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ABSTRACT

Synthetic phenolic antioxidants (SPAS) are permitted inalimited number of
food products according to international legislations, with individual maxi-
mum limitsin each case. Thisstudy describesanin-housevalidated GCMS
method for quantitative determination and confirmation for the TBHQ, BHA
and BHT in vegetarian ready to eat meals. Develop and optimised simple
and rapid sampl e preparation method for extraction of the three SPAsfrom
theready to eat food items. Analytical characteristics of the GCM S method
such as limit of detection, linear range, and recovery were evaluated. By
using external standard method the analytical results showed that the lin-
ear correlation coefficientsof TBHQ, BHA and BHT were more than 0.998
and Recoveries(n = 6) of the SPAswhen spiked to ready to eat food at 5,10
and 30 mg kg* wereintheranges97.3-105.2 % for BHA, 102.7-104.7 % for
BHT and 98.4- 101.5%for TBHQ. Thelowest detection limitwas0.1 mg kg for
TBHQ & BHA and 0.05 mg kg*for BHT. Thelevelsof SPAsinall food items
analysed were below the legal limits.
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INTRODUCTION

The use of synthetic phenolic antioxidants (SPAS)
issubject to regul ationsthat establish permitted com-
pounds and their concentration limits. Therefore, alot
of research has been conducted to determinethe pres-
ence and quantities synthetic phenolic antioxidants
(SPAs) indifferent oil & foodsitem. Accordingto the
recent survey, the Indian food market show, theamount
of money Indians spend on med souts dethehomehas
morethan doubled in the past decade, and isexpected
to doubleagainin about haf that time. Therapid eco-

nomic devel opment, innovativetechnology and food
production, growing consumerismandimprovedlifestyle
arethemain reasonsbehind thisgrowth .Vaueaddition
of food productsis expected to increasefrom the cur-
rent 8 per cent to 35 per cent by the end of 2025. The
market for semi-processed/cooked and ready to eat
foodswas around Rs 82.9 hillion in 2004-05 and is
rising rapidly. Ready-to-eat foodsare now gregtly pre-
ferred by the public; in thisdevel opment, ready to eat
mealsplay amgjor role. Ready to eat mealsinvariably
contain fatsand oils, which can oxidize slowly during
storage. Variousoxidation products causerancidity and
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Figurel: GC/M Schromatogram (T1C & Extract ion’s chromatogram) and mass spectra of three antioxidants. The three
peaks showed the following fragment ions (m/z; numbersin parentheses wer e used for conformation) 1A:- BHA, 165,
137,180,166 2A:- BHT, 205, 177,220,206 3A:- THHQ, 123,151,166,124

deterioration of the sensory propertiesof thefood prod-
ucts. Auto-oxidation of fatsand oilsin processed foods
can be prevented by the use of oxidation inhibitorsor
antioxidants. Although the use of antioxidantsiswell
established in history, the devel opment of synthetic an-
tioxidantsand their high efficiency even at [ow concen-
trationsintheinhibition of the oxidation of fat haslead
to their widespread use in ready to eat meals. There-
fore, many synthetic antioxidants such asbutyl ated hy-
droxyanisole(BHA), 5-di-tert-butyl-4-hydroxytoluene
(BHT), tertiary butyl hydroquinone (TBHQ) areused
in ediblevegetableoil and cosmeticg*2. Althoughthey
arepowerful in protecting product quality infood dis-
tribution, excessantioxidants added to food might pro-
ducetoxicitiesor mutagenicities, and thusendanger the
health of people®4. In the United States and codex
alimentariuscommission®, 2- and 3-tert-butyl-4- hy-
droxyanisole(BHA), 3, 5-di-tert-butyl-4-hydroxytolu-
ene (BHT), tert-butylhydroguinone (TBHQ) may be
used individually or in combination up to amaximum
limit of 200 mgkg™. In Europe, the use of antioxidants

isregulated by Directive No. 95/2/EC®. In most coun-
tries, thecontent of phenolic antioxidantsin processed
foodisdtrictly limited. Many manufacturersprefer to
use synthetic antioxidantsbecausethey arestable, chegp
and easily available. However, these synthetic antioxi-
dants have potentid risks” raising safety concernsina
growing number of consumerg®!, Regardingthisas-
pect of safety and hygienefor foods, it ispredictable
that therewill be stricter limits ontheuse of synthetic
antioxidantsinthefuture. Themethodsmainly reported
for the determination of antioxidantsand preservatives
in Foods, cosmeticsand pharmaceuti cal swere based
on high performanceliquid chromatography (HPLC)>
41 gas chromatography (GC)*>18 jon chromatogra-
phy (IC)™ capillary € ectrophoresis (CE) ! high per-
formanceliquid chromatography el ectrospray mass
spectrometry (HPLC-MS)™% and gas chromatogra-
phy— mass spectrometry (GC-MS)2. Most of study
in foods based on edible vegetable oil but very few
studieshave been reported for analysisof SPA inready
to eat food. However, to the best of our knowledge, so
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far no person has reported the method for determina-
tion of antioxidantsin vegetarian ready to eat meds. So
we areincluding such kind of samplefor study. The
purpose of the present study wasto developasmple,
reliableand sensitive method for the s multaneous de-
termination and confirmation of thethreecompoundsin
vegetarian ready to eat meal s product by GCM Swith
smplesamplepreparation. Mainfocuswasto smplify
the analytical process as much aspossibleduring ex-
tractionwithout sacrificing high recoveriesfor andytes.
This proposed method optimises all parametersfor
determination a therange of itspermitted limit in differ-
ent food product.

EXPERIMENTAL

Chemicals

Reference compounds butylated hydroxyanisole
(BHA, CAS No0.-25013-16-5), tertiary butylhydro-
quinone (TBHQ, CASNO0.-1948-33-0), butylated hy-
droxytoluene (BHT, CAS No.-128-37-0) was pur-
chased from Fluka (Buchs, Switzerland) and Aldrich
(Sigma-Aldrich, Steinheim, Germany). All reference
compounds have apurity of P 98.0%. HPLC grades
Methanol and ethyl acetate were obtained fromMerck
(Darmstadt, Germany). Weter waspurified usngaMilli-
Q Ultrapure water purification system (Millipore,
Bedford, MA, USA).

I nstr ument
GC/MS

A Varian 3200 GC gas chromatograph equipped
withaprogrammed split/split lessinjector, 88000 auto
injector, and aVarian 2000 ion Trap mass selectivede-
tector (Varian, Inc. CA, USA) were used to perform

Hnalytical CHEMISTRY o

al GCanayses. AVF-5MS (30 mx 0.25mmid, 0.25
um thickness) column was used. Helium was used as
thecarrier gasat aflow rateof 1 ml/min. Theinjector
temperaturewas 80°C for 1 min. Then 280C at 200°C/
min. maintainfor 35 min., sampleswereinjected inthe
splitlessmode, and theinjectionvolumewas5 ul. SPA
arelow temperature el uting, all compoundseluted up
to 180°C so oven temperature was programmed as
follows 80°Cfor 3min, then 150°C at 15°C/min, main-
tained for 5min., 180°C at 5°C /min., 280 at 25°C/
min., maintained for 12.33min.

The mass spectrawere obtained using the mass
selectivedetector under eectronimpact ionizationat a
voltageof 70 eV, mass operating condition areasfol-
low Trap Temperature200°C , Manifold temperature
80°C and Transfer linetemperature 230°C and data
acquisition was at a scan rate of 0.95/s over an m/z
range of 50-500. Chemist 6.42 software (Varian, Inc.
CA, USA) wasused to process peak areas. The con-
firmation of SPA was performed by comparing the ob-
served mass spectrawith those recorded in standard
spectrometry librariesand by i dentical retentiontimeof
astandard i njected under the same conditions.

Sandard preparation

0.1 g (accurately weighed to 0.0001 g) of all refer-
encecompoundswereindividualy weighedintoa100
mL amber volumetric flask and dissolved with metha-
nol. Standard mixtures of al analytesat different con-
centration levelswere prepared in ethyl acetateto es-
tablishthelinearity rangeand thecadibration curves.

Samplepreparation

Representativefood itemswere chosenin an at-
tempt to cover theanalytical complexity of food ma-
trixes. Inthese groups different food itemswere tested
inorder to evaluate possibleinterferences. Total Nine-
teen test samplesof ready to eat food (Steamed & Fried
Rice, Rggmamasala(kidney beans), Aloo muitter (po-
tato & green peas), Dal makhani (pulsespreparedin
butter), Chana dal (dish made using hulled, split
hickpeas), Palak Paneer (cheese-based dishes)) item
were purchased fromloca marketsin Delhi, India

Taken 1.00 gram homogeni sed samplewith 5 ml
water, 1 gram NaCl and 5 gram sodium Sulfate, add
10 ml ethyl acetate homogenised it at 5000 rpm for 2
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min and centrifuge at 12000 rpm at 5°C for 10 min.
After centrifuge upper layer of ethyl acetate aretaken
for GCMSandysisinvid.

RESULTSAND DISCUSSION

Phenolicantioxidant especidly TBHQisreedily de-
composed by oxygeninair. It istherefore necessary
that their concentration be determined immediately af -
ter preparation of the samplesolution. WhereasBHA,
BHT instandardsare stable.

Extraction method

Usually thesimplest way toimproveefficiency of
andytical methodisto reduce samplesizeto minimum
amount that will providegatisticdly rdiableresults, while
taking into account the degree of sample homogeneity
and scalethe method accordingly.

AOAC methods 968.17 and 983.15? and other
method?"?8 recommended sample preparation and
clean up procedures are based on Ceredls and veg-
etableoilsand they areshow highnoise, low sensitivity,
lossof analyte, useof large volume of organic sol vent
and co-eluting compound on GCM S and timetaken.
For avoided such kind of problem We have optimise
Severd parametersfor achieving detection rangeupto
permitted limited take. 0.1 gram equival ent weight of
samplefor anays sand eliminate sol vent evaporation
step from sampl e preparation.

Optimization of extraction

Severd parameters(sample amount, homogeniza-
tionmethod, extraction solvents, extraction volume, and
number of steps) were studied in order to optimizethe
extraction procedure. Different amountsof sample (1,
2, and 5 g) weretested, and the best resultswere ob-
tained with 1.0 g sample. Homogenizationisan impor-
tant step becauseit can significantly affect therecovery
of themethod.

Ethyl acetate was used as extraction solvent. The
solvent volumeand number of extractionswereevau-
ated. Best resultswere achieved when extraction was
performed with 10 mL ethyl acetate and homogenised
for2min.

SPE cleanup
During thisstudy wearea so seen dispersivesolid

—— Fyll Peper

TABLE 1: Recovery & calibration curve parameters

Parameters
Compound TBHQ BHA BHT
Correlation coefficient (R?) 0.998 0.999 0.999
Retention Time (min.) 13.77 11.88 1211
— i s
Linearity (working range), mg I 0.1-5.0 0.1-5.0 0.1-5.0
Detection limit, mg kg™ 0.1 0.1 0.05
Repeatability 6.73 7.84 9.67

(% RSD at 5mg | con.)

Maximum permitted level (mg kg™)* 200 200 200

Recovery in Ready to eat food product (mean Recovery % (n=6) £SD)

Fortification level (mg kg™) TBHQ BHA BHT
102.7+
5 98.4+6.64 97.3+7.63 0.93
102.4+
10 101.5+7.20 101.3+7.97 9.99
30 100.4+6.86 105.2+11.29 104.7

7.66
*As per codex alimentarius commission. general standard for

food additives CODEX STAN 192-1995 (Rev. 6-2005) #Quanti-
fication ion

phaseextraction asanother dternativefor cleanup. C18,
PSA weretrying for that but they were show | oss of
andyteduring recovery study indifferent leve.

Optimization of chromatogr aphic methods

With the GC method, severa preliminary studies
were performed in order to obtain afully resolved peak
for SPA. The GC method was optimized, testing the
effect of theinjection mode (split or splitless) and the
temperature gradient program on the SPA peak reso-
|ution. Best resultswere achieved using split lessinjec-
tion. During study wefound carrier over wasshow when
samplewere highly contaminant (=400 ppm) and car-
rier over amount islessthan 0.1 %. The GC column
should be cleaned properly (using anisocratic oven
program of 280°C for 12 min) between successivein-
jectionsto avoid carryover from strongly contaminated
solutions. A chromatogram in the full scan modeis
showninfigurel.

Linearity

To carry out thisstudy, matrix match standardswith
sx levesof concentration withintherangeof 0.1-5mg
kg! wereprepared. Anadysiswas performedin tripli-
cate. Quantitation was carried out using the peak area

from the chromatogram of the molecule. Thelinearity
range, correlation coefficient werelisted in TABLE 1.
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Asobserved, thelinearity of the analytical response
within the studied range of 2 orders of magnitudeis
excdllent, with corrdation coefficientshigher than 0.998
indl cases.

Precision

Assay precision of the method was eval uated by
analysisof six replicates of standard solution for three
concentrations. The precision was between 6.82%1to

10.74%. Theresult shows good reproducibility and
precision of method.

Recovery

Therecovery of themethod was studied at the con-
centrationlevelsof 5, 10 & 30 mgkg* whereaknown
concentration of the analytes was added to a deter-
mined amount of placebo and it was cal cul ated by the
concentration of theanal ytesrecovered inrelation to
that added. Theresults obtained for the accuracy study
(recovery method) from samples (n=6 for each con-
centration level) arepresentedin TABLE 1 and figure
2.AsshowninTABLE 1, it can be concluded that the
recovery study of the antioxidantsand preservativesin
theready to eat food product was correct, therefore,
the proposed anal ytical method was sufficiently accu-
rae.

Limitsof detection

Thelimitsof detection (LODs) wereestimated with
concentration levelsgiving asigna-to-noiseratio of
about 3.Theresults are shown in TABLE 1. As ob-
served, themethod limitsof detection obtained arelower
than the maximum residue level established for these
antioxidantsand preservatives.

Selectivity using GCM S

Selectivity istheability to separate or isolate the
response of thetarget compoundsfrom matrix interfer-
ences. Retention Time of ana yte shift between+0.07
showsduring repegatableandysis. High sl ectivity for
thetarget compounds can be achieved during anaysis.

Sampledetermination

To evaluate the effectiveness of the proposed
method, it wasapplied totheanaysisof atotd of nine-
teen test samplesof ready to eat food item. Fortunately,
inmost cases, most antioxidantsand preservativeswere

not found. Only BHA in 6 samplesin range of 8-26
ppm and TBHQ in one sample 2ppm were detected
but all arealso below MRL.

CONCLUSION

A new analytical method has been devel oped and
appliedinroutinefor screening quantitation and confir-
mation of antioxidantsand preservativesinready to est
food itemsin therange of concentrations between 0.1
and 400 mg/kg, and had show good linearity and low
detection limits. Thismethod show significant rolees-
pecially routine analysis of ready to eat food product
becauseit’s simple, cheap and rapid sample prepara-
tion method.
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