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Abstract

Benzoic acid is one of the most commonly used food preservatives. The use of these preservatives
in food products, however, should be monitor in order to assure their safe dose for not exceed the
limit stated by regulatory body. Therefore, it is important to assess the amount of benzoic acid in
soft drinks by cost effective and simple method for frequent monitoring. The objective of this work
was to extract and investigate the concentrations of benzoic acid present in fruit juices and soft
drinks by UV-Vis spectrophotometric and titrimetric method. A total of 39 samples were collected
from Jimma market. To find the best extraction condition different parameters such as extraction
solvent, volume and stability were assessed and optimized. Benzoic acid residues obtained from
the sample by optimized extraction condition were dissolved in 10 mL of methanol and detected at
225 nm. The level of Benzoic acid in fruit juice and Soft drink samples by using UV-Vis
spectrometry were in the range of 81.5 + 0.1 — 385.0 + 0.1 and 284.0 + 0.07- 400.9 = 0.4
respectively. While the level of Benzoic acid in fruit juice and Soft drink by using titration were in
the range of 139.0 £ 0.1 -182.5+ 1.0 and 215.0 £ 0.4 — 221.0 £0.2 respectively. The linearity and
r2 for UV-Vis method was 1-10 ppm and r? 0.996 respectively. The limit of detection (LOD) and
the limit of quantification (LOQ) of benzoic acid was 0.16 ppm and 0.47 ppm by the UV-Vis
method, while the method of titration was 0.58 ppm and 1.92 ppm respectively. The two-method
demonstrated good accuracy with % recovery ranges 94.89-104 % for the UV-Vis method and 80-
103% for the titration method. The percent relative standard deviation of UV-Vis method ranged
from 0.18-1.35, for intra-day, and from 1.1-5.8 for inter-day variation. Benzoic acid levels in all
of the samples tested within the maximum acceptable ranges for fruit juice and soft drinks (<1000
ppm), as indicated by the joint FAO/WHO Food Standards Program Codex Committee on Food
Additives and Contaminants. But, for the imported samples the Benzoic acid were higher, which
indicates that there should be monitoring of the level of preservatives for safe conception before
distribution. At P<0.05 both methods show significance differences.

Key Words: Benzoic Acid, Fruit Juice, Soft drink, UV-VIS spectrometry, Titration
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1. Introduction

1.1 Background

Preservatives are substances that prevent the development of spoilage and chemical degradation
of food components by micro-organisms [1]. Chemical preservatives are commonly used in
processed foods to prevent the growth of bacteria, yeasts or other gross micro-organisms that might
spoil our food [2]. Benzoic acid is also used as a preservative for drinks in the form of its salts,
sodium benzoate and potassium. [3, and 4]. Benzoates are converted under acidic conditions to
un-dissociated benzoic acid [5]. Due to their increased solubility, benzoates are often preferred to

benzoic acid [6, 7].

In margarine, in salads, in marinades, in cider, in soft drinks, in pickles, in fruit salads, in wafers,
in bakeries, in jams, jellies, juices, biscuits, cakes and muffins, tomato paste and soy sauce, sodium
benzoate is mainly used as a preservative [8 -11]. There are also studies available on the use of
this product in wine, beer and olives [12-14]. Sodium benzoate is bacteriostatic and fungistatic
under acidic conditions, but regular intake can have adverse skin effects, such as rash, non-
immunological urticarial touch, and metabolic acid. In various countries, specific laws prohibit the

use of food additives.

According to the Joint FAO/WHO Expert Committee on Food Additives (JECFA), the safety of
the use of an additive can be expressed in terms of its allowable regular intake (ADI), which is the
quantity of substances that can be consumed without any health hazards on a daily basis, even for
a lifetime. JECFA [15-16] has developed Group ADIs of 0-5 mg/kg body weight for benzoate
salts. Adverse effects, such as metabolic acidosis, convulsions, hyperactivity and hyperpnoea, have
been identified in the use of benzoic acid as an antimicrobial agent in experimental animals and
humans with very high doses of benzoic acid [17]. Some studies have also documented the
occurrence of allergic reactions in humans to benzoates such as urticaria, non-immunological
contact urticaria and asthma [18-19]. In soft and fruit drinks containing both benzoates and
ascorbic acid, it is possible to produce carcinogenic benzene at a very low level (ppb level). The

reaction [20] is further enhanced by heat and light exposure.

Consumption of juices is now a very popular habit in Ethiopia, like other countries in the world.
Juices and soft drinks are particularly popular with children. So, the composition of non-alcoholic



beverages should be governed by legislation. The goal of ensuring the quality of foodstuffs, the
sanitary status and economic value of many products is determined on the basis of chemical

measurements.

Numerous methods, including gas chromatography (GC) [21, 22], high-performance liquid
chromatography (HPLC) [23], spectrophotometric UV-Vis [20-24] and titration [25], are available
for the determination of benzoic acid and food materials. In order to ensure juice protection and
purity, the detection of preservatives in juices is compulsory worldwide. It is therefore also
important to find easy, inexpensive and effective methods for constant preservative monitoring.
Therefore, for the determination of benzoic acid from fruit juice and soft drink samples, validated
UV-Visible spectrophotometry and titration methods were used.

1.2 Statement of the problem

Refined packaged fruit juices and soft drinks are consumed by people, regardless of age, religion,
gender and culture. Most bottled juices and soft drinks are imported from other countries, and there
are companies that pack juices in Ethiopia. There are different forms of additives in the various
types of packaged juices and soft drinks available on the market, of which preservatives play a
larger role. In order to improve the shelf life and preserve the consistency and protection of
packaged juices, these preservatives, such as benzoic acid, are added. Benzoic acid in the form of
its salts is frequently applied to beverages as a preservative; sodium benzoate, potassium benzoate,
calcium benzoate, benzene carboxylic acid and phenyl carboxylic acid [3, 4]. Excess benzoic acid
intake causes many health problems due to its toxicity, including gastrointestinal, respiratory and
even neurological adverse reactions [15].

Since preservative amounts in most processed packaged fruit juices are not listed under the product
label, it is difficult to know if the preservative intake is still at a safe level. In addition, packaged
fruit juices and soft drinks in Ethiopia are widely consumed by infants, sick and injured individuals
without any prescribed dosage. The consumer might not be aware of the amount of preservatives
found in packaged fruit juices and compared to the maximum allowable amounts for regulatory
bodies and scientific inputs. To ensure the quality and consistency of juices, it is mandatory to
analyze the preservatives in juices worldwide. The purpose of this analysis is, therefore, to



determine the concentration of benzoic acid in the sample of packed fruit juice and soft drinks
using the double-beam UV-Vis spectrophotometer and the titrimetric method and to address the

following research questions:

1. Do the value of benzoic acid in the analyzed samples exceed from recommended limits?

2. The value of benzoic acid obtained by the two-method different or not?

1.3 Objective of the study

1.3.1 General objective

To extract and investigate the concentrations of benzoic acid present in fruit juices and soft drinks

sample by UV-Vis spectrophotometric and titrimetric method

1.3.2 Specific objectives

» To optimize extraction condition that affect extraction efficiency of the target analyte.

Y

To validate the method under optimized condition for the determination of benzoic acid

» To determine the extracted benzoic acid concentration using UV -Vis spectrophotometry
method and titration methods.

» To compare the benzoic acid concentration obtained from the two methods and the

minimum recommended standard level.

1.4 Significant of the study

Benzoic acid is added to improve the shelf life and preserve the consistency and protection of
packaged juices. Because of their toxicity, the excess benzoic acid intake causes many health
problems, including gastrointestinal, respiratory and even neurological adverse reactions.
This analysis therefore has the following significance: -

» To give information on the presence of benzoic acid and its level the samples

» Give warning for consumers if the amount exceeds the recommended limit

» To demonstrate the efficiency of titration method as substitute of UV-Vis

spectrophotometry if the instrument not available.
> Document the obtained result as a base line information related to the study.



2.Literature review
2.1 Food Additives

Throughout its journey from factories or industrial kitchens, during transportation to warehouses
and shops, and finally to customers, additives are required to ensure that processed food remains
healthy and in good condition. Food additives are the backbone of the modern food industry and
play an important role in improving the colour, smell and taste of food, changing its nutritional

composition, improving the conditions of production and extending its shelf life [26].

In fact, the Food Protection Committee of the US National Research Council described food
additives as a substance or a mixture of substances other than basic foods that are present in a food
as a result of an element of manufacturing, processing, storage, or packaging[27].According to the
US Food and Drug Administration (FDA), a food additive is any substance whose intended use
results in, or is reasonably expected to result in, directly or indirectly being, or otherwise affecting,
the characteristics of any food[28]. Food additives are also classified as chemical substances
intentionally added to food products, in known amounts, directly or indirectly, for the purpose of
aiding food processing, preservation of foodstuffs or improving the taste, texture or appearance of
foodstuffs [29]. It is possible to directly or indirectly use food additives. Direct additives are those
that are purposely applied for a particular purpose to foods, while indirect additives are those to
which foods are exposed during manufacturing, packaging or storage [30]. Sweeteners, coloring
agents, preservatives, emulsifiers, stabilizers, thickeners, taste enhancers and miscellaneous [31]
are the numerous food additive categories.

2.1.1 E-numbering

The E-System, developed by the European Economic Community, is a list of food additives that
is periodically updated, including additives that are considered healthy, allowing foods to move
within the common market from country to country [32]. Each additive is assigned a unique
number, known as 'E-numbers', which is used worldwide for all approved additives to govern these
additives and notify consumers [33]. As food additives pass safety tests, chemical compounds and

other species are consistently added to the list of safe-to-use food additives. The official UK food



standards agency was able to obtain an updated list of food additives and their E numbers. Table

1 [34,35] provides the general list of the E numbers of food additives.

Table 1: E numbers of food additives

E— numbers Food additives Example
E100-E199 Colors Carotene(E160)
E200-E299 Preservatives Benzoic acid (E210)
E300-E399 Antioxidants and acidity regulators Ascorbic acid (E300)
E400-E499 Thickeners, stabilizers and emulsifiers Pectin(E440)
E500-E599 Anticaking agents Sodium carbonate(E501)
E600-E699 Flavor enhancers Monosodium Glutamate (E621)
E700-E799 Antibiotics Calcium propionate
E900-E999 Glazing agents and sweeteners Aspartame(E951)
E1000-E1599  Additional chemicals Lysozyme(E1105)

2.2 Food preservation

Preservatives have been widely used in fruit, cosmetics, and pharmaceutical products as additives.
These preparations are protected by the addition of preservatives which avoid alteration and

degradation of the formulation of the product [36].

Preservatives are used to prolong the shelf-life of some goods over the prolonged period to ensure
their protection. Most significantly, they prolong bacterial degradation, which can contribute to
toxin development and food poisoning [37]. Food preservatives are substances that, once added to
a given food, can prevent or delay changes induced by the action of microorganisms, enzymes
and/or physical agents [38]. Its high use by the food industry is due to the increasing demand for

foods that are chemically stable, safe and durable [39].

Long-term preservatives can be natural (salt and sugar) or chemical, and this is the most powerful
form of preservative [40]. Chemical preservatives interact with micro-organisms' cell membranes,
their enzymes or genetic mechanisms [41]. Preservation typically includes preventing bacteria,

fungi, and other microorganisms from developing, as well as retarding the oxidation of rancidity-



causing fats. It also involves processes used to inhibit natural aging and discoloration, such as the
enzymatic browning reaction in apples after they are cut [42], which may occur during food
preparation. In the food and beverage industries, many types of chemical preservatives are
currently being used, such as benzoates, sorbets, vitamins, fruit extracts, sodium salts, etc., as

shown in Figure.1 [43].

Pasteurization

Physical  |— Freezing
Preservativ Drvin
eservatives ving Sulphates, benzoates, sorbates,
sodium salts, fruits extracts
Antimicrobia
Chemical
Antioxidant Vitamins, polyphenols, thiols,

phosphates, succinates, lactates

Figure 1: Diagrammatic representation of usages of preservatives

2.2.1 Benzoic acid

One of the most used preservatives is benzoic acid. Due to its solubility, this preservative is more
commonly used in its salt form than in the acid form [44]. Sodium benzoate is a sodium salt with
a molecular weight of 144.1 g.mol-1, defined by the chemical formula C7HsO2Na, an odorless
compound that is soluble in water and ethanol. It is usually used in many products in the cosmetic,
pharmaceutical and food industries as a preservative [45]. It is used in the pharmaceutical industry
for the treatment of various diseases, such as urea-cycle disorders, liver diseases and multiple
sclerosis [46]. In the food industry, sodium benzoate is used in food and beverages because, in
addition to providing easy application, it is effective in inhibiting the growth of fungi and bacteria
during storage [47]. The preservation of margarines, sauces, marmalades, jelly, liqueurs, beers,
fruit juices and soft drinks [48] is suggested. In spite of its presence in many foods, population

studies suggest that the primary dietary sources of this preservative are soda and juice in cartons



[49]. Due to its strong stability and excellent solubility in water [50], sodium benzoate has been

used for many years as a preservative.

The FDA considers it to be "Generally Regarded as Safe” and may be present in foods at
concentrations above 0.1% [17]. For FAO and WHO, the IDA is 5 mg.kg-1 body weight for
sodium benzoate foods [45, 48]. The maximum limit for sodium benzoate as a preservative is
1000mg/L [3], according to Joint FAO/WHO Food Standards Program Codex Committee on Food
Additives and Contaminants. The Lethal Dose (LD50) for a preservative is 2000 mg.kg-1[51],
according to the European Food Safety Authority (ESFA). The FDA has never set a limit on
sodium benzoate and considers it as very safe, although, in the light of publications that show
inconsistencies, it has been criticized as negligent in its assessments [52]. Although the IDA is
almost impossible to be exceeded by the average customer, the ADI may be exceeded by the large

regular consumers of soft drinks and juices [38].

Sodium benzoate (a metabolite of benzyl alcohol) is quickly absorbed by the gastrointestinal tract

as soon as it is ingested, then conjugated with glycine to form pyruvate in the liver [53]. This
transformation happens in the mitochondria by means of two steps [54]. The preservative is
converted into benzoyl-CoA by means of an adenosine triphosphate (ATP)-dependent acid,
reaction 1, upon entering the cell. CoA is subsequently converted by means of glycine
Nacyltransferase to pyruvate, reaction 2. SB results in the consumption of ATP, glycine and
coenzyme A in the mitochondria. The ingestion of this preservative results in a rise in benzoate
serum and also in pyruvate serum [55]. Within the first 6 h, the resulting hippuric acid is quickly
excreted in the urine and the remaining dose is fully removed within 2 to 3 days [53,54].

2.2.2 Physical and chemical properties of benzoic acid

Benzoic acid (C7HsO2 or CeHsCOOH); benzene carboxylic acid, phenyl carboxylic acid [E 210
(EU Food Labelling Regulation)], molecular weight 122.13) is a white solid that begins to
sublimate at 100 °C, with a melting point of 122 °C and a boiling point of 249 °C. Its water
solubility is poor (2.9 g/L at 20 °C) and its water solution is weakly acidic (dissociation constant
at 25 °C = 6.335 x 10°; pKa 4.19) [56]. It is soluble in ethanol and very slightly soluble in benzene

and acetone. It has a partition coefficient (log Kow) of 1.9 for octanol/water. Its vapor pressure



ranges from 0.11 to 0.53 Pa at 20 °C. The determined constant of Henry's law at 20° C was given
as 0.0046-0.0222 [57].

Sodium benzoate (C7Hs02Na); sodium salt benzoic acid [E 211 (EU Food Labelling Regulation)];
molecular weight 144.11) has a melting point of 300 °C. It is very water soluble (550-630 g/L at
20 °C) and is hygroscopic at over 50 percent relative humidity. It was soluble in Ethanol, methanol
and ethylene glycol [56].

COOH COONa

Benzoic acid Sodium benzoate

Figure 2 :Chemical structures of benzoic acid and Sodium benzoate

2.2.3 Uses of benzoic acid

Benzoic acid and its derivatives are commonly used in food, cosmetics, hygiene products, and oral,
parenteral and medicinal drugs as antibacterial and antifungal preservatives [58]. Their minimum
microbicide concentrations for various bacterial or fungal species vary from 20 to 1200 mg/L at
pH 6.0 and their minimum inhibitory concentrations range from 50 to 1000 mg/L. [59] Benzoic
acid and its derivatives are also used as flavoring agents in meat, cosmetics and hygiene products
[60].

Benzoic acid and its salts are commonly used in the manufacture of plasticizing agents. They are
also used in the treatment of some urea cycle disorders and other genetic enzymes as corrosion
inhibitors in coolants, active ingredients in pesticide products, biocidal products in veterinary
hygiene, bactericidal agents, hydroxyl-radical scavengers with antioxidant activity, diuretics and
therapeutic agents, promoting the alternative route of nitrogen excretion in the body [59,61]. Due
to their large range of antimicrobial activity, solubility in water and high stability, they are used as

preservatives in foods, cosmetics, pharmaceuticals, hygiene and personal care products [62].



2.2.4 Toxicology and adverse effects

Benzoic acid and a great variety of related compounds are generally recognized as safe (GRAS)
substances and their use as additives and/or flavouring agents in foods, cosmetics, pharmaceutical
and hygiene products, is permitted by FAO/WHO and FDA/USDA. In 2006, the European Food
Safety Authority (EFSA) recommended that the approval of propylparaben (E216) and its sodium
salt (E217) be removed after more than 85 years of prolonged use, although the appropriate daily
intake (ADI) of 10 mg/kg body weight/day remains for the remainder of the parabens and that its
use in cosmetics be allowed with a maximum concentration of 0.4%.and a total maximum level of
0.8% [63].

From a human health point of view, benzoic acid and its salts are regarded by the Joint FAO/WHO
Expert Committee on Food Additives (JECFA) as a single category group with benzyl alcohol,
benzyl acetate and benzyl aldehyde, as they are rapidly metabolized and excreted in urine within
24 hours. [64]. These compounds are absorbed from the gastrointestinal tract and, within 1-2 hours,
reach their peak plasma concentration, and may also be partially absorbed (22-89%) through
dermal and inhalation routes [59]. Benzyl alcohol is degraded by alcohol dehydrogenase and
cytochrome P450 mediated oxidation into benzyl aldehyde in the liver and kidneys, and benzyl
aldehyde is further oxidized into benzoic acid by aldehyde dehydrogenase [65]. Alkyl benzoate
esters in various tissues and locations such as the respiratory tract, skin, blood and gastrointestinal

tract are degraded to benzoic acid and the related alcohols by enzymatic activity [66].

Benzoic acid can also induce digestive mucous membrane irritation, and doses higher than ADI
(i.e., 1000 mg/kg body weight/day for 5 consecutive days) can cause nausea, headache, burning of
the esophagus, and decrease the coefficient of digestive use by inhibiting oxidizing enzymes such
as pepsin, trypsin, polypeptidases, and D-amino acid [59,67]. Other adverse effects related to
benzoic acid include diarrhea, muscle fatigue, metabolic acidosis, convulsions, tremors,
hypoactivity and emaciation, which may be correlated with improper use of glycine to detoxify
benzoic acid, resulting in a decrease in the amount of glycine and interfering with the metabolic
processes in which it is involved, resulting in a reduction in creatinine, glutamine, urea and uric
acid production [68,59 ].Benzoic acid and its salts were also related to childhood hyperactivity or

hyperkinetic syndrome[69,71].



Benzoic acid and benzoates are used not only as preservatives in foods and cosmetics, but also in
medicines and other pharmaceuticals, and their ability to displace bilirubin from albumin, which
can lead to hyperbilirubinemia, encephalopathy and kernicterus, especially in neonates, is a major
safety concern in this context [72]. In addition, sodium benzoate is used at doses of 180-650 mg/kg
body weight/day for up to several years for the treatment of urea cycle disorders, which may cause
adverse effects such as hyperactivity, impulsiveness and inattentive behavior, especially in

children.

2.3 Benzoic acid occurrences and surveys

A survey of the determination of preservatives in fruit juice products has been carried out in
Bangladesh [73]. A total of 50 different samples of commercial juices have been obtained in
Dhaka, Bangladesh from the local markets. 28 were domestic products, while 22 were products

imported. Benzoic acid levels in samples ranged between 99,1-441ppm.

The survey concluded that the utilization of benzoates is significantly lower than the maximum
authorized levels. A survey on the detection of benzoic and sorbic acids was carried out in Brazil
[18]. The analysis included 56 samples including soft drinks, fruit juice, margarine, cheese and
yogurt. Benzoic acid levels in the samples were from not detected to 804 mg/L. The survey
concluded that the utilization of benzoates is significantly lower than the maximum authorized
levels. A survey on Benzoic Acid (IV), Sulfur (IV) Oxide and Sorbic Acid in Carbonated Food
products was conducted in Lagos [74] in Nigeria. 33 samples including Commonly consumed
carbonated drinks (14), fruit juices (14), sport drinks (2) and dairy drinks (3) purchased in different
Lagos markets. Benzoic acid levels in the samples ranged between 168 and 799 ppm. In the study,

the use of benzoates was considerably lower than the permitted maximum levels.

In India, research is being conducted in Study and Quantification of Preservative (E211) In
Carbonated Soft Drink Samples [20]. Commercial soft drink samples, Sprite and Marinda from
three different batches were collected from different areas of Chennai city. The average amount of

benzoic acid in sprites ranged from 168 to 175 ppm and in Marinda samples from 396 to 398 ppm.
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In Nigeria, research is being conducted in Analysis and Health Risk Assessment of Sodium
Benzoate and Potassium Sorbate in Selected Fruit Juice and Soft Drink Brands [75]. A total of 20
samples were bought in Nigeria in different markets. Benzoic acid levels range from 25.8-245.10

ppm.

2.4 Analytical Methods

Analytical methods for the determination of benzoic acid include gas chromatographic (GC)
methods, which are more sensitive and precise but require long sample preparation and
derivatization prior to determination, include analytical methods for the determination of benzoic
acid[22,23], high-performance liquid chromatography (HPLC), which has a high specificity but
consumption during the study of large quantities of organic solvents and extensive sample
preparation step[24], and double beam UV-Vis spectrophotometer and titrimetric method, is a
simple, inexpensive and reliable method for determining benzoic acid in processed fruit
juices[25,26].

2.4.1 Titrimetric analysis

Titration is a common method used for quantitatively determining an identified analyte's unknown
concentration. As the calculation of volume is important in titration, it is also called volumetric
analysis. Based on the types of reactions they use, there are several types of titrations. Acid-base
titration and redox titration are the most common types [76-80]. A pH indicator is normally applied
to the analyte solution for acid-base titration to indicate the endpoint of titration [81]. The analyte
concentration based on the stoichiometry reaction can be determined from the titrant volume
reported at the endpoint. The pH can be used as a function of the added titrant volume during the
acid-base titration. The point of influence on the curve, the point at which the stoichiometric
volume of acid and base is equal in solution, is referred to as the point of equivalence, and the

point at which the color shift is detected is the endpoint of titration [81].
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2.4.2 Spectrophotometric method

Spectroscopy is the science that deals the study of interaction between electromagnetic radiation
and matter [82]. It is a powerful instrument for researching and analyzing the wide sample range
of atomic and molecular structures. The electromagnetic spectrum area of 100 to 400 nm is covered

by optical spectroscopy.

Ultraviolet-Visible spectrophotometer: UV-Visible spectrophotometer involves measurement of
the number of ultraviolet radiations absorbed by any substance in a solution. Instrument that
measures the ratio or function of the intensity ratio of two light beams in the U.V-visible region
[83]. Beer's law states that with the number of absorbing molecules, the power of a beam of parallel
monochromatic radiation declines exponentially. The law of Lambert states that the intensity of a
beam passing through a medium of homogeneous thickness of parallel monochromatic radiation
decreases exponentially. The Beer-Lambert rule yields a mixture of these two laws [84].
Beer-Lambert law: When beam of light is passed through a transparent cell containing a solution
of an absorbing substance, reduction of the intensity of light can occur. Mathematical expression
of Beer- Lambert law is as follows [83].

A=abc

Where, A=absorbance or optical density

a= extinction coefficient

b= length of radiation path through sample (cm)

c= concentration of solute in solution.

“a” and “b” are constant. So “a” is directly proportional to the concentration “c”

2.4.3 Liquid-liquid extraction

Solvent extraction is a method used widely in both industrial and laboratory applications. A
number of techniques are used, such as liquid liquid extraction (LLE), liquid solid extraction
(LSE), supercritical fluid extraction (SFE), and other special techniques. LLE is an extraction
method applied using a liquid extracting medium to liquids, liquid samples, or samples in solution.

Liquid liquid extraction (LLE) is one of the separation techniques in which one or more solvents

12



in the feed are moved to another liquid that is immiscible. It is one of the frequent methods of
separation used for isolating one or two components from the mixture. The principle of extraction
is based, on the equilibrium distribution of the substance in the two immiscible phases, one of
which is the solvent extraction phase [85,86]. The solvent must be pure, but with the propensity to
react to the variable of interest selectively. In the phase, the mass transfer phenomenon is regulated.
This is the way a liquid solvent removes substances from solids or liquids. The difference in
solubility of the solute in two separate immiscible liquids is the main principle of the method. The
extraction efficiency of the analyte was affected by different factors in liquid liquid extraction.
These are viscosity, tension of the surface, pressure of vapor, density.

There are two general types of liquid-liquid extractions [87]: -

Extraction with organic solvents: -An organic solvent extraction in which an organic solvent
with a high affinity for the desired compound is used to extract the compound from another

solution.

Acid-base extraction: - An acid-base extraction, in which an organic acid or base is extracted
from an organic solvent by using an aqueous solution of an inorganic base or acid, respectively. A
neutralization occurs which converts the compound into an ionic, water-soluble salt, causing it to

transfer from the organic phase to the aqueous phase.

2.5 Method validation

Validation of an analytical method is used to prove that the method built is appropriate for its
intended purpose. The method was validated in terms of Linearity (Calibration curve construction),
limit of detection (LOD), limit of quantification (LOQ), intraday and inter-day precisions, and
recovery (R %) [88].
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3. Materials and Methods
3.1 Study area and Period

The study area is about 346 km from Addis Ababa and is located at Jimma University, Oromia
Regional State, Ethiopia. The research was performed from November 2019 to February 2021.
The sample of soft drink and fruit juice was purchased from the local jimma market, which was

based on the commonly consumed and most available in the local jimma city market (Appendix.1).

3.2 Chemicals and reagents

Analytical grade Benzoic acid (C7HsO2, 99 %), sodium hydroxide (NaOH) and sodium chloride
(NaCl) were obtained from the fine chemistry research laboratory Industries (India). The organic
solvent Methanol (CH3OH, 99.8%), diethyl ether ((C2Hs).0, 99%), dichloro methane
(CH2CI2,99.5%), petroleum ether, were obtained from LOBA CHEMIE (Indian), chloroform
(CHCI3) was obtained from Bluuxul (India), and ethanol (C2HsOH, 99.9%) were obtained from
Carlo Erba (Paris, France). Phenolphthalein, hydrochloric acid (12M HCI) obtained from Sigma
Aldrich (UK), anhydrous sodium sulfate (NaSOs) obtained from FINKEM (England) and
ammonium hydroxide (NH4OH) obtained from ROMIL (Cambridge, UK), were used during the

experimental studies.

3.3 Instruments and Apparatus

Extraction and determination were performed using SPECORD 200PLUS UV-Vis
spectrophotometry analytikjena (Germany), Quartz cuvette (1 cm in diameter), Sonicater obtained
from IM LAB(Germany), Centrifuge machine (4000 r/min) obtained from CENTRIFUGE
MODEL 800(China), Elma ultrasonic water bath obtained from (Germany) and filter paper
(Whitman filter paper C80 N01001090 (90 cm) obtained from Whatman International (England).
Equipment’s such as Water Bath (Germany), Micro-pipettes, analytical balance (Kern, ABJ-
220NM, Germany), and refrigerator. Apparatus such as, Separation funnel, Iron Stand, Burette,
centrifuge (10 mL) tubes, beakers, volumetric flasks, measuring cylinders, reagent bottles, spatulas

and paper labels were used in this study.
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3.4 Sample collection and design

Ten different packed fruit juices with different flavors such as 3D mango Prigate, Rani Carton and
Bottled, Frootine, Junire, 7star, tomato, orange, guava and three soft drinks as sprite, Fanta and
Marinda were purchased from various supermarkets and local markets in Jimma City. In three
separate shops, one package of each sample was sold and combined to create one representative
sample. The list of fruit juice and soft drinks collected is included in the table.

Table 2: List of fruit juice and soft drink samples collected

Sample Type of Juice Local Imported Quantity
code
M1 3DMango 1 3
M2 Prigate 1 3
M3 Rani Bottled 1 3
M4 Rani Carton 1 3
M5 Frootine 1 3
M6 Junire 1 3
M7 7star 1 3
T1 Tomato 1 3
01 Orange 1 3
Gl Guava 1 3
S1 Sprite 1 3
S2 Marinda 1 3
S3 Fanta pineapple 1 3
Total 5 8 39

3.5 Sampling Preparation

20 g of each different brand of fruit juice and the degassed soft drink samples were taken into a
beaker in the presence of saturated sodium chloride solution and the solutions made alkaline to

litmus paper with 10 % sodium hydroxide solution. The solutions mixed well with using glass road
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and make up to 60 mL with saturated sodium chloride solution and allowed to stand for 30 min
with frequent shaking. Finally, the solutions were filtered with Whitman filter paper and the

filtrates were used for further extraction step.

3.5.1 Optimization strategy for extraction of benzoic acid

Liquid-Liquid Extraction was used for benzoic acid extraction from samples. One consideration
at the time of the experiment was carried out to determine the optimum extraction state of benzoic
acid from samples, which means finding the best condition of one variable by fixing the other
constant. 60 mL of each type of sample was extracted from four types of extraction solvents,
namely Diethyl ether, Chloroform, Dichloro methane and Petroleum ether, at different volumes
ranging from 15 to 105 mL, and the stability of the solvent used to dissolve the residue of extracted
benzoic acid was tested for 10 days prior to UV-Vis analysis (Diethyl ether, Ethanol and
Methanol).

3.5.1.1 Selection of scanning wavelength

Previous methods of spectrophotometry recorded different scanning wavelengths. UV/Visible
benzoic acid spectra in the range of 200-400 nm were obtained using double beam
spectrophotometry. For further analysis, the wavelength corresponding to the spectrum with

maximum response was chosen.

3.5.1.2 Selection of extraction solvent

Selecting a suitable extraction solvent is a crucial parameter for the LLE process. To attain the
target of near-complete extraction of the solutes of interest, it is very important to select a solvent
system. Optimizations of the extraction solvent were carried out by keeping the amount of
extraction and solvent steady at 60 mL and methanol respectively. In order to extract 60 mL of
pre-treated sample solutions, four extraction solvents of diethyl ether, chloroform, dichloro
methane and petroleum ether were used. The best solvent for extraction that provided the highest

absorption of benzoic acid was chosen.
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3.5.1.3 Selection of volume of extraction solvent.

The selection of a suitable amount of extraction solvent increases the extraction efficiency of the
targeted analyte. By keeping the extraction solvent (Diethyl ether) and methanol unchanged, the
extraction solvent volume was measured. For the extraction of 60 mL of pre-treated sample
solutions, selected extraction solvents with different volumes of 15-105 mL were used. The best

amount of extraction solvent was chosen to provide the maximum absorption of benzoic acid.

3.5.1.4 Solvent stability

The option of a stable solvent is an important necessity for the analyte not to undergo any chemical
alteration and to remain stable in the solvent in question. Stability at room temperature was
monitored for 10 days by measuring absorbance changes twice a day at the maximum wavelength.
Three solvents (diethyl ether, ethanol, and methanol) were examined to analyze the effect of

solvent stability and the most stable solvent was selected.

3.5.2 Extraction procedure
3.5.2.1 Extraction procedures for determination of Benzoic acid from fruit juices and soft

drinks

In the 100 mL beaker, 60 mL of filtered sample was taken, then the solution was definitely acidic
to litmus with hydrochloric acid and 4 mL of hydrochloric acid excess was applied to acidify the
solution. Prepared solutions were transferred to a 250 mL separation funnel and three times
extracted with 60 mL of diethyl ether. The mixture was well shaken at each extraction to ensure
maximum extraction (break emulsions by standing, stirring or centrifuging) and vented several
times in the fume hood. The aqueous process has been drained and thrown away. The combined
ether extracts were washed with 30 mL hydrochloric acid portions and discarded hydrochloric acid
washed. The ether solution was extracted three times with 30 mL portions of 0.1% ammonium
hydroxide and the ether layer was discarded. The combined extract of ammonium hydroxide was
neutralized with hydrochloric acid and an additional 1 mL of excess was tested. The acidified
solution was extracted three times using 60 mL of ether. To avoid mineral acid, the combined ether
extract was transferred into the separatory funnel and washed with distilled water, then the water
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phase was drained out. Over anhydrous sodium sulfate, the ether layer was dried and the solvent
was distilled away. The last traces of the solvent were removed overnight under an air current at
room temperature, after that residue of benzoic acid was collected with dissolving it in 10 mL of
methanol [89].

3.6 Standard and working solution preparation

By dissolving an accurately weighted quantity of benzoic acid in methanol, stock solutions
containing 1000 mg/L of standard benzoic acid were prepared and different standard solutions (1-
10 mg/l) were also prepared by diluting the required volume of each standard concentration from

the intermediate solution, and then stored in the refrigerator at 4°C.

3.6.1 Preparation of 0.05N NaOH Solution

0.5 g of NaOH was taken into a 250 mL volumetric flask and distilled water was applied and
shaken until dissolved and filled with distilled water to the mark.

3.6.2 Preparation of 0.1%NH3OH solution

In a 100mL volumetric flask, 1ml of NH3OH was taken and distilled water was filled to the mark

and the solution homogenized.

3.6.3 Preparation of 0.5 % of FeCls solution

In a 100 mL volumetric flask, 0.5 g FeCls was taken and distilled water was added and shaken

until dissolved, then the flask was filled up with distilled water to label.

3.6.4 Preparation of 10% Sodium hydroxide solution

0.5 g FeCls was taken into a 100 mL volumetric flask and distilled water was added and shaken

until dissolved, then the flask was filled with distilled water to label.
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3.7 Qualitative test for extracted benzoic acid (Ferric chloride test)

The presence of benzoic acid was tested by dissolving the residue of benzoic acid in 10 mL of hot
water and 3 drops of 0.5% ferric chloride solution. The presence of benzoic acid is suggested by

the detection of salmon color precipitation of ferric benzoate.

3.8 Quantitative analysis of benzoic acid by spectrophotometric and titration methods

3.8.1 Spectrophotometric method

The benzoic acid was extracted using diethyl ether from the prepared sample and the residue was
dissolved in a methanol solvent. The Double Beam UV-visible spectrophotometer measured the
absorbance at 225 nm against the blank sample. The amount was determined using the calibration

curve of standard benzoic acid and express ppm concentrations were determined.

3.8.2 Titration method

The extracted benzoic acid was dissolved in 10 mL of methanol and the solution was titrated with
0.05 N sodium hydroxide, adding phenolphthalein as an indicator. The titration end point was
indicated by a light pink color and the amount of sodium hydroxide consumed was recorded.

The following equation was used to calculate the contents of benzoic acid in samples [25,89]:

122 xTitre xDilution x 1000 x ml of 0.05N sodium hydroxide
weight of sample x aliquot taken(60 ml of filtrate)

Benzoic acid(ppm) =

3.9 Method validation

For the validation of the spectrophotometric method for the determination of benzoic acid in the
samples, the following performance parameters were verified: linearity, limits of detection and

quantification, accuracy (recovery) and accuracy (recovery) (intraday and inter-day precisions).
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Linearity

Linearity of response for standard was evaluated by triplicate assaying using six concentration
levels ranging from 1-10 mg/L benzoic acid, covering all expected values and measuring the
regression coefficient (R%) from the concentration versus absorption plot. Similarly, the benzoic

acid standard ranging from 30 to 150 mg/L evaluated the linearity of the titration process.

Limit Detection (LOD)

Limit of detection is the minimum concentration that can be detected by the analytical method
with a given certainty. It is also the smallest concentration or amount of an analyte that can be
reliably shown to be present or measured under defined condition [90].
For UV-Vis method: The LOD was calculated by three times standard deviation of the blank
divided by the slope.

LOD=3.3xSD/b,
For Titration method: LOD = 3 x standard deviation of the 5-blank measurement in mg/L

Limit of quantification (LOQ)

The limit of quantification (LOQ) of individual analytical procedure as the lowest amount of
analyte in a sample which can be quantitative determined with suitable precision and accuracy
[90]. For UV-Vis method: LOQ were calculated ten times standard deviation of blank divided by
slope.

LOQ=10xSD/b

For Titration method: LOQ = 10 x standard deviation of the 5-blank measurement in mg/L
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Recovery test

As there is no any certified reference material used to compare the results with, the efficiency of
the method used was assessed by spiking experiments. In order to validate the method accuracy,
the recovery tests were performed by the analysis of the samples spiked with three different
concentrations of standard benzoic acid. Then, the absorbance of solution before spiked and after
spiked was measured by UV-Vis spectrometer. The percent of benzoic acid recovered from the
solution were calculated by using formula [91]:

%Recovery = (C spiked sample — C unspiked sample x100)/ (C added (Spiked))

Precision

The precision of the developed method was expressed in terms of the relative standard deviation
(RSD, %) [92]. Intraday variations were performed by analysis of three different concentrations
(1,4&8mg/L) of the benzoic acid three times on the same day. The Inter-day precision were
performed by analysis of three different concentrations (1,4&8 mg/L) of the benzoic acid for five

days and % RSD was calculated.

Statistical analysis

For the comparison of the benzoic acid content of the food sample, statistical tools such as one-
way ANOVA and person correlation were used. Single factor Analysis of variance (ANOVA) was
used to test the significance difference between the two methods at alpha = 0.05[93]. Variation in
the levels of benzoic acid between the samples and the methods were checked to determine it was

due to random error.
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4.Result and Discussion
4.1 Optimization of Spectrophotometry condition

4.1.1 Selection of wavelength

The wavelength selection was done with the help of UV spectra of Standard Benzoic acid in the
range of 200 — 400 nm. The maximum absorbance was observed at wavelength of 225 nm

(figure.3). Therefore, 225 nm was used for the determination of benzoic acid in the sample. [20,75]
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Figure 3: UV spectrum of Benzoic acid
4.1.2 Selection of extraction solvent

When choosing LLE as a sample preparation technique, a number of factors are important. Among
these considerations, it is very important to choose a solvent method to achieve the objective of
near-complete extraction of solutes of interest. When choosing a solvent, consideration should also
be given to the boiling point, the degree of miscibility of the two phases, the relative basic densities,
viscosity and propensity to form emulsions. When making a choice, consideration must also be

given to the safety, toxicity, and flammability of the organic solvent. [94] Accordingly, four forms
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of ESs were prepared and tested as an extraction solvent (DEE, CHL, DCM and PE). The results

acquired (Figure. 4) showed that diethyl ether was selected as solvent extraction.
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Figure 4: Effect of the type’s extraction solvent. Extraction conditions: sample (20 g), volume of
the extraction solvents (60 mL), extraction time (30min), wavelength(225nm), solvent

methanol(10mL) and centrifugal time (25 min at 4000 rpm).
4.1.3 Volumes of extraction solvent

The amount of solvent extraction may play an important role in the efficient extraction of analytes.
The volumes of extraction solvent in the 15-105mL range were examined to analyze the impact of
extraction solvent thickness. Results obtained showed (Figure.5) that the recovery of benzoic acid
at 60 mL was quantitative. However, the collection of extraction solvent was difficult in amounts
of less than 60 mL and analyte loss occurred. On the other hand, dilution was observed for volumes
greater than 60 mL [95]. For the remainder of the job, 60mL of extraction solvent was then used

as an extraction solvent.
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Figure 5: Effect of the Volumes of extraction solvent. Extraction conditions: sample (20 g), type
of the extraction solvents Diethyl ether (DEE), extraction time (30min), solvent methanol(10mL),

wavelength(225nm) and centrifugal time (25 min at 4000 rpm).
4.14 Solvent stability

The solvent stability is a measure of the extent to which the studied benzoic acid is stable in a
solvent being used for the assay over a particular period of time under specified conditions. It is
an essential requirement that the analyst should not undergo any chemical change and should
remain stable in the particular solvent. [96] To examine the effect of solvent stability different
solvent (DEE, Ethanol and, Methanol) were tested. Obtained results revealed (Figure.4) that
Benzoic acid was readily soluble in methanol and showed good stability. Hence methanol was

selected as solvent.
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4.2 Validation methods
4.2.1 Linearity

Linearity of response for standards was tested by assaying in triplicate using six levels of

concentrations, ranging from 1 — 10 mg/L benzoic acid, which covers all expected values and the

regression coefficient (R?) was calculated from plot of concentration versus absorbance. The UV-

Vis method showed good linearity with an acceptable correlation between absorbance and

concentration with the correlation coefficient R?=0.9955 and the regression equation (y=

0.1807x+0.1867) (Figure. 7)
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Figure 7: Calibration curve for benzoic acid, expressed on a linear scale

4.2.2 Detection and quantification limits

LOD and LOQ were determined from the residual standard deviation and the slope of the linear
calibration equation obtained. The limits of detection (LOD) and quantification (LOQ) of the UV-
Vis method were calculated using 3xSD/slope and 10xSD/slope respectively, while for titration
method LOD and LOQ were calculated using 3 and 10 times of SD of blank measurement.

Accordingly, LOD and LOQ of the proposed method were presented in Table 3.

Table 3: LOD and LOQ of the two methods in ppm

Method LOD LOQ
UV-Vis Spectrophotometry 0.156 0.467
Titration 0.58 1.92

4.2.3 Precision

The precision of the developed method was expressed in terms of the relative standard deviation

(RSD, %). Intraday variations were performed by analysis of three different concentrations
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(1,4&8mg/L) of the benzoic acid three times on the same day. The Inter-day precision were
performed by analysis of three different concentrations (1,4&8 mg/L) of the benzoic acid for five
days and % RSD was calculated. The low RSD values indicate that there were no significant
variations in the analysis of benzoic acid at the given concentration levels. Table.3 show the

Intraday and inter-day precision of the method.

Table 4: Intraday and Inter-day precision

Precision %RSD %RSD %RSD
Level | Level Il Level 11
Intraday precision 1.36 0.83 0.19
Inter-day precision 5.29 5.88 1.14
4.2.4 Accuracy

Recovery is the fraction of the analyte determined after addition of a known amount of the analyte
to a sample. The recovery test was carried out by spiking three different concentration of standard
solution of benzoic acid in selected three processed packed fruit juices and soft drink samples.
Then, the absorbance of solution before spiked and after spiked was measured by UV-Vis
spectrometer and the volume of sodium hydroxide consumed before spiked and after spiked was
recorded for titration method. The %R of benzoic acid for UV-Vis and titration were in the range
94.9 — 104.0% and 80 — 103% respectively. These values are in the literature range 80-120%. This
indicates the optimized methods are accurate/valid for determination of benzoic acid, shown in

Table 5. The recovery (%R) of the sample was calculated by:

Cspiked conc—Cunspiked conc

%R = X100

conc of standard added
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Table 5: Results of recoveries test for optimized procedure of three food samples (n=3)

Method Sample Mean Recovery(%R)

UV-Vis 3D 94.88 + 10.96
7star 96.09 + 2.96
sprite 104.00 + 4.92

Titration 3D 80.00 £2.73
7star 98.74 + 6.53
Sprite 103.00 + 12.40

4.3 Qualitative test for extracted benzoic acid
Ferric Chloride Test

Benzoic acid reacts with neutral FeClI3 to give a Salomon colored (light brown) precipitate of ferric
benzoate (Figure.8). The result of this analysis of fruit juice and soft drink confirms all samples
contained benzoic acid.

3(CsHsCOOH) +FeCI3 — 3(CsHsCOO)sFe+3HCI

Figure 8: Light brown Precipitate of ferric benzoate
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4.4 Quantitative analysis of Benzoic Acid by Spectrophotometric and Titration Methods

Spectrophotometric method

UV-Visible spectrophotometer involves measurement of the number of ultraviolet radiations
absorbed by any substance in a solution. Instrument which measures the ratio or function of the

ratio of the intensity of two beams of light in the UV-Visible area [75].

4.4.1 Determination of benzoic acid from soft drink and fruit juice samples by UV-Vis
spectrophotometry

The aim of this study was to investigate and quantify commonly used preservatives in marketing
fruit juices and soft drinks. The spectrophotometry method was used to carry out the analysis at
225 nm in the UV region. From the corrected absorbance and the calibration graph obtained using

standard benzoic acid solution, the amount of benzoic acid was determined.

For this purpose, 10 different brand of fruit juice and 3 soft drink samples in triplicate were
collected, extracted using optimized condition and finally the level of benzoic acid were analysed
at 225 nm by UV-Vis spectrophotometry, the results are presented in (Table.6). All the fruit juice
products contained benzoic acid. The benzoic acid concentration in fruit juice and Soft drink
samples by using UV-Vis spectrometry were in the range of 81.5 + 0.1 — 385.0 + 0.1 and 284.0 +
0.07- 400.9 + 0.4 respectively. The obtained results showed that all fruit juice and soft drink
samples contain benzoic acid below the permissible limit, 1000 mg/L [3]. Among the fruit juices
sample M5 contains the highest amount of benzoic acid while M1 was the lowest. Out of the
analyzed samples six of them have labeled but the other they don’t have, which could create
obstacle for regulatory purpose. In addition, almost all imported samples M3-G1 are higher BA

concentration compared to the local one.
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Table 6: Concentrations of benzoic acid in fruit juice and soft drink samples by UV-Vis

Spectrophotometry
Fruit juices Concentration benzoic Concentration of benzoic acid(ppm)
samples acid (ppm) in 20uL in the sample
M1 1.63+0.18 81.50 £ 0.09
M2 3.75+0.21 187.40 £ 0.10
M3 3.25+0.20 163.80 = 0.09
M4 2.63+0.19 131.60 £ 0.07
M5 7.70+£0.29 385.00 £ 0.07
M6 2.74+0.19 137.00 £ 0.04
M7 2.78+0.19 139.00 £ 0.07
T1 4.62 +0.19 128.00 £ 0.07
01 4.95+0.22 231.00 £ 0.09
Gl 2.56 +0.23 247.50 £ 0.09
Soft drink Concentration benzoic Concentration of benzoic acid(ppm) in
samples acid (ppm) in 20pL the sample
S1 5.67+£0.24 284.00 £ 0.07
S2 8.01+£0.29 400.90 £+ 0.41
S3 6.28 £0.25 314.50 + 0.16

4.4.2 Quantification of benzoic acid from soft drinks and fruit juices by Titration method

The analysis of benzoic acid content in the samples was based on titrimetric method. The benzoic
acid concentration in the sample were determined.

The benzoic acid contents calculated as follows:
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122 xTitre xDilution x 1000 x mi of 0.05N sodium hydroxide
weight of sample x aliquot taken(60 ml of filtrate)

Benzoic acid(ppm) =

The result of benzoic acid concentration in fruit juice and soft drink samples by the titration
methods is presented in (Table.7). All the fruit juice products contained benzoic acid. The benzoic
acid concentrations in fruit juice and soft drink samples ranged between 139.00 £+ 0.25-182.50 +
1.00 mg/L and 208.00 + 0.21-221.00 + 0.20 mg/L respectively. A limit of 1000 mg/L have been
set for benzoic acid, [3]. The result on Titration method showed that all samples also within

permissible limits

Table 7: Concentrations of benzoic acid in fruit juice and soft drink samples by titration method

Fruit juice Concentration benzoic Concentration of benzoic acid(ppm) in the
samples acid (ppm) in 20uL sample
M1 3.26 £0.50 163.00 £ 0.50
M2 3.65 +0.47 182.20 £ 0.47
M3 3.52 +0.57 176.20 £ 0.57
M4 3.13+0.43 156.50 £ 0.43
M5 3.00+0.10 150.00 £ 0.10
M6 3.65+1.00 182.50 +£ 1.00
M7 2.87+£0.25 139.00 £ 0.25
T1 3.39+0.49 169.50 £ 0.49
01 3.39+0.12 169.60 £ 0.12
Gl 3.52+0.11 176.00 £ 0.11
Soft drink Concentration benzoic Concentration of benzoic acid(ppm) in the
samples acid (ppm) in 20uL sample
S1 418 +0.21 208.00 £ 0.21
S2 4.44 +0.20 221.00 £0.20
S3 4.30 +0.40 215.00 = 0.40
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4.5 Statistical analysis of the two method

One way a nova was used to express the significance difference of the two method, UV-Vis
spectrophotometry and titration. from a nova data (Apendex.2) the two method were significantly
different at P<0.05, but at sample M7 the two method are not significantly different at P<0.05. The
correlation within the sample and between the sample show the correlation of the sample
(Appendix.3).

4.6 Comparison of the level of benzoic acid with other reported articles

The proposed method was compared with some of the methods which have recently been reported
in the benzoic acid extraction and determination literature. The preservative levels obtained in this
study were compared with the values reported in other countries in similar studies (Figure.9) (A
and B). Determination of preservatives in fruit juice products available in Bangladesh [73] showed
that the mean concentration of benzoic acid in samples of fruit juice and soft drinks was 99.1 —
441ppm. The average value recorded here is almost similar to that of 81.5—400.8 ppm reported in
the current study. Determination of benzoic and sorbic acid in Brazilian foods [18] and benzoic
acid level Sulphur (IV) Oxide and Sorbic Acid in Carbonated Drinks Sold in Lagos, Nigeria [74],
mean concentrations of N.D — 804 ppm and 168-799 ppm of benzoic acid were reported,
respectively, which are higher than the current analysis (81.5-400.8). A study on preservative
quantification (E211) reported average benzoic acid concentrations in Indian Carbonated Soft
Drink Samples [20] (168-398) of benzoic acid approach to the current (284—400.9ppm) study.
Benzoic acid concentrations ranging from 25.8-245.10 ppm was reported for study and health risk
assessment of sodium benzoate and potassium sorbate in selected fruit juice and soft drink brands

in Nigeria [75]; these values are much lower than what we report in this study.
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Figure 9: comparison of benzoic acid concentration by UV-Vis (A) and Titration (B) with other
literature
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5. Conclusion and Recommendations

5.1 Conclusions

Fruit juices and Soft drinks are currently a popular drink for both children and adults. However,
the use of food preservatives in juices and drinks has become a serious threat to human health
because they cause numerous life-threatening diseases. Our primary objective was, then, to check
the Fruit juices and Soft drinks on the market to see whether they contain preservatives and their
content. A UV-Vis spectrophotometric and titration method were applied in this study to assess
the benzoic acid preservatives in fruit juice and soft drinking samples. The proposed UV-Vis
spectrophotometry and titration method have successfully validated with a parameter such as
recovery, precision (intera day and intraday), LOD, LOQ, linearity and specificity. Thirteen
different fruit juice and soft drink samples have been collected for this purpose. From these six
juices and three soft drinks labels to contain benzoic acid without the exact amount. Benzoic acid
content was analyzed qualitatively by ferric chloride and found that all fruit juices and soft drinks
were contained benzoic acid. The results obtained from the two-method showed that the benzoic
acid concentration varied between different kinds of soft drink and fruit juices products. The level
of benzoic acid in fruit juice and soft drink samples by using UV-Vis spectrometry were in the
range of 81.5 £ 0.1 — 385.0 £ 0.1 and 284.0 £ 400.9 * 0.4 respectively. While the level of benzoic
acid in fruit juice and soft drink by using titration were in the range of 139.0 £+ 0.1 - 1825+ 1.0
and 215.0 £ 0.4 — 221.0 + 0.2 respectively.

The overall finding from the analysis indicates all samples analyzed by the two method were within
the permissible level 1000mg/L rules set by Joint FAO/WHO Food Standards Program Codex
Committee on Food Additives and Contaminants. Benzoic acid consumption is higher in soft
drinks than in fruit juices according to the result obtained. This is because most manufacturers of
fruit juices use pasteurization as the method in preserving their products. The findings from the
ANOVA showed there are a significant difference between the result obtained by UV-Vis
spectrophotometry and titration technique at p<0.05. The result of the two methods were
comparable with the other expensive instruments so these two methods can be used as screening
purpose. As per this study all samples contain preservative even if the amount is within the
permissible limit however the samples are highly consumed by adolescents especially by the

school going children, an excess amount of preservatives can cause many serious health problems.
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One of them is behavioral change especially in children. Besides, another most serious harmful
effect of preservatives is their ability to transform into carcinogen when digested. Thus, frequent
use and conception of more than one or two bottle may exceed the permissible limit so too much
use of preservatives should be prohibited.
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5.2 Recommendations

Based on the findings the following recommendation are forwarded

We recommend all marketed fruit juices should be investigated by the concerned authorities as
well as independent research groups at regular interval across the country especially for the
imported ones.

- Due to cost effectiveness and easily availability of the two methods they can be used for
the routine analysis of fruit juices and soft drinks.

- Finally, the Food and Drug Standards Authority should have a routine check up on the
various soft drinks, fruit juices and other consumable products on the market whether the
preservatives levels are within the permissible limits.

- Too much consumption of packed fruit juices and Soft drinks may expose for high level of
preservatives and lead to health hazard we recommend to use organic unprocessed fruit,
which is cheap and available in everywhere.

- Further study by including other possible preservative, colorant will be recommended to
get sufficient information about the imported and local products.
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Groups

M2  Between
Groups
Within
Groups

M3  Between
Groups
Within
Groups

Sum of
Squares

9953.105

516

41.020

467

228.006

.652

AS

Jimma

&9y

df

Mean
Square

9953.105

129

41.020

117

228.006

163

77176.891

351.642

1399.605

Map data ©2021

Sig.

.000

.000

.000
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M4

M5

M6

M7

T1

o1

Gl

S1

Between
Groups
Within
Groups
Between
Groups
Within
Groups
Between
Groups
Within
Groups
Between
Groups
Within
Groups
Between
Groups
Within
Groups
Between
Groups
Within
Groups
Between
Groups
Within
Groups
Between
Groups
Within
Groups

927.261

382

83051.817

143

3012.747

2.004

.002

141

2565.925

496

5737.398

.037

7676.349

.040

8554.596

615

927.261

.096

83051.817

.036

3012.747

501

.002

.035

2565.925

124

5737.398

.009

7676.349

.010

8554.596

154

9709.524

2321323.6
21

6014.725

.067

20676.864

613482.28
3

765262.74
5

55610.803

.000

.000

.000

.808

.000

.000

.000

.000
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S2

S3

M1
M2
M3
M4
M5
M6
M7
T1
o1
Gl
S1
S2
S3

Between 48108.911 1
Groups
Within 408 4
Groups
Between 14781.511 1
Groups
Within 371 4
Groups

3. Pearson Correlation

M1 M2 M3 M4 M5 M6
Pearsc 1
Pearsc-.994* 1
Pearsc.998**-.996* 1
Pearsc1.000%-.994* .999** 1
Pearsc-1.000.994%*%-,999* -1.000 1
Pearsc1.000*-.996* 1.000% 1.000%*-1.000 1
Pearsc 0.12 -0.2 0.18 0.15 -0.13 0.15
Pearsc1.000%-.993* .999*%1.000%-1.000 1.000*
Pearsc-1.000.995*%-,999*-1.000 1.000%-1.000
Pearsc-1.000.994*%-,999* -1.000 1.000%*-1.000
Pearsc-1.000.994*%-,998* -1.000 1.000%*-1.000
Pearsc-1.000.994%*%-,998* -1.000 1.000*-1.000
Pearsc-1.000.995%*%-,999* -1.000 1.000%*-1.000

48108.911 471112.26 .000

2
102

14781.511  159303.84 .000

2
.093

M7 T1 01 G1 <1 S2

1
0.13 1
-0.13 -1.000 1
-0.13 -1.000 1.000" 1
-0.13 -1.000 1.000% 1.000* 1
-0.13 -1.0001.000%1.000%1.000*

S3

1

-0.13 -1.000 1.00071.000%1.000" 1.000* 1
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