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INTRODUCTION 

The sugar alcohol sorbitol has long been used as a substitute for sucrow 
am1 other fermentdde sugars in diets for diabetics, since it is liriown that it 
is slowly absorhed from the intestine and does riot rise the hlootl sugar level 
to the sarne extent as for exarriple sucrose. SorLitol is sloi+-Vly ferrnentetl b y  
oral microorganisms (Grubb, 1945; Shay, 1954; Shockl~y et al., 1956; 
Crou’l(J.y ct al., 1956), does not cause pHdecreases in the dental plaques iri 
contrast t o  sucrose (Fosdick et al., 1957; Frostell, 1965; Miihlemarin, 1969) 
and appears to be less cariogenic in animal experiments than sucrose (Klappr 
& Volker, 1954, 1955; .Chaw & Griffiths, 1960; Frostell et al., 1967). For 
these reasons sorhitol is often suggested as a substitute for sucrose in cantly. 

Sorbitol is a natural constituent of many fruits, for example prunes and 
rowan berries. It is commercially produced by hydrogenation of D-glucose. 
It is readily soluble in water, is colourless and has a sweet taste which is 
about 60 per cent of that of sucrose. It is very hygroscopic. 

Sorbitol is slowly absorbed from the intestine and is transforined to frue- 
tose in the liver. For these reasons it does not rise blood sugar concentration 
appreciably. Sorbitol has a laxatory effect if givcn in does exceeding 30-40 
gram per day. Some people are extremely sensitive to sorbitol, however, 
and experience gastrointestinal symptoms after small doses of sorbitol. 
Krceiveci for publication, May 22, 1970 
- ~~~~ 



Lycwiri”’ (9 or l’roduct 6563 is a iiew raw p-odnct used as a siilistitiite for 
sti(‘ro?c antl othrr easily fernit-ntahle sugars in candy prodnction. Such caricly 
has hceii availalile in Swedeii under the mine of A-plus arid Lov. Lycasiri is 
[~rodncetl froiii starch by partial hydrolysis and suhequent  liytlrogeriation at 
high teirilierature antl pressure. CliromatograI,liic studies have revealed that 
Lycasiii coiitaiiis sorhitol, inaltitol, maltotriitol, rnaltotetraitol, inaltopcntaitol, 
iiialtohexaitol, and other higher hydrogenated saccharides and dextrins, 
with a inear1 iriolecule weight correspondiiig to  3 -4 saccharide units. It 
cwiitains less than 10 1)er ceiit free sorbitol and over 90 per cent saccharides 
with oiie or several glucose units and a sorbitol unit at one end of the chain. 
On contact witli salivary arid pancreatic aiziylase, the higher saccharides are 
rapidly hydrolyzed into oligosaccharides, which are then further hytlrolyzed 
to gliicose hy the small-intestinal maltase. The hytlrolysis of the srnallest 
.cirliitol-c,oiitaiiiiii:: oligosaccliaritle (inaltitol, which has a inolecular size 
cw-resporidirig to a disaccharide) I)roceeds, however, very slocrly (Dahlquist 
LY. T i h i u s ,  1965). 

Lycasin is rraclily soluhle in water, is colourlcss arid 110s a sweet taste 
representing al)~~rosimately 25 per cent of the sweetness of sucrose. It is 
rather hygroscopic, and must lie protected from contact witli the air. 

Lycasin is iii:uiiifa(:turetl as a sirup or a s  a spray-dried powder, which 
iiiay be nsetl as a sugar suhstitute in candy, beverages, bisquits and bread. 
If so desired the sweet taste is suplilemented by saccharine. 

If consiimetl in large amounts, Lycasiii candy may give tliarrhCa, due to 
its c:oiitrnt of sorhitol. 

When tested Jty the method of Frostell (1965, 1969) Lycasiii candy causetl 
no, or only ininutr, pH-decreases in the dental plaques in contrast to sucrose 
candy. Sorhitol candy caused pH-increases in these experiments. Miihle- 
m m i i  (1969), however, ineasuring interdental plaque pN found, that Lycasiri 
candy lowered the pH to 5.0 or lielow lmt more slowly than siicrose candy. 

In aniinal experiments on liainsters and rats Frostell et al. (1967) found 
that Lycasiii was less cariogenic than sucrose, starch, and fermentable sugars. 

Lycasiii caiicly is now advertised as a low-cariogenic product. Moreover, 
i t 1  spite of the fart that the present authors have warned against it, Lycasin 
candy has heeii widely used by diabetic patients as a migar-free)) substitute 
for conventional candy. A widespread opinion among such patients in Sweden 
seems to he that Lycasin candy is Letter tolerated than conventional candy. 
Pilot tests, however, in tliahetics and in healthy iiidivitluals have indicated 
that the glucose concentration of the blood rises considerably after Lycasin 
consumption as well as after consumption of conventional candy. 

* Lyckeby Starkelseforadling AB, Lyckeby, 370 20 Sverige. 
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The objert of t h e  present investigation is to study the effect of intake 
of large dose5 of Lycdsin and sucrose on thc blood sugar concentration of 
,i nuiiiber of young, healthy voloiinteers. 

MATERIAL AND METHODS 

Ten dental students and nurses at the age of 20-30 years and one of the 
present authors (S.B.) participated as volounteers in the study. They were 
011 healthy and in good condition. 

A subject, who was going to participate in an experiment appeared in the 
laboratory in the morning without having eaten or drunk anything but 
perhaps tap water since 24"" o'clock the previous day. A blood sample was 
taken from a finger and 0.05 nil of blood was immediately transferred to 
the reagent. 

Ihe subject was then given 1.0 gram per kg body weight of sucrose or 
Lycasin to chink, as ;I 10 per cent solution in water, which was consumed as 
quickly as possihle. 

'Then after 30, GO, 90 arid 120 niinutes new blood saniples were taken and 
treated as described. 

In some experiments 3-5 ml of blood was drawn from the cubital vein 
and the serum was used for determination of fructose and sorbitol. 

Determination of glucose in blood. In several experiments blood sugar 
concentration was determined both with a reducing sugar method (Folin, 
1928, 1929 and 1930) anti with glucose oxidase (Huggett & Nixon 1957). 
'The determination according to Folin & lVu was carried out as described 
in a manual (ASTRA, 1947). The determinations with glucose oxidase were 
performed with a commercially available reagent kit (KABI-reagens, 1962) *. 
Protein precipitat ion was performed with perchloric acid. 

Iletcrmination qf.fiuctose and sorbitol. One ml of serum was precipitated 
1 :1 with Somogyi's (1945) zinc sulfatebarium hydroxide reagents. Aliquots 
of the supernatant were then used for the assay of fructose and sorbitol. 

a) Fructose. Fructose was yed with the cystein-sulfuric acid method 
of Dische & Borenfrcund (1951). 

b) Sorbitol. Sorbit 01 was assayed with the periodate-chroniotropic acid 
reaction of Corcoran 31- Page (1947). Glucose gives a weak reaction (only 
2 yo of that given by an equal amount of sorbitol), which was corrected for. 

.S'tatistical rvaluations. The increases in blood sugar concentration at 
each time interval were calciilatetl (Tables I1 and 111). The mean increase 

r ,  

~~ ~~~ 

* Glykos-oxidas-rmgens KERO Ah, Rirger Jnrlsgatanul20, 114 20 Stockholm. 
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in the group ma5 calculated for each tiine interval ant1 for a comparisori 
between Lycasin (K) aiitl siirrose Student's t-test U'IS applied. An Olik etti 
Programrna coinputer was used for the cLilriilatioiis. 

I< ES b LTS 

The glucose values obtained by the glucose-oxitlase method usually repre- 
sented about 75 per cent of the values o1)tainerl 1)y the F o h -  Wu method 
(Table 1). 

The error of the glucose-oxitlase inethotl was tleterrniiiecl at 3.8 per cent 
(variation coefficient). 

The control experiments showed that intake of Lycasiii caiised insignificant 
changes in the fructose and sorbitol concentrations of the blood. (Tables 
11, V and VI.) Consumption of sucrose was followed by a very moderate 
increase in the fructose concentration of the blood, but not in the sorbitol 
cwwmtration. 

m, i e  I .  
Determintition o j  the blood glucose concentration ciccording to two dgyerent methods 

Sucrose Folin and W ti 

Fasting valuc. 
D R 

30 minutes 
>> I> 

~~ 

90 minutes 
1) !) 

~ 

150 ininiitcs 
1) )) 

80 
78 

174 
171 

80 
80 

80 
77 

Lyrnsin (9 Folin and Wu 

Fasting value 
w !) 

87 
87 

60 minutes 144 
0 )) 143 

120 minutes 71 
D 1) 76 

~- ~~~ 

Glucose oxidase/Folin- 
\\'u per cent Glucosr oxidase 

~ 

61 77 
- 

127 72 

~ 

Glucose oxidase/Folin- 
\Y'u per cent 

82 

.. ~ 

76 
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Pat. 

Fructose 
0 
mg % 

Table 11. 
Changes in blood fructose iind sorhitol concentrations (mg %) after consumplion of Lycasin'g 

- 

- 

7r.s. 
L.L. 
K.S. 
S.N. 
W.Y. 
E.E. 
L.P. 
B.L. 
1.S. 
S.K. 
- 
X 

I .41 
1.04 
0.68 
0.22 
0.63 
0.88 

0.62 
0.11 
1.13 

- 

0.75 

Sorbitol 
30 min 0 30 min 
mg % diff. mg 'Xo mp %, 

_______ -- 

0.99 
0.84 
I .O1 
1.54 
0.47 
3.43 

0.92 
0.24 
0.96 

1.16 

- 

~ 

-0.42 
--0.20 

0.33 
1.32 
0.16 
2.55 

0.30 
0.13 

-0.17 

- 

4.8 4.7 
5.1 5.2 
4.1 5.2 
2.3 2.5 
3.5 3.8 
3.2 2.5 

4.2 7.7 
3.6 3.4 
8.4 6.1 

- - 

0.41 4.4 4.8 

diff. 

-0.1 
0.1 
1.1 
0.2 
0.3 

-0.7 

3.5 
1.8 

-2.3 

0.4 

~ - -  

~ 

'Tahle 111. 
Changes in blood glurose concentrations (mg yo) after consumption of aucrose 

0 30 60 90 
mg% mg% diff. mg % diff. mgyo 

T.S. 
L.L. 
K.S. 
S.N. 
I& .Y. 
E.E. 
L.P. 
B.L. 
E.S. 
S.K. 

X 
- 

57 
51 
52 
56 
55 
54 
57 
67 
52 
55 

56 

109 
91 
00 
91 
83 
96 
98 

105 
100 
95 

96 

52 
40 
38 
35 
28 
42 
41 
38 
48 
40 

40 

1 

62 
50 
40 
62 
71 

67 
LO2 
56 
68 

81 

66 

5 
- 1  
---12 

6 
16 
27 
10 
3 5 
4 

13 

10 

~ 

51 
36 
51 
46 
71 
68 
53 
64 
47 
42 

53 
- -  

120 
diff mg :(, diff. 

- 6 53 4 
15 46 -.5 

- 1 57 > 
-10 .50 6 

16 48 -7 
14 58 4 

- 4  49 4 
~ 3 62 -5 
- 5  46 4 
-13 51 -4 

- 3 52 4 

- ~- 

-~ 

~~- 

In Tables 111 and I\  and in Fig. 1 the results of the comparative experi- 
ments on blood glucose with Lycasin and sucrose on 10 subjects are given. 

The statistical evaluation (Table VII) showed that there were no statisti- 
cally significant differences between Lycasin and sucrose after 30 and 60 
minutes. After 90 and 120 minutes, however, the blood glucose concentration 
after Lycasin was higher than after sucrose. 
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Table 1V. 
Chunges in hlood gluiose toncentrations (mg ",) ufter tonsumption o/ Lycuscn@ 

-~ - - ~ _  __ ~- - ~_ ~- 

0 30 60 90 120 
nig % mg yo diff. mg Yo diff. Ing yo  diff. mg % diff. 

T.S. 
L.L. 
K.S. 
S.N. 
W.Y. 
E.K. 
L.P. 
B.1,. 
E.S. 
S.K. 

55 
50 
52 
58 
53 
43 
52 

51 
53 

sn 

115 

119 
90 
77 

113 

99 
71 
92 

n:j 

n i  

60 
33 
67 
32 
24 
7 0 
29 
41 
20 
3 9 

82 
52 
68 
40 
61 

126 
56 
71 
64 
55 

27 
2 

16 

8 
83 
4 

13 
13 
2 

-in 

57 
50 
57 
67 
66 
95 
57 
61 
54 
66 

2 
0 
5 
9 

13 
52 
5 
3 
3 

13 

62 
57 
50 
73 
60 
70 
44 
59 
54 
51 

7 
7 
7 

1.5 
7 

27 
-8 
1 
3 

- 2  

53 94 41 68 15 63 10 59 6 
~_ ~ ~ ~~ 

0 rnin 
30 )) 

Difference 
t-value 
Level of significance 

0.73 
1.16 
0.41 
1.29 

Table VI. 
Blood conientrution of sorbitol before and 30 minute5 ufter consumption of Lycasin" 

-~ - ~ . _  - _ _ _ _ _  __ 

9 subjects mg Yo 
~ _ _ ~  - 

0 min 
30 )) 

Differencc 
t-value 
Level of significance 

4.4 
4.8 
0.41 
0.80 
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Table VII. 
Comparison between the blood glucose concentrations after consumption of siwro.\c u r i d  

Lycasin@. Experiments with 10 subjects 

60 90 30 0 

a) Sucrose 

Glucose 0--30 0-60 0 -90 

Diffrirncr 40,2 10 3 

Levrl of significance *** 

~ ~~- ~~~~ ~~~~ ~~ ~~~ 

. - _ _ _ _  ~ _ _ _ _  

t-value 19.3213 2.4127 0.8266 
- 

~ ~ _____ 

I,) Lycasin 
~ - _ _ _ _ ~  - 

Glucose 0 -30 0-60 0---90 

Difftwncc 41.5 15 10 
t-value 7.3126 1.7823 2.1775 
Lekcl of significancr *** 

~ _ _  ~ ~ _ _ ~  -~ ~~ 

- - 
-_ ~ . -  ~~~ 

c) Snciow -~ Lycasin 

bucrosc 56 96 66 53 
Lycasin 53 94  68 6.3 
Differrnce 3 2 -2 10 
t-value 0.8580 0.:3478 0.2128 2.8983 
Level of s~gnificance - - - 

__ - 

4 

~ ~- ~~ ~ ~~ ~ 

120 niin 

-~ 

0--120 rnin. 

4 
2. ,5560 

ii 

0 -120 niin. 

6 
2.1223 

52 
59 

--i 
2.5770 

+ 

30 60 90 120 Min. 

Fig. 1. Changes in blood glucose concrntrations after consumption of sucrose (x-x) and 
LyrasinB (o- o). Means of results with 10 snbjects. 
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DISC C SSI 0 N 

The glncose oxiclase method used in this study is considered to be specific 
for glncose and thus more representative than the Folin-Wu method. Sirice 
a calibration hetween the two methods was perforrneil previous to the study 
proper, it is lmssible to calculate approximately tlie level of the blood sugar 
concentrations, which would have been ohtained if the older method hail 
been used. 

It has bceii slio\vn that if tlie precipitation is carried out with zinz sulphate- 
liariiiin hydroxide instead of perchloric acid, the values will be on an average 
14 I’er cent higher (f+lmn & de Vor-diw, 1963). However, in the present 
investigation the authors preferred to iise the reagents of the standard kit 
throughout. 

1 he result5 agree with the concept that sorbitol is absorbed very slowly 
from the intestine. Neither sorhitol or fructose (which could be formed in 
the liver liy sorhitol dehytlrogenase) were fount1 in significant amounts 
in the serinn after Lycasin administration. The increased hlood glucose 
concentration after Lycasin agrees with the preyiously reported liheratioii 
of glucose froni Lycasin l)y the enzymes of the tligestive tract (Dnhlqvist J;. 
T~1eniu.s 1965). 

Also after the atlniiiiistratioii of sucrose, there was oiily a very moderat c 
increase in hlood fructose concentration. This is pro1)ably due to a rapid 
conversion of fructose to glucose and other metabolites in the liver, since 
fructose is known to he readily absorbed from the intestine. 

e concwitration in healthy 
intlivitlnals to the same cstent as intake of an eqnal amount of sucrose, it. is 
hard to helievr that Lycasiii candy slioulrl he hetter tolerated than con- 
ventional candy. The present authors have no reasons to believe that the 
breakclown of Lycasiri in t he intestine may be different in the diabetics than 
in the healthy intlivitliials. In a few tests perfornied CHI diabetics with Lycasin 
a rapid increase in blood sugar concentration was foiin(1. Thus, the results 
indicate that also in such patients the intaltc of Lycasin has approximately 
the same effect on blood sugar concentration as intake of an  equal amount 
of sncwse. 

Since lilootl concentrution ruperinients were 1)erforrnetl only at 30 arid 60 
minutes after the consumption it is possible that a peak in the blood sugar 
iwnc:eiitrat ion curves may have been foiintl between 0 and 30 minutes or 
lirtweeii 30 and 60 rninutes if tests had I~eeri made at shorter intervals. 
Control experinients indicated, however, that tlie blood sugar was at its 
~riiixi~ni~tii between 20 aiitl 40 rniriutes aftcr corisiiinptiori. The results are 

r ,  

Sirice iiitakc of Lycasin rises the blood glnc 
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interpreted so that the differences in blood sugar concentrations after con- 
bunipt ion of sucrose arid Lycasin are of no practical significance. 

SL-MMARY 

Lycasiii a hydrogenated starch hydrolysate containing sorbitol and hydro- 
genated saccharides, has been used as substitute for sucrose candy by dia- 
betics. A few experiments with diabetics and healthy individuals have 
indicated, that blood glucose concentration increases corisitlerahly after 
Lycasin consumption. 

Ex1)eriments were carried out with 10 healthy volounteers, who consumed 
either 1.0 gram of sucrose or Lycasiri per kg hotly weight. The blood sugar 
concentration was determined at 30, 60, 90 and 120 minutes after the con- 
sumption. In  some experiments blood fructose and sorbitol concentrations 
were also determined 30 minutes after consumption of Lycasin or sucrose. 

Lycasin and sucrose caused an increase in lilood sugar concentration 
comparable to that obtained after a glucose tolerance test. There were no 
significant differences between the blood sugar concentrations obtained 
after Lycasiri intake antl sucrose intake after 30 and 60 minutes. After 90 
arid 120 minutes, however, the blootl glucose concentration was somewhat 
Iiighcr after Lycasin intake than after sucrose consumption. 

Thc results indicate that intake of Lycasin causes blood sugar changes 
compirable to those after intalw of an equal amount of sucrose. 

H i S G M i  

EFFETS D E  I..\ CONSOMMATION DE SACCHARIDES HYDROCBNES rr DE 

SACCHAROSE S L R  I > . A  G1,YCiMIE 

Le 1)roduit Lycasine, ini liydrolysat tl’arnidon hydrogknk contenarit du sorbitol 
et t l ~ s  saccharides hydrogknks a btb ntilisC par les tliahktiques pour remplacer 
les confiseries tle saccharose. Quelques expkriences effectukes avec des 
sujets diabktiques et des sujets bien portant sont indiquk que la glyckmie 
angmentait considbrablenierit a p r h  consonirnation de Lycasine. 

Des expkriences ont btb pratiqii4vs avec 10 volontaires bien portants qui 
ont consommk soit le protluit Lycasine soit du saccharose, 5 la dose de 
1,0 g/kg de poids. La glyckmie a i.t@ tlCtermiriCe au bout tle 30, 60,90 et 120 
minutes aprixs l’irigestion. Dans quelques expkriences, les teneurs en fructose 
et en sorhitol ont aussi ktb dkterniin 11 h i t  de  30 minutcs apri-s ingestion 
cle Lyrusine ou tle saccharose. 
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Saccliarose et Lycasine causaient tine augrneritatiori cle la glyckmie ( v ) t ) i -  

p - a b l e  h celle obtenue aprks le test de tol6rance au glucose. Ail bout tle 30 
rriiniites et au bout tle 60 minutes, il n’esistait 1)”s tle tliffPrence significativv 
entre les glyckmies oritenues aprPs ingestion cle Lycasirie et aprks ingestion tle 
saccharose. Mais au bout cle 90 rriiniites et aii l ~ o ~ i l  cle 120 minutes, la glychiie 
Ptait phis &lev& a p r h  ingestion de Lycasiiie qii’aprks ingestion cle saccharosv. 

Les resultats de cette &tilde intliqiient qiie la corisornrnation cle Lycasiiie 
provoque cles modifications tle la glyc6mie qiii sont coniliarables h ccllw 
~~rovoqukes par l’ingestion tle la iri&ine quaiitit6 de saccharose. 

ZUSAhlMENFASSLNC, 

EINWIRKUNC YON KONSUMTION VON IIYDROGENIEHTEN S T ~ ~ H I < E I I Y D I I O L Y S . ~ T ~ ~  

UND SACCIIAKOSE AN DEH B L ~ T Z U C K E H K O N Z E N T I ~ A T I O N  

Lycasin @, eiri hydrolysiertes Stlrkehydrolysat tlas hytlrogenierten Sac,- 
charitlen iintl Sorhitol enthiilt, wirtl von Uiahiitiliern untl gcsiiiide lndividiieri 
als Saccharosesubstit.iii verwenclet. Einige orieiitierende Erperimente niit 
Diabiitikern urid gesuncle Iritliviclueri liaben erwiihnt, dass die Blutgliiliosc- 
konzentration erheblicli gesteigcrt wirtl iiach Koiisiimtion voii Lycasiti. 

Experimente wurden niit 10 gesuiidcn lritlividuen gerriaclit, die entweder 
1.0 Gram vori Saccharose oder Lycasin pro Kilogram Korpergewiclit lion- 
sumierten. Die Blutglukosekonzeritratioii wurde nach 30, 60, 90 uritl 120 
Minuten bestimmt. In eiriigeri Euperimente wurden a ~ i c h  Blutfruktose- L m 1  

Rlutsorbitolkonzentrationeii 30 Miniiten nach Lycasin (R)- oder Saccharow 
konsiirrition bestimmt. 

Lycasin und Sac-cliarose verursachten eine Steigeriing cler Rlutxuc.lierlioti- 
zentration, (lie niit derjeriigeri die nacli eirier Gliikosetolerariztest gefuntleri 
werden. Keine signifikante Differerizen zwischeri Blutzuckerlconzentratioiitri 
gefundeii nach Korisumtion von Lycasin oder Saccharose wiirden beobaclitet, 
aber nacli 90 urid 120 Miniiten war die Rliitxuckerkoiizeritration gr 
riacli Lycasin (R) lionsumtion als riach Saccliaroselcorisuintion. 

Die Kesultate zeigen daliin, dass Korisumtion von Lycasin Yerarideriiiigen 
in die Blutzuckerlconzentration verursacht, die mit derjeiiigcn vergleiclihar 
sind, die nacli Konsumtion voii eirier gleiclieii hlenge von  Saccharose lie- 
obachtet wird. 
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