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ABSTRACT 

A gas chromatographic syste m of a 118 ft x 1/s in o.d. stainless steel 
column of 5% Carbowax 3 20M and Chromosorb W, a/w 60/80 mesh, a 
glass precolumn 6 in x 1/s in o.d . with the same stationary phase and an 
external d ismountable injection t rap was constructed and pretested for 
the d irect analysis of fermented mash. T hirty fou r peaks were detected of 
which 14 were ident ified . T his technique can be applied to analysis of 
slops or similar mixtures with suspended sol ids . 

INTRODUCTION 

Sugarcane molasses is the raw materia l used for t he produc tion of rum 
by yeast ferm enta t ion . In t his process ethyl a lcohol is produced , as well 
as ot her substances , many of which are distilled together wit h the ethyl 
alcohol when t he mash is d ist illed . T hese other substances in rum are 
known as rum congeners. In order to obta in a good d istill ate it is 
necessary to control t he quantities of congeners in the dist illa te . 
Gas-liquid chromatography has proved to be a good technique fo r 
studying the mash composition and the fo rmation of components during 
fermen tat ion. 

A gas chromatographic method for the analys is of major congeners• 
was developed at t he Rum P ilot Plant . It has been used for fermented 
mash analysis, with fractional disti llation of t he fermented mash prior to 
analysis. M ost of t he congeners heavier than ethyl alcohol are partially 
removed. Yokota et a l. 5 developed another method for the analysis of 
volati le components of cane molasses . At least 35 components of cane 
molasses were detected by gas chromatography of which 29 were 

'Manuscript submi tted to Editorial Board May 11, 1975. 
' Resea rch Che mist a nd Chemist, respect ively . Agricul t ural Ex pe riment Station, 

Mayagiiez Ca mpus, University of Puerto Rico, Rio Piedras, P .R. 
' T rade names are used in this publication solely for the purpose of p rovid ing specific 

information. Mention of a t rade name does no t consti tu te a guarantee or warranty of 
eq uip men t or materia ls by the Agricult ural E xperiment Station of t he Univers ity of P uerto 
Rico or an endorse ment over other equipment or materials not mentioned. 

'Manual de metodos anallt icos de Ia planta piloto de ron, Rum P ilot P lant, 
Agricultural Experiment Station, Univers ity of P uerto Rico, Rio Pi edras, P .R. , 1969. 

' Yokota, M. , and Fagerson, I. S., J. Food Sci., 36: 1091- 4, 1971. 
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identified . The procedure used is complex and could lead to unrel iab le 
recovery. 

A d ifferent method for rapid and direct gas chromatographic analysis of 
esters, acetal, a ldehydes, and fuse! a lcohol in t he unfermented and 
fermented mash is under development at this station. P rel iminary 
results are presented . 

MATERIAL AND METHODS 

Puerto Rican cane molasses was fermented in the usual manner. 6 

About 15 ml fermented mash was centrifuged 15 min at 3,500 r/m tore­
move part of the suspended solids. The supernatant was transferred to a 
vial and sealed. Seventy five ml of fermented mash without centrifuga ­
tion were distilled following the same procedure used for the determ ina­
t ion of a lcohol in the fermented mash . 6 The disti llate, the centrifuged 
residue of the d isti llation, and the fermented mash were kept fo r analy­
sis. 

A Hewlet t -Packard 5750 gas chromatograph was used with the injec­
tion system mod ified as in figure 1. The external trap (d) reta ins solids ; 
then the small glass precolumn (f) t raps smaller solids of high boil ing 
point and high polarity that may have passed . 

To connect the external trap , a modi fication was made of t he carrier 
gas line of the chromatograph oven . The three-way valve (c) was 
connected between t he carrier flow va lve (b) a nd the injection port (e). 
The three-way va lve has two outlets, one going to line (i) and the other to 
line (j). When the t rap is operating, line (i) is open and line (j) is closed. 
When the trap is disconnected, the carrier flow is reversed from line (i) 
to line (j). Carrier lines (i) and (j) must be provided with 0.01 in i.d. tub ing 
to avoid backflush of the carrier gas, which may produce undesirable 
peaks on the chromatogram . 

T he sample is injected a nd flash evapora ted in t he dismountable trap 
given in figure 2, where mos t of the solids are reta ined. To remove the 
solids the t rap is provided with a stainless steel tubing (m) plugged with 
fiberglass which has to be replaced before inject ion of a di fferen t sample. 
The trap is covered with a heating tape and the temperature is controlled 
with a varia ble powerstat. T he glass precolumn is connected between the 
injection port (e) and the main column (g) with Teflon fe rrules (fig 1). 
This precolumn has the same diameter as t he main column and must be 
replaced when a brown stain is visible on the absorbent. 

In order to carry out t he a nalys is, the chromatograph was set to the 
conditions desc ribed in table 1. T he tem perature of the oven was 
increased to the upper lim it and the trap connected in the proper 

• Manual de metodos y procedimientos bacteriol6gicos de la planta piloto de ron, 
Agricultura l Experiment Station, University of Puerto Rico, Rio Piedras, P.R., 1969. 
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Carri e r Gas 

FIG. 1.- System used in direct ana lyses; a, carr ier flow meter ; b, carrier flow valve; c, 
3-way va lve; d, dismountable external trap; e, injection port; f , glass precolumn 6 in x 1 a in 
o.d. of 5% Carbowax 20M, acid washed, and 60/80 mesh Chromosorb W; g, stainless steel 
column 18ft x 1/s in o.d. of 5% Carbowax 20M, acid washed , and 60/80 mesh Chromosorb 
W; h, Voltobox a .c. power supply; i, T eflon tubing 1/a in o.d. ; j, injection port stainless steel 
tubing. 
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Frc. 2.-Cross-sect ion of external trap; k, stainless steel T -un ion 11~ in o.d.; 1, septum 
m, stainless steel tubing :Ys in x Vain o.d. ; n, stain less s teel back ferrule 1/s in o.d. ; o, Teflon 
ferrule reducer 1/.1 to Y,6 in o.d.; p, stainless steel needle no. 19; q, T eflon ferru le reducer 1,1 to 
Y,, in o.d.; r, Teflon tubing Y,, in o.d.; s, Fiberglass filter. 

position. The system was cleaned by injecting 3 ,ul of water in t he 
external trap, and after the base line remained constant, cooling the oven 
to 50° C. Immediately a 3 ,ul sample was injected and the program mer set 
in order to attain the temperatures as in table 1. T he temperature was 
kept constant at t he upper limit until no additional peaks appeared in 
the chromatogra m (about 40 min after inject ion). The whole system was 
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TABLE I.- Conditions for the chromatographic analysis 

Post Injection interval 
Temperature program 
Upper li mi t interval 
Lower limi t temperature 
Upper limi t temperature 
P rogra mmer selector 
Oven cover 
Trap temperature 
Injec t ion port temperature 
Flame detector temperat ure 
Carr ier gas 
End colum n carrier fl ow 
Air rotameter 
Hyd rogen rotameter 

-----:x 2tiO 
""--4 

4min 
15 ° C/m in 
Omin 
60 ° c 
140 ° c 
Recycle 
Automatic 
200 ° c 
170 ° c 
170 ° c 
Helium 
19 m l/min at 40 lb/in 2 

2.5 
2.0 

Ftc. 3,A.-Gas Chro matograph of 3 J.LI of ethyl a lcohol 20° P . 

flushed again with water to start another injection ofthe same sample for 
a dupl icate analysis. T his is necessary because small amounts of the 
components are retained in the system which in terfere with subsequent 



CHROMATOGRAPHIC ANALYSIS OF MOLASSES AND MASH 589 

chromatograms. After going through the above-mentioned procedure, 
and before another sample was injected , the t rap was removed and 
cleaned thoroughly. 

To clean the trap, the oven is set at the upper temperature li m it . The 
carrier t1ow is changed from (i) to line (j) (fig. 1) and the trap 
disconnected, cooled, the insert cleaned or replaced, and the trap 
restored. The carrier gas is then allowed in the line (i). The water 
flushing is repeated, and the system is ready for a new sam ple. 

Figures 3,A, 3,B, 3,C, and 3,D present quali tative analyses of a 20° P 
ethyl alcohol solution; a representative fermented mash, its d istillate, 
and the residue of its d istillation. Identification of components was made 
by comparing retention times of the components in the fermented mash 
with retention t imes of the pure compound in a reference solution in 
ethyl alcohol 20° P. 

RESULTS AND DISCUSSION 

There are 33 more signals in the chromatogram of the fermented mash 
(fig. 3,B) than in the one of ethyl alcohol 20° P (fig. 3,A), of which 14 of 
these were identified. The first 11 peaks are usually separated and 
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,, 
29 

F IG. 3,B.-Gas Chromatograph of a 3 JLl fermented mash. 2, acetaldehyde; 4, ethyl 
acetate; 6, methyl acetate ; 7, aceta l; 8, ethyl alcohol; 10, n-propyl a lcohol; 12, isobutyl 
alcohol; 13, isoa myl acetate; 14, butyl alcohol; 16, isoamyl alcohol; 18, amyl alcohol; 
26, furfuraldehyde ; 29, ful fury l acetate ; 34, fulfuryl a lcohol. 
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Frc. 3,C.- Gas Chromatograph of 3 JLl of d is tillate of fermented mash. 2, aceta ldehyde; 
4, ethyl acetate; 6, methyl aceta te; 7, aceta l; 8, ethyl alcohol; 10, n- propyl alcohol; 12, iso­
amyl acetate; 13, n-bu ty l a lcohol; 14, butyl alcohol ; 16, i,-,oamyl alcohol; 18, amyl alcohol ; 
26, furfura ldehyde; 34, fulfmyl alcohol. 

29 

" 27 
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FIG . 3,D.-Gas Chromatograph of3 11 l centrifuged residue after disti lla tion of ferme nted 
mash (slop) . 2, acetaldehyde ; 4, ethyl aceta te; 6, methyl acetat e; 7, aceta l; 8, ethyl a lcohol; 
10, n-propyl alcohol; 16, isoa myl alcohol; 29, fulfuryl aceta te. 
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identified as major congeners of rum 4 • Furfural was also analyzed by 
u ltraviolet spectrophotometry•. Furfural and fulfuryl alcohol also have 
been reported in molasses by Yokota 5 • 

The qual itative data showed an incomplete distillation of fe rmented 
mash before an alysis, since the chromatogram of the distillate (fig. 3,C ) 
had fewer signals than that of the fermented mash (fig. 3,B) or the 
residue (fig. 3,D). The signals in the chromatograms belonging to heavy 
components in the residue are about the same size as in the ferm ented 
mash , which show t hat little d isti llation of t hese components occurred . 

RESUMEN 

Para el ana l is is direc to de melazas fermentadas , se construy6 un sis tema cromatografico 
consistente de una columna de a cero inoxidable de 18 pies por 1'a de pulgada de diametro 
exterior, con Carbowax 20M a! 5% en Chromosorb W, lavado en ac ido y tam izado en una 
ma lla 60/80; una precolumna de crista! de 6 pulgadas por 11ti de pulgada de d iametro 
ex te rior, con Ia misma fase estac iona ria; y un inyector externo, des montable. E n el analis is 
prelim inar se detectaron 34 seiiales cromatograficas, de las cua les 14 fueron identificadas . 
Esta tecn ica puede aplicarse a l a nalis is de mostos o mezclas s imilares que contengan 
s6lidos suspe nd idos . 




