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“Antroduction scheme proposed by Dr. Houseman the most recent revision is an adap-
' has been revised several times and tfation of the Lane-Eynon volumetric

'The tobacco industry accounts for
about 90 per cent of the licorice
AMavering used in this country. The
‘analysis of licorice flavoring suppied
’Lq the tobacco industry as an ingre-
dient in casing liquor is based on the
scheme proposed by Dr. P. A. House-
Man in 1922 (2). The analysiz typi-
ally consists of the determination
of moisture, agh, hot and cold water
nsolubles, starches and gums, sug-
s, and glycyrrhizin, Some of these
{ termmations, such as the starches
and gums, sugars, and glyeyrrhizin,
are amenable to an instrumental
. al)’tlegl treatment with the result-
T]Lt Savings in time per analysis.
}.S Paper discusses the use of gas
Mromatography for analyzing sug-
; and 11}f1“ared spectrophotometry
.'azlslyzmg glyeyrrhizin in licorice

=

DETECTOR RESPONSE

: lﬂ?)m“ing Using Gas
Taphy

: he original sugay analysis in the

Chromatog-

0 5 10 15 20 25 30

MINUTES

“jﬁ FIGURE 1: Gas chromatogram of silyl ether sugar derivatives of licerice extract. 1. L-rhamnose
hgéf’:ihd to the 19 Awnual Tobacco Chemists  Linternal standard) 2. L-rhamnose impurity 3. Reducing sugar analysis peak 4. g-glucose 5.

ch ¢ A
Onference, Lexington, Kentucky. B-glucose 6. Sucrose.
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FIGURE 2: Infrared spectra of three samples
containing  different glycyrrhizin  concentra-
tions. A—6.5 per cent B—25 per cent C—80
per cent.

A.0.AC methed (3). This method
determines reducing sugars as a
group and sucrose individually. The
analysiz requires about two and one-
half hours lapsed time and about
one and one-half hours operator time
per sample,
A gas
has been

chromatographic method
developed based on the
technique of Sweeley ef al. {4)
using the silyl ether derivatives of
the sugars. This technique requires
about 45 minputes lapsed time and
about 30 minutes operator time per
analysis.

Experimental

FProcedure: About 25 mg. licorice
axtract weighed to the nearest 0.01
mg. {paste, powder, or granular
form) and 1.5 mg. of L-rhamnose

weighed to the nearest{ 0.01 mg. are
added to 1.0 cc. pyridine and heated
at 95°C for five minutes in a one
dram vial. 1.0 ce. hexamethyldisila-
zane (HMDS) and 1.0 ce. trimethyl-
chlorosilane {TMS) are added to the
vial and shaken well. The vial is
allowed to stand 5 minutes before
injection of 0.15 c¢c. into the chyo-
matograph. The tan colored insoluble
matter of the licorice extract and the
white insoluble matter from the
HMDS and TMS reaction do not af-
fect the analysis. The L-rhamnese is
used as the internal standard.

Apparatus: An F&M Model T20
gas chromatograph equipped with a
thermal conductivity detector was
used for this work. Gag chromatog-
raphy was performed on an alumi-
num ceiled column 6 ft. long and
0.25 in o.d. packed with three per
cent silicone Gum Rubber (SE-52)
coated on 60-80 mesh Gas-Chrom Q
(Applied Science Laboratories, Inc,
State College, Pa.), an acid and al-
coholic base washed celatom support
treated with dimethyldichlorosilane.
This column was programed from
120 to 300°C at 5°C per minute.
Helium carrier gas was used at a
flow rate of 60 cc. per minute (meas-
ured by a soap bubble flow meter)
with 40 psig inlet and atmospheric
outlet pressures. The injection port
was held at 350°C and the detector

0.05

T
E 004
=
= 003
s
= ooz
faisi]
| =g
[ ]
= 001-
==

¢ 0.01

GLYCYRRHIZIN CONCENTRATION

0.02 0.03

at 360°C. Over 200 analyses wen
made on one coiumn without ev
dence of deterioration of the resoli.
tion. Calibration was required ong:
each week. :

Results

Calibration of the gas chromatgs .
graphic sugar analysis is presently
based on the Houseman assay so ag
to be as consistent as possible witk:
the forty-three yvears of accumulateg -
data. The G.C. method determines:
reducing sugars as a group using
the results of the volumetric method
on typical licorice samples as a pri-
mary standard and sucrose individ::
ually using pure sucrose as the pri.-
mary standard. The G.C. method is:
capable, however, of determining:
each reducing sugar individually-
when the need arises, '

Figure I shows a typical chro.:
matogram of trimethylsilyl (TMS):
derivatives of the sugars in licorice:
extract. Although early work in de--
termining reducing sugars was done:
by accumulating the total area of all-
of the peaks grouped near dextrose,
experience has shown that a con--
stant calibration factor is obtained’
using only the peak area of the dou-:
ble peak No. 3 thug eliminating the.
integration of many peaks. The lead."
ing maximum of the double peak is:
probably a glucuronic acid derivative:

0.04

FIGURE 3: Typical working curve for glycyrrhizin analysis.
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TABLE T

Analysis of Sugars in Licorice Flavoring

Precision of the A.0.4,C. Method

{P.0.L.E. Lot #5988}

- ANALYSTS REDUCING SUGARS SUCROSE

NUMBER ANALYSIS _ 4 ANALYSTS A
1 6.4 -0.2 7.8 —0.4
2 6.5 -0.1 ' g§.5 +0.3
3 &.7 +0.1 g.2 0.0
4 6.4 -0.2 7.8 -O.k
5 6.5 -0.2 E.h +C.2
é 6.9 +0.3 g.7 +0.5

AVERAGE 6.6 AVERAGE 8.2
std. dev. O.é std. dev. 0.4
rel. std. dev. 3.0% rel. std. dev. L.5%
TABLE_II
Analysis of Sugars in Licorice Flavoring
Precision of the Gas Chromatographic Method
(P.0.L.E. Lot #5988)

ANALYSTS REDUCING SUGARS SUCROSE

_NUMBER ANATYSIS _& ANATYSTS Py
1 7.0 -0.2 9.1 0.0
2 6.8 0.4 .9 ~-0.2
3 7.3 +0,1 9.2 +0.1
b 7.1 -0.1 8.7 “C
E 7.2 0.0 8.9 -0.2
6 6.8 ~0.4 9.0 -0.1
7 7.3 +0.1 9.2 +0,1
8 7.7 +0.5 9.5 0.4
v 7.5 +0.3 9.k +0.3
10 7.3 +0.1 9.2 +0.1

AVERAGE 7.2 AVERAGE 9.1

std. dev. 0.3 std. dev. 0.2

rel., std. dev. 4.2% rel. std. dev. 2.2%

{Tobacca Secience 25)

and the trailing maximum is levu-
loge. Peak areas for reducing sugars
and sucrose were determined using a
Dise Integrator (Disc Instruments,
Ine., Santa Ana, California).

The precision of the volumetric
sugar analysis is shown in Table L.
This table shows results for a lico-
rice extract designated as Powdered
Oriental Licorice Extract (P.O.L.E.)
and shows a precisien of about 0.3
per cent for reducing sugar and
about =0.5 per cent for sucrose
based on six determinations. Table
II shows the same data for the gas
chromatographic method based on

.ten. analyses_of the same P.O.L.E.

gample. The precision of the gas
chromatographic analysis is about
-+(.5 per cent for reducing sugars
and 0.4 per cent for sucrose. The
gas chromatographic method is
more precige for the sucrose anal-
ysig than the volumetric method but
less precise for the reducing sugar
analysis. This is probably because
the sucrese gas chromatographic
analysis is based on pure sucrose as
a primary standard but the gas
chromatographic reducing sugars
analvsis is based on the volumetric
analysis as a primavy standard
thereby veflecting a combination of
the inaccuracies in both methods.

Table TIT shows a comparison of
the gas chromatographic analysis
and the volumetric analysis for four
different licorice products ranging
from pure dried and paste forms
(P.O.L.E., “8hip” Brand Granules
and “Ship” Brand Paste) to the
powdered unextracted root (P.S.L.-
R.). These data show that the gas
chromatographic method is applica-
ble to the most popular forms of
licotrice extract used in this country.
II. Aneclysis of Glyeyrrhizin in Lico-

rice Flavoring Using Infrarved
Spectrophotometlry

The analysis which was proposed
by Dr. Houseman for determining
the glycyrrhizin content of licorice
extract consists of precipitating the
glyeyrrhizin as glycyrrhizic acid and
requires about three days lapsed
time and two hours operator time
fo complete an analysis (2). The
analysis is essentially an exhaustive
precipitation of the glycyrrhizin in
two steps, conversion of the acid te
the ammonium salf, drying of the
precipitate under carefully contrelled
conditions, and gravimetrically de-
termining the percent glycyrrhizin
in the sample. The precision of this
method is about =0.3 per cent.

An infrared spectrophotometric
methed has heen developed wusing
agueous soiutions of the licorice ex-
tract and requires about 45 minutes
lapsed time and about 30 minuoies



TABLE TIT
Analysis of Sugars in Licorice Flavoring
Comparison_of Gas Chromatographic and A.0.A.C. Method
For Various Forms of Licorice
SAMPLE REDUCING SUGARS SUCRCSE
LOT NUMBER G.C. A.O0.A.C. Pay ) G.C. A,0.A.C, A
P.0.L.E. (Powdered Oriental Licorice Extract)
5995 6.2 6.0 +0.2 SA 8.8 0.4
6088 8.6 8.4 +0.2 9.6 G.5 +0,1
5877 8.0 8.5 -0.5 5.0 6.7 -0.7
5928 9.7 9.0 +0.7 8.8 9.1 -0.3
5790 749 8.3 0.4 ba3 5.7 ~l.4
5988 7.1 &.7 +0. 14 9.0 8.5 +0.5
"SHIP" BRAND GRANULES
6416 10.3 9.8 +0.5 5.3 6.6 ~1.3
6330 9.6 8.9 +0.7 7.8 8.7 -0.9
6352 .6 10.1 ~-0.5 72 7.7 -0.5
64,069 9.9 10.3 -0.4 5.0 6.4 ~1l.4
6223 9.6 9.4 +0,2 8.7 8.7 0.0
6332 9.3 g.6 +0.0L Tk 7ol 0.0
6200 9.3 8.7 +0.6 8.0 g.6 -0.2
6423 1G.5 10.5 0.0 5.1 6.4 -1.3
"SHIP" BRAND PASTE
6492 8.0 g.3 -0.3 6.3 6.5 -0.2
6LEL 9.6 10.3 -0.7 5.8 6.7 -0.9
648G 7.7 73 +0.4 3.3 3.9 -0.6
6415 6.1 5.6 +0.5 2.k 3.5 -1.1
6422 6.6 6.0 +0.6 2.1 2.9 -0.8
61,06 7.0 6.0 +1.0 L.2 L.l +0.1
6351 6.7 6.0 +0.7 3.0 L2 ~1.2
P.S.L.R. (Powdered Spanish Licorice Root)
6139 2.7 1.5 +1.2 g.2 6.0 +2.2
6052 1.9 1.5 +0. 4 5.7 5.2 +0.5
5918 1.9 1.6 +0.3 6.7 5.3 +1.4
5926 1.7 1.5 +0.2 6.9 5.4 +1.5
operator time for the analysis. The Experimental gm. are dissolved in 15 ce. distilleff'i
precision of the infrared spectro- Procedure: Ahout four grams of water in a Vortex mixer (model:

photometric method is ==1.2 per cent. sample weighed to the nearest .01 K.500-21 Scientifie Industries Incef___-:
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TABLE TV

tnalysis_of Glyegyrrhizin in Licorice Flavoring

Precision of the Houseman Assay

{("Ship" Brand Granules Lot #5988)

AWALYSIS GLYCYRRHIZIN
NUMBER PEHRCENT Fay
1 26.3 +0.1
2 264 +0.2
3 26.3 +0.1
L 25.9 -0.3
AVERAGE 26.2
std. dev. 0.2
rel. std. dev. 0.8%

Springfield, Mass.) by agitating for
“ten minutes. The solution is guanti-
Aatively transferred to a 25 ce. volu-
metric flask, diluted to the mark, and
‘mixed well.

" The solution is placed into a 0.5
mm. thickness infrared cell made

with windows of Irtran-2. A spec-
trum is obtained over the 1180 cm?
to 1340 cm™ range, a baseline is
drawn from the minimum near 1190
cm ! fo the minimum near 1320 cm 3,
and the absorbance at the analytical
peak near 1285 cm™? is determined.

TABLE V

inalysis of Glycyrrhizin in Iicorice Flavoring

Precision of the Infrared Spectrophotometric Method
("Ship" Brand Oranules Lot #6467)
| ANALYSTS GLYCYRRHIZIN

_NUKBER PERCENT a

1 23.2 0.0

n R 23.0 +0.8

o3 23.6 +0.4

b 22.0 -1.2

5 2l 4 +1.2

AVERAGE 23.2
std. dev, 1.0
rel, std. dev. 4.3%

{Tobacco Science 27)

Using the absorbance, the gms. of
glyeyrrhizin per ce. solution is de-
teyrmined from a previously prepared
calibration curve and the percent
glyeyrrhizin  is calculated in the
usual manner.

Apparatus: A beckman IR-9 in-
frared spectrophotometer was wused
for this work. The instrument con-
ditions are as follows:

Optical Mode Double Beam

Reference Beam Air

Scanning Speed 20 c¢m? per min-
ute

Amplifier Gain 2.0 per cent

Period 8 Sec.

Shit 3.5 mm. at 1200
cmt, pro-
grammed

Ratio SB/DB 1.0 near 85 per

cent at 1200 cm™
0.4 inches per
minute

30 per cent to 80
per cent T ex-
panded to full
scale

Chart Speed

Scale Expansion

Results

Again, as in the case of the sugar
analysis, the glycyrrhizin analysis is
presently based on the Houseman
assay so that the backlog of experi-
ence with the values from that assay
is not rendered useless. A colorimet-
ric procedure for glycyrrhizie acid
was recently reported by Cundiff
(1). Although this technique is ex-
cellent for determining glycyrrhizic
acid, it is not applicable to a total
glyeyrrhizin  analysis because the
term glycyrrhizin has come to mean
that portion of licorice extract which
is acid inzoluble. Glyeyrrhizin, there-
fore, contains glycyrrhiziec acid and
other water soluble natural extrac-
tives which should be accounted for
in any total glycyrrhizin analysis.

Figure 2 shows typical infrared
spectra of samples containing from
about six per cent to about &0 per
cent glycyrrhizin. The maximum near
1285 ¢m—1 ig used as the analytical
peak. These spectra were prepared
using the electronic scale expansion
noted in the Apparatus section and
are pregented only to show qualita-
tive band shape. A typical working
curve is shown in Figure 3.

The precision of the Houseman
precipitation assay is shown in
Table IV. This table shows results
for a licorice extract designated as
“Ship” Brand Granules and shows
a precision of =0.3 per cent on four
determinations. Table V¥ shows the
same data for the infrared analysis
but on a different lot of *“Ship”
Brand Granules. The precision is



TABLE VI
Analysis of Glycyrrhizin in Licorice Flavoring
Comparison of Infrared Spectrophotometric and Houseman Assay Methods
For Various Forms of Licorice
SAMPLE GLYCYRRHIZIN
LOT NUMBER I.R. HOUSEIAN A
"SHIP" BRAND GRANULES
6467 23.2 2h .1 ~-0.9
6484 21.8 23.1 -1.3
6478 23.0 2.0 -1.0
6479 21.8 23 .2 -1.4
6492 20.8 24.0 -3.2
YGHIP™ BRAND PASTE
64,82 19.5 20.7 ~1.2
6L81 18.2 7.7 +0.5
6489 21.8 20.2 +1.6
6486 20.7 19.9 +0.8
61,80 19.9 17.2 +2.7

+1.2 per cent based on five analy-
ses. Again, the infrared analysis
absorbs the inaccuracies of the
precipitation method which is used
as a primary standard. The preci-
sion of the infrared method suffers
further from the lack of definition
in the analytical peak as shown in
Figure 2 and the wvariation of
glyeyrrhizin composition which un-
doubtedly occurs in different blends
of roots of different origin.

Table VI shows a comparison of
the infrared spectrophotometric re-
sults and the Houseman assay re-
sufts for *“Ship” Brand licorice ex-
tract in the dried granular and in
the paste forms. These data show
that the infrared method iz applica-
ble to the most popular form of lico-
rice flavoring within the quoted pre-

cision limits and work is now under
way to evaluate the method on
other forms of licorice extraect.

Conclusion

Instrumental analytical methods
have heen presented for the analysis
of sugars and glyeyrrhizin in lico-
rice extract.

The lapsed time savings which ac-
crue from using these methods in-
stead of the classical licorice analy-
ses ranges from almost two hours
per sugar analysis to over two days
per glyeyrrhizin analysis. Although
the precision of the new methods
does mnat quite match that of the
classical methods, it is felt that the
savings in lapsed time and operator
time per analysis is ample justifica-
tion for their use in the modern ana-

—
3 .
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Iytical laboratory.
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