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ABSTRACT

Amygdalin is a phyto-toxin which occurs in manynplspecies, of which a number of species are usealhisumed
by humans. Hydrolysis of amygdalin to produce hgdro cyanide occurs during processing of plant foods
Consumption of food containing amygdalin and orniga can cause serious health problems to aninmasiding
humans. Amygdalin and cyanide were extracted fammaassava roots, cassava products, processedoimitLcts,
nuts, sorghum, cocoyam, bitter leaf, Africa starplep seeds and Cirina forda and determined using
spectrophotometric method. The level of amygdatid eyanide in some raw and processed Nigerian foeals
investigated in this study. Our results showed #matygdalin content of cassava roots ranged froomg/g to
48.3mg/g. Amygdalin was completely hydrolyzed &mice during processing of cassava roots to garmd dafun.

At each stage of garri and lafun production, amylgdavas not detected but cyanide was detected.clheide
content of processed cassava was relatively 0@19.1 ppm for garri and 3.5-13.2 ppm for lafunmygdalin
content of processed fruit products was very Idwe results showed that amygdalin and cyanide otsitef most

of the Nigerian foods analyzed in this study weng &nd are unlikely to cause health problems tosoamers if
adequately processed before consumption.
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INTRODUCTION

Amygdalin is one of the most common cyanogenic ggjdes. Cyanogenic glycosides are plant naturataok that
has the ability to produce toxic hydrogen cyanidencentrations of cyanogenic glycosides vary widelglants as
a result of genetic and environmental factors, tiooa season and soil types [1, 2]. Cyanide come#nhs vary
from one plant variety to another, for example agasnay contain 15 — 400 mg equivalent cyanide#shf weight.
Occasionally, some varieties of cassava tubers gnatain 1300 — 200 mg cyanide/kg fresh weight, easkava
leaves contain 1000 — 2000 mg equivalent cyaniderkg dry matter basis [3].

Enzymatic hydrolysis of cyanogenic glycosides iibkriplants occurs during the preparation of fodaisting food
processing, enzymg@-glucosidase from the plant is responsible for Hfiydrolysis of cyanogenic glycosides to
produce toxic hydrogen cyanide[4,5]. After foodéstion, glucosidases of the intestinal microflond,&o a lesser
degree, those of the liver are responsible forpmaluction of hydrogen cyanide from ingested cyamig plant
foods [6,7].
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Cyanide can be lethal to humans and the acuteidasehe region of 1 mg/kg body weight. Because ltbdy can
rapidly detoxify cyanide, an adult human can winst 50 — 60 ppm for an hour without serious conseces.
However, exposure to concentrations of 250 — 500fgen30 minutes is usually fatal. Clinical symptowfsacute
cyanide poisoning include; rapid respiration, diopblood pressure, rapid pulse, headache, dizzinessiting,

diarrhea, mental confusion, stupor, cyanosis, tiiig and convulsions [8]. Aside from death, acytnide toxicity
at small doses between 0.5 and 3.5 nfgkgdy weights can cause headache, tightness imtthand muscle
weakness [2].

In order to prevent cyanide toxicity, processinggedures such as peeling, grating, crushing, grgpdsoaking,
fermenting and drying have been used for centugeseduce potential toxicity of cyanogenic plantsfdoe

consumption. Amygdalin is the cyanogenic glycogidgponsible for the toxicity of the seeds of mapgcses of
rosaceae, such as bitter almonds, peaches, camsdegricots. Although the use of almond in manzipeoduction
is common, their preparation procedures shouldietite most of the cyanide [9]. Cassava, an impbdanrce of
carbohydrate for people in Africa and South Amerisaletoxified by chopping and grinding in runniwgter prior
to preparation. However, cases of acute cyanideopaig have been associated with inadequate pteparaf

cyanogenic plants such as apricot pits, bitter alilsp cassava and apple seeds [10]. Goitre andhismatidue to
iodine deficiency have been reported to be exatetbéy consumption of insufficiently processed esmas
[8].Hence, the aim of this study was to determime éffect of processing on the amygdalin and cyaomhtent of
some Nigerian foods.

EXPERIMENTAL SECTION

Food Samples

Freshly harvested cassava roots used in this stedy obtained from Ladoke Akintola University ofch@ology
farm, Ogbomoso, Nigeria. Cocoyam, eggplant (garelgy), bitterkola, kolanut, Cirinafordanpnimon), African
star apple dgablumg, watermelon, bitter leaves, sorghum, golden dri& apple, mango and pawpaw were
purchased from local market in Ogbomoso, Oyo sfdigeria. Moringa seeds, almond fruits were obtdifrem
local farmers in Ogbomoso Southwest, Oyo state Mdigdhe fruits were cleaned and their seeds wengoved
using a knife. The seeds were dried in an ovellQB0r 1 hr and stored overnight in airtight congiruntil
extraction.

Chemicals and Reagents

Amygdalin (98%purity) was purchased from Sigma Addy UK, ethanol (98%)from BDH Chemicals Ltd Poole,
England, diethyl ether (98%)from Surechem Produdts Needham market, Suffolk England. Polypropylene
plastic, Whatman Nol filter paper were all purcldaem Rite laboratory, Ogbomoso, Oyo State, Nl other
reagents were of analytical grade.

Production of Garri

Cassava roots were peeled with a knife and washsehvieral changes of clean water to remove dintyghes. They
were then coarsely grated with the help of a gnatachine. The grated cassava was collected irspdks and left
to ferment for four (4) days.The fermented cassaesh was pressed by the means of jacking machirentove
water. The pressed cassava mash was sieved to eeimevibres by means of a sieve and heated witistaat
stirring in wide, shallow, non-stickly metal paiilsit beaome light crisgyarri. Thegarri was cooled and stored in
an air tight container prior to analysis. The fl®vadt for the production ajarri is presented in Fig. 1.

Cassava roots (15kg)

Peeling

v
Cleaning
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Grating

Jagking

Fermentation (4 days)

Sigving

Heating

Coopling

Storage
Figure 1: Flowchart for garri production

Cassava,tubers (15kg)

Pegling

Soaking

Fermentatjon (4 days)

Drying (sun drying ar cabinet drying at’'C$

Milling

Cassava Ylourlgfun)

Figure2: Flowchart for the production of cassava flour (lafun)
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Production of Cassava Flour (lafun)

Freshly harvested cassava roots were soaked inr\ratiele a container for four days to facilitateortugh
fermentation and softening of cassava roots. Thadated cassava roots were sun dried for five dajed and
stored in an airtight container prior to analy3ise flowchart for the production of cassava flaipresented in Fig.
2.

Production of Sorghum Ogi

Sorghum ogi was prepared using the wet-milling psscdescribed by [11].Two hundred grams of thenel@¢a
sorghum samples were soaked in a plastic buckefioomy 300 ml of water and steeped for 72 h atmroo
temperature (28 + 2°C). The steeped water was disdaby decantation and the steeped grains weranilletl
using a Kenwood chef grinder. The milled slurry wlasn sieved through a fine mesh sieve to remoeeter tails
which were discarded. The over tails were furthashed off with 700 ml of distilled water. The trénsgwere
allowed to stand and further fermented for 48h ligwnang it to stand and sediment at room tempegfd®]. The
souring water was decanted from the sediments lamdgi slurry obtained was collected into a muslin clottd a
hand squeezed to remove excess water leaving biterzhke obgi samples.

Production of Watermelon Juice

Fresh ripped watermelon fruit was cleaned and pedlae watermelon fruit was divided into 2 partbieTseeds
were removed from one part and left in the othet. @de two parts were blended separately in a Kediblender
for 2 mins to obtain watermelon juice.

Determination of Amygdalin Content of Food Samples

The method of amygdalin extraction described by {#8s used to extract amygdalin from cassava pitsdgerri
andlafun)at each stage of their production process and fotimer foods. The food samples (5 g) or cassavis roo
were ground in a blender and 4g of it was weigmtd & round bottom flask (500ml). Ethanol (100mBsnadded
and the mixture was boiled under reflux for 20 nésu The extract was filtered using Whatman Naerfipaper
and the mixture was transferred into polypropylarnzes. Ethanol was completely evaporated fromittrate with

a rotary evaporator. Diethyl ether (10ml) was adiethe dried samples and the mixture was shoosreigsly for
two mins at room temperature (32 #C2 to precipitate amygdalin. The diethyl ether vadiswed to evaporate
overnight in a fume hood and the precipitated araligdvas dissolved in water (5 ml), filtered andedmined
using a UV spectrophotometer set at 256 nm. Theuamof amygdalin in the sample was determined with
reference to amygdalin standard curve.

Amygdalin Calibration Curve

Amygdalin standard was dissolved in water to obtaistock solution of 100ug/ml. The absorption ofygdalin
standard concentration of 1, 50, 100, 200, 300, a0d 1000ug/ml was determined at 256nm using a
spectrophotometer. A calibration curve was congtdidoy plotting the concentration of the seven ealig
standard solution against their absorbance. Thibratibn curve was used to calculate the conceatradf
amygdalin in the extracted samples.

Deter mination of cyanidein food
Food sample (5 g) was weighed into a beaker (50amd) 5ml of freshly prepared Mg (OLJI" free was added to
the food sample. The mixture was titrated with OAGNOs, using KCrO,as indicator [14].

Statistical Analysis
All data obtained were subjected to analysis ofavare (ANOVA), and means were separated using Dusca
multiple range tests with significance level at p0©5. SPSS software version 15 was used for afistital
analysis.

RESULTSAND DISCUSSION

Amygdalin Standard Curve

Amygdalin detection was achieved by UV detectioraimisocratic elution with an excellent linearigo(relation
R2=0.9984) between the concentration and the abrogbof amygdalin (Fig. 3).
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Figure 3: Amygdalin calibration curve

Amygdalin Content of Different Varieties of Cassava Roots

Amygdalin contents of cassava from different vaéetof cassava are presented in Tablel. Amygdalieat of
cassava roots ranged from 8.84mg to 48.33mg. Antlemgix varieties of cassava analyzed in this stQdpyawo
TME7 cassava variety had the highest amygdalinerun{48.33mg/g) followed by White cassava (17.3&)g/
Olekanga (16.57mg/g), Black cassava (13.79mg/glibietu cassava (11.19 mg/g) and Yellow cassavathad
lowest (8.84 mg/g) amygdalin content. The variafiothe amygdalin content of the cassava roots beague to
cultivation practices and variation in the specigsplication of fertilizer to field before plantinigas been reported
to decrease cyanogenic glycosides levels in cassata[15].

Table 1: Amygdalin Content of Cassava Roots

Cassavavariety Amygdalin content (mg/g)

Yellowcolour 8.84 +0.158
Arubielucolour 11.19 +0.89
Black colour 13.79 +0.22
Olekangacolour 16.57 £ 0.56
Whitecolour 17.36 £ 0.35
Okoyawccolout 48.33+0.7 ¢

Each value is expressed as mean + standard demi@tic= 3 extractions). Means with the same sup@rtscalong the same column are not
significantly different (p < 0.05).

Table 2: Cyanide content of garri from okoyawo variety and each processing stage

Processing stage/Product  Equivalent cyanide content (mg/kg)

Tuber after peeling 19.14 +0.16
Grating 15.73+1.33
Second day (fermentatiol 14.80 +0.1°
Third day of fermentation 14.53 +0.01
Fourth day of fermentation 14.08 + 0.87
Jacking 13.50 £ 0.1°
Sieving 6.76 +1.11
Garri frying 5.78 £ 0.0%
Garri 5.19 +0.0?

Each value is expressed as mean + standard dewi@itic= 3 extractions). Means with
thesame superscripts along the same column arsignaficantly different (p < 0.05).

Cyanide Content of Garri

Gaari was produced from the cassava variety with thedsghmygdalin content(Okoyawo) among the six cassav
roots that were analyzed in this study. Surprisingmygdalin was not detected at each staggaoi production,
instead, cyanide (Table 2) was detected after mgegirating, fermentation, jacking, sieving agatri-frying. This
result showed that amygdalin of cassava was hyredlyo cyanide shortly after peeling. The cyanioietent of the
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garri ranged from 19.17mg/kg to 5.00mg/kg. It was obséhat the cyanide content of the cassava mashaisss
as fermentation period increases. Other unit oma®t(jacking, sieving, garri-frying) igarri processing also
reduced the cyanide content of the final produgificantly (Table 2). This is possible becauseniga is soluble
in water, thus jacking of cassava mash will leadetooval of dissolved cyanide from the mash andesgyanide is
volatile (boiling point is 28C) it is evaporated at the higjarri-frying temperature.

Cyanide Content of Cassava Flour (Lafun)

Cassava flourléfun)was produced from the cassava variety with thdndsg amygdalin (Okoyawo) content. The
results obtained were similar to that gdari above (i.e. amygdalin was not detected during ghazessing of
cassava root). The cyanide content of processesheasoots reduced significantly after each proogsstage
forlafun production (Table 3).The reduction in the cyaridatent could be as a result of the solubility ydrdde in
the soaking water. Soaking and fermentation oka&e&s roots has been reported to be one of theigpenc
mechanisms of cyanide removal frdafun[16]. During soaking of cassava roots linamarast @namygdalin are
separate from cassava tissue [17] and hydrolyzedyamide which are discarded with the soaking waftée
cyanide content of the cassava flour (3.51 mg/Hgfpioed in this study was similar to the cyanideteat of
cassava flours (2.43 — 3.4 mg/kg) reported by [18].

Table 3: Cyanide content of Lafun from okoyawo variety and each processing stage

Processing stage/Product Equivalent cyanide content mg/kg)
Cassava@koyawovariety) after peeling 13.16 £ 0.76
First day of soaking /fermentation 11.86 +0.26
Second day of soaking /fermentation 10.22 +0.b6
Third day of soaking /fermentation 9.50+0.96
Third day of sun drying 5.87 +0.04
Fifth day of sun drying 5.02 +1.06
Cassava flout(afun) 3.51+0.09

Each value is expressed as mean + standard dewi@itic= 3 extractions). Means with
thesame superscripts along the same column arsignaficantly different (p < 0.05).

Amygdalin Content of Fruit Seeds

Amygdalin contents of the fruit seeds varies sigaiitly from seed to seed as shown in Table 4. Agnitve fruit
seeds analyzed, sorghum has the highest amygdatiterd (122.31 mg/g), followed by African star appl
(agbalumg seeds (69.73 mg/g), golden delicious apple s€i1$6 mg/g), mango seeds (4.41 mg/g), moringasseed
(4.29 mg/g), watermelon seeds (3.97 mg/g) egg @aats (3.17 mg/g), almond seeds (3.00 mg/qg) véthppw
seeds having the lowest amount of amygdalin (0.90gjn Amygdalin content of golden delicious appteds
(12.16 mg/g) obtained in this study is higher tittae amygdalin content of the seeds (3.91 mg/g)rteddoy [19].
The difference in the amygdalin content of the eg@eds could be as a result of differences inodath analysis,
ripening stage of the apple as well as sourceeftiple and cultivation practices[19, 15].

Table 4: Amygdalin content of fruit seeds samples

Fruit seeds Amygdalin content (mg/g)
Sorghum grains 122.31+0.11
African star apple 69.73 £1.05
Watermelon 65.09 £ 0.87
Eggplant 3.17+0.12
Apple 12.16 +0.99
Almonds 3.00+1.22
Mango 4.41 +£0.03
Pawpaw 0.90 £0.91
Cucumber 0.79+0.32

Each value is expressed as mean tstandard dewi@tic= 3 extractions).

Amygdalin Contents of Raw and Processed Foods

Amygdalin content of raw and processed food pragluate presented in TableChina forda has the high
amygdalin content (61.44 mg/g) among the raw foaches analysed in this study. Th@rina fordahas the
potential of generating 3.68 mg/g of cyanide. TWatue is close to the toxic level of cyanide foukd0.5 — 3.5
mg/kg) reported by [2]. Amygdalin content of unsdv(88.83 mg/g) and sieved (44.71 mg/g) sorghumwege
lower that of raw sorghum grains (122.31 mg/g). Aaslin content (56.45 mg/g) of watermelon juicelgpand
seeds) was lower than that of raw watermelon sg&5189 mg/g). Indicating that processing of rawdsaeesulted
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in significant reduction in the amygdalin conteffittioe processed food products. Amygdalin was néo¢daed in
watermelon juice produced from pulp only. It is ggenended that watermelon juice should be producm fr
watermelon pulp only in order to prevent healthbjeans associated with the consumption of amygdgee
introduction section for details). Amygdalin wag detected from juice produced from golden delisiappleflesh,
this is because the flesh and the skin of applesrggorted to be non-cyanogenic[19]. However, araligdvas
detected in apple juice (2.79 mg/g) produced fronole apple (flesh + skin + seeds) fruits. This eatiiffers from
the amygdalin content of apple juice (0.43 mg/gpréed by [19].

Table 5: Amygdalin content of foods

Food Sample Amygdalin Content (mg/g)
Cirina forda 61.44 £0.21
Sorghum ogiunsieved 88.83+1.0
Sorghum ogi (sieved) 4471 +£0.33
Watermelon juice (pulp + seeds) 56.45 £ 0.22
Watermelon juice (pulp only) nd

Apple juice (flesh + skin + seeds) 2.79+0.52
Apple juice (flesh + skin only) nd
Cucumber (flesh + skin + seeds) 1.19+0.45
Sorghum stem sheathgporo 1.08 £ 0.89
Fresh bitter leaf 206.21 +1.06
Scrubbed bitter leaf 38.09 +£0.98

Each value is expressed as mean + standard demitic=- 3 extractions). nd — not detected.

Amygdalin Content of Different Varieties of Cocoyam Tubers

As shown in Table 6, amygdalin content of cocoyaneultivar dependent. Purple flesh cocoyam variety the
highest amygdalin content (10.84 mg/g) followedwdjte flesh cocoyam (6.29 mg/g) while cream fleskhayam
(commonly called Ghanaian cocoyam) had the lowa&8(Mmg/g) amygdalin content. Differences in theadayip

content of the cocoyam varieties may be due teuifices in their genetic composition and sourdbetocoyam
tubers. All parts of raw cocoyam plant have begrorted to contain a toxic compound which must baaeed
before consumption [20]. Purple flesh cocoyam thaspotential of generating 0.65 mg/g equivalenn@ This
value is very low and could not result in cyanidei¢ity in humans.

Table 6: Amygdalin content of different varieties of cocoyam

Cocoyam Varieties Amygdalin Content (mg/qg)

Purple colour 10.84 +0.61
White colour 6.29 + 0.45
Cream colour 5.88 + 0.69

Each value is expressed as mean +standard dewi@tic= 3 extractions).

Amygdalin Content of Nuts

Two different varieties of kolanut and one variefybitterkola were analyzedola nidita (gbanja) had the highest
(55.05 mg/g) amygdalin content whif@ola acuminate(abata) had the lowest (44.53 mg/g) amygdalin gudnte
(Table 7). Amygdalin content of bitter kola was 1§28 mg/g)Cola nitida has the potential of generating 3.30
ppm equivalent cyanide whil€ola acuminatecan generate 2.67 mg/g cyanide. Although thesaesgalvere
relatively low, continuous consumption of raw kalmay lead to chronic cyanide toxicity.

Table 7: Amygdalin content of nut samples

Nuts Amygdalin content (mg/g)
Kolanut (Cola nitida) 55.05 +0.15¢
Kolanut (Cola acuminata 4453 £0.19b
Bitter kola 3.28 + 0.04a

Each value is expressed as mean *standard deniftic= 3 extractions). Means with the same
superscript along the same column are not signifilyedifferent (p < 0.05).

CONCLUSION
Amygdalin and cyanide content of cassava rootscaltévar dependent. Processing methods such asfeation,

soaking, dewatering, drying and roasting/fryingueet the cyanide content of cassava products gignify. Since
the acceptable level of cyanide in cassava prodsidi8 ppm according to WHO and the level of cyaridcassava
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roots soaked for three days is less than 10 ppoantbe concluded thktfun produced from cassava roots soaked
or fermented for three days would not cause hguaitihlems to consumers. The production of fruitguichole fruits
(i.e. flesh + seeds) is discouraged due to theepesof amygdalin in fruit seeds. Most Nigeriandeavould not
cause health problems if adequately processed.
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