CHAPTER 2

LITERATURE REVIEW %\

2.1 Multiresidue Methods of Pesticide Analysis Y‘
Introducing multiresidue methods has allowed gaining relawnew knowledge
of employing thin-layer chromatography (TLC), gas chromato phyl(GC) and high-
performance liquid chromatography (HPLC). In the ew de adsﬁ\t)'# has been
considerable enhancement in clean-up procedures@as the tools ec' i&@tgx;sis.
The clean-up procedures have been greatly simpli through_the plic\dgun of gel
permeation chromatography (GPC) and th us&Z) i \‘extr@. columns or
disks. Beside the conventional metho@ticides ion as liquid-liquid

extractio

rheated water extraction

N,

es that do not employ

extraction (LLE), pressurized liqu
(SHWE) and Soxhlet extraction , ahalyti

I _proc
&/

organochlorine solvents like dhﬁom]t bee@esented to avoid or minimise

environmental and he hast. Due to t ,m@sample preparation trials, like
E ? g s
supercritical fluid Wi

i E),\a eleraté}éolvent extraction (ASE), Stir bar

sorptive extractio&SE), soni extzagtip%n (USE), liquid phase micro-extraction
i

(LPME), sol%l\se i';%tﬁctién(SPME), liquid-liquid micro extraction

(DLLM %phafe extpacti nQ}E), dispersive solid phase extraction (DSPE),
‘DJ s

micmz ssisted extractiorL) AE) , matrix solid phase dispersion (MSPE)

e Nn and the quick, easy,?eap, effective, rugged, and safe method (QUEChERS),

been put forward to deal with most of the drawbacks associated with the traditional
Qﬁthods. Instrumental techniques such as ASE, SFE and MAE frequently employ

SPME and SPE to purify obtained extracts, and in the case of the SPME method, its
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concentration as well. Figure 2.1 explains common steps used in sample extraction,

clean up and analysis. T
[ Sample matrix ]
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concentration extraction

Extraction
solvent
reduction

Additional
clean up

v

MLLE Analysis (GC, Special de.sorption
GC-MS, LC-MS unit

L 4
“

— -
Sources: Rada Bur&ﬁnd Twwé&@i); Garcia-Repetto (2018)
Figure 2.1: Flowchart of n Steps Used'in S@Ie Extraction, Clean Up and
Analysis( J | Q.

F &
SPE is widely“used as e>1t \ﬂ\and c@ﬂp technique with many advantages

including, smallsolv ; timt%h extraction efficiency and selectivity,

good reprod w I cérfoma 1on of emulsions. A wide variety of sorbents
\
ek

work Ponary&ases for SPE such as primary secondary amine

(PS inopropyl, diethyl@ﬁ)prpyl (DEA), polystyrene-divinylbenzene resins,
g%\ted carbon (GCB), trifunctionally-bonded Silica (C18) and zirconia-derived
bserbents namely, Z-sep and Z-sep plus which is a dual silica particle with Zr atom

nd C18 chains. Recently, nanostructured materials were introduced as SPE sorbent like

electrospun nanofibers and carbon nanotubes (Augusto et al., 2013). Chitosan, chitin,

39



Diatomaceous earth (De Oliveira et al., 2014), laboratory-made sorbents, prepared by
depositing  poly(methyloctadecylsiloxane) (PMODS), poly(methyloctylsiW!)
(PMOS), aminopropyl-terminated poly(dimethylsiloxane) (APPS) and c@}er of
(52-48 %) dimethyl-(48-52 %) methylphenyl-siloxane (DMMPS) ont0"Siliea supports

(Oshita et al., 2014) and fluorinated sorbent (Manoel et al., 2017).

Numerous factors, like solubility in organic solven Mater, volatility,
Kaci

stability, sample matrix contents (water, pigments, lipids, etc: d'base properties,

associated with the physical properties of the tested i W‘hould be
considered when planning for an experiment. The m [ \9
the choice of sample treatment selected, but ca

detection limits and quantification accurw he
concentration value irrespective of th@lum resi
show whether the result is under or@se MR%%D @and Tijana Pordevié¢

N
2011). Considering the complexféciate withhese m(é?s, for each specific case,

analytical procedure sho &sel’ re@problems associated with
eces

consumption of soIv%? other aP) m@ents, analysis duration, and to

d &
decrease the numb &Qnal@éps requi which would help to keep in check
potential source’&%rs. ' it isé)%éys preferable that the chosen analytical
fiiow Lim

imul e&Js((_jJ(gl%rmination of large number of pesticides

N
onl@n modern extraction, determination, and clean-

ues, which are used searchers to determine pesticide residues, especially

f Etables and fruit samples.

Q The Dutch mini-Luke method was introduced in the early 1980s as a very fast and
e

ll-organized extraction method to determine large number of pesticides in vegetables

and fruits by employing both selective GC detectors (such as nitrogen—phosphorus,
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electron capture ECD and flame photometric detector) and LC detectors (such as
fluorescence and diode-array detector) and later also making use of full-scan t
has ion trap detector (GC—ITD). The basic extraction solvent employed b thod
is acetone and as partitioning solvents, dichloromethane, and p&&m ether,
accompanied by sodium sulphate. 30 mL of acetone was used to extragt a 15 g sample
and separation with 30:30 mL of dichloromethane—petroleum ether (26 g Na>SO4). The

Yi.sf rther decreased

modified mini-Luke method (NL method) employs a solve

to 20 mL of acetone and 10:20 mL for dichlorometh etr EW. The NL
@

Yw
530 9 Ul -'I]Jr@IKA)
ac%!fit ncuu\gﬁaestlmde
iffio;ilt rices. .@est portion of

sample (15 g), when applied with U\ X mixing;~is‘a b@epresentative in

giving a lower sample processing (%when co qw

employed in the QuEChERS n m&hod na L o et.al., 2016). Another
&

difference seen with the Q Ch S empl g an evaporation step in the

NL method’s extractio% %ﬁ}l’tl@s required for this step, it allows

employing an idealsinjectio ' for GC (isooctane-toluene) and LC

method employs a rapid, straight, and efficient (tw
homogenization and mixing, resulting in opti

residues, which can also be applied for thésmos

hr{ﬁe 10-g test portion as

(methanol). In partic a S|g ant important benefit for GC-injection-

labile comp huch cap fof ta n, dicofol, folpet and chlorothalonil, when

storing % for Is. I an-up step is not required for the NL method,
_ X
whi dditional dispersive sc@i’phase extraction (SPE) clean-up step is required for

MRS, which requires additional time. When compared to the NL method and

& conventional methods, the key benefit provided by QUEChERS is excluding
I

orinated solvents like hazardous waste and DCM. Overall, very similar performance

characteristics were displayed by both extraction methods during validation studies as
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well as in proficiency tests, where each method had its own pros and cons (Ana Lozano

et.al., 2016). QUEChERS is gradually gaining popularity amongst resear To

perform pesticides residues analysis in vegetables, fruits, and cereals as wﬂj\)'&/v fat
samples in general. A

The sample extraction step, which takes about two-thirds o ?tal analysis
time, was still found to be the weakest link and, at the same me-determining
step for the entire analytical procedure. It was also found LYs:or’lmble of causing
errors and inconsistency amongst laboratories. However, iathe regen d‘vances in
the sample preparation techniques encompassing divi nvironment sﬁm.ﬂe; have
resulted in revision of the existing methods as ev Iop' ne@ chniques,
in order to decrease the quantities of chemloa,]w d am\sa ime, y enhancing
the analytical process’s overall perf %Thus, for actié%urposes various

rapid, low-cost, environment frlendlﬁﬁSreadlly %ed eth ds are now available.

In addition, these new method n altered c':lchl<Q \better balance amongst
selectivity, cost and senS|t e t ated\%mplexity with matrices, the
extraction procedures @ foIIOV} lery “élf@in -up procedures to get precise
sample quantifict Reduc met , mcluding solid phase extraction
(SPE), supercrlﬂ{ id (SF oI|d phase micro extraction (SPME),
accelerated %extr tlon( SI!') tejc wave assisted extraction (MAE), modified

%meﬁ meth@and matrix solid phase dispersion (MSPD), and

Dutch r%
i,

the cheap, easy, rugge ,(%'ﬂective, and safe (QUEChERS) method, have grown

i XOf their maturity.
: The QUEChERS method, initially introduced in 2003, is the most general
ultiresidue methodology for isolating a wide spectrum of pesticides. This approach
guarantees great extract clean-up, high analyte recovery, and adaptability to deal with a
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wide range of matrixes such as fruits and vegetables. 375 pesticides were determined in
fruit and vegetables by Benerjee et al., (2012). Anagnostopoulos et al., (2013) r?m
32 pesticides in olive and olive oil using QUEChERS acetate buffered meth@AC),
GC-MS.MS and LC-MS.MS with good recoveries ranging fromH&;O% 199

multiclass pesticides were quantified in fruits and vegetables in comparative study

carried out by Lopez et al., (2014) using AOAC and citrate butieMN) QUEChERS
-mas

methods and liquid chromatography- quadrupole-time of fl S sp'ectrometry with
automated detection (UPLC-QTOF—MS). Screening ion li iW) were 10

and 50 ng/g for 57% and 79% of the tested co

ds, respectively. @Yr;ple

multiresidue pesticide analysis method was dev nd valid He{t‘jﬁ ., (2015)

i QuEéPE.RS versions
in a comparative study using GC-MSJW&' . i ran@'from 70to 120%

'\of the method. Pano-

Farias et al., 2016 developed a r%due rﬂetho ol an2§§ of carbamates (carbaryl

& carbofuran), triazines (atrazife I etrine) “éorganophosphates (methyl

parathion) in papaya ado using Eéh@ (AOAC acetate buffering and
4 f &
[ GC-MS

@a{ysis. Limit of detection (LOD) and

>

limit of quantifigationLO

!
¢
0.14-0.28 n &@Jcad LO :0.&)6(9) ng /g, (papaya) 0.22—0.40 ng /g (avocado).
Q N
Arnnok% 2017y dewl?ping of multiresidue using d-SPE polyaniline-
X

mocﬂ&eolite- NaY and HPKQ-PDA analysis for multiclass pesticides (carbamates
\
0

osphates, pyrethroids, neonicotinoids and sulfonylureas) from samples of
cabbages, cucumbers, tomatoes and strawberries). The method achieved LODs ranging
om 0.001-1.00 pg/ mL and LOQs ranging from 0.005—2.50 pg/ mL. 76 representative

compounds (multiclass-various) from green tea were reported by Chen et al., (2017)
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using pressurized liquid extraction and solid phase extraction column (PLE / SPE).
Graphitized carbon and primary secondary amine were used as sorbents for ¢

(GCB/PSA) and ultra-performance liquid chromatography -mass spectros@LC-
MS/MS) analysis. LOQs in samples were 0.4-36.4 ng/g. Farajzadeﬂ';@, (2017),
developed a method for determination Aryloxy pesticides (metalaxyl, haloxyfop—r—

methyl, clodinafop—propargyl, dicofol-methyl, and bromopEo\MEf in vegetables

(potato, tomato, onion, garlic, celery, radish, beet and c ing'combination of
DSPE and DLLME and GC-FID. Lozano et al., (2016)¥gesent w:ation and
B
- . N\
validation for Dutch mini-Luke using acetone /Na>SO DCM/PEt 1153&55 cides
DCM duce@f/ a factor

ith"RSDs %3%') Modified

n ure of PSA and

in fruits and vegetables using GC-MS. Consu

of 3 and the recoveries were in the ran 0-

QUEChERS dispersive solid phase ex*\;%}d-SPE)

multi-walled carbon nanotubes (I‘%NTS)%WC' s,\(al\nalysis in fruits and
=

vegetables were developed an d by Zha t«al.,{o ) using LC-MS.MS. In

most cases, the percentage M r]w@ﬁmj;lé@o 123 %, with an intra-day

precision of less than 139 Zan inter-day re&isi@'of less than 20 %. The proposed
4 $ &

method was used %ssfullr \ih quﬁtﬁtive determination of pesticide in

commercial be &\ i

reas(téoanalytical sample preparation, future
¢

developmenfi%pec dto diéctﬁdj wards application-driven processes in a bid
r

to impr%
throygm{ and provide accur@'ésults. Table 2.1 shows the extraction, clean up and

a techniques used for determination of pesticides in fruit and vegetables. Quick,
a

, cheap, effective, rugged, and safe (QUEChERS) extraction method is flexible

NN
veryy' decrease co@nption of organic solvent, get higher sample

xtraction and clean-up method so, it was optimized regarding the pH to improve the

compounds stability and recovery in case of acid base sensitive pesticides, this led to
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developing of two buffered methods: European committee for standardization (EN)
using citrate buffer for extraction and AOAC method which known as acetate b?‘!d
method. (’}

Abdallah et al., (2018) reported developing and validation of QUR&S method
for determination of 42 pesticides in 200 date fruits samples collectéd from different
markets in Al-Qassim region in Saudi Arabia using LC- SWPesticides were
detected in 18 % of the tested samples of which 7.5 % ’\m

Ief) exceeded the

maximum residue levels. Acceptable recoveries ranging 70-1 OW§D values
:10, 50 an Qu&ﬂa‘?trhe
Ecg od\\/\?; applied
[ for h@s;gar matrix

< 20 % were achieved at three different concentrat

measure drawback of that study that the ge

without any modification and optimizatio

such as date fruits. In addition, clean ;ep)/ ied to@ﬁimize the matrix

as not
effect. The dilution was used to Wﬁ%ze the \ixgﬁe t@d this may have two
N
drawbacks; First, with dilution %ct, tlﬁ con ntratiéf;a some of pesticides may
become lower than the LOD@We j!g!%’?{ regé Secondly, as both pesticides
and the co-extracts dil e sameiration, tﬁei@rferences of the co-extracts with
4 ¢ &
pesticides still ca:éesupprf N enha&ment for pesticides signal and lead to
falls results. Togavoidethes 's, Q@?\ERS method should be modified and

0& g
optimized fE:%s)ide xtraction gnd(ajglysis in date fruit matrix and matrix effect
tak

S
should in theadcouls, = <

&Q’ 5
N
é \ Method A (Original QUEChERS Procedure)

a

Q The original procedure for QUEChERS includes sample extraction with 10 mL of
cetonitrile (MeCN) via vortex. To the sample, through mixing, gram quantities of salts

(2 g of NaCl and 4 g of anhydrous magnesium sulphate (MgSQ4) are added to improve



separation of analytes between the solvent and the aqueous residue. After performing
vortex mixing and centrifugation, the residual water is cleaned-up and removed w
a d-SPE procedure (to the sample extract, a mixture of PSA adsorbent a@rous
MgSOs is added). This step consumes lesser time when compared wi aditional
SPE, and residual water and various polar matrix components, such’as some polar
pigments, organic acids, and sugars, are simultaneously remoyed. As a polar solvent,
miscible with water, which possesses reasonable hydrop OYo.pe[ties to perform

efficient extraction of both non-polar and polar pestic Me Nkrss#ted as the
"X
ing MECN a]sgk@t has
c% ' iffe@f matrices
&

2.1.2 MethodB(AOAc:Aceta@jﬁered \5ng )Q\
A N

QUEChERS solvent. In the QUEChERS method, e

demonstrated successful extraction of various

(Rejczak & Tuzimski, 2015).

4

For extraction step, 15.0 %o vﬂ/) acetic ac(iQ in"acetonitrile are added to
15 g homogenized rehydrated sample 1 entrié tube. The tubes shaken for 1
3d0® (1.5 g) is added and Vortex for

%

min. Next, anhydrous .0g)and C
’ N
10 min. Immediat’el@rifugel at 3goxpm (Rejczak & Tuzimski, 2015).

&
3 S O

213 Me (EN/QUE E&lsei rate Buffered QUEChERS)
For extraetion step 1 jnL oﬁ&ﬁonitrile added to 10 g homogenized rehydrated
samNASO mL centrifuge t%@ge tubes were shaken for 1 min. Then, anhydrous
%&(4.0 g), NaCl (1.0 g), tri-sodium citrate dihydrate (1.0 g) and di-sodium
‘%]en citrate sesquihydrate (0.5 g) were added and vortexed for 10 min. Centrifuge

Q 5 minutes at 3500 rpm right away.
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Clean-up 1: 2 mL of the supernatant is put into another 15 ml centrifuge tube
containing 50 mg of PSA and 150 mg of anhydrous MgSQO4, 50 g GCB. The mlwks
vortexed and then centrifuged for 5 minutes at 4200 rpm. Finally, 0.5 to 1%\1‘ the
supernatant is transferred to the GC-MS vail for analysis. ‘x

Clean-up 2: 1-2 mL of the supernatant is put into another 15- W rifuge tube
containing 50 mg of PSA, 50 mg of C18, and 150 mg of % s MgSO4. The

mixture was vortexed and then centrifuged for 5 minutes at inally, 0.5t0 1.0 mL

of the supernatant is transferred to HPLC, or GC-M il for nw‘ejczak &
Tuzimski, 2015). [ _\c}
4 \,Y'

2.1.4  Some Common Pesticides in Dat ru u‘ \ {\T
2.1.4.1 Dimethoate

Dimethoate is a systemic a tact or %sp g@msectlmde that was
approved for use in the Unlte n 19%2 It3 wsed@ variety of field-grown
agricultural commodities (i Iu le , Cit r nd melons), as well as tree
crops and ornamental% oate IS Led ﬁl , Wheat cotton, and corn crops,
accounting for m(;@m% ? eth se in the United States. Dimethoate
is nonvolatlle, ater'solub ert | I, where it dissolves over a period of

i
typlcally2 s, epe n soil C@c(ﬂlons (U.S. EPA, 2006).

O e oate ari Plly i nts and the environment within a few days of

dlmﬂp&) application. As wit ethoate, omethoate degrades within two weeks in
with i

t onment Omethoate appears to be the poisonous component of dimethoate in

: ts and mammals (IPCS, 1989). Both dimethoate and omethoate are very poisonous
h

oneybees, birds, and freshwater invertebrates (U.S. EPA, 2006).
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Dimethoate is absorbed through the Gl tract, the lungs, and the skin. Consumption
of dimethoate-treated foods or drinking water can expose the public to dimeth?m
omethoate. Average daily intakes have been estimated to be below(sg}evels
(Gunderson, 1995). A

Dimethoate, omethoate, and other organophosphate pesticides Mp’ the nervous
system's acetylcholinesterase enzymes, resulting in an overabundance’of acetylcholine
at nerve terminals. Nausea, vomiting, weakness, paraly Y;) ulsions are all
examples of acute cholinergic symptoms. Omethoate 1| roxi Mold more

"AX
hazardous than dimethoate and is a more effective ¢ sterase inhi o’ (iﬁ?an, et

al., 1969). P 4 b &
p

\ NV
Dimethoate metabolizes to omethoatw cts, whi amma@’ ear to have

lower quantities of the enzyme respo% r this me c @Ersion. In animal
experiments, it appeared as thoug?@%bition o\l’y(%oc g\'c\holinesterase, but not
N
|tpv i

plasma cholinesterase, was th ensitive in cator(Q imethoate exposure and

., ( reported dimethoate residue

in date fruits with conm%) of 0.24'mg/ V\'Ihisbxceeding the MRL (0.01 mg/kg)
G

using SFE and GC- techn%
@)
2.1.4.2 S@dazi '? 4 (:"7
Ny
ﬂk. -

im th ,1H- midazol-2-ylcarbamate) is a broad-spectrum
Y.

toxicity (Sanderson and Ed %). j

systm&ungicide with the @ﬂcal formula CgHgN3O2 and a molecular weight of

1%\(; It is also produced after the breakdown of thiophanate-methyl and benomyl
ici

G des (Fang et al., 2010; Mazellier et al., 2003). Annually, fungal pathogens inflict
evere harm to food crops, resulting in low yields, insufficient nutrient content, and

enormous economic 10ss.
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As a result, the use of fungicides gained popularity as a means of averting these
losses (Karlsson et al., 2014; Patel et al., 2015). Carbendazim is frequently u&?ﬂ!—
and postharvest to manage fungal diseases caused by Fungi imperfecta, ASc etes,
and Basidiomycetes on a variety of fruits, vegetables, medicinal and food
products (Tortella et al., 2013; Devi et al., 2015). Additionally, carbendazim and
mancozeb exhibited efficient regulation of some plant problems M chilli rots, leaf
damage of sunflower, and mango common fungal di WXD.ev' et al.,, 2015).

Additionally, it is utilized in some industries such as fabricypaper, nWindustries
B

Yw
(Selmanoglu et al., 2001). | .S
Carbendazim is listed by World Health ation s erou@ﬁemicals.

Both carbendazim and carbonyl are known#garci gem\(G son e],é;gOlS). It has

been added to the list of substances kwacause endoerine d@lion as a priority
(Ferreira et al., 2008). Carbendazimﬁﬁeen for \'en?w ;()If the European Union
N

®and

countries, the United States %rica an uatragéaue to its toxicity and
2

perseverance (Zhang et al% HT , 0@ But it is still employed in
developing countries %ﬂ Brazil, India,! anb‘China, in a variety of forms.
4

'3 &)
Continuous use of endazirr \K\ envi ental contamination with ongoing

effects on soil,qanimals a ' he <QThe acceptable daily intake (ADI) of
¢
carbendazim_ 15"0.08 mg/kg/da Sﬁrrca) 007). Residual carbendazim has a half-life
"

of arou% to 12 mo depe@ng on nature of the soil, (Pourreza et al., 2015).
Yw

Thecarbendazim's environme @durability is due to its benzimidazolic ring, which is

r%x to degradation (Barnett et al., 1996). The highly toxic component, 2-amino-
imidazole resulting from carbendazim degradation, binds to the spindle

&
icrotubules to prevent nuclear division (Yenjerla et al., 2009). Carbendazim is known
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to be embryotoxic, teratogenesis, apoptosis, infertility, and developmental toxicity in
various mammalian varieties (Rama et al., 2014; Singh et al., 2016).

By working with b-tubulin producing microtubular disruption, @azim
suppresses microtubular polymerization in living cells resulting to aIte@&omosome

segregation during cell division (2012; Rama et al., 2014). EL-SW al., (2010)

reported carbendazim detection in the three cultivars Khalas, Sukkariyand Nabout Seif
(0.05, 0.05, and 0.03 mg/kq), respectively by (SFE). Carb im wa

date fruit from Al-Qassim (KSA) by Abdallah et al., (2

B
of 0.010-0.760 mg/kg and exceeding the MRL (O@q) using HP. MS@

i

e
_ ¥
2.1.4.3 Chlorpyrifos é\
AN

Chlorpyrifos is non-volatile% hosphor esti derived from

thiophosphoric acid, chemically k@s as Oﬁi&l ,576-trichloro-2-pyridyl
u%r fo o

phospho-rothioate. Commerci S IS accessi nder a variety of brand

&
names, including Dursban, Lorsbaf, Er’p' 5 quityéabd Whitmire PT270 (Prasad et
al., 2006; Rathod & G Z). S

4 ¢ &

Chlorpyrifos i esticide| i road trum of activity that is used as an

insecticide and 3@& (C 'et alc‘édg). Chlorpyrifos is available in a variety
¢

of formulations, ineluding spr b!g n@ 1al, wettable granular material, powder, dry

N
rowabI(s{u/ n, dust, mi Jpenca@ated material, pellets, and soluble concentrate

(PraAal., 2006). Chlorpy i@ia water-insoluble compound but is soluble in the
‘% of organic solvents (Smegal, 2000; Rathod & Garg, 2017). Chlorpyrifos is
Q e in both neutral and acidic aqueous solutions, however its stability declines as the
H increases. The chlorine group on chlorpyrifos enhances the compound's lipid

solubility and half-life in the body, resulting in a more gradual and permanent decrease
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in cholinesterase (ChE) levels when compared to other organophosphorus (Christensen
et al., 2009). Chlorpyrifos is commonly applied to protect the agricultural crop?ﬁ
its effect on a wide variety of insect species. However, as it is cost-effect@ts not
impact seed activity and having low residue levels in food grains. on-target
organisms like humans, chlorpyrifos often cause poisoning. Research pérformed across
the U.S. to assess mortality among pesticide applicators, rev. aMt the effects of
chlorpyrifos on contributors’ health depends on the 1 to , frequency of

exposure, and an individual's health and some environ al fa tonyrifos IS

‘ax
quickly cleared from the body after acute huma osure.f S du@es of

chlorpyrifos metabolites can typically be sensedsin _the % ne @' a single
Y.

exposure of 48 h (Rathod & Garg, 2017). V o\ %\
Chlorpyrifos toxicity is comparwath target on@et species. Direct

ingestion, oral administration duri cide att 3or ceic ntal inhalation, skin
N
os a iCity i

absorption during spraying of result in tox in individuals and toxic

effects on the central nervo k&m r a sys@nd cardiovascular system of

the individual (AI-Me(% ., 1998). It e;ﬂ'e@e forms of action in body mode
’ &
tTeh inesgaze (AChE) inhibition, oxidative stress

a|.,é.£<z).

!
Chlor %is converte 'ntg c@yrifos-oxone in the liver, more potent than
% N

chlorpy% mare ef P’velyﬂﬁ'ks to serene ester hydrolases, such as AChE
A X

(Rathod & Garg, 2017). Chlo@f’os-oxone IS respiratory poison and 1000 times more

&

——
p? an chlorpyrifos to neurons and 65 % more toxic to glia (Srivastava et al.,2011)

Q Chlorpyrifos-oxon is converted largely to TCP (3,5,6-trichloro-2-pyridinol), but
so to diethyl phosphate (DEP) and diethyl thiophosphate (DETP). In addition, TCP

glucuronide and sulfate conjugates have been detected in human urine. Chlorpyrifos-
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oxon is the sole chlorpyrifos metabolite that inhibits ChE, while the other metabolites
are regarded less hazardous (Al-Meqbali et al., 1998). The kidneys are respons
chlorpyrifos removal; it is excreted in human urine as TCP, DEP, and DETP; half-
life of chlorpyrifos elimination in urine has been estimated to be 27 ﬂé\lollowing
oral or cutaneous contact. The detoxification of chlorpyrifos is W curried out
through the hydrolysis of the chlorpyrifos oxon by A-esterase .(RﬁodA& Garg, 2017).
According to the result of a research carried out on mo'.mteer, the half-
life of urinary dialkyl phosphates after oral administratio s 15 W‘so hours
the oral dosejandl &ngthe
ha@ arm@a%). For

chlorpyrifos, a human exposure limit has b i ulze v 2012). Daily

Acceptable Intake (ADI) 0.01 mg/kgh\)

The chlorpyrifos orally admin d is parti

excrement, the part absorbed i%ood

compounds in the liver and.gasil efe;’

following cutaneous administration. On average, 93

cutaneous dose were recovered as urine meta

changed through the
lized into less harmful

&
g\k (Mishra et al., 2014). 84 %

of chlorpyrifos are m reted i hd@ut (5%) excreted in excrement
’ &

within 72 h of e@mvm 15)$|B' orally taken chlorpyrifos is mainly

defecated unchanged“throu eces,(tjks/ part absorbed in the blood, is swiftly

K l
converted in oq@oxic om ndgi miver and readily defecated by urine (Mishra

NN
Ecent oéhﬂorpyrifos are largely eliminated in urine and
ercent excreted in f m%s’ within 72 h of exposure (Pawar et al., 2015).

\_-Saeid et al., (2010) reported some pesticide’s residue levels in three cultivars

6 te fruits viz., Khalas, Sukkari, Nabout Seif and their seeds using SFE method. The
0

ncentrations of chlorpyrifos were 0.16, 0.18, and 0.15 mg/kg, respectively. The KSA-
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MRL for chlorpyrifos is 0.02 mg/kg, and the chlorpyrifos residue level was 6 times

higher than the KSA-MRL. YV
2.2 Household Methods for Elimination of Pesticides Residues f te Fruits
Most of the pesticide’s residues appear to be found on the surfage of vegetables

MOOO). There are

duc]e to decrease or

and fruits where they can be removed by the activity of rinsin

many studies performed on the effects of cleaning agricul

remove pesticide deposits as a stage in industrial crop ent.JThese_iAvestigations
"ax

decontaminatign &ﬁe\yedure
mw\dfe foun@ be more

effectual in eliminating pesticide remains in‘egmp isomﬂota ater(@e:. al., 1984).

Other material such as alkali and detérgent a)lution ( hi, @6), brine mixture
(Jadhar, 1987), Palmolive® soluti%rol, 20 \hygro K‘p\woxide, peroxyacetic

are of little functional use to the customers. Neverth

before use has also been studied for consumers

=

N
acid, ozone and chlorine dioxit%wg etlzll., 2001 ha\</Q 0 been discovered to be

more effective in eliminating the ticI 0 armizg&mmodities. Lee etal. (1991)
noticed 60 % decreas rpyriphos erl

4 2 &)
Hwang et al. (2001 nd out m ant rgmon from 56% to 97 % of pesticides

remains when sailed le

effects of %w theelimi
§ =N

vegetab% red flo arindv;\mce, vinegar, water and soda salt solutions were

wdied Y

S r cleaning chlorpyrif{s\)'ésidues from cauliflower by Nowowi et al., (2016)

a% itive results were obtained. Tianxi et al., (2017) reporting that using baking soda,
CO3z 10 mg/mL as washing solution for 12 -15 min is completely remove

&abendazole and phosmet surface residues from apples.



There are a few studies carried out on removing of pesticides from date fruits.
Distilled and ozonated water were used as wash treatments after harvesting fow
min in order to test the dipping times to remove amitraz and dicofol from di@ypes
of date fruits (Osman, 2015). Osman et al., 2014 reported removal of ¢ ifos from
date fruits using running water (H20), acetic acid, citric acid, h%g'en peroxide
Ho

(H20>), potassium permanganate (KMnOa) and running wate . The study used

relativity long washing time ranging from 5 to 60 min whi

nutritive value of date fruits under uncontrolled tempera

duration are the most important factors which shoul ptimized n¢ W. g of
date fruits for pesticides residue removal. 4 \T
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GS

Fruits and Vegetable Samples

=
\"ax

N

Table 2.1: Basic Principles the Modern Extraction, Clean Up and Determination Techniques med for Pesticides Residue Determination in

Analyte Sample Extraction /cleanup  Clea pfocedure Determination Reference
349 pesticides (multiclass-various) Fruit and vegetable samples QUECHhERS (Acetone) DSPEgwithprimary GC-EI-MS/MS Banerjee et al.,
(grape, pomegranate, okra, ﬁ? amlne 2012
tomato, and onion
hiti d&{g
black / hond fcajz'
Insecticides, fungicides and Olive oil and olives QUEChERS é\treeztg GC-MS/MS Anagnostopoulos et
herbicides of 32 different chemical (Acetonitrile) Ii-AQA |C|alq- LC-MS.MS al.,2013
groups ‘{' method?2007.01v
199 pesticides (multiclass-various) Fruit and vegetable Acetonitrile 1 Aw u T‘]ERQ%E‘N UPLC- QTOF- Lopez et al., 2014
commodities (apple, broccoli, acid C,) tr -buffering MS
celery, leek, melon, nectarine,
onion, pear, pepper, tomato,
and grapes. ‘ >\\, Y
219 pesticides Cereals Acei,@v 6 v Q hERS (AOAC;  GC-MS.MS He et al., 2015
\ fm{ate buffering and
N, citrate-buffering
Q ’ , ver5|ons)
Carbamates (carbofuran & carbaryl), Papaya and avocado \@Yonitryeo_/ P C" QUEChERS (AOAC;  GC-MS Pano-Farias et al.,
triazines (atrazine & ametryn), and \ Q acetate buffering and 2016
organophosphates (methyl parathion ,x\ | Q,% CEN, citrate-buffering
& NS versions
20 organochlorines Romanian graps (,)\ Methahol &5~ Stir bar sportive GC-ECD loan Simon et al.,
\Q extraction (SBSE)- 2016
/Q’ , £ . thermal desorption
Multi-class pesticides (including Fruit and vegetable'amples ~ PAcidifigt Acetonitrile  DSPE using HPLC-PDA Arnnok et al., 2017
carbamates, organophosphates, (cabbages, cu rs, \C-}’ polyaniline-modified
sulfonylureas, pyrethroids and rries) zeolite NaY

neonicotinoids)

tomatoes an ﬁqiw

S
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Table 2.1, continued

NJ
O

Analyte Sample Extraction /clean up Clean-up proceduke ) Determination Reference
76 representative Green tea Dichloromethane PLE/SPE column UPLC-MS/MS Chen et al., 2017
compounds (multiclass- (GCB/PSA
various) A V.
Aryloxy pesticides Vegetables (potato, tomato, Acetonitrile (as Combination o B an? DLLME GC-FID Farajzadeh et al.,
(metalaxyl, haloxyfopr—  onion, garlic, celery, radish, elution solvent) (sorbent (C ixed with a 2017
methyl, clodinafop— beet and carrot) dispersive solvent (is Ml) an
propargyl, diclofop— then dispersed. into a?\l\;’s
methyl, and solution into ana
bromopropylate tube.
Pesticides Date fruits Supercritical fluid No clea up n GC-/ECD/NAD  EL-saeid, et at.,
extraction SFE\CO2 NV 4 {\ 2010
and Microwave Co)
extraction MSE O
14 Organochlorines Brazilian Acetonltrlle/dlspersw Iean M nt) ~MgSO4, PSA, GC-ECD Mario Paza. et al.,
fruit pulps solid-phase extractl gSO4, PSA, C18 2016
d-SPE (QUEChE A} (3-
EN (citrate buffer A
version N
172 pesticides Fruits and vegetables i-Acetone |/ E4 l ii- DPNI /Q‘@t (modified NL method GC-MS.MS Ana Lozano et al.,
(extraction step, partitioning. 2016
42 pesticides Date fruits Acetifwonﬂf?\m g up needed; the upper layer LC-MS.MS Abdallah et al.,
and ci buffersaltsy#” wagifittered with 0.22um PTFE 2018
wer Egd U | syfinge filter into 1.8 vials for direct
ext n ) 4 chromatographic analysis.
Pesticides Strawberry, raspberry, @n’nrile’ ) ~Mlodified-QUEChERS dispersive solid ~ GC-MSW.MS Zhao et al., 2018
blueberry and blackberry % ' 4 f s Yg\phase extraction (d-SPE) based on a LC-MS.MS

A

i
O

mixture of PSA and

multi-walled

carbon nanotubes (MWCNTS)

N



2.3 Methods of Sample Preparation and Pre-treatment for Heavy Metals
Analysis T
Heavy metals analysis in organic or inorganic matrices invo(g}mple

preparation methods for partial or whole dissolution of the samplé'&ix before

instrumental analysis. These include digestion of the matrix, extractionreparation
of the analytes for the analysis. Therefore, digestion methods_are most frequently
applied approaches for sample preparation of inorgan Smi

r]ants. Digestion

methods such as dry or wet decomposition in open or d sy eng thermal,
B

ultrasonic, or radiant (infrared, ultraviolet, and micro S) can be eff: tWeI plied

, bi@@'ical, and
Iytica,@rgr'lods for the

mp@lgestion has been

analysis of heavy metals and other i anicscompoun
gﬁtﬁgestion, microwave

developed over the last decades Wing dr \N%
digestion, ultraviolet irradiation%und,gnd slarry: sarpge\reparation methods that
are improved for all types %Ies ﬂ??,;(;ri Ic:\‘biological samples, soil, and
water), with the purpo fer the ll(
using suitable anal &m( i 4 é}z')

Most samévtain'\r:;nic @bounds also contain organic substances

i

¢

that requi@atme t be eén;&g?s. Generally, pretreatment (filtration and
NN

acidific% required f *quifiedﬁ}organic compounds (metals), which can then be

naIgA

for inorganic compound analysis to all types

water samples) and they signify an essentiahstep

@
3

s'in@lution, prior to quantifying them

. b %

directly. Digestion (ﬁ;tﬁe sample involves the complete destruction and
N

ton of the sample matrix to release inorganic species from the matrix.
Q In metal analysis, combustion is one of the simplest and most convenient
igestion methods. Figure 2.2a shows various tools that have been used in combustion
methods for sample ashing. Ashing is the dissolution of the inorganic compounds in
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organic materials by decomposition or complete oxidation. In the last decades, digestion
procedures such as dry ashing, wet ashing, and microwave digestion methods haw!!m

widely used for the decomposition of organic materials from enviro@ and

biological samples (Marshall, 2010). A

2.3.1 Dry Ashing
Dry ashing is simple and has been widely used fo Z; est'lon of inorganic

4

compounds in various samples. this technique, involve dec ition of organic
"X

dis Mti@f the

types of muffle

: Curn@;z/,~ microwave

furnaces with high heating efficienCyyare available. y r@ extremely high

temperatures in a short period of ti ectror%?ite Q@gen plasma is utilized
N

for low-temperature ashing andgiteissVery ugeful rwolatt{?elements (Nemati et al.,

2010). \A

Crucible type is €riti ; the asJing océss@ause the types of crucibles used
4 ¢ &
must be appropr%he sa[n N ere %many types of crucibles used for the
c sampl

ashing of inorg esi i qua@forcelain, Pyrex, steel, and platinum. The
a\ ¢ CR
selection of able crucible i de{er&g on the sample and the furnace temperature.
% NN
because ost, [igh- eratwé}tability (<1200) ease of cleaning, and resistance

to aﬂd&orcelain crucibles ar@ténsively used for dry ashing. A number of dry ashing

Xh have been developed and officially recognized for the determination of ashing
3 nt and inorganic contaminants in various samples (Horwitz & Latimer, 2005).

The advantages of the dry ashing method are the ability to digest a large number

furnaces (110 V to 208 or 240 V) are empIQe\d} r dr

of samples, and the remains can be liquified in small volumes of acid. It does not require
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any expensive reagents. Elements present at low levels in the samples can be analyzed
effectively. That advantage is not possible with other digestion methods, suchvm
digestion methods. Drawbacks to this method are that it is time-consumi@eeds
more electrical power. In addition, it is not suitable for the minerali f volatile

compounds of Hg, Se, Zn, V, Cr, Pb, Cu, Cd, Ni, and B (Hoenig, 200?.

2.3.2  Wet Digestion z l

Wet digestion depends on the dissolution of inorganic comp y acid or
oy
mixtures of acids that are carried out in open vessels, i s,onaho tel o@osed

heatinﬁ. us methods have

m‘ver ten of @’mple into a
e@%nt extraction of
elements from various geological,bﬁgs’cal,an i g

N
designed apparatus (Stoeppler%lnor@anic ?)ecies(zé? be produced by adding

strong acid mixtures and | hla y (therm &uicrowave, UV, or infrared

resources). Nitric acid%ﬁ used for th pr'msb'oxidation of organic matrices in
various samples; h W{er, a sir i used&uet digestion does not give complete
and rapid oxidation ofithe S, a

ure of acids is often used. The common

=

p@gamples with specially

/\/m

¢
physical pro %of agids_andl ves
Ep il

. N I
digestion of samples &\/\/&012). Figure 2.2 (b) shows the classification of

wet ﬂﬁon methods using @'ént energy devices and systems.

3
N
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(a) [ Comblustion ]
| AV

[ Open systems ] [ Closed systems ]
I =
Flask combustion with
oxygen
[ Dry ashing ] [ Plasma ashing ] -

L — i

Microwave-assisted
combustion

Bomb combustion with
0Xxygen

(b) [ Wet digestion ]

[ Open vessel ] [ Closed vessel ;

4 Conventional ‘
% thermal energy
.

Microwave
radiation

P
Conventional thermal }

Conventional }
energy

4
C) thermal energy
Microwave
radiation
Other radiation
e.g., UV, infrared

.

-

Microwave radiation

—[ Ultraviolet radiation
_[ Infrared radiation '

\

Other radiation

e.g., UV, infrared

T NS
:
&

(S.Q Sources: Kailasa & Wu (2012)

0} ‘3':' 5
Figure 2. lasstfication ofySampl Qecomposition Methods for Inorganic
%ies@ ombu io@d (b) Wet digestion
4‘:‘:.’) 4 wqr-
A\ o
2.3& onventional Wet Dslgestion Methods for Heavy Metals Analysis
n

‘% conventional wet digestion procedures, samples are firstly digested in a mixture

trong acids or oxidizing agents, such as nitric acid (HNO3), perchloric acid (HCIO4),

sulfuric acid (H2S0a), hydrochloric acid (HCI), and hydrogen peroxide (H202). The
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digested samples are then heated to near-dryness cooled and re-dissolved in a suitable
solvent (usually 1 % HNO3). These digestion methods successfully decomp

organic materials in biological samples and lessen the dissolution substanc final
solution. Therefore, the matrix effect and spectral interferences #A@woved or
minimized. Direct wet digestion methods are frequently carried ou concentrated

HNO:s or in a mixture of HNO3s and H20.. Studies that used t isNution technique

reported good recoveries for certain heavy metals in louSy biological matrixes

background spectral interference (Matusiewi eco@he most
preferred sample preservative and dissolutiw nt ffn\ele ntal aqé;s(l;. With H20

and reactive oxygen species as decompasitionproducts, has <<Ome the preferred

additional oxidizing reagent used ir@s’unction \’N—WVO ;o:}acilitate wet digestion
A N
of biological samples. This diss%m is si ,

rapid, and subject to less
potential contamination and@

B

@ian etal., 2011).

2.3.4 Ana'Vtimols fol' ination of Heavy Metals in Food and
Enviropmental Sa
(\ ¢ (,2

Severa: ical techni e%a&b en employed for the determination of trace

NN
ical afid.en nmenél\samples such as atomic absorption spectrometry

s

( luding both technia\ue5\~’flame atomic absorption spectrometry (FAAS) and
‘%\b furnace atomic absorption spectrometry (GFAAS), inductively coupled

a-atomic emission spectrometry (ICP-AES),inductively coupled plasma-mass

metals in'bi

ectrometry (ICP-MS), neutron activation analysis (NAA), energy dispersive X-ray

fluorescence (EDXRF) ,differential pulse anodic stripping voltammetry (DPASV)
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(Zhong et al., 2016). GFAAS will be used for quantifying the heavy metal contents in

date fruits samples in the present work because of its high selectivity, ac

sensitivity, effectiveness, and low cost in addition to the availability of th@ent

2.3.5 Heavy Metals in Date Fruits Q

There are many studies on investigating the heavy_metals’ in date fruits;
determination of some trace elements as pollutants in dat 'tgnd 1gricu|tural soils

at Zilfi province (Sudan) was carried out by Suleman (2 . The oWons of the
B

0.7-42), Al 2}3._7@'532.5),

), Cr (19,2-186.2 (ppm), while,
Q) '

elements in soil were found as follows in ppm:
As (40-59.8), Bi (0.02-0.1), Cd (0.08-4.2), Co (&d-

the concentrations of the examined heavy&q‘n\?tl its V\@Vgund as the
following in pg/g: Ag (0.3-1.2), Al @ 9), As .5), @%D 004-0.008), Cd

(0.03-0.2), Co (0.03-1.6), and Cr 5.5). \he(gd e,@ples showed lower
concentrations of heavy metals%washed ones: In th c?:ly carried out by Taha et

al., (2015) on date fruits fr \e l ai KSA@shed and unwashed samples

were analyzed for n%) ents u

absorption spectro Wneter ' :ej. Its o;\ﬁaé study showed that the dates have

considerable co nts hlleéa‘f)msonous elements such as arsenic (As),

ing ndhc coupled plasma and atomic

cadmium (Cd), ni eI (Ni s{w@(jgl) was found to be less in washed samples
compar ashed fs T udy conducted by Salama et al., (2019) revealed
a eavy metals such as{%énlc (As), lead (Pb) and cadmium (Cd) are exceeding

th% imum allowable levels (MAL) and the estimated daily intake (EDI). AS and
e

6 re found higher than maximum tolerable daily intake in samples from some
ocations of KSA. The calculated hazard risk index predicted that both AS and Pb may

have a possibility of health risk on consumer’s health. Therefore, the heavy metals
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content and risk assessment should be investigated for the imported date fruits from
Middle East. However, a suitable, low-cost digestion method for determination ow

metals in date fruits matrix should be investigated. ('}
2.4 Natural Antioxidants Y~

In food, naturally occurring inhibitors typically derive WIant materials.
phenolics and polyphenolics, like tocopherols are the active, components of secondary
plant metabolites derived from phenylalanine initially, m tyrosine in e plants.

]
The resulting poly-phenylpropanoids can then be sub d to additiona rTszrJ)n tion
=

to yield benzoic acid derivatives, flavonoids, lavones, “an somuz-complex

Y,
\fesentég' a complex
a ocktég(of many active

components in free or bound forms Ehahl & k,ng ))&ane the effectiveness

of preparations is governed b chemica ructl@and regulated by the

7]

concentration and system-@pq en Iic-['\;ph%ﬁilic balance (HLB) of
Irce ate

contributing molecule(. Thg the so
ts

synergistic and antaw Jare Tw.& ng th de of action of natural antioxidants

<

which comprise | mechanism &)
i
¢ ? (..)

24.1 Q&{v%ﬁent fbﬂx' ar@#ivity

r@wd the potential existence of

4

antioxidant activity cr&@%ssessed by quantifying primary or secondary lipid

X

idation products or by tracking other variables. Usually, the interruption of the

ation of hydroperoxide or the development of secondary autoxidation products by
S

mical or sensory methods can be used as a determining factor. These procedures

can be applied to either complete foods, their extracts or to model systems. It is
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possible to conduct studies on foods under regular storage conditions as well as under
accelerated oxidation conditions using methods such as the active oxygen wﬂj
(AOM), the Schaal oven test, oxygen uptake/absorption, oxygen bomb caﬁr"s y, or
by using a fully automated rancimate apparatus (Kochhar & Rossel;*.990). The
increase of the induction duration by adding an antioxidant is%€orrelated with

eNotective factor.

The most frequently used tests for evaluating antioxidant a re listed in the Table

2.2. \d‘ -

. DY)
Table 2.2: Assays Used to Evaluate ntioxidant Activity® .5
g ) 3
_\wa N
m

981); Zigret al.

., 202
Tiobarbituric acid test (TBA)

;Kr@?aki &
, Karagoz et al., (2015).
Oil stability index (OSI) assay %

antioxidant effectiveness, often expressed as an antioxidant i

Assay

Ferric thiocyanate method (FTC)

(1992);Yu et al., (2002)
Free radical scavenging capaci , : 4 o
diphenyl-1-I-picrylhydrazyl th;gns F%teit ?g@;ﬁ% Oktay etal.,
radical (DPPH) assay \V™
Chelating activity (2,2' -bigygl , haguchiet al., (2000), Li et al., 2011
-

']

competition assay)
Antioxidant capacit%h)tene - [ Praft (192); Dimitris & John. (2001),

linoleic acid assay) aihiset al., 2013

Superoxide anio vengi e i N/

assay (xanthine nthihe i iga & Ryszard (1987), Bhatia et al.

system & Phenazine “meth 21)

NADH Systﬁsrx-enlymic
2.5 and Qu tlffat&mf Phenolic

\ e are many spectroﬁm ometric methods to determine the phenolic contents

t materials. These tests are based on various concepts and are employed to

Oermine various structural classes of phenolics. It is possible to quantify all extractable

phenolics together using spectrophotometric methods, but this is not always the case.



(Swain & Hillis, 1959; Price & Butler, 1977). There are some developed methods for
determining individual phenolic chemicals, such as sinapine (Tzagoloff, A
Flourat, et al., 2019 and Quinn, et al., 2017), while others were developed % ine
a specific class of phenolic substances, such as phenolic acids (Price etﬂ&m; Brune
etal., 1991). The modified vanillin test (Price et al., 1978), Folin-DWsay (Swain
& Hillis, 1959), Prussian blue test (Price & Bulter, 1977) and Folm=-Ciocalteu assay
(Hoff & Singleton, 1977; Maxson & Rooney, 1972; D r?e.&'Cheryan, 1987,

Aryal, et al., 2019) are most commonly used spectrop etri nw Table 2.3

@

. . \Z
shows various assays used to assess total phenolic nts. l )
~

wn

Table 2.3: Summary of Assays Used to Te T {P lic Content

7~
u‘\‘ ~ \Reference

Assay NU
Vanillin assay (Condensation of vanillin ~ Quantifi of \ Goldstein & Swain

. Lo . S, (1 ; Burns (1971).
with proanthocyanins in acidic solutions) P hocyanidin in frui ahiidi et al., (1991)

\ Price & Butler (1977);

Prussian blue assay (Reduction of ferric ificatio Jen A c& eshpande and Cheryan

to ferrous ion-by polyphenolic) (1987); Shahidi, & Zhong,
6 L o) (2015)

Folin-Denis’s assay (Reduction of Quantifieation oftotal (25' Folin & Denis (1912)

phosphomolybdic-phosphotungstic ac henolics.i t mate@ nd Swain & Hillis (1959)

to blue-colored complex by phenoli beverages ] N Blainski et al., 2013

Hoff & Singleton (1977);
Determing the toﬁbntent Maxson & Rooney (1972)

Folin-Ciocalteu assay (blue gomple
between reagents .
and phenolics) fﬁ)((%henollcs. Aryal, et al .,2019
]
S

‘\\\
Reinecke salt assay (fo Nof Watir- termin ri%of sinapine in Calndinin (1961); Austin
insoluble complex b Reinecke salt % P & Wolff (1968); Flourat, et
en b

and Quaternary 'nit ) ! 5 t met{h& e al., 2019

Titanium tetrachl My (Formationy _! A

of tetrachloride :Dcﬁ’d ation of sinapine in Eskin (1980); Quinn, et al.,
e water (60:40) extracts 2017

titanium com S sinapine i ALK
presence ofH &\

IS
A
2.6 ysis and Quantlfloamn of Total Sugars
e colorimetric methods for determination of total saccharides that based on the
ction between a hydrolysed carbohydrate solution and a colouring reagent produces
a colour that is observable in the visible electromagnetic spectrum, is one of the most

flexible, reasonably simple and cheap methods for determining concentration of
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carbohydrates. Reagents widely used for colour production include phenol (CsHsOH)
(DuBois et al., 1956), alkaline ferricyanide (2K4 Fe (CN)s) (Englis & Becker, 19?&!1
anthrone (C14 Hio O) (Dreywood, 1946). (’}

The Phenol — Sulfuric acid method of DuBois et al. (1956) ha?écq, the most
reliable method and widely used in several areas among colorimmethods for
analysis of carbohydrates. The dehydration of hydrolysed saccharide’into the furfural
derivatives during the reaction with concentrated sulfuric ’X;d on the Phenol-
Sulfuric Acid process (Albalasmeh et al., 2013). Fu furf raWives with

A X
phenol forms coloured complexes that have maximu orbance a Obr&@ﬂBois

v
re are some

tlable™metho

significant disadvantages in the Phe SS. é‘l Phenol and its

vapours are corrosive to skin, eye arﬂsathing S \'&*h 3 ,@eated skin contact can
N

lead to dermatitis or burns of sa%d thiﬂi deg eaSin(ié;]y, prolonged, or chronic

phenol vapor inhalation cau%nonr 0ema. I@erm exposure to phenol also
has a significant eﬁect% ntral n ;/J f)}ste@kidneys, and liver (Michalowicz

et al., 1956; Rao & Pattabiraman, 1989).

While it is simpler to use than man

'3

& Duda, 2007, Allk@h e@. Seccg_in glucose-equivalent concentrations,

the product of the comventi 'nol cﬁ%lfuric Acid process is presented. This
¢

representatias%have 0ssi déw@(;?s in the treatment of complex carbohydrates

that are%
derim&

s (sulfuric acid) dep@eavily on whether the carbohydrates are neutral or

NN
le glticos ‘glymeé}inally, the chemical reactivity of carbohydrate
a Thus, the coefficients of molar absorption will differ greatly depending on the
G e of the analysed carbohydrates (Mecozzi, 2005).
However, Albalasmeh et al., (2013) introduced the Sulfuric Acid—UV method as
a method for determining sugar concentrations and carbon content of aqueous solutions
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based on the UV absorbance of furfural derivates formed by reaction with concentrated

sulfuric acid. The suggested Sulfuric Acid—UV approach employs aqueous solu

neutral (glucose, fructose, sucrose, starch, dextran, and actigum) @ionic

(polygalacturonic acid (PGA) and xanthan) carbohydrates o ilized in

environmental research and industrial applications. Q
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