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SUMMARY B

Gas liquid chromatography was used to fractionate the alcohols,
esters, carbonyls and acids in commercial malt vinegars. A
qualitative and quantitative study was made using a variety of
stationary phases., Porapak Q was found to be the colummn packing
material of choice. Acetaldehyde, ethyl acetate, ethyl alcohol,
iso-butyl acetate, n-propyl alcohol, n-butyl acetate, iso-butyl
alcohod, n-amyl alcohol, acetoin, propionic acid and acetic acid
were identified in a variety of malt vinegars.

The origin of these volatiles was investigated by their
addition to laberatory acetifications, which enabled an assessment
to be made of the probable metabolic routes responsible for the
formation and breakdown during acetification.

The esters were found to be formed during the initial alcoholic
fermentation and not during subsequent acetification.

In addition three distinct processes of malt vinegar manufacture
were examined to ascertain whether these pathways were operative in
commercial practice. Both propionic acid and acetoin concentrations
were found to be lower by the Fring's and Continuous processes.
Increased aeration occurs but lower concentrations were found with
laboratory acetifications, otherwise the pattern and character of
the volatiles were the same,

Samples obtained during the commercial processes were stored
to investigate changes during 'maturing'. No increase was found in
the number or concentrgtions of the volatiles. There appeared to be
little change in general velatile characteristics of vinegar during
'the maturation' process, although a decrease was found in the lower

beiling point velatiles.



During the growth of mycoderma on wort, n-propyl and n-amyl
alcohols increased in concentration. Such an increase would
suggest a 'secondary fermentation' by mutant strains of bacteria or
yeast arising in the production of both alcohols.

Finally the efficiency of continuous acetification in tower
shaped fermentors was investigated in relation to optimum substrate,
temperature and aeration.

The estimation of p02 was found to be the most suitable
parameter for the control of continuous acetification in tower

fermentors.
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INTRODUCTION



I

INTRODUCTION

Vinegar had its recognised place among the products of the Alchemist
and was indicated by the symbol “} while for distilled vinegar the
characteristic %}# was used, Reference  to Acetum is found in the
Classics with the fable of its use by Hannibal to dissolve the Alps.

According to Lemery (1720) there were three sorts of liquors known
as Spirit; the Spirit of Animals, the Burning Spirit of Vegetables and
the Acid Spirit. The first was typified by Spirit of Hartshorn, the
second by spirit of wine, while the last as 'the Spirit of Vinegar,
Tartar and Vitriol, is an Acid Essential Salt dissolved and put in
fusion by the fire, as I shall prove when I speak of Vinegar'.

The term 'radical' vinegar which survived into the last century
(Act of George III, 1818) shows that concentrated acetic acid was
prepared from distilled vinegar by neutralisation, concentration and
redistillation as far back as the 17th Century.

The earliest description of a process of making vinegar appears to
be that published in 1670 in the Transactions of the Royal Society under
the heading 'The Way of liaking Vinegar in France: Communicated to the
Publisher by an Ingenious Physician of that Nation, living at a Place
where much of it is Made' (Phil. Trans. Roy. Soc., 1670). This
description goes on to describe at some 1ength the process of meking
wine vinegar,

Since the British were a beer-drinking nation, it was %o be
expected that the development of the vinegar industry in this country
should have come by way of beer rather than from wine., The product of
wine became known as 'vin-aigre' (sour wine) and hence by analogy the

product derived from beer became known as 'ale-gar',



The malt vinegar manufacturer evolved out of the brewer because the
production of vinegar was the obvious way of disposing of sour beer in the
brewery. In the Revenue Act of Charles II (1673) the vinegar produced as
a waste product was termed 'Vinegar-Beer' and had to pay a duty of sixpence
per barrel,

The date of the establishment of the first vinegar factory is uncertain,
but there was a vinegar yard in Castle Street, Southwark in 1641 (History
and Antiquities in the Parish of St. Saviour, Southwark, 1795).

Legislation in connection with vinegar had been concerned with the
purposes of revenue although interesting details of the industry are given
in the Acts of George III who enacted that vinegar makers had to declare
whether it was intended to make vinegar from malt, corn, molasses or
sugar. The act also classed vinegars into Revenue Proof Acid and numbers
were given according to acid strengths, In 1824 the Pharmacopoeia stated
that 'the strongest vinegar is termed proof vinegar, and by the manufacturer
called No, 24 and it was estimated to contain five per cent of real acetic
acid’'.

Another explanation of trade numbers was given by Muspratt (1860)
who stated that 'proof vinegar has a specific gravity of 1,0085 and
containes about five per cent acetic acid., In commerce this vinegar is
represented by No. 24'.

It was not until 1864 that Louis Pasteur, the French microbiologist,
showed that bacteria present in vinegar were directly responsible for
converting alcohol to acetic acid. Since Pasteur's time a number of
acid-producing organisms have been isolated from vinegar generators and

these have been given the genus name Acetobacter., The manufacture of



vinegar is a two stage process, the first stage being the conversion of
sugars to alcohol by yeasts and the second stage where the alcohol is
converted to acetic acid by bacteria. Thus vinegar can be produced from
any liquid capable of first being converted to alcohol. There are many
types of raw materials suitable for use in manufacturing vinegar, but
those most widely used are apples and grapes in making cider and wine
vineger, malted barley and oats in making malt vinegar and industrial
alcohol in making distilled vinegar. Chemically, vinegar is a dilute
solution of acetic acid containing soluble substances of the raw
material,

Acetobacter are aerobic organisms and require an abundant supply of
air for growth. Vinegar can be produced in a small container but the
Acetobacter are active only at the surface of the liquid where air is
available. Under these conditions surface area in relation to volume
is low and consequently acetification is slow, Starting with the
primitive method of placing fruit juices and allowing fermentation and
acetification to proceed haphazardly the technology advanced through the
old Orleans processes to the relatively modern quick vinegar methods,

The Orleans process consisted of making vinegar in barrels of fifty
gailona capacity. The barrels were laid on their sides with two air
holes in the side. The barrels were then three-quarter filled with mash
prepared by mixing about five gallons of five per cent vinegar with
thirty gallons of alcoholic liguid containing five to six per cent
alcohol., A small volume of vinegar containing 'mother of vinegar', a
mass of vinegar bacteria, was then added to the mash in the barrel as
a starter., When the acidity of the vinegar reached five per cent the

vinegar was drawn off leaving five gallons of vinegar in the barrel as



an inoculuqq for the next batch., Three or four months time was required
to complete the acetification process.

In the early part of the 18th Century H. Boe%haave, a Dutch
technologist, found that the rate of acid production was directly
proportional to the amount of surface exposed to air. He modified the
Orleans process by using pomace (the residue from grape presses) to
loosely pack casks, Wine mash was allowed to trickle down and spread
over a large area thereby increasing the volume exposed to aeration,

In 1823, Schutzenbach, a German chemist, drilled holes in the Boerhaave
generators to admit more air and introduced other types of porous material,
This method became known as the quick vinegar process. MlMost modern
generators are based on the principles developed by Schutzenbach. The
quick vinegar method reduced the time of acetification from months to
days.

The modern quick vinegar process consists of wooden tanks with a
perforated false bottom. It is then loosely packed with beechwood
shavings or birch twigs over which mash is evenly distributed. The mash
is passed through the generator a number of times to complete the
acetification,

During 1949 and 1951 a method of acetification called submerged
fermentation was developed by Hromatka and Ebner which gave higher
production and efficiency rates. No wood shavings or other packing
material was required, the bacteria.bdn%supplied with air by continuously
dispersing air bubbles through the mash, The submerged fermentation
method is exemplified by the Frings Acetator designed where the limiting
factor of the reaction rate is gas solubility.

Vinegars are often matured by storage for periods ranging from a
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few weeks to a few months, During the maturing process it has been held
that a complicated pattern of chemical changes occur involving changes in
flavour and odour. Traces of alcohols at the end of acetification are
held to be largely esterified forming a mixture of trace substances which
contribute to character and quality of the final vinegar. The volatile
flavour and odour-producing substances contribute largely to the final
refined vinegar. One would also expect volatiles to be increased or
decreased during manufacture by different processes.

The first reference to the volatile constituents of vinegar was made
by Farnsteiner (1908) when he detected a volatile copper reducing substance,
resembling an aldehyde, and which was similar to acetole, but differed from
it in that itS os@zone melts at 2L5°G while that of acetole melts at
145°C. He also noticed that an oily substance was formed with osazone
which indicated the presence in the vinegar of another substance that
reacted with phenylhydrazine., Farnsteiner concluded that all solutions
which had undergone acetification contained a volatile neutral substance
that reduced Fehling's solution and which gave a false indication of the
presence of sugar to the extent of 0.75 g. per 100 ml.

Gore (1910) described an apparatus for distilling volatile acids in
wines and vinegar for subsequent titration with 0.1 Normal alkali and a
year later Fincke (1911) described the chemical investigation he made of
fermentation vinegar. He found the presence of formic acid which he
determined by the reduction of mercuric chloride to mercurous chloride
with subsequent weighing of the mercurous chloride.

Balcom (1917) examined distillates obtained from cider vinegar and
compared the reducing substances to solutions of diacetyl and

acetylmethylcarbinol, He concluded that the volatile reducing substances



of cider vinegar consist largely if not wholly of acetylmethylcarbinol,
a normal constituent of cider vinegar.

The volatile acids of vinegar were determined by Fagon (1936) using
a distillate of vineger in which he titrated with alkali, The non-
volatile acids being obtained by the difference between that obtained in

the direct titration for total acids and the titration of the distillate.

Edwards and Nanji (1938) differentiated between spirit, malt,distilled

malt and artificial vinegars by determining the oxidation, iodine and
ester values, The ester values woie¢ defined as the ml, of 0,01 Normal
potassium hydroxide required to saponify the esters in 100 ml, of

vinegar under standard conditions. Whitmarsh (1942) using similar methods
concluded that malt vinegar had distinctive oxidation and iodine values
due to the presence of ethyl alcohol and acetylmethylcarbinol.

Ten years later Pontin (1953) determined the acetone content of
vinegars obtained from alcohol in which he used the reaction of
salicaldehyde in alkaline solution to detect small quantities of acetone.
During the same year Kline (1953) detected butyric acid in wine and
vinegar by oxidation - butyric acid yielding acetone, whilst propionic
acid produced acetaldehyde. Wine vinegars contained 50 - 290 mg. of
butyric acid per litre and spirit vinegar contained up to 30 mg. per
litre.

With the advent of gas liquid chromatography (G.L.C.) in 1952 it was
then possible to fractionate and quantify volatiles found in fermentation
products. Partition chromatography was introduced by Martin and Synge in
1941 using a liquid moving phase. Liquid-liquid chromatography was
further developed by Martin and his co-workers with an elution technique

known as 'paper chromatography's. Ultimately Martin together with James



introduced gas-liquid chromatography which was a continuation of the
liquid-liquid partition chromatography introduced ten years earlier,
While the latter method is mainly applicable to the less volatile
lipophilic and hydrophilic substance§ G.L.C. was mainly applied to
volatile compounds with a boiling point of up to 400°C. In the method
of G.L.C. a carrier gas 'mobile phase' flows at a given temperature
through a tube containing an inert support impregnated with compounds of
various properties (stationary phase). A mixture introduced at the
beginning of the column is separated by partition and finally passes in

gaseous form through a detector.

With the object of fractionating volatiles during vinegar fermentation

Suomalainen and Kangasperko (196@) applied G.L.C. to wine and spirit
vinegars. The spirit vinegar contained ethyl acetate, whereas wine
vinegar contained acetoin, iso-amyl alcohol, amyl alcohol, iso-butyl
alcohol and amyl acetate. They also concluded that the principle amount
of esters in commercial vinegars developed during storage.

Quantitative estimation of ethanol in vinegars was made by Morgantini
(1962) using a column of twenty per cent polyoxyethylene glycol succinate
on celite support at 110°C. Close correlation was obtained between the
gas chromatography results and the titrimetric assay for ethyl alcohol.

Cesari, Cusmano and Boniforti (1964) determined acetoin and diacetyl
in vinegar by direct comparison of chromatograms of vinegar and standard
solutions of acetoin and diacetyl., Accurate and precise results were
obtained,

Gas chromatography was used in a study of cider vinegar and distilled
vinegar by Kahn et al. (1966) whereby using a suitable ligquid phase it

was possible to resolve alcohols, esters, acids and 3-hydroxy-2-butanone,
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The column was ten feet long containing chromosorb W. The

analysis was temperature programmed from 56°C to 120°C. Twelve
compounds were found in cider vinegar and five in distilled vinegar.
The compounds detected were methanol, ethyl alcohol, sec-butyl
alcohol, a C5 alcohol, methyl and ethyl acetate, ethyl lactate, 3.
hydroxy-2-butanone, acetic, propionic, iso-butyric and C5 acids. It
was possible by this technique by selecting the proper liquid phase,
to resolve the aleohols, esters and acids on one chromatogram,
although no quantitative assays were made.

Aurand et al. (1966) also atudied the volatile components of
cider, wine, tarragon and distilled vinegars by G.L.C. Cider vinegar
contained 19 components, wine 17 components and tarragon 20 components
with 11 in distilled vinegar. They also found that four compounds
were present in all the vinegars, these included acetaldehyde, acetone,
ethyl acetate and ethyl alcohol. A six foot glass column with fifteen
per cent polyethylene glycol 600 on firebrick or with di-isodecylphth-
alein on celite with a constant temperature of 105°C was used throughout.
In Aurand et a1.(1966) work it was found that members of different
homologous series of organic compounds may have similar retention
volumes requiring functional group amalysis for positive identification.
Although thirteen components were indicated by the chromatogram fifteen
components were actually present. Quantitative data were not obtained
but qualitative differences in the individusl concentrations amongst
a number of samples were noted. It was concluded that the most
important carbonyl compound contributing to vinegar flavour was diacetyl.
Since esters are known for their aromatic odours it was not surprising
that they were the largest group of volatile flavour components. It
also appeared that the standards of identity of a particular vinegar
could be determined by the relative concentration of the alcohols and

esters.



Key et al. (1968) using an extraction procedure with ether and
n-pentane studied the flavour components of rice vinegar when fif'ty one
components were fractionated, ten of which were alcohols, eight carbonyl
compounds and six esters.

G.L.C, has not been applied to the fractionation of volatiles in
malt vinegar although a number of workers have examined volatiles of
beer, Since the production of malt vinegar consists of a double
fermentation where the basic substrate malt is first fermented by a
strain of yeast Saccharomyces unde;ﬁgzggrdbic conditions to produce an
alcoholic liquor one would expect to find a similar pattern of volatiles
during vinegar manufacture. With the object of fractionating the
volatiles in beer a number of workers have employed G.L.C. The first of
these workers Van der Kloot, Tenney and Bavisotto (1958) used a gas
chromatograph column consisting of thirty per cent glycerin diluted with
methanol on fire brick support to fractionate volatiles contributing to
flavour. They were able to detect a number of alcohols and esters, but
such components as methyl, propyl and butyl alcohols were obscured by
the ethanol peak.

Subsequently Jenard (1959) made 8 study of the volatile substances
of beer in which he distilled the beer giving 0.5 per cent volatiles.
The water was removed by bubbling a stream of nitrogen through the
distillate and then passing it through a column of potassium carbonate.
The volatiles remaining in the carrier gas were then condensed in a
trap with liquid air,.

Strating and Venema (1961) studied the aroma concentrate from beer
by steam distillation in vacuum and extraction of the distillate with a
mixture of pentane and diethyl ether. FProgrammed heating from 55°C

to 150°C together with a mixture of two stationary phases were used,

9.



In the same year Harold et al. (1961) showed that the volatile substances
which occur in beer originate from malt and also concluded that distilling
the sample was detrimental to thermal labile eonstituents, An ether
extraction was recommended. Clarke et al, (1962) also using an ether
extract of beer detected eighty one volatile acids,

Maule (1967) examined by gas chromatography the beer volatiles using
a copper column packed with ten per cent carbowax on chromosorb W. The
carbonyl compounds were acetaldehyde, acetone, diacetyl, 2,3 pentane-dione
and acetoin; the alcohols were n-propanol, iso-butanol, 2-methyl butanol
and 3-methyl butancl; the esters were ethyl acetate, iso-amyl acetate and
ethyl ceproate.

Powell and Brown (1966) extracted the volatiles of beer into carbon
disulphide which yielded a concentrate. Temperature programming from
60°C to 115°c was used, n-octanol being the internel standard. A further
study on beer volatiles was made by Kunitake (1965) without using a
concentrating step, the reference volatile being 3-heptanone in
5.5 per cent aqueous ethanol, The peaks were identified by functional
group anslysis of Hoff and Feit (1964), Hashimoto and Kuroiwa (1966)
concentrated by distillation the volatile alcohols and esters of beer with
subsequent gas chromatography, the column being twenty five per cent
glycerin on shimeglite and the temperature 50°C.

The role of gas chromatography in aromes research has been
investigated by Teranishi et al. (1963) and Harrison (1963). The
variables considered included extraction procedures, distillation and
closed loop sweeping with freezing trap separation. The stationary
phases examined were polyethylene glycol, polyethylene glycol adipate

and diethylene glycol succinate. Suggestions were made to minimise

IO



'drift' and to obtain concentrated bands by using columns of high
theoretical plate values.

Although Aurand et. al. (1966), Kahn et al.(1966) and Key et_al.
(1968) have qualitatively assayed alcohols, esters, acids and carbonyls
in distilled, rice, cider, wine and tarragon vinegars, none have obtained
qualitative or quantitative results with malt vinegar. Since the process
of vinegar manufacture consists of a double fermentation where the higher
alcohols obtained in the initial fermentation are subjected to acetification,
it would be expected that a number of alcohols and their esters would be
found in the final product. One ohject of this work is to identify as far
as possible the volatiles in malt vinegar and to relate the findings to
the manufacturing processes., An examination is also proposed of the
qualitative and quantitative changes in the alcohols, esters and acids
during storage. It was felt that gas chromatography would be the
technique of choice in such a project.

During the last ten years new processes have been developed which
use continuous flow fermentation., Utenkov,a Soviet microbiologist,was
working in this field in 1935. His work was not published in 1935 and
subsequently in 1950 the mathematical theory of continuous fermentation
was published by Novik and Szilard and by Monod, Further development
of continuous fermentation was made in the Soviet Union., A complete review
and discussion took place at the First International Symposium in Prague
in 1958.

Enepkel et. al, (1950) described a continuous fermentor for the
production of carboxylic acids which consisted of a tube with a height

of three metres with a means of introducing air at the bottom which



12,

was the first reference to submerged fermentation in a heterogenous
continuous open system using & tubular system. During 1955 Shimwell
of British Vinegars Ltd., described a process of vinegar manufacture

in which a stainless steel cylindrical vessel approximately three feet

in length and two inches in diameter was fitted with a reflux condenser.
The rate of aeration was increased during the log phase of growth. An
increased pressure was maintained above the surface of the culture so
that an increased amount of omygen was dissolved.

Further advances have been made in the continuous production of
vinegar by Greenshields (1968), who designed a tower shaped fermentor
its height being at least five times its diameter and, preferably, ten
times its diameter. The vessel was fitted at the top end with a
separating zone to enable micro-organisms to settle from the rising air
and return to the vessel. Heat could be supplied by jackets surrounding
the vessel. Compressed air was passed through a sintered glass disc so
that small bubbles emdered the fermentor, The efficiency was defined
'as the ratio between the volume of liquid added each day and the volume
of the fermentation vessel'. Efficiencies of 1.0 were obtained compared
to 0.5 achieved for other methods.

Another object of this work is to examine optimum conditions for
continuous fermentation in tower fermentors, and the most suitable index
for quality control. The tower fermentor is of a heterogeneous nature
and is an avantage over other continuous fermentors which are homogeneous.
Another advantage of tower fermemtors is the long residence time of
aerating gas and the availability of the oxygen during acetification.

Such investigations have not been made during malt vinegar
manufacture, It is hoped that technological modificatiomsand improve-
ments of less lengthy procedures might be accomplished as a result

of this type of investigation.
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MATERIALS AND METHODS

SECTION A (1).

(1) GAS CHROMATOGRAPHY

A Gas Chromatograph (Pye Series 104) equipped with a flame
ionization detector was used throughout., The voltage output
from the amplifier was attenuated and then indicated on a
potentiometric recorder (Leeds and Northrup). The complete
instrument ised is seen in Fig.1. Accessories included a bubble
flowme ter assembly, Fig.l. calibrated from O to 25 ml., in 5 ml.
divisions and a Disc Integrator, (Model 224, Series D.) obtainable
from Jones Chromotography and Co., 71 Ridgeway, Machen, Newport.
(2) COLUMN PACKING MATERTALS

Three distinct packing materials were used,
(a) A 5ft. glass colum with a +" bore was packed with 10%
diethylene glycol adipate on acid and alkali washed celite and
supplied by W.G.Pye and Co.,Ltd., York Street, Cambridge.
Maximum temperature of operation was 175°C. The packing
technique consisted of vibrating the column followed by passing
the carrier gas nitrogen through the column for a few minutes. The
colum was then plugged with a 1ft. length of silk thread and
preheated im the analyser oven for 24 hr. at a temperature of
200°¢. During this time the flame ionization detector was not
used.
(b) A 5ft. glass column as above was packed with 10% polyethylene
glycol (M.W.1000) and supplied by W.G. Pye and Co.,Ltd., Cambridge
on acid and alkali washed celite. Maximum temperature of operation

was 100°C., and the preheating temperature 125°C, for 24 hr. The
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I4.

method of packing was similar to that used for diethylene
glycol adipate. Polyethylene glycol (PEG) is a very polar
stationary phase and recommended by the manufacturer for
separating low boiling point alcohols and esters from water.

On this column water behaves as an alcohol with a boiling point
of 100%¢.

(c) A 7ft. glass colum with a 4" bore was packed with Porapak
Q, Waters Associates Inc. 61 Fountain St., Framingham, Mass.,
and obtainable from Jones Chromatography, 71 Ridgeway, Machen,
Mon. ©Porapak Q consists of a porous polymer bead 50-80 mesh.,
The surface area was 634 m>/g., and the particle diameter

111 §.  The manufacturers claimed that there was no bleed from
the packing material; no adsorption of polar compounds; or
change in retention times and was stable at high temperatures.

(3) CONDITIONS OF CHROMATOGRAPHY
(2) Apparatus Performance.

The column efficiency was estimated before use by
calculation of the theoretical plate number (n) and the peak
resolution. Since the diethylenme glycol adipate and polyethylene
glycol columns were used only during the initial investigations
the theoretical calculations were only made for the porapak Q
columns., The compounds used for calculation of the theoretical
plate number was acetoin and for column performance iso-butyric
acid and acetoin, These latter two compounds were chosen because
their retention times were near to each other but yet sufficiently
separated to permit a satisfactory estimation of their peak width,

and also because they were eluted in the chromatogram centrally
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in relation to the other volatiles. The equation used for the

theoretical plate number was

retention wllma)z ,
peak width

n=16 x (

The retention time found for acetoin when using porapak Q
was 12,6 em,, and the peak width 19.5 mm.
Thereforen = 6.4
The range for n was found to be 6.2 - 6.6.
Peak resolution was calculated from (see Fig.2.).

Resolution = 2 x difference between retention times
sum of peak widths

= 204/a1 + A2

The peak width of iso-butyric acid was 13 mm, and for
acetoin 19.5 mm., The difference between retention times was
20 mm, The range of resolution calculated for six colummns was
1.22 = 1,32,

The efficiency was plotted against retention times of all
the volatiles detected Fig.3., and Table 1, The efficiency
increased up to a retention time of 10.6 cm. (iso-butyric acid).
When the efficiency of the column decreased after several months

of continuous use, the column was re-packed.

(b) Gas Flow Measurement.
The gas flow measurement kit used was that supplied by

the manufacturer (Fig..l). The passage of a soap film between the

zero and 10 ml graduation was accurately timed and the gas flow

calculated as follows:-

I5.



Let the time taken, for the film to pass from zero to 10ml.
be x. Then volume of gas passing per minute
= 60 x 10
x
The flow rates of both the carrier gas nitrogen and the fuel
gas hydrogen were estimated in this manner., The air flow was

normally ten times the hydrogen flow and therefore timed from

zero to the 25ml. graduation, and calculated from 60 x 25ml.per min.
%

(4) CONDITIONS FOR THE GAS CHROMATOGRAFHY OF MALT VINEGAR

Initial experiments were made with the object of obtaining
optimum temperature, attenuation, sample volume, chart speed,
carrier gas flow, and the number of volatiles fractionated,

(a) Diethylene glycol adipate (DEGA).

2 pl. of malt vinegar was chromatographed at an attenuation
of x200 at theee temperatures 70°¢,85°C., and 100°C.  The
results obtained are seen in Figs, 4,5 and 6. At a temperature
of 70°C., eight clearly defined peaks were obtained, and at
85°C and 100°C., six and four peaks were resolved respectively,
The attenuation was then decreased to x100, but no increase in
the number of volatiles was detected at this increased
sensitivity., Three sample volumes were chromatographed 1 )11.,
2pl., and 3 pl. With the 1 pl. volume two volatiles were
not detected and with 3 Ml. excessive tailing of the peaks
ensued due to column overload. The chart speed giving optimum
resolution was 120 cm, per hr, During these experiments the
nitrogen and hydrogen flow rate was 45 ml, per min,, and the air

flow rate was 450 ml, per min. Increasing or decreasing the

I6.
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carrier gas flow rate did not improve fractionation. The
eonditions employed for all subsequent experiments with DEGA as

stationary phase were as follows:-

Tempera ture 70°¢C.

Attenuation %200

Carrier gas flow rate 45 ml. per min,

Sample volume 2 pl.

Chart speed 2 cm, per min.
(b)_Po lene glyeol (PEG) N.W. 1000

Similar experiments to DEGA were made using PEG as
stationary phase. The chromatographs are seen in Figs.T7,8 and 9.

The optimum conditions found were:-

Temperature 90°¢.
Attenuation x200

Carrier gas flow rate 45 ml. per min.
Sample volume 2

Chart speed 1 cm. per hour.

A greater fractionation of volatiles was obtained with PEG
as stationary phase, Ten distinct peaks being detected.
(c) Porapak Q

A seven foot glass column was packed with Porapak Q, and the
temperatures used for volatile fractionations were 100°C., 150°C.,
200°C., and 225°C. The chromatograms obtained at these
temperatures are seen in Figs. 10,11,32,and 15. The temperature
chosen for all further experiments was 200°C,, when 13 volatiles

were detected.
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Fig. 12. Volatiles fractionated with Porapak Q at 200°C.
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