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Summary

 

The purpose of  this study was to evaluate the effect of  xylooligosaccharide
(XOS) on the blood sugar, lipids and oxidative status in type 2 diabetes mellitus (DM). A total
of  26 outpatient subjects of  Taichung Veterans General Hospital, Taiwan, with HbA1c levels
between 7.0 and 10.0% and triglyceride 

 

�

 

400 mg/dL were enrolled in the present study.
Subjects were supplemented with 4 g/d XOS (

 

n

 

�

 

12) or a placebo (

 

n

 

�

 

14) for 8 wk in a ran-
domized double-blind clinical design

 

.

 

 The results showed that the anthropometric values
and nutrient intakes did not change during the experimental period. XOS supplementation
not only reduced the glucose, HbA1c and fructosamine concentrations, but also decreased
the levels of  total cholesterol, low density lipoprotein (LDL) cholesterol, oxidized low density
lipoprotein (ox-LDL) and apolipoprotein B. The activity of  catalase of  the erythrocyte sample
decreased in the XOS group, but not the activities of  superoxide dismutase and glutathione
peroxidase. In conclusion, the dietary supplementation with XOS for 8 wk was effective in
improving the blood sugar and lipids in type 2 diabetes, indicating that XOS-containing diets
might be beneficial to DM subjects.
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Dietary non-digestible oligosaccharides have gained
increasing attention because they showed beneficial
effects for maintaining optimum health. Xylooligosac-
charides (XOS) are composed of  

 

�

 

-1,4-linked 

 

D

 

-xylo-
pyranose residues. It has been demonstrated that XOS
can be extensively utilized by several species of  

 

Bifido-
bacteria

 

 in the colon and can stimulate the growth of

 

Bifidobacteria

 

 (

 

1

 

,

 

 2

 

). Hsu

 

 

 

et al. (

 

3

 

) reported that XOS sig-
nificantly lowered the serum triacylglycerol (TG) level
and increased the 

 

Bifidobacteria

 

 population in Sprague-
Dawley rats. Campbell

 

 

 

et al. (

 

4

 

) suggested that XOS
showed some beneficial effects for improving gas-
trointestinal health by increasing the 

 

Bifidobacteria

 

 pop-
ulation and providing short-chain fatty acid (SCFA).
SCFAs, such as acetate, propionate and butyrate, were
produced by microbial fermentation and absorbed
readily by the colonic mucosa. Propionate might medi-
ate the hepatic carbohydrate metabolism, and improve
the glucose tolerance and insulin sensitivity in healthy
female volunteers

 

 

 

(

 

5

 

). Laurent

 

 

 

et al. (

 

6

 

) found that ace-
tate and propionate decreased the plasma free fatty acid
level, while they did not change the hepatic glucose pro-
duction or fasting blood glucose.

The aim of  diet therapy in type 2 diabetes mellitus
(DM) is not only to decrease body weight, but also to
exert specific actions toward the main pathophysiologic

disorders, such as hyperglycemia, hyperlipidemia and
insulin resistance. Daily intake of  8 g fructooligosaccha-
ride (FOS) for 14 d was reported to significantly reduce
fasting blood glucose, total cholesterol and low density
lipoprotein (LDL) cholesterol levels of  diabetic subjects
(

 

7

 

). On the other hand, Alles et al. (

 

8

 

) concluded that
15 g/d FOS supplementation for 20 d did not affect the
blood sugar, serum lipids or serum acetate in patients
with type 2 diabetes. However, the effects of  XOS on
type 2 diabetes are not well documented. Therefore, the
purpose of  this study was to investigate the effect of  XOS
on blood glucose, serum lipids and serum SCFA in
patients with type 2 DM. The antioxidant status of  the
subjects was also evaluated.

 

MATERIALS AND METHODS

 

Patients and experimental design.

 

Twenty-six (19
men, 7 women) type 2 diabetes outpatients at Taichung
Veterans General Hospital, Taiwan, were recruited in
this study. This study was conducted using a double-
blinded, placebo-controlled design. All the subjects
underwent physical examinations and blood tests
(including liver and kidney functions). The patients
were free of  kidney disease, heart disease or infectious
illness, gastrointestinal disease, over obesity (body mass
index (BMI) 

 

�

 

30) insulin and lipid metabolic medicine
treatment, and were not smokers or antioxidant supple-
ment users. Their glycosylated hemoglobin (HbA1c)
levels were in the range of  7.0–10.0% and the TG levels
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were lower than 400 mg/dL. The subjects were
instructed to maintain their oral blood glucose-lower-
ing medication, habitual eating, drinking, and lifestyle
behavior. The purposes and procedures of  this study
were explained to the subjects, and written consents
were obtained from them. Only one subject in the XOS
group was under diet therapy, while other subjects were
taking oral hypoglycemic agents and no patient had
started drug treatment just before the study.

Participants were randomly assigned to either the
supplementation with 4 g/d xylooligosaccharides (XOS)
(Xylooligo 95P, Suntory Co., Ltd., Osaka, Japan)
(

 

n

 

�

 

14), or with the placebo (4 g/d glucose) (

 

n

 

�

 

12) for
8 wk. The daily dose was supplied in the form of  powder
packed in paper bags, and patients were asked to return
the paper bags to assess their compliance. Patients con-
sumed the supplements in a split dose, half  of  the sup-
plement at breakfast and the other half  at dinner. Sam-
ple collections and measurements were conducted at
baseline (week 0) and week 8; the change of  each
parameter for each subject was calculated. The Human
Research Ethics Committee at Taichung Veterans Gen-
eral Hospital and Providence University, Taichung, Tai-
wan, approved the study protocol.

 

Characteristics and nutritional assessments.

 

A trained
dietitian conducted person-to-person interviews to
assess the characteristics of  tested subjects, including
age, gender, body composition, nutritional measure-
ments and gastrointestinal (GI) symptoms. Anthropo-
metric data including height, body weight and body fat
were measured. Dietary intakes were evaluated by the
dietitian using the 3-d food recall method, and the
nutrient compositions were calculated according to the
food composition table (

 

9

 

). Eight specific symptoms of
GI were assessed using the questionnaire described by
van Munster et al. (

 

10

 

). The listed symptoms were:
appetite, rumbling numbers and sound of  GI tract,
belching, flatulence, fecal smell, toilet habits, stool con-
sistency and stool traits, while the degrees of  GI discom-
fort were ranked from absent, mild, or moderate to
severe (

 

10

 

). Fasting venous blood of  the subjects was
withdrawn at baseline and week 8 by medical assis-
tants. Part of  the blood samples were centrifuged at
1,200 

 

�

 

g

 

 for 10 min (Hettich Universal 16 R, Ger-
many) to obtain serum samples for analyzing the levels
of  insulin, fructosamine, TG, total and high density lipo-
protein (HDL) cholesterols, apolipoprotein A-I, apolipo-
protein B, glutamate oxaloacetate transaminase (GOT),
glutamate pyruvate transaminase (GPT), blood urine
nitrogen (BUN), creatinine, and SCFA. The biochemical
values were analyzed using an automatic analyzer
(Synchron CX-7 systems, Beckman, USA). LDL-choles-
terol was calculated according to the method of  Friede-
wald

 

 

 

et al. (

 

11

 

). The oxidized low density lipoprotein
(ox-LDL) level was determined by the immuno-enzy-
matic method with Mercodia Oxidized LDL ELISA kits
using an Elisa reader (Thermo Labsystems, USA). The
fructosamine was determined by spectrophotometry
(Ultrospec 1100 pro, Amersham Biosciences, USA)
using a commercial test kit (Sigma Chemical Co., St.

Louis, USA).

 

 

 

Furthermore, part of  the blood sample was
immediately placed in a heparinized tube and centri-
fuged at 4˚C, 1,200 

 

�

 

g

 

 for 10 min to obtain plasma and
erythrocyte for the analyses of  glucose and HbA1c lev-
els, as well as the antioxidant status.

 

Analyses of  oxidative status.

 

The thiobarbituric acid-
reactive substance (TBARS) concentration in the
plasma sample and the activities of  superoxide dismu-
tase (SOD), catalase (CAT) and glutathione peroxidase
(GSH-Px) of  the erythrocyte sample were determined to
evaluate the oxidative status of  the subjects. The con-
centrations of  TBARS were determined according to the
method described by Ohkawa et al. (

 

12

 

). A mixture was
obtained by mixing the supernatants with 2

 

′

 

-thiobarbi-
turic acid (4 g/kg in 0.2 mol HCl) and butylated hy-
droxytoluene (2 g/kg in 95% ethanol) at a ratio of
1 : 2 : 0.3, and then the mixture was heated at 90˚C for
45 min. After cooling down the mixture, 5 mL of  

 

n

 

-
butanol was added to the mixture, and then the 

 

n

 

-
butanol layer was separated by centrifugating at
1,000 

 

�

 

g

 

 for 10 min. The TBARS concentration of  the

 

n

 

-butanol layer was measured spectrophometrically at
532 nm. Experimental data were expressed as mol
equivalent malondialdehyde 

 

�

 

M

 

/g tissue, using tet-
ramethoxypropane as the external standard and dou-
ble-distilled water as the control. The SOD activity was
measured using the method of  Marklund and Marklund
(

 

13

 

). A final 3.017 mL volume of  the reaction systems
contained 10 

 

�

 

L tissue homogenates, 50 m

 

M

 

 Tris-HCl
(pH 8.2) and 50 m

 

M

 

 pyrogallol. The production of  for-
mazan was determined at 325 nm in a spectrophotom-
eter at 25˚C. One unit of  SOD was defined as the
amount of  protein that inhibited the rate of  pyrogallol
reduction by 50%. The CAT activity was measured
using the method of  Aebi (

 

14

 

). An assay mixture con-
sisted of  1.0 mL H

 

2

 

O

 

2

 

 (30 m

 

M

 

), 2 mL of  the superna-
tants of  the tissue homogenates, in a final volume of
3.0 mL. Changes in absorbance were recorded at
240 nm in a spectrophotometer at 25˚C. CAT activity
was calculated in terms of  mol H

 

2

 

O

 

2

 

 consumed/min/g
of  tissue protein. GSH-Px activity was measured using
the method of  Paglia and Valentine (

 

15

 

). Briefly, the
assay mixture consisted of  200 

 

�

 

L of  5 unit/mL glu-
tathione reductase (GSSG-R), 50 

 

�

 

L of  40 m

 

M

 

 glu-
tathione (GSH), 620 

 

�

 

L of  0.25 mol phosphate buffer
(pH 7.4), 100 

 

�

 

L tissue homogenates, 10 

 

�

 

L of  20 m

 

M

 

�

 

-nicotinamide adenine dinucleotide phosphate re-
duced tetrasodium salt (NADPH) and 20 

 

�

 

L of  15 m

 

M

 

cumene hydroperoxide. The production of  formazan
was determined at 340 nm in a spectrophotometer at
25˚C. One unit of  GSH-Px is defined as the amount of

 

�

 

M

 

 of  oxidative NADPH. Data for SOD, CAT and GSH-Px
activities were expressed as unit/g protein. The Pierce
Micro bicinchoninic acid (BCA) protein assay was used
to determine the soluble protein of  samples.

 

Analyses of  SCFA levels.

 

Serum SCFAs, including
acetate, propionate and butyrate, were determined
using the method described by Murase et al. (

 

16

 

). An
internal standard solution containing acrylic and
metharylic acid with sulfosalicylic acid was prepared
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and stored at 

 

�

 

20˚C until used. In brief, the serum
sample (200 

 

�

 

L) and internal standard solution
(50 

 

�

 

L) were added to a tube with a round-bottomed
stopper and put in an ice-cold bath. Then 50 

 

�

 

L of  10%
ice-cold sulfosalicylic acid solution was added to the
tube and mixed intermittently on a vortex for 30 s. The
tube was allowed to stand in the ice-cold bath for
20 min. Three milliliters of  diethyl ether were added,
mixed, and centrifuged at 15,000 

 

�

 

g

 

 for 10 min at 4˚C.
The diethyl ether layer was transferred to another coni-
cal stoppered tube containing 50 

 

�

 

L of  0.2 

 

M

 

 NaOH.
After vortex-mixing and centrifugation at 1,500 

 

�

 

g

 

 for
30 s, the diethyl ether layer was discarded. One millili-
ters of  fresh diethyl ether was added, followed by vortex-
mixing and centrifugation at 1,500 

 

�

 

g

 

 for 30 s, and

then the diethyl ether layer was discarded. This process
was repeated once again. The residual organic phase
was evaporated under a stream of  nitrogen. A 10 

 

�

 

L
volume of  25% phosphoric acid was added to the aque-
ous phase, and then 1 

 

�

 

L aliquot of  the solution was
injected onto the chromatographic system (GC-14A
Shimadzu, Japan).

 

Statistical analysis.

 

All data were expressed as
mean

 

�

 

standard error of  mean (SEM) and analyzed
using SPSS 10.0 software (SPSS Inc., Chicago, IL, USA).
The differences between the placebo and XOS groups
were evaluated by Student’s

 

 t

 

 test, while the difference
between the data at the baseline and posttest were eval-
uated by a paired-

 

t

 

-test. The correlations between the
MDA concentration, and SOD, CAT and GSH-Px activi-

 

Table 1. Characteristics and anthropometric values in type 2 DM subjects supplied with placebo or XOS for 8 wk.

Placebo XOS

 (

 

n

 

�

 

12) Change (

 

n

 

�

 

14) Change

Age (y) 67.60

 

�

 

7.9 64.00

 

�

 

7.6
Duration of  DM (y) 8.70

 

�

 

5.5  7.40

 

�

 

3.9
Male/female  9/3 10/4
Weight (kg) Week 0 64.8

 

�

 

13.6 

 

�

 

0.46

 

�

 

1.30 66.7

 

�

 

10.0 

 

�

 

1.23

 

�

 

1.63
Week 8 64.5

 

�

 

13.8 65.8

 

�

 

9.5
BMI (kg/m

 

2

 

) Week 0 25.0

 

�

 

3.9 

 

�

 

0.15

 

�

 

0.47 25.0

 

�

 

2.7

 

�

 

0.32

 

�

 

0.64
Week 8 24.8

 

�

 

3.8 24.7

 

�

 

2.7 
Body fat (%) Week 0 25.9

 

�

 

6.2 0.42

 

�

 

3.05 29.9

 

�

 

10.0

 

�

 

0.82

 

�2.03
Week 8 26.3�8.6 29.0�9.7 

Values are expressed as mean�SD. 
No significant difference from the baseline in the same group or between groups.

Table 2. Hematological and biochemical values in type 2 DM subjects supplied with placebo or XOS for 8 wk.

Placebo XOS

 (n�12) Change (n�14) Change

Insulin (IU/mL) Week 0 11.7�9.0 0.44�5.91 9.3�5.4 �0.05�5.11
Week 8 12.1�14.4 9.2�5.8

Blood glucose (mg/dL) Week 0 169.3�40.0 0.17�31.69 167.9�30.5 �13.43�21.82† 

Week 8 169.5�45.2 154.4�31.0† 

HbA1c (% hemoglobin) Week 0 8.0�0.7 0.15�0.55 8.2�1.1 �0.37�0.62#† 

Week 8 8.2�1.0 7.9�1.3† 

Fructosamine (�mol/L) Week 0 422.4�92.1 11.12�27.37 474.6�112.6 �100.32�60.66#‡

Week 8 452.7�121.6 343.8�82.3‡

GOT (U/L) Week 0 24.0�10.5 0.09�4.25 21.9�6.0 4.42�11.72
Week 8 23.9�11.1 25.3�14.5

GPT (U/L) Week 0 27.7�17.1 �1.58�5.85 23.6�11.0 2.71�16.88
Week 8 26.1�14.5 26.3�18.0

Uric acid (�g/dL) Week 0 5.7�0.8 0.02�0.83 5.4�1.5 0.37�1.15
Week 8 5.6�1.1 5.8�1.6 

Creatinine (�g/dL) Week 0 1.0�0.2 �0.01�0.10 0.9�0.2 0.02�0.08
Week 8 1.0�0.2 0.9�0.2 

Values are expressed as mean�SD.
# Significantly different between placebo and XOS groups at p�0.05 based on Student’s t test.
†,  ‡  Significant difference from the baseline in the XOS group at  p � 0.05, 0.01, respectively, based on paired- t -test.
XOS, xylooligosaccharides; HbA1c, glycosylated hemoglobin; GOT, glutamate oxaloacetate transaminase; GPT, glutamate
pyruvate transaminase.
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ties were assessed by Pearson’s correlation method. Dif-
ferences were considered to be significant at 0.05 levels.

 

RESULTS

 

Characteristics and nutrient parameters of  the subjects

 

The characteristics of  tested subjects and the anthro-
pometric, hematological and biochemical values of  the
subjects are provided in Tables 1 and 2. The mean age
and duration of  DM did not differ between the placebo

and XOS groups, while the glucose, HbA1c and fruc-
tosamine concentrations of  the subjects significantly
reduced after XOS supplementation for a period of  8 wk.
However, the XOS supplementation did not change the
body weight, BMI, body fat, insulin, GOT, GPT, BUN or
creatinine values.

The serum lipids and SCFA values of  the subjects are
shown in Table 3. After 8 wk XOS supplementation, the
total cholesterol, LDL-cholesterol,

 

 

 

ox-LDL and apolipo-

 

Table 3. Fasting serum lipids and SCFA levels in type 2 DM subjects supplied with placebo or XOS for 8 wk.

Placebo XOS

 (

 

n

 

�

 

12) Change (

 

n

 

�

 

14) Change

Triglyceride (mg/dL) Week 0 110.7

 

�

 

36.8 13.42

 

�

 

49.84 134.9

 

�

 

85.7 

 

�

 

33.46

 

�

 

68.83 
Week 8 124.1

 

�

 

63.3 101.4

 

�

 

56.2  
Total cholesterol (mg/dL) Week 0 196.2

 

�

 

23.5 9.73

 

�

 

14.87 194.3

 

�

 

36.8 

 

�

 

27.00

 

�

 

43.17

 

#,†

 

 
Week 8 205.9

 

�

 

30.1 167.3

 

�

 

33.0

 

##,†

 

  
LDL-cholesterol (mg/dL) Week 0 121.9

 

�

 

24.0 6.07

 

�

 

14.33 106.8

 

�

 

33.3 

 

�

 

7.08

 

�

 

24.21
Week 8 128.0

 

�

 

26.3 99.7

 

�

 

27.0

 

##

 

ox-LDL (U/L) Week 0 60.3

 

�

 

14.3 7.20

 

�

 

20.16 48.5

 

�

 

14.2 

 

�

 

7.05

 

�

 

8.54

 

†

 

Week 8 64.2

 

�

 

27.5 38.0

 

�

 

9.6

 

#,†

 

  
HDL-cholesterol (mg/dL) Week 0 52.7

 

�

 

14.0 0.58

 

�

 

6.08 51.0

 

�

 

10.8 

 

�

 

2.62

 

�

 

6.74
Week 8 110.7

 

�

 

10.4 47.6

 

�

 

10.4 
Apolipoprotein A-I (mg/dL) Week 0 138.5

 

�

 

24.5 

 

�

 

3.31

 

�

 

31.17 134.6

 

�

 

18.1 

 

�

 

0.83

 

�

 

14.92
Week 8 135.2

 

�

 

28.7 131.1

 

�

 

23.4 
Apolipoprotein B (mg/dL) Week 0 90.0

 

�

 

17.7 4.75

 

�

 

13.32 90.9

 

�

 

26.5 

 

�

 

15.49

 

�

 

15.86

 

#‡

 

Week 8 94.7

 

�

 

26.5 75.4

 

�

 

19.5

 

#,‡

 

Acetate (mmol/L) Week 0 0.11

 

�

 

0.05 

 

�

 

0.008

 

�

 

0.006 0.10

 

�

 

0.02 

 

�

 

0.002

 

�

 

0.058
Week 8 0.11

 

�

 

0.04 0.09

 

�

 

0.05 
Propionate (mmol/L) Week 0 0.09

 

�

 

0.01 

 

�

 

0.002

 

�

 

0.018 0.10

 

�

 

0.01 0.033

 

�

 

0.134
Week 8 0.10

 

�

 

0.01 0.10

 

�

 

0.02 
Butyrate (mmol/L) Week 0 0.07

 

�

 

0.05 

 

�

 

0.018

 

�

 

0.031 0.06

 

�

 

0.03 

 

�

 

0.015

 

�

 

0.041
Week 8 0.05

 

�

 

0.05 0.05

 

�

 

0.03 

Values are expressed as mean

 

�

 

SD.

 

#, ## 

 

Significantly different between placebo and XOS groups at 

 

p

 

�

 

0.05, 0.01, respectively, based on Student’s

 

 t

 

 test.

 

†, ‡ 

 

Significant difference from the baseline in the XOS group at 

 

p

 

�

 

0.05, 0.01, respectively, based on paired-

 

t

 

-test. 
XOS, xylooligosaccharides;

 

 

 

LDL-cholesterol

 

�

 

Total cholesterol

 

�

 

HDL-cholesterol

 

�

 

Triglyceride/5.

Table 4. Oxidative status in type 2 DM subjects supplied with placebo or XOS for 8 wk.

Placebo XOS 

(

 

n

 

�

 

12) Change (

 

n

 

�

 

14) Change

TBARS (nmol/mL) Week 0 3.98

 

�

 

0.35 

 

�

 

0.27

 

�

 

0.48 3.71

 

�

 

0.88 0.29

 

�

 

0.80

 

#

 

Week 8 3.71

 

�

 

0.60 4.04

 

�

 

1.09 
Catalase (U/g protein)

 

a

 

Week 0 0.24

 

�

 

0.05 

 

�

 

0.03

 

�

 

0.05 0.22

 

�

 

0.06 

 

�

 

0.05

 

�

 

0.05

 

‡

 

Week 8 0.20

 

�

 

0.05 0.17

 

�

 

0.05‡ 
SOD (U/g protein)b Week 0 0.20�0.16 0.06�0.17 0.23�0.20 0.09�0.22

Week 8 0.26�0.11 0.32�0.29 
GSH-Px (U/g protein)c Week 0 9.20�4.32 1.75�8.05 8.90�5.75 1.76�6.60

Week 8 11.48�6.85 10.66�6.87 

Values are expressed as mean�SD.
a Catalase (U/g protein)�Catalase (mol H2O2/min/g protein).   
b SOD (U/g protein)�SOD (reduce pyrogallol 1/2 autoxidative/g protein).   
c GSH-Px�(mol NADPH/min/g protein).
# Significantly different between placebo and XOS groups at p�0.05 based on Student’s t test.
‡Significant difference from the baseline in the XOS group at p�0.01 based on paired-t-test.
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protein B values decreased significantly. However, XOS
supplement did not affect the fasting serum short-chain
fatty acids in type 2 DM subjects. The above results
revealed that the XOS supplemented at the concentra-
tion of  4 g/d for 8 wk could lower the blood sugar and
lipid levels of  type 2 DM subjects.
Antioxidant status of  the subjects

The antioxidant status of  the subjects is shown in
Table 4. The results revealed that the XOS supplementa-
tion did not influence the level of  TBARS or the activi-
ties of  superoxide dismutase and glutathione peroxidase
but it did significantly reduce the activity of  catalase.
Meanwhile, the change of  TBARS level in XOS group
was significantly different from that of  the placebo
group. However, we did not find significant correlations
between the MDA concentration and SOD, CAT and
GSH-Px activities.
Gastrointestinal function and nutrient intakes of  the sub-
jects

According to the subjects’ report, their lifestyles
remained constant throughout this study. The treat-
ment of  diabetes was maintained for each patient
throughout the study; furthermore, no gastrointestinal
complaint was reported. Compliance, expressed as the
proportion of  powder paper bag not returned, was near
100% during the experimental period. The daily calo-
ries and nutrient intakes also did not change through-
out the study in either the placebo or XOS group (data
not shown).

DISCUSSION

Our results showed that the XOS supplementation for
8 wk could reduce the blood glucose, HbA1c, and fruc-
tosamine and also decrease total cholesterol, LDL-cho-
lesterol, ox-LDL and apolipoprotein B in type 2 DM
patients. However, the body weight and daily nutrient
intakes of  the subjects remained stable during the sup-
plementation of  XOS for 8 wk. Thus, we deduced that
the lower glycemia and lipidemia after the XOS treat-
ment was due to the effect of  the treatment itself, not a
change in body weight or diet.

The effects of  oligosaccharides including FOS and
XOS on blood glucose and lipid concentrations were
complicated. For example, Yamashita et al. (7) demon-
strated that FOS administration at a dose of  8 g/d for 14
d resulted in a decrease of  fasting blood glucose in type
2 DM patients. Vanhoof  and de Schrijver (17) showed
that inulin reduced cholesterol in normocholester-
olemic rats presumably by increasing the excretions of
fecal neutral steroids and bile acids, whereas it had no
effect on the plasma cholesterol concentration in hyper-
cholesterolemic rats. It has also been shown that daily
ingestion of  6–12 g oligosaccharides for 2–3 mo could
reduce total serum cholesterol in humans by 0.226–
0.566 mmol/L (18). In contrast, the daily consumption
of  FOS was stated to have no effects on blood glucose,
serum lipids or serum acetate in individuals with type 2
DM (8) nor did it affect the fasting plasma glucose in
individuals with mild hypercholesterolaemia (19).
Chung et al. (20) found that 4 g/d XOS supplementa-

tion for 8 wk showed no influence on the fasting sugar,
triglyceride or cholesterol levels in normal glycemia eld-
erly subjects. Gostner et al. (21) reported that isomalt
supplementation did not influence the fructosamine or
oxidized LDL levels in healthy volunteers. The above
studies indicated that oligosaccharide appeared to have
no significant effect on the levels of  blood sugar or lipid
in healthy, hypercholesterolaemia and non-diabetic
patients. However, the concept of  blood glucose and
lipid assimilations by oligosaccharide in type 2 DM sub-
jects is divergent. The types of  oligosaccharides as well
as the duration of  the treatment may influence the
results.

XOS supplementation has been demonstrated to sig-
nificantly increase the Bifidobacteria population and
SCFA in the intestinal tract (4, 5, 20). Hidaka (22) sug-
gested that one mechanism for oligosaccharide on
reducing the serum cholesterol level was considered to
be the alteration of  the intestinal microflora. Further-
more, the decline of  cholesterol level might be because
oligosaccharides could decrease the expressions of  the
enzymes for fatty acid synthesis (23), reduce the choles-
terol absorption efficiency and increase the faecal bile
acid and cholesterol excretions (24). On the other hand,
SCFAs, such as propionate, have also been proposed to
influence glucose and lipid metabolisms (5, 19). Lau-
rent et al. (6) reported that infusing SCFA to healthy
subjects decreased serum free fatty acid concentrations.
Venter et al. (5) demonstrated that a propionate supple-
ment decreased fasting serum glucose, and improved
glucose tolerance and insulin sensitivity. However, we
did not find a significant effect of  XOS on the fasting
serum SCFA levels in type 2 DM patients. The mecha-
nism of  XOS to influence glucose and lipid metabolism
need further study.

Higher lipid peroxidation in the blood is one of  the
important symptoms in DM patients. Diabetic patients
showed higher serum and erythrocyte lipid peroxida-
tions (25). Thus, reduced lipid peroxidation and
improved antioxidant status might be one mechanism
by which dietary treatment contributes to the preven-
tion of  diabetic complications. Sekeroglu et al. (25)
reported that the serum and erythrocyte lipid peroxida-
tion of  diabetic patients significantly decreased after
dietary treatment, whereas our results did not show
any beneficial effect of  XOS supplementation on the
TBARS level. Moreover, they also reported that the glu-
cose level of  DM subjects was decreased by 23.2%, while
we found the glucose level decreased only 7.8% which
was lower than their results. Thus, the effect of  dietary
treatment on the TBARS level in DM patients might be
affected by the differential result on lowering the glu-
cose level. Moreover, in diabetic patients with microvas-
cular complications or coronary heart disease, the CAT
activity was increased, GPx activity was decreased and
no change was observed in SOD activity when com-
pared to controls (26, 27). Aydin et al. (28) found that
oral antidiabetic treatment decreased the erythrocyte
SE-GPx and CAT activities below the control values.
Our results showed that the activity of  CAT in type 2
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DM patients decreased significantly after XOS supple-
mentation. We further analyzed the relation between
the value of  TBARS and antioxidant enzyme. However,
no significant correlation was found among these
parameters.

In conclusion, our results demonstrated that XOS
supplementation at 4 g/d for 8 wk improved the blood
sugar and serum lipids levels in patients with type 2
DM, indicating that XOS containing diets might be ben-
eficial to DM subjects. The mechanisms of  XOS to affect
the blood sugar and serum lipid are of  interest and
worth further study.
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