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ABSTRACT

Pomegranate is an excellent source of many nutrients able to contribute to a healthy diet. Taif isthe first leading
Pomegranate producers in Saudi Arabia. To our knowledge, there has been no research on the Taif Pomegranate
fruit juices. In this study, qualitative and quantitative identification of sugars (fructose, glucose and sucrose)
was carried out for four different pomegranates origins commercially available in Taif province, KSA such as
(Abha, Egyptian, Yamani 1, Yamani 2) using liquid chromatography-electrospray ionization-mass spectrometry
(LC-ESI-MYS) technique. The LC-MS method optimized in term of the kind of column used mobile phase, and the
flow rate, in addition to the parameters for mass spectrometry. The results showed that the concentrations of
fructose and glucose in the analyzed samples were between (0.162-0.306 gm/100 gm) and (0.132-0.300 gm/100
gm) respectively. The sucrose was not detected. In conclusion, the authors recommend these methods for
analysis of sugars concerning the food and human health safety.

Key words: Taif pomegranate, LC-MS, pomegranate fruit jujdasctose, glucose, sucrose.

INTRODUCTION

The separation and quantitative analysis of suigachallenging for several reasons. To find a prdpehnique,
column, mobile phases and detector for the separaind quantitative detection of sugars is chaltengLiquid

chromatography (LC) is most widely used to sepasatgars due to the availability. However traditioreversed
phase columns cannot be used for underivatizedrsu@s the stationary phase will not provide thguired

retention and specialized columns are necessamtecbon of sugars faces troubles as their stractontains no
chromophores. Detection by UV-VIS, as commonly usediPLC, is not possible in sugar analysis. Digbec
techniques such as evaporate light scattering (BL&ffractive index (RI), Mass spectrometry (MSh &g used but
every detector has its own limitations [1].

Spectroscopic techniques, separation techniqudsthair multiple combinations are the main toolsdiso analyze
carbohydrates in foods. Glucose, fructose and secace the most abundant carbohydrates presentitijufces, so

in this literature survey we have a focus and mmeasents on mono- and disaccharides like fructghesose,
sucrose in same food and pomegranate fruit juidest of the reported methods for determination ifess are
chromatographic ones. They includas Chromatography (GQiquid chromatography (LC), high performance laju
chromatography (HPLC) and electrophoresis (EB)gh performance liquid chromatography is now thairm
analytical technique used for the analysis of caydeoates. Due to their poor volatility, the anadyst carbohydrates
has been traditionally carried out by High perfone® liquid chromatography. High performance liquid
chromatography hasecome the preferred method for quantitating sngpigars in a variety of food products. It is
the most appropriate technique for accuracy, pi@tiand practicality for nutritional labeling puges. HPLC often
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offers direct injection of a sample with little preatment and simple interpretation of chromatograeparation and
detection of sugars can be done with liquid chragephy using different column types and detectordiquid
chromatography there are various ways of analysingars, a distinguish can be made between columds a
detection techniques. Different columns will regultother separation of sugars and results in rdiffevalidation
parameters Liquid chromatography-mass spectrorfigdyMS) is a powerful analytical chemistry techiéq used for
many applications, that combines the physicalpasgion capabilities of high performance idju
chromatography with the mass analysis capabilibésmass spectrometry. Mass spectrometry offers majo
advantages due to its high sensitivity and mascgeity [2].

Over the past decade, the development of combimatldC and Mass spectrometry (MS) methods dedictatetie
analysis of sugars and monosaccharides in pantjchks led to significant advances in terms of isieity and
specificity while maintaining speed and simplicitf implementation. Highly sensitive, quick and slenp
determination method for mono and disaccharide gusiie combination of liquid chromatography with mas
spectrometry. The separation performed with  ardpfldilic amino interaction column applying the nwdhfor
determination of sugars in orange juice sample @termination of sugar compounds in atmospheriosads by
liquid chromatography combined with positive elesfiray ionization mass spectrometry was reporsslotia polymer-
based amino analytical column with mobile phasesistimg of 20% 10 mM agueous ammonium acetate, 8%

+
methanol, and 72% water was found to provide abuindié+NH4 ] adduct ions when coupled with electrospray
ionization [4].

The improvement of LC-MS method that achieves bdtromatographic separation and good MS sensitivity,
iodine attachment was used to improve the sersitfiglucose measurement by LC/MS. After sampeppgration,
glucose was separated by normal phase chromatogrplowed by an ionization by attachment prior to MS by
post-column addition of methanolic solution of idmlon. lodine is capable of forming an anionic addwith

neutral monosaccharides in negative ion mode elgmtay mass spectrometry. Quasi- molecular ions- [ of
glucose was achieved [5]. In the other hands methegs chloride attachment by post column additibn o
chloroform and LC-ESI-MS negative mode equippechwimino carbohydrate column and acetonitrile water
isocratic mobile phase in atmospheric aerosols Eipr the quantification and identification ofgsus and sugar
alcohols [6]. The development and application ofoanline liquid chromatography-mass spectrometr€-(4S)
method using hydrophilic interaction chromatogra@iLIC) coupled to negative ion mode electrospi@yization

ion trap mass spectrometry (ESI-MS) for the analg$ihighly polar carbohydrate which are generadlyy difficult

to retain on traditional RP-LC columns were destipr].

Quantification of monosaccharides using LC-MS epaip with amino- bonded silica phase column applying
electrospray ionization in negative mode [8].Theosel approach is based on small cation attachment t
carbohydrates a simple, rapid, sensitive and spektili-ESI-MS methods under the positive ionizationde
Glucose, fructose and sucrose were determinedvS]with ESI in full scan modes for identificatiomca SIM
(selected ion monitoring) for quantification Sugamre detected in positive ion mode as their sodadaucts [M+

Na] * . Recoveries of the target sugars ranged from 959%.7 % and the reproducibility of the injectiorasv
reported as less than 3.4 % [18Ensitive method based on high-performance lighfdrmatography method of pre-
column derivatization with 1-phenyl-3-methyl-5-pycdone coupled with electrospray ionization mass
spectrometry (HPLC-ESI-MS) has been established tf@r analysis of the monosaccharide composition of
polysaccharides. the mixture of monosaccharidebéms well separated by a reverse-phase HPLC aadtelé by on-
line ESI-MS method The mobile phase of elution eystvas chosen as acetonitrile (solvent A) and 20agi#ous
ammonium acetate (solvent B) (pH 3.0) with Zorb@®B<C18 column [11,12].

The refractive index detector responds to the dffein the refractive index of the column effluastit passes thought
floe cell. Glucose, fructose and sucrose were deted in pomegranate fruit maturation by HPLC usangefractive
index detector (RID), on a 30 cm Shim pack LC-NH#umn.The other method validated method for sugar
separation with the use of RI detection was repldoie[13,14]. HPLC-RI method use with the chiraluzon. The
method separated the carbohydrate identificatiah d@etermination of the monosaccharide. The reseescalso
studied the effect of the column temperature onsigaration. The elution profiles of the sugarssmewed the
separation depended on column temperature [15]h-Bégformance liquid chromatography combined wil t
refractive index detector. The chromatographic ssjmmn was achieved for sugars using a Eurospb@ess NH
column using an isocratic elution with acetonititater (70:30, v/v) at a flow rate of 1.0 ml/minll khe compounds
were separated in 16 min [16]

HPLC-RI technique was used fBretermination of Fructose, Glucose and Sucroseaiii Grape juice equipped
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with sugar Packl column [17]Juices made from fruits of Tunisian accessionsarhggranate were studied for
their organic acids, sugars, and anthocyanin ctsyiteumsing high performance liquid chromatographygass,
fructose and glucose were most present in pomegrauiae. Sugars were analyzed by the HPLC equipytda
refractive index detector and a pBondapakaNeblumn (30 cmx 3.9 mm i.d., Waters, Milford, MA, BBusing

acetonitrile/water (85:15, v/v) as the mobile phis}.

Sugarsn Six pomegranatePnica granatum L.) cultivars of Spanish pomegranate juice weralysed on the same
HPLC equipment equipped with a refractive indexeder. Sugars analysis was performed on @ élumn (30 cm

x3.9mm i.d., Waters, Milford, MA, USA) using acattile/water (85:15, v/v) as the mobile phase [19]

Recently evaporative light-scattering detection SB). has become important in sugar analysis by HRh&inly
because it allows the use of gradient elution. ghtperformance liquid chromatographic method wittyaamically
modified amino column and evaporative light-scattgdetector (ELSD) was established for the diegwtlysis of
the carbohydrates (including fructose, glucosercag; maltose, lactose and raffinose) in some sl(mpple, pineapple
and orange juices, grape wine and liquor). A sefmaraolumn (Zorbax Rx-SIL, 250 mm x 4.6 mm 1.D.u#n,
Hewlett-Packard, USA) which was modified by ethgdimmine and a guard column (Zorbax Rx-SIL, 12.5 m#h6
mm |.D., 5 um) were used. The mobile phase was®raiof water and acetonitrile (1:2.6, v/v) contag 0.03% (v/v)
ethylenediaming20].

Separation of monosaccharides by hydrophilic imt&wa liquid chromatography with evaporative ligdttattering
detection system equipped with TSK gel Amide —8iom and sugars eluted with 82% acetonitrile [24feversed
phase liquid chromatography-evaporative light scatyy detection, combined with solid phase extoactinethod
was developed for the separation and determinatfosugars in tobacco leaf. Separation was performitia a
Hypersil NH2 analytical column and the mobile ph#@5e6:25% acetonitrile-water [22].

In general GC methods [23] with mass spectroméit$)(or flame ionization detector (FID) detectioropide a
good separation of sugars and a good sensitivitlyrdgjuire prior steps of reduction and derivatiwhjch are very
time consuming and not very practical in routinalgsis . Considering The high diversity of carbohydrates i
terms of structure, size, functionality, and lowlatiity, GC has been mainly used to study mona-, dnd
trisaccharides. The monosaccharide (fructose, gkjcoand sucrose caramels determined by gas liquid
chromatography—mass spectrometry (GLC—MS) of ttigirethylsilyl (TMS) [24]. Although GC provides excellent
results for the analysis of food carbohydrates, ubefulness of this technique is limited by theurszg sample
preparation steps and its application to relatiwgehall carbohydrates.

In recent years, due to the highdfi@ency, faster separation times, easy operation lamd sample volumes
required, capillary electrophoresis (CE) has ewbhieto an interesting. The capabilities of the ligand
exchange capillary electrophoresis mode for de¢ermination of sugars (glucose, fructosed ancrose) in
real samples (fruit juices, wines, and drug prefiama) were studied [25].

Pomegranate is one of the important commerciaksfrini Saudi Arabia and generally very well adaptedhe
Mediterranean climate.IT is cultivated in the sautstern region (Taif area) Saudi Arabia and imynather
Mediterranean countries such as Egypt and verybyeAbha and Yamen. The aim of the present work faf t
chapter is to study the individual sugars suchfrastpose, glucose and sucrose) for cultivars poanegpes under
study. The sugars compositions were examined iptimegranate cultivars using LC-ESI-MS techniqueipgaed
with Polaris NH column and acetonitrile :water ashite phase.

MATERIALS AND METHODS

2.1 Liquid chromatography — Mass Spectrometry (LC-MS) system

Chromatography was performed on a Water AllianceLEIR2695 (Waters Associates Inc., Milford, MA
consisting of a quaternary pump, auto-sammlelumn thermostat, and a Water 3100 mass spediome
quadruple MS. Equipped with an Electrospray lomizat(ESI) source and a nitrogen gas generator unit,
NM30LA-MS Gas Generator from Peak Scientific Ingtants Ltd., MA, USA, for nitrogen gas supplying.
Comparison of the different Polaris column from faene company with different particle sizes andtlerfor the
optimization of sugars (fructose, glucose and ss&yeparation, in this work we used two kinds rdilgtical
column type Polaris NK (50 mm x 4.6 mm) 3 um practical size column, PsladH, (150 mm x 3 mm) 5 pm

piratical size were study for the separation. Whilguard pre- column module with NK10.0 mm x 50 mm) 5

pm Guard insert was used. Various solvent systerase wested for the development of suitable Liquid
Chromatography-Mass Spectrometry (LC-MS) method fbe analysis of fructose, glucose and sucrose
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(individually and in mixture).

The suitability of the solvent system was ided on the basis of separation of sugars tetely from the
degradation products. Several mobile phases ssigacetonitrile-water with and without formic acigiethanol
water, acetonitrile-methanol) at different rationdaflow rate were tested. The column was kepttahgerature

of 25 OC. The total flow from the column was 0.3 ml/ mieufThe univariate method was used for optimization
of the LC-MS system. The concentration of the patslwere determined from the peak areas underuhec
using Maslynx 4.1 software. Centrifuge kind Mik28R was supplied from Hettich, Republic of Germawater
purification system and the ultrasonic bath supphbg Barnstead International.

Before the quantitative and qualitative determmvatof sugars in the samples, we prepared standdntions of
different sugars: fructose, glucose and sucroseh Whose standard solutions of different sugars mvade
calibration lines for each one of the sugar, whigter used for assessing the concentration cornepg to the
different peaks in the chromatograms.

2.2 Reagents
Glucose and sucrose were obtained from Techno Ritdem, Bahadurgarh, India. Fructose from Riedel-
deHaen and Fluke respectively. Methanol and aceilenHPLC grad from fluka. Three stock standardgess

solutions were prepared. The prepared standardiemduof sugars were stored at()@. All the samples before
injection in the HPLC sonicated for at least 15 uté@s in ultrasonic bath to remove air bubbles aasbed through
filtration desk 0.45 um. Working solution prepariedsuitable concentration used for direct determeinaere
made up in water.

2.2.1 Preparation of standards and solutions for déoration curves

Sucrose, fructose and glucose were separately warghdissolved in deionized water and acetonitdleproduce
a stock standard solution at a final concentratib@000ug/ml of each sugar. These stock solutions weesl us
to prepare solution for method validation, mixtukfsstandards sugars and the calibration curves.sténdards

solutions were stored at %C. Calibrations curve were establish at six pomtss load of for fructose and
glucose 0.3, 0.75, 1.75, 3.0, 6.0 0. While the mass load were for sucrose 0.02563).0.125, 0.25, 0.5,
0.75 ug. Mixture of standards sugars were papered withl fconcentration 30Qg/ml for each fructose and
glucose, and 2ig/ ml for sucrose this mixture can be injecteddifferent mass into the column by alternating the
size of the injection with the injection syringe.

2.2.2 Sample Preparation

Pomegranate fresh fruit from Taif product, Abhaduwct in KSA and imported pomegranate (Yamani 1&2 an
Egyptian) were purchased from local market. Thelseef pomegranate get from the fruit by make alshal
slit at the top the pomegranate around the crowhalt the way around the top of the rind, creatnghallow
circle. Don’t push the knife in too deep, or youymmurst some seeds. Pull the crown of the pometgaoih to
reveal the inner seeds. Turn the pomegranate Begreat the process of creating a narrow slit irritiey cutting a
circle around the base of the fruit. Pull the bwitoff the fruit. Turn the pomegranate back ow&uts slits in the
sides of the rind, following the lines of the pifhgpm the top of the fruit to the bottom. Pull tiiait apart; you will
now have sections of the fruit with the seeds falkposed. Gently loosen the seeds from the pithpdaxck them
into the clean bowl.

The pomegranate seeds were washed under distillager then dried. The triplicate fresh pomegta from
each kind were exactly weight (100 gm). The totaloants of the seeds hand squeezed to get pure fresh
pomegranate juice. The suspension solution vparesed through a stainless steel mesh siegfse filtering

by Whatman filter paper using Buchner funnel. Tbenpgranate juice sample final volume of solutample 60

ml. Centrifuge and stored in refrigerator. An abig of the samples was diluted with purified wateibring the
concentration of the samples within the ramgethe calibration curves. All standards aotutions ready to
analysis were passed through the 0.45 um desk diité sonicated for 15 minutes in ultrasonic bath.

2.2.3 Spike of pomegranate sample

In order to evaluate possible matrix effects ane abcuracy validation of the method used in thiglwt Three
0.5 ml batches of the pomegranate samples werengepo examine the recovery yield and the valitatf the
process were applied to determined fructose. Ortehbwas spike with zero concentration of fructofee
second batch was spike with an amount of fructesethe final concentration of the sample is 100mhg/
fructose spiked. As well as a standard solutiorfiredl concentration of 200 ug/ml was directly irjed for
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spiking chromatographic analysis. Sugars concentration meassured based on the peak area using Maslynx 4.1
software, for the triplicate injection as mentiomoge. The same manner was carrying out to mongopwery
for the process to determination of glucose.

RESULTS AND DISCUSSION

Sometimes method development in chromatography-spastrometry can be challenging and it takes tong to
get your task. Screening multiple column and déffermobile phases and the parameters of the mast@metry
going thought univariate optimization method itaking time, so it is challenging to develop a noeltlfior complex
mixtures such as pomegranate fruit juice. So we ks task and develop a method for analysis gfasu
(fructose, glucose and sucrose) in Taif pomegrafratejuice and compare with the pomegranate fuite in the
region. The three sugars under study were sucdgssiparated then identified and determined qtetniely as
will see below.

Atmospheric pressure ionization is regarded asaddt"'$onization process. This results in a masscium
+
typically dominated by a single ion that correspoim protonated the positive ion mode [M+Hbr deprotonated

in the corresponds negative ion mode [M-,H])r example, a compound with molecular weigh66 Da in the
positive ion mode will result in a spectrum with" base peak" at 201 mass to charge ratio ( mizhepative ion
mode (dependent on the chemistry of the compouti® spectrum will be dominated by an ion at 199)m/z
Hence, the selective ion record (SIR) mass spectaung (100 — 420 m/z) for our ions of interest;dtose, glucose
and sucrose at 179.00 Da, 179.00 Da and 341.0@$pectively.

T Sayea 1000
Sucrose Sayed 100 in, Sxd SIR of 2 Channels ES-
1523 _ TIC
41 8 12a4
10778 Area
Sucrose
43‘.
L i e T T T Tl e S i
200 4.00 B.00 8.00 10.00 12.00 14.00 16.00 18.00
Fruciose Sayed 1000 ppm Sm (Mn, Sxd) SIR of 2 Channels ES-
11.00 A TiIC
179 321ed
10745 | Ares
Fructose
#
| ey T T ] T T ¥ T T T
200 4.00 B.00 8.00 10.00 12.00 14.00 16.00 18.00
G Sayed 1000 ppm Sm (Mn, 5x4) SIR of 2 Chanrels ES-
= 1208 _ TiIC
179 1y 2 4804
13088/ | Aroa
|
| |
moa || Glucose
| |
L b \
e e e e g T e T e T v Tima
£.00 4.00 8.00 8.00 10.00 12.00 1400 16.00 18.00

Figure (1): Chromatograms of standards fructose, gicose and sucroseyith Polaris NH2 150 mm x 3.0 mm x 5 pm particle size column
using LC-ESI- MS system, at optimumconditions
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Figure (2): Separation chromatograms for mixture offructose, glucoseand sucrose with Polaris NF 150 mm x 3.0 mm x 5 um
particle size columnusing LC-ESI- MS system at optimumconditions

3.1 lonization and mass spectrometryonditions:

Direct infusion method using ESI-MS (waters 3100)negative ion modevas performed to get optimum
condition for detection fructose, glucose and ssermns. The analytical conditions for injeati include
the injection of sugars standards ( 1pg/ml)diyeto the ion source by means of a syringe painfiow rate (
0.02 ml/ min) for ten minutes.

Fructose, glucose and sucrose compounds are deptetb to form [M-H] ions with the molecular ions
recording at 179.00 , 179.00 and 341.00 Da respaygtin the negative electrospray ionization (E@bde.

The ionization efficiency improved by optimizatiparameters were tested for their ability in promgtihe signal
for the mass spectrometry (MS). For the purposeidehtifying abundant ions that are characterisfiche
sugars analysis, we first studied MS patterns bgctly infusing sugars standards solution at allefel ug/ml
into the ESI at a flow rate of 20 pl/minutes.

The sugars standards were tested with two orgaoicest (methanol and acetonitrile) with water. The

deprotonated ion [M-I—i]were found to be dominant in the respective ESlIsmgsectra in acetonitrile solvent.
During method development, the tuning parameterghf®e ESI source were varied to obtained the masinfiv-

H]- ion intensity for the sugars compounds. The stgrtonditions were the default conditions of the M&e
resulting individual tune was found dramaticallyffelient for the cone voltage. The following tunipgrameters
were found to be optimal conditions for the suibe the sugars compounds: capillary voltage, 3.0 kd@ne

voltage, 20 V; extractor voltage, 2V; RF lens, 0.3durce temperature, 1%; desolvation temperature, A&D
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desolvation gas flow, 500 L/hr; cone gas flow, 5BrLThe overalionization efficiency to form [M-H] ions for
the sugars ion molecular can be seen basis peatasd 179.00 m/z. 179.00 m/z and 314.00 m/z . Dime ¢
voltage at 50 Volts has the lowest ionization éficy among the test for the optimal conditions.

Mix 25, 300, 300 ppm
Mix 25, 300, 304 ppm 1903 (10.604) SIR of 2 Channels ES-
178.00_ 1.11e4
100+ 11082
LIS
Mim
283
(H P T P e e e e P T T T e e e e
100 1200 140 160 180 200 220 240 20 280 300 320 340 360 38D 400 420
Mix 25, 300, 304 ppm 2069 (11.529) SIR of 2 Channels ES-
178.00_ 5 66ed
1007 G660
Es"
MHim
158
G |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||I|||||||||||||||||||||||||||||||||||||||||m,.rz
100 120 140 160 180 200 220 240 20 280 300 320 340 360 38D 400 420
Mix 25, 300, 304 ppm 2602 (14.439) SIR of 2 Channels ES-
Mi1.00_ 9.40e3
100 0308
]
178.00
1804
G |||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||"er
100 120 140 160 180 200 220 240 0 280 300 320 340 360 38D 400 420

Figures (3):selective ion recording (SIR) speatm of fructose, glucoseand sucrose using LC-ESI-MS negative mode technigu
Range: 100- 420m/z, Column: Polaris NH2 (150 mm x 3 mm) 5 um particle size. Mobile phassocratic ( 75 acetonitrile:25 water

VIV)

3.2 Chromatographic information

3.2.1 Mobile phase solvent evaluation

Various solvent system were tried for the developma suitable LC-MS method for the analysis ofuctose,
glucose and sucrose individually and mixture. Thitability of the solvent system was decided on lilasis of
separation of sugars completely from the degradatimducts. Several mobile phases such as orgahiert,
methanol: water and acetonitrile: water with amdthout formic acid were tested in addition tothanol:
acetonitrile solvent at different ratio. In theopess of method development was found that theesblgystem
composition of acetonitrile: water (75:25 V/V) dbw rate of 300ul/ minute and the standards the samples
gave sharp symmetry peaks at a good preeisd accurate retention time of 11.09, 12.09 and®3l5
minutes for fructose, glucose and sucrose respgtas can be seen in figure (1) & (2). Optimizatibe quality
of mobile phase solvent can contribute to improvthg chromatographic or mass spectroscopic prezerf
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the analyte as well as the overalktection limits of instrument system. The favoeabésults were obtained
meet our expectation which gave an acceptable gealsharp symmetrical peak with good resolution fhe
mixture. Isocratic elution was optimized and aadriout in a mobile phase as the isocratic modeistimg of

acetonitrile: water (75:25 V/V) thought this study.

Fructose
Fructose 300 SIR of 2 Channels ES-
TIC
1 G8ed
Opg
G 'l_. L/
I bug
Il
i!&'/
Il
Il 3ug
. 'I/
|!I! |
o II|||
l'lI 1.5ug
Il I|I
I|I |
I 1
0.75ug | |l 1l
M
— Sre— C_Laug = '.'Il I|I — o S ———
[ 11
=2 U D = : e = -
s \ ..I\: :

Figure (4): Overlay chromatograms for individual fructose with PolarisNH2

150 mm x 3.0 mm x 5 um particle size column usingQ-ESI- MS systemat optimum conditions

3.2.2 Columnselection
It has often been stated that the column is thet lidahe liquid chromatography. Choice of the wgonolumn

and mobile phase conditions for the sample at ltandtrivialize all the advantages of expensive,hssifrated
instrumentation and data systems in a laboratomp fypes of analytical liquid chromatography colwsrare used
for the test of the separation of sugars (fructogeicose and sucrose) from the same companyr{®diéd, 150
mm x 3 mm x 5 um, and Polaris YH50 mm x 4.6 mm x Bm) . In all cases separation of sugars is

challenging and methods development is requiregbtomize separation in reasonable retention time.

In order to select the proper column for the angjythe column length and particle size taken wdasideration.
The column length enables selective separatiohefnalyte. The longer column, the greater in &tention time.
The chromatographic separation was performedguaicolumn coupled on series with guard columin WH,
(10.0 mm x 50 mm) 5um at the front. Separation was achieved using ailmophase consisting of
acetonitrile: water at flow rate of 300 ul/min. Thelumn was maintained at ambient temperature mjéction
volume of 20 ul and run time was 20 minutes. A klasthromatogram was recorded before the studies. So
Polaris NH 15.0 mm x 3 mm x §im was chosen as a column for separation of frectgkicose and sucrose

thought this study.
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Figure (5): Overlay chromatograms for individual glucose with Polaris NH2 150 mm x 3.0 mm x 5 um particle size column usingQ-
ESI- MS system

3.2.3 Chromatographic systenPerformance

Optimization of chromatographic conditions cannetrbadeindependently from that of the MS component. When
one considers the low level nature of the analptesent in the pomegranates fruit juice and thexdstence of
hundreds of other compounds, some degree of sepaiatdesired before ionization and MS detectmmtnimize
signal suppression and other interferences frombthi& matrix of the sample. Before the quantitatiand
qualitative determination of sugars in the samplee prepared standard solutions of different ugsucrose,
glucose and fructose. With those standard solutidriifferent sugars we made calibration lines fach one of
the sugar, which later used for assessing the erdration corresponding to the different peaks hie t
chromatograms.

Peak identification was based on the retention dije Identification of the three sugars were confirmed

with known standards injected individually througite LC-ESI-MS system and the retention time were fo
fructose (f =11.09 + 0.1 minutes, glucose, & 12.09 + 0.11 minutes) and sucrose=t15.23 + 0.01 minutes) as

shown in figure (1) in addition to the selectivenicecord (SIR) for the negative ion mode as showfigure
(3) (line spectrums). Overlay chromatograms of tibpee, glucose and sucrose illustrated into figdde figure (5)
and figure (6) respectively which demonstrate higtdproducibility of the method under study and th&ention
time were highly precise. The chromatographic ifgsf showed very good separation of the three sugar
figure (2) and fructose was the first eluamd the glucose the second and sucrose HietHs agreed with
the theory of the column that we are uf2@]. In the chromatographic analysis, with 5 um N30 mm x
3.0 mm column, each run was performed in about ifutes with great resolution. Figure (3) shows fine
spectrum for the LC-ESI-MS chromatograms for fose, glucose and sucrose monitoring ions (with @iiRie)
at 179.0, 179.0 and 341.0 m/z. It demonstratestheaspecificity of the system eliminates the némdcomplete
separation of the individual compounds of differemolecular weight. The retention times were foutod be
extremely stable, varying with ir0.08 minutes. As a result the retention time aileusteful for verifying the
presence/ absence of analytes of different madecuéight.
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Figure (6): Overlay chromatograms for individual sucrose with PolarisNH2 150 mm x 3.0 mm x 5 pm particle size column usingd-

ESI- MS system
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Figure (7): Calibration curve of individual fructose at optimum conditions usingLC-ESI-MS system with Polaris NH, 150 mm x 3 mm

x 5 um particle size column
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Figure (8): Calibration curve of individual glucose at optimum conditionsusing LC-ESI-MS system with Polaris NH 150 mm x 3 mm
x 5 um particle size column
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Figure (9): Calibration curve of individual sucroseat optimum conditions using LC-ESI-MS system with Polaris NHy 150 mm x 3 mm
x 5 um particle size column
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3.3 Linearity and detection

The calibration curves for fructose, glucose antr@se were shown in figur@), figure (8) and figure (9) which
were correlation coefficient for their lines 0.998999 and 0.998 respectively. Calibration curvesenestablished
by plotting peak area of the sugars (fructose, agecand sucrose) under study versus the analyte loading at
the optimum conditions. Calibration linearity fouftose, glucose and sucrose were investigayedaking the
replicate injections of each standard preparedxatlifferent concentrations. It is the calibrationrve fructose,
glucose and sucrose the excellent linearity wadesell throughout the range from (0.3-9 pg) massl Ifoa
fructose and glucose. The range from (0.025-0udp for sucrose. The linearity equation of fose,
glucose and sucrose as described below. étternal standard method was used to establatbration
curve and quantify fructose, glucose and sucrase Taif , Abha, Egyptian, Yamani 1 and Yaa
pomegranate fresh fruit juice.

The calibration slope, intercepts, the coefficiefitdetermination for standards are list below amdtioe same
figures:

Y=1045 X- 174.8 & 0.998 for fructose Y=918.3 X- 355.3 2R).999 for glucose Y=14910 X-370.6 2 R

0.998 for sucrose
2

Where, Y stands peak area, and x stands for sugasentration. Rstand for correlation coefficient. Hence the
determination limit for fructose, glucose and sgerdess than 0.3g, 0.3ug and 0.025.g respectively. In order
to used the method for efficient separation of thegars under study similar from fruit samples. The
standards mixture at (300 ppm fructose, 300 pprocgle and 25 ppm sucrose) were injected within QL3
under the optimum condition, the result indicdtattthe all the peaks were symmetry in perfect shajte peak
area as well as the highly reproducibility of tle¢ention time which can be used to analysis oftfrse and glucose
and sucrose directly with few dilution to save tinaed solvents. This gives excellent achievementhef
separation of the method. Furthermore, retentiomes were very reproducible.

Recovery checks for fructose and glucose were emhriout in two different analysis sessions usingf Tai
pomegranate samples. The recoveries were betwe#n-881 %. The recovery checks gave very good aeerag
values from triplicate injections. The high recovealues suggest that this LC-MS method of analissexcellent
procedure for analysis of fructose, glucose andosec No significant effects were observed fromrisrices on
the sugars under study.

3.4 Analysis of fresh pomegranate fruit juices

In this study pomegranate fruit were collectednfrthe local markets of Taif — KSA. It is the meainthe
triplicate samples for each kind. We used the nethtimized above t 0 quantify sugars (fructosecgse and
sucrose) in pomegranate fresh juice samples. FFecdod glucose compounds were found in all the Sareples
and sucrose was not detected in all samples uriddy.sTable (1) reported the means of the samptes, the
mean of the triplicate samples for each kinds amel tange of the concentrations for fructose (0.16306
gm/100 gm) and glucose (0.132-0.300 gm/100 gmylifiderent brands. The total sugars content wamdoto be
between 0.294 - 0.616 gm/100 gm. The lowest sugartent was found 0.294 gm./ 100 grams for Yamarhibe
the highest was found 0.616 gm./100 gram for Teahd pomegranate. It can see that the concentraifosugars
in pomegranates under study vary from countryotentry depend on the strong influence of the clevaftthe
place, different environmental place, types of #wl and agricultural procedures on the contentstlodse
elements in which is study. It was useful to nbi the ratio between fructose and glucose neay o

Several potential peaks are visible on the chrogratos it is far away from the area of interest #@nidentified
it is types for monosaccharide.

Table (1) shows standards deviation for fructosd glucose in all kinds of pomegranate less thazPab.
Fructose and glucose concentration in f pamegranate were significant different with tina¢asured for
Egypt and Yaman 1, Yaman 2 pomegranates. On ther didnd, the result was obtained for determinatios
fructose and glucose were present in all sampléifierent concentration. These results show tlymiicant
different in the concentration of fructose and cglse in Spanish, Tunisian, Oman’s and the pomegga for
(Taif, Abha, Egypt, Yaman 1, Yaman 2) under stulyspite of using different techniques for measweinthe
results agree what they reported that the ratiofricctose and glucose nearly one in pomegranates and not
detected for sucrose undoubtedly duo to the stranfluence of the climate of the place, different
environmental place, types of the soil and agnigalt procedures on the contents [13, 26-29].
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Table (1): composition of sugars in fresh pomegraate fruit juice in 100 gramsweight of pomegranatearils

Brands
Sugars

Taif-KSA

Abha-KSA

Egyptian

Yamanil

Yamani2

Fructose

0.3130.07gm

0.27+0.08gm

0.2410.04gm

0.18+0.04gm

0.16:0.03gm

Glucose

0.300.06gm

0.2520.08gm

0.19:0.05gm

0.12+0.05gm

0.13+0.06gm

Sucrose

Not detected

Not detected

Not detected

Not detected

Not detected

CONCLUSION

An LC-MS method was developed for the determinatibfructose, glucosand sucrose presented in pomegranate
fruit juice in about 15 minute. The method was dempuitable and rapid procedure no need to derattin or
make attachment reaction for the sugars. This otetireatly reduces sample pretreatment. Recovéiethose
target compounds were in the range of 96-101 %tlamdietermination limits of less than Qug for both fructose
and glucose 0.02fg for sucrose were achieved for all test sugar pmmmds. This achievement done by
using Polaris N5 150 mm x 3.0 mm x 5 um column. The main advantageshis system were excellent

separation in relative short retention times any good efficiency and low sample and materialsstonption.
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