys probably influenced by
differences in their botanical and geographical
origins. With the exception of cyanide that was
detected in samples C and D, all other anti-
nutrients were within the acceptable limits for
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human  consumption.  Therefore, it s
recommended that when choosing honey for
human consumption, the levels of the anti-
nutrients contents should be considered.
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