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ABSTRACT
Acrylamide is a contaminant formed in food when preparation of food uses above 120 °C of
temperature and low moisture content of food. Several methods have been used in the mitigation
of acrylamide in foods due to the health risk it poses to people especially children. In this study,
the mitigation method used was a binder (alumino- silica complexes -ASC) which adsorbed
acrylamide content based on response surface design for the analysis. The binder which had
previously been synthesized, required factors such as heating time of 0 to 4 h of the complex,
heating temperature of 0 to 1400 °C and alumina component running from 20% to 60% and that
of silica running from 40 % to 80 %. The highest percentage reduction of acrylamide as quantified
by HPLC, was 88.75% and the least was 53.33%. According to the predicted optimization
conditions, the complex; alumina: silica ratio of 60: 40, obtained at a heating time of 3.6 h, with
a heating temperature of 1400 °C and agitation time of 4 h, gave the best adsorbed acrylamide

content.
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CHAPTER 1
INTRODUCTION

1.1 Background

Risk, which is the probability, frequency and occurrence of a well-defined hazard, and the degree
of the effects of the occurrence (Royal Society, 1992; HMSO, 1995) associated with food, has
made consumers lose confidence. In developing nations, there is an influence of diet to cancer risk
which is nearly about 20 % (Miller, 2001) and so the discovery of this contribution of diet to cancer
risk has been of much essence to public health. Thus, research into food hazards and or

contaminants has been on the increase.

Chemical contaminants occur during food industry operations, the use of chemical additives and
agricultural processes and controls. Toxicants formed during food preparation or processing and
packaging are polycyclic aromatic hydrocarbons (PAH), polycyclic aromatic amines (PAA),
Nnitrosamines, acrylamide and chemicals produced during food irradiation (Shibamoto and
Bjeldanes, 2009). According to Sorgel et al. (2002), the main routes of exposure for these
contaminants are through eating of food, dermal contact, and inhalation. According to Brown et
al. (1980a) and Howard (1989), acrylamide is ingested through food and water (H2O) — when there
is treatment of water using polyacrylamides flocculent, which are very soluble in the water. For
dermal route of acrylamide exposure, the utilization of polyacrylamide in cosmetic products,
gardening products, paper and pulp products, coatings, and textiles leave small quantities of
acrylamide on the skin, which is then absorbed into the body (Manson et al., 2005). Also, the
production of polyacrylamide and acrylamide leave traces on the skin. Inhalation of cigarette

smoke; dust and vapor during acrylamide and polyacrylamide production also introduce



acrylamide into humans (IARC, 1986). The intake of acrylamide in food is common to everybody
and its mean estimate range from 0.8 to 6.0 pg/kg bw/day for near-term exposure and 0.3 to 0.8
ug/kg bw/day for long-term exposure (Tareke et al, 2002). For that of children, the estimated
average is about 2 to 3 times that of grown-ups with respect to weight of the person (Tareke et al.,

2002).

1.1.1 Acrylamide

The use of fire by early man was a turning point for the preparation of food. The improvement of
colour, taste and aroma, all result in the formation of hazards like acrylamide. The discovery of
acrylamide concentration in thermally treated foods by Swedish scientists in 2002, occurred when
they were originally examining unintentional spillage of grouting agent among tunnel workers,
where these scientists observed that workers exposed to acrylamide earlier had their blood
containing substantial levels of acrylamide- hemoglobin adducts (Tareke et al., 2002). Thus, foods
were investigated to determine the presence of acrylamide in Stockholm where carbohydrate rich-
food products had acrylamide, for instance roasted coffee and coffee products. Swedish National
Food Administration on the other hand, revealed that protein rich foods had little or no amount of
acrylamide; and raw food like raw potatoes have no amount of acrylamide content as indicated by

Tareke et al. (2002).

Ever since the discovery and formation of acrylamide, a lot of research has been directed into
eliminating and reducing acrylamide content in foods. Mottram et a/. (2002) and Stadler et al.
(2002) reported that acrylamide could be formed in heated carbohydrate rich-foods where free
asparagine and intermediates of Maillard reaction react. The acrylamide content in food differ with

the type of food, technique of cooking, increase in temperature i.e. 120 °C (248 °F) or above, how
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long the food is cooked, water content of the food and food thickness (Sorgel et al., 2002; WHO,

2003).

1.1.2 Binders

Currently, there are many conventional methods in reducing or eliminating hazards or
contaminants such as adsorption on materials, exchange of ions, reverse osmosis, chemical
precipitation and electrodialysis. In all these methods, adsorption has been the most feasible, easy

and cost effective. Some of the adsorbents are alumina (Ku and Chiou, 2002; Ghorai and

Pant, 2005), bone char (Leyva-Ramos et al., 2010) and rare earth oxides (Raichur and Basu, 2001)

1.1.3 Silica

Silicon (Si) is the most copious element found on earth, which is almost around 27.2%. It has
essential physical and chemical characteristics; and the complex structure of its compounds makes
it of prime interest for scientists from generation to generation. As a result of this, silicon dioxide
(Si02) has been the most widely studied inorganic compound apart from water (Greenwood and
Earnshaw, 1997). Its production begins by alkaline extraction, then by acid precipitation, where
the precipitate is washed, followed by dehydration to form silica gel. Treguer et al. (1995) reported
that silica is found in most water bodies or systems in the orthosilicic acid (H4SiO4) form and this
compound is important in ecology since it is responsible for rendering silicon to cells of living
beings. Hence, it is an indication of its presence in humans and animals.

Another indication of the presence of silicon in humans is in hair (Smith, 1993) and nails (Austin,
1997). It is also a trace element in large quantities in humans since it is abundant in foods in the

form of silicate, in free ortho-silicic acid, silicic acids bounded to certain nutrients and silicon



dioxide (Reffitt ez al., 1999). Thus, in plant based foods — barley, oats, cereals, polished rice and
white wheat flour; and in animal foods — dairy products and meat. In addition, drinking water and
mineral water have silicon in them (Bowen and Peggs, 1984.). In a study conducted by Institute of
Medicine (2000), the upper intake level (UIL) for amorphous silicon dioxide during a risk

assessment was 700 mg/day for adults which corresponds to 12 mg silicon/kg bw/day.

Silica exists in amorphous form — natural and synthetic; and crystalline forms — quartz and porosil.
Silica is normally found as quartz and also in different living organisms. Quartz is an abundant and
recognized material which is converted to b-quartz, trydimite and cristobalite when there is
application of heat. Also, the use of man-made amorphous silica particularly silica nanoparticles
(SNPs) in cosmetic, pharmaceutical and food industries as additives on a large scale has received
large attention. To add to it, nanoparticles of silica are used in biotechnology and biomedical
science in drug delivery, enzyme immobilization, DNA transfection and cancer therapy (Hirsch et
al., 2003; Moghimi et al., 2005; Ravi Kumar et al., 2004; Slowing et al., 2008; Vijayanathan et
al., 2002). In the food industry of United States of America, nanosilica is used as a food additive
for almost half a decade and the maximum limit of its use is 2 % by weight in dried powdered
foodstuffs and on the other hand, European Union“s maximum level for silica is 1 % (US FDA,

2015).

The use of silica gel includes selective adsorbent in column chromatography, catalyst, desiccant,
flatting agent in thin film or coatings for electronic and optical materials, in glass, ceramics and
cement. It can also be an adhesive agent or bonding agent during drug, cosmetics and detergents
manufacture, using its soluble silicates (Anon., 1997; Laxamana, 1982; Lender and Ruiter, 1990;

Brinker and Scherer, 1990).



1.1.4 Alumina

Alumina was first discovered by a man called Marggraf by removing it from natural clay with the
utilization of sulphuric acid in 1754 and later discovered in the eastern and south eastern of France
where the soil was rich in alumina - bauxite (Davis, 2010). Bauxite which is readily available in
Ghana is mainly made up of alumina and in small changing amounts of iron oxides, silica, titanium
oxide and alumina silicate. This pure compound is being thermally activated to eliminate
chromium (Erden ef al., 2004), arsenic (Altundogan et al., 2002) and fluoride (Sujana and Anand,
2010; Lavecchia ef al., 2012) from water as an effective adsorbent with a low price. Alumina has
chemical, mechanical and electrical properties with purity of 99.7 % which is being used in ceramic
production; its hardness makes it useful as an abrasive material and its melting point of 2000 °C as
a refractory and as a lining of special furnaces (Davis, 2010). Also, the surface of alumina has
terminal hydroxyl groups (Al-OH) which helps in its adsorptive nature. According to Jones-
Hughes et al. (2013), there was a great effective reduction of arsenic when activated alumina was
used as an adsorptive material (=95 %) as a form of intervention to remove arsenic contamination

of groundwater in developing countries.

Currently, nano powders of alumina are used in a lot of technologies like catalysts, adsorbents and
for nanoceramics (Khrustaleva and Voronova 2016). The utilization of aluminosilicates as solid-
phase catalyst for instance smectites, zeolites and imogolite and sorbents have aided in the use of
these aluminosilicates in physiological systems usually through the gut and lungs (Brown, 2010;
Godoi et al., 2008; Lomer et al., 2002). Furthermore, White ez al. (2008) and Desouky et al. (2002)
found out that there was uptake of aluminum in cells which results in the quick mobilization and

buildup of dissolved silica, which forms non-toxic aluminosilicates in the intracellular



compartments of multicellular organisms. Hence, the major purpose of this research was to
determine the reduction capacity of alumino- silica complexes on acrylamide and set optimization

processing conditions using response surface methodology.

1.2 Problem statement and justification

Hogervorst et al. (2009) reported that an increase in the consumption of acrylamide was not
associated with lung cancer risk in women and low intake of acrylamide lead to lung cancer risk
in women; however in men, the ingestion of dietary acrylamide was not linked with lung cancer
risk. Thus, there could be other ways of acrylamide carcinogenesis apart from genotoxicity, which
could be hormonal when acrylamide was administered in animal studies (Johnson et al., 1986;
Friedman et al., 1995). In relation to the hormonal precursors during acrylamide carcinogenesis,
there were endometrial and ovarian cancer risks in association with acrylamide intake (Hogervorst,
2007). In addition, there is an endometrial cancer risk and probably ovarian cancer risk in people
who frequently ingest dietary acrylamide products (Wilson et al., 2010). According to Schouten et
al. (2009) there was a heightened risk of oral cavity cancer during ingestion of dietary acrylamide
in women non-smokers but not in men.

Investigations from Sorgel ez al. (2002) revealed that women who took acrylamide food products
had acrylamide in their breast milk and that minute amounts of acrylamide in their breast milk
were transferred to their babies. This is as a result of the hydrophilic nature and small size of
acrylamide structure which enables it to move to almost all tissues in the body (Friedman, 2003).
This is an indication that every tissue and organ could be a target of carcinogenesis which could

be a danger to unborn babies since acrylamide could similarly cross the placenta (WHO, 2003).



From all this research, it seems women and children are being affected most, nevertheless, Bongers
et al. (2012) conducted an epidemiological study which indicated that the intake of acrylamide

could heighten the risk of multiple myeloma and follicular lymphoma in men.

Due to the earlier effects and cancer risks of acrylamide in foods stated, there is the need for
reducing or eliminating acrylamide in processed food in the food industries and research
institutions which will not increase or introduce other process contaminants for public health.
Some mitigation methods are the control of time and temperature throughout baking, where
applicable, prolong fermentation time, where feasible replace ammonium bicarbonate with other
substitutes, reduction or elimination of reducing sugars such as glucose, the use of asparaginase
and the last being the improvement of agronomy and plant breeding (controlling the levels of
asparagine and sugars) which is a long - term mitigation of acrylamide in food (Konings et al.,
2007; Foot et al., 2007). The near —term use of asparaginase is an encouraging means to minimize
acrylamide content in food, however the high price of asparaginase will not enable its use in foods

for local producers (Ciesarova et al., 2010).

Also, there are disparities of acrylamide content between different production runs of food
products, between similar batches, between different manufacturers but the same products,
between the same product having varying ingredients from varying crop years. In addition, a food
product could have its acrylamide content low but this could increase the dietary acrylamide
exposure, if it 1s eaten regularly or in big quantities, for instance potato chips and coffee as
indicated by Lineback et al. (2011). Thus, the need for a cheap, an available and an effective
method for reducing acrylamide in foods, irrespective of the acrylamide content in the foodstuffs.

Binders like silica and alumina are efficient adsorbents used to reduce hazards using different



temperatures since they are known to be good adsorbents of hazards. The present study was aimed
at assessing the potential of alumino- silica complexes to reduce acrylamide using different

temperatures at a pH of 7.

1.3 Objectives
The main objective of this project was to use previously synthesized alumino-silica complexes
(ASC) to remove acrylamide from acrylamide substrate and to predict a model for the optimum

adsorption conditions for the acrylamide.



CHAPTER 2
LITERATURE REVIEW
2.1 Acrylamide
The awareness of acrylamide as a contaminant in food was created during the discovery of
acrylamide in certain foods that are prepared above temperatures of 120 °C with low moisture in
2012 in Sweden (Tareke et al., 2002). It is also identified as 2-propenamide and has the formula
H>CHCCNHO. It is referred to as a probable carcinogen to humans (Class 2A), according to

International Agency for Research on Cancer (IARC, 1994).

The hydration of acrylonitrile leads to the formation of acrylamide where it exists as odorless,
white crystalline solid at room temperature. According to European Food Safety Authority (2010),
acrylamide is highly soluble in water, dissolves in methanol, ethanol, acetone, ethyl acetate, and
chloroform but insoluble in benzene and heptane.

Table 1: Physical and chemical properties of acrylamide

Property Information

Molecular weight 71.1

Specific gravity 1.122 at 30 °C/4 °C

Melting point 84.5 °C

Boiling point 192.6 °C

Log Kow —0.67

Water solubility 371 g/L at 20 °C

Vapor pressure 7 x 10-3 mm Hg at 25
°C

Vapor density relative to air 2.5

Source: Hazardous Substances Data Bank (2009).
In addition, it has a lesser molecular weight as an organic compound. It is biodegradable and can

readily move in soil and groundwater (Smith et al., 1996, 1997). According to Smith et al. (1996),



acrylamide is stable during normal conditions, on the other hand, when heat is applied or there is
exposure of ultraviolet light or outdoor environmental conditions, acrylamide may decompose or

polymerize. These physical characteristics can be seen in Table 1.

2.1.1 Sources of human acrylamide exposure

Exposure occurs mainly via ingestion, dermal contact and inhalation routes (Sorgel et al., 2002).
Human acrylamide exposure derived from industrial sources has primarily occurred due to
workplace exposure especially during the use of acrylamide in the production of polyacrylamide
and grouting agents. Major routes of exposure at the workplaces appear to be dermal absorption
of acrylamide monomer from solution and inhalation of dry monomer or aerosols of acrylamide
solution. There is always an exposure of acrylamide during acrylamide and polyacrylamide
manufacture, acrylamide grouting and laboratory preparation of polyacrylamide gels (IARC,
1994). Also, the combustion or burning of tobacco releases acrylamide and hence a major source

of human acrylamide exposure among smokers (Urban et al., 2006).

It has also been revealed that during high-temperature processing of carbohydrate-rich foods,
acrylamide is formed (Tareke ef al., 2002). Ingestion of foodstuffs containing acrylamide appears
to be one of the most common methods of exposure for the entire populace. In Ghana, carbohydrate
—rich food that contain acrylamide is bread which is mostly consumed by children as reported by
Arthur (2014). Approximately, average intake of acrylamide from food sources ranged from 0.8 to
6.0 pg/kg bw/day for short-term exposure and 0.3 to 0.8 pg/kg bw/day for long-term exposure

(WHO 2002, 2003). Children may be susceptible to food-borne exposure 2— 3 times that of adults

10



on the basis of body weight (WHO 2002, 2003). Once acrylamide is in the body, acrylamide is

widely dispersed by body fluids, and can also cross the placental barrier

(WHO 2003), resulting in exposure to unborn children. Unborn babies™ blood brain barrier is

partially developed, hence, pregnant women who consume acrylamide containing foods in large

amounts could transfer these cancer risks to the fetus.

Table 2: Indicative values for acrylamide in foodstuffs according to Commission

Recommendation 2013/647/EU

Foodstuff

Indicative value (ng/kg)

French fries ready-to-eat

Potato crisps from fresh potatoes and from potato dough, Potato

based crackers

Soft bread
-wheat based bread)
-soft bread other than wheat based bread

Breakfast cereals (excl. porridge)

- bran products and whole grain cereals, gun puffed grain

(gun puffed only relevant if labelled)

- wheat and rye based products

- maize, oat, spelt, barley and rice based products
Biscuits and wafers

Crackers with the exception of potato based crackers
Crispbread

Gingerbread

Products similar to the other products in this category

Roast coffee
Instant (soluble coffee)

Coffee substitutes
(a) coffee substitutes mainly based on cereals
(b) other coffee substitutes

11

600
1000

80
150

400

300
200
500
500
450
1 000
500

450
900

2000
4000



Baby food, other than processed cereal based foods(2)

(a) not containing prunes 50
(b) containing prunes 80
Biscuits and rusks for infants and young children 200

Processed cereal based foods for infants and young children(3), 50
excl. biscuits and rusks

Based on experimental humans and animals, administration of acrylamide in food orally lead to
the absorption of acrylamide from the gastrointestinal tract (GIT) and then circulated immediately
to the tissues. Due to this rapid distribution, it has the potency to cross the placenta and also be
taken up by the breast tissues — thus, the presence of acrylamide in human milk to a minimized
extent. Breast milk of mothers with diets high in acrylamide-containing foods can have high
amounts of acrylamide as revealed by Sorgel et al. (2002). With regards to exposure of acrylamide,
infants, toddlers and other children are the most exposed groups due to ,,baby foods* which are
mostly processed cereal-based foods, some potato fried products, ,,soft bread™ and

biscuits.

At an initial concentration of 10 ppm, carbohydrate-rich foods, such as potato, beetroot, potato
products, and crispbread, contained much higher concentrations, ranging from 150 to 4,000 ng/kg.
The median acrylamide concentration in fried foods, including beef, chicken, soymeal, grated
potatoes, boiled mashed potatoes, and grated beetroot were 17, 28, 16, 447, 172, and 850 pg/kg,
respectively. In microwave-heated grated potatoes, the median acrylamide concentration was
found to be 551 pg/kg, while microwave-heated cod was less than the detection limit (<5 pg/kg).
In restaurant-prepared or purchased foods, the median acrylamide concentrations for hamburger,
French fries, potato crisps, and three types of crispbread were 18, 424, 1,739, and 208 respectively.

The different food stuffs with their acrylamide concentrations can be observed in Table 2.

12



2.1.2 Mechanism of acrylamide formation

In the quest to improve taste and appearance of foods, Maillard reaction has been used for this
effect. This has led to the initiation of acrylamide formation by the use of free aldehyde or free
ketone groups of sugars (predominantly fructose and glucose) with proteins or amino acids
especially asparagine in Maillard reaction of foods (Stadler ef al., 2002; Mottram et al., 2002) and
usually using high temperature cooking which contributes mainly to the induction of acrylamide
formation (Yaylayan ef al., 2003). There are two pathways for the formation of acrylamide, the
major one involves glucose and amino acids whilst the minor pathway involves acrolein (Gertz

and Klostermann, 2002).

With respect to the major pathway, the amide moiety of asparagine from the Maillard reaction
products combines with the carbonyl group of reducing sugars (especially glucose) which produces
the Schiffs base which is then decarboxylated to azomethine ylide through Schiff betaine or
intermediary oxazoline-5-one (Yaylayan et al., 2003). Later on, the azomethine ylide gives rise to

acrylamide (Zyzak et al., 2003).

The minor pathways for acrylamide formation are the use of acrolein (a lipid degradation product).
Lipid undergoes hydration to produce glycerol under high temperatures and glycerol releases water
when heat is applied to produce acrolein. Acrolein then undergoes oxidation at high temperatures
to produce acrylic acid. Acrylic acid reacts with ammonia group from an amino acid to produce
acrylamide (Yaylayan and Stadler, 2005). Acrolein can also form a radical at high temperatures
and this acrolein radical form acrylamide with amino radical, which is also formed from an amino

acid under high temperature (Shibamoto and Bjeldanes, 2009).

13



2.1.3 Uses of acrylamide

The major utilization of acrylamide is to make water-soluble polyacrylamides which serve as
flocculent during waste water treatment, clarifying drinking water and in oil-well processes, it
serves as flow control agents — industrial purposes. Also, acrylamide is used in chemical grouting
agents for sealing holes in sewers and manholes. According to Lineback et al. (2011),
polyacrylamide utilization in soil increases porosity, aeration and decreases compaction and water
run-off and these enhance soil stability. In addition, there is high demand for gel electrophoresis

during scientific research especially in biotechnology laboratories (IARC, 1994).

2.1.4 Effects of acrylamide on humans and animals

According to JECFA (2011) on acrylamide, acrylamide main health issue in humans and animals
is cancer due to its presence in most processed foods. The small and hydrophilic nature of
acrylamide makes it easy to diffuse to all other tissues in the body thereby all tissues serves as
targets for carcinogenesis. It is mostly regarded as a probable human carcinogen. As a result of
this, studies have been conducted on animals to prove its carcinogenicity. Hence, in rodents, it
caused benign thyroid — gland tumors, in male rats — it caused tumors of the lining of the testes
and benign adrenal — gland tumors. Also, it caused benign tumors of the pituitary gland, oral cavity
and clitoral gland; cancer of the uterus and the malignant and benign tumors of the mammary gland
(IARC, 1994). The genotoxicity in humans is as a result of extrapolation from the increased chronic
doses in rats to the decreased chronic doses in humans during acrylamide risk assessment where
an acrylamide intake of 1 p g/kg body weight per day in humans corresponds to a relative risk of
cancer in humans of between 1.006 and 1.05 (Mucci and Adami, 2005)

Also, there have been studies that indicated the genotoxic and neurotoxic effects which may pose

health effects for humans (Mojska et al., 2010). The ingestion of foods containing acrylamide give

14



rise to high risk of cancer of the breast, endometrial, ovaries and kidney in women as stated by
Olesen et al., 2008 and Hogervorst et al., 2008. Studies on acrylamide in humans when exposed
to high levels of acrylamide mainly caused damage to the nervous system (LoPachin, 2004) and
presented carcinogenic and mutagenic characteristics in mammals during in vitro and in vivo
research (Dearfield et al., 1995). According to a cohort study, workers who were mainly men had
a heightened risk of pancreatic cancers when compared with the period of exposure and also the
time of first exposure (Marsh et al. 1999, Schulz et al. 2001). The intake of acrylamide foods
correlates with an increased risk of oral cavity cancer during cohort studies in female nonsmokers
only. In addition, an inverse association between dietary acrylamide ingestion and lung cancer in

females during the cohort studies conducted (Hogervorst et al., 2009).

When considering cancers of the endocrine system due to acrylamide, it is believed that they are
not caused by genotoxicity, hence their mode of action could be hormonal or nongenotoxic (Bosetti
et al., 2000). an in- vitro study of glycidamide induced gene expression in colon cancer cells and
human breast cancer cells indicated a heightened expression of genes which activate androgen and
estrogen precursors to testosterone and 17(p)estradiol (Clement et al., 2007).respectively. On the
contrary, there was an increased risk in endometrial and ovarian cancers when dietary acrylamide
was taken in. As a result of these serious effects, EPA established an oral reference dose (RfD) of
0.002 mg/kg/day for acrylamide (EPA, 2010) and an

3 inhalation reference
concentration (RfC) of 0.006 mg/m for acrylamide (EPA, 2010)
2.1.5 Metabolism of acrylamide in humans
By means of acrylamide being a water-soluble molecule, it is distributed immediately to all body

tissues without accumulation in tissues. Presence of acrylamide in the body is quickly acted upon
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by cytochrome P450 2E1 through a process called epoxidation to produce the epoxide
glycidamide, which serves as the more mutagenic metabolite. Acrylamide having active double
bond could react with food ingredients like proteins, DNA and RNA. On the contrary, the increased
reactivity of acrylamide to food components like amino, hydroxyl and sulfhydryl groups of peptide
and proteins of food containing acrylamide might be the cause of reduced bioavailability of
acrylamide in the body (Hoenicke and Gatermann, 2005).

The rest of the acrylamide and glycidamide are then conjugated with glutathione as a form of
detoxification reaction using glutathione-S-transferase and excreted as mercapturic acid
derivatives in urine which is the main excretion route of acrylamide metabolites in humans. These
derivates are detected as cysteine metabolites in urine (Doerge ef al., 2007; Doroshyenko et al.,
2009; Kopp and Dekant, 2009). Another means where glycidamide can be metabolized is through
hydrolysis which forms 2,3-dihydroxypropanamide (glyceramide) and consequently form 2,3-

dihydroxypropionic acid (Sumner et al., 2003)

The concentration of acrylamide bound to the N-terminal amino acid in hemoglobin is strongly
correlated to the exposure of acrylamide, 3,35-37 while its glycidamide analog correlates to
glycidamide DNA adducts, 37 and is considered a bio-marker for the genotoxic dose reflecting
the individual ability to activate acrylamide to glycidamide (WHO, 2002). Acrylamide is not
expected to significantly bioconcentrate due to its high water solubility and its ability to be
degraded by microorganisms (Haberman, 2002; WHO, 2003). Therefore, bioaccumulation

through the food chain is expected to be low. No data needs are identified.

16



2.1.6 Occurrence of acrylamide in foods

There is formation of acrylamide in heated processed foods above 120 °C with low moisture, on
the contrary is absent in raw ingredients like raw potatoes (Tareke et al., 2002). Acrylamide content
in food product is low but it could also add up to the food acrylamide content exposure when taken

often or in big quantities e.g. coffee and potato crisps.

Carbohydrate-rich foods typically contain the highest levels of acrylamide (Muttucumaru et al.,

2008; Tareke et al., 2002; WHO 2003), whereas protein-based foods contain smaller amounts
(Tareke et al., 2002). Concentrations of acrylamide in food vary with the type of food and method
of cooking, and typically increase with temperature and length of heating (Sorgel et al., 2002;
WHO, 2002, 2003). As acrylamide content in food appears to be affected by temperature, water
content, food thickness, and length of heating, various steps can be taken to minimize the

exposure of acrylamide from food sources (Sorgel et al., 2002; WHO, 2002, 2003).

There is great concern in the determination of acrylamide content in food product due to variations
between production runs from the same manufacturer, with the same batches, between different
manufacturers, between different varieties or cultivars and or producers and between the same
products containing different ingredients from different crop years. Also, storage temperatures can
affect acrylamide concentration (Biedermann-Brem et al., 2003; Grob ef al., 2003).

2.1.7 Mitigation of acrylamide in foods

Essential efforts by scientists and the food industry on the reduction of acrylamide in major foods
with high acrylamide content have been carried out. For instance the use of Food Drink Europe

(FDE) toolbox in CODEX and other tools by other researchers. The need to control sugar content
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of potato—based products by farmers and producers to monitor the best agronomy practices, sorting
of variety of potato, harvesting of matured tubers, choosing of tubers due to colour and sugar

analysis, storage temperature conditions from farm to fork (Haase, 2006).

To mitigate acrylamide, the prohibition of acrylamide formation when decarboxylation of
asparagine is not attained through intramolecular cyclization to form an imide that is maleimide
which will not be change to acrylamide (Yaylayan et al., 2003). In avoiding the formation of
acrylamide, the Schiff base of N-glycosylasparagine — Amadori rearrangement and intramolecular
cyclization. At high temperatures, the Amadori rearrangement forms Nsubstituted succinimide.

This pathway prevents acrylamide formation using competitive inhibition (Manini ef al., 2001).

There 1s high concentration of asparagine in tubers especially when the soil has high nitrogen and
this is leads to an increase in acrylamide content during acrylamide formation (Lea ef al. 2007).
Thus, a reduction of soil nitrogen and potassium will reduce the acrylamide storage, leading to low
asparagine for acrylamide formation. There is also the removal of surface reactants like sugars
during blanching in the process of French fries industry reduce acrylamide in the final product
(Hendriksen et al., 2009). Addition of pyrophosphate to blanching water to avoid discolouration
and lowering the pH as a secondary effect to prevent reactants that will lead to Maillard reactions.
Also, according to Mestdagh et al. (2008), the application of citric acid salts, ascorbic acid,
antioxidants, calcium salt and lactic acids to potato matrix in several ways to reduce acrylamide
formation during processing. Some of these ingredients can negatively affect the organoleptic

characteristics of the final food or product e.g. citric acid.
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Furthermore, the use of asparaginase (an enzyme to break down asparagine to aspartic acid and
ammonia, although has some reactivity towards glutamine (Pedreschi et al., 2008, 2011). Further
laboratory research from Pedreschi er al. (2011), revealed that there was 90% reduction of
acrylamide when there was combined treatment of blanching and asparaginase on potato slice. On
the contrary, Foot et al. (2007), observed that, blanching had a negative effect on the texture, flavor,
nutritional properties of the fried product (oil content and vitamin C) which is not applied

commercially.

With reference to cereals, the use of asparaginase also reduces acrylamide but it can only be very
effective in some cereal foods like cereal based dough snacks and semisweet biscuits. Where as in
gingerbread, it will aid in the re-introduction of ammonium salts — leading to less or no effect on
quality or organoleptic properties of the food products. Thus the efficacy of the use of asparaginase
depends on the concentration of the enzyme and contact time. Fermentation of reducing sugars
using lactic acid bacteria to produce lactic acid reduces the pH and thus lowers the Maillard
reaction which reduces acrylamide formation. Reduction of 90% possible quality/ sensorial
properties of final products (Blom ef al., 2009). Lastly, the introduction of extra amino acids which
will competitively inhibit asparagine during key reaction in the Maillard reaction when plant based

protein hydrolysate are used which will mitigate acrylamide (Cook and Taylor, 2005).

2.2 Factors affecting acrylamide formation
During the formation of acrylamide, a lot of factors come into play to enhance its formation.
Factors like the food systems such as carbohydrate-rich or protein-rich matrix (Claeys et al.,

2005a). Other factors include concentrations of precursors, heating time, heating temperature and
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pH. The concentration of precursors which cause acrylamide formation are affected by farming
systems, time of harvest of crops, different cultivars, storage time and pesticide application. To add
to it, the effect on food matrices is also essential in the formation of acrylamide (Stadler et al.,

2004).

2.2.1 Effect of pH during acrylamide formation using Maillard reaction

pH has been one of the contributing factors which aids in the formation of acrylamide. When
Amadori rearrangement is formed during Maillard reaction as stated earlier, pH changes in the
system especially pH of 7 and below enables the formation of furfural or hydroxymethylfurfural
(HMF). This product undergoes 2,3 —enolization to produce pyruvaldehyde, diacetyl and acetol;
and reductones when pH is below 7. All these products undergo several pathways to produce
melanoidins which is the last step in Maillard reaction (Martins et al., 2001). Also the decreasing
of pH of food matrices reduce acrylamide formation by enabling the a-amino group of asparagine
to be protonated hence preventing carbonyl sources from attaching to it (Jung ef al.,

2003). In addition, Jung et al. (2003) revealed that the relationship between acrylamide mitigation
and lowering pH may depend on the type of product as a result of different factors or different

starting pH values of the products.

2.2.2 Effect of storage temperature and heating temperature during acrylamide formation

During studies conducted by Biedermann-Brem et al. (2003) and Grob et al. (2003), acrylamide
levels in potato cultivar had its concentration increased when the storage of temperatures were
below 10 °C as compared to storage temperatures above 10 °C. Also, Mottram et al. (2002),

indicated the reliance of acrylamide formation on temperatures above 100 °C where a further
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increase of temperature from 100 °C did not increase the acrylamide concentration but the
acrylamide concentration increased with heating time.

In addition, the process of frying at high temperatures increase acrylamide formation especially
when the moisture content of the product is low (Fiselier et al., 2005). Lower moisture content
enhances the activation energy of acrylamide formation according to Amrein ef al. (2006b). An

increase in temperature and time of heating increases acrylamide content in French fries (Matthéus,

2002).

2.3 The use of alumina and silica as adsorptive materials

In recent times, the use of conventional methods in reducing or eliminating hazards or
contaminants using adsorption on materials, exchange of ions, reverse osmosis, chemical
precipitation and electrodialysis. Among all these methods, the easiest and cost effective one is
adsorption and in this study alumina and silica are considered.

2.3.1 Alumina

The discovery of alumina was by a man called Marggraf in 1754 where it is obtained from clay
when sulphuric acid is added (Davis, 2010). Alumina has chemical, mechanical and electrical
properties with purity of 99.7 % which is being used in ceramic production; its hardness makes it
useful as an abrasive material and its melting point of 2000 °C as a refractory and as a lining of
special furnaces (Davis, 2010). Also, the surface of alumina has terminal hydroxyl groups (AIOH)
which helps in its adsorptive nature. According to Jones-Hughes et al. (2013), there was a great
effective reduction of arsenic when activated alumina was used as an adsorptive material (>95 %)

as a form of intervention to remove arsenic contamination of groundwater in developing countries.
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Adsorption studies of HF using alumina by Haverkamp ef al. (1992) where there was no evidence
of AIF formation at low temperatures (20 °C — 120 °C) but there was evidence of AIF formation
leading to total removal of fluoride when the temperatures were elevated (700 °C — 1000 °C) using
alumina as the binder. The use of nanopowders of alumina which has large capacity for the
adsorption of eosin as indicated by Khrustaleva and Voronova (2016) also gave a clear indication

of the efficient adsorption of alumina when used as a binding material.

2.3.2 Silica

Silicon (Si) is the most copious element found on earth, which is almost around 27.2 %. It has
essential physical and chemical characteristics; and the complex structure of its compounds makes
it of prime interest for scientists from generation to generation. As a result of this, silicon dioxide
(Si02) has been the widely studied inorganic compound apart from water (Greenwood and
Earnshaw, 1997).

Silica exists in amorphous form — natural and synthetic; and crystalline forms — quartz and porosil.
Silica is normally found as quartz and also in different living organisms. Quartz is an abundant and
recognized material which is converted to b-quartz, trydimite and cristobalite when there is
application of heat. Also, the use of man-made amorphous silica particularly silica nanoparticles
(SNPs) in cosmetic, pharmaceutical and food industries as additives on a large scale has received
large attention. To add to it, nanoparticles of silica are used in biotechnology and biomedical
science in drug delivery, enzyme immobilization, DNA transfection and cancer therapy (Hirsch et
al., 2003; Moghimi et al., 2005; Ravi-Kumar et al., 2004; Slowing et al., 2008; Vijayanathan et
al., 2002). In the food industry of United States of America, nano silica has been used as a food

additive for almost half a decade and the maximum limit of its use is 2 % by weight in dried
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powdered foodstuffs and on the other hand, European Union*s maximum level for silica is 1 %

(US FDA, 2015).

The use of silica gel includes selective adsorbent in column chromatography, catalyst, desiccant,
flatting agent in thin film or coatings for electronic and optical materials, in glass, ceramics and
cement. It can also be an adhesive agent or bonding agent during drug, cosmetics and detergents
manufacture, using its soluble silicates (Anon, 1997; Laxamana, 1982; Lender and Ruiter, 1990;
Brinker and Scherer, 1990). The use of kaolinite (aluminosilicate) which has silica and alumina
oxides alternating its sheets, in the adsorption of polyacrylamide where there is exchange of
cations. Adsorption was very quick, within 15 min of contact time as described by Hollander et al.
(1981).

In conclusion, acrylamide which is a probable carcinogen has led to several research into the
mitigation of it where most of the mitigation methods is to prevent the formation of acrylamide.
With this study the binder used was alumino-silica binder due to the abrasive nature of alumina
and the adsorptive property of silica for column chromatography. The essence of in — vitro studies
in the reduction of acrylamide levels when alumino--silica complexes are applied is devoid of
ethical issues and it is a cheap way to predict the adsorption of acrylamide using alumino — silica

complexes in — vivo, even though the later studies might not be efficient.
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CHAPTER 3
MATERIALS AND METHODS
3.1 Materials
All reagents used (starch, sodium azide, NaCl, KCI, Na,HPO4.7H>0, KH2POy4, acrylamide (99 %)

and acetonitrile) in this study were acquired from Sigma Aldrich - USA.

3.1.1 Alumino-silica complexes

The alumino-silica complexes were previously prepared (Iloabuchi, 2016) where silica chippings
were obtained from Apromase and alumina from BDH chemicals. The alumino-silica complexes
previously prepared at varied proportions of alumina from 20 % to 60 % whilst that of silica was

varied from 40 % to 80 % using a temperature range of 0 °C to 1400 °C and time interval of 0 to 4

h.

3.1.2 Acrylamide substrate

Acrylamide substrate was prepared using 0.1 M phosphate-buffered saline (PBS), 560.0 mg of
acrylamide, 56.0 g of starch and 1.0 g of sodium azide. In preparing the 0.1 M phosphate— buffered
saline (PBS), the Cold Spring Harbor (2014) method was used with slight modifications where
82.0 g NaCl was used instead of 80.0 g, 2.0 g KCl, 21.7 g Na2HPO4.7H>0O and 2.59 g KH2PO4
were dissolved in 350.0 mL of distilled water. Starch, acrylamide and the sodium azide were added
to the buffer solution and topped up to the 1 L mark of the volumetric flask with distilled water at

apHof 7.
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3.2 Method

3.2.1 Design of Experiment

The design of experiment used for the synthesis of alumino-silica complexes was based on the
method used by Iloabuchi (2016). The design was based on D-optimal quadratic x quadratic,
mixture-process design (Design Expert, 2012), where the variables (Table 3) alumina (A), silica

(B), time (C) and temperature (D) were varied according to the limits shown.

Table 3: Summary of alumina and silica proportions with the process factors.

Component Name Units Type Minimum Maximum

A Alumina % Mixture 20 60

B Silica % Mixture 40 80

C Time h Numeric 0 4
Temperature o€ Numeric 0 1400

For one particular synthesis, specific weights of alumina and silica were weighed into a crucible
and heated in Bionics Muffle furnace (BST/MF/1800, India) according to the required temperature.
The synthesized clumped alumino-silica complexes were then ground to powder of size 0.05 mm.
In all, a total of 25 runs based on the design was obtained.

3.1.2 Treatment of ASC with the acrylamide substrate

Already prepared alumino-silica complex (ASC) of 30 mg was weighed into a 15 ml tube and
topped with the acrylamide stock solution to the 10 ml mark. An orbital shaker was used to agitate

the tubes for 4 h and spinning was done at 3000 rpm for 3 min. The supernatant was transferred
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into a 1.5 ml Eppendorf tube for HPLC analysis. In preparing the control sample, alumino-silica

complex was not added to the acrylamide stock solution/ substrate.

3.1.3 HPLC Determination of residual acrylamide content

The quantitative analysis of acrylamide was obtained from a Cecil-adept binary pump HPLC (CE
4300, UK) with a diode array detector. The quantification was based on what was described by
Nagappan et al. (2014). An Agilent eclipse plus C18 column (4.6 mm x 150 mm, 3.5 um) with
column oven set at 25 °C and the detector also set at 225 nm. The mobile phase at a flow rate of 1
ml/min, was made up of acetonitrile and water (20:80, v/v) adjusted to pH 3.5 with
orthophosphoric acid. A volume of 60 ul was injected into the HPLC for both samples and
standards. Calibration curve was constructed using the concentrations 0.001g/L to 0.04g/L of
acrylamide standard (Appendix 1). Limit of detection (LOD) and limit of quantification (LOQ)
were estimated to be 0.1 pg/kg and 0.3 ng/kg respectively. The concentrations obtained from the

HPLC analysis were loaded in the Equation 1 to determine the % reduction of residual acrylamide,

(Q —Y) x 100
Q

% Reduction of acrylamide = . ... Equation(1)

where Q = acrylamide stock solution without ASC (control sample) and Y = acrylamide stock
solution treated with ASC.

3.2 Data analysis

The input variables for the synthesis of ASC and the residual acrylamide % reduction after

treatment with the ASC was presented in Table 4.

Table 4: Varying levels of the factors for the synthesis of ASC and their respective residual
acrylamide percentage reduction.
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Run ComponentA Component B Component C Component D Response

Alumina (%) Silica (%) Time (h) Temperature (°C) Reduction%
1 20 80 4 0 85.46
2 20 80 0 800 70.46
3 60 40 4 800 76.44
4 30 70 4 800 59.92
5 20 80 0 1400 53.33
6 40 60 4 1400 64.52
7 30 70 2 1400 59.65
8 60 40 2 1400 88.49
9 20 80 0 1400 56.78
10 40 60 0 0 72.99
11 40 60 0 800 86.14
12 20 80 4 0 87.45
13 40 60 0 1400 86.95
14 60 40 4 0 59.02
15 60 40 0 1400 87.40
16 40 60 2 800 57.56
17 40 60 2 800 85.24
18 40 60 4 0 61.07
19 20 80 2 0 68.15
20 20 80 0 0 69.21
21 30 70 1 1400 87.70
22 60 40 2 0 86.48
23 60 40 1 800 83.60
24 20 80 0 0 72.14
25 60 40 0 0 58.30

A= Alumina, B= Silica, C= Time, D= Temperature

The data obtained were fitted to models that could explain the behavior of the factors required for
the syntheses of alumino-silica complexes within the limits of heating time, heating temperature
and proportions of alumino-silica complexes. Optimization was performed to predict the optimum
conditions (Table 5) for the synthesis of ASC that would most effectively produce the least residual
acrylamide. The analysis of variance (ANOVA) was used to study significant differences between

the variables for evidences of interaction and also for the adequacy of the model used in the studies.
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Table 5: A table of constraint indicating set goals and importance of synthesis factors of ASC
and response factor for optimizing acrylamide adsorption process.

Name Goal Lower Upper Lower Upper  Importance
Limit Limit Weight Weight

Alumina is in range 20 60 1 1 3

Silica is in range 40 80 1 1 3

Time is in range 0 4 1 1 3

Temperature is in range 0 1400 1 1 3

Reduction of Acrylamide maximize 53.33 88.50 10 1 5
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CHAPTER 4
RESULTS AND DISCUSSION
4.1 Time-aluminium-silicate complexes performance
Figure 1, shows the regressional contours of the behavior of AS complexes and effectiveness of
the complexes ability to bind acrylamide. where the red to yellow colours indicate the most
adsorption ability by ASC, the colour green represents the medium adsorption and the blue colour

shows the lowest adsorption.

Residual acrylamide
Ia'a-5 4.00
523

=
[+7]
k=
=
0.00
Actual Silica%  40.00 50.00 60.00 70.00 80.00
Actual Alumina% 60.00 50.00 40.00 30.00 20.00

Figure.l: Ridge Contour graph showing relationship between alumina: silica ratios and time at

a constant temperature of 1397.70 °C

Hence, from the contour graph (P), the red to yellow colours cover alumina: silica ratio of 60:40,
50:50 and 40: 60 respectively as the highest adsorption capacity of the ASC and curve tapered as
the time increased to 4 h. There is also a medium adsorption of acrylamide for ASC of alumina

silica ratio of 70:30 which curves extend at the middle (1-3 h) and narrows at 0 — 1 hand 3 —4 h.
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Furthermore, the 3D graph of Figure. 2, indicates the alumina: silica ratio of 20:80 adsorption to
be the least and this occurred from 0 to 2 h in addition the alumina: silica ratio of 30:70 was also
the lowest adsorption from 3.5 to 4 h.

Residual acrylamide

91

-

% Reduction of acrvlamide

4.00 60
50 40
2.00 40 50
1.00 30 60
C: Time (h) 0.0020 79 A: Alumina%
80 B: Silica%,

Figure.2: Three Dimensional Rotatable Quadratic (Y) graph showing relationship between

alumina: silica ratios and time at a constant temperature of 1397.70 °C

Table 6: A table of Analysis of variance for acrylamide reduction response using the treatment
levels of ASC.
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Mean

Source Sum of Squares df ¢ quare F Value p-value
Model 2327.50 8 290.94 3.25 0.02*
Linear Mixture 199.16 1 199.16 2.23 0.16
AB 16.30 1 16.30 0.18 0.68
AC 0.23 1 0.23 0.00 0.96
AD 500.60 1 500.60 5.60 0.03*
BC 139.63 1 139.63 1.56 0.23
BD 319.15 1 319.15 3.57 0.08
ABC 616.41 1 616.41 6.89 0.02*
ABD 1.50 1 1.49 0.02 0.90
Lack of Fit 1036.21 12 86.35 0.87 0.62

Zaibunnisa et al. (2009) suggested that R? should be at least 0.80 to have good fit of the model.
The closer the value of R?is to unity, the better the empirical model fits the actual data. According
to Table 7, the "Pred R-Squared" of 0.15 is not as close to the "Adj R-Squared" of

0.43 as expected.

Table 7: A table of response surface quadratic model for acrylamide reduction

Measure Value
Std. Dev. 9.46
Mean 72.98
R-Squared 0.62
Adj R-Squared 0.43
CV. % 12.96
Pred R-Squared 0.15
PRESS 3186.30
Adeq Precision 5.94

This may represent a large block effect or a possible problem with the model and/or data. Thus,

model reduction, transformation of response, outliers, etc. could be considered. "Adeq Precision"
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measures the signal to noise ratio which is greater than 4 is desirable. The ratio of 5.94 indicates
an adequate signal and hence, this model can be used to navigate the design space. The R squared
was 0.62 as indicated in Table 7, was not close to one (1) but still represents a good empirical
model that fits the actual data. Even though, interactions among some independent variables were
not significant the model was significant and hence from this statistical analysis % reduction of
residual acrylamide was adsorbed by previously prepared ASC from the

substrate.

4.2 Optimization conditions for adsorption of acrylamide using alumino--silica complex

As a result of the quadratic model that was used for the response surface, it was important to carry
out optimization and this aided the location of the optimum response. Optimizing the adsorption
of ASC for acrylamide from the acrylamide substrate as in Table 8 provides a higher temperature
of 1397.67 °C with heating time of 3.6 h which is a little expensive, on the other hand, the
abundance, inexpensive and availability of silica and alumina makes it economical and easy to use.
This optimizations process indicates that for an effective adsorption the percentage of alumina
proportion should be higher than that of silica during its synthesis for the best removal of

acrylamide.

Table 8: A predicted desirable condition for maximum acrylamide adsorption using previously

prepared alumino--silica complex.

Alumina(%) Silica(%) Heating Time(h)  Temperature(°C) % Reduction of Acrylamide

60 40 3.64 1397.67 88.75
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4.3 Effect of Temperature on acrylamide Adsorption of ASC compositions

With respect to Figure. 3, the blue colour had the lowest adsorption ability for acrylamide content
using alumina: silica ratio of 30:70 and 40:60 respectively when the time was fixed at 3.6 h with
the synthesizing temperatures of 0 to 1400 °C. The red colour also signifies the highest adsorption
at temperature of 1050 °C to 1400 °C indicating that temperature has an effect on the adsorptability
of ASC during formation of ASC. Thus, high temperatures of formation of ASC with a heating
time of 3.6 h would give the highest adsorption of acrylamide level when alumina were 50 % and
60 % and silica were 50 % and 40 %. These changes of adsorption may be due to physical changes
as reported by Iloabuchi (2016), when high temperatures of 1200 °C and 1400 °C during the
formation of ASC made the complexes stick together which made it uneasy to remove them from
the crucibles. Also, the colour of silica was transformed from brown to peach. This behavior of the
complexes could also lead to the high adsorption property at high temperatures of 1050 °C to 1400

°C.

Residual acrylamide
225 1400

833

1050

Temperature °C

=
0

Actual alumina % 60 50 40 3
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Figure 3: Response Surface “Saddle” Contour (R) plot indicating interactions between

temperature and alumina: silica ratios at fixed time of 3.60 h

4.4 Effect of ASC components on adsorption of acrylamide content

Relationship between ASC and adsorption of acrylamide content is very essential in this model,
thus, the graph below, Figure. 4, indicates this interaction. Alumina: silica ratio of 50:50 and 60:40
respectively during synthesis of alumino-silica complexes shows best adsorption of acrylamide
content (from 75.5 % to 89 %). In general, the adsorption of acrylamide content decreased with
decreased alumina content from 40 % to 20 % and inversely with the content of silica from 60 %
to 80 %. Hence, alumina was preferred over silica in terms of % reduction of acrylamide. With
these differences, it is a clear indication that alumina has an adsorptive rate during acrylamide
adsorption which is higher than that of silica as in relation to alumina and activated carbon during
dye adsorption. Adsorption rate of alumina and activated carbon were 6.42.10° cm?/s and 2.37.10°
6

cm?/s respectively during dye adsorption but achieved approximately the similar maximum dye

removal (Moreira ef al., 1997).
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Figure. 4: Plot (T) graph displaying Quadratic function interactions between fixed time of 3.6

and temperature of 1397.7 °C and alumina: silica proportion
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CHAPTER 5

CONCLUSION, LIMITATIONS AND RECOMMENDATION

5.1 Conclusion
The predicted optimum conditions for maximum adsorption of acrylamide in the substrate under
study was 88.75%, at alumina: silica ratio of 60: 40 with heating time of 3.64 h, and a temperature

of 1397.7 °C.

5.3 Recommendation

Alumina and silica has been used as separate binding agents in ground water for hydrogen fluoride
and desalination of water respectively. In using both as a binding agent, it is an innovative method
to bind other hazards in foods and feed in —vitro and in-vivo. Also, studies on how ASC can affect
the human system and essential nutrients as a binding agent could be studied. Organoleptic
properties of food could also be studied when ASC is applied to food in order to mitigate
acrylamide. To add to it, the period (shaking time — 4 h) between the ASC and the test samples

could have been varied to obtain the effect of the shaking time on the adsorptive capacity.

This research provided a significant indication of the efficient adsorptive property of aluminosilica
complexes on acrylamide. Thus, this adsorptive property can be taken advantage of by using it in
the reduction of dietary acrylamide in — vivo by putting them in food during food preparation to
prevent the risk of obtaining cancers.

The optimum conditions can be applied in the food industries during preparation of foods by using

alumino-silica complexes as binding materials to reduce acrylamide during the preparation of the
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foods. Findings from this study will enable further work to be carried out on the reduction of

acrylamide in — vivo using alumino-silica complexes.

KNUST
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APPENDICES

Al: Acrylamide standard calibration curve.
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Equation of Curve:
Quantity (ug/kg) = 0 + 0.295239 x Area (mAs), where correlation coefficient (%) = 0.998205
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A2: Chromatogram report of alumina silica ratio of 40:60 for a heating time and heating

temperature of the ASC of 0 h and 0 °C respectively

Acrylamide
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00:00 02:00 04:00 06:00 08:00 10:00
Time [mm:ss]
No. Peak Name Ret. Time Start Time End Time Area Height Qty
[mm:ss] [mm:ss] [mm:ss] [mAs] [mA] [ng/g]
001 Acrylamide 02:38.3 02:27 4 03:21.4 181314 11409 5.3531

A3: Chromatogram report of alumina silica ratio of 60:40 for a heating time and heating

temperature of the ASC of 2 h and 0 °C respectively.
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Acrylamide
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Time [mm:ss]
No. Peak Name Ret. Time StartTime End Time Area Height Qty
[mm:ss] [mm:ss] [mm:ss] [mAs] [mA] [ng/g]
001 Acrylamide 02:39.3 02:27.4 03:125 9078.1 600.4 2.6802

A4: Chromatogram report of alumina silica ratio of 30:70 for a heating time and heating

temperature of the ASC of 1 h and 1400 °C respectively.
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Absorbance [mA]

Acrylamide
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Time [mm:ss]
No. Peak Name Ret. Time StartTime End Time Area Height Qty
[mm:ss] [mm:ss] [mm:ss] [mAs] [mA] [ng/g]

001 *** 01:30.0 01:25.3 01:36.8 -290.1 9.0 N/A
002 *** 01:48.6 01:36.8 02:30.4 4593.5 2191 N/A
003 Acrylamide 02:414 02:30.5 03:414 8258.5 5293 24382
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