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ABSTRACT OF THE THESIS
DEVELOPMENT AND VALIDATION OF A PURGE & TRAR THERMAL
DESORPTION GAS CHROMATOGRAPHY- MASS SPECTROMETRY (P&T
TD-GC-MS) METHOD FOR THE DETERMINATION OF PROPYLENE
CHLOROHYDRINS (PCH) IN HYDROXYPROPYL STARCH AND PROPYLENE
OXIDE- FUMIGATED FOOD PRODUCTS
By YUE JI
Thesis Director:

Dr. Thomas G. Hartman

Propylene oxide has been widely used in food industry to modify food
functionality and to sterilizefood products. Exampé include hydroxypropylation of
starch and cellulose to modify cold water solubility astdrilization of nutmeat like
almonds. In this process, some undesirable side chenswgalls as PCHare poduced.
PCHare mutagens and potential carcinogens. Thd eCH permissible in modified
starch is regulated internationally. Food Chemical Codex, Joint FAO/WHO Expert
Committee on Food Additives (JECFA) and European Commission on food additives
have set the limit of PCH in hydroxypropyl starch, which is leas ttmg/kg. However,
because few toxicology guideline studies are available on PCH, the hazardous effects

have not been fully understood and the allowable residue content of PCH in many food



products has not been specified by regulations.

Recent independéstudies conducted in the US and Europe have suggested that
the certified international methodor PCH quantification in modified starch may
underestimate the amount of residual PCH. The objective of this research is to develop an
alternate method for PCHuantification and to independently evaluate the results of a
newly proposed solvent extraction @€S analytical method AVEBE unpublished
study)

The P&FTD-GC-MS method includes four steps: solvent extraction with water
or MEOH, Purge & Trap concentrati, thermal desorption and @@S analysis. It
incorporates &hloro-1-propanol (a PCH structural isomer) as a maspiked internal
standard. The method is approximately 100 times more sensitive than the proposed
European solvent extractiddC-MS method allowing for full-scan mass confirmation in
contrast to the European method that uses selected ion monitoring. TRECP&T-MS
method also eliminated the requirement of a highly specific GC injector (Programmed
Thermal Volatilizer or PTV) which is mandateby the European method and not
commonly available to most labs.

With this P&TTD-GC-MS method, the LOD ofboth PCHL and PCH2 is
0.025mg/kg andheir LOQ is 0.1 mg/kg. A series of method validation tests, including
precision, system suitability and re@&sy were conducted to determine the accuracy and

sensitivity ofthe P&FTD-GC-MS methodin this study
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1. Introduction

Hydroxypropyl starchis produced by modifying native starch with propylene
oxide in an aqueous environmer@omedesirablefunctionalitiesare achievedvith this
modification, includingdecreased atch gelatinization temperatur@creased starch
grande swelling and dispersion ratmcreased clarity and cohesiveness of dispessi
increased starch paste ldemperature stabilitgndincreasedsolubility and fexibility of
starchfilms (Rutenberg and Solarek 1988ecauseof theseproperties, hydroxypropyl
starch has been applied formulating many food products, like frozen puddinffpzen
pie filling and surimi food However,in starch hydroxypropylation procegsopylene
chlorohydrins argformed as undesirable kpyroducts PCH pose apotential negative
health effect when consumedand theircontentin modified starchhas been putinder
strictregulationworldwide

Fumigation is an impoant wayto sterilizefood products Propylene Oxide is a
main fumigant usedfor bacteria, mold, yeast and inseetluctionin nutmeats (except
peanuts) and coa powderuthorized by FDA/EPAGriffith and Warren 2001Isikber et
al. 200§. When fumigating with propylene oxidePCH tend toform by the reation
amongpropylene oxidginorganic chlorideand moisturen thefood producs.

PCH exist in two isoners, Xchloro-2-propanoland 2-chloro-1-propano) which
are formed as bproducts in &arch hydroxypropylation opropylene oxidefumigation
process. PCH ar&nown as mutagens and potential carcinogé@ddDHSS 2004)

Currently,few guideline studiegsreavailableon PCH which includeacute, sub chronic,



developmental, reproduction or chromixicity studieS([EPA 2006) A search in the open
literature provides some information concerning short term inhalation, digestion, eye and
skin exposure hazardsusedy PCH exposureBased orthein depthreview conducted

by a subcommittee of the Nanal Academy of Science aral committee on nutrition

from American Academy of Pediatridsis inadvisable to uskydroxypropyl starchem

foods intenced for infants and young childrer(National Academyof Science 1978;
Chairman 1971)

The current certified international method €H detection wasleveloped by
JECFA This method, howevemay undeestimate PCH adent in hydoxypropyl starch
according to r ecentdy Guirentlyla Europdarepdoposed SdB/&nd s st
extraction GEMS method, whickaims at achievinga higher accuracy and sensitivity are
underdevelopment andvaluation

Because oh lack of appropriate analytical method RCH quantification and to
independetly evaluate theproposedeEuropeanmethanol extraction G&IS method a
P&T-TD-GC-MS method forPCH quantification in hydroxypropyl starchhas been
developed and validatad this studyIn this studythe calibration curvefor PCHwere
built; precisionand recoveryweretested limit of detection (LOD) limit of quantification
(LOQ) and sytem suitability(chromatographic resolution, peak tailinggredetermined
to make sue results obtained by ti&T-TD-GC-MS methodareclose tothetrue valus

in future routine tests.



2. Literature Review
2.1 Hydroxypropyl Starch Application

Hydroxypropyl starchis modified by the etherification of nae starch with
propylene oxideUnder normal conditions at ambient temperatuvaxy starch pastes
show little tendencyo gel or retrograde. Howevamder refrigerated prolonged storage
condition syneresigends to occurin waxy pate thusthe quality and shelf life of food
producs which are formulated withativestarchwill be reducedKruger et al. 196)/ In
order b solve this problem, hydroxypropyl @rps ae introducednto native starch by
modifying the starch wit PPO The introduction of hydroxypropyl groups can disrupt
inter and intra molecular hydrogeibonds, so thastarch granular structure is weakened
and the motional freedom of starch clsgin amorphous regions is increas@¢avlani
Neelam et al2012. Because of the modificationytiroxypropyl starch exhibitmany
desirable functional properties, like fregbaw stabity, cold water solubility, and
increasedthickenirg property which allows it to bewidely used in many food
applications

Becuse of the improvefteezethaw stability, hydroxypropyl starels havebeen
applied in making surimi food, microwave reconstitution and frozen pie fi{liunt et al
2009 Glyn O. Phillps 2000 Also, hydroxypropyl tapioca starch has been successfully
applied in making frozen puddif{®'Ercole 1972

Because othe increased thickening propertjesydroxypropyl starcthas been

used in conjunction with ber thickenersin food formulation to achieve desirable



thickening performangdor example with carrageenan in milk system and with xanthan
gum in salad dressingRutenberg and Solarek 1984Hydroxypropyl starches wit a
degree of substitutio(DS) of 0.050.10 have been applied in gravies, sauces, fruit pie
fillings and puddings as thickening ag@tiermstad 198/

In addition, lydrolysates of hydroxypropyl starches containing more than 15
weight percentage of polymers of62DP (degree of polymerization)prepared by
enzymatic oracid hydrolysis are suitableas a low-calorie sweetenecomponentin
bakery productgQuarles and Alexander 1992

Also, hydroxypropyl starch with a natural amylose content of more %@&n
weight perentcan be used to produce an edible, watduble, potective film coating
for foods (Mitan 1969. And hydroxypropyl starch haalso been applied in making
biodegradable plastic matesal

Because the hydroxypropyl starch laasnfirmed functionn preventingdiabetes
inhibiting blood sugar elevatioandpreventingother diseasethatarecaused blevated
blood sugarit has been expected be usal in formulating food productsnedicine and
pet food(Shimotoyodome et al. 20p4
2.2The Formation of Propylene Chlorohydrins in Food Products

2.2.1Starch HydroxypropylatioRrocess

In industrial practice, hydrggpropyl starch is usuallproduced by esterifying
native starch with PPOn aqueous slurries of starch granules under alkaline condition

with temperatures up to 50 Because PP@ir mixture is explosive, during the reaction



a blanket of nitrogen is recommaed ina closed pressure vesséhe ideal pH for the
hydroxypropylation reaction is 11.5, astdium hydroxides commonlyused to provide
thedesirable pH.

Sodium sulfates added to starcuspensiomprior to the PH adjustment to repress
starch grands from swellingand to protect their integritgTsuzuki 1968. Along with
the increase of hydkypropylation degree, more sodium sulfatd be required since
highly hydroxypropylated starch wiwell and become difficult to purifwhen salt is
washed outAfter a desireddegree ohydroxypropylationis reached, the starch sluiisy

neutralized and driedrigure 1 shows the mechanism of starch hydroxypropylation.

Starch-OH + NaOH ——»  StarchO~ Na++ H,O

HOH
StarchO~ Na' + HsC—HC—CH, — > Starch—O—CHz—(|3H—CH3+ NaOH
0 OH
Figure 1: Mechanism of Starch Hydroxypropylation

The highly strainedthree-membered goxide ring of propyleneoxide is
responsible foits reactive natureThe reaction kinetic{SN; type)is second order and
dependent on concentration of both reactants.

Propylene oxide substitution occurs primarily at the-B#Bydroxyl group in the
starch anhydroglucose ur(iteegwater et al. 1973hlebicki and J. 1975 The above
phenomenon is possibly becauseha high relativeacidity of the HG2 group due to its

proximity to theanomeric center athe reactivity of HG6 may be more geendent on



alkali concentratiorfWurzburg et al. 1986 In addition, he NMR data indicate that the
hydroxypropyl groups are distributed with a ratio of 7:2:1 on the, 30, and 60
positions(Xu and Seib 1997

A patrticularly desirable levelfonhydroxypropyl substitution rangesom 10 to
20%. Usually the DS should not exceed 408tnce the theiification reaction effieency
may vary, depending oparticular reaction conditionst is necessary to emplogn
excess amount (5%40%) of PPOto adieve thedesired level of substitiain (Kesler et
al. 1970Q. The excess PP@an react with inorganic chlodie in starch suspensioand

produce PCHas undesirable byproducts.

0 H He H He
A + CI + HO ——> HSC—Cl;_C_OH + ch_CI:—C—Cl + OH
CHs Al OH

Figure 2: M echanismof PCH Productionin the Process of Starch kdroxypropylation

2.2.2Food Fumigation

Fumigation is an importantayto sterilizefood products In this process, gaseous
pesticides are usually used as fumigants to comtsekcts, mites, nematogjevireworms,
rodents and t@ lesser extent bacteria, molaisd yeasts in stored food produc®snce
1958, PPQs a majorfumigant authorized by FDA/EPAor controlling bacteria, mold,
yeast and insect disinfestations in nutméeaksept peanutsgnd cocoa powdgGriffith
and Warren 20Q1lsikber et al. 200%. One advantagef using PPO for sterilizatiors

that it gives no after flavor on treated food materigl&esley et al. 1965 It hasalso



beenused to sterilizespices,canned soup ingredientnd dehydrated mashed potato
granules(Bruch and Koesterer 1965teele and Hadziyev 1976&riffith and Warren
2001).

PPOusedfor food fumigation is regulated by CFR 40 part 185.15. It establishes a
residue PPO tolerance of 300ppm for nutmeats, cocoa powder and spgréed. are
formed during PPO sterilizatioprocess even innominally dry materiad During
fumigation with PPQthe hydrogenfrom moisture andhe trace amount of chorine that
naturally occurred in the materiasssufficient for PCH formatiofWesley et al. 1965

PCH is considered to be the residue of concern for dietary risk assessuhent an
tolerance reassessment purpdsecause residues persist at high levelsardikely to
be present in treated commodities at the time of consumpfliea.residual PCH amount
in canned soupas been reported be 6.8 ppm whethe ingredients were stézied with
gaseous PPQO(Wesley et al. 1965 The formation of chlorohydrinshas been
demonstratedn flour and pepper after fumigatingith ethylene and propylene oxide
(Ragelis et al. 1966 GC, infrared and NMR wereised in this study to confirm the
preséice and identity of ECHml PCH PCH1 was identified in PPO fumigated wheat
flour at the concentration of 10 ppm, and PCiizabout 2 ppmin the following study
PCH1 was foundh six PPO treated food produc¢iscluding walnut meat, tapioca starch,
flour, cocoa, glazed cherrieglazed citron, and the level whstween 47 ppm(Ragelis
etal. 1968 The Adcelrd | &z atwitlho PPOforpdehydcaedspstato granules

would resultin 12 ppm PCH with 94% being PCH1 resid&eele and Hadziyev 1976)



An estimatiom of PCH1 intake from food has been determifi@dsenkranz et al. 1975
Carr and Rosenkran1978. These studies reported a consumption of 1lb food product
fumigated with PPO would result in an intake of as much as 21mg PCHL1.

PBH (propylene bromohydrinsare dso formed in PPO sterilizatioprocess.
However, PBH residues are minimal relativ® PCH and PPOresiduesin food
commodities at the time of consumptiadherefore, PBHs not regard as a residue of
concernby EPA
2.3 Health Risks of RCH

The toxicity databaséor PCH is inadequate. There diev guideline studies,
including acute, shchronic, developmental, reproductiam chronic toxicity studies
regarding PCH(EPA 2006) Although a developmental toxicity study and a few
subchranic studies conducted aats @n be found in open literatyrthese studies lack
sufficient study detail®r have deficiencies by EPA evaluation: poor stability of the test
compound, studies conducted bef@eod laboratory Practice& P9 were established,
thus they provide little useful information regarding the toxicity of PEldwever,
despite the scantyature of the available literate on PCH toxicity, théllowing section
will present toxicity informationon PCH compoundshat areavailable fromprevious
literatures.

2.3.1Acute Toxicity

Someacute toxicity studies wereonducted on animal subjecsd summarized

in Table 1(Yang 1987.



Table 1: Acute Toxicity of PCH

Subject PCH1 PCH2
rats Singledose oral, Lk, 0.1-0.3 g/kg 0.24 g/kg
Inhalation with saturated vapc - 15min

Max exposure with no death

guinea pig Singledose oral, Lk - 0.72 g/kg

rabbit Single skin application, LE - 1
Primary skin irritation ~ 0.5g/kg 0.53g/kg
Corneal injury Yes, marked ’8

'Grade 61-10; 1= no reaction from undiluted material; 10= most t¢Simyth et al. 1962
’Scaleof 1-10; 1= no observed reaction; 10= most sey8myth et al. 196Q

A search in the opeliterature provides some information concerningrsberm
inhalation, digestiveeye andskin exposure hazards of PCH lhuman Short term
inhalation or ingestiorof PCH1 can lead to vomiting, digestive disorders, headache,
symptomsof drunkemess, kidey and liver damage. Short term as well as long term skin
or eye exposurg¢oy PCH1 can cause irritatianThe ingestion of PCH2 can cause
gastrointestinal irritation with nausea, vomiting and diarrhea, and ingestion of large
amount may cause CNS depressifiye exposureto PCH2 may cause irritation,
chemical conjunctivitis and corneal damage. Skin exposure may cause irritation,
dermatitis and cyanosis of the extremities.

2.3.2Chronic and Subchronicokicity

Two unpublished studies concerning the chronid su-chronic toxicity were
presented in a report by FAO in 19¥ang 1987. The two studies weregspectively

conducted in a 25 weeks and 22 weeks period with(satsins unspecified) as subjects



10

A deficiency of the studies waswused byhe high volatility of PCH compoundsDuring
the feeding procesthere were significant loss of PAdy stirring andthe feedbeing left
for aprolonged time iropen air Thus the data from these sties were of little guidance
in understandinghe chronic andubchronidoxicity of PCH.

2.3.3 Mutagenicity

PCH1 had mutagenic effect on TA 1535 and TA 100 strainSalmonella
typhimurium(Carr and Rosenkranz 1978feiffer and Dunkelberg 1980t also showed
genotoxicity ink. coli Pol Al- test(Hyman et al. 1980

A mixture of PCH isomersHCH1: PCH2 = 75: 25vas used téestmutagenicity.
The mixture showed mutagenicity to Salmoella strain TA 1530 butorgitain TA 1538
(Rosenkranz et al. 19y8n the study conducted by Pfeiffer and Dunkelbarmjixture of
unknown compositiomf PCH isomers was us@&m Salmonella an@as found to hava
mutagenicity effect tetrain TA 1535 and TA 100, buiot to strain TA 98 and TA 1537
(Pfeiffer and Dunkelberg 1980A dose dependent mutagenic effect of P@lkture
(PCH1: PCH2 = 72: 25) t&almamella strain TA 1535 and strain TA 100 was further
confirmed(Biles and Piper 1983Because the mutagenicity effectmfre PCH2 was not
available,it remainsundeterminedf the mutagenic effectfdCH mixture was caused
solely byPCHL1 or by both PCH1 and PCH2.

2.3.4Carcinogenicity

The tumorigenicity effect of PCH1 on strain A mieeas evaluatedTheiss et al.

1979 through a 24 week period of pulmegadenonainduction withPCH1 but none
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was found

A direct exposure t&®?CH is suspected to be carcinogenic to hunmrevious
retrospective cohodtudies have drawtifferent conclusioaontherelatiorship between
pancreati, lymphopoietic cacerincidences withworking in chlorahydrins production
environmentIn onestudy (Benson and Teta 1993 sgnificant trend was observed for
lymphopoietic,haematopoietic cancer and itsbsategory leukaemia. However, another
study(Olsen et al. 1997showed that workersho had diect exposure to ECH and PCH
had not experienced a significant increased risk for pancreatic, lymphopoietic or
haematopoietic cancer, however a prgied 10 years of observatigrould benecessary
to confirm the risk
2.4 Regulatory Information

PCHarenot listed undethe Superfund Amendments and Reauthorization Act of
1986Section 302/304, Section 3{SARA), which is also known as Emergency Planning
and Community Righto-Know Act (EPCRA) PCH arenot regulated asadionuclides
reportable undeComprehensive Environmental Response, CompensatidnLiberty
Act of 1980 (CERCLA 40 CFR 302.4),or have export requiremenunder Toxic
Substances Control Ad2(b) (TSCA), or requie anOccupational Safety and Health
Administration OSHA) process safety plaiowever,PCHL1 is listed on the EPA Toxic
Substances Control Act (TSCA) inventory.

When it comes tstate regulationd?CH1 appears on the hazardous substances

lists of MA, NJ,PA, butarenot regulated by MN o€A. The NewJersey Department of
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Health and Senior Servic\JDHSS listed both of PCH1and PCH2as mutagenand
potential carcinogen A limit of 1 ppmis recommendedor PCH airborne exposure
(NJDHSS 2004)PCH arenotregulated under California Proposition 65.

A search of regulatory information of PCH in countries other than the US
provides the following informationPCH is classified as class B@ombustible)and
D2-B (toxic) with Canadian WHMIS(Workplace Hazardous Merials Information
System) classification. PCH1 is regulated by European Commission regulations as
flammable has danger of very serious irreversible effects, gassibility of forming
flammable/explosive vapeair mixture

PCH content is regulateth madified starch and fab fumigated with PPO
ResidualPCH in modified starch isegulated in the Code of Federaégulationswith a
upper limit of 5ppmas shown belovin Table2 (Code of Federal Regulations, Title 21

2013.

Table 2: Regulations for PCH Content in Food Starchd Modi yed i n t

States
a): Food starch may be esterified by the treatment with one of the following
Use Limitations

Epichlorohydrin, not to exceed 0.1 perce Residual propylene chlorohydrin not mg
and propylene oxide, not to exceed than 5 parts per million in foo
percent, added in combit@n or in any starchmodified.

sequence

Epichlorohydrin, not to exceed 0.1 perce Do.

followed by propylene oxide, not to exce

25 percent

Propylene oxide, not to exceed 25qemnt Do.

b): Food starch may be esterified and etherified by treatment of the following
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Use Limitations

Phosphorus oxychloride, not to exceed Residual propylene chlorohydrin not mg
percent, and propylene oxide, not to exct than 5 p@rts per million in food
10 percent starchmodified.

¢): Food starch may be modified by treatment of the following

Use Limitations

Chlorine, as sodium hypochlorite, not Residual propylene chlorohydrin not mc
exceed 0.055 pound of chlorine per pounc than 5 parts per million in foo
dry starch; 0.45 percent of active oxyg starchmodified.

obtaned from hydrogen peroxide; ar

propylene oxide, not to exceed 25 percent

Food Chemical Codex, A and European Commission on FooddAives
have set the limibf PCH in hydroxypropyl starcand hydroxypropyl distarch phosphate
which is less than 1mg/kd-ood Chemical 6dex 1996; Food Additives in Europe 2000;
Status of Safety Assessment of Food Additives Presently Permitiadape2002) The
EEC Scientific @mmittee on Food additives is pushing the limit of PCH in
hydroxypropyl distarch phosphate to 0.1 pp@tto.B.Wurzburg 1996 As one of the

major manufacturers and exporters of modified tapioca stafbhjland also has

regulations concerning PCH content (<1ppm) in chemically modified starches approved

for food applicationgBreuninger et al. 20Q9Table 3 shows the PCH tolerances in PPO

treated food commoditig&PA 2011)

Table 3: Tolerance for Propylene Chlorohydrins in Food Rumigated with PPO
Tolerances Established Under 40 CFR 180.491

Commaodity Tolerance(ppm)
Basil, dried leaves 6000
Cacao bean, dried bean 20.0
Cacao bean, cocoa powder 20.0

Figs 3.0
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Garlic, dried 6000
Grape, raisin 4.0

Herbs/spices, group 19, dried, except basil 1500
Nut, pine 10.0
Nut, tree, group 14 10.0
Nutmeats, processed, except peanuts 10.0
Onion, dried 6000
Pistachio 10.0
Plum, prune, dried 2.0

Besidesthe above regulations concerningpdified starch and®PO treated food
commoditieshydroxypropyl starch is regulatedhen applied tanfant food.On the basis
of an indepthreview conducted by a subcommittee of the National Academy of Science
and a committee on nutrition frolAmerican Academy of Pediatricsnodified food
starches used in infant foods wereengrally approvedwith an exception of
hydroxypropyl starch or hydroxypropyl distarch phosphai®&eview of Safety and
Suitability of Modified Food Starches in Infant Food 19Z8airman 1971 In addition,
Commission of the European Communities Scientific Committee for Food advises that
propylene oxidanodified starches should not be used in foods for infant and young
children(Otto.B.Wurzburg 1996
2.5Analytical M ethod

The andysis of PCHat trace concentrations in hydroxymyl starch carbe
challenging.PCH arepolar compounds with low molecular weight of 94which could
contribute to its early elution in the chromatogram and cause trouble in distinguishing the
target ions from background noid@CH has ahydroxyl group which tends to interact

with the starch matrix through hydrogen riting, posinga challenge fora quantitative
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extraction

Therearefew published methadon instrumental detectioand quantificatiorof
PCH Sone methods shown below wenereviously used o are currently under
developmentor PCH detection and quantificatiom solutiors or food matrides

PCH wasinitially analyzed witha chemical methodCannon 1950 PCH were
hydrolyzed into propylene glycol with sodium bicarbonate. After neutralization,
propylene glycol is oxidized with periodic acid to give fordedlyde and acetaldehyde.
The wave height difference created by appiydifferent voltage to aldehydslutiors
enable the quantificatiorof PCH Figure 3 shows the related chemical equatidine
study was not conducted in a food matad was only applicable to the analyses of
chlorohydrins in aqueous solutions or water soluble solvéuiditionally, the sensitivity

of themethodwas unknownSo it has littlesignificance pertaining to ostudy.

H Ho H Ho
HsC-C-C-Cl + NaHCO; —> HsC-C-C-OH + CO, + NaCl
OH OH

H Ho
HC-C-C-OH + HO, — HC=0 + yo g + HO; + HO
OH

Figure 3: Chemical Equations on PCHQuantification Adopted from Cannon (1950)

A method for PCH quantificationin hydroxypropyl starchwas devebped by
JECFA which has beerecognized as theertified international m#éhod In the method
description,50 g of hydroxypropyl starctsampleis first hydrolyzedwith sulfuric acid.

After neutralization with sadm hydroxide,the acidified starch suspensi@aextracted
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with diethyl ether and analyze by ditemjection GC-FID (Modified Starch 2001
This methodhasits limitation as it mayunderestimate the amount PCH in hydroxypropyl
starchstated in a recent unpublisheddsticonducted by AVEBECurrently someother
detection methods for PCH quantificationhydroxypropyl starclare under development
by the starch industry to achieve better accuracy and sensitivity

One analytical method (Ingredion, unpublishedstudy) currently under
developmentusespentane sonicatioextractionGC, equippedwith a halogen specific
detectorto quantifyresidual PCHn hydroxypropylstarch

Another method which was mentioned previously as the European proposed
solvent extractiorGC-MS mehod, uses methanol (w/ 4% wateror starch extraction
(AVEBE unpublished study After stirring overnight the supernatant ianalyzedby
direct injection GC-MS. The method requirea programmed temperature vaporization
(PTV) injector, which is not a common injector for most GC systems unless optionally
equipped

Other possible method may includbemical derivatizationGC- ECD (electron
capture detectorPCHderivatized with a chosen derivatization agent (e.g. TMS) to form
a silyl or tosyl derivativesanincreasehe molecular weight and its sensitivio electron
capture detectprlsoprevent the undesirablaterations between hydroxyl grosmand
other components GC system This technique has been used in previous sfRagelis
etal. 1969. However a quantitative conversion to eithglyl or tosyl derivatives failed

because of PCHolatility, sensitivity to PH changes and slow reactivity of the compound
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The derivatization agent atide reacton conditions were not provided

Methods(chemical orGC procedureshas beempplied in chlorohydria (ECH &

PCH) quantificationin fumigated food prducts (Wesley et al. 1965 In the chemical
procedures the water slurry of a food sample wassteam distilled Under alkaline
condition the distillate washeated on steam to hydrolyze the chlorohydrin. Then
acidified the solution with nitric acid and the chloride was determinethéyolhard
method.

For samples which contain less than 10 ppm chlorohydrins, GC equipped with an
FID detectowas wused to quantify chlorohydrinés
conducted by F. Wesley et §1.965) no presence evidence of PCH was presented using
GC-FID.

Anhydrous ethewasused to extract PCH from PPO treated wheat flour samples,
and the etracts wereanalyzed by G&-ID (Ragelis et al. 1966This method was able to
guantify PCHL1 in flour samplat aleveloff 0 ppm, and detect PCH20:
2ppm).

In order to apply the method to other food categories covered under current
regulations besides PP@eated flair, in a subsequenstudy (Ragelis et al. 1968 the
extracts fromthree isolative methods, including ether extraction, sweegistitiation
and steam distillation, respectivelywere analyzed withGC-FID in the effortsto
quantifying PCH1 n PPO treated cocoa, nut meats, tapioca starch, flour, glazed cherries

and glazed citran
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2.6 The Purge & Trap Sample Preparation Method
Puge andTrap has been used to extr&dCs from a solid or liquid maix for

introduction into a GEMS for separabn and identification. The VOCs are aamtrated
onto adesorption tubefollowed by thermal desorption inedbGC. Sample matrices can
range from soil, plastics, foods, flavaragrance, emulsions and water. Tefldxis used
as adsorbent in the trap inig study. TenaX’A is the mostwidely usedasan adsorbent
compared withother porous polymer resins garious forms of activated graphitized
carbons(Hartman et al. 1993Figure 4 shows thenternal desigrof an adsqution tube
which is consised of the packed glass linewibe (GLT) used ina Short Path Thermal

Desorption Unidesigned by Hartman et al

Silanized 100 mg bed of Silanized

Glass Wool Plug Adsorbent Resin Glass Wool Plug

oo S 000 000 CTLLLLLLLTRTE
e L L% by Lt -_.-_.--_--
[ L L] ] L) L] L]
R R R R R T R R R R nt g
e e e e e S e VLT

Inert Glass Lining Needle Seal

Figure 4: Cross Section of Rcked GLT Tube (Figure Courtesy of Scientific Instrument
Service, Inc., Ringoes, NJ.)

Purge& Trap system agabe applied with sample in eithigquid or solid form. In
this stud, a salt matrix is used toold 200ul liquid extract in théurge andTrap vessel
which is designed for the isolation and concentration of volatile and-\s#atile
compounds from solid sample matriceso a desorption tube (Figure.£igure5 shows

the design of #urge andlrap vesselor solid sample matrices.
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The thermal desorbeis interfaced to a GC through its injection port. The purge
gas is supplied dirtly to the desorption tubeand is flow regulated. Théhermal
desorption devic@rimarily performsthe desorption function to let the trapped samples
go into the GC for separation and analysigure 6 shows theory of short path thermal

desorption system opagion.
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Syphon 4" Gls e CutainigPanmacevicl Sagle Ges Line Filing
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Figure 5: Purge and Trap Vessel Useful for the Isolation and Concentration of Volatile and
Semivolatile Flavor Components fom Solid Sample Matrices. (Figure ©urtesy of
Scientific Instrument Service, Inc., Ringoes, NJ.)
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Figure 6: Short Path Thermal Analysis, Theory of Operation (Figure Courtesy of Scientific
Instrument Service, Inc., Ringoes, NJ.)
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3. Objectives
3.10bjective

The oveall objectiveof this studyis to develop #&T- TD- GC- MS method for
theaccurateand convenienguantification of PCHn hydroxypropyl starch

Solvent with good extraction efficiency waompared andchosen (water or
MEOH) in this study. After methodedelopment andvalidation, a ring teswhich
involved 3 other independent lalgas conducted to compare the P&ID-GC-MS
method with thenewly developedEuropearsolvent extractiorGC-MS method Also to
broaden the met hod®6&s andgnalysis paranieters amodifiededcs t ¢ o n
adoptthe methodo the quantificationof PCHin fumigatedalmondsample

The method should also meet the following requirements:

0 Lowering the solvent use, cost and time for analysis

O Be able toguantify PCH at the kg level to meet theesidue requirement
in US and Europe regulations.
3.2 Specific Tasks

0 Develop aP&T-TD-GC-MS methodfor accurate quantification of PCid
hydroxyporpyl stach.

0  Compare the extraction efficiency of water and MEOH

0  Conduct validation t&s on the developed method

0 Compare the resulwf using different Purgé& Trap absorption salt matrix

(sodium chloride oanhydrousodium sulfate) on PCH content.
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0 Compare this method with the European proposed MEOH extraction
GC-MS method.

O  Adapt the métod to apply ito fumigated almonanalysis
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4. Hypothesis

Water or methanol extraction of hydroxypropyl starch is expected to disrupt
hydrogen bonding affint between PCH anthe starch matrixyesulting in quantitatie
extraction. The resulting extracts will contain dilute concentration of PCH. Attempts to
concentrate the extracts via evaporation of solvent will result in evaporative loss of PCH.
It is hypothesized that purge and trap concentration of PCH using &€elsarbent with
subsequenanalysis by thermal desorptidaC-MS will afford a sensitive, accurate and
reproducible analytical method for determination of trace level PCH concentration in

foods.
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5. Experimental Design
5.1 Experimental Desgn Overview
In this study, the overall analytical proceduiecluding sample preparation and
instrumental analysis calitions wereestablished, and vidhtion tests wereonducted.
Figure 7shows the setup afverall anajtical proceduresThe analytichprocess
includes3 parts

O Agueous extraction

Sample starch wasxtracted with 10mMEOH or distilled water in 20ml test
tube with Teflon lined closure The extraction was spiked with 1ppm
3-chloro-1-propanol as the internal standamdbr to the overnigh extractionat 40N
with agitation(adapted tdoom temperaturi ring test sectionpvernight.

Water and methanol were compared concerning PCH extraction efficiency in
hydroxypropyl starch matrixBoth water and methanol have affinity toward polar
compounds through intermolecular forces including hydrogending, dipoledipole
and van de rs Thaughlthé sormationr othedrogen bnding between
water or MEOH and PCH, the hydrogen bondaegween PCH and the stanctatrix
will be disrupted, thugpromoting a better extraction of PCH from the hydroxypropyl
starch matrix.

In some PCH quantifation methodsetherwasused in PCH extraction. T
is due to the fact that PCH have better solubility in ether compared with water or

alcohol. However, usg ether tends to extract copious amounts of background
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materialsalongwith chlorohydrins. Also diethyl ether has a charaster fragment
ion with m/z=45, which may leato an overestimation of PCH1 quantification,
which has the same characteristagfnent ion whenthe selected iom/z=45is used
for quantification

In the aqueous extraction,-cBloro-1-propanol was used as the internal
standard.Internal standards normalize @@S dataand compensate for potential
drift in runningand gain settingwer time. Calibrations made with internal standard
methodology are typically stable for extended peritmprevious studies (Ingredion
and AVEBE unpublishedstudie$, chlorobenzene was used as internal standard. By
comparingthe performanceof chlorobenene or 3chloro-1-propanol aghe internal
standardin this study chlorobenzene was ruled out due to poor chromatographic
peak shape because ofrien-polarity when analyzed with polar Carbowax column.
In contrast, &hloro-1-propanol wasselectedas a ideal internalstandard The
reasongre mentioned in Section 6.1.

O Purge and flap ®ncentration

200ul extractwas introduced by a syringe tioe Purge &Trap absorption salt
matrix in a glass tube (Figure 19The glass tube was then placed in the P@&ge
Trap systemThe PCH and 1.Sin the extract was allowed tooncentrate int@an
adsorption trapTheadsorption tub&vould thenbethermally desorbedt 2503 for 5
min.

Purge andirap concentration of PCH could eliminate the evaporative loss of
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PCH via the procedure of solvent evaporation and facilitate an accurate analysis of
PCH.

For samples extracted with watex, dry purgestep was requiredThis
involvedflushing the desorption tube with, Nor a settime period prior to TDGC-
MS. Dry purgeeffectively ranove moisturefrom thedesorption tub@nd preventhe
formation of ice during crydfocusing orthe GC columrat-20N .

O GC-MS analysis

In choosing anappropriate GC column for PCH separation, 3 kinds of
column (Carbowax, DB1, Equality™-1701) of different polarity, were compared,
and Equality™-1701 was chosen because of its intermediate polarity which is
suitable for alcohol separatiolm. addition, he columrhas a low temperature limit of
minus 20 derge Celsius, which enables crarusing of the thermall desorbed

compounds andllows fora better separatiasf the mixtureon the GC column.



Water Extraction MEOH Extraction

v

Spike 1ppm 3-cholro-1-propanol as I.S.

l 40°C. overnight

Centrifuge, get supernatant

spike 200ul supernatant
mto salt matrix

Purge & Trap concentration for 30 min

water
MEOH extraction extraction L Dry purge for 1 hour 10min

l

Thermal desorption

GC-MS analysis

Figure 7: Flow Chart of the Analytical Procedures
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5.2Reagents andM aterials

Chemcals aml reagents werebtainedas follows: 1-chloro-2-propanol(PCH1)
purity 75.9%, with 23.4%-2hloro-1-propanol(PCH2) from Sigma Aldrich Saint Louis,
MO; 2-chloro-1-propanol (PCH2) purity 96.6%, from Sigma Aldrich, Steinheim,
Germany 3-chloro-1-propanol (PCH3) used as internal standanalirity 99.4%,from
Sigma Aldrich Saint Louis, MQ sodium chloride ahanhydrous sodium sulfate were
purchased from Fisher Scientific, Fair Lawn, NJ.

Methanol (HPLC grade) was purchased from Fisher Scientific, Fair Li\Mn,
Distilled waterwas prepared in house by Waters Mi) Nanopur& system.
5.3 Stock Standard Solutions

StockSolution A (PCH3n MEOH, 40ug/m)

Weigh 10.06 mg PCH3 (corresd for purity 99.4%)in a 16ml glass viaivith
Teflon lined closure then pigtte 10ml MEOH into the glass vial and mix well. Store the
1mg/ml internal standarsblution at room tempature. Solution stability is 8aysbased
the standard stability tesPipette 8 ml of 1mg/ml internal standard solution into 200m|
volumetric flaskffill the volumetric flaskup to the 200ml volumetric lin@ith MEOH to
make the final corentration of PCH&t40ug/ml.

Stock Solution B (PCH110mg/ml)

Weigh 131.75mg (correet for purity 75.9%) PCH1in a 16ml glass vial, then
pipette 10ml MEOH into the&ial and mix well. Storghe solution at room tempature.

Solution stability is &laysbased on the standard stability test
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Stock Solution C (PCH2L0mg/ml)

Weigh 103.09mg (correct fqurity 97%) PCH2n a 16ml glass vial, then pipette
10ml MEOH intothe vial and mix well. Storthe solution at room temperature. IStoon
stability is5 daysbased on the standard stability test

Stock Solution D (PCHI1mg/ml)

Weigh 13.181g (correct for prity 75.9%) PCH1n a 16ml glass vialvith Teflon
closure, thermpipette 10mIMEOH into theglassvial and mix well. Storehe solution at
room tempeature. Solution stability is @ays.

Stock Solution E (PCH2Lmg/ml)

Weigh 10.3Bng (correct for prity 96.6%) PCH2n a 16ml dass vial, then pipette
10mI MEOH into theglassvial and mix well. Storghe solution at room temperatl
Solution stability is5 days.

Stock Solution F (PCH10.1mg/ml)

Pipette 1 ml stock solution B into 16ml glass vial, then pipette 9ml MEOH
solvent into theylassvial and mix well. Store the &dion at room temperature.

Stok Solution G (PCH20.1mg/ml)

Pipette 1 ml stock solution C into 16ml glass vial, then pipette 9ml MEOH
solvent into theylassvial and mix well. Store the solution at room temperature.
5.4 Preparation of PCH1 Calibration Standards

Prepare calibration solutions freshly on the morning of the afagnalysis

Transfer 10ml 40ug/iinternal standard solutiofd) into each 16ml glass vial3hen
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respectivelytransfer400ul, 200ul, 100ul, 40ul, 20ul, 10dul, 10ug/ul PCHXoluion (B)

into theglassvials.

Table 4: PCH1 Calibration Curve Standards Preparation

PCHL1 stock # of ul of PCH1 in PCH1 concentratior
solution (mg/ml) 16ml glass vial in ug/ml

B 400 400

B 200 200

B 100 100

B 40 40

B 20 20

B 10 10

B 4 4

5.5 Preparation of PCH2 External Calibration Curve Standards
Prepare calibration solutions freshly on the morning of the afagnalysis
Transfer10ml 40ng/ul internal standard solutigf) into each 16ml glass vial3hen

respectivelytrander 400ul, 200ul, 100ul, 40ul, 20ul, 10dul, 10ug/ul PCH2o0lution(C)

into theglassvials.

Table 5: PCH2 Calibration Curve Standards Preparation

PCH2 stock # of ul of PCH2 in PCH2 concentratin
solution (mg/ml) 16ml glass vial in ug/ml

C 400 400
C 200 200
C 100 100
C 40 40
C 20 20
C 10 10
C 4 4
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5.6 Preparation of PCH in Matrix Calibration Curve Standards

Prepare calibration solutions freshly on the morning of theoflayalysis Weigh
2.1459g blank starch sampledisture content=6.8%nhto 20ml test tube and extratte
samplewith 10ml MEOH or water. fike 50ul 40ug/ml 1.Sinto each testube. Then
respectivelytransfer2ul, 10ul (0.1ug/ul PCH1 solution); 2ul, 10ul, 20ul (1ug/ul PCH1
solution) into each test telto make the final PCH1 noentration of 0.1 to 10 ppm, and
1.38ul, 6.92l (0.1ug/ul PCH2 solution); 1.38ul, 6.92ul, 13u831ugll PCH2 solution)

into 20ml testube to makehte final PCH2 concentration 6f1 to 10 ppm.

Table 6: In Matrix Calibration Curve Standards Preparation

stock # of ul of stock # of ul of PCH2 PCH1 conc. PCH2
solution PCH1 solution in ppm conc.
in ppm
F 2 G 1.38 0.1 0.1
F 10 G 6.92 0.5 0.5
D 2 E 1.38 1 1
D 10 E 6.92 5 5
D 20 E 13.83 10 10

5.7 Starch Sample Extraction Preparation Procedure

Accurately weigh 2.0000 g starch (on dmgight basis corrected for moisture
contenj into 20 ml test tubgvith Teflon linedclosure Label the test tubeith sample ID
information and preparation datéipette 10ml MEOH or waterwith 10.0ml pipette
Thenspike2.0ul of Img/ml PCH3with 10.0ul syringeThis will deliver 2.Qug of internal
standard tdhe extraction systemAnd the final conentration of PCH3n each test tube

will be 0.04ug/ml in MEOH or Water at parts per million (ppm w/w) relative to the
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starch sample based omaminal 2.0g weighton dry basesVortextest tube anéxtract
overnightat40 degree Celsiugtroom temperature in the ring test)
5.8 Purge and Trap andThermal Desorption Condition

The P&FTD equipment used in this study was developed jointly by the Center
for Advanced food Technology (CAFT), Rutgers University and Scientific Instrument
Services (SISYHartman et al. 1991 The PCH compoundsare purged outfrom the
absorption salinatrix and concentrateiito the EnaxTA adsorbentrap inthe GLTtube
in this process. Nitrogen of 99.999% purity is used as purge gas. robissp allows the
inert gas stream to strip the analytes frdime salt matrix and concentrate them on an
adsorbentrap. Purge & Tap is conducted for 30met 1003 with nitrogen gas flowate
of 50ml/min.

For sample prepared by water extraction, dry purge (purge gas: nitrogen of
99.999% purity; flow rate: 50ml/minyasfor 1 hour and 10 minutest room temperature
to remove moisturan theadsorbentrap.

After Purge & Trap, the adsorption trap wasnected tdahe short paththermal
desorption unit.Prior to injected into the GC, the desorption tube was flushed with
Helium for 10 seconds. Following 30 seconds of injection that allowed the pressure in the
GC sysem to equilibratethe desorption tube was heated tol5@ndheld for 5min of
desorption (see Figure 6).

5.9 Gas Chromatography Mass Spectrometry Analysis Conditions

GC-MS analysiswas performeaen a Varian 3400 GC interfacedttvia Finnigan
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MAT 8230 magnetiomass spectroeter. The GC iequipped with a capillary column
Equity™ -1701 (60mx0.32mm i.d. x1.0um film thicknesS§upelco Bellefonte, PA.
Helium was used aa carrier gas aROpsi.And the split rab wasat 10:1.The column
was temperature programmed fre@03 to 263 at a rate of 1% per minute. The
temperature of G@IS transfer line was set &603 . The mass spectrometer was
operated in electron ionization mode (70eV). The ion source was at 5@ massscan
rangewas 35150 (or 35100m/zin thering test) The Finnigan MAT SS300 data system
was used foroperating. Data cadction and data analysiwas conducted usinthe
Micromass Masslynx program.
5.10Method Validation

Method validation is important to ensure that the results obtained from every test
in aroutine analysiss very dose to the unknown true valBh. Hubert et al. 2003A
holistic approach of studying method validation has divided the method validation
process into four parts shown bel¢Bustavo Gonzalez and Angeles Herrador 2007

O Applicability, fitness for purpose, and acceptability limitsicluding

introductive information aboutlentity of analyte, the concentration range covered,
the material used as test matrix, the corresponding protocol and the intended
application(Thompson et al. 2002

O Selectivity and specificity the ability to measure the analytes in the

presence of potential sample components accurately.

O Calibration studyincluding the analyses of linearity, dynamic range, LOD
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and LOQ

O Accuracy studyincluding bias/trueness, precision and robustness

Accuracy can be assessed thg analyses of parameters: bias/trueness and
precision.Bias/ Trueness can be determined by condu&@ipgocedures, including using
an internal inspection material with assigned valuand conducting recovery test. In
this study, PCH3 at the concentration of 1ppm (nomin&g of starchon dryweight
basi§ was used as the internal standarte recovery tests were conducted withhbot
water and MEOH extracts and gneeented in theSection 69.

The first two partshas been described in previous sections anshraple
chromatogram and mass speabfathe target compounds is given the nextsection.

Calibration dataand other validation testsepresented in th8ection6.2.
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6. Results & Discussion
6.1 Selected lon Chromatogram and Mass [@ectra

PCHwere analyzed by G®S. Figure 8howsthe selea@dion chromatogram of
the standard witd0 ppmPCHL1, 3ppm PCH2 in @ ml 40ng/ul PCH3n methanol.The
retenton time & 10.41min for PCH1, 10.84min for PCH2 and 12.5%nin for PCH3
Figure 9, 10, 11 respeetly presents the mass speafd?CH1, PCH2 and PCH3, from
the same standard solution. The charéstte ions of each compourade shown in Table

7.

400UG/ML PCH1 W/ 40UG/ML I.S. BY TD-GC-MS

FM45340 Scan El+

12.55 58
1.10e4

PCH3 Area

100

% PCH2

\10.84

1041

0 T i)
FM45340 Scan El+
10.41 45

100 1.86e5
Area

PCH

N

0 e it
1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 11.00 12.00 13.00

Figure 8: Selected lon Gromatogram for PCH
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Table 7. Characteristic lon and Quantifier | on for PCH

PCH1 PCH2 PCH3
Characteristic ion (m/z) 45,79, 81 58,63, 65 58,76,78
Quantifier ion (M/z) 45 58 58

PCH have a molecular weight of 94.dnionization sourcewhenacompound is
impactedby electrons, it terglto fragmentinto charged ions of different massé@ske
PCHL1 for example, it shows peaks at m/z= 79, corresponding to loss of @Gt In
Figure 9, in addition to the peak at m/z= 79, there is a small peak at m/z = 81 because of
the presence of'Cl isotope in the molecul@ith a rough ratio oB3:1 (*°Cl: 3Cl). In
Figure 10 and 11, m/z = 58 corresponding to loss of ‘a &id m/z = 76 and’8
corresponding to a loss of a® group; m/z = 62 corresponding to a loss of;Cahd a
-OH group; m/z =63 corresponding to a loss-6H,OH group.Based on different
constitutional stucture of PCH compounds, the mass spectrum will show different

patternas can be seen ingures 9, 10 andLl.
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Figure 9: Mass $ectrum of PCH1
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Figure 10: Mass $ectrum of PCH2
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400UG/ML PCH1 W/ 40UG/ML I.S. BY TD-GC-MS
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Figure 11: Mass $ectrum of 3-Chloro-1-propanol

The reasnsof choosing PCHas the internal standard ae follows:

0 PCHS3is a constitutionalisomer of PCH1 & PCH2and is a
chlorgoropano] so it will undergo similar hydrogen bonding interactions in a
starch matrixComparing the fragmentation patterns of PChiti PCH2 with
PCHS3, a lot of similarities can be found.

O PCHS3 has good peak shape on column Equ¥lity701.

O PCH3is available as a high purity standard from Sighhdrich
and well separated fromMCH1 and PCH2 on the GC column.

6.2 GC-MS Calibration Curv es

The calibration curve data of PCH1 and PCH2 weespeately, presented in
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Tables 8 and 9 (calcUated based on total ion currefiiC). The calibration curves were
obtained by plotting the peak area ratio of PCH1/I.S. or PCH2/1.S. as dependengsariabl
versus the concentrations of standard solutions of PCH1 or PCHAdegendent
variables. Linear regressions were applied. THibregion cunes were shown in Figure

12 and13.

For PCH1, a sevepoint calibrdion was performed as shown irablle 8 The
dynamic range of the calibration is from 0.1ppm to 10ppm (nontma& g of starch
sample ona dry weight basis).The calibration is linear inhe dynamic range witha
R-squarevalue>0.99.

For PCH2, a sevepoint calibrationwas performed as shown irade 9. The
dynamic range of the calibration is from 0.1ppm to 10ppm (nominal to 2g of starch
sample ona dry weight basis). he calibration is linear in thdynamic range witha

R-squarevalue>0.99.
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Table 8: P&T-TD-GC-MS Assay for PCH1 Calibration Curve
PCH1 Calibration Curve i by MEOH E xtraction with GC -MS Analysis (TIC):

PCH1 *PCH1 peak aree Average | PCH1 Regression Output
Concentration concentration ratio of  peak
ug/ml in ppm PCHL1/IS arearatio
400 10 18.30548 17.87171 | Constant -0.3421
17.43794 Est of Std Err 0.43454
200 5 7.916458 8.383595 | R Squared 0.9963
8.850732 No. of Observation 7
100 2.5 3.350902 3.400858 | Degree ofFreedom 5
3.450814
40 1 1.450074 1.292607 | X Coefficient 1.7919
1.135139
20 0.5 0.801563 0.808974
0.816385
10 0.25 0.356257 0.359616
0.362975
4 0.1 0.188093 0.161887
0.135682

*based on 2g of staratn adry weightbass

PA(PCH1)/PA(IS)

) 2 4 6 8 10 12
PCH1 conc. in ppm

Figure 122 PCH1 Calibration Curve (TIC)
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Table 9: P&T-TD-GC-MS Assay for PCH2 Calibration Curve
PCH2 Calibration Curve i by MEOH E xtraction with GC -MS Analysis (TIC):

PCH2 *PCH2 peak arez Average | PCH2 Regressioautput
concentration concentration ratio of peak
ug/mi in ppm PCH2/IS arearatio
400 10 4.192214 4.307205 | Constant -0.0062
4.273646 Est of Std Err 0.09195
4.455756 R Squared 0.997
200 5 2.287617 2.321119 | No. of Observation 7
2.354621 Degreeof Freedom 5
100 2.5 1.306949 1.164524
1.022098 X Coefficient 0.436
40 1 0.333423 0.322013
0.310604
20 0.5 0.179889 0.178182
0.176474
10 0.25 0.114814 0.10823
0.101646
4 0.1 0.045163 0.04314
0.041117

*based on 2 g of starch on a dry weight basis

5 -
4.5
7 4
T35
L 3
T 25
S,
S 15
1
0.5
0 . . . . . .
0 2 4 6 8 10
PCH2 conc. in ppm

12

Figure 13: PCH2 Calibration Curve (TIC)
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6.3LOD and LOQ

LOD was determined with a signt@d-noise ratio of 3, where the noise was
selected from peakihat areadjacent to th®CH1 or PCHZ2peakin a chromatogram.
Figure 14shows the signdb-noise ratio forthe cetermination of the LOD for PCH1
The LOD is approximately 0.025 mg/kg for PCH1. Figut5shows the signab-noise
ratio for the determination of th€OD for PCH2. TheLOD is approximately 0.025
mg/kg for PCH2.

The LOQwas determined with a sigrad-noise ratio of 10, where the noise was
selected from peaks adjacent to B@H1 or PCHZ%eakin a chromatogram, Figure 16
shows the signal to noise ratio ftite determination of LOQfor PCH1 The LOQ is
approximately0.1 mg/kg for PCH1. Figure 13hows thesignatto-noise ratio forthe

determination of the LOQ fd?CH2. TheLOQ is approximately 0.ing/kg for PCH2.

1UG/ML PCH1 W/ 40UG/ML I.S. BY TD-GC-MS
FM45369

Scar
100 10.42 45

PCH1

AN

10.07

10.70
1063

1028 10.49 o 10.66
1029 10.74
9.99
10.16

o "t
10.00 10.05 10.10 10.15 10.20 10.25 10.30 10.35 10.40 10.45 10.50 10.55 10.60 10.65 10.70 10.75

Figure 14: The Signatto-noise Ratio for Determination of LOD of PCH1
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Figure 15: The Signal-to-noise Ratio for Determination of LOD of PCH2
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Figure 16: The Signalto-noise Ratio for the Betermination of LOQ of PCH1
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4UG/ML PCH2 W/ 40UG/ML 1.S. BY TD-GC-MS
FM45366 Scan El+
10.85 58

iy 5.50e3
Area

PCH2

\

11.13
10.90

n
10.30 10.40 10.50 10.60 10.70 10.80 10.90 11.00 11.10 11.20 11.30

Figure 17: The Signaltto-noise Ratio for the Determination of LOQ of PCH2

6.4 Analytical System Precision

Analytical system praEsion was accessed by running simalyse of achosen
standard solution with theCH concentration of 0.4mg/ml (PCHZ5.9%, PCH223%),
the PCH3 concentratiorof 0.4mg/mlin MEOH. Thesystem preision data are given in
Table 10 and11. The system precision of PCH1 expressed as RSD% is 4.73 {liwb).
mean backfit to calibration is 1.49+0.07 pphhe system precision (#CH2 expressed

as RSD% is 5.34n=6). The mean backfit to calibration is 0.13&07 ppm.



46

Table 10: P&T-TD-GC-MS Assay forPCH1 System Precision Data

GC-MS PCH1 I.S. peak peakratio Mean S.D. RSD%
analysis file peak area area PCH1/L.S. (n=6) (n=6)

FM44710 8646 5548 1.56 1.49 0.07 4.73
FM44711 8394 5231 1.60

FM44712 9708 6835 1.42

FM44713 10215 7024 1.45

FM44714 9752 6685 1.46

FM44715 9492 6442 1.47

Table 11: P&T-TD-GC-MS Assay forPCH2 System Precision Data

GC-MS PCH2 I.S. peak peakratio Mean S.D. RSD%
analysis file peak area area PCH2/I.S. (n=6) (n=6)

FM44710 774 5548 0.14 0.13 0.007 5.34
FM44711 700 5231 0.13

FM44712 854 6835 0.12

FM44713 945 7024 0.13

FM44714 828 6685 0.12

FM44715 791 6442 0.12

6.5 Analytical Method Precision

Analytical method precision & accessed by running simalyses oan exemplar

hydroxypropyl starch samplddesignated afS1) extracton (with water or MEOH).

Starch sampleNS1 was known to bemodified with PPO and contain PCHable 2

shows the analytcal method precisn data With MEOH extraction, the mean

concentrationof PCH1was 1.220.07 ppm (5.64%RSD); the mean concentration of

PCH2was 0.320.03ppm (8.02 9RSD). Withwater extration, the mean concentration

of PCH1was 0.91+0.03%pm (3.52%RSD); the mean concentration &fCH2 was

0.310.045ppm (14.58%RSD).
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Table 12: Method Precision
Sample NS1 with MEOH or Water Extraction Analysis Data by P&T-TD-GC-MS

(TIC)
PCH1 PCH2
MEOH extract Water extract MEOH extract  Water tract
Mean(n=6) 1.29 0.91 0.32 0.31
S.D.(n=6) 0.07 0.032 0.03 0.045
RSD% 5.64 3.52 8.02 14.58

A generalcriterion for good precision is that RSD% should below 10%. As we
can see from the system precision, RSD% for both PCH1 (4.73%) and PCH2 (5:84%) a
below the 10% limit. For method precision, the RSD% for PCH2 with wateaaton is
a bit above 10% with a value of 14.58%. However, considering that the method precision
test was conducted in a real starch matrix, a bit above the 10% still indicateeptable
precision of applying water extractidt&T-TD-GC-MS method in PCH2 quantification.
6.6 Between Batch Precision

Between batch precisiowas monitored in a sigay period. A standard solution
with PCH at 0.4mg/ml (PCH1: 75.9%, PCHZ2%) and iternal stadard at 0.4mg/ml. A
total of 20measurements were performed. The data are pregariatlle B and 4. As
we can see from the between batch precision dataarthlytical system showegbod
consistency during sample testinghe mean backfit fo PCH1 was 1.5+0.08
(5.42 %RSD). The mean backfit for PCH2 was @001 (10.58%RSD). Asit can be
noticed from Table 14on day 5, the content of PCH2 in the standard solution has

decreased.
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Table 13: Example PCH1 ketween Bath Accuracy & Precision Data

Analysis PCH1 peak I.S.peak peakratio Mean S.D. %RSD

Date area area PCH1/L.S. (n=2-7)

Day 0 9851 7137 1.38 141 0.041 2.90
9559 6858 1.39
9108 6239 1.46
9263 6266 1.48
8532 6102 1.40
7973 5823 1.37
8107 5768 141

Day 1 10252 6580 1.56 1.53 0.023 1.52
9734 6421 1.52
9577 6301 1.52

Day 2 7836 5003 1.57 1.55 0.027 1.75
7852 5139 1.53

Day 3 8968 5950 151 1.52 0.023 1.52
8805 5677 1.55
8862 5845 1.2

Day 4 7987 5282 1.56 1.53 0.023 1.52
9029 6222 1.52
8213 5725 1.52

Day 5 7087 4501 1.57 1.64 0.092 5.62
5861 3443 1.70

Mean 1.50 0.08 5.42

Table 14: Example PCH2 ketween Batch Accuracy &Precision Data

Analysis PCH2 peak I.S. peak peakratio Mean S.D. %RSD
Date area area PCH2/1.S. (n=2-7)
Day 0 715 7137 0.10 0.11 0.0076  6.98
707 6858 0.10
705 6239 0.11
724 6266 0.12
701 6102 0.11
573 5823 0.10

659 5768 0.11
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Day 1 718 6580 0.11 0.11 0.0028 2.57
696 6421 0.11
716 6301 0.11

Day 2 565 5003 0.11 0.11 0.0011 0.92
588 5139 0.11

Day 3 671 5950 0.11 0.11 0.0028 2.55
610 5677 0.11
653 5845 0.11

Day 4 530 5282 0.10 0.10 0.0070 7.09
653 6222 0.10
522 5725 0.09

Day 5 365 4501 0.081 0.077 0.06  7.35
251 3443 0.073

Mean 0.14 0.011 10.58

6.7 Solution Sability

The dataobtained from between batch precision can be used to study standar
solution stability. The standard watred at room temperature ghassvial with Teflon
linedclosure. Duringa 6-day period, no statistical difference wdsserved in the studied
concentratiorfor PCH1 However, a decrease of the content of PCH2 st@hsolutions
was observed on day Bhe data suggest that freshly prepaP&tHl standard solutions,
stored at room temperaturegtass vial with a Teflotiined closureare stable for @lays,
and freshly prepared PCH2 standard solutions are stable &ys5 d
6.8 System Suitability

Well-separated peakare very important tdhe accuracy of quantification.

Resolution is a parameter to assess how well two close peaks are separated from each
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other. The data forresolutionis presentedn the spreadsheetalble 15 and 16 The
resolution is calculated as (R1S. - RT PCH)/0.5(Peak Width of I. S. + Peak Width of
PCH). All RT and PeakWidth values are time in minutes. Resabut values of PCH1
ranged from 4.546.27. Resolution values of PCH2 ranged from 20.@25.86.
Resolutionvalues obtained are abovethe minimum valuef 2 which isrequiredin a

system suitabilityassay(Validation of Chromatographic Methods 1994

Table 15: PCH1 Chromatographic ResolutionData

GC RT in minutes Peak width at base in
minutes
GC-MS file PCH1 PCH2. PCH1 PCH2 *Resolution
FM44771 10.57 11.01 0.10 0.094 454
FM44772 10.59 11.01 0.076 0.085 5.22
FM44773 10.56 10.98 0.077 0.058 6.22
FM44774 10.59 11.01 0.075 0.073 5.68
FM44775 10.61 11.05 0.077 0.089 5.30
FM44776 10.57 11.01 0.094 0.077 5.15
FM44777 10.63 11.05 0.076 0.072 5.68
FM44783 10.77 11.2 0.075 0.090 5.21
FM44784 10.76 11.2 0.075 0.075 5.87
FM44785 10.73 11.18 0.076 0.073 6.04
FM44798 10.63 11.05 0.076 0.058 6.27
FM44799 10.61 11.06 0.077 0.071 6.08
FM44808 10.63 11.07 0.076 0.080 5.64
FM44809 10.66 11.1 0.076 0.075 5.83
FM44810 10.64 11.08 0.077 0.075 5.79
FM44815 10.66 11.08 0.077 0.076 5.49
FM44816 10.63 11.07 0.077 0.078 5.68

FM44817 10.64 11.08 0.077 0.077 571
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*Resolution= (RT Int. Std. PeaRT PCH1 Peak)/0.5(Peak width of Int. Std. pe&leak width of
PCH1 Peak)
Minimum Value of Resolution for Assay2>

Table 16: PCH2 Chromatographic ResolutionData

GC RT in minutes Peak width at base in
minutes
GC-MSfile PCH2 I.S. PCH2 I.S. *Resolution
FM44771 11.01 12.72 0.094 0.077 20.00
FM44772 11.01 12.74 0.085 0.077 21.36
FM44773 10.98 12.71 0.058 0.098 22.18
FM44774 11.01 12.72 0.073 0.076 22.95
FM44775 11.05 12.76 0.089 0.077 20.60
FM44776 11.01 12.71 0.077 0.075 22.37
FM44777 11.05 12.76 0.072 0.076 2311
FM44783 11.20 12.92 0.090 0.075 20.85
FM44784 11.20 12.91 0.075 0.076 22.65
FM44785 11.18 12.90 0.073 0.076 23.09
FM44798 11.05 12.77 0.058 0.075 25.86
FM44799 11.06 12.78 0.071 0.076 23.40
FM44808 11.07 12.78 0.080 0.076 21.@
FM44809 11.10 12.81 0.075 0.078 22.35
FM44810 11.08 12.79 0.075 0.077 22.50
FM44815 11.08 12.81 0.076 0.077 22.61
FM44816 11.07 12.78 0.078 0.077 22.06
FM44817 11.08 12.79 0.077 0.076 22.35
*Resolution= (RT Int. Std. PeaRT PCH2 Peak)/0.Bak width of Int. Std. peak+ Peak width of
PCH2 Peak)

Minimum Value of Resolution for Assay2>

Peak tailing will negatively affect the accuracy of quantitation. Usually, a tailing
factor below?2 is an important parameter in the determination of systeatabdity

(Validation of Chromatographic Methods 199%ailing factor (T) = Wo.o42f. A sample
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chromatogrphic peak is shown in figure 18he data for assessingliiag factor were
presented in dble 17 And from the calculated results, all tailing factors of PCH1 and

PCH2 are below 2.

A
peak front peak tail
h
< Woos R >
I —>
f v

0.05h

Figure 18: A Sample Chromatographic Reak (W (5= Peak Width at 0.05 Peak Height, f=
Distance between Peak Maximum and Peakrént)

Table 17: Tailing Factor for System Suitability Assessment

PCH1 PCH2

GC-MS w f Tailing w f Tailing
file factor(T) factor(T)
FM44771 0.056 0.02 1.40 0.082 0.037 1.11
FM44772 0.065 0.033 0.98 0.065 0.018 1.80
FM44773 0.065 0.035 0.93 0.12 0.06 1.33
FM44774 0.067 0.037 0.90 0.073 0.036 1.01
FM44775 0.063 0.0%6 1.21 0.072 0.038 0.95
FM44776 0.065 0.027 1.20 0.068 0.0% 1.00
FM44777 0.063 0.035 0.90 0.065 0.0 1.16
FM44783 0.067 0.036 0.93 0.080 0.031 1.29

FM44784 0.069 0.034 1.01 0.074 0.054 0.68
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FM44785

FM44798
FM44799

FM44808
FM44809
FM44810

FM44815
FM44816
FM44817

0.068

0.069
0.060

0.066
0.063
0.058

0.065
0.06
0.070

0.033

0.038
0.023

0.033
0.024
0.017

0.021
0.036
0.033

1.03

0.91
1.30

1.00
1.31
1.70

1.55
0.92
1.06

0.072 0.037 0.97

0.058 0.020 1.45
0.066 0.032 1.03

0.077 0.037 1.04
0.071 0.037 1.00

0.070 0.0% 1.00
0.057 0.0 1.42
0.065 0.037 0.88
0.08 0.037 0.92

6.9 Spiking & Recovery

Recovery testvas performed in sireplicates withstarch sample EK900&xtracts

(with MEOH or water), and spiked withO ppm of PCHland 10ppm of PCH2. The

hydroxypropyl starch sample EK9005 had been wasedigh times to eliminate the

presencef PCH Sample EK9005 was analyzed-spiked and found to be free of PCH

compounds (obelow detection limit). The absorption salt used in recovestydy is

sodium chleide. The data of PCHecovery is presented irable B.

Table 18 Recovery Data
EK9005 Spiked with 10ppm PCH1 and 1@pm PCH2 by MEOH or Water E xtraction

MEOH Extraction

Water extraction

TIC Selected ion TIC Selected ion
PCH1 99.4% 99.9%% 94.1% 127. %6
PCH2 98.7% 67.%%0 81.7% 80.%%

The ecovery test wasonducte to assess the bias P&T-TD-GC-MS method

for PCH quantification in hydroxypropyl starch matrik. servesto monitor the

P&T-TD-GC-MS method operation proceduresliding, solvent extraction, evaporation
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loss, Purge& Trap loss.

Recovery data in Table Ehowsa decent recovery of spiked PCH in blank starch
extracted with methanoRecoveryfrom the waterextractionof the PCHspikedblank
starchwas not as good asis anticipated that recovery would be higher by substituting
sodium sulfateas the adsorption matrix instead of sodium chloride when water extraction
is usedPossible explanatioresementioned irSection6.11.
6.10Analysis of Starch Samples

In this test, threehydroxypropylated starch samples, including NS1, NS14,
EK9005(EK9005that had beerwashed many timet® eliminatePCH contentvasused
as a blank), were analyzed using P&TD-GC-MS with MEOH or water extraction.
NS14was highly hydroxyprgylated and formed a gel with water. So mater extract
was obtainedThe resultsshown in Table 9 were calculatedbased orboth total ion
currentand selected ionurrent The absorption matriwassodium chlorideThe levels

of PCHobtainedranged from 3.6 ppm to belovihe limit of detecton.

Table 19: PCH Conc. (ppm) in Sample NS1, NS14, EK9005 with Water or MEOH

Extraction
NS1(n=6) NS14(n=4) EK9005(n=4)
MEOH Water MEOH MEOH Water
TIC SI* TIC SI* TIC SI* TIC SI* TIC SI*
PCH1 1.29 0.79 0.90 0.83 275 1.79 - - - -
PCH2 0.32 0.52 0.31 0.55 0.31 0.34 - - - -
Total 161 1.32 1.21 1.38 3.06 2.13 - - - -

*S|: Calculation was based on selected iarrent



55

6.11 The Effect of Different P&T Absorption Salt Matri x on PCH Concentration

Sodium chloride and sodium sukawere compared to evaluate theifects on
PCH contentesults.Approximately1.20g salt was used to absorb 200ul sample MEOH
or water extract. The absorption matrix was placed between glass vieotliStance of
the glass wool to the head of glass tube is 1#censure arvenly heated environment
of 10® . The experiment was performedfour replicates with MEOH or water extracts

of hydroxypropyl starch sample NS1.

Gass wool
14cm \L

O__ 0O
|

Salt matrix

Figure 19: Absorption Salt Matrix in P&T V essel Designed for Solid 8mples

The reaons that a salt is usedhold theliquid extractis, first, salt will increase
the boiling point of water above 18Q thus,reducing theemanatingnoisture Secondly,
becausef the salting out effect, PClremore likelyto partition into the gas phase and

bepurgedand trapped into the maxTA adsorbent.

Table 20: PCH Content Comparison in Two Salt Matrixes (Sample NS1)

MEOH ext. Water ext.
NaCl Na,SO, NaCl Na,SO,
TIC *Sl TIC S TIC S TIC S
Mean 154 1.38 1.52 1.37 1.23 1.32 1.59 1.60
(n=4)
S.D. 0.103 0.13 0.034 0.11 0.061 0.12 0.018 0.058
RSD% 6.66 9.19 2.24 7.99 4,96 8.98 1.10 3.58

*S|: selected ion
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Since sdium chloride containshlorine in themolecule,it is possiblethatduring
the concentration processny residualPPOin the starch samplenay react withthe
chloride ion in water to form PCHo verify thispossibility sodium sulfatend sodium
chloride as salinatrixeswere usedide by sidéo compare the levels of PCH obtained.

From the data listed inable20 t her eds no significant
with MEOH extraction, using stium chloride or sodium sulfatélowever, the data with
water extraction told a differentay. It appeared that water exttian in sodium sulfate
matrix wasmuch higher than that in sodium chloride matfxevious sample analyse
and method precision validation were conducted in sodium chloride matrix, and PCH
content from sample with MEOHxt&action was higher than that with water extraction.
This fact may notbe solely explained by differensolvent extraction efficiencieas
previously propos# based on this tesbut alsobecause of the different interactions
between salt and water. Wherater extract was spiked into the sodium chloride matrix,
sodium chloride will partiallyionize and brm sodium cation ad chloride anion, which
will change water hydrogen bonding network and paseegative effect on PCH
successfully elutionfrom the saltmatrix. When water extraction was spiked into
anhydrous sodium sulfate &, sodium sulfate woul@dombire with at most tenvater
molecules and formnaquacomplex. his tends to redudde interactiorbetween water
molecules and PCH through hydrogeonding and wasin favor of PCH eluting from
sodium sulfate matrix.

Two tailed ttest was applied to exane if there was significant difference by

d
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using the two saltlesorption matrixes. Whethe sampleswere extracted with MEOH,
andthedata calculated Isad on total ion content, |t|=0.39,s46) =2.447. Sdhere isno
significant difference of using sodium chloride or sodium sulfate when sawgre
extracted by MEOH. When extract (with MEOH or water) was spiked in sodium chloride
matrix and data caléated based on TIC, |t|= 5.18 &bg6) =2.447. Sothere isa
significant difference of using MEOH or Water extract in sodium chloride matrix. When
sample extracted with water, and data calculated based on TIC, |t|= 1d.0dB);t2.447.

So there isa significant difference of using sodium chloride or sodium sulfate when
sample extracted with watdBased on the data shown in the TaPand conclusion

from t tests, sodium sulfate is adopted as the salt matrix in the following ring test.
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7. Proposed (hangesin the Ring Test Sudy

Although the P&FTD-GC-MS method showscceptablerecovery system and
method precisionthe &cuacy of this methothas yet tde determinedin order toassess
the accuracy of thé?&T-TD-GC-MS method and the Europan proposed solvent
extraction GEMS method a ring test wasonductedamong 4 labs (Rutgers,VEBE
Netherlangd, AVEBE SwedenandISSINJ).

In the ring test, each lakeceival the same sets of starch sanspland the
chemicals used to build calibraticarves, including PCH, PCH2 and PCH8,have the
same batch number

For the ring testthe following modifications were made to increaseabeuracy
of the P&FTD-GC-MS method:

O Mass spectrometer staange is reduced to 3®0 from 35150 to allow
more scans conceraiing on the range of 394.

0  Stach samples are extractedlroom temperaturewhich is usedas other
labs extaction condition, thusnakingthe final PCH contennhore comparable

O  Build calibration curves with and without starch matrix.

0  Glass tubesvith diameter of 1/4nch (OD)rather than 1/2nch (OD) are
used in methanolx¢raction to reduce dead volumeé is notapplicableto water extracts
because more moisture will be trapped into the desorption tube, viharhanging to

glass tuleswith 1/4 inch (OD).
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8. Ring Test
8.1 Calibration Curveswith Blank Hydroxypropyl Starch as Spike Matrix

The calibration curve data of PCH1 and PCH2 wespeetively presented in
Table21 and 2 (calcUated based on total iczurrent TIC). The calilbation curves were
obtained by plotting the peak area raiffdCH1/1.S. or PCH2/I.S. atependent variables
versus the concentrations of standard solutions of PCH1 or PCHA&degendent
variables. Linear regressions were applied. The calibration cumesskown in igure
20and kgure 21

For PCH1, afive-point calibration was performed as shown iable 21. The
dynamic range of the calibration is from 0.1ppm to 10ppm (nominal to 2 g of starch
sample on dryweight basis). The calibration is linear inighdynamic range with
R-square >0.99.

For PCH2, a fivepoint calibration was performed as shown iablE 22. The
dynamic range of the calibration is from 0.1ppm to 10ppm (nominal to 2g of starch
sample on dryweight basis). The calibration is linear inighdynamic range with

R-square >0.99.



Table 21 P&T-TD-GC-MS Assay for PCH1 Calibration Curve
T by MEOH Extraction with GC-MS Analysis (TIC)

*PCH1
concentration

in ppm

peak arez Average
ratio of peak
PCH1/IS area ratio

PCHL Regression Output

10ppm

5ppm

1ppm

0.5ppm

0.1ppm

18.74892  20.2095
20.89072
20.98884
10.76064 10.67757
10.58146
10.6906
3.616585 3.329339
3.624429
2.747003
1.908135 2.192858
1.920511
2.749928
1.30183 1.216441
1.084593
1.262899

Constant 1.2203
Est of Std Err 0.1669
R Squared 0.9997
No. of Observations 5
Degrees of Freedon 3

X Coefficient 1.899

*pased on 2g of starain dry weight basis

25

PA(PCH1)/PA(IS)

PCH1 conc. in ppm

8 10 12

Figure 20: PCH1 Calibration Curve by MEOH E xtraction (TIC)
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Table 22 P&T-TD-GC-MS Assay for PCH2 Calibration Curve
T by MEOH Extraction with GC -MS Analysis (TIC)

*PCH2 peak areg Average of| PCH2 Regression Outpu
concentration ratio peak areg
in ppm PCH2/IS ratio
10ppm 2.736011 4.969395 | Constant 0.0033
4.561626 Est of Std Err 0.06959
7.610548 R Squared 0.9992
5ppm 2.711702 2.594849 | No. of Observations 5
2.502809 Degrees of Freedom 3
2.570035
1ppm 0.420976 0.436698 | X Coefficient 0.5005
0.5194®
0.369712
0.5ppm 0.318159 0.276815
0.277502
0.234785
0.1ppm 0.036276 0.046973
0.054253
0.05039
*based on 2g of staratn dry weigh basis
6 -
5
2
i 4
T 3
g
E’ 2
1
0 T T T T T )
0 2 4 6 8 10 12
PCH2 conc. in ppm

Figure 21: PCH2 Calibration Curve by MEOH E xtraction (TIC)
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The calibrations were also built with water extraction. And the data were
calculated based dmoth total ion contentand selected ion content. Al matrix linear

regression curvesquations were presented in Table 23

Table 23: Linear Calibration Equations (in Blank Starch Matrix)

PCH1 PCH2
TIC Selected ion TIC Selected ion

MEOH y=1.899x+1.22 y=2.98x0.065  y=0.5x+0.0033  y=0.169x0.0353
R?=0.9997 R?=0.9988 R?=0.9992 R?=0.9977

Water y=2.8833x+0.21 y=5.29x+0.7085 y=0.6419x+0.188 y=0.2754x+0.0489
R?=0.998 R?=0.9876 R?=0.9819 R?=0.997

8.2 Starch Samples Aalyzed with M ethanol Extraction, P&T -TD-GC-MS Method

A total of 12 granular and pregelatinized starch samples coded in duplicate were
analyzed with MEOH extaion, P&T-TD-GC-MS in mass spectrometry laRutgers
University The same set of samples eve independently analyzed by AVEBE
Netherlands, AVEBESweden and ISSI lalm NJ, using the newly proposed European
methanol extraction GMS method.

A separate sethat does not include pregelatinizedmples wee analyzed with
waterextraction, P&FTD-GC-MS method. Table 2dhows PCH concentration in all the
ring test samples based on the PBO-GC-MS method (calculated based onsitarch

matrix calibration as preausly shownn Table 23.
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Table 24: Sum of Conc. of PCH1 and PCH2 in ppm
PCH mean conc. in ppm (n=2)

Sample MEOH extract Water extract
TIC Selected ion TIC Selected ion

A 0.00 0.07 0.02 0.01
A 0.09 0.20 0.00 0.00
B 0.75 0.50 0.60 0.59
B 0.75 1.14 0.56 0.45
C 1.28 1.48 0.94 0.89
C 1.39 1.47 0.91 0.95
D 1.76 1.94 1.07 1.86
D 2.60 2.31 1.36 1.27
E 2.50 2.57 2.93 3.16
E 1.83 1.55 1.64 1.14
F 0.59 0.64 0.20 0.18
F 0.20 0.17 0.25 0.30
G 0.46 0.56 0.23 0.20
G 0.57 0.64 0.21 0.14
H 0.31 0.33 0.10 0.035
H 0.13 0.29 0.10 0.038
I 0.26 0.49 0.11 0.10
I 0.20 0.59 0.07 0.06
J 0.35 0.56 0.07 0.06
J 0.40 0.26 0.25 0.20
K 0.55 0.15

K 0.59 0.27

L 0.32 0.40

L 0.04 0.21

* Sample AD: prespiked samples
Sanple EL: samples were priested with the European proposed MEOH extrac@®@ MS
method by AVEBBENetherlands

8.3 Calibration CurvesBuilt without Blank Hydroxypropyl Starch Matrix
Besides in matrixcalibration, calibrationwithout blank starch matrixwere built
based on P&TTD 1 GCiMS was also built to analyze ring test samples.

The calibration curve data of PCH1 and PCH2 were respectively pedsent
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Table 25 and 2€calcuated based on total ion currefiiC). The calibration curves were
obtained by plotting the peak area ratio of PCH1/I.S. or PCH2/I.S. as independent
variables versus the concentrations of standard solutions of PCH1 or PCH2 as dependent
variables. Linear regressions were applied. The calibration curves were shown in Figure
22 and kgure 23.

For PCH1, a fivepoint calibration was performed as shown in Tab%e The
dynamic range of the calibration is from 0.1ppm to 10ppm (nominal to 2 g of starch
sample on dryweight basis). The calibration is linear in this dynamic range with
R-squae of 0.951.The Fvalue calculated for this calibrationodel is 14.51 > k051, 3)
=10.13. Thus the calibration model is considered suitable.

For PCH2, a fivepoint calibration was performed as shown in Tabe The
dynamic range of the calibratias from 0.1ppm to 10ppm (nominal to 2g of starch
sample on dryweight basis). The calibration is linear in this dynamic range with

R-square >0.99.

Table 25: P&T-TD-GC-MS Assay for PCH1 Calibration Curve
by MEOH Extraction w/ No Starch with GC-MS Analysis (TIC)

*PCH1 peak aree Average of| PCH1 Regression Output

concentration ratio peak ares

in ppm PCH1/IS ratio

10ppm 31.35178  31.56637 | Constant 3.6832
31.78095 Est of Std Err 0.3017

5ppm 16.68307 17.66797 | R Squared 0.9995
18.63287 No. of Observations 5

1ppm 6.362683 6.442819 | Degrees of Freedom 3
6.522954

0.5ppm 5.701373  5.460716 | X Coefficient 2.791




0.1ppm

5.22006
3.955357
3.263326

3.609341

*based on 2g of staratn dryweight bass

PA(PCH1)/PA(IS)
= N N w w
[6)] o (6)] o a1

[E=Y
o

(€3]

4 6
PCH1 conc. in ppm

8 10 12

Figure 222 PCH1 Calibration Curve by MEOH E xtraction (TIC)

Table 26: P&T-TD-GC-MS Assay for PCH2 Calibration Curve
T by MEOH Extraction w/ No Matrix Starch with GC -MS Analysis (TIC)

*PCH2 peak aree Average of| PCH1 Regression Output

concentration ratio peak areg

in ppm PCH2/IS ratio

10ppm 8.909091 10.26883 Constant -0.1005
11.62857 Std Err of Est 0.4344

5ppm 4.326772  4.290972 R Squared 0.9922
4.255172 No. of Observations 5

1ppm 0.888889 0.953426 Degrees of Freedon 3
1.017964

0.5ppm 0.649886 0.643057 X Coefficient 1.0066
0.636228

0.1ppm 0.049603 0.050542
0.051481

*based on 2g of staratn dry weight basis
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12 -

PA(PCH2)/PA(IS)

0 T T T T T 1
0 2 4 6 8 10 12

PCH2 conc. in ppm

Figure 23: PCH2 Calibration Curve by MEOH E xtraction (TIC)

The calibrations were also built with water extraction. And the data were
calculatedbased on both total ion camt and selected mocontent. Alllinear regression

(without starch matrix) equatiomgere shown in Table 27

Table 27: Linear Calibr ation Curve Equations (without Blank Starch Matrix)

Cal. PCH1 PCH2
Equation
TIC Selected ion TIC Selected ion
MEOH  y=2.791x+3.68 y=3.417x+0.457 y=1.0066x0.1 y=0.528x%0.0877
R?=0.9995 R?=0.9982 R?=0.9922 R?=0.9629
Water y=6.1334x1272 y=9.28%1.82 y=1.829%0.206  y=0.7362x+0.1
R?=0.9983 R?=0.995 R?=0.9847 R?=0.9782

8.4 Starch Samples Analyzed with Methanol Extraction, P&FTD-GC-MS Method

Table 28 shows PCH concentration in all the ring test samples based on the
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P&T-TD-GC-MS method(calculated based on the calibration built up without blank

starch matrix as previously shown).

Table 28 Sum of Conc. of PCH1 and PCH2 in ppm

PCH mean conc. in ppm (n=2)

Sample MEOH extract Water extract
TIC Selected ion TIC Selected ion

A 0.26 0.04 0.38 0.22
A 0.41 0.43 0.21 0.21
B 0.79 0.57 0.65 0.52
B 0.78 0.96 0.63 0.47
C 1.07 1.25 0.81 0.67
C 1.14 1.23 0.78 0.71
D 1.34 1.45 0.99 1.19
D 1.82 1.85 0.86 0.85
E 1.75 1.57 1.61 1.69
E 1.37 1.15 1.06 0.77
F 0.36 0.57 0.46 0.30
F 0.47 0.40 0.49 0.35
G 0.62 0.49 0.47 0.31
G 0.68 0.56 0.47 0.30
H 0.54 0.54 0.42 0.23
H 0.44 0.40 0.42 0.23
I 0.16 0.43 0.42 0.26
I 0.48 0.52 0.40 0.24
J 0.56 0.51 0.40 0.24
J 0.59 0.48 0.49 0.31
K 0.67 0.11

K 0.36 0.21

L 0.20 0.39

L 0.39 0.16

* Sample AD: pre-spikedstarchsamples
Sample EL: commercial starclsamples were prested with the European proposed MEOH
extraction GC- MS method by AVEBENetherlands

8.6 Sarch Samples Analyzed with European Proposed Saiwnt Extraction GC-MS
Method
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A total of 12 granular and pmgelatinized starch samplegere blind coded in
duplicated and analyzed uginEuropean methanol extractt®@C-MS method
respectivelyby AVEBE Netherlandand ISSlin New JerseyThe data were psented in
Table 29.

These 12 samples were pretested by AVEBE with the European methanol
extraction GC- MS method and the contents of PCH in these samples were listed in the
first column (A-D were prespiked and the levels of PCH in-lEwere previously
determined by AVEBE).

By comparing the dataf pretested samples and the data frorg test ashown

in Table 29, the European methanol extraction methdaot show good reproducibility.

Table 29: Data from European Solvent Extraction GC-MS Method

PCH mean conc. in ppm

AVEBE Netherlands AVEBE Sweden ISSINJ
Sample * In-matrix Without In-matrix Without  In-matrix
matrix matrix
A 0 0.3 0.2 0.22 0.17 0.00
A 0 0.5 0.35 0.21 0.16 0.00
B 0.5 0.75 0.6 0.26 0.21 0.34
B 0.5 0.7 0.6 0.28 0.24 0.32
C 1 1.1 0.95 0.32 0.26 0.70
C 1 1.1 0.95 0.34 0.3 0.57
D 1.5 1.8 1.6 0.38 0.31 0.95
D 15 1.65 1.45 0.35 0.27 1.18
E 2.71 1.89 1.79 1.32 1.31 2.01
E 2.71 1.26 1.18 1.57 1.43 1.99
F 0.61 0.32 0.29 0.4 0.38 0.24
F 0.61 0.38 0.34 0.44 0.42 0.27
G 0.89 0.74 0.69 0.8 0.86 0.29
G 0.89 0.82 0.77 0.72 0.76 0.42
H 0.15 0.08 0.06 0.23 0.17 0.00
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H 0.15 0.1 0.07 0.23 0.18 0.09
I 0.06 0.1 0.08 0.27 0.22 0.11
I 0.06 0.1 0.08 0.26 0.21 0.09
J 0.21 0.09 0.07 0.24 0.19 0.00
J 0.21 0.1 0.08 0.25 0.2 0.00
K 1.13 1.51 1.43 1.53 1.63 1.08
K 1.13 1.35 1.28 1.18 1.24 1.48
L 0.25 0.26 0.23 0.48 0.42 0.19
L 0.25 0.22 0.19 0.46 0.44 0.19

* Sample AD: prespikedstarchsamples
Sample EL: commercial starclsamples wer@retesed withthe European proposed MEOH
extraction GC- MS methodby AVEBE Netherlands

Prespiked sampleE-L wereused for recovery calculation. The recovery data are

shown in Table 3031

Table 30: Recovery of EUMethod Based on Pe-spiked Samples

AVEBE Netherland AVEBE Sweden ISSI

Without matrix  In-matrix Without matrix  In-matrix In-matrix
0.5ppm 63% 68% 12% 11% 66%
lppm 66% 71% 11.5% 11.5% 64%
1.5ppm 82% 88% 8.3% 10% 72%

Table 31: Recovery of P&T-TD-GC-MS Method Based on Prespiked Samples

MEOH extraction Water extaction
In-matrix Without matrix In-matrix Without matrix
TIC SIM TIC SIM TIC SIM TIC SIM

0.5pm 141% 13”0 90% 1060 114 103 6%  56%
1ppm 129% 13&% 77 100.3% 91360 91.5% 50% 47.3%
1.5pm 142.36 132.%0 83% 94.3% 80.30 1082 42%  53.%0

As it can be concluded from the recovery dagdiesobtainedfrom the European
proposed methanol extraction &S methodshows an underestimation compared to the
pretested values. Using the metbanextractionP&T-TD-GC-MS method (with

in-matrix calibration shows a highly overestimation compared to thetpséed values
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from the European proposed methanol extraeB@MS method. A possible explanation
could be a ceextraction of compounds that\Vea similar retention time in the applied
GC systemPossible way to modify this situation would be to use m/z=79 adsté
m/z=45 for PCH quantification m/z=65 insted of m/z=58 for PCH2Xyuantification
With the water extraction P&T-TD-GC-MS method based orin-matrix calibration a
decent recovery of PCH compounalas achieved@¢ompared to the pretested values with
the European proposed methanol extraeG@iMS method.Both in-matrix calibration
and calibration without starch matnixere utilizedto calculate thecommercial starch
sampleghat were providedThe resultshoweda pronouncediifference, as ievidentin
Table 3. The inmatrix extraction procedure was conducted in a similar extraction
environment as was done for the starch samples asdwererepresentativef the real
sample analysis.

Figure 24compared the results obtained frtime commercial starch samples-(&
usingEU Proposed MEOH extractiec@C-MS methodwith thepretestedralues provided.
As canbe sea, the shape dbld linesfrom all 3 parties that employed the EU proposed
MEOH extractionRGC-MS methodbased orthe pretested valuedt shows thatlifferent
calibraton method (irmatrix or without matriy would not lead to a pronounced
difference in the results obtainedSimilar plots of the results based on the
P&T-TD-GC-MS using methanol and water are given in Figurea@826, respectively.
The matching of fold lines in both figures was pobhis means thatrrespective of

whether methanol or water was used for extractrdmether the calculation of the PCH
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values based on the-matrix or without matrix equations, or whether the areas were
determined by total ion current or the selected ion current, consistent results by the
P&T-TD-GC-MS method cannot be obtained.

It was agreed thaRutgerss resultshave strengthead the confidence that PCH
levels are as found by ttgJ method In order to further assess the accuracy of European
Proposed MEOH extractie@C-MS method, several adjustments have been proposed,

such asnodifying the calibration rang@ndconducing method validation tests.

EU Proposed MEOH Extactt8CMS
3 -
2.5 -
— — pre-test values
g 27
9 e N L-in Matrix
T 15 -
O = NL-external
0— 1 _
= S\W-in matrix
0.5 - = S\\V-external
0 | e |SS]|
data points

Figure 24: Comparison of Commercial Samples with EU Proposed MEOH
Extraction-GC-MS Method
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P&TTDGCMS (MEOH extraction)
3 -
2.5 -
T 2- = pre-tested values
(0]
T 15 - e RU-in matrix TIC
O
a4 == RU-in matrix SIM
05 - = RU-external TIC
= RU-external SIM
0 T T T T T T T 1
E F G H | J K L
data points

Figure 25. Comparison of Commerdal Samples with MEOH Extraction-P&T-TD-GC-MS
Method

P&T-TD-GCMS (Water extraction)
3 -
2.5 -
T 2 — pre-tested values
(]
T 15 - = RU-in matrix TIC
O
a4 = RU-in matrix SIM
05 - — RU-external TIC
- RU-external SIM
O T T T T T 1
E F G H | J
data points

Figure 26: Comparison of Commercial Samples with Water ExtractiorP&T-TD-GC-MS
Method
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9. P&T-TD-GC-MS Method Adoption in Quantifying PCH in
Fumigated Almond

Sliced almondsamples, 1A, 123, HJ1 (Campos Brothers Farms, Caruther, CA)
were used to quantify PCH content. thre analyses, 10@f eachsample wasand then
rapidly sealed into a purge and trap apparatus. The saasgdargedat 100N with
nitrogen at a flow rate of 50ml/min for 30minto a desorption tube containing Tenax,
previously, spiked withinternal standards (10.0ug of benzelte toluened8 and
naphthalen@8) for quantification purpose. Theharged adsorbent trapias then
connected to short path thermal desorption system and thermally desatrB8@ ( for
5min) intothe GC-MS.

The results indicated that sanplE2-3 and HJ1 had been treatedvith PPO as
PCH and PBHwere found PBH aregenerally not considered assidies by the EPA,
because PBHare present at very low concentragon commodities at the time of
consumptionTable 31 shows PCH concentratiombtained Figure24 and 25how the
chromatogramm of the samples 12-3 and HJ1 respectively In order 6 appy this
P&T-TD-GC-MS method inquantifying PCH in fmigated almonds sampleyethod

validation tests adescribed for théaydroxypropyl starch sam@areneeded

Table 32 PCH Concentration (ppm) in Sliced Almond S mple 123 and HJ1
PCH1 Conc. (ppm) PCH2 Conc.(ppm)
12-3 0.799 0.035
HJ1 0.056 --




PCH?2 PBH2

Figure 27. GC Chromatogram of Almond Sample 123 (*I.S.1: d-6 benzenel.S.2: d-8
toluene; 1.S.3: d8 naphthaleng

PCH1

Figure 28: GC Chromatogram of Almond Sample HJ1 ¢*1.S.1: d-6 benzeng
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