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A B S T R A C T 

Dr. Mohan L. MaheshHari, Gas Chromatograph Expert in the 
Project "Prqcessing of Aroma Chemicals and Fra~rance Materials 
at VINAROM, HoChiMinh City, Socialist Republic of Vietnam, No. 
DP/VIE/86/033/11-54" took up his assignment for two months (14 
Oct 1991 - 13 Dec 1991). He was briefed by C7A at HoChiMinh 
City and had discussions with National Project Director, Deputy 
National Project Director, Director VINAROM and Deputy 
Director, VINAROM about the pt·oject. 

Expert gave lectures on GC, installed columns, checked 
functionality of equipment and gav~ demonstrations on its 
applications in aroma chemicals and essential oils. Various 
parameters were developed to analyse all essential oiis, their 
isolates, which are in the project. Trainees ''"'ere e::amined and 
now they are able to analyse various samples by themselves. 

E::pert demonstrated separation of closely related isomers 
by fractionation. He also practically showed synthesis of 
terpenyl acetate, citronellyl acetate, citronellvl formate, 
citronellyl butyrate, citronellol. nerol and hydrolysis of 
citronella oil fraction on lab/bench scale from 100g to lOkg. 

All the operational parameters, instructions, 
chromatograms and details of synthesis are dvailable on the 
~it~. In addition to this expert has brougt1t var10L1s st.:.ndard 
specifications of different countries (ISO, EDA. Fren~h, USSR, 
Indian, BP. ~ BPC). 110-standard reference samples. library of 
92-chromatograms, capillary chromatograms nf 7-Viotnam~se 
essential oils and left at site. 

Trainees have learnt techniques of usina equipment, 
synthesis and fractionation and no"' they can do U1emselves. 
Products prepared in the programme are of high quc.!ity and can 
be compared with other commercial samples. Certair. suC)gest1ons 
are made in the recommendations, which will further improv~ the 
R '., D efficiency. Essential oils, their isolatE·s. synthe-:;1s of 
aroma chemicals and formulation uf compounds have great 
potential for domestic use in Vietnam as well as fc,,- <:>::port. 



REC 0 MME N•D AT I 0 NS 

In order to make best use of the project following 
recommendations are made from ~uality analysis and Research & 
Development point of view: 

1. For improvement in efficiency of GC analysis in future, 
following may be provided: 

( i) 

(ii) 
(;.ii) 

(iv) 

( v) 

(vi) 
(vii) 
(viii) 

( i:·:) 

( :-: ) 

( :: i) 

(xii) 

(::iii) 

(::iv) 

Internal standards - alkanes (Cao - C20) 
Solid support - Chromosorb WHP 
(a) E~pty glass columns - 2m x 3mm 
(b) Empty glass columns - 3m x 3mm 
(a) Nitrogen gas pressure regulator 
(b) Hydrogen gas pressure regulator 
Syringes 1 microlitre 
Capillary column PEG 20M, 25 - 30 meter-s 
Floppy discs 
Sample vials with good stoppers 3ml 

5ml 
15ml 
25ml 

(a) Acetone 
(b} n-Hexane 
Boo~:. s on GC may 
Shelves may bl'? 
room 

Analytical grade 
Analytical grade 
be procured (Annex 15) 
installed to ~:eep ~amples 

200g 
':> 

2 
1 
1 

1 
20 

100 
100 

50 
50 

2.5 1 

2. ~. l 

in GC 

A refrigerator is required for preserving 
unstable reference samples. 
An electronic engineer may be identified for 
service and repair of GC equipment and be 
trained for future trouble free s~rvice. 
Department of standardi=at1on. metrology an~ 

quality control, who re~resents International 
Standard Organisation in Vietna111. maybe 
approached for recognition of VINAROM as a 
quality control lab. 

"? For bench scale synthesis of aroma che1aicals fol lowing 
should be made availble for further scaling up : 

(i) Glass Reaction flask-2(• I. 5-nec.:~, butt joints, 
teflon stirrer with motor (controlled). tetlon stop 
cock in the bottom, 201 heating mantle "'itt-. energy 
regulator, addition funnel (51). glass column (0.Bm). 
condenser, azeotrop head. per~1n triangle, steel 
frame stand. 

(i1) Glac;;~ Washing flask-:?•)l-4-nf":C:~. butt 11:nnts, teflon 
stop cock in the bot torn. tef l on st.i rrE•r. Jacketed 
bath, steel frame stann. 

(iii)Heating mantle with enP.rqy rP.gLllator 
Heating mantle with enPrgy regulator 

-1 J1tre -1 
-: litres -1 



4 

Quality of essential oils, isolates and aroma chemicals 

( i) Qi ls of turpentine, lemongrass • Ocimum gratissimum, 
Q.:_ basilicum, cassia, sassafras are of high pur~~y, 
meet ISO specifications, hence have very good export 
potential. 

(ii) Alpha-terpeneol, terpenyl acetate, citronellyl 
acetate, citronellyl formate and citronellyl butyrate 
synthesised are of good quality and can be used in 
fragrance compoundi~g. 

(iii)Citronellol, nerol and geraniol synthesised from 
citronella! and citral needed further improvement in 
reaction conditions and work up procedure, to 
optimise yield. 

(iv) Better strains of Eu=alyptus citriodora, palmarosa, 
citronella, mentha etc. may be introduced in order to 
improve quality of oil for better utili=ation in 
industry. 

(v) Cedar wood oil may be rectified 
speci fice-tioris be developed. 

further and 

(vi) Aloe wood distillation technology maybe improved and 
specifications for uniform quality be developed as 
this is a very high priced oil ($6000/rg). 
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I N T R 0 D U C T I 0 N 

The Project "Processing of aroma chemicals and f rangrance 
materials at VINAROM factory. HoChiMinh City. Socialist 
Republic of Vietnam, No. DP/VIE/86/033/11-54" l·ias JoinC?d by Dr. 
Mohan L. Maheshwari, Gas Chr·omatograph E::pert (GCE) on 14 
October, 1991. Briefing was done by Dr. C. ~. Atal, CTA. GCE 
had discussions with Mr. Dinh Van Thin, National Project 
Director CNPD), Dr. Do Linh Cuong, Deputy National Project 
Director, Mr. Hoang Quang Lap, Project Secretary, Mr. Le Muoi, 
Director, VINAROM Factory, Mr. Nguyen Van Duy. Deputy Director, 
VINAROM Factory and Project Co-ordinator about the Project. 
GCE was taken around VINAROM Factory and R & D and production 
facilities were shown to him. 

Earlier a project entitled "Processing of Vietnamese 
Essential Oils and Related Natural Products DP/VIE/84/010" 
was provided by UNIDO for Research and Development and 
marketing. As a result of which new prospective essential oils 
are now available and there is a dire need for pro1ucing 
fragrance materials from them far domestic use . Hence this 
second project has been provided through agency of UNDP 
UNIDO. The project involves fracl1onation of loc2lly available 
essential oils and production of b~sic array of aroma 
chemicals, involving synthetic transformations also. Fragr2nce 
chemicals are to be produced first on laborator·y scale and then 
to be scaled up in pilot plant. These aroma chemicals are to 
be used far formulation of compounds to serve needs of ongoing 
detergents, s~ap, cosmetic and tciletries industries. These 
will also have export potential to earn foreign exc:ahnge after 
meeting domestic: demand. 

This programme needed development of a good ~nalytic:al 
laboratory and training of national staff. Gas chrom~tographv 
is very much essential for quality evaluation 01 tragranc:e 
materials. A computerized Gas rhromatograph w1 t~ 1ntegr~tor 
(Shimadzu Model GC-9 APTF) was prDvide>d · n tt.e pr-oJ ec t. 

DUTIES: 

The expert was 
spervision of the CTA 
(Annexure - J) for two 
Expert has carried out 

e::pec ted to wor~. •_1nder 
and NPD ~s s~own in Jab 
man months (14 Oct 1991 -

Uie direct 
DPscription 

I ·:.. JJf:C 1991 ) • 

work ba~ed on Job Description. He was 
also ~sked to demonstrate separation of sume aromd ch~niicals as 
well as synthes1s of some fragr·c>:act? chem1c,_ds c.nd lf1•mitoring 
course of chc~m1cc1l reactions by GC .:•nalysis .... 1-:.t 01 trainees 
and staff who wor~ed "nth e::pert is qivt?n in r:.nnr•.:uro=~ -- ~-
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As requested by site, expert brought standard documents on 
desired essential oils and their isolates. These included 19 
International Standards (ISO: Annexure - 3), 27 - Essential Oil 
Association of U.S.A. Specifications (Annexure - 4), 1 - French 
StandarJ & 1 - Russian Standard (Annexure - 5)~ 21 - Indian 
Standards (Annexure 6), 8 British Pharmacopoea 
specifications (Annexure - 7), 10 British Pharmaceutical 
Code·~ specifications (Annexure 8). He also brought 110 
Reference Standard samples of essential oils. isolates, and 
other aroma chemicals for identification and analysis of 
essential oils and aroma chemicals in the project (Anne::ure -
9). Library of 92 Gas chromatograms of essential oils, 
isolates and various aroma chemicals, prepared in Expert"s 
laboratory and brought to the site (Annexure - 10). He also 
brought capillary GCs of 7 - essential oils of Vietnam origin 
(Annexure - 11). All these materidls are kept at project 
site. All the assigned work was completed by expert. 
Salient features of the work do~e during the mission of the 
expert are given in the following pages. 

I. GAS LIQUID CHROMATOGRAPHY (GC) 

A. Theory. 

Eight lectures were given 
following table: 

to trainees as shown in the 

Subject 

Principles of GC 

Maintenance of GC 

ColL1mn packing 

Isothermal/temperature programming 
and analysis of essential oils/isolates 

Quantitative analysis on p~Lked column 

Capillary columns and analysis of 
essential oils 

B. Practicals. 

No. of lectures 

1 

1 

1 

1 

1 

A Gas chromatograph-GC 9 APTF of Shim2d~u (Jaµ1nJ ma~e has 
been provided with Integrator C-f.:6~1 chromatopac, 'c"11~· 1_1t<~r- i-att1 
Floppy Dis~:. Drive. E::p.;;nsion case C-+: :.A and acce::,sor-1E.•s in the 
project. The ba~ic equipment Wi•~:. tnit.i<dly tnst..1! lf•c1 i-1.1 th the 
help of person wt-10 i-1orl·ed in l?c~•rl1P.r F·r-oJ~!c:·t (D~·1 1JIE'.1 84/<_1l!)). 

GC instrument w.-:1s chec~ed up by ~-:::pc•rt thorrJUl]lll'!• t1·io columns 
Cc:1rbowa:< 20M (? .• lm ;: 3m1n) and ~~E-·30 1:::.1m :: 3m1n) polar and 
nonpolar were installed and conditioned them. Startup, 
maintanance and closHHJ of GC equipment was clemono:.tr-ated. 
Efficiency of columns was chec~ed by using standard compuund3. 
Instructions for daj 1 y aper-at ion of instrument wer··:· pr t...>pc.ll'""ed 
(Anne:-:ure-12). GC anc:1lys1s of vr.1rious p5r,enl.lcll u1 l~.; of 
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Vietnam as wellas of standard reference compounds and i~olates 
were carried out. Different sets of parameters were developed 
for different oils, isotherm~lly and with temaerature 
programming. All these chromatograms as shown in Anne>:ure-13 
are kept at the project site for comparison in future. 
Impc~tant features of analysis results are as follows: 

1. Analysis on polar Carbowax 20M column: 

1.1 Turpentine oil: 

G.C. composition was found as shown below: 
----------------------------------------------------------

I. I. 

B_!Qha-pinene 76.66 

Camphene 0.92 Fenchyl alcohol 1. 78 

Beta-pinene 1.09 Borneo! 0.96 

Deita-3-Carene 0.69 Alpha-terpeneol 3.19 

Limonene 1. 78 High boilers 6.89 

p-Cymene 0.43 
------------------------------------------------------------

This is a good source of alpha-pinene and many related 
products like terpeneol, camphor, isobornyl acetate etc. can be 
synthesised from this. 

1.2 Terpeneols: 

Terpeneol prepared from turpentine oil via terpin 
hydrate was a mixture of following: 

----------------------------------------------------------
'l. 

Terpenes/low boilers: 21.88 

Terpener.e-1-ol 3.67 

Terpenene-4-ol 1.02 

Beta-tra~s-terpeneol: 

Beta-c i s-terpem.'.'O l 

Alpha-terperieol 

'l. 
11.18 

2.75 

58.63 

-----------------------------------------------------------
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1.3 Citronella oil: 

Composition is given below: 
----------------------------------------------------------

/. I. 

Low boiler-s 4.13 Ger-anyl for-mate (l.54 

Citr-onellal 35.67 Ci tr-al-Cl 2.72 

Linalool 1.46 Citr-onellol+geranvl 

Isopulegol 1.60 acetate 13.51 

Beta-elemene 2.09 Citr-onellyl butyrate: 2.35 

Citr-onellyl formate 0.26 Ner-ol 0 • .30 

Citronellyl acetate 2.87 Ger-aniol 21.49 

Citr-al-b 1.09 High boilers 7.36 

------------------------ -----------------------------------
Main differ-ence between this oil and oil from Java was 

abserved by presence of isopulegol and citr~l. 

1.4 Eucalyptus citriodcra oil: 

Composition 
----------------------------------------------------------

I. I. 

Low boilers 4 .. 94 Citronellyl acetate 1.28 

Citronella! ~9.59 Citronellol 1:. (J(J 

Linalool 0.20 Geraniol o.~7 

Isopulegol 11.26 High boiler-s 7.52 

Beta-elemene 1.65 
--------------------------------------------------·---------
This oil is d good source of c i tronel Ld but al so having 

isopulegol in high amounts. 
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1.5 Lemon grass oil: 

Composition 
----------------------------------------------------------

I. I. 

Low boilers o. 50 Neral (Citral-b) 36.34 

Methyl heptenone 1.97 Geranial (citral-a;: 48.30 

Citronella! 0.20 Citronellol 1.35 

Linalool 0.68 Nerol 2.81 

Linalyl acetate 0.69 Geraniol 3.0~ 

Isopulegol : 1.34 High boilers ;).34 

Beta-elemene 1.35 

----------------------------------------------------------
This oil has quite high content of citral (84%) and 

minimum amount of sesquiterpene hydrocarbons, which often cause 
difficulty in fractionation of lemon grass oil, if present in 
larger amount. Citral from this oil will find variety of uses 
in perfumery/flavour and synthesis. 

1.6 Litsea cubeba oil: 

Two ~ils were analysed: 

----------------------------------------------------------

Components 

SVDC 

!::,. cubeba._ 
'l. 

Enteroil 

----------------------------------------------------------
Thujene 
Alpha-pinene 
Beta-pinene 
Limonene 
1:8-cineole 
Methyl heptenone 
Aldehyde C-9 
Citronella! 
Linalool 
Isopulegol 
Beta-elemene 
Caryophyllene 
Neral 

0.16 
0.36 
1. 77 
2.9::, 
1.16 
2.23 
1.09 

13.03 
2.43 
2.71 
1. 30 
2.72 

20.42 

0.14 
0.55 
1.18 
4. (17 
1.61 
-: . • (l9 

(1. 12 
3.08 
9.57 
1.69 
1. 1 ~I 
(l. fl6 

:7 .14 



Geranial 
Citronella! 
Nerol 
Geraniol 
High boilers 

11 

3 -..39 
-S.98 
0.84 
1.14 
4.04 

38.96 
1.46 
<). 72 
2.27 
1.33 

~ cubeba oil from Enteroil has hi.gher content of citral 
(66.13X) than that of SVDC (50.81%) later s~mple has higher 
content of citronella! (13.03X)~ lesser affiount of 11ndlool and 
higher amount of caryophyllene (2.72) than those of Enteroil. 

1.7 Palmarosa oil: 

Low boilers 
Citronella! 
Linalool 
Isopulegol 
Beta-elemene 
Citronellyl formate 
Caryophyllene 
Citronellyl acetate 
Geranyl formate 
Neryl acetate 

Composition 

I. 
1.16 
0.58 
2.48 
0.44 
1.21 
0.58 
3.50 
0.83 
1. 76 
4.30 

Geranyl acet.:.te 
Nerol 

Geraniol 

Geranyl butv..-ate 
Geranyl lSovalerate 
Ger any 1 he;:e<noa te 
Geranyi ~2proate 
H1gt1 bo1 l er;; 

., 
'· 

1 1). 63 
0.55 

65.92 

2. -::_,7 
0.94 
2.37 
1.44 
0.38 

Palmarose oil is basically having all the chdr~cter1stics 
but in addition to this it has citronell2l (0.58%!. !~opulegol 

(0.44X, small quantities of citrtonellyl acPtate an•1 formate, 
hence there is little change in the odour. N~w matPrt~ls are 
also being grown now. 

1.8 Cajeput oil: 

Alpha-pinene 
Beta--pinene 
Sabinene 
Myrcene 
Limonene 
Cineole (1:81 
Gamma-terpinene 
p-Cymene 

Composition 

x 
1. 78 
1.20 
0.91 
0.31 
2.80 

63.00 
0.26 
:::'. 21 

Linalool 
Tre1ns-bete1- ter p•·n1-:o J 

Cl s-beta-tt!r penf ., : 1 

Alpha- ter ~~~:LQ_l_ 
Hlqh bo1!E-r-s 

I. 
~~. 69 
1. c)6 

0.57 
.!_c_i • 48 
8.73 

Caj eput c11 l 
c:. l pha-terpeneo 1 . 

has t'ngti percentage of c1n£•nlf· tnl l•1vH-!d by 
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1.9 Mentha arvensis oil: 

Composition 

% % 
Alpha pinene 0.84 Menthone -18.17 
Beta-pinene 0.63 Isomenthone 3.51 

Linalool 0.70 
Sabinene 0.14 Menthyl acetate: 3.68 

Neo menthol 2.06 
Limonene 1.13' Caryophyllene 0.71 
Cineole (1:8) 0.64 I-menthol 52.59 
Gamma terpiriene: 0.20 Isomenthol 1.43 
p-Cymene 1.07 Pulegone 0.93 

Piperitone 1.06 
Octanol-3 0.26 carvone 8.36 

High boilers 1. 71 

M.arvensis oil has low content of menthol (52.59%) and 
higher content of menthone (18.17%) and carvone (8.36%). After 
little rectification oil can be used as dementholised oil. 

1.10. urange oil: 

Cc.mposi tion 

I. 'l. 
Alpha-pinene 0.48 Beta-elemene 3.48 
Limonene 63.55 Unidentified 1.63 
Aldehyde C-8 0.12 Neral 2.26 
Aldehyde C-9 0.03 Ge-anial 5.42 
Linalool 0.31 Net-al 1.23 
Linalyl acetate: 0.72 Unidentified 2.88 
Isopulegol 0.17 Geraniol 2.11 

High boilers 14.06 

This oil has limonene content of 63.55% and can find use 
in flavour. 

2. Analy!::iis on non-polar SE-30 column: 

2.1 Ocimum gratissimum oil: This was 
compared with GC of similar oil 
checked with reference compounds. 

The composition is as follows: 

analysed on 
from India 

Ben::aldehyde 
Beta-cis-Ocimene 
Methyl chavicol 

0.23 
.3.83 
1.27 

!.rans-iso eL1gnol/ 
Caryophyllene 
Alpha-humulene 

GC, 
and 

% 

4.76 
(1. 51 



Eugenol 
Vanillin 
£.!.§-isoeugenol/ 
methyl eugenol 
Beta-elemene 

: 

13 

70.00 
0.79 

2.21 
1.03 

Eugenyl acetate 
Unidentified 

High boilers 

4.93 
2.51 

3.57 

-----------------------------------------------------------
This oil has very · good source of eugenol and can be used 

in place of eugenol ~- clove oi I for perfumery. f 1 avoL1r and 
synthesis of iso-eugenol~ eugenyl acetate etc. 

2.2 Ocimum basilicum oil: 

Composition 

-----------------------------------------------------------
'l. 'l. 

Benzaldehyde 0.12 Eugen al 0.13 
Beta-cis-ocimene 1.99 Methyl eugenol 0.64 
Linalool 0.79 Beta-elemene o. 41 
Terpin-1-ene-4-ol: 0.93 Caryophyllene 1.98 
Methyl chavicol 86.21 E;.1genyl acetate 0.38 
Anisaldehyde 0.16 Unidentified 0.52 
Cis_-anethole 0.53 Unidentified 1.52 
Trans-anethole 0.55 High boilers 1. 78 

------------------------------------------------------------
This is very rich ir methyl chavicol (86%). GC 

composition was also compared with those of Madagas~ar, Indian 
and Egyptian oils. This oil compared well with those of 
Madagas~~ar and Comores Islands and can find good Ltse in perfume 
formulations, synthesis of trans-anethole from natural source. 
as well as for export. 

2.3 Star anise oil: 

Composition of oil is as follows: 

----------------------------------------------------------
/. I. 

Benzaldehyde 0.31 Trans-anethole 81.41 
Cis-beta-ocimene 2.96 Eugenol 0.28 
Linalool 0.33 Terpinyl acetate ·.::. 77 
Methyl chavicol 3.13 Caryophyllene U.4:. 
Cis-anethole 3.54 Hjgh boilers :.86 
-----------------------------------------------------------
This oi 1 is a good source of natur'"d !C.~?. -.:metho 1 e 

required for flavour/perfume formLtlat1ons. Natured _trans-
anethole is perferred over synthetic !-anethole. 
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2.4 Cinnamomum cassia oil: Cassia oil produced from its 
bark was analysed on BC, compared with those of ~­
zeylenicum and standard reference samples. Its 
composition is as follows: 

----------------------------------------------------------

Low boilers 
Cinnamic aldehyde 
Unidentified 
Eugenol 

7.. 
3.45 

90.55 
0 .18 
0.17 

Cinnamic alcohol 
Methyl eugeno! 
Cinnamyl acetate 
High boilers 

., 
'• 

0.26 
0.15 
2.29 
2.62 

-----------------------------------------------------------
Oil has high prcentage of cinnamic aldehyde and meets 150-

speci fications. 

2.5 Sassafras oil: Oil is mainly constituted of safrole 
(967..) as given below and hence a good source of 
safrole, which can be used for prep~r~tion of 
isosafrole, heliotropine and piperonal butoxide (a 
synergist for insecticides): 

----------------------------------------------------------

Low boilers 
Unidentified 
(heliotropine?) 

7.. 
0.39 
1.49 

Safrole 
High boilers 

I. 
95.76 
2.29 

----------------------------------------------------------

2.6 Cedarwood oil: Two kinds of oils were run on GC and 
analysed for following components: 

----------------------------------------------------------

Low boilers 
Sesquiterpene hydrocarbons 
Carbonyl compds. 
Sesq. alcohol 
High boilers 

Yr~l low 
colored~ 

0.66 
60.23 
11.15 
22 .19 

5.76 

D:..r-~ brown 
c-:ol~>red (/.) 

(I. 61) 

54. 7'2 
1•). 41 
2~·. 9(J 

8.28 
-----------------·-------------------------------·----------
Basically, there is not much difference in two 01ls. but 

they require rect1ficat1on for improving Jts woody odour. 
Compounds could not be identified dLte to non av.:11L1bJl1ty of 
atlantone, cedrol and cedrenes. 
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2.7 Vetiver oil: 
(Indian 

15 

Oil sample5 
2-cultivated 

o1 differ~nt origins 
1-wild. Indonesian). 

Vetiverol and vetiveryl acetate we~e analysed on GC, 
compared with those present in library brought by 
expert (Indian, Indonesian, Reunion. H~it.i. etc.). 
the differences in GCs were e::plained to tra.i.nees and 
chemomarkers of oils were shown. Ti.-m-tt1ree types of 
vetiver oils will soon be available in Vietnam. 

2.8 Aloe wood oil: The wood of Aquilar.i.a cresna Pierre 
(family - Thymeliaceae). after mechanical removal of 
resin, gives 3-fract~ons of oil on steam 
distillation, whose prire varies from U5 Dollars 
2,000 to 6,000 per ~g. GC patterns ot these 
fractions were developed-Fraction-1 has 34% low 
boilers and large number of peaks are shown by rest 
of the portion. Fraction-2 shows less ccmpl~cated GC 
(6-major components), low boilers are almost absent, 
some of the components are common with fraction-!. 
Fraction-3 (highest priced) has a major component 
(15.56%) in carbonyl region, about 7 other main 
components (3 to 9.7%) in the sesquiterpenic alcohol 
region and few components are common with f raction-2. 
It appeared that there are scme artefacts forming in 
fractions-2 and 3 during high pressure steam 
distillation. 

This oil appears to be some 
from Aguilaria agallocha R~xb 
North-East Region of India. 
were reported from agar 
reference components are not 
patterns can be standardised 
wood oil. 

what diff~rent than oil 
(agar wood), growing in 
Only ~ few compounds 

wood many yea~s a~o. 

available. Th~se three 
for gradation of aloe 

2.9 Fo~.ienna hodginsii oil: GC of this 01 l '.t-1.ji-.1£:·j v~ry 

little percentages of low boilers and most!~ C15 and 
higher components. This is new oil l1C1·.-1ng fatty 
(wa::y), woody spicy with slight citrL1-: odour ~nd 

components are not known. Componer1t'...: H• GC c.;n:· in 
the region where sesquiterpene ~etones/ald~hydes show 
up. This oil needs furtller wor~. on its ut.J li;: .. ,tion . 

A demonstration was given for pac~ing GC columns. 

4. Quantitative an'llysis - using internal stand.H1j: 

A demonstration was given for calculc.tion or Response 
factor o:> of reference substance with r-espect t1.• lnternal 
standa.rd by formula given below: 

AE mR 
~'. = 

AF: m[ 

AE ·· Peak area in integrator uni ts of intern_:, I •,t ~111dar-r1 
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AR = Peak area in integrator units of reference substance 
(to be estimated) 

mR = Mass in mg. of reference substance. 
mE = Mass in mg. of internal standard. 

Content of reference substance in essential 
calcnlated by following expression: 

Ax :·: mE :< K 

ex = 100 
AE :-: m 

Cx = Content expressed as prcentage by mass 

oil was 

Ax = Peak area of referP~ce constituent in integrator 
units 

AE = Peak area of internal standard in integrator units 

m = Mass in mgs. of the essential oil 

mE= Mass in mgs. of the internal standard 

K = Response factor calculated from earlier formula 

5. Test for GC training: 

A question paper was set for the trainees (Annexure-14). 
This paper consisted of 20-questions, which covered all 
theoretical and practical aspects of knowledge for GC use. 
Except a few minor mista~PS trainees have fared well in the 
e:<amina ti on. 

6. Books for Gas chromatography: 

A list of bOOKS (7) has 
use in library(Annexure-1~. 
essential oil analysis work. 

been prepared and suggested for 
Last 3-books are highly useful in 
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II. ISOLATES AND SYNTHESIS OF AROMA CHEMICALS. 

All the precesses were monitored by GC. analysis. 

1. Isolation of alphu-terpeneol: Terpeneol prepared from 
turpentine oi 1 via terpin hydrate was a mi ::ture of 
terpenes (22%) and terpeneol isomers (77%). 
Percentage of alpha-terpeneol was 58% in the mixture. 
Parameters were developed for- fractional distillation 
of 14Kg mixture under vacuum as 9iven below: 

Pot temperature 
RefluY temperature: 
Vacuum 

123°C 
97°C 

9 min 

Perfumery grade alpha-terpeneol (95%) was obtained as 
30% of mixture. Alpha-terpeneol of second grade 
(88%} was 10% of n11.::ture used for synthesis of 
terpenyl acetate. F:ema1ning terpeneol sni::ture 
(initial cuts} was for general use in toiletories and 
soap. 

2. Synthesis of terpenyl acetate: 

Terpeneol was acetylated with acetic anhydride at 
30°C in 4-batches. First conditions were 
standardised on small amounts then scaled up to 10Kg. 

-----------------------------------------------------------
Batch 

No. 

1 

""'.' 

~ -· 

4 

Terpeneol 

100 g 

7(1(1 g 

2.1 ~'.g 

10.0 Kg 

Acetic 
anhydr!.de 

84 g 

567 g 

1 .7 ~ CJ 

8.-::: K(l 

Time 
(hr) 

2(1 

24 

3•) 

24 

Conversion 
'l. 

98 

99 

99 

98 
---------------------------------------------- ------------
Terpenyl acetate formed is of good qL1al l ty ha· .. 1ng good 
clean woody odour. Its GC gives much better p1ctL1re on 
comparison with standard commercial sample. 

3. Synthesis of citronellyl acetate: 

Li~.e synthesis of ter-penyl acet..:1tr::·, syntlh•s1s of 
citr-onelyl acetate was also demonstrat~d on one batch 
only. C1tronellol (lOOgl was rer.cted "H!:h acetic 
anhydride (54g) at 3(•°C for 5hr. Mon1tor-1nCJ on GC 
showed presence of 6% unreacted c1tr-cnellol. Reaction 
was continued for another 17hr. Conver-s1on was 
complete and pr·oduc t for-rned. co111µ.=.r-1o•tl we• I l w1 tt1 
standard sample in GC dnd odour. 
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4. Synthesis of citronellyl formate: 

Citronellol was reacted with formic acid in two 
batches as given below: 

Batch 
No. 

ci tronel lol formic acid Reaction 
time J!­
temp. 

Conversion 

1 

2 

20 g 16 g 7hr(40°C) 95 'l. 

7 Kg 5.6 Kg 14hr(40°C) 95 'Z 

Citrorellyl formate formed has 
rosac~ous odour and sample is 
commercial sample. 

good sweet floral 
much better than 

S. Synthesis of citronellyl butyrate: 

Cit•onellol (109g) was reacted 1ru.th butyric acid 
(74g) in benzene far Bhr. Water (8g) was removed 
azeotropically. Ge showec 98'l. conversion into 
citronellyl butyrate. On working up the product was 
found to have clean odour of citronellyl butyrate. 

b. Hydrolysis of citronella oil fraction after removal 
of ci tronel lal: 

Citronella oil was fractionated to remove citronella! 
(82.427.) having small amounts of linalool (2.70%), 
isopulegol (6.36%) and c1tronellyl acetate (3.62%). 
The remaining portion (200g) was hydrolysed at 100°C 
with lO'l. NaOH for Bhr. All esters of citronellol and 
geraniol hydrolysed. GC was very clean and showed 
presence of mainly citronel lol (20.53'l.). nerol 
(3.787.) and geraniol (70.19%) with minor amount of 
beta-elemene (3.48%). This material ser-ved a good 
starting material for i5olation of c1 tron.:>l lol and 
geraniol by fractional dist1llation. 

7. Synthesis of citronellol: 

7.1 Reductio;1 of citronella! ln isopropdnol was 
carr i.ed out for 6hr- by L1s1ng freshly prepar-ed 
aluminiL1m isopropo::ide from 15<)g of aluminium, 
mercur-ic chloride (2.5g), car-'Jon tc.>trachlor-ide 
(11.5g) and isopropanol (1325ml) in ~-batches as 
given in following table: 



Batch 
No. 

1 

2 

-· 
4 

Starting 
material 

Citronella! 
citronella 

-do-

-do-

19 

~-
oil 

Citronella! ~-

Java 

EucalyE!tus citriodora 

wt. of 
material 

( ~~g) 

1.5 

1. 7 

3.4 

3.8 

Conversion 

(%) 

90 

90 

99 

90 

In batche~ 1-3 cit~onellal was 80.4% E!Ure (GC) and 
rest of components were isopulegol (4.9%), 
citronellol (3%) and geraniol (1.6%). The product 
formed had citronella~ (83.3%) and isopule~ol 

(3.73%). In batch-4, citronella! ~sed was 75.78% 
pure and other compounds were isopulegol (21.08%) and 
beta-elemene (1.20%). The product formed had 
citronellol (66%), isopulegol (24.49%), beta-elemene 
(0.BX) and high boilers (3.3%). 

In first three batches conversion was good (GC), in 
thir~ batch efficiency of reaction could be improved 
to more than double. But in batch No. 4 due to 
presence of high amounts of 1sopulegol, citronellol 
percentage decreased. 

7.2 A bigger batch of citronella! (19.bKg) ex. Java 
citronella having citronella! only 53.891. and 
rest linalool (3.lX). isopulegol (16.99%),b~ta­

elemene (1.66%), ci.tronellol (7.9/.), r1erol 
(0.8%) and geraniol (6.2%) was reduced with 
all nnium isopropo::ide prepared from '~00g of 
aluminium. composition of product was as 
follows: linalool (3.29:~), isopLllegol (19.30%), 
beta-elemene (2.ll'l.l, ~itronellol (58.51%), 
nerol (1.45%) and geraniol (5.61.). 

In the bigger batch 30X material got polymerised due 
to high heat generated during decompos1tion of 
complex by sulphuric acid. Hence 1t was concluded 
that starting material with better purity should be 
used and dL1ring decompos1t1on of complt~:: cooling at 
low temperature is essential. 
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8. Synthesis of nerol: 

study was made 
- · b · ( 901.} with 
of aluminium. 

Based on the experience in section-7, 
on reduction of 2.7 Kg citral -·a· and 
aluminium isoproxide made from 104g 
aliquots were drawn from reaction 
different duration and decomposition 
different temperatures as given below: 

mi:·:ture at 
was done at 

Duration of 
reaction 

(hr) 

s 

5 

8 

48 

Complex decom­
position temp. 

( ac) 

3 - 5 

50 

3 - 5 

30 

I. 
Nero! + geraniol 

content i,, 
product 

85 

80 

84 

62 

It is concluded from above results that reduction of 
citral is to be stopped at 5 hours and decomposition 
should be done at low temperatures (3-5coC) to get 
better quality nerol and geraniol. 

It was suggested to use distilled aluminum 
isopropo:{ide and low temperature for decomposition 
in-order to avoid polymerisation. Therefore nerol 
was prepared using these modifications to get better 
quality product and minimum residue after 
dis ti 11 at ion •. 
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III. C 0 N C L U S I 0 N 

Gas chromatography Expert in his assignment for 2 man 
months has completed job requirements like - giving lectures on 
GC (covering all the aspects), demonstration of its usefulness, 
specially for quality control of essential oils, isolates and 
for production of synthetic aroma chemicals. He has given 
practical training for analysis of essential oils of Vietnam, 
their isolates and reference compounds. He has also prepared 
procedures for maintenance, starting and closing of GC 
equipment. Column packing and quantitative analysis have been 
demonstrated. A test was conducted in which trainees have 
faired very well. 

Expert was also assigned work on isolation and synthesis 
of certain aroma chemicals. He has demonstrated practically 
isolation of terpeneols for perfumery, synthesis of terpenyl 
acetate, citronellyl acetate, citronellyl formate, citronellyl 
butyrate, citronellol, nerol and improving quality of 
citroncllol and geraniol from citronella oil. 

Trainees have picked up the basic knowledge on GC and its 
practical use. Now they are using the equipment by themselves 
by analysing essential oils, isolates, monitoring organic 
reactions during synthesis and analysing final products. They 
have learnt the techniques and conditions for carrying out 
synthesis of earlier mentioned products and they have 
reproduced these results on lab bench-scale. The products 
prepared are of high quality and can match with good quality 
materials from else where. GC machine is working very well and 
all the essential accessories are there. In the 
recommendations some additional items like books, spares, lab. 
wares and equipments are suggested, which will further improve 
the R & D efficiency. It is certain that essentiaL oils, their 
isolates, synthesis of aroma chemicals and formulation of 
fragrance compounds have very good future in Vietnam for their 
domestic use as well as for export. 
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ANNEXURE 1 

UNITED NATIONS INDUSTRIAL DEVELOPMENT ORGANIZATION 
UNIDO 

JOB DESCRIPTION DP/VIE/86/033/11-54 
-------------------------------------------------------------

POST TITLE Gas chromatograph E::pert 

DURATION 2 m/m 

DATE REQUIRED April - May 1991 

DUTY STATION HoChiMinh City 

PURPOSE OF PROJECT Utilization of indigenous esser·, ti al 
oils to develop suitable fragrance 
materials and formulations for local 
industry as well as export. 

DUTIES: Under the UNIDO Project. a computerized GC with 
integrator (shimadzu Model GC-9APTF) has been 
purchased. The expert will carry out the following 
work under the supervision of the CTA:-

1. Lectures/Discussions on theory and appl1cat1on of 
Gas Liquid Chromatography. 

2. Full commissioning of the instrument and 
demonstration of its usefulness for quality control 

-
of essential oils. 

Demonstration of 
analysis. 

methods of 

4. Use of reference standar~s and calibration. 

5. Column packing and mathods of pac~ing. 

GLC 

6. Monitoring course of a reaction and its optimisation 
by GLC analysis. 

7. Any other drama chemical 
the CTA. 

re 1 a ted lfJOd as~ :.. gned by 

The P::pert will also fL1rn1st-1 a completed •flt~ 
proces~ed term1na 1 report on the? ~·1or-~ a one by h 1 m .:1 l 
completion of his mission 0L1tlin1ng the f1nd1ng~. ;ind 
recommendations for follow-up action. 

fully 
the 
hlS 
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Qualifications: 

Chemist, Pharmacist with considerable e::perience in R I!~ D 
of analytical chemistry and essential oils, theoretical 
and practical experience in the utilisation of analytical 
instruments, especially gas chromatography. 

Language English/French 

Background Information: 

Vietnam has been a producer of natural essential oils but 
in recent times this industry has suffered through want 
of Research and development back-up and modern marketing 
initiatives. To remedy the situation the government 
through the agency of UNDP and UNIDO has provided the 
industry with R & D backup in the form of a; project 
titled: Processing of Vietnamese essential oils and 
related natural products, DP/VIE/84/010.Since new 
prospective essential oils ~ill soon become available and 
a dire need for fragrance materials exist the government 
again through the agency of UNDP-UNIDD wis~es to set up 
this second project directed towdrds fract1on~tion of 

locally produced essential oils and production of a basic 
array of aroma chemicals in order to formulate and 
compound fragr·ance materials. These fragrance materials 
are to be produced first on a bench scale and on~e the 
technological problems are surmounted produced on a pilot 
scale to serve the needs of an on-going soap . and 
toiletries industry. Export possibilities will also be 
assessed to provide a potential foreign e~chan~~ ~arning 
CC:tpC.~C i ty. 
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ANNEXURE 2 

LIST OF TRAINEES 
------------------------------------------------------------

1. Mr~ Luc Thi Van Hien 

Mr. Vu Van Chuong 

.::.. .. Miss Truong Thi Phuo~g 

4. Mr. Nguyen Minh Hung 

5. Mr. Nguyen Quang Hien 

6. Mrs. Vu Bao Dung 

7. Mrs. Vo Thi Hoa 

8. Miss Le Thi Thu Hoai 

Analysis Department, 
VINAROM~ SVDC 

-id-

Distillation Department 
VINAROM, SVDC 

-id-

-id-

Fragrance Department 

Analysis Department 
Vietnam Soap Factory. 
SVDC 

-id-
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ANNElCURE 3 

INTERNATIONAL STANDARD (ISO) TC 54 

Reference Ed. Paqes 

1. ISO 3848-1976 1 2 

2. ISO 3214-1974 1 2 

3. ISO 3216-1974 .1 2 

4. ISO 3574-1977 1 2 

5. ISO 3475-1975 1 2 

6. ISO 4718-1981 1 2 

7. ISO 3217-1974 1 2 

8. ISO 3757-1978 1 2 

9. ISO 4716 Draft In Circulation 

10. ISO 9776 Draft In Circulation 

11. ISO 11020 C.D. to be printed 
in 1993. 

12. ISO 1586 C.D. to be printed 
in 1993 

13. ISO 1452 Draft in Circulation 

14. ISO 1202-1981 1 3 

15. ISO 1279-1984 2 3 

Title 

Oil of Java citronella 

Oil c: Litsea cubeba 

Oil of Cassia 

Oil of Cinnamon leaf 

Oil of aniseed 

Oil of lemongrass(Cymbopogon 
flexuosus) 

Oil of lemon grass 
(Cymbopooon citratus) 

Oil of patchouli 

Oil of Vetiver (Vetiveria 
zizanioides Linnaeus Nash) 

Oil of Mentha arvensis, 
partially dementholized 
(Mentha arvensis Linnaeus 
var. Piperscens Mallinvaud, 
var. glabrata Holmes 

Essential oil of turpentine 

Oils of Melaleuca ssp. 
Melaleuca alternifolia, 
Melaleuca, linariifolia, 
Melaleuca dissitiflora, 
type terpineol-1-ol-4 

Essential oils of cedarwood, 
China ( Cupressus funehr is 
Endicher) 

Esse~tial oils-netermin~tion 
ot 1,8-cineole conlcnt 

Essential oils -
Determinntion of carbonyl 
value Hydroxylammonium 
chloride method. 



16. ISO 7611-1985 1 5 
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Oils of lew0n ar.d petitgrain 
~itronnier, and oil of lime 
obtained by mechanical process­
Deter~inat ion of Citral (neral + 
geranial) content Gas 
Chromatographic method on 
capillary columns. 

17. ISO 7734 oraf in Circulation 
Oils of Eucalyptus citriodora, 

18. ISO 7359-1985 1 7 

19. TSO 7609-1985 1 7 

geranium a.id citronella -
Determination of citronellol 
and geraniol Gas Chromatographic 
method on packed or capillary 
columns. 

Esse~tial oils-Analysis 
gas chromatography on 
columns-General method. 

by 
packed 

Essential oils Analysis by 
gas chromatography on capillary 
columns - General method. 



/J:?IEXURE 4 

SPECIFICATIONS OF ESSENTIAL OIL ASSOCIATION OF U.S.A. ( E.O.A.) 

S.No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

(Sec.II) Essential Oils 

Basil Rewrlon, Oil 

Cajeput. Oil 

PalmafQsa. Oil 

Patchouly, Oil 

Pinus sylvestris oil 
(Oil Scotch pine) 
(Oil turpentine Russian) 

Turpentine Rectified, Oil 

Vetiver Oil 

Number Specifications 

120 

22 

29 

23 

133 

252 

24 

Oil veti ver Java, Reunion (Bourbon) , Hai ti 

(Sec. VI) Aromatic Chemicals 6 Isolates Numbe1 Specifications 

Cinnamic aldehyde 204 

Citral puce 15 

Ci tronellal :Z-l.7 

Citronellol 17 

Citronellyl acetate 125 

Eucalyptol ( 1, 8-CineoJe) 288 

Gcraniol 16 

Geranyl acetate 11 

Geranyl formate 162 

Hydroxy ci tronellal f· 

Io nones (Alpha, Beta 6 Gamma) 61 

Linalool (Synthetic) 226 

Terpcneol 8 
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ANNEXURE 5 

FRENCH STANDARD 

Essential Oil 

Basil, Oil-methyl - Chavicol type 

( Ocimum basilicum Linnaeus) 

RUSSIAN.STANDARD 

Essential Oil 

Ocimum sratissimum • oil 

Specification Number 

NFT 75-357 

Specification Number 

GOST 9361-60 



S.No. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 
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ANHEXURE 6 

INDIAH STANDARDS 

( NatLral and Synthetic Perfumery Materials 

Sectional Committee PCD 18) 

IS No. 

326 1968 

326(Part 6): 
1986 

326(Part 11): 
1986 

327 1961 

512 1988 

526 1988 

528 1989 

533 1973 

553 : 1984 

1799 1981 

1800 1989 

1801 1988 

3123 1980 

3124 1975 

3134 1965 

3241 1985 

3250 1982 

Title Amendments 

Methods of sampling and 
test for natural and synthetic 
perfumery materi<:.~s 

Same as above. Determination Revised 
of solubility in ethanol 

Same as in 1- Determination Revised 
of carbonyl value and 
content of carbonyl 
compounds. 

Oil of lemon grass 

Oil of citronella 

Oil of palmarosa 

Oil of Mentha arvensi s 

Gum spirit of turpentine 
(oil of turpentine) 

Rosin (gum rosin) 

Citral 

Geraniol 

Citronellol 

Hydroxy citronella! 

Tr.rpeneol 

Menthol 

Geranyl acetate 

Methyl ionone 

Draft approved' 90 

DOC. in circulation 
1990 

Rev. DOC. in 
circulation' 90 

Hev. Doc.in 
cq:ulation' 90 
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18. 3925 1980 Eugenol 

19. 5757 1971 Pine Oil Rev. DOC. 
in circulation' 90 

20. 6699 1989 Cinnamon leaf oil 

21. 9784 1981 Tejpat leaf oil 



S.No. 

1. 

2. 

3. 

4. 

s. 

6. 

7. 

8. 
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A!-l'!IBXTBE 7 

BRITISH PHARMACOPOEA 1980 VOLUME I 

Name of item Page No. 

Anise oil (Aniseed oil) 36-37 

Aniseed 37 

Cinnamon (Bark: Ceylon CiMamon) 113-114 

Cinnamon Oil 114 

Eucalyptus Oil 189 

Euugenol 189-190 

Terpineol 444 

Turpentine oil 469 



S.No. 

1. 

2. 

~-

4. 

5. 

6. 

7. 

8. 

9. 

10. 
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.ANNEXURE 

BRITISH PHARMACEUTICAL CODEX 1973 

Name of Item Page 

Anise Oil 30 

Cajuput Oil 64 

Cineole 112-113 

Cinnamon 113-114 

Cinnamon Oil 114 

Citronella Oil 115 

Eucalyptus Oil 193 

Eugenol 193 

Terpineol 494 

Turpentine Oil 524-525 

No. 
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ANNEXURE 9 

LIST OF STANDARD CHEMICALS BROUGHT FOR PROJECT 
-----------------------------------------------------------------
1. Aldehyde C-8 :?6. Citronella! 

2. Aldehyde C-9 27. Citronellol 

..,. Aldehyde C-10 ::?8 . Citronellyl formate ...>. 

4. Aldehyde C-12 ::?9. Citronellyl acetate 

5. Anethole 30. Citronellyl bLttyrate 

6. Anise oil (DAB) 31. Clocimum oil 

7. Anise oil CNBPGR) ~.., Carvone-D ·->-· 

8. Ben::aldehyde 
_.,. 

De1J>entholised oil ~- _ .... 

9. Ben::yl acetate 34. Eucalyptus oil 

10. Ben::yl alcohol :::s. Eugenol 

11. Borneo! ::6. EL1genyl acetate 

12. Camphor 37. Geraniol (5.H.~·:.) 

13. Carene delta ..;;. 38. Geraniol ( E::. pa 1 marosa 

14. Car-vane - L oil) 

15. Caryophyllene 39. Geraniol CE:: .c1 tror.el I.a 

16. Cineole 1-8 oil) 

17. Cinnamon leaf oil (5.H.K) 40. GeraniLtm oil (5.H.~ .. ) 

18. Cinnamon leaf oil (DAB) 41. Geranium oil (HYDBD.) 

19. Cinnamic alcohol 4:. Geranyl acet3te (5.H.r.) 

20. Cinnam1c aldehyde 43. Geranyl .acet.3te (NBF'GR) 

21. C1nnamyl acetate 44. Geranyl butyr-att:! 

22. Cis-3-hexenol 45. Geranyl capr-oat'O' 

...,..,. C1tral _._.. 46. Geranyl tormatP 

24. Citronella 011 CHYDBD.) 47. Geranyl iso-val>o>rate 

25. C1 tronel la 011 (5.H.~.) 48. Ginger 01.i 



49 • Hydroxycitronellal 

(Extra) 

50. Hydroxy citronellal 

(pure) 

51. Ionone-Alpha 

52. Ionone-Beta 

53. Iso-borneol 

54. Iso-bornyl acetate 

55. Iso-eugenol 

56. Jamrosa oil 

57 • Lemon grass oil 

CKP-25) 

~8 • Lemon-grass oil 

(Pemba) 

59 _ Lemon grass oil 

LS-48) 

- Lemon grass oil 60. 

( S. H. ~~. ) 

61. Limonene 

62. Linalool 

6 3_ Linalyl acetate 

64. Methyl amyl ~etone 

65 • Methyl chavicol 

6 Methvl cinnamate 6 . 

67 • Metnyl eugenol 

6a. Methyl ionone 

69. Menthofuran 

70. Mentha arv~!"'~is-shi va 1 H. 
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72. Mentha spic~ta 

I..:.·• Menthone/isomenthone 

74. Menthol 

75. Menthyl acetate 

76. Methyl salicylate 

77. Nerol 

78. Ocimene Beta (Cis ~ 

Trans) 

79. Ocimum ~~.?..~J_!_c_Ll_m (Egypt) 

80. Oci~um_ basilicum 

Bl. Ocimum basilicL~m 

EC-291415 - Methyl 

chavicol type) 

82. Ocimum basilicum (0095, 

NBPGR, Methyl cinnamate 

type) 

83 . Ocimum basilicum 

(Ec-174326 NBF'GF: 

Linalool type) 

84_ Ocimum t::a_~1l1cum_ 

( EC-282721 NBPGF: 

Eugenol - Methyl 

Chavicol type) 

85 _ Ocimum bas1l1_cu_m 

(lnd1a'1 basil) 



86 _ Ocimum gratissimu~ 

7 Palmarosa oil 8 . 

Patchouli oil 88. 

89. 

90. 

91. 

92. 

93. 

(NBPGR - Indonesian 

variety) 

Patchouli oil CS.H.K) 

Pa tchouli oil 

CIIHR-Bangalore) 

Perilla Aldehyde 

Petitgrain-oil 

Pine oil 

94. Pinene - Alpha 

95. Pinene - Beta 

96. Piperitone 

Sandalwood oil 97. 
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98. 

99. 

Turpentine oil 

Terpinene - 1 - 01-4 

lOO. Terpinene - Alpha 

101. Terpiny~ acetate 

l02. Terpineol - Alpha 

103. Thymol 

104. Vanil lin 

105. Veti.ver oil (5.H.U 

106. Vetiver oil(Scuth Indian) 

107. Vetiver oil ( Indonesian) 

108. Vetiver oil (NC-66403, 

North Indian) 

109. Vetiverol 

110. Vetiveryl acetate. 
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ANNEXURE 10 

LIBRARY OF 92 CHROMATOGRAMS OF ESSENTIAL OILS, ISOLATES AND 
VARIOUS AROMA CHEMICALS BR~UGHT BY EXPERT 

-------------------------------------------------------------
COLUMN CARBOWAX 20M: 

L Aldehyde C-8 =1. Eucalyptus hybrid oil 

Aldehyde C-9 Geranium 011 (Hybd.) 

..,.. ·-·. Aldehyde C-10 23. Geranium oil (SH~) 

4. Aldehyde C-12 24. Geraniol 

5. Anise oil 25. Geranyl acetate 

6. Borneo! 26. Geranyl butyrate 

7. Camphor 27. Geranyl caproate 

8. Carene delta-:: 28. Geranyl form~te 

9. Citral 29. Ginger cil 

10. Citronella oil 30. Ionone A.pha 

(India Hydbd) 31. Ionone Beta 

11. Citronella oil (SHK) 
.,.. ...... ._ ...... Isobornyl acetate 

12. C.; tr-onel la oil (VN) ~~- Jamrosa 011 

13. Citronella! 34. L1tsea cubeba 011 

14. Cltronellol ( v j t.: l.11.•lll) 

15. Citronellyl acetate 35. Lemon grass oil 

16. Citronellyl butyrate CKP-25) 

17. Citronellyl form~te 36. Lemon grass 01! 

18. Coriander 011 (LS-48) 

19. Cymbopogon jwaranc~ 37. Lemon grass 011 (SHV) 

oil 38. L1nalool 

20. Eucalyptus 011 39. L1nalyl acetatE 
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40. Mentha arvensis oil 
47. Pine oil (special) 

(Shivalik) 
48. Pinene Alpha 

41. Mentha hybrid (Russian) 
49. Pinene Beta 

42. Mentha piperita 
50. Terpeneol Alpha 

43. Mentha spicat~ 
51. Terpenyl acetate 

44. Mosmi 20 fold (citrus) 
52. Turpentine oil 

45. Palmarosa oil 

46. Petitgrain oil 

---------------------------------------------------------------
COLUMN SE-30: 68. Fokeinna hodginsii 

53. Agar Ruh (VT) 

54. Anethole extra 69. Hydroxy citronellal 

55. Anisaldehyde 70. Iso eugenol 

56. Anise oil CNBPGR) 71. Isa bornyl acetate 

57. Anise oil (Dabur) 7:'. Limonene 

58. Borneol 73. Ocimum basilicum oil 

59. Camphor (Egypt) 

60. Cinnamic alcohol ·14. Q. basil iCL1m oil 

61. Cinnamic aldehyde ( Madagas~:.ar) 

6:'. Cinnamon cassia oil 75. 0. bas1licum oil 

(Vietnam) (Indian cultivated) 

63. Cinnamon leaf oil (SHK) 76. Q. basilicum oil 

64. Cinnamon leaf oil (DABUR) (methyl chavicol 

65. Cinnamyl acetate type EC 291415) 

66. Citronellal 77. Q. bas1l1cum (0095-

67. Clocimum oil 
Methyl cinnamate type) 



78. 

79. 

80. 

81. 

82. 

83. 

84. 

Q. basilicum(EC 174526 

Linalool type) 

Q. basilicum(EC 282721 

Eugenol, methyl 

chavicol type) 

O.gratissimum CVN) 

Patchouli oil 

(lndonesian-NBPGR) 

Patchouli oil (SHU 

Sandal wood oil CSHK) 

Terpinene Alpha 
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85. 

86. 

87. 

88. 

89. 

9(1. 

91. 

Terpineol Alpha 

Terpenene-1-ol-4 

Terpenyl acetate 

Vetiver oil 

(Indonesian) 

4 - "T Vetiver oil (NC 66 v~. 

NBPGR) 

Vetiver oil 

(South Indian) 

Vetiverol 

VPtiveryl acetate 
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ANNEXURE 11 

LIST OF CAPALLARV GC'S OF VIETNAMESE OILS 
BROUGHT BY EXPERT 

-----------------------------------------------------------

l. Cajeput oil. 

Cinnamomum cassia oil. 

..,,. -·. Citronella oil • 

4. Fokeinna hodginsii oil. 

5. Litsea cubeba oil. 

6. Melaleuca leucadendr-on oil. 

7. Ocimum gr-atissimum oil. 
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ANNEXURE 12 

OPERATION OF SHIHADZU GAS CHROMATOGRAPH 
-------------------------------------------------------------

I. OPEN THE CARRIER GAS FROM CYLINDER (He/N2): 

1. 
2. 

Open the stopcock of the carrier gas. 
Open the stopvalve on the right side of the GC main 
equipment. 
Select the flow rate for column 1 or ~ 

II. OP~N THE EQUIPMENT: 

1. 
2. 

4. 

Turn on Aptomat Main Switch. 
Turn on voltage stabilizer switch. 
Turn on Power switch on GC-9A. 
Put detector switch on with the help of Keys on 
main equipment. 

5. Set the analysis program. 
6. Turn on HEATER Switch on GC-9A. 
7. Press 'START' button on GC-9A. 
8. Turn on POWER on CR6A and Expansion Case. 
9. Set the processing peak parameters at CR6A. 

III. SUPPLY HYDROGEN GAS AND AIR: 

1. Turn on Power Switch of Voltage Stabjlizer for the 

..,. 
·-· . 
4. 

5. 
6. 

air compressor. 
Ope~ the Stop valve of the air compressor. 
Op~n the Stopcock of the Hydrogren Cylinder . 
Open the Stop valve of Hydrogen Gas on tr1e right 
side of the GC main equipment. 
Select the Flow rate tor column 1 or 2. 
Ignitir:in: 

decrease air pressure 
increase Hydrogen pressure 
ignite 

0,1 tt o,:: kg/cm 2 

0,9 kg/cm 2 

reset air pressure and Hydrogen pressure on 
the regular valve (Air 0.5; Hydrogen 0.6 
kg/cm 2 ) 

chec~ .. ing ignit1cm by bringing glass slide to 
the detector top 

IV. INJECTION OF SAMPLES: 

1. 
...... -. 
·-· . 

Check two 'READY' lamps on both GC-9A and CR-6A. 
Inject the samples • 
Press two 'START' buttons on both GC-9A and CR-6A. 
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SETTING OF ANALYSIS PROGRAM ON GC-9A 
-----------------------------·---------------------------------
1. Column oven temp. program: 

2. 

3. 

- Initial temperature: 

I I. TEMP./ -1 6 I 

Time of retaining initial temp. 

~ 
~ 

I L TIME I 

- Temp. program rate 

I P. RATE I 

- Final temp. of column 

I F. TEMP. I 
1 

LLJ 

- Time of retaining final temp.: 

~ 
~ 

IF. TIME I 

ltJJECTOR TEMP. : 

DETECTOR: CFID) 

Polarity 

I POL I 

Range: 104 

I RANG I I ENT I 

Ex. 60°C 

1---o/ I ENT I 

E:<. 15 min 

/-s/ /ENT I 

E:-:. 7°C/mm . 

I ENT I 

E:·:. 180°C 

E:-:. 30 min 

E:-:. 1 
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t'ION~TORING OF ANALYSIS PROGRAM : ON GC-9A 
--------------------------------------------------------------
1. TEt1P. t'IONITOR . + colw.1 temp. . 

~ I MONI I 
1 

+ lnj. te•P· 

~ I FiONI I ., 

2. RETENTION Til'1E: 

STOP-W 
I EICBI I I SBIEI.Jl I 

RET.T 
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CONFIRtlATION OF THE SET PROGRAM : ON 6C-9A 

1 • COLUl'IN OVEN IEJ1P • PR06RAl'1: 

- Initial temperature program : 

~ 
~I 

I I. TEMP./ 

- Time of retaining initial temp. 

~ 
~I 

I I. TIME I 

- Temp. program rate : 

I P. RATE I 

- Final temp.: 

~ I F. TEMP. I 

- Time of retaining final temp.: 

I~ 
~ 

I F. TIME I 

2. INJECTOR TEMP.: 

I ENT I 

I ENT I 

I ENT I 

I ENT I 

I ENT I 

I ENT i 
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SETTING ~ PEAK PROCESSING PARAtlETERS ON CR6A. PRINTER 

I WIDTH I I S I I ENTER I 

I SLOPE I I 2 I I S I I ENT~R7 

I DRIFT I I 0 I I ENTER I 

I MIN AREA I I 1 I I 0 I I ENTER I 

I T. DBL I ,-0 ,. I ENTER I 

I >TOP. TM I I 67 1()1· I ENTER/ ··----- -

I ATTEN I I 3 I I ENTER I 

I SPEED I I 4 I I ENTER I 

I SPL. ·WT I I 1 I I 0 I 1-o/ I ENTER I 

I IS. w"i' I I 1 I I ENTER I 

I METHOD I 1--0 11/ I ENTER I 

I FORMAT I I 0 I I ENTER I 

LEARNING OF THE SET PARAMETERS 

I SID i I LIST I I WIDTH I 

SIMPLE ANALYSIS OPERATION 

a. I PRINT I I CTRL I 

b. I ZERO I I ENTER I 

c. I SID I I s. TEST I 

d. Inject a sample. 

e. I START l 
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SETTING OF CHROt1ATOPAC DISK BASE CR6A 
------------------------------------------------------------

PROCEDURE TO START UP: 

1. Turn on the power of the CRbA, 6-slot e:{pansion case, 

FDD-lA and CRT display. 

2. "FDD-lA boot Vl-0" is printed out. 

Set the system disk into the drive 1 of FDD-lA. 

3. "FDD-lA FOOS Vl.2p is printed out. 

Press the l<.eys CTRL MOUNT ENTER 

4. "CHROMATOPAC CR3A CDISK BASE) V" is printed out 

(displayed) after few minutes. 
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ANNEXURE 13 

LIST OF GAS CHROMATOGRAMS OF ESSENTIAL OILS 
AND ISOLATES CARRIED OUT AT VINAROM 

-----------------------------------------------------------------

ESSENTIAL OILS: 

01. Aloe wood (agarwood) 16. Q. basilicum (Egypt) 

oil (3-fractions) 17. Q. basilicum 

02. Anise oil (Star) ( Madagas~:ar) 

03. Anise oil (India) 
18. Q. basilicum (0095, 

04. Cajeput oil 
NBPGR, India) 

05. Cinnamon bark oil 
19. Q. gratissimum (VN) 

(Cassia) 20. Orange oi 1 

06. Cedarwood oil 21. Palmarosa ail 

07. Citronella oil (India) 

08. Eucalyptus citr1odo@ 
Palmarosa oil (VN) 

Pine oil (India) 

09. Fo~einna hodginsii 011 
24. Sand?l wood oil 

10. Lemongrass oil 25. Sassafras oil 

11. Litsea cubeb~ oil 26. Turpentine 011 

12. b· cubeba oil 
(India) 

CEnteroil) 
27. Turpentine oil ('JN} 

13. Mentha arvens1~ oil 

(India) 
29. Vet1ver 011 (South 

14. Mentha arvensis 011 India) 

15. Oc1mJm basilicum (VN) 
-:-.(>. Vetiver 01 l '. Ir1dones1a) 
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ISOLATES: 

31. Aldehyde C-10 52. Geranyl caproate 

32. Anisaldehyde 53. Geranyl formate 

33. Benzaldehyde 54. Geranyl valerate 

34. Borneol 55. Isa eugenol 

35. Camphor 56. Limonene 

36. 1-Carvone 57. Linalool 

37. Caryophyllene 58. Linalyl acetate 

38. Cineol (1:8) 59. I-Menthol 

39. Cinnamaldehyde 60. Menthone/Isomenthone 

40. Cinnamyl acetate 61. Methyl eugenol 

41. Cinnamyl alcohol 62. Nerol 

42. Citronellol 63. Ocimene Beta 

43. Citronellyl acetate 64. Piperitone 

44. Citronellyl butyrate 65. Pulegone 

45. Citronellyl formate 66. Safrole 

46. Elemene-Beta 67. Terpene-1-ene-4-ol 

47. EL1genol 68. Terpineol Alpha 

48. Eugenyl acetate 69. Terpenyl acetate 

49. Geraniol 70. Vanillin 

50. Geranyl acetat~ 71. Vetiverol 

51. Geranyl butyrate 7~. Vetiveryl acetate 



46 

ANNEXURE 14 

TEST FOR GAS CHROMATOGRAPHY TRAINING 
-------------------------------------------------------------
l. Write main principle of Gas Liquid Chromatography. 

? What is the most essential precaution you would take, 
while starting and closing G.C. equipment? 

~- What is proof of successful injection? 

4. Describe stationary phase and solid support. 

5. Name carrier gases. 

6. Name G.C. columns used for analysis of aroma chemicals. 

7. Name different detectors used in G.C. 

8. Write few words about Retention time. 

9. What is peak area, how do you calculate it? 

10. Differentiate between packed and capillary columns. 
What is advantage of using ca~illary columns~ 

11. How does Flame Ionization Dectector work? 

12. Indicate maximum temperature for Carbowax 20M and SE-30 
columns. 

13. What is the criteria for choice of internal standard~ 

14. 

15. 

16. 

Comment on preparative G.C. 

What is Response factor? 

~Jhich solvent often used 
stationery pt1ase and suppor-t 

tor preparing slurry of 
material for column packi~g? 

17. What temperature do you 1·se for conditioning of columns~ 

18. Which 
( i ) 
( ii) 
(iii) 
(.1.v) 

( v) 

(Vl) 
(Vil) 
(viii) 
( .I. :: ) 

( :: ) 

are more polar compounds amongst following pairs: 
Phenols - alcohols 
citronellol - citronellylacetate 
Geraniol - geranyl butyrate 
Limonene - 1:8 cineole 
Methyl chavicol - eugenol 
Geraniol - Geranyl formate 
C-10 aldehyde - C-10 ~lcohol 
Menthol - menthone 
Fatty alcohols - Fatty acids 
Cis-anethole - trans - anethole 



19. Name suitable colums to be used for G.C. analysis of 
fol1owing: 

(i) 
(iii) 
( v) 

(vii) 
( i :<) 

Star anise oil 
Terpeneol isomers 
Eugenol 
Mentha oils 
Palmarosa oil 

(ii) 
(iv) 
~vi) 

(viii) 
( :-d 

Litsea cubeba oil 
Cassia oil 
Methyl cha·1icol 
Terpenyl acetate 
Citronellyl acetate 
and citronellol 

20. What G.C. parameters and column willyou use for analysis 
of turpentine oil? Please draw chromatogram. 
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ANNEXURE 15 

BOOKS SUGGESTED FOR GAS CHROMATOGRAPHY 
-----------------------------------------------------------

1. Basic Gas Chromatography by H. M. Mc. Nair and E. J. 
Bonelli, Pub. - Varian. 

2. Chromatography by Erich Heftmann - Part B Applications 
- Pub.: -Elsevier. 

3. Modern Practice of Gas Chromatography by R. L. Grob 
Pub : John Wiley & Sons. 

4. Quantitative Analysis by bet~ L.:hromctt.oyroµl1y L.iy .J. 

5. 

Novak. Pub. : Marcel Dekker. 

Gas Chromatography Data 
25-A-Sl. 

Compile by ASTM AMO 

6. Essential Oil Analysis by capillary Gas Chromatography 
and Carbon - 13 NMR Spectroscopy by V. Formace~ and 
K. H. Kubec=ka, J. Wiley & Sons, New York {1982). 

7. Analysis of Essential Cils by Gas Chromatography and 
Mass spectrometry by Yes hi ro Masada: Pub. : Halsted 
Press Book, J. Wiley & Sons, Inc., New York {t976). 
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Backstopping Officer's Technical C0111tents based 
on the report of Mr. K. Kaheshvari, Gas Chroaatograph Expert 

DP/VIE/86/033/11-54 

The report contains verv useful information and technical details about 

the use of Gas Chr~matographic techniques in essential oil analysis and the 

procedures for the synthesis of some aroma chemicals. 

The duties listed in his job description have been fully realized and 

additional work as requested by the CTA has also been done. Tl.e expert has 

brought 110 reference samples and other valuable documents including 92 

reference chromatograms which have not only helped in performing hi.s task 

efficiently but also strengthened the reference facilities of the Institute 

for future work. 

Backstopping Officer agrees with the recommendations of the expert to 

improve the efficiency of GC analysis and bench scale synthesis and hopes that 

the CTA and NPD will initiate action to requisition some of the items from 

available funds. 




