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ABSTRACT

The processes of wheat conditioning involve adjustment of the average
moisture content of the wheat and distribution the moisture throughout each wheat
grain by adding the required amount of water, 1o reach moisture content of wheat
t015.5% in soft wheat and 17.5% In hard wheat. Some miils use wells of groundwater
directly in conditioning wheat instead of potable water, 10 decrease milling cost,
without considering its content of heavy metals. The objective of the present study is
to study ash, Mn, Fe, Zn, Cu and Pb content of wheat flour, i.e., wholemeal, 82% and
72% extraction, produced from some Cairo province mills which use ground or
potable water in wheat conditioning process, and comparing it with control sample and
Egyptian Organization for Standardization of wheat,

The results revealed that ash content of wheat flour 82% and 72% produced
from conditioned wheat with groundwater were 1.14% and 0.56%, respectively.
Whereas Egyptian Standers(ES, 2005) permit a limit for ash content of wheat flour
82% and 72%to be less than 1.1% and 0.58%, respectively. Increment percent than
control of Mn, Fe and Cu content of wheat flour 82% produced from conditioned
wheat with groundwater reached to114%, 207% and 147%, respectively. Increment
percent than control of Mn, Fe and Cu content of wheat flour 72% produced from
conditioned wheat with groundwater reached to 140% t¢ Mn, 169% to Fe, 145% to Zn
and 300% to Cu and Ph.

Consumption of Balady bread produced from wheat flour 82% of conditioned
wheat with this water increases the daily inteke of this metals more than the
Recommended Dietary Allowances{RDA).

These metals can be classified as potentially toxic(Pb) and very harmful even
at low concentration when ingested over a long time period. Other elements are
essential for human life at low concentration {(Mn, Fe, Zn and Cu) however, they can
also be toxic at high concentrations. The regulations of the Egyptian Standers
neglected to permit limits for minerais or heavy metals content of wheat flour.

INTRODUCTION

High levels of lead, copper, iron and heptachlor were found by 0.35,
0.15, 2.7 and 0.03 mg/ 100 g in wheat flour sample (72% extraction) resulied
from a mill located in Cairo provinge, The mili was uses groundwater in wheat
conditioning process. The used groundwater also was found with high
content of these heavy metals and heptachlor (Anon, 2005). The possibility
that the high heavy metals content of groundwater used in wheat conditioning
process increased heavy metals content of resulted flour was studied in this
paper.

The processes of wheat conditioning involve adjustment of the
average moisture content of the wheat and distribution the moisture
throughout each wheat grain by adding the required amount of water. The
objectives in wheat conditioning are primarily to improve the physical state of
the grain for milling, and sometimes to improve the baking quality of the
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milled flour. The optimum moisture content of wheat varies from15.5% in soft
wheat to 17.5% in hard wheat(Kent, 1970).

Industrialization has improved general technology as well as quality of
life but has also resulted in an increase in metal concentrations in water
(Tarley, et al, 2001). These metals can be classified as potentially toxic
{aluminium, arsenic, cadmium, ilead, mercury, etc.), probably essential
(nickel, vanadium, cobalt) and essential {copper, zinc, selenium) {Mun oz-
QOlivas and Ca'mara, 2001). Toxic elements can be very harmful even at low
concentration when ingested over a long time period. Other elements are
essential for human life at low concentration, however, they can also be toxic
at high concentrations (Oehlenschidger, 2002 and Ray, 1994). The side
effects of these elements on human health have been widely studied (Lail,
1895; Linder and Hazegh-Azam, 1996 and Mun"oz-Olivas and Ca'mara,
2001}

Presence of contaminants in natural freshwater continues to be one of
the most important environmental issues in many areas of the world,
particularly in developing countries, where saveral communities are far away
from potable water supply (WHO, 1993, 1996). Low-income communities,
which rely on untreated surface water and groundwater supplies for domestic
and agricultural uses are the most exposed lo the impact of poor water
guality. {Ongley and Booty, 1999). Many of the earth’s major rivers and
groundwater supplies are either overexploited or poliuted due to popuiation
growth, agricultural activities, urbanization and industrialization {Godwin, et.,
al., 2007). Groundwater flows through sediments, metals such as iron and
manganese are dissolved and may later be found in high concentration in the
water. Industrial discharge, urban activities, agriculture, groundwater
pumpage, and disposal of waste all can affect groundwater quality.
Contaminants from leaking fuel tanks of fuel or toxic chemical spills may
enter the groundwater and contaminate the aquifer. Pesticides and fertilizers
applied to lawns and crops can accumulate and migrate to the groundwater
{Waller, 1982 and Bergstrom, 2004}.

Some mills use wells of groundwater directly in conditioning wheat
instead of potable water without any analysis or treatment. However, there
are no sufficient studies about heavy metals content of wheat flour. The
objective of the present research is to study the effects of groundwater
utilization in wheat conditioning process on ash and some heavy metals
contents of wheat flour, i.e., wholemeal, 82% and 72% in comparison with
potable water.

MATERIALS AND METHODS
Control samples:

Sample of clear and unconditioned wheat grain was pulied from a
pioneer company has many cylinders mills. The sample was conditioned with
distiited water to rise moisture content to 16% in the iaboratory. Conditioned
sample was milled in laboratory mill to preduce control of wholemeal. Another
portion of wholemeal wheat flour was sieved using sieves N0.50 and 60 to
produce control of wheat flour 82% extraction and Control of 72%extraction,
respectively.
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Mills samples:
Samples of wholemeal wheat flour, wheat flour 82% and 72%
extractions were gbtained from the company mills which divided as using

ground ar potable water in the wheat conditioning process as shown in Table
NO.(1).

Table (1): Types of examined flour according to the sources of used
water in wheat conditioning process.:-

Mills | Types of Types of examined flour: l
No. iconditioning water| wholemeal | 82% extraction [72% extraction

L Ground + + -

2 | Ground + + -

3 |  Potable + + :

4 | Potable + + -

5 Ground - - +

| 6 |  Potable - - +

Ash and minerals analysis: ,

Samples were analyzed for ash according to the method
recommended by ACAC (1995). Mn, Fe, Zn, Cu, and Pb were determined
after dissolving the dry ash of samples in HCI IN using an atomic absorption
spectrophotometer (Perkin-Elmer Instrument, Model 23865) according to
Anon (1871).

Increment percent(%) = Mill x / Control x x 100

X : ash or heavy metals content.

RESULTS AND DISCUSSION

Ash and heavy metals content of wholemeal wheat flour produced from
conditioned wheat with ground or potable water:-

Table {2) shows the ash and heavy metals content of the whoiemeal
produced from conditioned wheat with ground or potable water and its
averages. The results revealed that using of ground or potable water in wheat
conditioning process increased the average of ash and heavy metals content
of produced wholemeal compared with control sample. Also, the averages of
ash, Mn, Fe, and Cu content of the wholemeal produced from conditioned
wheal with groundwater were higher than the control or the wholemeal
produced from conditioned wheat with potable water. The results revealed
also that Sample of mill No.(1) recorded the highest Mn and Cu content and
the increment percents to control were 114 and 428%, respectively. Also,
sample of mill No. (2) recorded the highest ash and Fe content and the
increment percent to control was 114 anc 344%, respectively. Zn and Pb
content of mills samples which use ground or potable water in wheat
conditioning process were higher than control, and the averages of
increments to control were similar, although the sample of mill No.(3)
recorded the highest Zn content and the increment percents to contro! was
118%. 1t can be noticed also that controi wholemeal was in accordance with
that reported by the National Nutrition institute (NN1), (2006) in the ash, Fe
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and Cu and exceeded it in Zn. Also, wholemeal of the conditioned wheat with
potable water was in accordance with that reported by NN! (2006) in Zn and
Cu and exceeded it in the average of ash and Fe. Tangkongchitr et al,
{1981.a) reported that wholemeal contained 4.1 mg Zn /100 g.

Ash, Fe, Zn and Cu content of wholemeal for the conditioned wheat
with groundwater exceeded that reported by the NN! {2006). Furthermore,
NNI (2006) did not pay any attention to Mn. or Pb. The regulations of the
Egyptian Organization for Standardization and Quality Centrol {ES, 2005)
permits a limit of ash content for wheat wholemeal to be fess than 2.4%, and
did not permit limits for minerals or heavy metals content. Ash content of
control and wholemeal for the conditioned wheat with ground or potabie water
were below the permitted levels of ES (2005). _

Ash and heavy metals content of wheat flour (82% extraction)} produced
from ¢onditioned wheat with ground or potable water:-

Table (3) shows the ash and heavy metals content of the wheat flour
(82% extraction) produced from conditioned wheat with ground or potabie
water and its averages. The results illustrate that the averages of ash heavy
metals contents of wheat flour (82% extraction) produce from conditioned
wheat with groundwater or potable water were higher than control sampie.

Also, except Zn, the average of ash and heavy metals content of mills
samples which use groundwater in wheat conditioning process were higher
than mills samples which use potable water. In contrast, using of potable
water in wheat conditioning process increased the average of Zn content of
produced wheat flour (82% extraction) from conditioned wheat with potable
water was higher than that conditioned with groundwater. Sample of mil
No.{2) which groundwater was used in wheat conditioning process recorded
the highest ash and Fe content and the increment percents to control were
154% and 253%, respectively. _

Sample of mill No.(t) which groundwater was used in wheat
conditioning process recorded the highest Cu content and the increment
percent to control was 150%. Sample of mill No.(3) which potable water was
used in wheat conditioning process recorded-the highest Zn content and the
increment percent to control was 145%. It can be noticed also that ash, Fe
and Cu content of control wheat flour (82% extraction} accorded with that
reported by the NNI (2006) and exceeded it in Zn. Also, the average of ash,
Fe, Zn and Cu content of mills samples which groundwater were used in
wheat conditioning process exceeded that reported by the NNI (2006). Also,
the average of ash, and Zn content of mills samples which potable water
were used in wheat conditioning process exceeded that reported by the NNI
{2008) and accorded with it in Fe and Cu. The average of Pb content of mills
samples which ground or potable water were used in wheat conditioning
process were higher than control, and the averages of increments to controf
were similar. The regulations of the ES (2005) permit a limit for ash content of
wheat flour (82% extraction) to be less than 1 %, neglected to permit limits for
minerals or heavy metals content.
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Table(2): Ash and heavy metals (mg/100g} content of wholemeal wheat flour produced from conditioned wheat

with ground or potable water:-

Increment Heavy metals content

Samples Ash to control Increment r Increment Increment Increment tncrement
p {%) (%) Mn | tocontrol [ Fe |tocontrol | Zn | to control | Gu { tocontrol | Pb | to control

° (%)} (%) (%) {%) (%)

1.6 100 273 100 242 100 3.21 100 0.14 100 0.06 100

77 110 3.82 140 4.56 188 3.69 115 0.60 428 0.06 100

1.83 114 3.01 110 B.33 344 3.64 113 0.52 371 0.07 116

173 112 3.41 125 45 266 367 114 0.5 400 065 108

1.73 108 3.05 111 2.43 100 3.80 118 0.14 100 0.06 100

1.73 108 3.07 112 2.56 105 3.52 109 01 114 0.07 116

veraged+4 [1.73 108 3.06 112 249 103 3.66 114 0.1 107 0.065 108

NI{2006 1.82 100 nd nd 3.52 145 328 102 0.37 264 . nd ng

ES (2005)~ | 2.4 150 nd nd nd nd nd nd nd nd nd nd

" Natienal Nutrition Institute (2006).
“* Egyptian Organization for Standardization and Quality Control2005).

Table{3): Ash and heavy metais (mg/100g) content of wheat flour (82% extraction) produced from conditioned

wheat with ground or potable water:-

Increment Heavy metals content
Samples Ash to control Increment Increment Increment Increment Increment to
(%) (%) Mn | tocontrol | Fe | tocontrol | Zn | tocontrol | Cu | to controt | Pb control
%) | (%} {%} (%) {%}
ontrol 0.87 100 1.25 100 1.92 100 2.03 100 0.24 100 0.06 100
Mill No.1 0.94 108 177 116 310 161 2.03 100 0.35 150 0.06 100
MillNo 2 1.34 154 1.69 111 4.86 253 217 106 0.35 145 0.07 116
veragel+2 [1.14 131 1.73 114 3.98 207 210 103 0.355 147 "0.065 18
ill No 3 1.09 125 1.77 116 2.22 115 2.96 145 0.28 116 0.07 116
I No 4 1.0 119 1.52 100 2.00 104 2.22 104 0.24 100 0.06 100
Averageld+4 | 1.0 122 1.65 108 2.11 119 245 124 0.26 108 0.065 108
NNI@&OS * 1.00° 115 nd nd 2.80 135 1.82 -110 0.30 125 nd nd
Es{2005)"* 1 115 nd nd nd nd nd nd nd nd nd nd

* National Nutrition Institute (2006).
** Egyptian Organization for Standardization and Quality Control(2005}.
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Ash content of controi sample was in accordance with the permit of ES
{2005) Both ash content of wheat flour (82% extraction) and average of
wheat flour {82% extraction) for the conditioned wheat with ground or potabie
water were higher than the ash content which permitted by the ES (2005).
Also, The average of ash content of wheat flour (82% extraction) produced
from conditioned wheat with groundwater was more higher than the permitted
levels. by the ES (2005).

Daily intake{Dl) of heavy metais from Balady bread produced from
conditioned wheat with ground or potable water:-

Ibraheem and Youssef (2004) mentioned that the average of Balady
bread consumption in Egypt is 2.6 loaves/ person/ day comes from 260 g. of
wheat flour 82% extraction. Then, consumption of 2.6 loaves of Balady bread
will increase the DI and the DI to the Recommended dietary allowances
(RDA) of heavy metals by 2.6-folds. National Research Council {1989)
estimated the RDA means of Mn, Fe, Zn and Cu with 3.5, 12, 15 and 2.25mg/
day for adults, respectively

Table (4) shows Daily intake(Dl) and the percent of DI to
Recommended Dietary Allowances(DI/ RDA) of Mn, Fe, Zn and Cu based on
the daily consumption of wheat flour 82%- Balady bread produced from
conditioned wheat with ground or potable water. The results revealed that
consumption of 2.6 Balady bread loaves per day produced from wheat
conditioned with ground or potable water flour increased DI and DI/ RDA of
ail heavy metals. Also, DI and DI/ RDA of Mn overreached the means of RDA
and the increment caused by groundwater was higher than that caused by
potable water. Normandin and Hazell, (2002) reported that exposure to Mn
may lead to accumulation of Mn in the basal ganglia of the brain, where it
may have its toxic effects lead to neurotoxicity (also known as manganism).
Manganism was characterized by neuropsychiatric symptoms and
extrapyramidal dysfunction, such as hypokinesia, rigidity, and tremor often
resemble Parkinson’s disease (Erikson et al., 2004).

The results in Table{4) revealed also that, usage of groundwater in
conditioning process increased DI and DIVRDA of Fe more than potable
water. The increment percent of the mill sample No. 2 overreached the mean
of RDA. Elizabeth, Lund et al, (2001) reported that there is an increasing
evidence that chronic exposure to high level of dietary iron may be a risk
factor for colorectal cancer and cardiovascular diseases ( Duk - Hee et al.,
2005).

The results in Table(4) reveated also that, usage of groundwater in
conditicning process caused simitar increments with potable water in DI and
DI/RDA of Zn, but the increments were higher in Cu. Oehlenschlager (2002)
reported that Zn and Cu are essential for human life at low concentration,
however, they can also be toxic at high concentration. Alse, Magdatena af al.,
(2005) found that mild copper excess in humans induced a transient, mild,
but significant elevation of liver aminctransferases.

Ash and heavy metals content of wheat flour (72% extraction) produced
from conditioned wheat with ground or potabie water:-

Table{5) shows ash and heavy metals content of wheat flour (72%)
nroduced from conditioned wheat with ground or potable water.
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Table {4): Daily intake(Dl) of heavy metals from Balady bread produced from conditioned wheat with ground or
.. potable water: _—

" Heavy metals

Samples T T Mn T T T e Zn Cu
Content Dl DU/RDA * Content—y ]} DI/RDA ™| Content Dl [DVRDA ] Content DI DI/RDA ®
(mgf100g) |{mgday}| (%) [{mg/100g)|(mgiday)| (%) |{mg/i100g)|{mg/day)| (%) )img/100g)|{mg/day)] (%)
Control 1.25 3.25 92.8 1.92 4.9 415 2.03 5.28 35.2 0.24 0.62 27.6
Milt No.1 1.77 4,60 131.5 3.10 8.06 67.2 2.03 5.28 35.2 0.36 0.94 41.8
Mill No 2 1.69 4.39 125.4 4,86 12.63 | 1053 2.17 5.64 37.1 0.35 0.91 40.4
Averagei+2 1.73 4.50 128.5 3.98 10.35 86.3 2.10 5.46 36.4 0.355 0.92 40.9
Mill No 3 1.77 4.60 131.5 2.22 577 481 2.96 7.70 51.3 0.28 0.73 32.4
MiliNoa | 1.52 3.65 112.8 2.00 5.20 433 2.22 577 28.5 0.24 0.62 27.6
Average3+4 1.65 4.29 122.5 211 5.47 456 245 554 36.9 0.26 0.68 30.2

" RDA of Mn is 3.5 mg/ day (National Research Council,1989),
® RDA of Feis 12 mg/ day (National Research Council,1989).
“RDA of Zn is 15 mg! day (National Research Council, 1989).

“ RDA of Cuis 2.25 mg/ day {National Research Council,(1989).

Table (5): Ash and heavy metals (mg/100g) content of wheat flour (72% extraction) produced from conditioned
wheat with ground or potable water:-

Ash Increment Heavy metals content
Samples (%) to control Increment Increment Increment tncrement Increment
(%) Mn | to control { Fe | to control { Zn { to control | Cu | tocontrol [ Pb | to control
— % (%) Ch)__ (Al %)
IControl 1040 | 100 0.55 100 0.65 100 0.84 100 0.11 100 0.06 100
‘Mill No5 |066] 165 0.77 140 1.10 169 1.22 145 0.33 300 0.18 300
Mill No 6 0.46 115 0.61 111 0.65 100 0.87 103 011] 100 0.07 116
NNI{2006)* 0.5 125 nd nd 0.85 130 1.50 178 0.13 118 nd . nd
ES (2005)* (056 140 |(nd| nd nd nd nd nd nd nd nd nd

* National Nutrition Institute (2006).
** ggyptian Organization for Standardization and Quaiity Contro}{2005).
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The results revealed that using of ground or potable water in wheat
conditioning process increased the ash content of produced wheat flour
{72%) compared with control sample and the increment percents to control
were 165% and 115%, respectively. Also, using of groundwater in wheat
conditioning process increased Mn, Zn and Pb content of produced wheat
flour {72%) more than control or potable water. The increment percents to
control were 140, 145 and 300%, respectively. Pb metal can be classified as
potentially a toxic and very harmful even at low concentration when ingested
over a long time period (Celik and Oehlenschlager, 2007).

The results obvious also that, Fe and Pb content of produced wheat
flour (72% extraction} from conditioned wheat with groundwater was higher
than control or that produced from conditioned wheat with potable water. The
increment percents to control were 168% and 300%, respectively. Fe and Cu
content of wheat flour (72%) produced from conditioned wheat with potable
water recorded no increment percent compared with control sample. Ash, Fe
and Cu content of mill sample which groundwater was used in wheat
conditioning process exceeded that reported by the NNI (2008). In contrast,
the average of ash, Fe, Zn and Cu content of mills samples which potable
water were used in wheat conditioning process recorded an accordance with
that reported by the NNI {2006). The ES {2005) permit a limit for ash content
of wheat flour (72% extraction) to be less than 0.56 %, but it did not provide
the maximum minerals or heavy metais content. Both ash content of control
wheat flour {72% extraction)} and wheat flour (72% extraction} produced from
conditioned wheat with potable water or which reported by the NNI, (2006}
were accorded with that provided by the ES {2005). In contrast, ash content
of wheat flour (72% extraction) produced from conditioned wheat with
groundwater was higher than which permitted by the ES (2005).

Conclusion

The results obtained from this study showed that wheat flour in
Egyptian market had generally much higher Of heavy metals concentrations
than that are allowed by health authorities. The levels may be reduced by a
better selection of the water sources including an analysis for toxic trace
elements prior to usage this source of water. This study showed aiso that
potable water may be a legal and safe source of the water used in wheat
conditioning process. This study also showed that a more comprehensive
survey should be carried out in heavy metals content of wheat flour and water
used in wheat conditioning processes. Mills that were use groundwater in
wheat conditioning process changed to potable water as soon as these
resuits carried out.
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