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1JVIV111 

n1~~LA~1~lfilTVi1~L~t~t1funftLA~IJ1Lfln~1~ 

( Techniques of Food Analysis by 

Gas Chromatography) 

Gas chromatography (GC) Lil~L 'YifiUfl~'litl'VI'lULLEJmrn~tnJYiL'nm1tl1'::L 'VIEJ 

Li~J~mnmtJ-utEJ (volatile organic compounds) t~~mU.lUlii"'El\I'VI'iEl11idiu 450° '1! El1fltJ 
, \1 

'VItrn"!l EJ\Ifl11li"1HlU~ LL~n~h\ln~"!l EJ\1 EJ\1~1.1,-::n EJu 'l ~.l1EJ ci1\lr\ii9ierl'~111fl 2 1~111fl ~ EJ 

1~111fiEJ~nur\ (Stationary phase) LLL'I:: 1~111f1Lfl~ml.~ (Mobile phase) tl1L'f11'L~Lil'ULLri~ 
t~mn nEJT;J 'liL 'Yif1Ufl~'l.l."1i1 EJ L"li'\.1. El1fl£JUDffiEJ1Lflihu~£J'I.I.LU'U.El't~~n~~ ')~L'nll11tl 
LU~ [J'\.I,LU'\.I.LLri s1~'VI'iEJEl1';) 1 i'VI annTnLtJn ~~1 [J~1 tlfl11l.li'au (pyrolysis) L~ ElL'n'l~Lil'\.1. 
"!I El\1 LL oii-11tf 'I.I.Clnfl11ll'fElU';J:: tlnL U~ tJ'\.1. 1 ~L U'U 1EJ'VI'iEl LLri ~~ El CU. 'VIIl ii ~\In \I 600 El\1 ~1 L '1!~ L ifiu ~ 

\1 \1 , \1 \1 

LLa1~h-utEJtfutuET\Ii1LL£Jnria~nur\~\l~tJni1 stationary phase ti1 stationary phase 
\1 

LU'I.I."!IEl\ILL;i\1 L'iun Gas solid chromatography ti1 stationary phase LU'\.1."11El\IL'V1~1L'itJni1 

Gas liquid chromatography ~\1 Martin LL~:: Synge 1941 LUU~tl1ll11i9ial.l11~tl 1952 

t~~l.I~LEJnL'n'lL~£J1nUm11i Gas chromatography 'l1.1.il 1956 t~iin11~~~~L~El\liiEl 
,l !"I ~ ... .... 'I """.I .. A ... ~ ,l .... ..¥ .. .. .. 
"!1~111 Lu ~fl'l\1 LL ·m LL~::ll n11'Vl~~ 1 L 'VIllu1':: ~'YITi111Vl~ [J\I"!IWil\1. 'Y1 n1U '\.1. L 'Yifl\l.fln11'1Lfi11::'VI 

J','l., .... 
'\.I.LLU\1 L~ 2 "n~~fiEl 

1. Gas Solid Chromatography 

2. Gas Liquid Chromatography 

, 

Mobile P 

Gas 

Gas 

Stationary P 

Solid 

Liquid 

~1Uth::naur\~1~tu"LLEI\1Lfi~El.,'l GC ~El column ~-\Iii stationary phase lJ77';JEIE.lLLt'l::: 
~ , \1 

detector £imf\1~1~th:::nau~1\J ')L~EIL~m71Lm1:::~'ihh:::~'Yln1l1Vl"\J"~ ~El Carrier gas, \1 , 

Injection port , Solid support, Stationary phase LiJ~!iitl. 
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1. Gases Yi'1']ltJ~l,YLij'l.4 mobile phase ~El Helium, nitrogen LL~:: Argon "il::Li"lfii.~ 
'4 .r ... ....... I A ''~~"' 
L~Wll\4nt.JnTl1L~1'1::VILn1'~1Eltn\l LL~::m1'~11J~1111El\l detector 'IJ\1 gases LLU\1 L~ 2 

~ 

1.1 Carrier gas 

m::u1'1.4n11'ri1\11'1.411El\IL~~D\I GC ~\!Carrier gas "il::VnLn1'~tlmhl~Ltl'1.4lm"li1a- column, 
'II 'II . ... .. 

earner gas "il::~El\11ln11'~11J~1J 
~ 

flow rate l~~\I~Lt~1JEJ~ii.£J1JL"lffiD Nitrogen, Helium, 

Hydrogen 

.... . 
AnuUJtJCFI2lil\l carrier gas All • 

.. .. .r ,.. ... .,..... "" "". 1. 1J~111JU1'~'Y11!"~\I L~ti3J1n~El\l L"lf"lfU~ Ultra pure L 'WEl~111J~\I'YlU11El\IL~1'El\11JEl 
• 'II 

o; I A 

2. LVI3J1::~1Jnu detector LL~~::"lfu~ 

3. ~El\lllhhtJtiffitnnULn1'c;l1ElU1\I 

4. ihi'1VIUnL1JL~n~~\IV1'7Dm1'n1'::';11£Jc;l1~1 (gaseous diffusion) 
• 'II 

Typical Gas Chromatograph 

MOL-SIEVE FIXED 
TRAPS RES'T!CTORS 

. El.EC'l"ROMETER 

DETECTOR I 
' 

RECORDER' 
INTEGRATOR 

n1owfl11.1 LL~~\1~1\4U1::nEJu!ii1\l ') '2.1El\IL~~El\l Gas chromatography 

1.2 Detector Gas dju gas~l,Y support detector 
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2. Oven ~tl ti11.1. ~L iLhVI'l1J1J77~fl £1~11\l' (Column) LL~::LUU.ti1U ~fi11Jfi3J £l m~11ii'll tl.J 
~ ~ ~ ~ 

l~Ltl~~'1.4ltl~111fi1111L~111::~11nu~7~Yl'£l.Jm71Lfl71::l{~.JnTlfi11Jfl11£lm~n5j 
~ ~ ~ 

t .. .. 
'llu~ Oven '1.4\UJ 2 LL1J1J fltl 

2.1) !socratic Temperature 

2.2) Gradient Temperature "li£lii"ll£l.Jn17th Gradient temperature ~El~1117t1Linu 

~7i1EJci1~~~~~L~EJ~n11-J (Wide boiling range) LL~::ET~'li1£J~~L1t:n1um71Lfl1"1::\{ 
~ 

3. Column ~.JLUU.ti1u~Lh~ru~~~~l-Ntum1"LL~n~1"2Tnth~1~'YlEJ.JLL~.J ~L~UL~~ ., ~ 

EJ~ijLitmJ ii.Ln~ ~1mLn1 L~\uhfi'1.4Un~1-Jtl1"::111tu 1/8 LL~:: 1/4 d1 fi113J£J11 3-10 vJ~ 
'II ~ ~ 

Column ~thYl'1mLn1ii~~~ LL9inLL~ninJ1£JL1i~::~1nLum,-~~~.J ti1u column ~Ltlu 
~ 

~~1~~nl1iLilu~LLrd~~1~ column ~tl~1~"1i1-J~rt.J~~nu Injection port LL~::tl~1£Jeln"lJ1-J 
~ilnU detector 'lltu::1Lfl1"1::l{~,-y)'EJ.JLifl1111i'EJULLri column LriEJLi~1"LUULEl~~El~L1~1 
~~ column ~::EJci'lu~fl11lli'tJu (oven) LL9i~a~~1n1Lfl1"1::l{L~1~Yl'tl~1"EJLi column LUUi1 

~ ~ 

' ... .. 'I ' ..1.. 'I ..... 
fl~~Un11~::1Lfl1"1::~ ~11" L ~ll column 'Yl\l.~ll L "lffl tl 

3.1 Packed column LLti.JL~LUU 2 "lJii.~ ~El absorption LL~:: partition column, 

absorption column ~::U1"1"~~1~ absorptive particles L'liu alumina, silica gel ti1'U. 
~ 

partition column LUU column ~U1"1"~~1~ inert solid particles LLfl:: coat ~1~ liquid phase 
\ 

3.2 Capillary column LUU column 'llU1~L~n~.J~Li'l.4f.J1f!UUnfl1-J 7::~i1-J 
~ 

0.005-0.02 d1 LLfl::iifl11llm1 100-500 vJ~ 't11~1~ 'YlEl.JLL~.J ~L~ULfl~ LLn1 'VI1EJLU~u'U. 
~ 

L ~El.J~1n column ~"ll'I.41~L~m.nn~.Jiltl7::~'Yln111~~-J L ~71::~11117t1~~LL 7-JLH~~'Yl11.1. lY1111n 
~ 

n11"~Yl!U1tl1"::~'YlTI111~"lJEl~ column 

+ \i column 'llU1~L~n 

+ li column ~u1UYl1£J stationary phase ~~1llLflnflL~nLLfl::Ltluvhf1l1J1-J ') 
~ 

+ li column ~fiEJU"li1-J£J11 

t L in11"fi1Uflll tl tu'VI11ii1~ ~tJi'uLtl~ ~Uutl4~11 ii~1llfl11lJL 'VI111::~lJ 
~ , 'II , 'II 

4. Injection port ~a ff1\l.~~,.i1tl r.l1~~::t1nUilL"li1fi'Lfl~e:J-1LLt:~::7::L 'VItiLUU LtlfltlU~~::L"li'1t'i' 
~ ~ ~ 

Column tl tu.'VI11ij'fiL 'VIll1::~:1J"ll tl~ injector fi11"LU\I.e:J tu.'VI11ij~ ~-''Vi tl~~::'Yl1l i ~11~1 tl r.l1~ , ~ , ~ ~ 

~ll11"tn::LVHJL~LL~ · ~tl~L1ln1li~11~fl1£.Ji1 ~1e:Jr.l1~"lltl~ injectorL~LLri Split, Splitless, 
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On column1~m.J1ULL~'IU.l1\lnU~1 (septum) "lieHi1\11::VIi1\l septum LL~:: column (Dead 

volumn) ~tHiiiumn..nn1~FJtln~~El\I'Yi1l~i'EJuLYiEl~11a::,ntJ~~1ULi1LtJmnmilulEl fl11ii 

Eltu.VI11D~.:~ni1Eltu.VI11D"llEJ\I column U7::111tu. 10°'11 , ,. ,. , ,. 

5. Solid supports VIU1~"lJEl\l solid support ~EI~1UL~Eitl"lJEl\l liquid phase LU column 

~\1 solid support ~1mun11lLfl11::VI1ULTl~El\l GC iiVI~1tJ"lf\t~~El 
• . .,. .,. .f ..1.. 2 .4 

5.1 Chromosorb P 'Yl1~1n Diatomaceous earth ~"lfll'Vi 1J'ViU'Yl~1 4-6 m /g 'D'\1 ,. 
:'1 ... ..~ .. tl .. .. ~ .r '... "' ... .I 
LuU"lfU~'Ylll 'l::~'Yln-111\'i~\1~~ ~U"lltu.::U LL~11Tl111JL\l.EitJUEI tl'Yl~~ ,. , , 

• . ... ... .r .I.. 2 
5.2 Chromosorb W 'Yl1~1n Diatomaceous earth ~11 1J'ViU'Yl~1 1-3.5 m /g 

5.3 Chromosorb G v:.ii1./1:i'Yln111'Vi~\ILiiEJ\1~1milum11111nU"llEJ\I Chromosorb ,. 
4QI ... z ~- ., I A "" IJ I 

P LL~:: diatomite ~11 1J'ViU'Yl~1UEltln11 2 "lfU~"lJ1\I~U Tl\I'YlUfi111~Ein11LL~n~a1tJ"lJEl\l 

" 
column iiu1V1Un111nni1 Chromosorpb W U7::111tu. 2.4 Lrh 

Microsyr,nge 

Nut Connector 

r-------------------, 
! I 

~NL-------------------~1 

I 
L _____ t __ ------ t 

Rubber 

1

1 

septum 
Block heater 

Carrier 
gas 

Column 

n1Tti111.2 ~1Utl1::nmJ~1\I')"lltl\l Injection port 

6. Temperature Controller Lth.~.&iTll.fl11Jfl3JEltu.VI11ii'l~nu detector LLa:: injector , , ,. 
A .:::11!1 I .... I .... A .1' 

Eltu. V1113J"ll El\1 column 3J ~1'\.u.nn~ Eln17LLtJn~,-~1 El tn\lt11 El tu.VI111l~\l"ll'll.~1~:: 
, 'II , 'II 'II 

LTl~ El'll. ~ L~1itu El tu.V\11 ii~'l i~::Liju~~L~ El~ 1~ mu~ tl"lJEl\1~11 LL~::~ El\IL~L ~ El tu.VI11ii"ll El\1 , 'II , , ,. 

column ~.:~ni1Eltu.VI11ii~\l~~"lJEl\l liquid phase ~.:~rh'l~ column L~Elll 'II , 'II ,. , 
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- Flame Ionization Detector (FID) 

-Thermal Conductivity Detector (TCD) 

- Electron Capture Detector (ECD) 

- Nitrogen Phosphorus Detector (NPD) 

-Flame Photometric Detector (FPD) 

- Photo ionzation Detector (PID) 

... ..., ..., ..t 
Detector ~1'Uiftn1!tmt{;l\J\4 

1. High sensitivity ~Eltii'EJ~£1 response ~ ~tiW11117tl917T;JV.1lfl111tu.L;~7UEHJ ']ltil 

2. Selectivity ~tl response Luvn::W17L91W17V.tt~ 
3. ~17L'lil.lll-1."1h~~1111L"li'1l•Ji\1."11El~W17~1mh~h!."li'Nn11" 

4. 11 reproducibility ~ 

5. 191W171h::nEJul~nn"lfu91 
1 

s. l1il1nun17Ltl~tJ'\.1.~111l~\l."lla"n1'1!LL~::EJmv.n~ 
1 'II 

lli£1 detector "1JU91L91iimu.tl111.l~~,.unn"li'EJ LL9i~lniLfltJ~LL~::ittJ1lhin'\.1.1l1n~tl91 2 "1Jit9l~El 
1 1 , 

Flame Ionization Detector (FlO} LLftt Thermal Conductivity Detector (TCD} 

7.1 Flame Ionization Detector (FlO) "1\l.tl7::nEJutlfl'ty~tl Flame LL~:: 
"" "" , o ..., IS'o 4 ..I o ..., A 4 

Electrode 2 El\1. ';J::11~1~1111911"t~~nm:n\1.1\I.V.\I.~ electrode flWl~ty~tl collector '1!" Flame 
... .. 111 •• 1 .. ..1 111 • 

Ln9J';J1nm79191 Lri"l!El~ hydrogen LL~:: Oxygen V.7Eltl1n1t~~ Lllel gas ';J1n column LV.~~1\I. 

- . A ~ "" I Flame ';):: ionize Ln91 charged parttcles LL~:: electrons IJJ"';J::1"L"ll1tl collector electrode 
'II 

di91LU\I.n7::LLtll~rh "llmmil\l.ityty1tu.ltl~L~~EJ~uwnmil\l. chromatogram LL~::~h~1111 

. a o ...., A 

7.2 Thermal Conductivity Detector (TCD} 1.ll11.l1fll1Ln~ty"lltl~ TCD ~Eln11 

L~tl~111l'fel\l. L ~ rll.lgas ~~1 W17~1 tl ti1" L "li'11l1n~ detector ~" detector n';J::tli'un7::LLtl 

l ~vh t ~"1191~191£1~111li'tJ'\.I.L rh L~ll n11Ltl~ tJ\I.LLU~~"ll a~n7::LLtll ~~1';J::L u\l.i91 Lt1\l.rl1.l~111l 
Lilli\l."lltJ~ tl17'il1 mh" LL~::ityty1 tu.';J::Lt~L i1 i.1l1 \I.L~~a"uwnmill-1. chromatogram LL~:: 
lfhntu. peak area rh L '\Xn711.l~1111Li1l"li'\l."lltJ~Wl1i'la ti1~'VI~~'I1nfl1\.1.1nLLLi1 
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... ... ' ..1- .. 
Gl111"fl 11.1 LL~~h1 detector "11\1.~~1~ ')LL~::~1'Yl1Lfi11::'YI 

Detector Support gases Selectivity Detectability 

Flame ionization (FlO) Hydrogen and air Most organic cpds. 100 pg 

Thermal conductivity (TCD) Reference Universal 1 ng 

Electron capture (ECD) Make-up Halides, nitrates, 50 fg 

peroxides, anhydrides, 

organometallics 

Nitrogen -phosphorus Hydrogen-air Nitrogen, phosphorus 10 pg 

Flame photometric (FPD) Hydrogen and air Sulphur, tin 100 pg 

Photo-ionization (PID) Make-up Aliphatics, aromatics, 2 pg 

ketones, esters 

... na.n : www.shu.ac.uk 

fltl.Lfl1~ 
~ 

2. L 1~1~~1LL~~::"11\t~ L'Ji~hu .lt to~ A 

column ~1ml~L11J~Ut1~~~~~~~"llEl~ chromatogram 
~ ~ " ' 

~-u1rm retention time (t,.) ~1111mhll.l'litun11'Yi1flmfl1~1Lfi11::'YI1~ 
' A !'I ,¥ ..1 • o '11.1 o 

3. "ll\1.1~"JJEl~ chromatogram 'D~El1~Lu\l.~\l.'Yl'YI1Elfl1111~~~1111t1\1.1 Lufl1\1.1nLfi111J 
" 

+ m1~n~~1 El ~1~ El Elmnn ~11.l1::n El'IJ En'VI11 L "Ii'U.m1~n~n~'U.~1lu l ~1El Eln~1n 
~ 

Lfi~El~~1J n11~n~ £J1'Li1 LL1J~~ El Eln~1 ml1 L~[J LU\1.~\1, ~~~El~'VI1inn11~n~~L 'V\111::~11 
Vi ... ... .r.. 0 .. 'l "" '11 ... 

~\I. L~~111J"l~'Ylti';l\1~1111"lt1'1.1.1111u~ 'I.I.Lfi1El~ Gas chromatography L~ • 
+ L 'Ylfl'ttfln11U~ai1~1 m.h~~ El~LLll'l.l.th 

• m111nl.fi111JL "lill"liu ~ L 'YI1J1::~1J"ll El~ai"li1 El U1\I~U~ L"li1Lfi~El~ GC 

+ fi111Jfi\I~L 'l.l.n1"lYJ1\11'\.I."JJEl~Lfl~fl\l GC L"li'l.l.tl1Elni.'Yiflii"llEl~ oven lllfl\1~ fl111li'\.t . " 
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'VI7a carrier gas Lllff~1LtUJan1'1i'btt~ 

+ tl~71nTlL'VI~"lJCl~ carrier gas ~Cl~fh1~LL'f11Cl 

+ m7'Yi1~1\4LL~::~1111LlL\4n17~71-;JL'fCJUtfimmL'(17"1JCl~ 
~1111 i11~\4llLLUU LLft4~7~rlUtfi1!1 t'U."ll Cl~ Wl7 

detector 

+ Resolution of peaks n1 peaks ~l~'liat4nt4n-;J::'V11~hvft4~L~ peaks llltm~£1~ 
~ 

+ n17L~flnf(17~1Clci1~~L 'VI111::L'f1lnu column ~H1L~71::~ ~~n1L11L'VI111::L'f11 L'(1~fl1-;J 
rm~~n~u'VI1aff~1r.J~1LU column 
~ ~ 

.... .. ..t ~ ... ·..,~ .. 'I + m~1~~1111L'f~'VI~ClWWt'l"lltJ~ peak rn peaks fi ~Iii ~1lff11~~r.J-;J::'Yi1 ~"'nTl~1U1m 
~ . 

.r ~ ..I ... tl~ 'I ........ 
WUYl peak ~~11ilL~~ClU ~tl~L ~r.JU~"lf11HlU 

+ L'f111WL1"lltl~L~~a~uutin (sensitivity) ~a~~~~ LL~::llliiityty1m7Un11.4 

+ chromatogram ~l~~Cl~LLr.Jnnui~L-;JUL11'11'tJt4nu 

I 

1. 01'i'M1~1;)1fl peak area 

chromatogram 

Peak area = 1/2 WH 

2. Area Normalization Method 
0 ' ... 'I ..i ..... ..r 

a. Internal normalization n17~1U1t'U.% "lltl~L'f17LL~~::"lf\41i!L\4L'(17~L'f11 SU~1liU 

-;J::i'~1LUW1::mmm~tJciLUL'(17~L'f11 m~::detector -;J::~a~ii~1111l1tum~ 
~ ~ 

lil~1';)1 L~~,::~ L'(1~L~ L'(~1 LL'(1J El~~ tlliln1~Yllil~ tl~ 

Area of peakX X 100 

b. % Peak area X = 
Total area 

... 111 ...... .¥ 
Chromatogram m 5 peaks LL~::1~ peak area ~9191~'\.4 
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6.0 
2 

1. Methanol, peak area = em 

7.0 
2 

2. Ethanol, peak area = em 

= 10.0 
2 

3. Isopropanol, peak area em 

= 12.0 
2 

4. Hexanol, peak area em 

= 15.0 
2 

5. Pentanol, peak area em 

50.0 em 
2 

Total peak area = 

6.0 
%Methanol = -X100 = 12.0% 

50.0 

7.0 
%Ethanol = -X100 = 14.0% 

50.0 

10.0 
% Isopropanol = -X100 = 20.0% 

50.0 

12.0 
% Heaxol =-X100 .= 24.0% 

50.0 

15.0 
% Pentanol = -X100 = 30.0% 

50.0 

Correction factors m,-iLfl71::~mmmW1,-$1r.J peak area «\l,lit1n$n-1 L~71:: 
\1 

fl1111,1'l-u.m71~m111tu.W17"llt~\l detector ~t~W1,-LL~~::"lfii.~t~1';)'1iL'Yhnu Lrlt~$t~\ln17'YI71U 
~1~r1n$a-1 nW11117tlVI1~1 correction factor "llti\IW17111~7;;1'U.LL~::~11'~1t!U1\I'\:u.tfi111tu.~ · 

\1 • 

Q~L"li1,UL'Yhn'U. LL~1'\.t1,tli11'U.1tu.nu peak area 

Gi'1mh\l 11.2 'lun1'liLfl,-1::~~17tl'l::nau 5 "lfii.~ '$~1 peak area LL~:: correction factor 
.. .r 
~\I '\.I, 

ftT'nJ,-:: n illl peak area correction factor A.F. 

Methanol 6.0 em 
2 

0.55 3.30 

Ethanol 7.0 em 
2 

0.65 4.55 

Isopropanol 10.0 em 
2 

0.78 7.80 

12.0 
2 

0.85 10.20 Hexanol em 
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Penta no I 15.0 em 
2 

0.96 14.40 
.:.u~ ..,~ft ... 
Yf\U1'Yh1'VIll9l'YlLLn "1JLL~1 = 3.30+4.55+7.80+10.20+14.40 = 40.25 

3.30 
%Ethanol =--X 100 = 8.19 

40.25 

4.55 
%Methanol = --X 100 = 11.30 

40.25 

7.80 
% Isopropanol = --X 100 = 19.39 

40.25 

10.20 
% Hexanol = --X100 = 25.34 

40.25 

14.40 
% Pentanol = --X100 = 35.78 

40.25 

"S13J 100.00% 

3. Calibration curve 

L91 m917EJ2JLn12J1911~1\UJ~~'Yl~L uuhnm•h~ 'l~LL'" Uel'U. LL~11l12..11U91 L "li1L~~El~ .. ~ J 

GC ';1::'1.91 peak area 911~ ') 1l1li1LiiEJUn11vJLL~::'VI1~lln11LHU911~ YflElll ~1 least square 

(R
2

) tlwl'uLn19i'1t~ci1~n\i.1~1 peak area i.u~1W'lnt-;J1n~lln11Liu911~~i.91 

i1ilU1" 11.3 L"liu n11L911mJ standard curve "!lEI~ Hexyl acetate 'tu~11liL"lill"liu911~') 

~El 0.573, 1.146, 1.834, 2.292, 2.2865 mg/L LL~::i.9i~lln11LiU911~LUU 

y = 0.2906X-0.01 06 R
2 = 0.9994 

Hexyl acetate compound 

Concentration (mg/L) Area ratio 

0.573 0.154 

1.146 0.321 

1.834 0.523 

2.292 0.666 

2.865 0.814 
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0.8 

Ill 
0.6 ! 

Ill 
0 
~ 

0.4 ~ 

0.2 

0 

0.00 0.50 1.00 

Hexyl Acetate 

y = 0.2906x- 0.0106 
~=0.9994 

1.50 2.00 2.50 

cone. mg/L 

Standard curve of Hexyl acetate 

3.00 3.50 

,..~.., ... f( ..,.., .., •• 0 

Lll EJ~ rh'lnTl1Lfl'rl::VIT111aJ L "llaJ"llU"lJEh'l Hexyl acetate -;:nmr11~1 EJ ll1"1fiW1aJ11tlfl1U1tu. 

-;nn ~11m1L iu~,-"~~1 Lfl11::t{-;nn standard Hexyl acetate 1nltLiju1n~ittJaJ 1 inua.~1n~ ~~ 
~ 

A ... I 0 

L \I.El"'';l1naJf!11 aJLLaJ\I.ll1~"1 
'II 

4. Internal Standardization Method 

1nildju1n~ittJa.~brnninVIi1"1"1JEl"'Un1LT111::t{~m~EJn Internal standard 
I I 

..... .. &,; I """' I .IIIII I """ .., .. .., .. 

L VlaJ1::~11t:-J ~aJnlJ W11aJ1~1\i1\l. V\1El W11~1 El ll1"1~1aJ~~ ~1\1. 'Y1 L 'Y11fi\l. mnu~ L "1J1Lfl1El"' GC ... 
Peak area "lJEl"'W11LLtil~::"ll'il~\bl1Mim.~ standard curve 

... ... ..I ~il 
'Mann1'iLiUlflft11'YIL "Internal standard 

1. T111~ ~~11fl1"1 ~i'1"1T1~1 wiu W11"1 a ci1"1~~ eJ"' m1i LT111::t{ 
'II 

...1'111 ... ... I~ ...... ...1 ... .. f( 

2. peak 'Y1 ~~~El"'ElliLn~nu peak "llEJ"'W11'Yl~tl"'m11LT111::VI 
'II 

3. hh11t.J!jn~ll1nlJW11"1Elci1"1 

4. ~tl-\IL~ peak ~LLt.Jnrl1JWl'UI1~1i1\ULt~::tn1~1tlci1-\l 
5. peak ~l~T117Eci'ln~nutn7~1Elci1-\I~~EJ\lm7~hfl71::t{ 

'II 
t. ... ... .. 

6. W17UU';l::~EJ-\I~n"li'::EJEJn';J1nfltl~11U';lUVIaJ~ 
'II 

...1 
'Y1 
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m,-1!! Internal standard 

1. ff111T'H'1Li internal standard 111nni1 1 "llil~ 

2. mm Ul. ~~~~\lm·m"ll El\1 ff11111 ~1;i1\UL~::"ll El\1 ff11~1 El r.i1\l L3J,j1 LU "~ El\I'Yl111J ... 

3. L~ll internal standard ~'Yl111Jtfi111tu.LLU'U.El'U."'1mrhn'U.~\IL'U.~11111~1;i1'U.LL~:: ... 
~1 El r.i1\l L3J,j1 L U'U.~ El\I'Yl111J LL \L 'l.l.El'U. 

4. Chromatogram "1l EJ\Iff11111 ~1!1'1.l.LL~::ff11~1El r.i1\l~ EJ\ILL£mnwn~ L';J'U. 

n11'1.h::t~nG11i\11\l16 Internal Standard • 
1. L~ El~ El\ln11'Yl'l11Jtn111 tu."'1El~111J L "Ji 1J"Ji'l.l. ~ LL n-;J1\J 

2. L~ EJ L1iff1 m1mLEJmL~::~11';11~ El\l~th::n EllJ~\1"'11~ 1 "~1 EJ r.i1\l 

3. 1"n,.tl1~1.h::~'Ylnrnvm11~n~Lll~\l~ 

...... ... 
16LG11"tiiJ 

1. L~'iEJ11~1,.111~,.!1"'l~~m111tu.ln~L~EJ\Inu~1,.~1Elr.i1\l 

2. L~'1EJ11 Internal standardl~~tl1111tu.'ln~L~EJ\Irl1Jff11i1El~1\l 

3. \b~11m~,.!1"'lwliEJ 1 ~~1ln1Jff11~1El~1\l'l"m111~,.L'Yi1 'Jn" LL~1\hLtl5.~ 

L"li1L~~El\l GC tl1::111n1. 1 IJ.L 

4. \h Internal standard1'U."liEl 2 ~~1ln1Jff11~1Elr.i1\IL'U.m111~1L'Yi1 ')n'U. LL~1\hLtl 

5.~L"Ji1L~~El\l GC tl1::111n1. 1 IJ.L 

Standard -;J:: 1 i Pentanol 

Standard 'li hexanol (pure) 

Solvent 1i Dichloromethane (pure) 

.. ~ .. .I I 

fl1 1"LG'I 1" tiiJ LLn ::n1 1'1 LA 1"1 ::'VI ft11"1J1'::ntn.J Gl1\l ') 

1. L~'1mJ Internal standard (Pentanol 5%) 10 miL\1. Dichloromethane 

2. L~'iEJll Standard hexanol 5% 'l" Dichloromethane 
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3. U1 Internal standard 50 JlL(I1) ~LUlrllJ Standard (Sc) 50 JlL ~~2JflUElci1~ 

: " .. "" .... 
~111L~1lmLa1U~L111 GC 1 JlL 1~ peak area -;nn chromatogram 

4. U1~Tl"'i11t~ci1~ (55) 50 JlL ~~11nu Internal standard (12) 50 JlL ~~11nu 
' EJci1~~~1L~1lmLi1tt~L"li1 GC 1 Jll 1~ peak area -;nn chromatogram 

0 "" I); .... I 

fl1141fll,fl111JLtJIJtl'lUJih1ft11'1J11Dll1'11,.1miiJI1' .. 

ca.,. I ...:~~ (( .... 

Gl1DU1\J Chromatogram 't11LA"i1t\1,.,1flLA"iil\J Gas Chromatography 

Abundance 

1.48+07 

1.3&+07 

1.2e+07 

1.1&+07 

1e+07 

9000000 

8000000 

7000000 

6000000 

5000000 

4000000 

3000000 

2000000 

1000000 

Time-> 

TIC: VVINE1A.D 

15. oo 20. oo 25. oo 30. oo 35. oo 40. oo 45. oo 50. oo 55. oo eo. oo 65. oo 70.oo 75. oo 

..; 
n1'WYI 11.3 Capillary GLC analysis of Lychee Wine Volatile Compounds. 
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TIC::: LF22A.D 

I 
400<XXX> 

2500000 

200<XXX> 

"1500000 

Tt~> 

n1Ttfi 11.4 Capillary GLC analysis of Lychee Fruit Volatile Compounds 

Condition: Detecto : FlO 

Column: capillary column (CP wax) 

Dimension: 50mx0.25mx0.20J.lm 

Temperature: 220°C 

Mode: split 
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Type pf Column 

Carrier Conditions 

Oven Conditions 

jection Parameters 

Detector Parameters 

Sample Information / 

FREE ORGANIC ACID8 IN WATER 

I. Acftc: 
2. Propionic 

6. Valerie za•c 
3. lsabutyric 

7. lacQproic 
•. Caproic rz=-4. rt-lutyric 

5. lsovllerie 

1.085 

I.Oe-4 

I.Qo.4 

7.0e4 

6.0e4 

S.Oe4 

4.0114 

3.0114 

2..0e4 

1.0114 

0 

-1.0e4 
0 

Cokmt: 

I. Hep~anoic 
~ IU't'Jmil 

I min 
I 

7 • 

5 I 

I 
3 c 

2 
" 

_1. 

2 4 6 I 10 
Tilllo (mill 

HP4NNOW1X (Cioa-linked PEG) 3D m lt 0.25 mm lt 0.25 ~ 
(HP Pitt No. IIIQSIN-133) · .. 
Helium. 42 crMec:, 24 P!l {120 'C) 1.8 mVmin eonst11n1 tlow 
1'20 •c· (1 min) tD 265 C (Z Jilin) at 10 • Clmin 
Sllit 140:1), 1 lot nit ZSD 'C 
Flo 3CO ·c 
0.06111 0.13'1. ndlacid in Wiler 

Pub. No. 43-509 -&ea7E 

n1vrri11.S Chromatogram of Free Organic Acids in Water 

5. External standarization method 

5.1 L 'Yl~U~U~EJ\IL~1£J3JLn~3J1~~!1'U.LLL'l::Ln~~1EHh-\l L"'ii~113JL"Ji3J"Ji'U. 
" 

'l.naLfi £1-\ln'U. LLL'l:: L i~Ul11::L~ r.J1n'U. LL~a.~~'U.L'l::~i'\1 

5.2 ~ El-\I'Yl11tJtfi3J1n.LLLL'l::tfi3J1~1"11 El\1~1 El ci1\l 

5.3 tn3J1 ~~n1~5,~ ~1~L'l::L'l1 £1~1 El ci1-\l~ El-\1 L thntJ ~1~3J1~1!1'U. 

5.4 ~1'1-\1 n~1 y.j 3J1 ~~!1'1-1. ~::v\11\1 ity qj1 mn tltn3J1 n.L "11 El-\1 ~113.11 ~1!1'1-1.~\1 
m1v-l~1~LU'U.Li'U.~~\I 
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5.5 n~1rh.n~~~1lLf11~Lthui'l.4~~..,LL~::~hu';I~L~11~'1.l."ll EJ..1n11~n1~L~ EJn 'l i 
~ . 

external standard LilEJ..1';)1fiWJLf1~1::'VI11i~EJ..1n1~~~11Wl~111~1~1U~111rlUW17~1EJti1..1 
~ ~ 

I .. ... ... " ... .... ....... ..r ... 
i'I1YIG'Iil'l11't1'11 L"fl11'1LA1'1t'H1fi1·U;Iil 

1. tfl111nl.ff17~';1::1Lf111::~~EJ..1ml'lwli1'11 calibration curve 
'II 

2. Wl~111 ~~~1ULL~::Wl1~1 El ti1..1~L i~ El..1tfl111 ni.LL \L UEJU 
~ 

oDil~11il'l1 external standardization method 

1. ~~~L~';11nm71Lf171::~m';!Ltlu~ht11111nl.i11~un (relative) 'V1'1milu~hi11u~n! 
~ 

(absolute) L~ 

2. ~h~rn~L1"llEJ..1~L Ylf!L~Erf (detector sensitivity) EJ1';J';J::Lti~£J'I.l.LLtl~..lL~L U1::w;h..1't'h 
... fr' 

n171Lfl71::'VI 

3. Wl~~1 EJ ti1..1~..1'VI11~ l1i~1 Lilu~ EJ..1tln"lf::EJEJn111'VI11~ 'VI1EJ~71';11~~.,'VI11~ 
~ 

4. ~~m11Lf111::'VI11ii1'umlnu peak area "llEJ..l peak ~'"'J 
~ 

5. '11i~El..1L~11 internal standard 

timwun.J~uU1Jil'l116 External standard 

1. fl1111L,) 11"1i'Wll El..1Wl1111~1~1U';I::~ El..1fl1ElUfl~11fl1111 L "li'11"1i'u ~m~i1';1::~UL U~11 
~ . 

~1EJti1..1 

2. f11111LL3JU~1 Lllfi El £J~1~ mu ~1::n1mU~LLUU manual L ttEJ..1';J1fim111~1~U~Utlf.J 
111n 

3. ~ EJ..l ~i'1..1 n11rl111 ~1~1\1. 'l 'VIli'Ylnflf., ~tli'u ~1111::"11 EJ..l L fi~EJ..1 'l 'VI1i 
~ . 
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100 
21iit.:.JO 

39.~60 
Ril!i.C 

1307S138 
1(13e140a 

1.50f. 

" " 4(7.640 ... 
1002100~ 40 7a2 

e......at-.1 

43.019 
so~·17oe 

42.304 
CIOVSD27' 

.. 415.:::.0 
4?131534 

-4e.073 
SQ78508 

_ _f...__ ../\ 
\ 
"~-- '--.......r"--.f\,... . .1'--.. __ ...._ _ _,.....__ __ 

0 
3t!IOO•J :JliiCI(oO ...aaoo "'fi (100 "'t2.00ol ~.OCIO -000 4e (1(10 '4e.QOO 

t.l... ... 'I "' 
fl11L ·nmLYitltJfl11'L!f Gas chromatography 

... 
'Yl1~~112J7EJU 

... ::: 
3. tl1~~tl~'Yl~~tl~~~1~~7~ 

4. m7L~7~2Jr;l1aci1~~EJ~'t"ll'n~12J1n 

.... 'I.. .. ... 
"1'Wt1it1JJ111l L!f'l LA1'1::\1 til1 t1 Gas chromatography 

1. n11'~lL~1'1::~n~ULL~::1'~"1f1~"1Jtl~tl1~17 L'7iUiL~1'1::~n~U~1~ ')LUL~~tl~~2J 
2. m1'1L~71::~~1'th::nmJLUL~7L~u'tum~11'1ii1~ ') L'rlu Amines, Nitrosamine 

3. m1'1L~1'1::~~,,.l.h::nmJBan~L~u'tur;l'1EJci1~m~11' 

4. m71L~71::~nTlUULfiEIU"lJEl\I£J1~1LL1.1&h1 L"liU n17Ull.Lffm-I.LUr:.J~L~ 
5. m1'1L~71::~~7tluLfitJuhni'1 
6. n11'1 L~1'1::~~'111.1L "1i1.1"1iU"1J fl\1 ~1'~1.1U lvn , 
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Fr:nt delr.ttlr 

' 

7"" rur cowr. 1he RA SNad Is beneath it 

. Displ4y 

Electtlnics side cov~r. 

! On/aft swilrll i Oven latt:ll-iJush Ill open oven 

1l1'n~ 11.7 LL~~h'l ~1u1.h:n DU~h.:~ ') "ll D.:IL~~D.:I Gas chromatography 

~111 : LDn~,-tJ,-::nDum·n~DunTlLiL~~D.:I GC u'i,;'r~ Perkim Elmer ~1n" 

L.o:.d samplo Read 

n 
r-

3.7 ut 

I 
i Sampla L ·------5-olu-t.lon 

L 

... 8 'l " . 1l1'nYI 11. LL~".:Im1~"1! synnge 

-Nr 

In lad Read 

O.G ul 

-------·---"-----' 

~111 : LDn~11tl1::naum,-~aum,-1iL~~D.:I GC u'i,;''Yl Perkim Elmer ~1n" 
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Slow InJection • Blurred Peaks 

Brisk Injection • Sharp Peaks 

..,J .... 
nTnf111.9 LL~~h1~n~m::~~"l1Eh'l chromatogram 
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