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A b s t r a c t :  G re e n  leafy ve g e ta b les  a re  co n sidered  a s  a  good so u rce  o f nutrients (vitam ins, m inerals, fibers 

an d  p h yto ch em ica ls), particularly am ong urban populations depend ant on plant b a sed  d iets. R ecen tly , 

se v e ra l re se a rch  stu d ies conducted  in and around Co lom b o District, S ri Lan ka , h a v e  reported in creased  

t ra c e  e lem en t co n centrations in g reen  leafy  veg etab les co llected  from production and m arket sites. 

T h e re fo re , the presen t study w a s  co n ducted  with the aim of studying the effect of three food p ro cessin g  

te ch n iq u e s  in reducing the toxic e le m en ts p resent in green  leafy ve g e ta b les  com m only co n sum ed  in Sri 

La n k a . F iv e  types of green  leafy ve g e tab les ["M ukunuwenna" (A ltem anthera  sessilis ) , ’T h am p ala"  

[A m a ra n th u s viridis), "Nivithi" (B a se lla  alba), “Kohila L e a v e s ” (La sia  sp in o sa )  an d  "Kankun" {Ipom oea  

aquatica)] w ere  random ly co llected  from ten  different m arkets s ite s  located  in and around Co lom bo District, 

S r i L a n k a . E a c h  type of g reen  leafy  veg etab le  sa m p le  w a s  su b jected  to three p ro cessin g  treatm ents (raw, 

co o k ed  and stir-fried) and a n a lyzed  for five trace  e lem en ts (Ni, C d , C r , P b  and C u ), using the Atom ic  

A b so rp tion  Spectrophotom etry. T h e  a v e ra g e  concentrations (mg kg'1, dry w eight b a s is )  of m eta ls detected  

in raw , cooked and stir-fried green  leafy vegetab le  sa m p le s  w ere  a s  follows: Ni (2 .93± 2.88 , 2 .2 8 H .4 4 ,  

2 .0 5 ± 1 .3 1 ), C d  (0 .30± 0.25 , 0 .20± 0.19 , 0 .20± 0.18), C r  (2 .45± 1.78 , 2 .34± 1 .62 , 2 .24± 1.64), P b  (0 .59± 0.42, 

0 .4 8 ± 0 .3 9 , 0 .44± 0 .38) and C u  (11 .30± 4 .21 , 9 .73± 3.69 , 9 .23± 4.48). T h e  resu lts sh o w ed  no significant 

d iffe re n ce s  in h eavy  m etal contents am ong three p ro cessin g  m ethods (p< 0.05). Therefore , the type of 

p ro ce ssin g  m ethod h a s  a  m inim al effect in reducing the heavy  m etal contents o f g reen  leafy veg etab les.

K e y  w o r d s : H eavy  m etals, green  leafy ve g e tab les, raw , cooked , stir-fried________________

IN T R O D U C T IO N

M eta ls a re  natural com p onents o f the earth 's  crust. 

H o w ev er the distribution of h eavy  m eta ls in the 

environm ent ca n  vary  betw een different reg io n s b ased  

on  th e  sp e c if ic  ch a racte ristics  of the m etal and  by the 

in flu en ce  of environm ental factors (Khlifi and  H am za-  

Chaffai, 2 0 10 ). H eavy  m eta ls co m e into the environm ent 

a s  a  resu lt o f natural and anthropogenic c a u s e s . Eg : 

natural w eathering  of rocks, m ining, deterioration of 

so ils , industrial and  veh ic le  em iss io n s , urban effluents  

an d  su rfa c e  runoff, fertilizers and p esticid es, 

a tm o sp h e ric  contam ination etc., (M ing-Ho, 2 0 05 ). Fo r  

m o st individuals the m ajor route o f ex p o su re  to th ese  

to x ic  h e a v y  m eta ls is  through the diet (food and w ater). 

T h e  contam ination se q u e n ce  of h e a vy  m eta ls usually  

fo llo w s a  cy c lic  pathw ay: industry, air, so il, w ater, foods 

an d  hum an. It is  w idely-known that the long-term  

e x p o su re  to toxic h eavy  m eta ls at relatively low  d o se s  

ca n  c a u s e  a d v erse  health effects in m ankind (A g en cy  for 

T o x ic  S u b sta n c e  an d  D is e a s e  R eg istry  (A T S D R ), 2004 ,

2 0 0 7 , 20 08 ; C a stro -G o n za le z  and M endez-Arm enta, 

2 0 08 ). Therefore, there  h a s  b een  constant interest, 

about ex p o su res, in takes and absorption of h eavy  

m etals by hum ans.

In recent y e a rs , num ero u s rese a rch  pro jects have been  

conducted  in vario us countries, to explore the im pact of 

vario u s cooking and p ro cessin g  m ethods on toxic  

m eta ls  in food. D ifferent foodstuffs h ave  b een  

co n sidered  for th o se  stu d ie s  including rice, fruits and  

veg etab les, fish and other s e a  foods. A  co n sid erab le  

num ber of stu d ies h a v e  reco rded  significant reductions  

of the heavy m etals in foods after cooking; ho w ever other 

stu d ies reported in crea se d  m etal concentration after 

p ro cessin g .

E a c h  trace  m etal h a s  an  ap preciab le  role in either  

aq u a tic  or terrestrial food ch a in s . F o r  exam p le , m ercury  

h a s  a  le s s  significant role in terrestrial food ch a in s, 

while it is  predom inantly detected  in s e a  foods and other 

m arine org an ism s (C la rkso n , 1994; J u re s  and B lan u s, 

2003). Inorganic a rse n ic  co n sid ered  a s  the  m ost toxic
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ch em ica l s p e c ie s  of a rse n ic  found in food and drinking 

w ater and terrestrial foods typically reported low leve ls of 

a rse n ic  (G u h a  M azum d ere/a/., 1998; Sm ith e ta l ., 1998, 

T o n d e l e t  al., 1999; D ’iaz e t  at., 20 04 ; European  

C o m m iss io n , 2004). In contrast to m ercury and arsen ic, 

cadm ium , lead  and other toxic e lem en ts en ters the 

hum an diet primarily through terrestrial pathw ays. Edible  

plant cro p s se rv ed  a s  the predom inant food so u rce  of 

cadm ium  for hu m an s and according to literature majority 

of hum an C d  uptake (about 7 0 % ) co m e s  through the 

v e g e ta b le s  (R yan  et al., 1982; C h e n  e t  al., 2012). A s  

m entioned by C hary  e t  al. (2008), cadm ium  has  

in cre a se d  mobility and phytoavailability and 

co m p arative ly  poor adsorption in so ils . D ue to its high 

mobility in soil, b ioaccum ulation of cadm ium  in plant- 

b a se d  foodstuffs is usually  high, com pared with the 

other trace  m eta ls (Leb eau  et al., 20 02 ; Satarug et al., 

2 0 0 3 ; C u i e t  al., 2005; A z izu r and Hiroshi, 2011). In 

co m p ariso n  to cadm ium , lead  h a s  le s s  transfer 

coefficients and it can  strongly bind to the soil colloids. 

A cco rd ing  to previous stud ies, the accum ulation  of lead  

in p lants usually  hap p en s w hen  the soil lead  

concentration  is  high (C h a ry  e t  al., 2 008). Com pared  

with other aeria l parts, majority of lead is retained in the  

roots of the plants. N everthe less, the p lant-based foods 

a re  co n sid ered  a s  the m ajor so u rce  of hum an dietary 

lead  intake.

A s  a  generation  that sh o w s m ore co ncern  tow ards 

health , peop le now adays are paying m ore attention to 

co n sum in g  a  w holesom e diet. It h a s  b een  very  common  

am o ng S ri Lan kan  h o useho lds to incorporate raw and  

co o k ed  form s of green leafy ve g e tab les into their daily 

diets, for nutritional p urp oses. G re e n  leafy vegetab les  

(G L V )  a re  known to be rich in dietary fiber, vitam ins, 

m in era ls and disease-fighting phytochem icals. 

A cco rd ing  to the rese arch  stud ies carried out recently, it 

w a s  reported that the m ost popular types of G L V  

cultivated and consum ed in and around Colom bo  

District, Sri Lanka, w ere  contam inated with toxic heavy  

m eta ls  (K a n a n k e  et al., 2014 , 2 0 1 5 ; P rem arathna et al., 

2 0 11). Therefore, the study w a s  designed  with the 

ob jective  of a sse ss in g  the effect of three processing  

conditions on five toxic e lem en ts p resen t in five popular 

typ es of G L V  co nsum ed in and around Co lom bo District, 

S ri Lanka.

M A T E R I A L S  A N D  M E T H O D S  

S a m p le  co lle c t io n : F ive key types of G L V  cultivated and  

co n su m e d  in Sri Lan ka , including "M ukunuwenna” 

(A ltem anthera  sessilis ), "Nivithi" (B a sella  alba), 

'T h am p a la "  (Am aranthus viridis), “Kohila L e a v e s” (Lasia  

sp /nosa) and "Kankun" (Ip o m o ea  aquatica) w ere  

random ly sam p led  from ten different m arket sites  

(Ko lonnaw a, W ellam pitiya, P iliyandala , K esb ew a, 

Kottawa, Bandaragam a, Kahathuduw a, D elgoda, Pettah,

D elkand a) located in and around Colom bo District, Sri 

Lanka. T h e  details of the test green  leafy veg etab les are  

given in T a b le  1.

A  total of 5 0  sa m p les  (each  five types of G L V  from ten 

different m arket sites) w ere collected over a  period of 

three m onths during January-M arch, 20 15 . All the 

co llected sa m p le s  w ere separate ly  p acked  up in 

polyethylene b a g s and brought to the laboratory for 

sam p le  treatm ent and an a lysis.

S a m p le  p re p a ra t io n : T h e  G L V  sa m p les  co llected (Fig.

1 ) w ere  sorted and w ashed  with clean  tap w ater to 

rem ove the air-borne pollutants, soil and other adhered  

particles on the surface of the vegetab les. T h e  c leaned  

ed ib le  portions of each  single sam p le  w ere  divided into 

three portions (200  g each). O n e  portion w a s  ana lyzed  

a s  fresh  (raw ) sam p le  and the other two portions w ere  

prepared  by cooking and stir-frying a s  d escrib ed  below: 

Preparation  of G L V  by cooking: 2 0 0  g of w a sh e d  and 

sorted  G L V  sam p le  w a s finely cut and mixed with 100 

m L of coconut milk and Cooked by m oderate heating in 

an open sta in le ss  steel pan for 10-15 min.

P rep aratio n  o f G L V  by stir-fry in g : 20 0  g of w a sh ed  and 

sorted  G L V  sam p le  w a s  finely cut and fried with 2 5  m L  

of boiling co co nut oil in an  open sta in le ss  stee l frying 

pan for 10-15 min, with o ccasio nal stirring.

E st im a tio n  o f h e a vy  m eta ls : H eavy metal concentrations 

of e a c h  test portions w ere determ ined according to the 

A O A C  999.11 procedure a s  describ ed  below  (A O A C , 

2002).

P re-trea tm en t: T e s t  portions w ere  dried in a  drying 

oven, at 1 0 5 °C , until obtained a  constant w eight then 

co oled  to room tem perature, crushed  by m e a n s  of a  

d e a n  p estle  and mortar to obtain hom ogenized  

sa m p le s . T h e  ground sa m p les w ere  stored at am bient 

tem perature in airtight se a le d  polyethylene b a g s until 

required for an a lys is .

D ry  d ig e s t io n : Dried G L V  sa m p les  (about 1-3 g) w ere  

placed  in c le a n e d  porcelain cru cib les and p laced  in a  

muffle furnace . T h e  furnace tem perature w a s  slow ly  

increased up to 4 5 0 °C  at a  rate of not m ore than 50°C/h. 

T h e  sa m p le s  w ere  ashed  for m ore than 8 hrs until a  

white ash  resid ue w a s obtained. T h e  a sh  w a s  digested  

in 5  m L of 6 M HCI and the a d d  w a s  evaporated  on 

w ater bath. Resulting residue w a s  d isso lved  with 10-30  

m L of 0.1 M Co ne . H NO 3 a d d  and let sta n d s for 1-2 h. 

T h e n  the stirred solutions in the c ru d b le s  w ere  filtered 

and transferred in to 50 m L volum etric f la sk s  and m ade  

up to the m ark with distilled w ater and sh ak en  to mix 

well. T h e  resulting sam ple so lutions w ere  taken for the 

estim ation of h eavy  metal concentrations.
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Table 1: Green leafy vegetables sampled from production sites
local Name English name Scientific name Edible part
Mukunuwenna Sessile alligatorweed, Sessile joyweed A lte m a n th e ra  sessilis Leaves and young stem
Nivithi Malabar spinach B a s e lla  a lba Leaves and young stem
Thampala Chinese spinach, Green amaranth A m a ra n th u s  viridis Leaves and young stem
Kankun Water morning glory Ip o m o e a  a q u a tlc a Leaves and young stem
Kohila Lasia L a s ia  sp inosa Young leaves and stem

(d) (e )

Fig. 1: Types of GLV collected from the market sites (a) Nivithi (b) Mukunuwenna (c) Kankun (d) Thampala (e) Kohila 
Leaves

Preparation o f s tandards: All chemicals used in the 
experiment were purchased from the Sigma Aldrich 
Company, USA and all the reagents used were of 
analytical (trace-metal) grades. Working standard 
solutions of nickel (Ni), lead (Pb), copper (Cu), 
chromium (Cr) and cadmium (Cd) were prepared 
from the stock solutions having 1000 ppm of metal in 
6 5%  (w/w) nitric acid. The calibration curves were 
prepared for each individual element using linear 
correlation by least square method. Blank readings 
were also taken and appropriate corrections were 
made, while calculating the concentration of various 
elements.

Analysis o f heavy metals: Trace element concentrations 
were determined by the Graphite Furnace (Ni, Cd, Cr 
and Pb) and Flame (Cu) Atomic Absorption 
Spectrophotometer (Thermo-Scientific ICE 3000 series). 
Wavelength, gas mixture/temperature program and other 
instrumental parameters were adjusted according to the 
guidelines provided in the instrument manual.

C alcu lation  o f heavy metals: Following formula was 
used to calculate the concentration of each metal in the 
test samples:

C = ^ x v
w

where, C: Concentration of the metal in the test sample 
(mg/kg), a: Concentration of the metal in the test solution 
(mg/L), b: Mean concentration of the metal in the blank 
solution (mg/L), V: Volume of the test solution (mL), W: 
W eight of the test portion (g). Dilution factors were also 
considered in case of sample dilution.

Statistical analysis: Descriptive statistics and statistical 
significance of collected data were analyzed by ANO VA  
using Minitab 14.0 and Excel computer packages.

R E S U L T S  A N D  D IS C U S S IO N
The concentrations of heavy metals (Ni, Cd, Cr, Pb and 
Cu) detected in raw, cooked and stir-fried samples of the 
five types of GLV are presented in the Table 2. The mean 
values of Ni, Cd, Cr, Pb and Cu contents in raw, cooked
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Fig. 2: Heavy metals (a) Nickel (b) Cadmium (c) Chromium (d) Lead and (e) Copper concentrations in raw, cooked 
and stir-fried forms of GLV. Letters with same characters are not significantly different at p<0.05 for each metal. 
MPL-Maximum Permissible Limit

and stir-fried G LV samples were analyzed by one-way 
analysis of Variance (ANOVA). The difference was 
considered statistically significant at the level of p<0.05. 
In almost all the five types of GLV, highest 
concentrations of metals were detected in the raw 
samples. W hen the G LV were subjected to cooking and 
stir-frying, generous reduction in the trace elements 
were noticed. However, the results were not significant 
at p<0.05 (Fig. 2). Therefore, the different processing 
techniques have minimal effects in reducing the heavy 
metal levels in GLV and this may be due to the difficulty 
of eliminating trace elements by either washing or heat 
processing

In processed and un-processed Mukunuwenna 
samples, trace metals (except for Cr in raw 
Mukunuwenna samples) were detected below the 
W H O /FA O  (2003) safe limit for human consumption. In 
Nivithi, raw samples reported Ni, Cr and Cu levels, well 
below the safe limits, in contrast to Cd and Pb. Cd 
contamination in Nivithi samples were reduced below 
the permissible level after being subjected to cooking 
and stir-frying techniques. However, the Pb 
contamination of Nivithi samples remained above the 
safe limit even after processing In raw Thampala 
samples, the estimated average concentrations of Cd, 
C rand Pb were higher than the W HO /FAO permissible
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Table 2: Average concentrations o f heavy m etals detected in  raw, cooked and stir-fried GLV
GLV Treatm ent Ni Cd C r Pb Cu
Mukunuwenna Raw 2.2011.04 0.1910.11 2.3711.59 0.2610.39 10.69 l4 .50
{n = 10) Cooked . 1.7710.84 0.1210.07 2.2711.57 0.2210.34 9.3914.22

S tir-fried 1 .4 6H .0 3 0.1010.06 2.2011.54 0.2110.34 8.4514.17
N ivithi Raw 1.3811.14 0.2210.12 2.1811.62 0.5110.16 10.17l2.B2
(n = 10) Cooked 1.1811.13 0.1410.11 2 .00H .37 0.3810.19 8.4113.19

S tir-fried 1.0911.13 0.1810.11 1 .92H .34 0.3310.12 8.8314.46
Tham pala Raw 1.4911.30 0.2210.14 2.3712.10 0.5310.35 10.6313.06
(n = 10) Cooked 0.8310.64 0.1510.10 2.4311.93 0.4410.36 9.5713.13

S tir-fried 0.4910.55 0.1910.13 2.1411.84 0.4110.33 8.9913.45
Kankun Raw 4.0113.64 0.2410.23 2.3211.71 0.5910.43 11.9115.89
(n = 10) Cooked 3.4813.12 0.1810.20 2.3011.46 0.5610.41 10.5614.16

S tir-fried 3.2313.77 0.1910.17 2.1611.43 0.4910.42 9.3216.51
Kohila Raw 5.5914.61 0.6310.29 3.0212.07 1.0510.36 13.1214.20
(n = 10) Cooked 4.1214.17 0.4410.23 2.7011.95 0.8110.41 10.7113.89

S tir-fried 3.9813.96 0.3610.30 2.8012.12 0.7610.43 10.5713.85
A li samples Raw 2.9312.88 0.3010.25 2.4511.78 0.5910.42 11.3014.21
(n = 50) Cooked 2.2811.44 0.2010.19 2.34H  .62 ; 0.4810.39 9.7313.69

S tir-fried 2.0511.31 0.2010.18 2.2411.64 0.4410.38 9.2314.48
WHO/FAO Safe Lim it 4* 0.2 2.3 0.3 40
'A ccord ing to  the Food and N utrition Board, Institu te  o f M edicine (2010)

Table 3: Previous research studies regarding the  e ffect o f processing m ethods on heave m etal contents o f foodstuffs
Food Heavy m etal Processing method Reduction Reference
Green leafy vegetables Ni, Cd, Cr, Pb. Cu Cooking and S tir-frying N ot significant Present study
Pasta N i, As, Cd, Pb M illing and other pasta making processes 50-60% Cubadda e l al. (2003)
Rice Cd, Pb, C r, N i, Co Kateh and P ilaw N ot significant Naseri e f al. (2014)
Mushroom Pb, Cd Raw, Cooked, Fried, M icro-waved, Sliced S ignificant Z iara ti a t at. (2013)
Vegetables Zn, Cd, Cr Cooking tim e N ot significant Joshua e f al. (2012)
Vegetables and cereals As Cooking w ith d istilled  w ater S ignificant D iaz e ta /. (2004)
S tring bean and potato As Frying Not significant Perello a t at. (2008)
Fish Cr, Ni G rilling  and m icrowaving S ignificant E rsoy(2011)
Fish Cr M icrowaving S ignificant D evesae fa /. (2001)
C rayfish Cd, Ni, Co Cooking S ignificant Jorhem  a t at. (1994)
Fish Pb, Cd Canning S ignificant G anjavi e f al. (2010)

limits, in com parison  to Ni and C u . Further, the  C d  leve ls  

in p ro ce sse d  T h a m p a la  sa m p le s  w e re  red u ced  below  

the  sa fe  limit after being p ro ce ssed , in co n trast to Pb. 

H ow ever, the  m ean  concentration o f C r  in cooked  

Th am p ala  sa m p le s  h ave  in creased  a b o ve  the  level of C r  

d e te cted  in raw  sa m p le s . In Kan kun , Ni, C d , C r  and Pb  

reported e levated  concentrations (a b o ve  s a fe  limits) 

before su b jected  to p ro cessin g . T h e  m ea n  concentration  

of Pb, rem ained a b o ve  the p erm issib le  gu ideline, even  

after subjecting  to cooking and stir-frying, unlike Ni, C d  

an d  C r . R a w  sa m p le s  of Kohila  h a v e  reported the  

h ig h est contam ination for all the five m eta ls  am ong the  

five G L V  and the estim ated lev e ls  o f Ni, C d , C r  and Pb  

le v e ls  w ere  w ell a b o ve  the W H O /F A O  sa fe  limits. E v e n  

after cooking or stir frying, the lev e ls  o f Ni, C d , C r a n d  Pb  

w ere  not red uced  b elow  the p erm issib le  lev e ls . In m ost 

s a m p le s  stir-frying h a s  red uced  th e  le v e ls  of h eavy  

m eta ls  than in cooking, excep t for C d  co n ten ts in stir- 

fried sa m p le s  of Nivithi, T h a m p a la  and Kan kun .

C o o k ing  m etho ds (boiling, steam in g , frying e tc .) ca n  

ch a n g e  the lev e ls  o f toxic m eta ls  through vario us  

m e a n s , including the evaporation o f w a te r an d  volatile 

co m p o n en ts, so lubilization of the  e lem en t an d  a lso  by 

m etal, binding to the  other m acronutrients p re sen t in the 

food item su c h  a s  carb ohyd rates, lip ids an d  proteins. 

S in c e  h e a v y  m eta ls cannot b e  evapo rated  or

disintegrated in to non-toxic com pounds, the m etals  

w hich a re  detach ed  from the foodstuffs during t h e ’ 

p ro cessin g  treatm ent (frying, boiling, or canning) should  

be definitely m igrate to the cooking m edium  (frying -oil, 

boiling w ater o r cooking sto ck s  etc.).

O ver the y ea rs , n um ero u s stu d ies have been  perform ed  

in various p arts of the world, to study the effects of 

different cooking and food p ro cessin g  tech n iq u es on the  

lev e ls  of toxic m eta ls  in different typ es of food products  

(fish and seafo o d , m eat, fruits, vegetab les, m ushroom s, 

rice  etc.). S o m e  of the rese a rch  findings h ave  indicated  

significant reductions of the trace  e lem en ts in foods after 

cooking or p ro cessin g , w hile  the other stu d ies h ave  

reported e levated  m etal concentration after p ro cessin g  

(Tab le  3).

Accord ing to p revio usly  conducted rese a rch , precooking  

m ethods (peeling of the outer la y ers of plant products, 

milling and grinding of ce re a l g ra ins and so m e  cooking  

m ethods) ca n  rem ove so m e  of the toxic e lem en ts  

originally p re sen t in the  food. C u b ad d a  at al. (2003), 

reported significant h eavy  m etal reduction  

(n ickel> arsen ic> cadm ium > lead) in p asta  m aking  

p ro ce ss  after subjecting  to milling and other 

technological p ro ce sse s . Cooking rem oved  

co n sid era b le  am o un ts of toxic m eta ls p resen t in 

pasta sam p les, with a  m ean  reduction of 50  to 6 0 % . A s
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exp la ined  by the authors, m ost of the m eta ls w ere  

p re se n t in the outer la y ers of the kernel and milling has  

red u ced  significant am ount of m eta ls p resen t in the 

g ra in s. N aseri et at. (2014) studied the effects of two 

cooking  m ethods on the concentrations o f so m e  heavy  

m eta ls  (C d , C r, Pb, Ni and C o ) in certain  rice brands  

ava ilab le  in Iranian m arket. In th is study, concentrations  

of C d , Pb, C r, Ni and Co , w ere  m ea su red  in three brands  

of imported rice availab le  in S h iraz-lran  m arket, after 

subjecting  to two cooking m ethods (Kateh  and Pilaw). 

A ccord ing  to results, heavy  m etals w ere  detected  in raw  

and co oked  rice grains. A lthough, cooking of the rice 

grains reduced the content of h eavy  m etals, the effect of 

cooking  m ethods w a s  not significantly different in their 

study. Z iarati et al. (2013) investigated the effect of 

cooking m ethod on Le a d  and C ad m iu m  co ntents in 

com m only co n sum ed p ackaged  m ushroom  (A garicus  
b ispo rus) in Iran. T h e  m ushroom  sa m p le s  show ed  

different h eavy  m etal concentrations b a se d  on the 

experim ental cooking method. R e su lts  revea led  that the 

a v e ra g e  lead  and cadm ium  content in m ushroom  

sa m p le s  ranked from low to high concentratjpn  a s  

follows for different cooking m ethods: Raw < Cooked<  

Fried< M icrow aved< Sliced . Jo sh u a  e t  al. (2 0 12 ) studied  

the effect o f cooking tim e on m ineral com positions of 

so m e  local leafy veg etab les su ch  a s  F luted Pumpkin  

(Telifaira occidqntalis), W ater L e a f  ( Talinum  fruticosum ), 

Bitter L e a f  ( Vem onia  am ygdalina) and  Sp in ach  

{Sp in a cia  o leracea). T h e  resu lts of the lev e ls  of Zn , Cd  

and C r  on the studied veg etab les sh o w ed  that in crea se  

in cooking tim e did not significantly affect the content of 

the m inerals. T h e  high am ount of cadm ium  and 

chrom ium  contained in sp inach  w e re  m entioned to be 

due to the respective site of cultivation. D 'iaz e t  al. (2004) 

exam ined the effect of different cooking m ethods  

frequently applied to ce re a ls  and ve g e ta b les  (boiling, 
stew ing, pureeing, baking etc.) on the a rsen ic  

concentration . According to the resu lts, cooking foods 

with distilled w ater h a s  significantly red uced  the a rsen ic  

leve l of the raw  food item. A uthors justified that -was 

b e c a u se , the heat treatm ent a cc e le ra te s  b reakdow n of 

b o n d s b etw een a rse n ic  and food m o le cu les  and 
thereafter, a s s is t s  its solubilization in w ash in g  and/or 

boiling w ater. Perello  e t  al. (2008) investigated the 

im pact of general S p a n ish  cooking p ra ctices  on toxic 

e le m en ts  (m ercury, lead, a rsen ic , cad m ium ) presen t in 

vario u s foodstuffs. R e su lts  affirmed that boiling has  

significantly reduced the a rse n ic  contam ination in 

v e g e ta b les  (string bean and potato), unlike frying. 

H ow ever, the type of cooking m ethod sho w ed  no 

significant d ifferences in other m etals.

M any previous studies conducted in other countries have  

reported significant reductions in toxic e le m en ts  present  

in high protein foods (fish, shrim ps, m u shroo m s etc.) 

after subjecting to vario us p ro cessin g  m ethods, unlike 

plant b ased  foods. E rso y  (2011) stud ied the effect of 

various cooking techniques on tra ce  e lem en t lev e ls  in

A frican  catfish. T h e  Ni concentration w a s  d e c re a se d  in 

grilled fish. In addition a  significant reduction of C r  w a s  

also  reported in grilled and m icrow ave-cooked fish. In 

D e v e sa  et al. (2001) found d e crea se d  C r  leve ls in 
African  catfish fillets after grilling and m icrowaving, in 

com parison  to raw  fillets. A  research  conducted  by 

Jortiem  et al. (1994) also  reported that the C d , Ni and C o  

levels in crayfish reduced after cooking. T h e  above  

stud ies have indicated that the application of h eat during 

therm al p ro ce sse s  h asten s protein degradation, w hich  

m ay affect the levels of toxic e lem ents in food. G a n ja v i et 

al. (2 0 10 ) studied the effects of canning on the leve ls of 

C d  and Pb in yellowfin tuna and sk ip jack  tuna and found 

the leve ls  of two m etals have d e cre a se d  throughout 

canning  p ro cess. T h e  sa m e  study a lso  stated  that 

defrosting, cooking and autoclaving d e cre a se d  the C d  

and P b  concentrations in the fish. T h e  au tho rs have  

argued that d e cre a se d  metal concentrations during the 
therm al p ro ce sse s  are  due to reduced protein contents  

and a lso  due to removing of heavy m eta ls (a s  free sa lts)  
with leaching water. Further, the ch an g es of the pH in the 

canning  m edium  due to the accom panying liquids, a lso  

believed to ca u se  alterations in the ch em ica l form s of 

the m etals.

C o n c lu s io n : T h e  resu lts show ed no significant 

differences in heavy metal contents in green  leafy  

vegetab les, am ong raw, cooked and stir-fried m ethods 

(p<0.05). Therefore, the type of p ro cessin g  m ethod has  

a  minimal effect in reducing the heavy m etal contents of 

green leafy vegetab le sam p les. Further stu d ies are  

n e c e ssa ry  to investigate the b ioaccessib ility  and toxicity. 

of trace  e lem en ts from green leafy ve g e tab les and to 

estab lish  suitable therapeutics m e a su re s  for chronic  

and acute intoxication of dietary heavy metal intake.
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