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ABSTRACT 
 

Chromatographic techniques can be made more environmentally friendly, i.e., “greener”, 

by a number of different strategies. One approach is to replace the toxic mobile phase 

solvents such as acetonitrile with greener alternatives. Acetone, in particular, has proven 

to be a suitable alternative to acetonitrile, since the two solvents have similar 

physicochemical properties, including solubility, miscibility and viscosity properties. 

However, due to acetone’s high ultraviolet (UV) cut–off wavelength (330 nm), it normally 

cannot be used as a mobile phase solvent when performing high performance liquid 

chromatography (HPLC) analysis with UV detection. In this study, a reversed-phase 

HPLC–UV method using acetone-containing mobile phase was developed for the 

determination of reducing sugars in apple juice and two indigenous fruits, Berchemia 

discolor and Hyphaene petersiana. Pre-column derivatisation of analytes via reductive 

amination with p-aminobenzoic acid ethyl ester (ABEE) was performed to enable 

photometric detection at 307 nm. The method was directly compared to a method that 

utilised acetonitrile-containing mobile phase. Although the detection wavelength of the 

ABEE derivatives is below the UV cut–off wavelength of acetone, it is high enough above 

acetone’s absorbance maximum (~280 nm) to enable satisfactory detection of the 

derivatives. Hence, the method compared well with the acetonitrile method, providing 

similar resolution and selectivity, as well as sufficient sensitivity to facilitate the 

quantitation of glucose and fructose in all the fruits and juice investigated in this study. 

Although the method was only validated in terms of precision, linearity, limit of detection 

and quantitation but no other aspects such as accuracy, it shows potential to be used as a 

greener alternative for sugar analysis for laboratories that only have access to HPLC–UV 

instruments. 
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CHAPTER 1 
 

1. INTRODUCTION 
 

1.1 Background of the study 
 

One important aspect of method development in chromatography is the assessment of the 

“greenness” of the method i.e., how environmentally friendly it is. The term 

‘environmentally friendly’ means not harmful to the environment. When developing 

methods especially those that could be used for routine analysis mostly in quality control 

laboratories, it is of utmost importance to ensure that the method does not have any 

negative impact on the environment and the health of the operator. Therefore, many 

studies in various fields have focused on the topic of green chromatography, which include 

the use of techniques and methodologies that “reduce or eliminate solvents, reagents, 

preservatives and other chemical reagents that are hazardous to human health and the 

environment while enabling faster and efficient analyses without compromising 

performance criteria” [1]. In the area of liquid chromatography, analysts are interested in 

developing new green methods or even making the existing methods greener. Acetonitrile 

is the solvent of choice in liquid chromatography due to its favourable physicochemical 

properties, however, the solvent is considered toxic due to its high half-life in water and 

it is less biodegradable. Replacement of acetonitrile is a wise alternative to make analytical 

methods greener. Green chemistry in the context of solvent replacement gained much 

attention in 2008 after the shortage of acetonitrile which led to a dramatic increase in the 

price of acetonitrile. Even today, the cost of acetonitrile is approximately four times higher 

than that of the commonly used solvents such as methanol [2]. 
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Sweet carbohydrates are normally referred to as sugars and they contribute to sensory 

properties of fruits and fruit juices [3]. Monosaccharides such as fructose, glucose, 

galactose and disaccharides such as sucrose and maltose have a sweet taste characteristic 

[4]. Reducing sugars are defined as sugars that have aldehyde or ketone group in basic 

solution which allow the sugar to act as a reducing agent [5]. Examples of reducing sugars 

are glucose, fructose, galactose, maltose and maltotriose. These sugars play a role in 

various food and beverages as nutrients and enhancing sensory properties [6]. Processed 

fruit juices contain natural sugars and some sugars may be added to enhance the sweetness. 

In the field of nutrition, sugar analysis in foodstuffs provides data that can be included on 

food labels, which aid to monitor the consumption level, and hence regulate diseases such 

as diabetes. Sugar sweetened beverages  (SSB) are associated with type 2 diabetes [7] and 

cancer risks [8]. Sugars show less susceptibility to changes during processing and storage 

of foodstuffs compared to other components present in food and beverages such as 

antioxidants, hence the sugar composition of foodstuffs serves as a reliable quality control 

tool for authenticity and adulteration of foodstuffs [3].  

Indigenous fruits are found in most African countries such Namibia, Angola, Botwana, 

Tanzania,Ghana, Malawi, South Africa and Zimbabwe, they provide nutritional and health 

benefits to rural people as they are rich in phytochemicals. Berchemia discolor and 

Hyphaene petersiana are two common indigenous fruits mostly harvested in the Northern 

part of Namibia, both fruits are sources of food, income and are used to make wine as well 

[9]. The fruits are also used to make value added products like juice, jam and cakes which 

can stimulate industrial growth, create employment and increase the conservation of 

indigenous fruits. The carbohydrate content of the indigenous fruits can be used to monitor 
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the authenticity of the fruits’ value-added products. To the best of our knowledge, no study 

was done to determine the sugar profile of the two indigenous fruits and hence there is a 

need to be evaluate the sugars present considering their benefits to human lives. 

 

Different analytical techniques are used for qualitative and quantitative analysis of 

carbohydrates. Spectroscopic techniques such as high resolution nuclear magnetic 

resonance (NMR) and mass spectrometry are used to provide structural information of 

complex carbohydrates as well as information on the purity of carbohydrates. MS 

identifies compounds based on their mass-charge ratio (m/z) where compounds are 

ionized before entering the MS analyzer. Electrospray ionization (ESI) and matrix laser 

desorption ionization (MALDI) are the two common ionization methods used for sugar 

analysis, they enable ionization of carbohydrates that provide molecular ion information 

[10] . MALDI uses a matrix with analytes that has strong absorption at laser wavelength 

for ionization. The laser pulse ablates the dried sample and the matrix molecules sublimate 

into gas phase. The ions are formed through proton transfer and are accelerated by electric 

field towards mass analyzer. In electrospray ionization, the sample is introduced to a 

strong electrostatic field through a narrow capillary to form small charged species which 

are detected by mass spectrometry. The advantage of MALDI is that ionization efficiency 

is constant with increasing size of neutral carbohydrates while ESI ionization efficiency 

decreases with increasing molecular size. The limitation of MALDI is that is gives 

extensive fragmentation due to high internal energy deposited on the ions compared to 

ESI [10]. ESI ionization method was recently used for the analysis of carbohydrates with 

both HILIC and RPLC modes [11]. Gas chromatography (GC) is another analytical 

technique used for carbohydrate analysis, especially low molecular carbohydrates and it 
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is a helpful technique in identifying unknown carbohydrates. Gas chromatography with 

mass spectrometry (GC-MS) is often used for carbohydrate identification and gas 

chromatography with flame ionization (GC-FID) for quantification. Capillary 

electrophoresis (CE) is another technique used for carbohydrate analysis, charged 

compound are separated based on their electrophoretic mobility influenced by electric 

field. However, there are drawbacks associated with this technique such as carbohydrates 

are neutral, and they lack chromophores.  High performance liquid chromatography 

(HPLC) is the main and popular analytical technique used for carbohydrate analysis. 

HPLC provide additional advantages over other methods such fast analysis, allow analysis 

of larger carbohydrates and it is versatile owing to the availability of various detectors, 

stationary phases which allow analysis to be done in various separation modes such as 

ion-exchange, ion-exclusion, reversed phase and hydrophilic interaction liquid 

chromatography (HILIC) mode [12].  

The analysis of sugars can be quite challenging because of their intrinsic properties: lack 

of chromophores, similar polarity and low volatility. The existence of anomers presents 

another challenge for carbohydrate separation. This has led to the development of different 

stationary phases for carbohydrate analysis.  

Ultraviolet-based detection methods are simple, sensitive, and mostly available as primary 

detection methods in most laboratories. They allow the of gradient elution which shortens 

the analysis time thus reducing solvent consumption and cost.  Equally important, methods 

that can be applied to as many sample matrices as possible are needed to cover a broad 

range of foodstuffs and beverages [13]. Due to an increase in fruit juice production, there 

is a need to develop cost-effective, sensitive and reliable methods for fruit juice quality 

control [14]. 
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1.2 Statement of the problem 
 

 HPLC generates litres of organic waste which might be toxic to the environment and the 

operators, therefore there is a need to switch to greener or environmentally friendly 

solvents. Although acetone is classified as a green solvent, its application in liquid 

chromatography is seldom reported because its high ultraviolet (UV) cut-off has hindered 

researchers from using this solvent. Another problem is that most of the reported methods 

for the analysis of sugars have utilized expensive detectors which might not be economical 

for routine analysis, most especially in small or resource-limited laboratories. There is no 

perfect method for carbohydrate analysis yet, hence effort to develop simple, robust, 

reliable and reproducible methods for routine analysis is still an ongoing endeavour in 

carbohydrate research. Photometric detectors serve as common detectors for all HPLC 

applications, hence there is a need to develop simple photometric methods for sugar 

analysis. The use of acetone in reversed-phase liquid chromatography (RPLC) employing 

UV detectors for carbohydrate analysis has not been attempted. Moreover, the sugar 

profiles of the two indigenous fruits have not been studied.  

 

1.3 Objectives of the study 

The objectives of the study were to: 

(a) Develop a RPLC-UV method for the analysis of reducing sugars. 

(b) Compare the separation performance of acetone as a “green” alternative mobile 

phase to acetonitrile in reducing sugar analysis. 

(c) Validate and apply the method to the analysis of reducing sugars in apple juice,  

Berchemia discolor and Hyphaene petersiana fruit extracts. 
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1.4 Significance of the study 

The method developed in this study could potentially be used by quality control 

laboratories of fruit juice manufacturers already equipped with HPLC-UV instruments. 

The method would enable manufacturers to perform high throughput analysis of sugars in 

fruits and fruit juices, hence increasing the laboratories’ efficiency. The method would 

also help with product labelling purposes and identification of possible adulteration. The 

developed method may serve as a starting point to expand this analytical approach to other 

applications in the food and beverage industries. In the context of indigenous fruits, the 

results may help with value-addition to fruits as these fruits can potentially be used to 

develop potential marketable products such as juice, cakes, etc. This method would be 

economically beneficial as it would reduce the costs for detoxification or disposal of toxic 

solvents. Furthermore, the method does not use expensive detectors but common UV 

detectors that resource-limited laboratories can afford. This study is the first to use acetone 

in RPLC-UV mode for sugar analysis. 

1.5 Limitation of the study 

The method is limited to reducing sugars only. 
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CHAPTER 2 
 

2.  LITERATURE REVIEW 

2.1 Sugar analysis in fruits and fruit juices 
 

Sugars serve as a source of energy, and they contribute to the sensory characteristics of 

fruits and juices. In the fruit juice production sector, sugars are used for quality control to 

monitor adulteration and ensure fruit juice authenticity. Adulteration of fruit juice involves 

the addition of corn, cane and beet sugar, cheaper fruit juice concentrates, preservatives, 

artificial sweeteners and colours [15,16].  

Fructose, glucose and sucrose are the major sugars present in fruits and vegetables [17]. 

Hvizd et al. [18] analysed sugars in various fruit juices such as apple, orange, grape and 

cranberry juices using hydrophilic interaction liquid chromatography with charged aerosol 

detector  (HILIC–CAD). The results showed that glucose, fructose (Fig 2.1) and sucrose 

are the main sugars present in these fruit juices. Recently, Rodriquez et al. [19] 

simultaneously analysed organic acids and sugars in various fruit juices using high 

performance liquid chromatography with refractive index detector (HPLC–RID). The 

major sugars present in the fruit juices were sucrose, fructose and glucose. The sugar 

profiles and amounts varied with each juice, with grape juice showing the lowest sucrose 

concentration. In a recent study by Li [3], the sugar profiles of fruit juices including that 

of apple juice were determined by HPLC–RID. They found fructose (Fru) and glucose 

(Glu) in both fruit juices but the ratio of Fru/Glu was unique for each fruit juice. The ratio 

of Fru/Glu is crucial for the evaluation of fruit juice authenticity.  
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Fig 2.1 Common reducing sugars found in fruit juices. 

2.2 Methods for the analysis of sugars 
 

Different analytical methods have been developed for the qualitative and quantitative 

analysis of sugars in different sample matrices. The method or analytical approach 

normally depends on the sample matrix and the purpose of analysis. Gas chromatography 

(GC), either in combination with MS or flame ionisation detector (FID), is one of methods 

that is used for the analysis of carbohydrates in different matrices such as biological 

samples [20], food [21] and beverages [22]. GC-MS analysis offers high sensitivity, 

selectivity and  the ability to identify analytes [21]. MS methods provide a broad scope of 

chemical information on small molecular carbohydrates and are more suitable for 

qualitative analysis, whilst FID is used more for quantitation, hence detection methods are 

selected based on the purpose of analysis. Due to low volatility and poor ionisation 

efficiency of carbohydrates, time-consuming derivatisation and high temperatures are 

often required to achieve satisfactory analysis in gas chromatography [21,23]. In most 

cases, silylation, methylation, trifluoroacetylation and acetylation are the most popular 

derivatisation techniques used for carbohydrates [23]. These derivatisation methods alone 

are not ideal for reducing sugars due to a variety of isomers formed in the aqueous 
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solution. These isomers result in numerous peaks on the chromatogram, which makes it 

difficult to interpret. To solve this, reducing sugars are converted to oximes, where the 

cyclic hemiacetal is converted into a corresponding open-chain molecule. Consequently, 

two oximes are produced from each sugar molecule via an oximation reaction (Z and E 

configurations) resulting in two chromatographic peaks, thus making the chromatograms 

less complex [20,21,24].  

Capillary electrophoresis (CE) is a powerful technique which offers separation of sugars 

with high resolution. CE differs from HPLC in the sense that it uses an open tube capillary 

instead of a chromatographic column. CE offers advantages such as ultra-small sample 

volumes, low solvent consumption, short analysis time, high-resolution and minimal 

sample preparation [25]. However, when CE is used with UV detection, derivatisation of 

sugars is required due to the lack of chromophores which may lead to a decrease in 

sensitivity and resolution [26].  

 Sugars can also be quantified using enzymatic methods whereby reactions such as 

hydrolysis and phosphorylation are used. In these methods, sugar quantities are 

determined by measuring the pH variation of the sample relative to the amount of H+ and 

OH- ions produced during enzymatic reactions, or using the commercial enzyme assay kit 

to measure absorbance. The enzymatic methods are however difficult and costly, 

especially when analysing unknown sugar content such as those found in complex natural 

products [21]. Enzymatic methods are more suitable for known sugars. When analysis of 

unknown sugar contents is performed, then qualitative techniques such as GC–MS are 

used to identify the sugars present in the sample before subjecting the sample to enzymatic 

digestion [21]  
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 Liquid chromatography is the most popular analytical technique for low and high 

molecular weight carbohydrates due to its high sensitivity, high recoveries, good accuracy 

and ability to perform both qualitative and quantitative analyses [23,27]. Sugar derivatives 

are mainly analysed using either ion exchange chromatography, reversed-phase liquid 

chromatography (RPLC) or hydrophilic interaction liquid chromatography (HILIC). Ion 

exchange chromatography has been used for sugar analysis in various samples such as 

proteins and peptides, due to its high sensitivity and selectivity. Anion exchange 

chromatography with pulsed amperometric detection specifically, was used for the 

analysis of sugar and sugar alcohols in olive plant extract. The separation was based on 

the electrostatic interaction of the sugar anion analytes and the positively charged 

stationary phase [28]. The pH plays an important role in the separation, hence, the pH of 

the mobile phase is adjusted in order to convert the neutral sugars to their desired sugar 

ions to achieve separation [29]. 

RPLC separates carbohydrates on non-polar stationary phase, usually carbon chain 

bonded to silica surface such as C8 and C18 columns. The mobile phase is usually a mixture 

of water and an organic solvent with or without a buffer to maintain the pH and ionic 

strength [30]. In this mode, carbohydrates are separated by means of partitioning between 

the mobile phase and the stationary phase [31].  

The most frequently used detectors for liquid chromatography in carbohydrate analysis 

are the refractive index detector (RID), evaporative light scattering detector (ELSD), 

ultraviolet-visible (UV-vis) or fluorometric detectors, pulsed amperometric detector 

(PAD) and charged aerosol detector (CAD) [32]. Refractive index detection is widely used 

for direct detection of sugars [33], however this method is often characterised by poor 

sensitivity and it is incompatible with gradient elution [24,34,35].  Refractive index is 
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temperature sensitive and tend to deviate with  change temperature changed hence 

temperature needs to be  carefully maintained during the analysis [4]. Aerosol-based 

detectors such as the ELSD and CAD have also been used for the analysis of sugars in 

various matrices [34]. These detectors do not require sample derivatisation, however they 

are not as common as UV detectors due to their high cost. Moreover, these detectors are 

both nonlinear, and are restricted to the use of volatile mobile phase only. ELSD has low 

sensitivity with high limit of detection, whereas CAD provides moderate sensitivity 

[24,36]. UV is a primary detection method for most HPLC analyses due to its high 

sensitivity, ability to detect analytes present at low concentrations and it is compatible 

with gradient elution [37]. UV detection has also been employed in the analysis of sugars, 

however due to lack of UV chromophores in sugars, this method requires derivatisation 

of samples for possible detection.  

HILIC is also one of the separation modes in HPLC that plays a powerful role in 

carbohydrate research. In this mode, carbohydrates are separated on a polar stationary 

phase and water-miscible polar organic solvents such as acetonitrile, aprotic solvents such 

dioxane and tetrahydrofuran and low molecular alcohols such as ethanol usually 

containing small amounts of water to create a water enriched layer on the stationary phase. 

The separation is based on the partition of the analyte between the aqueous layer and the 

bulk organic mobile phase. The analytes which are more soluble in the organic mobile 

phase are eluted first. Currently there are wide ranges of polar phases usually bound on 

organic polymer matrices or silica. Polar phases such as bare silica, cyano bonded, diol 

bonded, amino bonded, amide bonded, alkylamide and zwitterionic phases are available 

[38]. The analysis of sugars using these stationary phases is comprehensively discussed 
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in literature [39]. HILIC has been a powerful mode for the separation of polar compounds 

such polar peptides and drugs, vitamins, metabolites, polyols, and carbohydrates. HILIC 

offers an advantage to effectively separate polar compounds which cannot be separated 

with RPLC mode [38,39]. The mobile phases used are compatible with mass spectrometry 

making the method even more sensitive [38]. 

Various researchers have reported the use of HILIC mostly coupled to the universal 

detectors such as CAD and MS for the analysis of sugars. For example Hutchinson [2] 

applied HILIC-CAD to the analysis of carbohydrates using an Asahipak NH2P-504E 

column with the main focus of evaluating alternative solvents to acetonitrile and methanol 

has also been report. Recently, Pitsch et al. [13] presented the simultaneous analysis of 

sugars, polyons and ions (K+, Br−, Cl−, NO3−and SO4
2−) using HILIC–CAD. Hvizd et al. 

[18] also reported a HILIC–CAD method for the analysis of sugars in fruit juice and honey 

samples has been reported. The method had a limit of detection of < 10 ng. In this mode, 

the separation of carbohydrates depends on their nature and interaction with the stationary 

phase. Fu et al. [40] pointed out that neutral carbohydrates are separated by means of 

partitioning interaction and ionic carbohydrates are separated by partitioning and 

electrostatic interactions. The buffer concentration and pH are used to control the ionic 

interaction between carbohydrate analytes and the stationary phase while temperature is 

used to alter the chromatographic resolution. Furthermore, the difference in selectivity of 

the stationary phases shows potential in the design of HILIC/HILIC systems for complex 

carbohydrate samples. Different HILIC columns  are available for carbohydrate analysis 

and most have been evaluated and shown to have different selectivity and retention 

behaviors [34,40]. In 2014, Inoue [39] reviewed traditional and novel HILIC columns for 

carbohydrate analysis. Selection of a suitable column for the optimum separation depends 
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on the interaction between the stationary and analytes under study, mobile phase, column 

temperature, the type and buffer concentration, sample solvent, sample matrix, etc. 

HILIC–MS methods for the analysis of sugars in foodstuffs have also been developed 

[16,41,42]. HILIC–MS offers an advantage of high selectivity and sensitivity for sugar 

analysis, however, the HILIC–MS methods are suitable for the analysis of polar or free 

carbohydrate molecules [43]. 

One interesting fact about HILIC is its ability to analyse both labelled and unlabelled 

carbohydrates. Neville et al. [44] reported the analysis of ABEE-labelled oligosaccharide 

hydrolysate for the identification of glucose units using HILIC–UV. HILIC separates UV 

chromophore-labelled and fluorophore-labelled carbohydrate based on increasing polarity 

and the degree of solvation [44].Bawazeer et al. [20] reported the analysis of labelled 

sugars by reductive amination in biological samples using HILIC–MS. The method was 

simple with improved separation of sugars in a short time. 

2.3 Derivatisation reactions for Sugars 

Carbohydrates lack chromophores or fluorophores in nature, hence derivatisation is often 

necessary when UV and fluorimetric detection methods are being used. Most 

derivatisation methods used in liquid chromatography alter the carbonyl group of the sugar 

and introduce a photometric or fluorimetric tag. Photometric and fluorimetric tags can be 

attached either before introducing the sample into the chromatographic column (pre-

column derivatisation) or after the chromatographic column (post-column derivatisation). 

For carbohydrates, pre-column derivatisation has been used more frequently and various 

derivatisation reactions have been explored. This method eliminates sample matrix and 

selective enrichment of derivatives is often achieved [45]. Common derivatisation 
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reagents for carbohydrates include 2,4-dinitrophenylhydrazine (DNPH) [24], 2-

aminopyridine (2AP), 2-aminobenzoic acid (anthranilic acid), p-aminobenzoic acid 

[45,46] and p-aminobenzoic acid ethyl ester [31,47–52]. Derivatisation of reducing sugars 

can be achieved through the formation of hydrazine or pyrazolones and reductive 

alkylation, however these methods suffer from incomplete derivatisation and formation of 

side products [24].  

The attachment of photometric and fluorimetric tags by reductive amination using an 

aromatic amine and reducing agents is frequently used. In this method, the derivatisation 

tag is connected to the reducing end of the monosaccharide. The reaction is normally 

carried out at low pH so that the acyclic form of the sugar is favoured over the cyclic form. 

The reaction requires the use of reducing reagents that are stable under acidic conditions 

such as sodium cyanoborohydride (Fig 2.2) [20]. Reductive amination offers 

uncomplicated reaction procedures and transforms various compounds of interest such as 

mono- and di-saccharides, amino sugars and uronic acid into sensible detectable 

fluorescent and photometric derivatives [46]. Derivatisation of sugars with p-

aminobenzoic ethyl ester (ABEE) has also been investigated [47,48].  ABEE 

derivatisation offers  simplicity, eliminates doublet peaks [47] and it is highly sensitive 

[50]. Another advantage of ABEE is its dual nature of being both a UV-absorbing 

chromophore and fluorophore. Derivatisation reduces the polarity of the sugars making 

RPLC a suitable separation mode for these sugar derivatives [53]. 
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Fig 2.2 Derivatisation reaction of glucose with ABEE [46]. 

2.4 Green chemistry in HPLC 

In green chemistry, analytical chemists aim to make laboratory practices more 

environmental benign, which includes the use of methods, products, processes, 

technologies, feedstocks, by-products, solvents and reagents that are less hazardous to 

human and the environment without compromising performance criteria [54,55]. Green 

chemistry also aims to prevent and reduce chemical waste, risk of exposure and waste 

disposal costs. Although the entire laboratory process may not be benign at all stages, it 

is vital to make some stages greener where possible. 

HPLC is the most widely used analytical technique in most chemical laboratories and in 

quality control laboratories. Besides the benefits of HPLC systems such as fast analysis, 

high throughput analysis, good sensitivity and high reproducibility, this technique 

presents threats to the environment and human health as it uses organic solvents which are 

toxic and generates large quantities of chemical waste especially in routine analysis 

environments. Therefore, reducing solvent consumption and replacing toxic solvents with 

benign solvents is highly desirable [56] to achieve a balance between separation 

performance and eco-friendliness.  
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One way to achieve this is by using short columns packed with small particles. Short 

columns require shorter analysis time than longer columns, thus solvent consumption is 

reduced. Although these columns are often characterised by high back pressures, ultrahigh 

performance liquid chromatography systems have been introduced to accommodate high 

back pressures generated by small particles. Moreover, the use of columns packed with 

small fused-core particles which generate low back pressure is advised.  

Another approach of greening LC is using silica-based stationary phase (type-C columns) 

with unique features such as silica hybrid and ligands compared to the normal silica-based 

columns. These columns offer fast equilibration time between gradient analyses compared 

to other commercially available columns, thus, reducing solvent usage in liquid 

chromatography. They have the ability for dual retention of both polar and non-polar 

compounds which enables their use in both reversed-phase liquid chromatography and 

normal-phase liquid chromatography. Another attractive feature of type-C columns is 

their ability to retain polar compounds at high water content which potentially make liquid 

chromatography methods green. These stationary phases provide alternatives to greening 

liquid chromatography and are worth evaluating during method development [57]. 

2.5 Alternative solvents in HPLC 
 

Replacement of toxic solvents with eco-friendly solvents in mobile phases is one approach 

of enhancing the greenness of the method. The degree of greenness of a solvent is assessed 

in terms of its environmental, health and safety (EHS) and life-cycle. Environmental 

aspects include water contamination and air hazard, human safety includes acute and 

chronic toxicity, irritations, while safety looks at how stable, reactive, flammable and 

explosive the solvent is. Life-cycle assessment (LCA) focuses on biodegradability, 
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recyclability, and reusability of a solvent. A green solvent must possess good EHS and 

LCA properties [58]. Acetonitrile (ACN) is the generic organic solvent in liquid 

chromatography due to its favourable physicochemical properties such as low UV cut-off. 

However, the use of acetonitrile in HPLC as a mobile phase is not a greener choice due to 

its high flammability, volatility, toxicity, high costs of purchase and disposal [54]. 

Acetonitrile presents chronic and acute toxicity to aquatic life due to its high half-life (2-

20 days) in water [1], and therefore is not a solvent of choice from the sustainability point 

of view.  

Methanol is less toxic compared to acetonitrile, although it is not easily biodegradable, it 

has lower waste disposal costs compared to acetonitrile. Methanol should therefore be 

chosen over acetonitrile whenever possible [56]. The difference in selectivity of methanol 

and ACN however hinders the use of methanol as a direct substitute for ACN [59]. Despite 

the favourable LC properties of acetonitrile and methanol, these solvents are more 

expensive compared to other commonly used HPLC solvents, hence their use in LC is not 

economically beneficial. Suggested alternative solvents to acetonitrile include acetone, 

ethanol, ethyl acetate, n-propanol and ethyl lactate [58,60].   

Evaluation of alternative benign solvents is pertinent when developing HPLC 

methods for routine analysis. Acetone is a great alternative mobile phase to acetonitrile 

because it gives similar separation and selectivity to acetonitrile. In addition to being 

inexpensive, it has desirable chromatographic properties such as low toxicity, low 

viscosity, low boiling point which improves ionisation, thus increasing sensitivity in LC–

MS. However, acetone is seldom used in LC because it has a high UV cut-off which limits 

photometric detection. So, the use of acetone is only convenient with universal detectors 

such as ELSD, RID and CAD. However, these universal detectors also have drawbacks, 
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for example, RID is not compatible with gradient elution, while CAD and ELSD are not 

sensitive at low impurity level [59]. Due to its high UV cut-off, using acetone with UV 

detection in gradient elution results in a rising baseline with increasing acetone content, 

however this is less of a problem when baseline correction systems are used [61].  

Hutchinson and co-workers [2] attempted the use of acetone as an alternative to 

acetonitrile for carbohydrate analysis in the HILIC mode with corona charged aerosol 

detection (CAD). Although acetonitrile outperformed acetone, acetone gave 

satisfactory separation compared to other solvents evaluated such as methanol, 

ethanol, and isopropanol. In a recent work, Heaton and co-workers [62] illustrated the 

use of acetone in HILIC coupled to electrospray ionisation (ESI) mass spectrometry 

for the analysis of small molecules. Interestingly, acetone gave superior signal-to-

noise (S/N) ratios, selectivity and reduced analysis time compared to acetonitrile. 

Although acetonitrile often outperforms acetone, the latter is preferred as it combines 

superior separation performance with greenness. Furthermore, Hutchinson et al. [2] 

stated that the combination of benefits offered by green solvents such as economical 

sustainability, lower toxicity and acceptable separation might outweigh the separation 

performance compromised by such solvents. In other words, a green solvent with 

acceptable separation is better than a toxic solvent with outstanding separation 

performance. 

 

In the rapid communication by Fritz and the co-workers [63], acetone was shown to be a 

substitute to acetonitrile in peptide analysis: it gave similar separation and reduced 

analysis time compared to acetonitrile. The author recommended the use of acetone as an 
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alternative to acetonitrile in liquid chromatography – mass spectrometry (LC–MS) 

analysis of peptides. Keppel and co-workers [64] presented another successful application 

of acetone in RPLC employing MS detection for peptide analysis. Another application of 

acetone in RPLC mode investigated metabolite profiling of complex plant extracts using 

UV and charged aerosol detection methods [1].   

Ethanol is also considered as a greener solvent due to its low toxicity, short life cycle in 

water, low volatility and its possible synthesis from renewable sources. Ethanol has been 

used mostly in the field of pharmaceutical analysis to improve the greenness of the 

methods already developed [65,66]. Although ethanol-water mobile phase has high 

viscosity [60], it is no longer a challenge when ultrahigh performance liquid 

chromatography (UHPLC) instrumentation is used or even working at elevated 

temperatures [54,59]. Applications of ethanol mobile phases are widely reported in 

literature [65–68]. 

2.6 Background information on the indigenous fruits under investigation 

Indigenous fruits play various roles in the well-being of people ranging from food security, 

health promotion and improving. the economic welfare of rural communities in the 

developing world [9]. These fruits are native to various African regions such as Namibia, 

Zimbabwe, Angola, and Botswana. The fruits are sources of vitamins, minerals, and 

antioxidants. However, they are undervalued because they are unknown in terms of 

nutritional content, therefore there is a need to evaluate their nutritional content for value 

addition. There is a  lack of scientific knowledge on various indigenous food [9,69], lack 

of targeted laboratory analyses which can be routinely used for specific quality control 

tests in case of formal marketing, product identification and development as well as 
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ensuring the health and safety of consumers [69]. In addition, the sugar profiles of many 

indigenous fruits are not known. 

 Hyphaene petersiana commonly known as makalani palm and Berchemia discolor are 

two popular indigenous trees in many African countries. In Namibia, the plants are 

mostly.distributed in the northern part of Namibia such as Omusati, Oshana and 

Ohangwena regions. The latter  (Fig 2.4 B)bear fruits which are small drupes of 4-8 mm 

wide with an average length of 20 mm [70] (Fig 2.3A). The pulp contains minerals (K, 

Ca, Mg, P) [70], high sugar (30%), vitamin C (65 mg/100g) and various phytochemicals 

such as terpenoids, flavonoids, phenols and cardiac glycosides [71]. The fruits can be 

consumed fresh or dry [71] and can be fermented to make wine [70–72]. The fruits are 

used to make nutritious value-added products such as juices, jam and muffins have been 

made from these fruits. The products had a long shelf-life and scored the sensory 

preference of 90% [72].  

Hyphaene petersiana is a single stemmed plant that grows up to 18 m with characteristic 

fan-shaped leaves of 1.5-2 m long [73] (Fig 2.4 A). The fruits are spherical brown nuts, 

about 50 mm in diameter and single seeded [74] (Fig 2.3B). The foliage is used to make 

different craft objects. The fruits are eaten when fresh or dry, and are used to make a 

liquor, locally known as ombike in Oshiwambo. The tree is commonly used for wine 

tapping [73,74]. Moreover, the pulp of the fruits contain carbohydrates (5.33 mg/g), 

various minerals and phytochemical compounds such as phytates, oxalates, tannins and 

saponins [74].  
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Fig 2.3 Indigenous fruits: (A) Berchemia discolor and (B) Hyphaene petersiana (Source: 

Aina Iyambula, Windhoek). 

 

Fig 2.4 Indigenous plants: (A) Hyphaene petersiana and (B) Berchemia discolor (Source: 

Hilde Shaningi, Windhoek). 
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CHAPTER 3 
 

3. MATERIALS AND METHODS 

3.1 Chemicals and materials 

HPLC-grade acetone, methanol, and acetonitrile (ACN) as well as analytical grade glacial 

acetic acid and formic acid were obtained from Merck (Germany). Purified water was 

obtained from a Milli-Q Integral 3 water purification system. The following chemicals 

were of analytical grade and were purchased from commercial sources: ammonium 

formate, sodium cyanoborohydride, fructose, glucose, p-aminobenzoic acid ethyl ester 

(ABEE) and chloroform. Filtration was done using a Millipore vacuum pump (model 

WP6122050) (Merck, Germany), Whatman® filter paper (150 mm) and Millipore Millex-

HV Hydrophilic PVDF 0.45 µm pore size syringe filters were purchased from Merck 

(Germany). The pH was measured with the Thermo ScientificTM EutechTM pH 6+ pH 

meter (Singapore). 

3.2 Instrumentation 
 

3.2.1 HPLC analysis 
 

Chromatographic analyses were performed using an Agilent 1100 HPLC system (Agilent 

Technologies, Waldbronn, Germany) consisting of a quaternary pump, degasser, auto-

sampler, and variable wavelength UV-vis detector. The UV detection wavelength was set 

at 307 nm for all analysis. The RPLC analyses were performed on a Perkin Elmer 

Brownlee Analytical C18 150 mm × 4.6 mm I.D. column packed with 3 µm particles. For 

the HILIC analyses, a Waters XBridge Amide 4.6 mm × 100 mm column with 3.5 µm 

particles was used. The column temperature for both separation modes was maintained at 
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40°C, using a Perkin Elmer Flexar oven. An injection volume of 5 µL was used and the 

mobile phase flow rate was 1 mL/min. Agilent Chemstation software (Rev. B.03.01) was 

used for instrument control and data acquisition. Mobile phase A consisted of 5 mM 

ammonium formate buffer at pH 3 in 5% organic modifier and mobile phase B consisted 

of 5 mM ammonium formate buffer at pH 3 in 95% of the organic modifier.  

3.2.2 LC–MS analysis 
 

The LC–MS analyses were performed on a Thermo ScientificTM VanquishTM UHPLC 

coupled to an Orbitrap Q ExactiveTM Plus MS (Thermo Fisher Scientific, Germany). A 

method adapted from the optimised isocratic acetonitrile-containing mobile phase method 

was used for the LC–MS experiments. A Kinetex XB-C18 (150 mm × 2.1 mm I.D) column 

packed with 2.6 µm particles was used at a flow rate of 0.2 mL/min, a column temperature 

of 30°C and with the following mobile phase gradient: 8%B, hold 20 min, 8 – 100%B in 

5 min. and hold 4.5 min. All analyses were performed using ESI in negative ion mode 

(ESI-), with the source temperature maintained at 300°C and an electrospray capillary 

voltage of 3000 V. A mass range of m/z 200 – 2000 was scanned. XcaliburTM software 

(version 4.4.) was used for instrument control and data acquisition, while FreeStyleTM 

software (version 1.7) was used for data processing. 

3.3 Derivatisation procedure   

The sugars were derivatised according to the procedures reported by Gomis et al. [47]. A 

volume of 400 µL of a 1.4 M aqueous solution of NaBH3CN, 400 µL of glacial acetic acid 

and 2 mL of 0.6 M ABEE in methanol was added to 5 mL of each standard (2 mM) and 

sample solution. The mixture was heated at 80 °C for 10 min. After cooling to room 

temperature, 2 mL of water was added. The resulting solution was subsequently washed 
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three times with 4 mL of chloroform to remove excess ABEE. The aqueous phase was 

filtered with a 0.45 µm PVDF filter prior to HPLC analysis. 

3.4 Sample and standard preparation 

A working standard mixture of the ABEE derivatives for preliminary experiments was 

prepared by mixing 10 μL of each of the derivatised 2 mM stock solution of glucose, 

maltose, maltotriose, lactose, and diluted with the derivatised 2 mM fructose stock 

solution in an HPLC vial to 1 mL. The glucose and fructose standard mixture was prepared 

by mixing 10 μL of glucose (0.02 mM) and 990 μL (1.98 mM) of fructose stock solutions. 

The 100% apple juice (5 mL) was diluted (see section 3.6) and derivatised.  The 

indigenous fruits, Hyphaene petersiana palm fruits and Berchemia discolor berries, were 

bought from a local market. The fruit samples were prepared by homogenising about 5 g 

of the fruit pulp in 50 mL of Milli-Q water. The solution was allowed to stir at room 

temperature for 24 hours. The solution was vacuum filtered, and 5 mL of the filtrate was 

diluted (see section 3.6) and subjected to the derivatisation procedure. The resulting 

solution was filtered through a 0.45 µm PVDF filter prior to HPLC analysis. The samples 

were stored in the freezer to prevent microbial growth. 

3.5 Method validation 

 3.5.1 Linearity, limit of detection and limit of quantitation 

The detector linearity was determined by injecting a series of standard solutions in the 

range of 1 to 30 mM. The linearity curve was constructed by plotting the detector response 

against concentration. The limit of detection (LOD) of each sugar derivative was 

determined using signal-to-noise ratio method by injecting a series of diluted standards 
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[19]. The limit of quantitation (LOQ) was determined by finding the lowest amount of 

analyte above the LOD (LOQ = 3.3×LOD) that can be reproducibly quantified [75]. 

3.5.2 Precision 
 

 To assess the precision of the method, the samples were prepared in triplicate and two 

injections were made from each sample. The method precision was expressed as percent 

relative standard deviation (%RSD) to measure the closeness of the replicate data. The 

instrument reproducibility was assessed by injecting standards at different concentrations 

within the same day (intra-day) and between days (inter-day). 

%RSD =
ୗୈ

୶ത
  × 100, where SD is the standard deviation of response and xത is the average 

peak area of each sugar [47].  

3.6 Quantification of sugars in fruit juice and indigenous fruits 

A calibration curve was constructed using the external standard method. The calibration 

curve of glucose was constructed using 6 data points in the range of 1 to 10 mM and that 

of fructose covered 4 data points in the range of 6 to 24 mM. The concentration ranges of 

each analyte that fall within the linear range of detection were chosen to construct the 

calibration curves. The apple juice was diluted 20 times, berry samples were diluted 10 

times and palm fruit samples were diluted 2.5 times. The dilutions were based on a number 

of preliminary experiments performed with undiluted samples. The standard solutions and 

the diluted samples were derivatised and analysed by HPLC on the same day. All solutions 

were analysed in triplicate and the average peak areas were used for subsequent 

calculations. The calibration curves were constructed by plotting the average peak areas 

versus the concentrations of the sugars. The coefficient of determination (R2) of each 
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calibration curve was measured using linear regression analysis. The curve equation was 

used to determine the concentration of glucose and fructose in the samples. 
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CHAPTER 4 

4. RESULTS AND DISCUSSION 
 

4.1 RPLC method development 

The comparison of acetone and acetonitrile organic modifiers for the analysis of ABEE-

sugar derivatives was performed by first developing a reference method with acetonitrile. 

Preliminary experiments revealed that the derivatives eluted relatively early when 

analysed using RPLC (results not shown). Therefore, a method that utilises a low organic 

content mobile phase (95A:5B) was evaluated (Fig 4.1), where mobile phase A consisted 

of 5 mM ammonium formate buffer at pH 3 in 5% ACN and mobile phase B had 5 mM 

ammonium formate buffer at pH 3 in 95% of ACN. In this analysis, two peaks were 

observed for the ABEE-fructose derivative and only one peak for the ABEE-glucose 

(confirmed by LC–MS, see later). Similar observations were also made in the studies of 

Bawazeer et al. [20] and Ho Ko et al. [76]. Ho Ko et al. [76] observed two ABEE- fructose 

peaks which was due to the formation of diastereomers. In the study of Bawazeer et al. 

[20], 2H5-aniline labelled fructose that was synthesised via reductive amination was also 

separated into two peaks using HILIC mode due to the presence of a pair of diastereomers. 

Unlike aldoses, the reductive amination of ketoses results in the formation of an additional 

stereocenter, hence forming two diastereomers (Fig 4.2), which can be separated by 

regular chromatographic methods. Furthermore, low sensitivity was observed for ABEE-

fructose compared to ABEE-glucose, an observation that was also reported previously  

[76]. It is assumed that this is due to aldoses being more reactive than ketoses during 

reductive amination with ABEE [76].  
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Subsequently, the method was optimised to ensure complete separation of the ABEE 

derivatives of a series of sugars. A mobile phase consisting of 92%A and 8%B gave the 

best separation, although there is an unused separation space observed in the 

chromatogram (Fig 4.3A). Increasing the organic content above 8% resulted in the co- 

elution of the ABEE- fructose peaks. After the optimisation of the reference method with 

acetonitrile, the alternative method with acetone-containing mobile phase was optimised. 

A mobile phase based on 93%A and 7%B composition (where mobile phase A consisted 

of 5 mM ammonium formate buffer at pH 3 in 5% acetone and mobile phase B had 5 mM 

ammonium formate buffer at pH 3 in 95% of acetone) was found to provide separation 

performance and retention factors similar to those obtained with the acetonitrile mobile 

phase (Fig 4.3B). The results show that acetone is a suitable direct substitute of acetonitrile 

as both methods yielded similar separation and selectivity. Although acetone is generally 

regarded as being incompatible with UV detection due to its UV cut-off of 330 nm, these 

findings revealed that it can be used for the analysis of ABEE-sugar derivatives. This is 

made possible because the absorbance maximum of these derivatives is 307 nm, which is 

high enough above acetone’s UV absorbance maximum of 280 nm. 
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Fig 4.1 Separation of standard ABEE- fructose and glucose derivatives using the 

acetonitrile-containing mobile phase (mobile phase composition 95%A:5%B). 

Compound: (1) fructose, (2) glucose. 

 

Fig 4.2 Derivatisation reaction of fructose with ABEE.  
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Fig 4.3 (A) Separation of a working standard mixture of ABEE-sugar derivatives using 

mobile phase containing acetonitrile (mobile phase composition 92%A:8%B). (B) 

Separation of a working standard ABEE-sugar derivatives using mobile phase containing 

acetone (mobile phase composition 93%A:7%B). Compounds: ABEE derivatives of (1) 

fructose, (2) maltotriose, (3) maltose and (4) glucose. 

4.2 Development of an acetone method for the analysis of sugar derivatives in fruit 

juice 

Apple juice was chosen as a model sample for the development of an acetone-containing 

mobile phase method for the separation of ABEE derivatives of glucose and fructose. 

Gradient analysis is used to significantly reduce HPLC analysis times, thus gradient 

methods using both acetonitrile and acetone were developed. Firstly, a gradient starting 

with 0-20% mobile phase B (organic modifier) over 10 min was evaluated for each of the 
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organic modifiers. The gradient methods resulted in reduced analysis times compared to 

those yielded by the isocratic methods (Fig 4.4). Since the compounds of interest eluted 

after 10 min, the gradient method was further optimised to eliminate the unused separation 

space and shorten the analysis time. This was done by narrowing the gradient to 20-30% 

mobile phase B over 5 min. When using this method, the analytes eluted within 5 min (Fig 

4.5).  

 

Fig 4.4 Gradient separation of ABEE sugar derivatives in apple juice using mobile phase 

containing (A) acetonitrile and (B) acetone. Mobile phase gradient:  0 – 20 %B in 10 min. 

Compounds: ABEE derivatives of (1) fructose and (2) glucose. 

However, although the methods resulted in a significant reduction in retention time, the 

analytes of interest could not be separated from the sample matrix (Fig 4.5). Moreover, 

the gradient method with acetone resulted in a prominent baseline drift. Acetone is known 

to cause a rise in baseline with increased organic content in gradient mode with UV 

detection, therefore, gradient correction tools are normally employed [61]. 
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Fig 4.5 Gradient separation of ABEE sugar derivatives in apple juice using mobile phase 

containing (A) acetonitrile and (B) acetone. Mobile phase gradient: 20 – 30%B in 5 min. 

Compounds: ABEE derivatives of (1) fructose and (2) glucose. *Sample constituent. 

In an effort to improve separation and eliminate the rising baseline associated with 

acetone, methods based on the previously developed isocratic methods were used instead. 

This was done by starting with the isocratic section and subsequently increasing the 

organic content to 100% after the elution of analytes in order to flush out the later eluting 

compounds from the column. First, the acetonitrile containing mobile phase method was 

applied to the analysis of apple juice (Fig 4.6A). However, when the same approach was 

used with the original isocratic acetone containing mobile phase method, co-elution of 

glucose and a sample constituent occurred. Therefore, the acetone containing mobile 
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phase method was further optimised by reducing the mobile phase B content to 3% in 

order to resolve the two peaks (Fig 4.6B). 

 

 

Fig 4.6 Isocratic separation of ABEE sugar derivatives in apple juice using mobile phase 

containing (A) acetonitrile (mobile phase composition 92%A:8%B) and (B) acetone 

(mobile phase composition 97%A:3%B). Compounds: ABEE derivatives of (1) fructose 

and (2) glucose. *Sample constituent. 
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4. 3 Analysis of sugars with HILIC 
 

The analysis of sugar derivatives with HILIC was evaluated in an attempt to develop a 

method with a shorter analysis time than the RPLC method. Since HILIC uses a lot of the 

organic solvent as compared to reversed-phase liquid chromatography, the use of 

alternative non-toxic solvents is even more relevant for HILIC methods. First, a mixture 

of sugars was analysed using an acetonitrile-containing mobile phase with a composition 

of 10%A:90%B (where mobile phase A consisted of 5 mM ammonium formate buffer at 

pH 3 in 5% ACN and mobile phase B had 5 mM ammonium formate buffer at pH 3 in 

95% of ACN). The disaccharides (maltose and lactose) could be separated from the rest 

of the analytes, but all the monosaccharides (glucose, fructose, and maltose) co-eluted 

with each other (Fig 4.7). In an attempt to resolve the monosaccharides, the mobile phase 

aqueous content was reduced to 5% in order to increase the retention of the analytes. 

Hence, the analysis was repeated using 100% mobile phase B which increased the 

retention of the monosaccharides, but they still co-eluted with each other (Fig 4.8). 

Although HILIC is the method of choice for the analysis of sugars [43], the polarity of the 

ABEE sugar derivatives is reduced, thus, the derivatised monosaccharides are poorly 

retained and separation could not be achieved with this mode. Since the HILIC separation 

of the monosaccharides could not be achieved using the acetonitrile-containing mobile 

phase, acetone-containing mobile phase was not evaluated. Subsequently, the optimised 

RPLC method was used for all the remaining experiments. 
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Fig. 4.7 Isocratic HILIC separation of standard ABEE sugar derivatives using acetonitrile-

containing mobile phase (mobile phase composition 10%A:90%B). 

 

 

 

Fig 4.8 HILIC separation of the standard ABEE with 100% mobile phase B of the 

acetonitrile-containing mobile. 
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4.4 Qualitative analysis of sugars in indigenous fruits 

The developed acetone-containing mobile phase RPLC method was applied to the analysis 

of reducing sugars in two indigenous fruits, Berchemia discolor (berries) and Hyphaene 

petersiana (palm fruits) in order to study their sugar profiles. Broad ABEE-glucose peaks 

were observed in the preliminary analysis (using acetonitrile-containing mobile phase) of 

undiluted fruit samples (Fig 4.9) and therefore the samples were diluted prior to all 

subsequent experiments. Using the optimised acetone method for the analysis of the 

diluted samples, glucose and fructose were successfully separated from all other sample 

constituents (Fig 4.10 and Fig 4.11).  

 

Fig 4.9 Chromatograms of undiluted derivatised (A) berry and (B) palm fruit samples 

analysed using acetonitrile-containing mobile phase (mobile phase composition 

95%A:5%B). Compound: (1) fructose, and (2) glucose. 
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Fig 4.10 Isocratic separation of ABEE sugar derivatives in Berchemia discolor berries, 

using mobile phase containing acetone (mobile phase composition 97%A:3%B). 

Compounds: ABEE derivatives of (1) fructose and (2) glucose. 
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Fig 4.11 Isocratic separation of ABEE sugar derivatives in Hyphaene petersiana fruits, 

using mobile phase containing acetone (mobile phase composition 97%A:3%B). 

Compounds: ABEE derivatives of (1) fructose and (2) glucose. 

Subsequently, the derivatised samples and standards were analysed using LC-MS (Fig 

4.12) in order to confirm the identities of the sugar derivatives detected in the samples. 

Based on the studies done on the fragmentation of ABEE-oligosaccharides [10], we were 

able to confidently confirm the identities of the sugars investigated in this study. The ESI- 

mass spectra of the ABEE sugar derivatives in the standard solutions (Fig 4.13) and apple 

juice samples (Fig 4.14) (the spectra of the other samples appear in Appendix 1) were 

found to be identical, with the base peak observed at m/z 328, which corresponds to the 

[M-H]- ions of ABEE-glucose and ABEE-fructose. The elemental composition of the [M-

H]- ions, C15H22NO7, was calculated from their experimentally determined accurate mass, 

328.1399 Da and therefore the molecular formulae of the neutral sugar molecules is 

C15H23NO7. Peaks observed at m/z 374 and 657 were also common to the standard and 

sample spectra. The peak at m/z 374 corresponds to the formate adduct [M + HCO2]-, 
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while the peak at m/z 657 corresponds to dimers [2M-H]- of ABEE-glucose and ABEE-

fructose. Moreover, the peak at m/z 310 in the samples is a result of loss of water from 

the deprotonated molecule, i.e. the [M-H-H2O]- ion. 

 

Fig 4.12 Extracted ion chromatograms (m/z 328) of the RPLC–MS analysis of (A) 

derivatised sugar standards, (B) apple juice, (C) berry and (D) palm fruit samples. 

Compounds: ABEE derivatives of (1) fructose and (2) glucose. 
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Fig 4.13 ESI- mass spectrum of the ABEE-glucose standard. 

 

Fig 4.14 ESI- mass spectrum of the ABEE-glucose in apple juice. 

4.5 Method validation and application 

 To assess the method reproducibility, samples were prepared in triplicate and analysed in 

triplicate. The method showed good precision with %RSD in the range of 1.57– 9.3% for 

both intra- and inter-day analyses, 1.57-2.52 and 8.5-9.3 respectively (Table 4.1). The 

linearity of the developed acetone method was verified by analysing ABEE-fructose in 

the range of 6-24 mM (Fig 4.15) and ABEE-glucose in the range of 1-30 mM (Fig 4.16) 

in triplicate. The calibration curves for ABEE-glucose and ABEE-fructose showed a good 

correlation between the peak area and standard sugar concentration with R2 > 0.99.  The 

LOD and LOQ for ABEE-glucose were found to be 0.01 mM and 0.1 mM, respectively 

and for ABEE-fructose they are 1 mM and 3 mM, respectively.  
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Table 4.1 Quantitative parameters of the method. 

Compound Linear 

range 

(mM) 

Coefficient of 

determination 

(r2) 

LOQ 

(mM) 

LOD 

(mM) 

Intraday 

precision 

(%) 

Interday 

precision 

(%) 

Fructose 6-24 0.9913 1.00 3.00 2.52 9.30 

Glucose 1-30 0.9927 0.10 0.01 1.57 8.50 

 

 

Fig 4.15 Standard calibration curve of ABEE-fructose. 
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Fig 4.16 Standard calibration curve of ABEE-glucose. 

Using the validated method, fructose and glucose could be quantitatively determined in 

the apple juice, berries, and palm fruit (Table 4.2). The results showed expected amounts 

of glucose and fructose in the apple juice. Apple juice is expected to have carbohydrate 

content ranging from 1-4 g/100 mL glucose and 5-8 g/100 mL fructose [77]. The values 

obtained also agree with the amounts of glucose (1.452-1.509 g/100 mL) and fructose 

(6.080-7.369 g/100 mL) previously obtained in apple juice at different ripening stages 

[15]. 

The berries had higher fructose and glucose concentrations than the palm fruits. This is 

expected since the berries taste sweeter than the palm fruits. Moreover, the Fru/Glu ratio 

of the berries is high compared to the palm fruits which could explain the variation in 

sweetness of these two fruits. In all the samples, the fructose concentration was 

predominantly higher than that of glucose.  

 

 

y = 3072.9x - 441.12
R² = 0.9927

0

5000

10000

15000

20000

25000

30000

35000

0 2 4 6 8 10

P
ea

k 
ar

ea
 (

m
A

U
)

Concentration (mM)

ABEE-glucose calibration curve



43 
 

 

 

Table 4.2 Concentrations of fructose and glucose in apple juice (g/100 mL), Berchemia 

discolor berries (mg/g) and Hyphaene petersiana palm fruits (mg/g). 

 Fructose     Glucose   
Samp
le 

Average 
concentrat
ion 

Average 
Injection 
Repeatabi
lity 
(%RSD) 

Reproducibi
lity 
(%RSD) 

Average 
Concentrat
ion 

Average 
Injection 
Repeatabi
lity 
(%RSD) 

Reproducibi
lity 
(%RSD) 

Appl
e 
juice 

  
9.6 

  
0.9 6.6 6.1 1.4 2.9 

    
Berry 319.9 0.5 3.6 

 
 

217.6 0.4 2.5 
 
 

    
    

Palm 
fruit 

44.5 2.9 7.0 
 
 

41.6 0.3 8.9 
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CHAPTER 5 
 

5. CONCLUSIONS 

The separation of sugar derivatives using two mobile phases containing different organic 

solvents was achieved. In spite of the high UV cut-off for acetone, it was proven that 

acetone could be used as an alternative solvent to acetonitrile with photometric detection 

for sugar analysis. Although sample derivatisation is not considered to be a green 

approach, the use of a non-toxic mobile phase solvent enhanced the method greenness and 

allowed the use of a simple and economical UV detector. This method merits its 

application in quality control laboratories most especially resource-limited laboratories. 

The method was applicable to both fruits and fruit juices and could potentially be used to 

analyse sugars in other sample matrices. Acetone gave similar separation and selectivity 

to acetonitrile. Although acetone is generally not compatible with photometric detectors, 

it was possible to achieve satisfactory separation of these derivatives at 307 nm because 

they absorb above the acetone UV absorbance maximum of 280 nm. The two reducing 

sugars, fructose and glucose, were present in all samples and their identities were 

confirmed with LC–MS. This is the first time that the detailed sugar profile of Berchemia 

discolor berries and Hyphaene petersiana palm fruits have been determined. In 

conclusion, the developed RPLC–UV method was able to separate the ABEE-sugars using 

the acetone containing mobile phase.  
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CHAPTER 6 
 

6. RECOMMENDATIONS 
 

Although the method is not targeting the non-reducing sugars, the authors recommend that 

hydrolysis of non-reducing sugars is done prior to the analysis so that the total sugar 

content of the samples can be quantified. Furthermore, more validation experiments such 

as accuracy and matrix effect determinations should be performed. The analysis of sugar 

derivatives with HILIC–UV should be further explored by evaluating different stationary 

phases, performing gradient analysis and analysis conditions such as temperature. Last 

but equally important, other green solvents should also be evaluated for the analysis of 

these sugar derivatives. 

 

 

  

 

 

 

 
 

 

 

 

 

 

 



46 
 

 

REFERENCES 
 

[1] C.S. Funari, R.L. Carneiro, M.M. Khandagale, A.J. Cavalheiro, E.F. Hilder, 

Acetone as a greener alternative to acetonitrile in liquid chromatographic 

fingerprinting, J. Sep. Sci. 38 (2015) 1458–1465.  

[2] J.P. Hutchinson, T. Remenyi, P. Nesterenko, W. Farrell, E. Groeber, R. Szucs, G. 

Dicinoski, P.R. Haddad, Investigation of polar organic solvents compatible with 

corona charged aerosol detection and their use for the determination of sugars by 

hydrophilic interaction liquid chromatography, Anal. Chim. Acta. 750 (2012) 199–

206.  

[3] J. Li, C. Zhang, H. Liu, J. Liu, Z. Jiao, Profiles of sugar and organic acid of fruit 

juices: A comparative study and implication for authentication, J. Food Qual. 2020 

(2020).  

[4] M. Tiwari, S. Mhatre, T. Vyas, A. Bapna, G. Raghavan, A validated HPLC-RID 

Method for quantification and optimization of total sugars: fructose, glucose, 

sucrose, and lactose in eggless mayonnaise, Separations. 10 (2023) 199.  

[5] T. Kunz, E.J. Lee, V. Schiwek, T. Seewald, F.J. Methner, Glucose - A reducing 

sugar? Reducing properties of sugars in beverages and food, BrewingScience. 64 

(2011) 61–67. 

[6] F. Buiarelli, P. Di Filippo, D. Pomata, C. Riccardi, D. Rago, Determination of sugar 

content in commercial fruit juices by refractometric, volumetric and 

chromatographic methods, 5 (2016) 75-84. 

[7] B. Xi, S. Li, Z. Liu, H. Tian, X. Yin, P. Huai, W. Tang, D. Zhou, L.M. Steffen, 



47 
 

Intake of fruit juice and incidence of type 2 diabetes: A systematic review and meta-

analysis, PLoS One. 9 (2014).  

[8] Y. Li, L. Guo, K. He, C. Huang, S. Tang, Consumption of sugar-sweetened 

beverages and fruit juice and human cancer: A systematic review and dose-

response meta-analysis of observational studies, J. Cancer. 12 (2021) 3077–3088.  

[9] A. Cheikhyoussef, W. Embashu, Ethnobotanical knowledge on indigenous fruits in 

Ohangwena and Oshikoto regions in Northern Namibia, J. Ethnobiol. Ethnomed. 9 

(2013) 1.  

[10] C. Konda, Structural Analysis of Carbohydrates by Mass Spectrometry, Doctoral 

thesis, Purdue University, 2013. 

[11] M. Meyer, L. Montero, S.W. Meckelmann, O.J. Schmitz, Comparative study for 

analysis of carbohydrates in biological samples, Anal. Bioanal. Chem. 414 (2022) 

2117–2130.  

[12] M. Herrero, A. Cifuentes, E. Ibáñez, M. Dolores, D. Castillo, Advanced analysis of 

carbohydrates in foods, in: Methods Food Anal. Food Components, 2nd ed, 2011. 

[13] J. Pitsch, J. Weghuber, Hydrophilic interaction chromatography coupled with 

charged aerosol detection for simultaneous quantitation of carbohydrates, polyols 

and ions in food and beverages, Molecules. 24 (2019).  

[14] S. Yeganeh-Zare, K. Farhadi, S. Amiri, Rapid detection of apple juice concentrate 

adulteration with date concentrate, fructose and glucose syrup using HPLC-RID 

incorporated with chemometric tools, Food Chem. 370 (2022).  

[15] A.A.F. Zielinski, C.M. Braga, I.M. Demiate, F.L. Beltrame, A. Nogueira, G. 

Wosiacki, Development and optimization of a HPLC-RI method for the 

determination of major sugars in apple juice and evaluation of the effect of the 



48 
 

ripening stage, Food Sci. Technol. 34 (2014) 38–43.  

[16] M.A. Stander, W. Kühn, N.F. Hiten, Survey of South African fruit juices using a 

fast screening HILIC-MS method, Food Addit. Contam. - Part A Chem. Anal. 

Control. Expo. Risk Assess. 30 (2013) 1473–1484.  

[17] R.I. Gazioglu Sensoy, M. Gundogdu, S. Sensoy, F. Celik, A. Dogan, HPLC 

analysis of blackberry fruits for organic acid and sugar contents, Acta Hortic. 1089 

(2015) 77–81.  

[18] M.G. Hvizd, B. Bailey, C. Crafts, M. Plante, I. Acworth, Simple separation and 

detection techniques for the analysis of carbohydrates, 2011. 

[19] M. Barreto-Rodrigues, E.A. Pereira, D.P. Rodrigues, M.L. Mitterer-Daltoé, V.A. 

de Lima, Simultaneous determination of organic acids and sugars in fruit juices by 

high performance liquid chromatography: Characterization and differentiation of 

commercial juices by principal component analysis, Cienc. Rural. 51 (2021) 1–10.  

[20] S. Bawazeer, A. Muhsen Ali, A. Alhawiti, A. Khalaf, C. Gibson, J. Tusiimire, D.G. 

Watson, A method for the analysis of sugars in biological systems using reductive 

amination in combination with hydrophilic interaction chromatography and high 

resolution mass spectrometry, Talanta. 166 (2017) 75–80.  

[21] N.M. Al-Mhanna, H. Huebner, R. Buchholz, Analysis of the sugar content in food 

products by using gas chromatography mass spectrometry and enzymatic methods, 

Foods. 7 (2018).  

[22] M. Villamiel, I. Martinez-Castro, A. Olano, Quantitative determination of 

carbohydrates in orange juice by gas chromatography, Z Lebensm Unters Forsch 

A. 206 (1998) 48-51. 

[23] S. Sun, H. Wang, J. Xie, Y. Su, Simultaneous determination of rhamnose, xylitol, 



49 
 

arabitol, fructose, glucose, inositol, sucrose, maltose in jujube (Zizyphus jujube 

Mill.) extract: Comparison of HPLC-ELSD, LC-ESI-MS/MS and GC-MS, Chem. 

Cent. J. 10 (2016) 1–9.  

[24] M. Haas, S. Lamour, O. Trapp, Development of an advanced derivatization 

protocol for the unambiguous identification of monosaccharides in complex 

mixtures by gas and liquid chromatography, J. Chromatogr. A. 1568 (2018) 160–

167.  

[25] V.M. Rizelio, L. Tenfen, R. Da Silveira, L.V. Gonzaga, A.C.O. Costa, R. Fett, 

Development of a fast capillary electrophoresis method for determination of 

carbohydrates in honey samples, Talanta. 93 (2012) 62–66.  

[26] S. Cortacero-Ramírez, A. Segura-Carretero, C. Cruces-Blanco, M. Hernáinz-

Bermúdez De Castro, A. Fernández-Gutiérrez, Analysis of carbohydrates in 

beverages by capillary electrophoresis with precolumn derivatization and UV 

detection, Food Chem. 87 (2004) 471–476.  

[27] L.A. Quinton, J.F. Kennedy, Food Analysis by HPLC 2nd ed, Carbohydr. Polym. 

46 (2001) 197.  

[28] T.R.I. Cataldi, G. Margiotta, L. Iasi, B. Di Chio, C. Xiloyannis, S.A. Bufo, 

Determination of sugar compounds in olive plant extracts by anion-exchange 

chromatography with pulsed amperometric detection, Anal. Chem. 72 (2000) 

3902–3907.  

[29] O. Bahadir, Ion-exchange chromatography and its applications, Column 

Chromatogr. (2013).  

[30] Y. Xun, High performance liquid chromatography for carbohydrate analysis, 

(2014) 8–9. 



50 
 

[31] H. Kwon, J. Kim, High performance liquid chromatography of mono- and 

oligosaccharides derivatized with p-aminobenzoic ethyl ester on a c18-bonded silica 

column, J. Liq. Chromatogr. 18 (1995) 1437–1449.  

[32] W. Li, M. Chen, X. Ge, C. Gu, W. Yu, D. Nie, Validation of a sensitive high 

performance liquid chromatography tandem mass spectrometric method for 

measuring carbohydrates in aerosol samples, J. Chromatogr. A. 1619 (2020) 45–

49.  

[33] K.S. Veena, M.T. Sameena, A.K.P. Padmakumari, G.T.K. Srinivasa, K.S. 

Nishanth, M. V. Reshma, Development and validation of HPLC method for 

determination of sugars in palm sap, palm syrup, sugarcane jaggery and palm 

jaggery, Int. Food Res. J. 25 (2018) 649–654. 

[34] E.M. Hetrick, T.T. Kramer, D.S. Risley, Evaluation of a hydrophilic interaction 

liquid chromatography design space for sugars and sugar alcohols, J. Chromatogr. 

A. 1489 (2017) 65–74.  

[35] J.L. Chávez-Servín, A.I. Castellote, M.C. López-Sabater, Analysis of mono- and 

disaccharides in milk-based formulae by high-performance liquid chromatography 

with refractive index detection, in: J. Chromatogr. A, (2004) 211–215.  

[36] J.A.K. Lars-Erik Magnusson, Donald S. Risley, Aerosol-based detectors for liquid 

chromatography, J. Chromatogr. A. 1421 (2015) 68–81. 

[37] A. Coquet, / W Haerdi, / R Degli Agosti, J.-L. Veuthey, Determination of sugars 

by liquid chromatography with post-column catalytic derivatization and 

fluorescence detection, Chromatographia. 38 (1994). 

[38] S.J. Rathod, S. V. Luhar, S.B. Narkhede, A brief review on hydrophilic interaction 

liquid chromatography (HILIC), Int. J. Pharm. Res. 11 (2019) 882–888.  



51 
 

[39] Y. Inoue, A. Yamamoto, Stationary phases for the separation of reducing sugars by 

normal-phase partition chromatography, Chromatography. 35 (2014) 63–72.  

[40] Q. Fu, T. Liang, Z. Li, X. Xu, Y. Ke, Y. Jin, X. Liang, Separation of carbohydrates 

using hydrophilic interaction liquid chromatography, Carbohydr. Res. 379 (2013) 

13–17.  

[41] A. Garballo-Rubio, J. Soto-Chinchilla, A. Moreno, A. Zafra-Gómez, 

Determination of residual lactose in lactose-free cow milk by hydrophilic 

interaction liquid chromatography (HILIC) coupled to tandem mass spectrometry, 

J. Food Compos. Anal. 66 (2018) 39–45.  

[42] P.K. Nguyen, J.E. Owens, L.E. Lowe, E.H. Mooney, Analysis of sugars and amino 

acids in aphid honeydew by hydrophilic interaction liquid chromatography – Mass 

spectrometry, MethodsX. 7 (2020).  

[43] D. Pismennõi, V. Kiritsenko, J. Marhivka, M.L. Kütt, R. Vilu, Development and 

optimisation of HILIC-LC-MS method for determination of carbohydrates in 

fermentation samples, Molecules. 26 (2021) 4–13.  

[44] D.C.A. Neville, D.S. Alonzi, T.D. Butters, Hydrophilic interaction liquid 

chromatography of anthranilic acid-labelled oligosaccharides with a 4-

aminobenzoic acid ethyl ester-labelled dextran hydrolysate internal standard, J. 

Chromatogr. A. 1233 (2012) 66–70.  

[45] A. Meyer, C. Raba, K. Fischer, Ion-pair RP-HPLC determination of sugars, amino 

sugars, and uronic acids after derivatization with p-aminobenzoic acid, Anal. 

Chem. 73 (2001) 2377–2382.  

[46] K. Fischer, M. Wacht, A. Meyer, Simultaneous and sensitive HPLC determination 

of mono- and disaccharides, uronic acids, and amino sugars after derivatization by 



52 
 

reductive amination, Acta Hydrochim. Hydrobiol. 31 (2003) 134–144.  

[47] D. Blanco Gomis, D. Muro Tamayo, J. Mangas Alonso, Determination of 

monosaccharides in cider by reversed-phase liquid chromatography, Anal. Chim. 

Acta. 436 (2001) 173–180.  

[48] A. Debebe, S. Temesgen, M. Redi-Abshiro, B.S. Chandravanshi, E. Ele, 

Improvement in analytical methods for determination of sugars in fermented 

alcoholic beverages, J. Anal. Methods Chem. 2018 (2018).  

[49] S. Yasuno, K. Kokubo, M. Kamei, New method for detemination of sugar 

composition of glycoproteins, glycolipids, and oligosaccharides by HPLC, Biosci. 

Biotech. Biochem. 63 (1999) 1353–1359. 

[50] S. Yasuno, T. Murata, K. Kokubo, T. Yamaguchi, M. Kamel, Two-mode analysis 

by high-performance liquid chromatography of p-aminobenzoic ethyl ester-

derivatized monosaccharides, Biosci. Biotech. Biochem., 61 (1997) 1944-1946. 

[51] W.T. Wang, N.C. LeDonne, B. Ackerman, C.C. Sweeley, Structural 

characterization of oligosaccharides by high-performance liquid chromatography, 

fast-atom bombardment-mass spectrometry, and exoglycosidase digestion, Anal. 

Biochem. 141 (1984) 366–381.  

[52] F. Momenbeik, J.H. Khorasani, Analysis of sugars by micellar liquid 

chromatography with UV detection, Acta Chromatogr. (2006) 58–69. 

[53] R. Fritsche-guenther, Y. Gloaguen, A. Bauer, T. Opialla, S. Kempa, C.A. Fleming, 

H.P. Redmond, J.A. Kirwan, Optimized workflow for on-line derivatization for 

targeted metabolomics approach by gas chromatography - mass spectormetry, 

Metabolite. 11 (2021). 

[54] M.A. Korany, H. Mahgoub, R.S. Haggag, M.A.A. Ragab, O.A. Elmallah, Green 



53 
 

chemistry: Analytical and chromatography, J. Liq. Chromatogr. Relat. Technol. 40 

(2017) 839–852.  

[55] P.T. Anastas, T.C. Williamson, Green Chemistry: An overview, in: Green 

chemistry. Desining chemistry for the environment, Second, American Chemical 

Society, Washington, DC, 1996: p. 1. 

[56] J. Płotka, M. Tobiszewski, A.M. Sulej, M. Kupska, T. Górecki, J. Namieśnik, 

Green chromatography, J. Chromatogr. A. 1307 (2013) 1–20.  

[57] J. Pesek, B. Ciccone, ‘ Green ’ HPLC is better and easier than you think, 

Chromatogr. Today. (2012) 31–35. 

[58] M. Yabré, L. Ferey, I.T. Somé, K. Gaudin, Greening reversed-phase liquid 

chromatography methods using alternative solvents for pharmaceutical analysis, 

Molecules. 23 (2018).  

[59] P. Sandra, K. Sandra, A. Pereira, G. Vanhoenacker, F. David, Green 

chromatography part 1: Introduction and liquid chromatography, 2010. 

[60] M. Tobiszewski, J. Namieśnik, Greener organic solvents in analytical chemistry, 

Curr. Opin. Green Sustain. Chem. 5 (2017) 1–4.  

[61] B. Bickler, Using acetone in UV-based gradient flash chromatography, Appl. Note 

AN061 ©2012 Biotage Panagiotis Ioannidis Christel Ellström, Appl. Dev. Biotage 

Acetone. (2012) 1–3. 

[62] J. Heaton, M.D. Jones, C. Legido-Quigley, R.S. Plumb, N.W. Smith, Systematic 

evaluation of acetone and acetonitrile for use in hydrophilic interaction liquid 

chromatography coupled with electrospray ionization mass spectrometry of basic 

small molecules, Rapid Commun. Mass Spectrom. 25 (2011) 3666–3674.  

[63] R. Fritz, W. Ruth, U. Kragl, Assessment of acetone as an alternative to acetonitrile 



54 
 

in peptide analysis by liquid chromatography/mass spectrometry, Rapid Commun. 

Mass Spectrom. 23 (2009) 2139–2145.  

[64] T.R. Keppel, M.E. Jacques, D.D. Weis, The use of acetone as a substitute for 

acetonitrile in analysis of peptides by liquid chromatography/ electrospray 

ionization mass spectometry, Rapid Commun. Mass Spectrom. 24 (2010) 6–10.  

[65] F.A. Ibrahim, H. Elmansi, M.E. Fathy, Green RP-HPLC method for simultaneous 

determination of moxifloxacin combinations: Investigation of the greenness for the 

proposed method, Microchem. J. 148 (2019) 151–161.  

[66] F. Belal, S. Abdel-Razeq, H. Elmansi, S. Barghash, Investigation and greenness 

profiling of ethanol-based mobile phases for analysis of different ciprofloxacin 

formulations, J. Iran. Chem. Soc. 17 (2020) 3227–3236. 

[67] A. Dogan, C.C. Eylem, N.E.B. Akduman, Application of green methodology to 

pharmaceutical analysis using eco-friendly ethanol-water mobile phases, 

Microchem. J. 157 (2020) 104895.  

[68] T.V. Pham, X.L. Mai, T.A.T. Le, J.Y. Lee, G. Lee, D.J. Kim, S.B. Han, K.H. Kim, 

Development and validation of an HPLC method using a less hazardous mobile 

phase for the determination of some β-lactams, Bull. Korean Chem. Soc. 40 (2019) 

863–871.  

[69] C. Sa-dc, Promotion of indigenous fruits in Namibia 17, (2000) 1–31. 

[70] S. Barrion, E.. Keya, T.N. Ngwira, Country-wine making from Eembe fruit 

(Berchemia discolor) of Namibia, J. Food Technol. Africa. 6 (2001).  

[71] A. Cheikhyoussef, E. Naomab, S. Potgieter, G. Kahaka, C. Raidron, A. Hina Mu, 

Phytochemical properties of a Namibian indigenous plant; Eembe (Berchemia 

discolor), Natl. Res. Symp. (2005) 1–9. 



55 
 

[72] A. Cheikhyoussef, P. Bille, M. Shikongo - Nambabi, Value addition and processed 

products of three indigenous fruits in Namibia, African J. Food, Agric. Nutr. Dev. 

13 (2013) 7192–7212.  

[73] P. Mutete, U. Mazarura, E. Gasura, S. Richardson-Kageler, E. Ngadze, S. Kativu,  

Hyphaene petersiana dormancy and germination , Seed Sci. Technol. (2019).  

[74] M.M. Nyambe, H. Hakwenye, M.S. Benyamen, Nutritional and anti-nutritional 

composition of Diospyros mespiliformis and Hyphaene petersiana fruits from 

Namibia Sample collection and preparation, Int.Sci.Technol.J.Namibia. 13 (2019) 

1–10. 

[75] A. Pedro, Key aspects of analytical method validation and linearity evaluation, J. 

Chromatogr. B. 877 (2009) 2230–2231. 

[76] J. Ho Ko, H. Huang, G. Kang Won, W. Cheong Jo, Simultaneous quantitative 

determination of monosaccharides including fructose in hydrolysates of yogurt and 

orange juice, Bull. Korean Chem.Soc. 26 (2005) 1533. 

 

[77] L.F. Leopold, N. Leopold, H.A. Diehl, C. Socaciu, Quantification of carbohydrates 

in fruit juices using FTIR spectroscopy and multivariate analysis, Spectroscopy. 26 

(2011) 93–104.  

 

  



56 
 

Appendix 1: Research permission letter 
 

  

 

  



57 
 

Appendix 2: Ethical clearance 
 

 



58 
 

Appendix 3: ESI- Mass Spectra 
 

 

Fig A1a:  ESI- mass spectrum of ABEE-glucose in berry fruits. 

 

 

Fig A1b: ESI- mass spectrum of ABEE-glucose in palm fruits. 

 

 

Fig A1c: ESI- mass spectrum of standard ABEE-fructose. 

 

 

Fig A1d: ESI- mass spectrum of ABEE-fructose in apple juice. 
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Fig A1e: ESI- mass spectrum of ABEE-fructose in berry fruits. 

 

Fig A1f: ESI- mass spectrum of ABEE-fructose in palm fruit. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


