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ABSTRACT
A modified procedure for the use of the cysteine-
sulfuric acid reageht for the determination of mono-
saccharides has been devised. The procedure utilizes a
9-ml volume of Hy03H,S0y at a ratio of 1:7 H,y0:H,S0y
. which results in a rapld, non-specific method for the
determination of pentoses, hexoses, and hexuronic acids
in simple solutions. Alpha-substituted cysteines are
compared to cysteine hydrochloride as colour reagents.
The accuracy of the modifiedlprogedure 1s about ¥ 2% in
the optimum concentration range. The time required for
e complete analysis is about one hour for pentoses and

hexuronic aclds and thirty minutes for hexoses.

i1
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CHAPTER I

INTRODUCTION

Several colorimetric methods for the qualitative
and quantitative determination of reducing sugars have
been reported (1). Group specific colour reactions for
carbohydrates are based on thelr ability to form furfural
or its homologues in strong acids, particularly after
heating (2,3). These furan derivatives or their reaction
products derived from oxidation, reduction, or condensa-
tion processes in strong acids can form coloured products
elther with the sugars themselves, or with organic sub-
stances. The reagents such as l-naphthol (4) for
carbohydrates in general, benzidine for pentoses and
uronic acids (5-7), naphthoresorcinol for uronic acids
(8,9), resorecinol (10), carbazole (11), and’sulfhydryl

" compounds (1,12) are well known examples of colorimetric

tests that may be carried out in acid media., Such tests
as these have recently gained added importance since the
extensive development of partition chrometography for
the separation and characterlzation of minute amounts of
sugars and their derivatives (13fl8)oe

Volunetric procedures involving the use of potassiun
ferricyanide (19), ceric sulfate (20), copper sulfate
(21), and sodium hypolodite (22), are applicable to the
determination of small amounts of reducing sugars after

1
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2
separation by partition chromatography. However, these
methods require considerable skill, are time-consuming
and sensitive to slight variation in the conditions (23).

One of the classical colorimetric procedures which
has been frequently studled and modified is that employ-

. ing a cysteine~sulfuric acld reagent for the determination
of sugars (12). This reagent has been applied to the
qualitative and quantitative determination of hexoses,
methyl pentoses, pentoses, hexuronic aclds, and tetroses
(24-30).

The method consists of treating the carbohydrate-
containing material with sulfuric acid., The ultraviolet
absorption spectra of sefong H,80, solutions of pentoses
and hexoses have been identified, respectively, with the
spectra of furfﬁral and 5-hydroxymethyl-2-furfuraldehyde
(31-33). The expected products from uronic acids are
furfural, reductic acid (2,3-dihydroxy-2-cyclopenten-1-
one), and 5~formyl-2-furoic acid (34,35). It is important
to note that there are other reaction products in addition
to the major products mentioned. The structures of the

ma jor reaction products are illustrated below:

CH ———— CH . CH~—_————-EH
C CeCHO : HOCH» «C C*CHO
\O/ . 2 \O/
furfuraldehydé S5-hydroxymethyl-2-
furfuraldehyde
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CH CH

C'COZH

~

5-formylfuroic acid

OHC+C

The mechaniéms of the resctions involving the sugars
with sulfuric acid have not all been established.
Wolfrom et al. (2) has postulated a mechanism for the
conversion of glucose to S-hydroxymethyl-2-furfuraldehyde
which involves dehydration of an hydroxyl in the B posi-

tion to a carbonyl. The proposed réactions are as follows:

HC = O H

H(l)‘ = 0 ] (Il = 0
H?OH . ﬁOH | ?—--
HOCH , ?H ﬁH 0 HC CH
K -H,0 -H,0 H
H?OH —Es H?OH — ?OH ‘:ﬁ;ﬁ ” " |
H?m H?m Iw__jmm%—ﬁ\\//o—c=c>
0
‘CH,O0H CH,,0H CH,0H v
1111 IIT IV
| I o]
HOCH HC = O HC = O HE = 0
I | | | _on
HCOH C=0 C=0 HC—C
| I | " 0
HOCH CH2 CH
l I ~H,0 I &= HC—CH
HCOH HCOH —c 3 HC : |
[ CH,,OH
H?O-~- H?OH HCOH
VIII
CH,0H CH,,OH CHZOH
1 VI VII
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_ b
D-glucose, represented by I, is transofmred first into II
or its aldehydrol. The intermediate IIT then results
from II by loss of wéter, producing a conjugated enol.
The postulated intermediate III could produce IV by
cyclic dehydration and finally V could result from IV by
final dehydration producing a third double bond in con-
Jugation with the two already present.

The final reaction products form condensation products
with cysteine hydrochloride which is the colour reagent
employed by Dische. Cysteine combines with aldehydes in
ia mole to mole ratio with elimination of a mole of wéter
(36,37)s The structure proposed for these compounds is
as follows (36):

S ~——————CH

//// 2

R-CH
NH CH — COOH

The symbol (R) represents the reaction products
fofmed as & result of reacting the carbohydrates with
sulfuric acid. |

Dische utilizes the cysteine-sulfuric acid reagent
for the determination of monosaccharides in blologlcal
materials. Tﬁe procedure usually requires considerable time
of standing due to the instability of the reaction |
products, in both the qualitative and quantitatl#e
determination of carbohydrates (1). The stability of
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5
the reaction products is attributed to the formation of
intermediates other than the major substances already
mentioned (24,38). Dische and several other investigators
have observed that the concentration of sulfuric acid
Influences three espects of the analysis: the positién
and intensity of the maximum; the course of the reaction;
and stabilities of the reaction products (26, 38-41).
Bandow (31,42) reported a shift of the ultraviolet
absorption spectrum of furfural to longer wavelengths

i and an increase in molar absorption with increasing
sulfuric acid concentration., A similai shift was observed
by Love (33) in the reaction of glucose with sulfuric
acid. Love (33) in ean éttempt to explain this shift and
the increase in sensitivity suggested that the reaction
products other than furfural and 1ts derivatives are
altereé 1h concentrated sulfuric aéid in such a way as
not to interfere with the colour development involving
furfural and its derivatives, Experimental evidence to
support this was provided by Bandow (31) who showed that
the furfural molecule was not radically altered in con-

centrated sulfuric acid,

The object of this study is to investigate the effect
of varying the concentration of sulfuric acld and the
volume of the acid mixture on the cysteine hydrochloride
reagent for the determination of carbohydrates in simple

solutions with a view to obtaining greater stabllity, speed,
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6
absorbancy, and accuracy. The effect of oc-substituted
cysteines which were synthesized in this laboratory (43)
will be compared tovcysteine hydrochloride as colour

reagents.
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CHAPTER IT

EXPERIMENTAL

‘A. Modifled Procedure with Cysteine Hydrochloride

Materials and Methods
1) Reagents
Cysteine hydrochloride was obtalned from Fisher
Scientific Company. The sugars employed were all analyti-
cal grade, also obtained from Fisher Scilentific Company.
All sugar solutions were made up in delonized water.
Reagent grade sulfuric acid (A.C.S. specification) was
used.
2) Apparatus
Absorbance measurements were made with a Beckmen
DU monochromator equipped with a Gilford MNodel 220
absorbance indicator, a Gilford Model 210 automatic
cuvette positioner, a Sargent Model SR Recorder, and mat-
ched l-cm quartz cells. Heating and cooling was controll-
ed by constant temperature water baths set at 25 * 0,1°
and 100° % i°C. The absorbance measurements reported are
the average values of triplicate analyses.

3) Effect of Sulfurlic Acld Concentration and Volume

of Acid
The amount of cysteine hydrochloride was maintained at

0.1 ml of a 3% solution (w/v) and the quentity of hexoses

7
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8
at 100 Pg of glucose per ml. Different ratios of water to
sulfuric acid were studied and the volume of these acid
mixtures varied from 4.5 to 12 ml., The procedure follow-
ed was basically that of Dische's primary cysteine
reaction (24): The acid mixtures were added to 25 x 150
mm test tubes immersed in an ice bath. After allowing to
cool, 1 ml of sugar solution was added slowly and the
mixtures were shaken to ensure complete mixing. They were
heated for exactly 3 min in a boiling water bath after
they had been brought to room temperature in a water bath
at 25°C, After allowing to cool to room temperature, |
0.1 nl of a 3% solution((w/v) of cysteine hydrochloride
was added and the mixtures were shaken. Spectral and
stabllity studlies were performed on the sugar mixtures.

L) Effect of Time of Heating

The procedure described above was carried out on
pentose, hexose, and hexuronic acid solutions.  The
solutions were heated for different times in the boiling
water bath in order to obtain the optimum heating times
for maximum colour development.

5) Stability of Reaction Products

The stability of the reaction products for the
various sugars was studied by recording the change of
absorbance with time at the appropriate maxims for each
sugar and under the optimum reaction conditions with

respect to time of heating. Pentoses, hexoses, and
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hexuronic aclds were kept in the boiling water bath for
15, 3, and 15 min, respectively.

6) Modified Procedure for Hexoses

A mixture (9 ml) of 1 part Ho0 and 7 parts stou

(made up by édding 210 ml of concentrated HyS80, to 30 ml

~of H,0) was added to 25 X 150 mm test tubes immersed in
an ice bath., After allowing a few minutes to cool, 1 ml
of sugar solution was added slowly into the test tubes.
The test tubes were then shaken to ensure complete mixing.
The test tubes were then placed in a water bath at 25°C
for a few minutes (3~5 min) -and then for exactly three
minutes in a boiling water bath at 99-100°C, The tubes
are cooled to room tempeféture in the water bath at 25°C,
After this coolingrperiod (approximately 3 min) 0.1 ml
of a 3% solution‘(w/v) of cystelne hydrochloride was then
added and the mixtures were shaken. The mlxtures were
allowed to stand at room temperature for 15 min, after
which the absorbance of the solutions were read at 410 mp.,
(The solutions were periodically shaken during the time of
standing in order to avold formation of bubbles.)

7) Mbdified Procedure for Pentoses and Hexuronic Acids

The procedure for‘the deternination of pentoses
and hexuronic acids is different with regards to absorption
maxima, time of heating, end time of stending after the
addition of colour reagent., Fér pentoses absorbance

measurements were read at 390 mp after allowing the

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



10
"solutions to stand for 35 min after the addition of
cysteine hydrochloride. For glucuronic acid and galactur-
onic acid absorbance neasurements wére read at 390 and»395
mp, respectively, after allowing the solutions to stand for

30 min after the addition of the colour reagent,

B. Alpha-=-Substituted Cysteines as Colour Reagents

Materials and Methods

1) Reagents and Apparatus

:"

All reagents and epparatus employed were mention-
ed earlier except for the o -substituted cystines which
were synthesized in this laboratory (43). Na-Hg amalgam
(1%) was utilized for the reduction of the cystines to
cysteines (4h), |

2) Beduction of Cystines with Ne-Hg Amalgam

. The Na-Hg amalgam (1%) was prepared by the method
of Holleman (43) and stored‘under toluene. Deionized
water (5 ml) was added to the washed amalgam (10 gm in
&a.50-m1 beaker). Sufficlient solid o -substituted cystines

~ to prepare a 3% solution (w/v) were added to the beaker
and covered with a watchglass to prevent loss due to
spattering. The cystines are not soluble in water but as
the reduction progresses they all dissolve due to the con-
version of cysteine which 1s soluble in water. The
solutions were quantitatively transferred to s 25-ml

volumetric flask with delonized water.

w
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3) Effect of Alpha-Substituted Cysteines

All experimental conditions were kept the same as
in the modified procedure except for the colour reagents.
[The o¢ =substituted cysteines were 3% solutions (w/v) ]
The effect of the o -substituted cysteines on the absorp-

tion maxima, time of standing, and absorbance was studied.

A
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CHAPTER III
RESULTS

A. Modified Procedure with Cysteine Hydrochloride

1) Effect of Sulfuric Acid Concentration and Volume

of Acid

The results of the varlation of sulfuric acid
concentration and volume of acid mixtures are shown in
Table I. These varlations were studied with respect to
wavelength (\), absorbance (A), and stability (S) of the
reaction products after the addition of colour resgent.
The absorbance readings were‘corrected using a blank
of 1 ml of water instead of sugar solution.

2) Effect of Time of Heating

The concentration of the primary and finél
reaction producfs depends on the time during which the
reaction mixture remains at the temperature necessary for
the decomposition of the suger. Pentoses, hexoses, and
hexuronic acids were heated for different times in a

\ boiling water bath in order to establish the optimum
times of heating. The hexoses, particularly glucose and
fructose, became a light pink colour after heating in a
boiling water bath (99—106°C) for any time intervals over
3 min, The optimum times of heating for the various

classifications of monosaccharides are listed in Table II,

12
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TABLE II

OPTIMUM TIMES OF HEATING

14

Classification Sugar Absorption Time of
maxima (mp) heating
(min)
Pentoses Xylose 390 15
. Ribose
Hexoses | Glucose L1o0 3
Fructose
‘ Galactose
L Mannose
Hexuronic Glucuronic 390 15
acids Galacturonic 395
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3) Spectral Studies of Sugars Employing the Modified

Procedure
The.modified procedure was applied to all sugars.
The absorption spectra for the different classifications
of sugars was obtalned by taking absorbance readings at
10 mp intervals and at 5 mp intervals when approaching
the maximum. The results are illustrated in Figures 1-3
and the absorptidn maxima are listed in Table II. '

L) Stebility Studies

The stability of the reaction products was
followed by recording the change of absorbance with time.
The results of this study are illustrated in Figure 4,

5) Modified Procedure for Carbohydrates

The modified procedure was applied to the deter-
mination of hexoées, pentoses, and hexuronic acids. The
differences in the prqcedures for the determination of
various classlfications of sugars is listed in Table IIT.
A linear relationship of absorbance to the concentration
of sugar was observed for all sugars investigated using
the modified procedures. The results of this study ere
shown in Table W. The values shown are the average
values of triplicate analyées. Beer's Law plots for
three of the sugars studied are illustrated in Figure 5.
The accurecy and reproducibllity of the various Beer's

Law plots were determined (Table V).
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FIGURE I
ABSORPTION SPECTRA OF PENTOSES

Legend

Spectra of various pentoses treated with the
. modified procedure. The spectra were obtalned 15 min
‘after the addition of'cySteine hydrochloride. Curve 1,

80 pg of xylose; Curve 2, 50 pg of ribose.
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FIGURE 2
ABSORPTION SPECTRA OF HEXOSES

Legend

Spectra of various hexoses obtained after 3 min
heating at 99-100°C and ten min after the addition of
Cysteine hydrochloride. Curve 1, 50 pg glucose; Curve 2,

50 pg fructose; Curve 3, 50 |g mannose; Curve Lk, 50 pg

galactose.
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FIGURE 2

ABSORPTION SPECTRA OF HEXOSES
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FPIGURE 3

ABSORPTION SPECTRA OF HEXURONIC ACIDS

Legend
Spectra of wvarlious hexuronic acids'obtained after
15 min heating at 99-100°C and 15 min after}the addition
of cysteine hydrochloride. Curve 1, 100 pg glucuronic

acid; Curve 2, 200 1e galacturonic acid.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



FIGURE 3

ABSORPTION SPECTRA OF HEXURONIC ACIDS
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FIGURE &

STABILITY STUDY

Legend
Change of absorbance with time: Curve 1, 80 pg

xylose, 390 mp; Curve 2, 50 pg ribose, 390 mp; Curve 3,
B 50 pg mannose, 410 mp; Curve L, 50 yg galactose, 410 my;

Curve 5, 50 pg glucose, 410 mp; Curve 6, 50 yg fructose,

410 mp; Curve 7, 100 pg glucuronic acld, 390 mp; Curve 8{

200 pe galacturonic acid, 395 mp.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



FIGURE &4
STABILITY STUDY
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TABLE III
PROCEDURE FOR DETERMINATION OF SUGARS

Absorption Time of Time of

Classificatlion Sugar maxima heating standing
(mp) (min) (min)
Pentoses Xylose 390 15 35
Ribose
Hexoses Glucose B10 3 15
i Fructose
Galactose
Mannose
Hexuronic Galacturonic 395 15 30
acids '

Glucuronic 390
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TABLE IV
BEER'S LAW STUDY OF SUGARS

. Average
Sugar Concentration Absorbance devigtion
(pe/ml) )
Xylose » 8 | <146 .00k
16 "~ «303 .005
32 618 004
Lo o754 .006
56 | . 1,048 .010
72 1.314 .002
80 ‘ 1.4043 .003
Ribose 15 o143 .002
30 .291 .005
Lsg ‘ 439 .005
60 586 .006
70 670 «003
80 .766 .006
90 . 846 .006
100 . «939 ' . 002

«es continued

% in absorbance units

2416593
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Table IV (continued)
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Glucose 15 .163 +005
30 312 .003
b5 482 L00k
60 645 .00L
70 J7h7 004
80 <849 .006

- 90 945 .003
100 1.066 .002

Fructose 10 .128 .005
20 242 .003
30 359 .00k
Lo 66 .003
50 o574 .000
) .710 <004
80 «936 .002

100 1.170 004

Mannose 20 .087 005

| 10 «166 .003
60 .249 .005

80 345 . 004

100 427 .003

«515 .002

120 -

e+ continued
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Table IV (continued)
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150 640 .003
160 .675 005

Galactose 16 .089 .002
30 «156 . 004

40 .202 002

60 +309 .00

80 R .003

100 +515 .003

140 725 <00k

180 .932 .005

Glucuronic 20 «053 .004
aold 10 J11h 003
60 .172 .002

80 .236 .005

100 295 .00k

120 .348 .00k

150 k9 .001

180 .525 .00k

1200 607 .005

Galacturonic 20 $ 062 «010
Botd 40 .119 .006
60 170 005

.. continued

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Table IV (continued)

80

100

120
140
180
200
220
250
280

.231
«275
.332
.390
.507
« 567
«620
.706
.782

.005
010
.005
006
.00k
005
003
002
.008

28
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FIGURE 5
TYPICAL BEER'S IAW PLOTS

Legend

Linear response of absorbance to the amount of
sugar in l-ml sample?: Curve 1, xylose, 390 mp; Curve 2,

glucose, 410 mp; Curve 3, glucuronic acid, 390 My
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FIGURE 5
TYPICAL BEER'S LAW PLOTS
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TABLE V
ACCURACY AND REPRODUCIBILITY OF BEER'S LAW
PLOTS EMPLOYING THE MODIFIED PROCEDURE

Legend

Average deviation calculated in absorbance units,
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" TABLE V
ACCURACY AND REPRODUCIBILITY OF BEER'S LAW
PLOTS EMPLOYING THE MODIFIED PROCEDURES

Sugar Amount Absorbance Deviation Amount %
‘ added (average) (t) recovered error
(pg) (ps)

Xylose 24 0.458 0,002 2L ,5 +2.,08
L8 0.895 0.008 48,0 0.00

64 1.170 0,004 62.8 -1,.88

Ribose 25 0.236 0,002 24,5 -2.00
50 0.485 0.002 50.5 +1.00

75 0.723 0.006 75,5 +0,67

Glucose 20 0.211 0.001 20,0 0.00
Lo 0.439 0.004 hl,0 +2.50

50 0.556 0,004 52,0 +4,00

Fructose 20 0.237 0,006 20.2 +1.00
50 0.589 0.003 50.5 +1.00

90 1.056 0.002 90.5 +0,55

Mannose Lo 0.165 0.005 38.9 -0.25
70 0.303 0.004 70.5 +0.72

90 0.378 0.002 89,0 -1l.11

Galactose 40 0.193 0.000 38.0 -5.00
70 00351 O.OOL" 6805 “'2.1“’

90 0.hé3 0.00L 0.0 0.00

Glucuronic 80 0.237 0.004 80.0 0,00
acid 150 0.451 0.001 152 +1.33
180 - 0,591 0.005 183 +1,67
Galacturon- 50 0,141 0.003 50,0 0.00
ic acid 120 0.345 0.001 121.5 +1.25
190 , 0.543 0.003 191,.5 +0.79
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The Ringbom method of calculating the optimum
concentration range (45) was carried out on all the Beer's
Law curves and the résults are given in Table VI. The |
molar absorptivities for each sugar investigatedare listed
in Table VII., The molar absorptivities were calculated

| from the following equation:

A
&= 5=

where € = molar absorptivity in liter mole™ L om™t
A = absorbance (log'Io/I)
b = optical path 1ength in cnme.

¢ = concentration in moles per liter.
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TABLE VI
OPTIMUM CONCENTRATION RANGE AS CALCULATED
BY THE RINGBOM METHOD

Beer's law Optimum concentration
plot . range (pg/ml)

Xylose ‘ 8 ~ 50
Ribose ' 15 - 85
Glucose 20 - 80

: Fructose ‘ : 15 - 80
Mannose 4o -150
Galactose 40 -140
Glucuronic acid | 50 =200

Galacturonic acid 60 ~250
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TABLE VII

35

MOLAR ABSOBPTIVITIES OF SUGARS USING

THE MODIFIED PROCEDURE

Sugar Absorption Molar absorptivity
' maxima (mp) (€ x lO-g)

Xylose 390 28.3

Ribose 390 14.8
Glucose 410 2042
Fructose 410 21.5
Mannose k10 7.64
Galactose k10 9.35
Glucuronic acid 390 6.46
Galacturonic acid 395 559
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B. Alpha-~Substituted Cysteines as Colour Reagents

1) Effect of Alpha-substituted Cysteines

Alpha-substituted cysteines were used as colour
reagents instead of cysteine hydrochloride. Spectral
studlies were made employing oc -methyl, oc-n-propyl,

o -n-butyl, and oﬁ—phenyl cysteines (Pigures 6-9). The

effect of oc -substituted cysteines, as colour reagenfs,

1s compared with cysteine hydrochloride with respect to

absorption maximum, time of standing after the additlon

of colour reagent, absorbance, and stability of reaction
products (Table VIII).

2) Determination of Sugars with o -Methyl Cysteine

A linear relationship of the absorbance to the
concentration of sugar was observed using c -methyl
cysteine as the colour reagent. The sugars investigated
were xylose, glucose, and glucuronic acid. The results
are given in Table IX and the Beer's law plots are

villustrated in Flgure 10,
The molar absorptivities of the three sugers
investigated employing oc ~-substituted cysteines as colour
reagents are coﬁpared to those with cysteine hydrochloride

(Table XI).
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FIGURE 6

ABSORPTION SPECTRA OF SUGARS WITH
oc~-METHYL CYSTEINE AS COLOUR REAGENT

Legend

Spectra of various sugars using oc-methyl cysteine
as colour reagent: Curve 1, 80 g xylose; Curve 2, 100 pg

glucuronic acid; Curve 3, 80 yg glucose.
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FIGURE 6

ABSORPTION SPECTRA OF SUGARS WITH
OC-MET_HYL' CYSTEINE AS COLOUR REAGENT
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FIGURE 7

ABSORPTION SPECTRA OF SUGARS WITH o< -n-PROPYL
CYSTEINE AS COLOUR REAGENT

Legend

Spectra of various sugars employlng oc-n-propyl
cysteine as colour reagent: Curve 1, 80 pg xylose; Curve 2,

80 pg glucose; Curve 3, 100 pg glucuronic acid.
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FIGURE 7

ABSORPTION SPECTRA OF SUGARS WITH
o< -n~PROPYL: CYSTEINE AS COLOUR REAGENT
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FIGURE 8
ABSORPTION SPECTRA OF SUGARS
WITH o -n-BUTYL CYSTEINE

Legend

Spectra of varidus sugars employing oc ~n-butyl
cysteine as colour reagent: Curve 1, 80 ypg xylose; Curve 2,

100 pg glucose; Curve 3, 100 pe glucuronic acid.
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-FIGURE 8

ABSORPTION SPECTRA OF SUGARS WITH
o< =n~-BUTYL CYSTEINE
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FIGURE 9
ABSORPTION SPECTRA OF SUGARS WITH
oﬁ—PHENYL CYSTEINE

Legend
Spectra of various sugars employing oc -phenyl
cysteine as the colour réagent: Curve 1, 80 e xylose;

Curve 2, 80 pe glucose; Curve 3, 100 pg glucuronic acid.
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FIGURE 9

ABSORPTION SPECTRA OF SUGARS WITH
oc ~-PHENYL CYSTEINE
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TABLE IX
BEER'S LAW STUDY OF SUGARS

USING « -METHYL CYSTEINE AS COLOUR REAGENT

wAverage
Sugar Concentration Absorbance deviation
(vg/mi) ()
~ Xylose 16 | ¢ 317 004
32 | 643 .001
40 786 002
56 1.082 .001
64 | 1.243 .002
72 1.372 . 004
80 1.485 .002
Glucose . 15 «158 .001
30 .312 .003
ks U476 .008
60 J641 .005
70 J7U2 .001
80 8U47 .005
90 .963 001
100 1.060 .008
Glucuronic acid ko 127 .002
60 | .180 . 003
100 286 .003
120 .345 .002

« o continued
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Table IX(continued)

140
160
180
200

07
465
.52L
.580

.002
.007
.002
.006

L7

#  Average deviatibn in absorbance units
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FIGURE 10
BEER'S LAW PLOTS EMPLOYING oc~METHYL
CYSTEINE AS COLOUR REAGENT

Legend
Linear response of absorbance to smount of sugar in

1 ml sample: Curve 1, xylose, 395 mp 3 Curve 2, glucose,

Lis mp; Curve 3, glucuronic scid, 395 M.
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FIGURE 10
BEER'S LAW PLOTS EMPLOYING oc-METHYL CYSTEINE AS COLOUR REAGENT
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TABLE X
ACCURACY AND REPRODUCIBILITY OF BEER'S LAW PLOTS

 USING o -METHYL CYSTEINE AS COLOUR REAGENT

Amount % Amount %

Sugar added Absorbance Deviation recovered error
(ye) (average) (t) (ype)

Xylose = 8 0.156 .002 8 0,00

2l 0,473 .001 2 41.67

L8 0.939 .002 L8,2 +0.42

Glucose 25 0.252 002 24 ~4,00

50 0.535 .002 50,5 +1,00

75 0.793 .003 75,3 +0.40

Glucuronic 80 0.225 .003 78 =0.25

acid
130 0.376 LO0h 130 0.00
190 0.550 .00k 190 0.00

¥ Deviation in absorbance units
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TABLE XI

51

COMPARISON OF MOLAR ABSORPTIVITIES WITH

VARIOUS COLOUR REAGENTS

Colour Absorption Molar
Reagent Sugar maxima (mp) Absorptivity
(€ x 10-3)
Cysteine Xylose 390 28.3
~HC1l Glucose k10 20,2
Glucuronic 390 6.46
acld
o ~Methyl Xylose 395 29.6
cysteine Glucose h1s 19.5
Glucuronic 395 5469
acld
o -n-Propyl Xylose 395 27.8
cysteine Glucose his 19.5
Glucuronic 395 5.69
acid _
oc =n-Butyl Xylose 395 27.6
cysteine Glucose 410 20.0
. Glucuronic 395 5.56
acid
oc -Phenyl Xylose 395 27.6
cysteine Glucose L7 19.5
Glucuronic 395 4,98
acld
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CHAPTER IV

DISCUSSION

A., Modified Procedure with Cysteine Hydrochloride

" The variation of wavelength, absorbance, and stability
of reactlion products after the addition of colour reagent
with respect to various concentrations of sulfuric acid
" and volumes of acid mixture is shown in Table I. The
absorption maxima for all the different ratios of water
to sulfuric acid occurred between 400 and 415 mu. It can
aiso be seen that there was an increase in absorbance with
respect to lncreasing the concentration of sulfuric acid.
However, at low volumes of sulfuric acild mixture, the
stability decreased with respect to time. Dische also observ-
ed this slow decrease of absorbance at 415 mu (24). This
decrease of absorbance has been explained by Dische and
others as the result of the formation of internediate reaction
products other then furfural and its derivatives (24,31,33).
In most of Dische's work, the procedure involves a 1l:4 to
1:6 ratio of water to sulfuric acid and the volume of the
acid mixtures varies from 4.5 to 6 ml (24-~28,30). Table I
indicates, however, that by increasing the volume of the
mixture of Hzo’stOu’ at any ratio, the stability of the
reaction products increases with, in some cases, a loss
in absorbance., The best combination of stability, speed,

and absorbance was achleved with a 1:7 ratio of Hy0:H,50),
52
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and at a volume of 9 ml,

The next most important variable in determining the
intensity and stability_of the reaction products is the
time'of'heating. The time of’heating determines the final
concentration of the primary reaction products which consist

 of furfurel and its derivatives (33). The time of heating
for pentoses.and hexuronic acids which gave rise to maxi-
mum absorbance was 15 min (Table II). This particular time
of heating is not critical since heating for 10 or 20
minutes at 99-100°C did not produce any significant change
in absorbance readings. Heaﬁing above 20 nin did, however,
result in a decresse in absorbance. Therefore, the time
of heating chosen for peﬁtoses and hexuronic aclds was
15 min,

The time of heating for hexoses 1s very critical.

The optimum time of heating for hexoses 1s exactly 3 min.
This is in complete agreement with Dische's procedure
(24,25). When glucose and fructose were heated for more
than three min in the boiling water bath a pink colour
would develop. This phenomenon was also observed by

others (1,33,46). Love (33) aﬁtributed the formation of
this pink compound to condénsation reactions between

-CHZOH groups of the sugar and 5-hydroxymethyl-2-furfural-
dehyde. Therefore, the optimum time of heating for pentoses
and hexuronic aclids which gave rise to maximum absorbance‘

was 15 min and for hexoses 3 min (Table II).
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The absorption spedtra for the variousAsugars
11llustrate that for sugars within the same bategory the-
egbsorption curves are almost symmetrical with respect to
the maximum and differ only in height (Figures 1-3).
Simultaneous spectrophotometric analysis of a two component
system proved unsuccessful (42). This should be expected
since the absorption cﬁrves overlap considerably. The
absorption maxima for pentoses and hexuronic acids occur
at 390 mp and for hexoses at 410 my. _

The stability of the reaction products 1s illustrated
in Fig. %. The reaction products for the various sugars
studied displayed an initlal increase in absorbance reach-
ing e maximum after a ceftain period of time. For hexoses
thls maximum was reached after 15 min and for pentoses and
hexuronic aclds after 30m35vmin. The stabllity of the
reaction products at this maximum is maintained for one-half
hour to one hour for pentoses and hexoses, respectively.
However, readings should be taken at approximately the same
time in order to be consistent with all samples.

Dische investigated the stability of most of the
sugars studied in this laboratory and for the determination
of pentoses, the procedure requires two hours standing
before the addition of cysteine (28). Figure 4 indicates
that in the present work stability was reached 30-35 min
after the lmmediate addition of cystelne hydrochloride

with respect to pentose and hexuronic acld determinstions.
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In the determination of hexoses, the meximum was reached
after 15 min compared to 90-120 min in Dische's resction
(30). Although most of the experimental conditions with ‘
respect to time of heating and absorption maxima were not
changed signiflcantly With respect to Dische's reaction,
the effect of different acid ratio and volume resulted in
better stability, speed, and absorbance., The time requir-
ed to complete one analysis was about one hour for pentoses
end hexuronlc eclds and 30 min for hexoses,

All sugars tested with the modified procedure, as
outlined in Table ITI, obeyed Beer's law wlth cysteine
hydrochloride as the colour reagent (Tabie IV). Typlcal
Beer's law curves are shdwn in Figure 5. The reproducibil-
ity and accuracy of these Béer's law plots for thé different
sugars are illustrated in Table V.

Dische was concerned with the determination of car-
bohydrates in blological materials. The gqualitative tests
depend on the extent of colour formation over certain
periods of time (1,25,28,48,49)., = The quantitative analysis
relied on the difference of optical densities at two or
more wavelengths chosen in such a way that the difference
of optical densities at these wavelengths were positive for
one class and zero or negative for all other classes of
sugar in soiutidn (27). The accuracy of the modified
procedures gilven above and Dische's procedure are difficult

to compare since the procedures described in this study
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were éimed at the determination of isolated sugars or
single sugars in a mlxture of non-sugars. The accuracy of
the modified procedure was s 5% as shown in two cases in
Table V, However; the relative error for most sugar
concentrations was about L 2%.

Previous studies show that SH compounds have been
used for the qualitative determination of hexuronic acids
(28,49). The present work demonstrates that glucuronic
acld and galacturonic acid can be determined quentitatively
by utilizing ﬁhe modified procedure. Many procedures have
been established to determine glucuronic acid (50). The
carbazole-sulfuric acid reasctlion outlined by Disché (51)
is suiteble for 5-100 pg glucuronic acid per milliliter and
the time requiréd fof a complete analysls is apprqximately
three hoﬁrs. The optimum concentration range as calculated
by the Ringbom method for the modified procedure given in
this thesis is 50-200 pg glucuronic scid per milliliter
(Table VI). The time required for e complete analysis is
approximately one hour. Therefore, the modified pfocedure
compares quite well with existing methods for the deter-
mination of hexuronic acids and it offers the advantages of
speed and e wlder concentration range.

The modified procedure proposed for the determination
of carboﬁydrates in simple solutions has the advanteges
of speed, greater stsbility, and accuracy. The optimum

concentration range for most of the sugars is falrly wlde
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as shown in Table VI. One could‘go to lower sugar levels
"by scaling down4thé procedure but maintaining the exact
ratios of reagents. The overall accuracy 1s approximately
T 27.

B, Alpha Substituted Cysteines as Colour Reagents

- Cysteine has three functional groups: the sulfhydryl
group (-SH), the carboxyl group (~COOH), end the amino group

(—NHZ) as shown by the followilng structure:

‘ H H 0
) \ W
. HeS = (; - q w ¢ = OH
| H NH,

Structure of Cystelne
Thus 1f substitution could be effected in the elpha position
it could have an 1nf1uénce.on the reactivity of these
functional groups. Therefore, it was of interest to us to
investigate the effect of oc -substituted cysteines, as
colour reagents, on the absorption mexima, absorbancy, and
stabllity of reaction products.

The absorption spectra employing oc-substituted
cysteines as colour reagents are qulite similar to the
absorption Spectra involving cysteine hydrochloride
(Figures 6~9). The absorpltion maxima shifted epproximately
5 mp, in most cases, with the greatest shift occurring
with oc-methyl cysteine., This shift, however, is not
significant enough to permit the simultaneous determination

of two component systems,
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The effect of « -substituted cysteines on colour

development, time of standing and stability of the reaction
products is glven in Table VIII. The table illustrates
“that the time of standing afﬁer'the addition of colour
reagents was reduced, and that the maxima were mainteined
for longer periods of time. The largest change in absore
bancy occurred with oc~methyl cysteine as colour reagent.
Comparison of the molar ebsorptivities (Teble XI) with
the varlous colour reagents shows that, in some cases, the
o -substituted cysteines are more sensitive towards specific
sugars, This is particularly true for «~methyl cysteine.
Therefore, 1f one desired to determine xylose in a pure
syétem the best colour reagent to use would be o -methyl
cysteine.

. Beer'sllaw was obeyed for the three sugars studled
using K -methyl cysteine as colour reagent (Table IX). The
Beer's law plots are illustrated in Figure 10. The accuracy

was wilithin T

2% in most cases and T 4% in one instance
(Table X). This compares qulite well with the accuracy
obtained with cysteine hydrochloride. The only disadvantage

in utilizing o« -substituted cysteines as colour reagents

is that they are not commercially available. However, 1t

1s definitely apparent that oc-substituted cystelines
perform as well as cysteine hydrochloride as colour reagents
and that in specific cases result in better stability end

greater sensitivity.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER V

SUMMARY AND CONCLUSIONS

Cysteine hydrochlorlide was first described by Dische
a8 a colour reagent for the determination of carbohydrgtes.
This reagent hés been employed most often as a qualitative
test for the identification of sugars. This is a direct
consequence of the poor stabllity of the reactlon products
formed in sulfuric acid. In this study we have modified

the procedure in order to employ the cystelne-sulfuric acid

.

reagent for the quantitative determination of sugers in pure
solutions. The modified procedure utilizes a 9-ml volume
of HéO:Hzﬁou at a ratio of 1:7 H,0:H,S0) which results in
a raplid, non-specific method for the determination of
pentoses, hexoses, and hexuronic aclds. It was observed
that a:ysubétituted cysteines perform as well as cystelne
hydrochloride as colour reagents and that in specific ceses
prove to be more sensitive towards perticulasr sugars. The
modified procedure with either cysteine hydrochloride or
oC -substituted cysteines results in better stability, speed,
end absorbancy. The accuracy of the modified procedure is
about : 2% in the optimum concentration range and the time
required for a complete enalysis is about one hour for
pentoses and hexuronic acids and thirty minutes for hexoses.
This study clerifies the accuracy and reproducibility

of the cysteinewsulfufic acld reagent which seems to be

59
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neglected in previous work. The modified procedure which
is simple, rapid, aﬁd accurate can easily be adapted to
the determination of carbohydrates after separation by

partition chromatography.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



BIBLIOGRAPHY

1. Dische,; Z., in R.L. Whistler and M.L. Wolfromm
(Editors), Methods in Carbohydrate Chemistry, Vol. I,
Academic Press, New York, 1962, pe. 478

2e Wolfromm, M.L., Schuetz, R.D., and Cavallieri, L.F.,
Science, 70, 514 (1948).

3. . Bowness, J.M., Biochem. J., 70, 107 (1958).,
L, Molisch, H., Monatsch. Chem., 108 (1886).

5 Joness J+KeNey and Pridham, J.B., Nature, 172, 161

(1953).

6.  Tauber, H., Proc. Soc. Exptle. Biol. Med., 37, 600
(1937).

7 Tauber, H., Proce. Soc. Exptl. Biol. Med., 38, 171
(1938).

8. Tollens, B., Ber., 41, 1788 (1908).
9. Nir, I., Anal. Biochem., 8, 20 (1964).

10. Seliwanoff, T., Ber., 20, 181 (1887).
11. Galembos, J.T., Anal. Biochem., 19, 133 (1967).

12, Dische, Z., Fed. Proc., 6, 278 (1947).
13. Albon, N., end Gross, D., Analyst, 75, 454 (1950).
14, Boggs, L.A., et al., Nature, 166, 520 (1950).

- 15, Brown, B.J., Anal. Chem., 24, 384 (1952).
16. Novellie, L., Nature, 166, 745 (1950).

17. Partridge, S.M., and Wetall, R.G., Biochem. J., L2,
238 (1948).

18. Strain, H.H., Anal. Chem., 23, 25 (1951).

19. Hegedorn, H.C., and Jensen, B.N., Biochem. Z., 135,
16 (1923). -

20.  Stern, H., and Kirk, P. L., J Biol. Chem., 177, 37
(1949).

61

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



21.
22.

23.

2u,

25,
26,
27,
28,
29.

30.

31.
32,

33.
S

35.

36.
3?. v

38.
- 39.
ho.
b1,

. 140 (1960).,

62
Somogyi, Me, Jo Biol. Chem., 160, 61 (1945),

Hirst, E.L., Hough, L., and Jones, J.K.N., J. Chemn.
SOC., 928 (1924‘9)0 .

Dubois, M., et al., Anal. Chem., 28, 350 (1956).

Dische, Z+, Shettles, L.N., and Osnos, M., Arch.
Biochem., 22, 169 (1949).

Dische, Z., and Shettles, L.B., J. Biol. Chem., 175,
595 (1948).

Dische, Z., and Devi, A., Blochim. Biophys. Acta, 39,

Dische, Z., J. Biol. Chem., 181, 379 (1949).
Dische, Z., Arch. Blochem., 16, 409 (1948),

Dische, Z., and Dische, R.M., Biochim. Biophys. Acta,
27, 184 (1958).

Dische, Z., and Danilchenko, A., Ansl. Blochem., 21,
119 (1967). |

Bandow, F., Blochem. Z., 294, 124 (1937).

Holzman, G., MacAllister, R.V., and Nieman, C.,

Je Biole Chem., 171, 27 (1947).

Love, R.M., Biochem. J., 55, 126 (1953).

) =

Stutz, E., and Deuel, H., Helv. Chim. Acta, 39, 2126

(1956) .

Feather, M.S., and Harris, J.F., J. Org. Chem., 31,
4018 (1966).

Schubert, M.P., J. Biol. Chem., 114, 341 (1936).

Schubert, M.P., J. Biol. Chem., 127, 601 (1939).

Scott, R.W., €t ale., Anal. Biochem., 21, 68 (1967).

Dische, Z., Jo Blol. Chem., 167, 189 (1947).

Dische, Z., Mickrochem., 8, 4 (1930).

Dische, Z., and Schwartz, K., Mickrochim. Acta, 2, 13
(1937). _

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



42,
43,

Ll

L5,
u6.
b7,
18,

h9.
500

| 63
Bandow, F., Z. Physikal. Chem., B45, 156 (1939).

Thibert, BResJ., Diederich, J.F.G., and Rutherford,
K.G., Can. J. Chem., 43, 206 (1965).

‘Hollemsn, A.F., in H. Gilman and A.H. Blatt (Editors),

Orge Syn., Coll. Vol. I, John Wiley and Sons, Inc.,
New York, 1941, p. 554,

Aryes, H.G., Anal. Chem., 21, 652 (1949),

Mendel, B., and Hoogland, P.L., Lancet, 2, 16 (1950).

Willard, H.H., Merritt, L.L., and Dean, J.A.,
Instrumental Methods of Analysis, 4th ed., D. Van
Nostrand Co. (Canada), Ltd., Toronto, 1965, p. 94.

Dische, Z., Jo Biol. Chem., 167, 189 (1947).
Dische, Z+., Jo Bilol. Chem., 171, 725 (1947).

Marsh, C«Ae., in G.J. Dutton (Editor), Glucuronic Acid,
Academic Press, New York, 1966, p. 30.

Dische, Z., Jo. Biol. Chem., 183, 489 (1950).

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



VITA AUCTORIS
Born:
November 24, 194L4; Casarsa, Udine, Italy.

- Son of Mr. and Mrs. P. Mazzuchin.

Primary School:

St. Alphonsus, Sudbury, Ontario, Canada.

Secondary School:

St. Charles College, Sudbury, Ontario, Canada.

Y University:
University of Windsor, Windsor, Ontario, Canada.
Degree: B.Sc. in Chemistry - 1966.

Awerds:

Province of Ontario Graduate Fellowship.

Married:

To Dale Ann Orange, B.A., August 7, 1967.

Professional Soclieties:

Chenical Institute of Canada.

64

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



	Study of carbohydrates with cysteine-sulfuric acid reagents.
	Recommended Citation

	tmp.1506436215.pdf.SCXEG

