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NASI, M. and E. TANHUANPAA: The effects of sugar alcohols on
metabolism of growing pigs. Acta vet. scand. 1981, 22, 344—354. — In
two experiments of 3 X 3 Latin square with growing pigs, the effect
was investigated of supplementation of 5 % or 10 % (2.5 % vs. 5 %
DM) polyol mixture and 2.5 % or 5 % of xylitol on digestibility of
diet, N-balance, blood clinical-chemical parameters and insulin level
in serum. Apparent digestibility of crude protein was lower for the
diet with 10 % ({)olyol mixture compared to the control. Sugar alcohols
were not found in faeces. Arabinitol, mannitol and rhamnitol were
excreted in the urine 25—67 %. Little sorbitol and xylitol were found
in urine on diets with polyol mixture 5—10 %. On xylitol diets the
pigs did not excrete xylitol in urine. Plasma glucose rose in gigs fed
xylitol. Blood total protein and albumin decreased in pigs fed polyol
mixture. ALAT-activities were higher for xylitol diets than for the
controls. Serum insulin tended to increase in pigs fed polyol mixture
10 % one hour after feeding, and in xylitol feeding two hours after
feeding; these values were higher with increasing xylitol inclusion

in diet.

sugar alcohols; polyol mixture; xylitol; pigs;
insulin.

Sugar alcohols are utilized efficiently by animals (Touster
1974). In long term feeding experiments with rats it was found
that 10 % and 30 % of xylitol in the diet were well tolerated
and produced no adverse effects regarding growth, protein effi-
ciency and histopathology of the main organs, and the amounts
of xylitol fed were utilized efficiently and could cover the caloric
requirement of the animals (Lang 1969).

Xylitol has increased the plasma insulin content in man and
dog (Kosaka et al. 1969, Kuzuya et al. 1969). Insulin stimulates
muscle protein synthesis and decreases protein breakdown (Jef-

ferson et al. 1977).



Sugar alcohols to growing pigs 345

Polyol mixture or sugar alcohols, a by-product of xylitol pro-
duction from xylane-containing material, has proved to be a
good supplement in piglet’s creep feed and it has obviously anti-
microbial effects leading to decreased mortality and incidence
of diarrhoea, and to improved feed conversion efficiency (Ndsi
& Alaviuhkola 1980, 1981).

This study is part of a research project directed at the util-
ization of polyol mixture in the nutrition of domestic animals.
The effects of polyol mixture or xylitol on the digestibility of
diet, blood profile and serum insulin level were investigated.

MATERIALS AND METHODS

Digestibility trials were carried out with six castrated Land-
race pigs weighing 39—75 kg. The experiment was performed
using a total collection method as two 3 X 3 Latin squares with
polyol mixture or xylitol supplementations. Transition period
between diets was 5 days, preliminary period 7 days and col-
lection period 7 days.

The basic feed was barley milled with a 3 mm sieve, supple-
mented with 15 % skimmed milk powder and mineral and vita-
min mixture 55 g daily. Polyol mixture was added as 5.0 % or
10.0 % (2.5 % or 5.0 % of dry matter) of the ration. Xylitol in-
clusion was 2.5 % or 5.0 % of the ration. The control supplement
was wheat starch 5.0 % or 2.5 %. The daily rations in different
periods were 1.8, 2.4 and 2.8 kg feed. Feeding was made daily
as liquid feed. Water was given after feeding. Feed orts were
collected and subtracted from given feed.

The collection of faeces and urine was made twice daily, and
relative samples were taken and stored frozen until analysed.
Analyses were made according to Paloheimo (1969). Sugar alco-
hol composition of the polyol mixture and of faeces and urine
was made by a gas chromatograph (Carlo Erba).

The blood samples were collected by syringe from the anterior
vena cava before feeding, 1 h, 2 h and 4 h after feeding. The pigs
were restrained with a nose sling in standing position.

The samples for chemical analyses were transferred to hepa-
rinized test tubes, and those intended for haematological deter-
minations to EDTA tubes. Blood serum was used for insulin
determination after blood standing for 8 h. The heparinized
tubes were immediately centrifuged and the plasma decanted.
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The determination of glucose was made immediately. Serum
and plasma were stored deep frozen until analysed. Plasma glu-
cose was determined by O-toluidine-method (Hyvdrinen & Nik-
kild 1962). Other blood clinical-chemical parameters and blood
enzymes were determined by an Auto Analyzer GILFORD 3500
with the commercial adapted reagent kits according to the
standard methods of the Committee on Enzymes of the Scandi-
navian Society for Clinical Chemistry and Clinical Physiology
(1974, 1976), and minerals and trace elements by an atomic
absorption spectrophotometer (Varian Techtron AA 1000).
Plasma insulin was measured by a modification of the method
of Basset & Thorburn (1971) using radioimmunoassay. The
determinations were performed at the University of Aberdeen.

RESULTS AND DISCUSSION

The daily intake of polyol mixture was 47—73 g DM of the
5 % inclusion and 94—145 g DM of the 10 % inclusion in diet.
Xylitol intakes were 45—70 g of the 2.5 % inclusion and 90—
140 g of the 5 % inclusion daily during different periods. Intakes
corresponded 1.1 or 2.2 g of sugar alcohols per kg live weight.
The dry matter percentage of polyol mixture was 52.1 % and
it had the following composition of sugar alcohols (% in dry
matter) : arabinitol 16.6, erythritol 3.2, galactitol 2.4, glycerol
2.7, mannitol 11.3, rhamnitol 4.9, sorbitol 14.7, xylitol 27.1, glu-
cose 10.0 and other reducing matter 7.1 %.

Digestibility coefficients for the diet with and without the
addition of polyol mixture or xylitol are presented in Table 1.
Apparent digestibility of crude protein was lower (P < 0.05) in
diet supplement with 10 % of polyol mixture. The same trend
was noticed also in diet supplemented with 5 % xylitol (P >
0.05). Digestibility of ether extract was also lower (P > 0.05) in
diets supplemented with sugar alcohols. Fermentation in the
colon may be increased with diets supplemented with sugar
alcohols due to the passage of polyols to the large intestine and
thus the apparent digestibility of crude protein and crude fat
was decreased. Digestibility trials with dairy cows showed lower
digestibility of crude protein and ether extract of the diet sup-
plemented with polyol beat pulp but improved digestibility of
NFE (Tuori & Poutiainen 1977).
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Table 1. Digestibility coefficients, N-balance and biological values
for diets with and without the addition of polyol mixture or xylitol.

Polyol mixture Xylitol

Control 5.0 % polyols 10.0 % polyols Control 2.5 9% xylitol 5.0 % xylitol

X s X s X s X s X s X s
Dry matter 841 1.0 843 1.2 835 1.2 836 13 841 11 84.0 0.7
Ash 561 26 567 53 551 5.0 545 42 579 16 546 1.4
Organic matter 85.6 0.8 858 08 850 0.8 8.3 1.0 8.3 09 854 0.7
Crude protein 80.82 1.0 80.32 2.3 79.2b 2.9 80.5 2.7 80.7 3.0 79.0 2.1
Ether extract 744 38 708 8.9 715 3.3 719 64 675 193 68.5 8.8
Crude fibre 204 3.0 21.8 6.3 198 7.5 19.8 9.6 18.7 6.4 225 74
NFE 90.7 0.6 91.0 03 904 04 904 06 909 0.2 91.0 0.3
N-balance, g/d 249 43 25.2 5.3 23.5 4.7 240 5.1 240 3.5 235 23
Biological value 76.1 2.6 76.7 3.1 744 4.8 741 2.5 746 5.1 752 71

means with different letters were significantly different: a, b (P < 0.05)

Nitrogen balances in diets supplemented with 10 % of polyol
mixture or 5 % of xylitol were a little decreased, but the dif-
ferences were not significant (P > 0.05). Protein biological value
in the diet supplemented with 10 % polyol mixture was de-
creased, but opposite to this in the diet with 5 % of xylitol the
value was higher than the control one.

Sugar alcohols were not found in faeces of pigs fed polyol
mixture or xylitol. Table 2 presents the excretion of sugar alco-
hols in the urine as the percentage of intake in pigs receiving
polyol mixture 5 or 10 % in diet.

Arabinitol, mannitol and rhamnitol were excreted in urine,
25—867 % of the intake. Little sorbitol and xylitol were found.
Pigs fed diets including xylitol did not excrete xylitol in the

Table 2. Excretion of sugar alcohols in the urine (percentage of

intake).
Sugar 5.0 % polyol 10.0 % polyol
alcohol mixture mixture
Arabinitol 39.8 38.4
Erythritol 0 0
Galactitol 0 0
Mannitol 67.3 44.2
Rhamnitol 33.7 24.5
Sorbitol 6.4 6.0

Xylitol 0.6 0.9
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urine. Tuori (1979) found with dairy cows that only 0.7 % of
the total intake of polyols were secreted in the urine, but nothing
in the faeces. Animals can utilize rather large doses of xylitol
efficiently. Humans e.g. apparently can use several hundred
grams of xylitol per day. Little xylitol is found in the urine after
large doses are administered (Lang 1969). McCormick & Touster
(1967) found with rats arabinitol to be excreted in the urine
36—38 %. Mannitol and sorbitol were also detected in human
urine by Ingram et al. (1971).

The data of blood composition of pigs fed sugar alcohols is
presented in Table 3. Blood haematocrit and haemoglobin were
decreased in pigs fed sugar alcohols compared to controls but
not significantly (P > 0.05). Plasma glucose rose significantly
(P < 0.05) in pigs fed xylitol. Urea-N in blood was decreased a
little in pigs fed sugar alcohols. Blood total protein decreased
significantly (P < 0.05) in pigs fed polyol mixture. The same
was also found for the albumin concentration. Crude protein
digestibility was also decreased in polyol diets. In xylitol diets
the albumin concentration was, reverse to polyol mixture, sig-
nificantly (P < 0.05) higher compared to the control one. Crea-
tinine in plasma was decreased in polyol-supplementation of
10 % (P < 0.01) but opposite to this the values were higher on
xylitol-feeding. The total bilirubin was increased (P > 0.05) in
pigs fed sugar alcohols and this may have a connection to the
decreased level of haemoglobin and haematocrit.

There were only small differences in contents of minerals in
the plasma of pigs fed sugar alcohols. Only the sodium content
was increased in the sugar alcohol diets. Plasma potassium was
decreased in xylitol feeding (P < 0.01). Haematological and
blood chemical values were in general in accordance with values
given by Glawishniqg et al. (1977), Ndsi et al. (1978) and Schmidt
(1979) indicating no detrimental effects of sugar alcohols in
pig diets.

Alkaline phosphate (AP) values were quite similar among
treatments. Values were high compared to those presented by
Fliickiger (1977) and Schmidt (1979). Raised AP-values in
serum are found whenever there is intensified osteoplast activity.
AP-values in the milk of sows fed polyol mixture did not differ
from control ones, only the values in colostrum were little in-
creased (Mdkinen et al. 1981). Alanine and asparate transferase
(ALAT and ASAT) activities were increased in plasma of pigs
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fed sugar alcohols. ALAT values were increased significantly
(P < 0.05) with increasing xylitol inclusion. Higher ALAT values
indicate damage of liver cells (Schmidt 1979). Fliickiger (1977)
assumes that ASAT is not so sensitive in pigs and ALAT has no
significance in pigs. Creatine kinase (CK)values varied widely
among treatments. A rise in serum CK-activity is accordingly
only to be expected when there is damage to skeletal or heart
muscle. In the case of muscular dystrophy very high values are
also found. The values of CK-activity found here were higher
than those presented by Glawischnig et al. (1977). y-glutamyl
transferase (y-GT)values were lower in pigs fed sugar alcohols
compared to the control ones. One pig on control treatment had
a high value of 1.4 pkat/l, which indicated damage in liver cells.
Lactate dehydrogenase (LDH)values varied widely within ani-
mal and treatments. Values were higher than reported as normal
(Fliickiger 1977, Schmidt 1979). LDH is sensitive for muscle
damage.

Intracellular enzymes measured showed that there were dif-
ferences in activities and values in sugar alcohol diets indicated
slight cell damages of liver and muscle. This may be attributed
to changes of diets and short periods of adaptation to sugar
alcohols. The pigs in the performed trial were observed to be
clinically healthy.

The concentration of insulin in serum of pigs fed polyol
mixture or xylitol is shown in Tables 4 and 5. Variation in in-
sulin concentrations was quite wide and thus differences between
treatments were small. The insulin concentration on xylitol
feeding tended to increase and values 2 h after feeding were
higher (P > 0.05) than the control ones. Also 5 % xylitol sup-
plement led to a higher values than 2.5 % of xylitol. Insulin for
the diet supplemented with 10 % of polyol mixture was higher

Table 4. Serum concentration of insulin in pigs fed diets with and
without the addition of polyol mixture (pU/ml).

Sampling time Control diet 5.0 % polyols 10.0 % polyols
X s X s X s
Before feeding 65 17 86 29 89 65
1 h after feeding 28 4 30 21 48 37
2 h after feeding 162 17 141 37 161 66

4 h after feeding 90 13 116 52 96 7
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Table 5. Serum concentration of insulin in pigs fed diets with and
without the addition of xylitol (pU/ml).

Sampling time Control diet 2.5 9% xylitol 5.0 % xylitol
X s X s X s
Before feeding 107 53 90 60 84 22
1 h after feeding 33 18 33 14 26 13
2 h after feeding 155 13 175 153 201 106
4 h after feeding 94 81 80 21 95 44

1 h after feeding compared to other treatments. Ehrensvdrd et al.
(1978) reported an average insulin content in blood of 75.4 = 32.6
wU/ml and that it was correlated with the live weight of the pig
and the intake of carbohydrates. The peak of insulin content in
blood was found to be between 40 and 60 min after feeding in
piglets (Berschauer et al. 1979b). The values obtained were in
good accordance with results reported in the literature of the
insulin concentration in blood of pigs (Fuller et al. 1977, Ehren-
svdrd et al. 1978, Berschauer et al. 1979a,b, Ensinger 1979).

Intravenous administration of xylitol has increased plasma
insulin concentrations significantly and the values were 2.5 times
higher than those following glucose administration (Kuzuya
et al. 1969, Kosaka 1969). Oral administration of 1.0 g/kg of
xylitol also produced a greater hyperinsulemia than 1.0 g/kg of
glucose and a consistent hypoglycemia in dogs (Kuzuya et al.
1969). Xylitol is known to enter the pentose-phosphate pathway
via D-xylulose-5-phosphate, thus sharing some common meta-
bolic processes with glucose.

The protein metabolism is influenced by hormones. Insulin
stimulates muscle protein synthesis, increasing amino acid and
energy supply and peptide chain initiation (Rannels et al. 1976,
Jefferson et al. 1977). Some in vitro experiments indicate that
insulin inhibits protein catabolism in muscles (Jefferson et al.
1974, Fulks et al. 1975). By increasing the insulin levels within
the physiological range, N-retention could be increased (Fuller
et al. 1977).
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SAMMANFATTNING

Effekten av sockeralkoholer pd dmnesomsdttningen hos vdxande
grisar.

I tva forsok med vixande grisar med en utfodring enligt 3 X 3
latinsk kvadrat undersoktes effekten av en tillsats av 5 % eller 10 %
(2.5 eller 10 % DM) polyol-blandning, samt 2.5 % eller 5 % xylitol pa
fodrets smiltbarhet, N-balansen, klinisk-kemiska blodparametrar och
insulinstatus i serum. Réaproteinets sméiltbarhet verkade vara ligre
med ett foder innehdllande 10 % polyol-blandning &n med kontroll-
fodret. Sockeralkoholer kunde inte pavisas avforingen. Arabinitol,
mannitol och rhamnitol utséndrades till 25—67 % med urinen. Endast
litet sorbitol och xylitol kunde pavisas i urinen vid en diet med en
5—10 % polyol-blandning. Vid en xylitol-diet utsondrade grisarna
inget xylitol med urinen. Glukos i blodplasma steg hos grisar utfodra-
de med xylitol. Blodproteinet och -albuminet sjonk hos grisar utfodra-
de med en polyol-blandning. ALAT-virdena var hogre vil xylitol-dieter
jamfort med kontrollen. En timme efter utfodring med en 10 % polyol-
blandning visade insulinet i serum en tendens att 6ka. Vid xylitol-
utfodring var dessa virden tvd timmar efter utfodringen allt hogre,
foljande Okande tillsatser av xylitol i fodret.
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