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Abstract 0 The relationship between the refractive index and the dry sub- 
stance content of lactulose syrups of different compositions was investigated. 
It was found that, for a concentration range of 55-75% of dissolved carbo- 
hydrates, the sucrose tables can be used after correction by a factor of 
0.97. 
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Lactulose (4-~-~-D-galaCtOpyranOSyl-D-frUCtOfUranOSe) 
is a synthetic disaccharide which is primarily used for the 
treatment of constipation ( l ) ,  portal systemic encephalopathy, 
and hepatic coma (2). The drug, prepared by a base-catalyzed 
isomerization of lactose, known as the Lobry de Bruyn-Al- 
berda van Ekenstein rearrangement, is commonly marketed 
as an aqueous syrup. This syrup also contains small amounts 
of lactose and other carbohydrates formed during the isom- 
erization process (3). 

Lactulose, lactose, and galactose can be analyzed by specific 
chromatographic (4 ,5)  or enzymatic methods (6); however, 
suitable methods are not available to determine each of the 
other sugars. The total weight of the other sugars can be de- 
termined from the difference between the amount of the an- 
alyzed compounds and the total weight of solid material dis- 
solved in the syrup. Our problem, therefore, was to find a 
method to determine the amount of carbohydrates present in 
the lactulose syrup. 

Several methods for dry-substance determination of sugars 
are known and have recently been critically discussed (7). 
Drying procedures at temperatures of > 1 O O O C  are not reliable 
for lactulose syrup because of the possible decomposition of 
labile carbohydrates and the loss of water by dehydration re- 
actions. Freeze-drying procedures are also unsatisfactory 
because water is not completely removed from the amorphous 
or syrupy residue and the remaining water must be determined 
by a different method. An indirect method for the determi- 
nation of the dry substance content is by measuring the water 
content using the Karl Fischer method (8). This method, 
however, requires special equipment and is time consuming. 
The dry-substance content of sugar solutions is frequently 
determined by means of refractometry (9) or densimetry (10). 
Refractive index measurements, in particular, are easily and 
accurately accomplished and would be the method of choice 
provided that the relationship between dry-substance content 
and refractive index is known. For aqueous sucrose solutions, 
correlation tables (Brix values) are readily available (9, 1 1 ,  
12) and are included in the refractive index measuring scale. 
Refractive index data have also been published for aqueous 
solutions of other common sugars such as glucose (1  2), fructose 
( 1  1 ), lactose (1 3, 14), and maltose (9) and for different types 

Table I-Results for the Solutions of Pure Lactulose in Water 

OBrix at  2OoC Factor' Real Dry Substance, 90 

54.37 
55.72 
60.99 

55.95 
57.10 
62.63 

0.972 
0.976 
0.974 

61.72 63.88 0.966 
67.96 70.85 0.959 
67.99 70.03 0.97 1 
74.53 76.85 0.970 
75.10 77.28 0.972 

Mean 0.970 
a The amount of real dry substance/dry substance from refraction. 

Table 11-Results for the Solutions of an Artificial Mixture of Pure 
Lactulose, Lactose, and Galactose 

Real Dry Substance, % 'Brix a t  2OoC Factor' 

54.74 
61.95 
67.47 
74.55 

Mean 

56.40 0.97 1 
63.78 
69.38 
76.60 

0.97 1 
0.972 
0.973 
0.972 

0 The amount of real dry substance/dry substance from refraction. 

of syrups (12, 15-17); however, no data were available for 
lactulose. Therefore, we have investigated the refractive 
index-dry-substance relationship for lactulose syrups with 
different compositions. 

EXPERIMENTAL SECTION 

Apparatus-Refractive indices were measured on a refractometer' ther- 
mostated a t  20 f O.IoC2. The water content in the dry substance was deter- 
mined automatically3. For freeze-drying proccdures, a self-made laboratory 
freeze-drier was used. The condenser was cooled with solid carbon dioxide 
in acetone. 

Chemicals-Lactulose, the analytical reference standard, had a purity 
>99.5% and a water content of 0.23% (recrystalized from methanol). The 
a-D-lactose monohydrate4 had a purity of >99.5% and the cY-D-gaIaCtOSe' 
had a purity of >99%. 

Preparation of Sugar Solutions-Eight solutions of pure lactulose in water 
were made by weight in  the range of 55-75% (Table I). Then, an artificial 
mixture containing lactulose (89.9%), lactose (4.5%), and galactose (5.6%) 
was prepared. Four solutions were made by weight in the range of 55-75s 
by dilution of this mixture with water (Table 11). 

Another set of sugar solutions was prepared with four samples of lactulose 
syrup which were freeze-dried. The amorphous residue was kept at 70°C for 
2 h. From the residue of each batch, four solutions in  water were made by 
weight in the range of 55-75%. Since it was not possible to obtain a water-free 
residue, a correction was made for the remaining water determined with the 
Karl Fischer titration (in the four batches these values were 0.93,0.98,0.21, 
and 0.20%, respectively) (Table 111). 

I Zeiss Opton Abbc refractometer. * Colora Ultra Thermostat K5. 
Metrohm Karl Fischer Automat E547. 
0138; Baker. 
1564; Baker. 
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Table 111-Results for Lactulose SYNP with Known Dry-Substance 
Content after Freeze-Drying 

~~~ 

Real Dry Substance, ?6 ‘Brix at 2OoC Factoro 

Batch 1 54.62 
Batch 2 54.19 
Batch 3 54.92 
Batch4 54.86 
Batch I 61.56 
Batch 2 61.45 
Batch 3 62.08 
Batch4 61.89 
Batch 1 67.22 
Batch 2 67.13 
Batch 3 67.93 
Batch4 68.03 
Batch 1 74.13 
Batch 2 74.42 
Batch 3 74.56 
Batch 4 74.86 

Meanb 

~~ ~~ 

56.40 
55.80 
56.53 
56.18 
63.53 
63.58 
63.60 
63.38 
69.53 
69.25 

76.60 
76.83 
76.10 
76.38 

0.968 
0.97 I 
0.975 
0.977 
0.969 
0.966 
0.976 
0.977 
0.967 
0.969 
0.974 
0.977 
0.968 
0.969 
0.980 
0.977 
0.973 

The amount of real dry substance/dry substance from refraction. b Mean of four 
batches. 

Table IV-Mean results for 26 Batches of Lactulose Syrup and 61 Batches 
of Formulated Product 

Dry Sub- ‘Brix at  SD of 
stance, %O 20°C Factorb Factor 

~~ __ 

Lactulose syrup 70.719 72.877 0.970 0.0085 
Formulated product 67.072 68.884 0.974 0.010 

Using Karl Fischer titration. The amount of real dry substance/dry substance from 
refraction. 

Table V-Correction Factors for Dry-Substance Determination using 
Sucrose Brix Values for Refractive Index Measurements at 20°C (9,11, 12) 

Correction Factor 
Product 30% d.s. 500/0 d.s. 700/0 d.s. Ref. 

~~~~~ ~ ~ 

Lactose 0.569 - - O  - 0  13, 14 
Maltose 0.979 0.981 - 0  9 
Glucose 1.010 1.015 1.021 12 
Fructose 1.013 1.016 1.021 I I  
HFCS (42)b 1.010 1.014 1.018 15-17 
CS (42)c 0.969 0.970 0.97 I 12, 15-17 
CS (70)d 0.988 0.99 1 0.994 12, 15- 17 

No data available due to low solubility. High fructose corn syrup. 42% fructose. 
C Corn syrup, acid conversion, 42 D.E. d Corn syrup, dual conversion. 70 D.E. 

Samples of 26 production batches of lactulose syrup and 61 bdtchcs of 
formulated product6 were analyzed for dry substance using the Karl Fischer 
titration and the refractive index (Table IV). 

RESULTS AND DISCUSSION 

The relationship between the real dry-substance content of lactulose solu- 
tions and the dry substance obtained from the refraction and sucrose index 

Duphalac: the lactulose content is 667 giL according 10 the label claim 

(‘Brix), is expressed as: real dry substanceldry substance from refraction. 
From the refractive index-dry-substance relationship, as  given for various 
sugars in the literature, correction factors can be calculated foisucrose dry- 
substance values. 

Table V gives the results for solutions of some common carbohydrates and 
syrups a t  three different concentrations. It appears that the factor for the 
aqueous sugar solutions varies between 0.969 for lactose and 1.021 for glucose 
and fructose. The mean factor we found in all our experiments was within this 
range. 

It may be concluded from Tables I and I 1  that the factor for pure lactulose, 
or for lactulose mixed with lactose and galactose, will be -0.97 for solutions 
of 55-75% of dry-substance content. Almost the same values were found for 
lactulose syrups of different compositions. Thus, the presence of other car- 
bohydrates in lactulose syrup does not significantly influence the refractive 
index. The dry-substance content of lactulose syrups can, therefore, be de- 
termined easily and accurately by refractometry using sucrose-drysubstance 
or Brix values after correction by a factor of 0.97. 

REFERENCES 

( I )  P. Bass and S. Denmis, J .  Clin. Gastroenterol, 3 (suppl. I) ,  23 
(1981). 

(2) H. 0. Conn and M. M. Lieberthal, “The Hepatic Coma Syndromes 
and Lactulose,” Williams and Wilkins, Baltimore, Md. 1979. 

(3) A. Olano and 1.  Martinez-Castro, Milchwissenschaft, 36, 533 
(1981). 

(4) J. Haverkamp, J. P. Kamerling, and J. F. G. Vliegenthart, J. Chro- 
matogr., 59,281 (1971). 

( 5 )  F. W. Parrish, K. Hicks, and L. Doner, J. Dairy Sci., 63, 1809 
( I  980). 

(6) H. Geier and H. Klostermeijer, 2. Lebensm. Unrers. Forsch., 171, 
443 (1980). 

(7) G. Pollach, L. Wieninger, and H. Bcrninger, 2. Zuckerind. Bwhm.,  
105,451 (1980). 

(8) J. Mitchell, Jr. and D. M. Smith, “Aquametry. Part I .  A Treatise on 
Methods for the Determination of Water,” 2nd ed., Wiley, New York, N.Y., 
1977. 

(9) R. C. Weast, “Handbook of Chemistry and Physics,” 60th ed., The 
Chemical Rubber Co., Cleveland, Ohio, pp. E 388-389 (1979-1980). 

(10) R. C. Weast, “Handbook of Chemistry and Physics,” 60th ed., The 
Chemical Rubber Co., Cleveland, Ohio, p. D 282 (1979-1980). 

(1 1) F. J. Ma, “Polarimetry, Saccharimetry, and the Sugars,” Circ. Nat. 
Bur. Stand., C440, US. Department of Commerce, 1942, p. 670. 

(12) H. M. Pancoast and W. R. Junk, “Handbook of Sugars,” 2nd ed., 
AVI Publishing, Westport, Conn., 1980. 

(13) E. J. McDonald and A. L. Turcotte, J. Res. Nut. Bur. Stand., 41,63 
(1948). 

(14) F. W. Zerban and J. Martin, Assoc. Of$ Agricult. Chem.. 32, 709 
( I  949). 

(15) A. M. Wartman, A. J. Bridges, and M. A. Eliason, J. Chem. Eng. 
Data, 25,277 (1980). 

(16) A. M. Wartman. C. Hagberg, and M. A. Eliason,J. Chem. Eng. Data, 
21,459 (1976). 

(17) F. A. Kurtz and M. A. Eliason, J .  Chem. Eng. Data, 24, 44 
(1979). 

ACKNOWLEDGMENTS 

We wish to thank Mr. A. van Rossum for his contribution to this work. 

Journal of Pharmaceutical Sclences I 1419 
Vol. 73, No. 10, October 1984 




