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SUMMARY

We evaluated the effects of complex algal polysaccharide, alginate (Alg), 

on performance, crude protein digestibility, water intake, faecal ammonia 

concentration, organs and caecal microbial ecology when a casein-maize starch 

diet was fed to rats with increasing levels of Alg: 0, 1, 2, 5, 10, 20 or 50 

mg/day. A nitrogen balance study was conducted on 56 male Wistar rats. Daily 

weight gain was higher in the Alg5 (3.0g) and Alg10 (3.0g) and lower in the 

Alg50 group (2.3g) in comparison to Alg0 (2.8g). The coefficient of total tract 

apparent protein digestibility (CTTAPD) was lower in Alg50 (0.85) compared 

to Alg0 (0.87). Neither water intake nor ammonia concentration in faeces was 

affected by Alg. Caeca were heavier in the Alg20 (0.23 g/cm) than in the other 

groups (i.e. 0.15 g/cm in Alg0). Supplementation of the diet with 20 and 50mg 

Alg caused a shift in the universal bacterial 16S rRNA PCR-DGGE profile. 

Alg20 and Alg50 formed a cluster of low similarity (65 %) whereas other 

groups formed clusters of 87 to 90 % similarity. The results showed a 

beneficiary effect of low levels of Alg on weight gain of rats and a negative 

effect on the growth performance when 50mg/day were fed in the diet. Changes 
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in caecal bacterial community were recorded indicating adaptation of the 

microbiota to Alg. No effect of Alg on water intake or ammonia concentration 

in faeces was recorded. The amount up to 20mg Alg per day was considered to 

be a suitable level of Alg as a prebiotic supplement for rats.

Keywords: dietary fibre; microbiota; performance; polymerase chain 

reaction – denaturing gradient gel electrophoresis; protein digestibility; rats

INTRODUCTION

Prebiotics are assumed to stimulate beneficial intestinal bacteria thereby 

improving intestinal health and stimulating performance. Alginate (Alg) is a 

complex carbohydrate isolated from a number of brown seaweed species with 

similar physico-chemical properties to pectins (Seal and Mathers 2001,

Brownlee et al. 2005). Alg, in common with other dietary fibres like pectin, 

carrageenan and agar, reaches the hind gut unchanged, decreases the flow rate 

of digesta due to increased viscosity and modifies the microbial hind gut 

population, increasing fermentation in the large intestine (Bach Knudsen 2001,

Drochner et al. 2004). The increasing of the intestinal digesta viscosity could 

result in increased water intake. Feeding Alg to rats was also shown to reduce 

the bioavailability of minerals (Harmuth-Hoene and Schelenz 1980). The 

binding properties of Alg could affect the bioavailability of amino acids and 

thus affect the protein digestibility. On the other hand, Alg could bind free 

ammonia (NH
3
) molecules present in the intestinal digesta, thus reducing 

effluent contamination. 

Considering the indications from literature, this study was conducted to 

determine the effects of Alg supplementation of a casein diet on performance, 

nitrogen (N) balance, protein digestibility, water intake and ammonia 

concentration in faeces in a rat model. In addition, we evaluated caecal bacterial 

community changes caused by Alg supplementation, applying cultivation-

independent 16S rRNA gene polymerase chain reaction (PCR) followed by 

denaturing gradient gel electrophoresis (DGGE). The results showed a 

beneficiary effect of low levels of Alg on weight gain of rats and a negative 

effect on the growth performance when 50mg/day were fed in the diet. Changes 

in caecal bacterial community were recorded indicating adaptation of the 

microbiota to Alg. No effect of Alg on water intake or ammonia concentration 

in faeces was recorded. The amount up to 20mg Alg per day was considered to 

be a suitable level of Alg as a prebiotic supplement for rats.

MATERIAL AND METHODS

Rats and diets

A nitrogen balance study consisting of a 7 day collection period after 4 

days adaptation was conducted with 56 male, 5 week old Wistar rats (80 ± 5 g; 

Charles River Laboratories, Sulzfeld, Germany). Rats were housed individually 
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in metabolism cages (Tecniplast, Buguggiate, Italy). Temperature was 

maintained at 21.5 ± 1 °C with a 12 hour light/dark regime. The metabolic 

cages allowed separation and measurement of refused food, urine and faeces. 

Rats were divided into 7 groups of 8 rats each. A semi-synthetic control diet 

(Table 1) with casein as the only protein source (Alg0) was fed to all rats. The 

experimental groups were fed the control diet mixed with increasing amount of 

Alg (Schulze Hermsen Ltd, Dahlenburg, Germany): 0, 1, 2, 5, 10, 20 and 50 mg 

Alg per rat per day (equivalent to approximately 0, 0.1, 0.2, 0.5, 1, 2, and 5 g 

Alg/kg diet). Alginate was mixed in the appropriate amount with the daily 

portion of feed for each group. Feed, at a rate of 10 g dry matter (DM) per 100 g 

body weight (BW), was offered once a day during the adaptation and the 

balance periods. The diets contained 150 mg N per 10 g DM. Rats consumed 

143 to 148 g N daily. Water was available ad libitum and was supplied through 

nipple bottles.

Table 1. Composition of the casein-maize starch diet.

Ingredients g/kg diet Chemical composition

a

g/kg diet

Casein

b

98.2 Organic matter 936.3

Maize starch 519.1 Crude protein 244.0

Cellulose 70.8 Ether extract 53.7

Sucrose 142.0 Crude fibre 38.2

Soybean oil 56.6 Calcium 7.1

Wheat starch 28.3 Phosphorus 4.2

Calcium carbonate 3.9 Potassium 9.3

Calcium citrate 17.4 Sodium 1.7

Dicalcium phosphate 6.4 Magnesium 1.0

Dipotassium phosphate 12.4

Potassium chloride 7.1 ME (MJ/kg) 17.9

Sodium chloride 4.4

Magnesium sulphate 2.2

Magnesite 2.0

Premix

c

29.2

a 

Values as indicated by Janczyk (2005).

b

 Methionine was added to casein in the amount of 30g /kg casein   

c 

Provided per kg of diet: vitamin A (21225 IU), D
3
 (707.5 IU),  B

1
 (28.3 mg), B

2
 (28.3 mg), B

6

(14.2 mg), B
12

(14.2 mg), C (28.3 mg),. E (70.8 mg,), K
3
 (2.8 mg), panthotenic acid (28.3 mg), 

nicotic acid amide (70.8 mg), choline hydrochloride (2.8 g), folic acid (2.8 mg,) biotin (0.28 mg), 

inositol (353.8 mg), p-aminobenzoic acid (141.5 mg); Fe-III ammoncitrate (0.9 g), MnSO
4

⋅H
2
O 

(0.01 g), CuS0
4
⋅ H

2
0 (0.004 g), KI (0.002 g), NaF (0.03 g), AlNH

4
(S0

4
)
2

⋅12 H
2
0 (0.005 g), 

ZnCO
3
 (0.003 g).

Sampling and analytical procedures

Rats were weighed at the beginning and at the end of the collection period 

to calculate average daily gain (ADG). Water intake (ADWI) and dry matter 

intake (ADMI) were recorded daily during the adaptation and collection 

periods. Urine and faeces were collected daily during the collection period. 
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Hydrochloric acid (20 ml) was added to all samples, which were then stored at 

4°C until analyses were conducted. 

The chemical composition of Alg was determined in the laboratory of 

MQD Ltd. (Guestrow, Germany). DM was measured by drying at 102ºC for 3 

hours after 24 hours pre-drying at 60ºC (Bassler 1985). Ash content was 

determined as indicated by Naumann and Bassler (1993) and sodium by means 

of atom absorption spectroscopy and other minerals by X-ray fluorescent 

spectroscopy (Naumann and Bassler 2004). Natural thickening agents were 

measured using enzymatic sugar analysis as indicated by Bassler (1985). Alg 

contained 867 g DM and 304 g ash /kg. The sugars content was 422g uronic 

acid, 70g fucose and 20g xylose /kg DM. The content of main minerals present 

in the alginate per kg DM was 79g sodium, 44g chloride, 25g potassium, 13g 

calcium and 18g sulphur.

The DM and N in the feed (total and refused) and faeces were determined 

as described by Janczyk et al. (2007a). Ammonia in feces was determined 

applying Conway microdiffusion method (Conway 1962).

Organs and caecal digesta collection

At the end of the balance period, rats were exsanguinated by heart puncture 

under inhalant isofluran (IsoFlo

®

, Abbott, Wiesbaden, Germany) anesthesia and 

the livers and intestine were removed. The liver was weighed and the intestine 

was divided into small intestine (SI, from pyloric to ileal orifice), caecum and 

colon (from caecocolic orifice to anus), and their lengths were recorded. Digesta 

from the caeca were collected and all parts of the gastrointestinal tract (GIT) 

were flushed with sterile 0.9% NaCl, blotted and weighed. The lengths and the 

absolute weights of the GIT parts were used to calculate the relative weight (g/g 

BW

0.75

) and the weight/length ratio (g/cm) of the different intestinal segments.

Molecular microbial examination, cloning and sequencing

Genomic DNA from caecal digesta was extracted using a SpinKit for Soil 

(MP Biomedicals, Heidelberg, Germany) as described by Janczyk et al. 

(2007b). Bacterial 16S rRNA gene fragments were amplified using primers S-

D-Bact-0968-a-S-GC and S-D-Bact-1401-a-A-17 (Invitrogen, Paisley, UK) as 

described by Nübel et al. (1996), and separated by denaturing gradient gel 

electrophoresis (DGGE) on 1:11.5 v/v polyacrylamid gels with a denaturing 

gradient of 40-65% as described previously (Konstantinov et al. 2004; Janczyk 

et al. 2007b). 

To identify the bacteria giving the most dominant bands in the 16S rDNA 

PCR-DGGE profiles, 5 bands of the highest intensity were excised with a sterile 

needle and put in a tube with 100 µl of sterile Millipore water. Re-amplification, 

purification of PCR products and sequencing were conducted as described by 

Janczyk et al. (2007b). Curated sequences were submitted to NCBI BLASTN 

searches (Altschul et al. 1997) and compared with recorded data. Partial 16S 

rDNA sequences were also imported into ARB database (Ludwig et al. 2004) 
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and aligned using ARB_EDIT4 tool. A neighbour-joining tree with Felsenstein 

correction (Felsenstein 1997) was constructed from the sequence data and 

closest relatives in the database were included to illustrate the clustering of 

clones with their nearest relatives.

Calculation of nutritional parameters

Feed efficiency ratio (FCR) based on ADMI was calculated. The 

coefficient of total tract apparent crude protein digestibility (CTTAPD), net 

protein utilization (NPU) and protein efficiency ratio (PER) were calculated.

Statistical analyses

Recorded data was analysed first by using the MIXED procedure 

(specifically, LSMEANS) of the SAS package (Version 9.1, SAS Institute Inc., 

Cary, NC, USA). Basically, a variance analysis was carried out with one 

independent factor. Alg group was the only fixed effect in the model to explain 

the data, since the experimental conditions were the same for all animals in all 

groups. Resulting P values were used to declare if the trait was significantly 

affected by Alg. The differences between the single Alg groups (being different 

in supplied Na-alginate concentration of 0, 1, 2, 5, 10, 20 and 50 mg per rat and 

per day) were considered to be significant if P<0.05, and marked by different 

superscripts within the tables in the results part of this report. While testing the 

differences, we adapted both LSD- test (e.g. Köhler et al. 2007) and Kruskal-

Wallis-Test (as implemented in SAS package), the latter was chosen in order to 

respect deviation from normal distribution (which was the case for all traits, 

besides of CTTAPD, for Table 2, but only for a few traits for Table 3, P<0.10). 

Taking in mind that the groups were small, with only eight rats per group 

examined, a finding of deviation from normal distribution is not uncommon. 

For testing this, we used SAS procedure UNIVARIATE. 

The DGGE images were analysed using the BioNumerics software (version 

2.0, Applied Maths, Kortrijk, Belgium). Similarity between lanes (samples) was 

calculated using the Pearson correlation coefficient based on the 

presence/absence and intensity of bands applying the BioNumerics software. 

The diversity of bands in individual lanes was calculated applying Shannon 

index (H’) (Janczyk et al. 2007b). Differences between band numbers 

(Richness, R) and Shannon diversity indices (H’) obtained from DGGE 

fingerprints were calculated applying the procedure described above.

RESULTS 

The rats remained in good condition throughout the experiment. All 

haematological and biochemical parameters analysed (erythrocytes and 

leucocytes counts, lymphocyte, neutrophile, eosinophile and basophile 

concentrations, thrombocyte count, hematocrit, haemoglobin concentration,  
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alanine and aspartate aminotransferase, alkaline phosphatase, and glutamate 

dehydrogenase activities, total protein, urea and creatinine concentrations) were 

within normal physiological ranges (data not shown). 

Table 2. Average daily gain, average dry matter and water intake, coefficient of protein 

digestibility, protein efficiency ratio and faecal ammonia in rats fed control diet mixed 

with different levels of alginate for 11 days  

Alg- group defined by alginate (mg per rat and day)

Trait 

1

0 1 2 5 10 20 50

P-

value 

2

ADG (g/d) 2.831±

0.29

a 

2.836±

0.52

2.779±

0.38

a

2.996±

0.36

a

3.014±

0.26

2.720±

0.13

a

2.337±

0.61

b

0.0593

ADMI (g/d) 9.888±

0.09

9.668±

0.52

a

9.843±

0.12

9.898±

0.09

b

9.878±

0.08

9.854±

0.14

9.543±

0.57

b

0.2156

AWI (mL/d) 16.285±

4.27

14.365±

2.88

16.820±

2.73

a

16.350±

1.95

15.379±

1.01

b

16.218±

3.08

14.980±

1.02

b

0.5588

CTTAPD 0.866±

0.02

0.867±

0.01

bc

0.870±

0.01

b

0.871±

0.01

b

0.857±

0.01

c

0.871±

0.01

b

0.846±

0.02

ac

0.0127

PER 3.051±

0.30

3.114±

0.47

3.008±

0.38

bcd

3.227±

0.37

bcd

3.252±

0.26

c

2.943±

0.13

d

2.590±

0.61

acd

0.0562

FCR 3.530±

0.39

3.505±

0.61

3.609±

0.55

3.348±

0.41

3.299±

0.26

a

3.630±

0.15

b

4.410±

1.54

0.0778

NH
3
 (mg/g) 0.047±

0.02

c

0.049±

0.02

0.048±

0.01

bc

0.034±

0.01

ac

0.056±

0.01

bc

0.055±

0.004

b

0.045±

0.01

0.1016

1 

Average daily gain (ADG), dry matter and water intake (ADMI, ADWI), coefficient of total 

tract apparent protein digestibility (CTTAPD), protein efficiency ratio (PER), feed conversion 

ratio (FCR) and fecal ammonia (NH
3
), 

2

 P- value for significance of group effect on the mean 

marked in bold script, Superscripts with different letters (a, b, c, d) indicate significant differences 

between specified group means. Means without superscripts do not show significant differences 

to other groups.

The analysis model on based Alg group affecting trait variance was 

concurringly significant for one trait only. Smallest P values were obtained for 

trait CTTAPD (P = 0.0127 see Table 2). This is reflected by the highest number 

of significant differences between the groups (Table 2). Testing the Alg group 

means for significance let to very similar decisions from LSD-test and Kruskal-

Wallis- tests. In CTTAPD, groups Alg1, Alg2, Alg5 and Alg20 were in 

common significantly different to Alg50, whereas Alg2, Alg5 and Alg20 were 

significantly different to Alg10. Only one significant difference was obtained 

for FCR (Alg10 vs. Alg20). 

ADG was highest in the Alg5 and Alg10 (Table 2). The supplementation 

with 5 to 20mg Alg increased the CTTAPD but 50mg Alg decreased the 

apparent protein digestibility (Table 2) and increased the FCR. PER was 

influenced by Alg inclusion in a similar way to CTTAPD. No effect of Alg 

supplementation was observed for ADWI and ammonia concentration in faeces.

The inclusion of Alg in the diet increased the length and absolute weight of 

the SI in a dose-dependent manner (Table 3). However, the specific weight of 

the SI was not influenced. Caeca length was not affected by treatment but the 

absolute, relative and specific weight increased at 20 mg of Alg (Table 3).
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Table 3. Intestinal segments and livers from rats fed casein-diet supplemented with 

increasing amounts of alginate. Mean values with SD and P-values obtained in the 

mixed model (SAS procedure) are presented.

Trait Organ Alg group defined by alginate (mg per rat and day)

0 1 2 5 10 20 50

P-

value

2

SI

1

81.4±3.4

ac

81.0±5.0

a

82.4±3.5

abc

82.8±4.2

abc

80.0±4.1

a

87.2±2.9

b

86.7±9.9

bc

0.0756

Caecum
3.3 ± 0.6

a

3.1 ± 0.3

ab

3.0 ± 0.5

ab

2.9 ± 0.2

ab

3.0 ± 0.5

ab

2.8 ± 0.7

b

3.0 ± 0.8

ab

0.4998

L
e
n
g

t

h
 

(
c
m

)

Colon 10.9 ± 0.7 10.3 ± 0.9 10.1 ± 1.4 10.4 ± 1.2 10.8 ± 1.0 10.0 ± 0.6 10.7 ± 1.5 0.6762

SI 3.17±0.22

a

3.02±0.10

a

3.05±0.31

a

3.14±0.21

a

3.16±0.16

a

3.43±0.24

b

3.21±0.31

ab

0.0497

Caecum 0.50±0.06

a

0.47±0.08

a

0.46±0.08

a

0.46±0.03

a

0.45±0.07

a

0.60±0.16

b

0.50±0.04

a

0.0284

Colon 0.56 ± 0.06 0.53 ± 0.03 0.53 ±0.07 0.54 ± 0.05 0.53 ± 0.06 0.49 ± 0.07 0.55 ± 0.13 0.6997

A
b

s
o
l
u
t
e
 

w
e
i
g
h
t
 
(
g

)

Liver 3.85 ± 

0.34

3.67 ±

 0.46

3.63 ± 

0.51

3.90 ± 

0.41

3.86 ± 

0.26

3.83 ± 

0.18

3.49 ±

 0.60

0.4853

SI 0.097±

0.005

ac

0.093±

0.004

a

0.094±

0.008

a

0.096±

0.006

ac

0.096±

0.004

ac

0.106±

0.006

b

0.101±

0.006b

c

0.0029

Caecum 0.015±

0.002

a

0.014±

0.003

a

0.014 ± 

0.002

a

0.014 ± 

0.001

a

0.014 ± 

0.002

a

0.018 ± 

0.005

b

0.016 ± 

0.002

ab

0.0152

Colon 0.017 ± 

0.002

0.016 ± 

0.001

0.017 ± 

0.002

0.016 ± 

0.001

0.016 ± 

0.002

0.015 ± 

0.002

0.017 ±

0.004

0.5901

R
e
l
a
t
i
v
e
 
w

e
i
g

h
t
 

(
g

/
B

W

0
.
7
5

)

Liver 0.118 ± 

0.007

0.113 ± 

0.013

0.113 ± 

0.013

0.119 ± 

0.011

0.117 ± 

0.008

0.118 ± 

0.004

0.110 ±

0.016

0.6567

SI 0.039 ± 

0.002

0.037 ± 

0.002

0.037 ± 

0.004

0.038 ± 

0.003

0.040 ± 

0.003

0.039 ± 

0.003

0.037 ±

0.002

0.3696

Caecum 0.154 ± 

0.026

a

0.148 ± 

0.022

a

0.155 ± 

0.032

a

0.161 ± 

0.014

a

0.153 ± 

0.035

a

0.226 ± 

0.068

b

0.172 ±

0.033

a

0.0032

W
e
i
g

h
t
/
l
e
n

g
t

h
 
(
g
/
c
m

)

Colon 0.052 ± 

0.007

0.051 ± 

0.006

0.053 ± 

0.010

0.052 ± 

0.007

0.050 ± 

0.008

0.049 ± 

0.006

0.052 ±

0.011

0.9629

1 

SI – small intestine, 

 2 

P- value for significance of group effect on the mean marked in bold 

script, Superscripts with different letters (a, b, c) indicate significant differences between 

specified group means. Means without superscripts do not show significant differences to other 

groups.

Fig. 1. DGGE fingerprint of V6-V8 16S 

rRNA gene amplicons isolated from caecal 

content from rats. Each line represents pool 

of 6 PCR products (samples) to obtain a 

profile characteristic for each group of 

animals. Alg 0 to 50 - casein diet 

supplemented with 0, 1, 2, 5, 10, 20 and 50 

mg of Alg /day; M – electrophoresis 

marker lane. Bands marked a – e were 

excised from the gel, reamplified, cloned 

and sequenced. Cloning revealed following 

clones: a – BC31689_rat caecum and 

BC31691_rat caecum; b – BC31685_rat 

caecum; c – BC31682 rat caecum and 

BC31684_rat caecum; d – BC31693_rat 

caecum; e – BC31687_rat caecum (see Fig. 

3 for the closest relatives).

Analysis of DGGE fingerprints revealed that the addition of Alg to the diet 

at levels higher than 5mg/day resulted in a reduction in the number of bands. 
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Moreover the number of bands was reduced from 20 to around 15 when Alg 

was included at levels higher than 10 mg/day in the diet (Table 4). Together 

with the reduction in band numbers, the Shannon diversity index of the bacterial 

community decreased (Table 4). Supplementation with 20mg and 50mg Alg 

caused a shift in the universal bacterial 16S rDNA PCR-DGGE fingerprints.  

Band a (Fig. 1) was present in profiles of caecal bacteria from rats fed 2mg Alg 

per day or more. Bands b and c disappeared in ceacal contents from the Alg50, 

whereas bands d and e were not present in caecal contents from the Alg20 and 

Alg50 groups. These general observations were confirmed by cluster analysis of 

Pearson similarity. The calculated similarity between clusters of profiles from 

the Alg20 and Alg50 groups was low (65 %) whereas the clusters formed by 

Alg5 and Alg10 and by Alg0, Alg1 and Alg2 was 87 and 90 %, respectively. 

Therefore, the Alg20 and Alg50 groups formed a cluster that was different from 

that of the other groups (less than 55 % similarity; Fig. 2). 

Fig. 2. Similarity index of DGGE profiles obtained from caecal lumen microbiota of 

rats fed casein-maize starch diet without or with supplementation of Alg for 11 days. 

The Pearson coefficient of similarity was calculated and this allowed the generation of a 

dendrogram which is presented using unweighted pair group method with averaging. 

Samples from group fed and the diet with 1 and 2 mg Alg /day formed one cluster of 

high similarity. When rats received 20 or 50 mg of Alg /day the caecal microbiota 

population formed a different cluster of low similarity.

The 5 highest intensity bands in the DGGE profiles that changed between 

groups were cut out of the gel, reamplified, cloned and sequenced. The 

sequencing of the cloned 16S rDNA amplicons revealed 7 uncultured bacterial 

clones. Sequences obtained from the band b (coded as BC3168) and the band c

(BC31682 and BC31684) were most related to Clostridium  aminophilum but 

with similarities less than 97% represented currently uncultured species (Fig. 3). 

The band a (BC31689 and BC31691) represented other uncultured bacteria 

related either to Clostridium sp. or to Eubacterium sp. (Fig. 3). The bands d

(BC31693) and e (BC31687) represented uncultured bacteria related to 

Eubacterium plexicaudatum and Arthrobacter agilis (Fig. 3).
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Fig. 3. Neighbour joining tree showing the affiliation of re-amplified and cloned bands 

excised from DGGE gels of rat caecal microbiota V6-V8 16S rDNA amplicons. Bar 

indicates 10% sequence variation.

Table 4. Impact of increasing level of sodium-alginate supplementation on richness 

(number of bands) and Shannon diversity index (H’) of denaturing gradient gel 

electrophoresis fingerprints of bacterial 16S rDNA amplicons from rat caeca. 

Significant differences between groups are presented in a matrix form for clarity.

Alg group defined by alginate (mg per rat per day)

Trait

0 1 2 5 10 20 50

P-

value

1

Richness (R)

24.000 ±

4.63

21.000 ± 

2.45

21.75 ± 

1.98

18.875 ± 

3.91

14.625 ± 

3.20

16.833 ± 

3.13

14.167 ± 

5.08

<0.0001

Shannon 

index H’

1.134 ± 

0.35

1.201 ± 

0.06

1.232 ± 

0.04

1.126 ± 

0.10

0.993 ± 

0.15

1.060 ± 

0.08

1.018 ± 

0.18

0.0737

Significant for 

Alg groups 

and trait:

0 1 2 5 10 20 50

P–

value 

2

0 - - - R R, H’ R, H’ R  < 0.04

1 - - - - R, H’ R, H’ R, H’  < 0.03

2 - - - H’ R, H’ R, H’ R, H’  < 0.05

5 - - - - R - -  = 0.05

10 - - - - - - -

20 - - - - - - -

50 - - - - - - -

1

 P- value for significant group effect on the mean marked in bold script, 

2 

highest P- value 

indicating  significance of marked group differences

DISCUSSION

The inclusion of Alg had no effect on ADMI but 1 to 10g Alg/kg increased 

ADG and 20g Alg/kg or more reduced it. These results indicate that Alg should 

not be fed to rats at levels higher than 20mg/day. The improved growth rates 

observed in rats fed low levels of Alg could have resulted from an increase in 

the weight of the SI. In our study, the caeca were heaviest in rats fed 20g Alg/ 
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kg diet. Brownlee et al. (2005) found that up to 10g dietary fibre /kg stimulates 

secretion of mucus in the colon resulting in a thickening of the mucus layer of 

the gut. The increased weight/length ratio indicated that the thickening of the 

caecal wall was responsible for the increased absolute weight. All rats were fed 

diets in which cellulose was the major fibre source and therefore differences in 

fibre content (other than Alg) can not account for the observed differences in 

caecal weight. It is possible that an increase in the production of short chain 

fatty acids (SCFA) from the uronic acid, fucose and xylose present in the Alg 

was responsible for the effects observed. We did not measure the SCFA 

concentration in the intestinal contents but Hoebler et al. (2000) showed an 

increase in caecal SCFA in pigs fed 50g Alg /kg diet when compared to 50g 

cellulose/kg (1171 vs. 619 µmol/g DM). Also, Dongowski et al. (2002) found 

that the total SCFA in the caecal contents increased in rats fed a diet rich in 

fibre which in turn resulted in an increasing caecum weight.

In our experiment the CTTAPD was reduced when 50mg Alg per day was 

fed, an observation that is consistent with the reduced ADG observed in the rats 

of this group. Our findings agree with those from El Kossori et al. (2000). These 

authors observed lower casein digestibility in the presence of 250g Alg/L in an 

in vitro system. The reason is not known but the binding properties of the Alg 

could be responsible for these effects. Binding of some ions such as calcium or 

iron (Harmuth-Hoene and Schelenz 1980, Bosscher et al. 2001) could reduce 

absorption of the minerals and growth. In addition, the binding of AA to Alg 

cannot be excluded. The stimulation of the intestinal mucus layer by Alg 

(Brownlee et al. 2005) could also increase the flow of protein into the large 

intestine.

The high viscosity and binding properties of Alg are expected to increase 

water demand by rats but this hypothesis was not confirmed, as no effect of Alg 

on ADWI and ammonia concentration in faeces was recorded. Considering the 

high standard deviation and small number of animals per group, the differences 

among groups detected for ADWI and free NH
3
 content in the faeces are rather 

random. The higher ammonia concentrations recorded in Alg10 and Alg20 

would suggest a low NH
3
-binding capability of Alg. It can not be excluded but 

further analysis of the physical and chemical characteristics of Alg are needed 

to confirm this hypothesis.

The fermentation of dietary fibres from seaweed resulted in an increase of 

aerobes in in vitro fermentation test (Michel et al. 1996), but no changes were 

observed in the anaerobe to aerobe ratio (Michel et al. 1999). Suzuki et al. 

(1993a, 1993b) suggested that the indigenous microbiota adapt to the 

fermentation of mannuronic acid what was confirmed by Hoebler et al. (2000) 

in a study in pigs. In order to follow the changes in the caecal bacterial 

community of rats caused by Alg inclusion in the diet, we applied DGGE 

analysis of 16S rRNA-gene fragments PCR-amplified with universal bacterial 

primers. This technique has successfully been applied in complex bacterial 
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community studies (Muyzer and Smalla, 1998; Janczyk et al., 2009; Pieper et 

al., 2009).

In our study the number of bands and the diversity index of the DGGE 

profile of caecal bacteria decreased as the levels of Alg increased indicating 

adaptation of the microbiota to Alg inclusion in the diet within 11 days. The 

DGGE fingerprint itself gave no information on the qualitative changes that 

occurred (e.g. aerobes to anaerobes; homo- or hetero-fermentative organisms). 

The five most dominating bands were excised, cloned and sequenced. 

Unfortunately, we were not able to identify any of the clones, probably because 

only 10-20% of mammalian intestinal bacteria have been fully identified (Suau 

et al. 1999). Alignment with known sequences revealed that the dominating 

bacteria present in the caecum of rats belonged to the genera Clostridium, 

Eubacterium and Arthrobacter. Disappearance of these bacteria from the caecal 

bacterial community following an inclusion of 20 or 50mg Alg in the diet 

suggests adaptation of the caecal microbiota to mannuronic and guluronic acids. 

Few studies concerning Alg feeding and bacterial communities have been found 

in the literature. Three Bacteroides strains (from 435 tested) were found to be 

able to metabolize Alg (Fujii et al. 1992). Also, feeding of Alg caused an 

increase in the number of bifidobacteria whereas the number of enterobacteria 

and lecithinase-negative clostridia decreased (Terada et al. 1995). Other fibre 

sources, for example high- -glucan, stimulated the growth of 

lactobacilli in the rat caecum (Snart et al. 2006). Mannuronic acid from Alg was 

totally degraded by the pig large intestine microbiota (Hoebler et al. 2000). We 

cannot exclude the possibility that Alg stimulates growth of lactic acid bacteria, 

resulting in increased SCFA and lactic acid concentrations, which would 

suppress a subset of bacterial species in the gut. This would also support our 

theory that the increased SCFA were responsible for the increased caecum 

weight. However, further investigation in this field would be necessary to 

confirm this hypothesis.

In the presented study, feeding rats with a casein-maize starch diet 

supplemented with Alg caused adaptation of the caecal bacterial community to 

alginate. This was observed as changes in DGGE fingerpints. The crude dietary 

protein digestibility increased at lower levels of Alg and was negatively affected 

at high amount (50mg/day) of Alg in the diet. This corresponded to changes in 

body weight gain, indicating the maximal level of possible Alg inclusion in the 

rat diet. No effect of Alg on water intake and faecal ammonia concentration was 

indicated. The viscosity and binding properties of Alg did not play a role when 

fed to rats in the tested amounts. Therefore, the amount up to 20mg Alg per day 

can be used as a prebiotic supplement for rats.
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