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Abstract

Background: Use of prebiotics in companion animal nutrition is often considered advantageous over probiotics
because of the ease of handling, ability to withstand processing and storage etc. While most of the studies on
prebiotic use in dogs have been done with processed food as basal diet, the response in relation to homemade
diet feeding is not very well explored.

Methods: The study was conducted to evaluate the effects of dietary mannanoligosaccharide (MOS) supplementation
on nutrient digestibility, hindgut fermentation, immune response and antioxidant indices in dogs. Ten Spitz pups were
divided into two groups: control (CON) with no supplementation, and experimental (MOS) wherein the basal diet was
supplemented with MOS at 15 g/kg diet. All dogs were fed on a home-prepared diet for a period of 150 days. The
study protocol included a digestion trial, periodic blood collection and analysis for lipid profile and erythrocytic
antioxidants. Immune response of the animals was assessed towards the end of the feeding period.

Results: Results revealed no significant (P > 0.05) variations in palatability score, intake and apparent digestibility of
nutrients between the groups. Faecal score, faeces voided, faecal pH, concentrations of ammonia, lactate and
short-chain fatty acids were comparable (P > 0.05) between the two groups. Cell-mediated immune response,
assessed as delayed-type of hypersensitivity response, was significantly higher (P < 0.05) in the MOS group. The
percent of lymphocyte sub-populations CD4+ and ratio of CD4+:CD8+ were also significantly (P < 0.05) higher in
MOS group. The serum IgG levels were similar (P > 0.05) in both the groups. Supplementation of MOS lowered
(P < 0.05) serum total- and LDL- cholesterol levels, when compared with the control group. The erythrocytic
antioxidant indices were similar (P > 0.05) between the two groups.

Conclusions: The results indicated that supplementation of MOS at the rate of 15 g/kg in the diet of dog augmented
the cell-mediated immune response and serum lipid profile without any influences on digestibility of nutrients, hindgut
fermentation and antioxidants indices.
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Background

A nutritionally balanced diet and proper microbial
ecology are required for a healthy gut. Optimization of
gut health through feeding of probiotics that help
maintaining the microbial balance of hindgut has be-
come a routine approach in human and animal nutri-
tion. However, the difficulty in maintaining the
liveability and therefore the effectiveness of the pro-
biotic bacteria in varied processing and management
conditions has been a concern in canine nutrition
practice. In this scenario, prebiotics are often consid-
ered to have advantages over the probiotics. Prebiotics
are defined as selectively fermented ingredients that
allow specific changes, both in the composition and/or
activity in the gastrointestinal microflora that confers
benefits upon host well-being and health [1]. Prebiotics
have been demonstrated to possess the potential to
improve or maintain a balanced intestinal microflora
resulting in enhanced health and wellbeing of animals.
Mannanoligosaccharide (MOS) derived from the outer
cell wall of yeast has been used as a potential prebiotic
to improve health status in many species [2, 3] includ-
ing dogs [4]. It improves gut microflora balance and
has immune-modulatory properties [5]. Previous pub-
lished reports suggest that dietary supplementation of
MOS has positive influence on the immune system of
dogs [6-8].

The role of MOS in improving lipid profile by lowering
serum concentrations of cholesterol, LDL-cholesterol, and
triglyceride have been proposed in human [9] and animals
[10]. Nutrient mobilization and changing digestive effi-
ciency during active growing phase lead to inflammatory
responses and production of reactive oxygen species
(ROS) that may influence the antioxidant status. Several
enzymatic systems are found in tissues to prevent oxida-
tive damage by quenching ROS. These include antioxi-
dants like superoxide dismutase, reduced glutathione,
catalase, lipid peroxidation, glutathione peroxidase and
total thiol groups [11]. However, the effects of dietary
MOS supplementation on lipid profile and antioxidant
indices have not yet been investigated in dogs. Like-
wise, most of the studies on prebiotics including MOS
have been carried out using dogs fed processed pet
foods. However, studies on the effects of dietary MOS
on the digestive and fermentative attributes of dogs
fed on home-prepared diet are still lacking. This as-
pect is important as in many situations pet dogs are
reared on homemade diets because of behavioural,
medical and socio-economic reasons. Therefore, the
aim of this study was to evaluate the effects of dietary
MOS supplementation on nutrient digestibility, hind-
gut fermentation, immune response, lipid profile and
antioxidant indices in dogs when fed on a home
cooked diet.
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Methods

The study was carried out in the kennel facility of Animal
Nutrition Division, Indian Veterinary Research Institute,
Izatnagar, India.

Experimental animals and dietary treatments

Ten Spitz pups (age 4 months; average body weight
4.2 kg) were divided into two equal groups: control (CON)
and experimental (MOS), and fed a home-prepared diet
(Table 1) as per the NRC [12] recommendations for
150 days. The MOS group was supplemented with MOS
powder (derived from the cell wall of Saccharomyces cere-
visiae; containing 300 g protein,14 g crude fat, and 130 g
crude fibre per kg; courtesy, Provimi Animal Nutrition
India Pvt. Ltd., Bangalore, India) at the rate of 15 g/kg of
food. The measured quantity of MOS was top-dressed on
weighed amount of food for individual dogs and mixed
thoroughly. The total quantity of food required by individ-
ual dog was offered in clean feeding bowls in two equal
portions in morning (09:30) and evening (19:30). The dogs
had access to drinking water throughout the day. A 1-4-
point scale was used for assessment of palatability of the
experimental diets [13]. The experimental protocol was
approved by the Institutional Animal Ethics Committee
(IAEC), Indian Veterinary Research Institute, Izatnagar,
India.

Digestion trial and hindgut fermentation

A digestion trial of 4-days duration was conducted after
60 days of experimental feeding. It involved quantification
of daily food intake and faecal excretion to assess the di-
gestibility of nutrients. The faecal score was recorded
using a 1-5-point scale [14]. The pooled fresh faecal sam-
ples were mixed thoroughly and an aliquot was obtained
for nitrogen estimation, which was preserved in 1:4 dilute

Table 1 Ingredient and chemical composition of experimental
diet fed to the dogs®

Ingredients (g/kg diet) Chemical composition (%)

Rice 450.0 Organic matter 96.2
Extruded soya 474.0 Crude protein 224
Soya oil 50.0 Crude fat 7.30
lodized salt 30 Crude fibre 467
Dicalcium phosphate 130 Total ash 384
Calcium carbonate 10.0 Nitrogen-free extract 618
Trace mineral premix® 1.0 Calcium 1.02
Vitamin premix® 1.0 Phosphorus 0.81

“Pressure cooked at 15 psi for 10 min, Metabolizable energy = 3.56 kcal/g
provided (per kg diet): Mn 14.2 mg; Fe 110 mg; Cu 9 mg; Co 1.8 mg; Zn

150 mg; | 1.6 mg; Se 0.3 mg

“Provided (per kg diet): vitamin A 10,000 IU; vitamin D 1000 IU; vitamin E

100 1U; vitamin K 0.65 mg; thiamin 7.56 mg; riboflavin 11.89 mg; pantothenic
acid 18.50 mg; niacin 93.16 mg; pyridoxine 6.60 mg; biotin 12.42 mg; folic acid
1142.10 pg; vitamin B, 164.87 pg
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H,SO,. Another aliquot of one gram of fresh faeces was
diluted with an equal volume of distilled water and centri-
fuged at 10,000 rpm. The supernatant was used for deter-
mining pH, and ammonia and lactate. A third aliquot of
one gram of fresh faeces was mixed with 1 mL of 25% of
metaphosphoric acid and centrifuged at 10,000 rpm for
10 min. The supernatant was used for short-chain fatty
acids (SCFAs) analysis. A final aliquot was obtained from
rest of the fresh faecal samples for determination of
DM. The samples of faeces and food were dried at 60 °
C in a forced-draft oven, ground through a 2-mm
screen in a laboratory mill (SM100, Retsch GmbH,
Haan, Germany) and used for further analysis. The
ground samples of food offered and faeces were ana-
lyzed in triplicate for DM, crude protein (CP), crude
fat, crude fibre (CF), ash, calcium and phosphorus ac-
cording to the procedures of AOAC [15]. Nitrogen-free
extract (NFE) was calculated by difference. The pH of fae-
cal samples was measured by using a pH meter (Eutech
Instruments, Malaysia). Faecal ammonia [16] and lactate
[17] concentration were estimated adopting standard
methods. The SCFAs concentrations were estimated by
using gas-liquid chromatography (Neucon-5765)
equipped with an FID and Chromosorb 101 glass col-
umn (4 ft. length and 1.8 mm diameter) as described by
Agarwal et al. [18].

Immune response

The cell-mediated immune (CMI) response was assessed
at 110 day of the study by measuring the skin induration
as delayed-type hypersensitivity (DTH) reaction to intra-
dermal inoculation of phytohaemagglutinin-P (PHA-P)
mitogen as detailed elsewhere [19, 20]. Additionally,
whole blood samples were collected into chilled heparin-
ized micro-centrifuge tubes, and were utilized for immune
phenotyping of T-lymphocyte subpopulations by flow cy-
tometry. Commercially available monoclonal antibodies
(Serotec, Oxford, UK) were used to identify cell surface
markers for T-cells CD3, CD4+ and CD8+. The lympho-
cyte subsets were quantified by using dual-laser bench-top
FACScan flow cytometer (FACSCalibur, Becton Dickinson,
San Diego, CA, USA) as described previously [20]. At
120 day of the study, humoral immune (HI) response of
the dogs was assessed by measuring serum levels of im-
munoglobulin G (IgG) following subcutaneous inoculation
of Leptospira antigen (Intervet India Limited, Pune, India).
The blood samples were collected at 0, 7, 14 and 28 days
post-inoculation by taking aseptic precautions and centri-
fuged at 2000 rpm for 20 min for the separation of serum.
Serum levels of IgG were measured using single radial
immuno-diffusion test kit (VMRD Inc., Pullman, WA).
Briefly, 3 pL of the canine IgG standard at concentrations
of 300, 600, 1200 and 2400 mg/dl were added to wells on
the plate in duplicate. The plates were incubated in a
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humidified chamber for 48-72 h at room temperature
until the size of the precipitin ring was stable. Using a
centimeter ruler, the ring diameter was measured and
standard curve was generated. The serum samples (diluted
1:100) were assayed in duplicate using the same procedure.

Antioxidant indices and lipid profile

The blood samples were collected at 120-day of experi-
mental feeding into sterilized micro-centrifuge tubes con-
taining acid citrate dextrose for analysis of antioxidants.
Blood samples were centrifuged at 3000 rpm for 20 min
and sedimented cells were washed with 0.9% NaCl solu-
tion and re-centrifuged three times with phosphate buffer
saline. The washed erythrocytes were then haemolysed
with nine volumes of distilled water to prepare 10%
erythrocytic haemolysate. Estimation of enzymatic- (super-
oxide dismutase: SOD and catalase) and non-enzymatic-
(lipid peroxidation: LPO, reduced glutathione: GSH and
total thiols) antioxidant indices in the erythrocytic haemo-
lysate were carried out as described earlier [21]. The blood
samples collected were analyzed in duplicate to deter-
mine serum concentrations of triglyceride, total choles-
terol and high-density lipoprotein (HDL)-cholesterol
using diagnostic kits (Span Diagnostics Limited, Surat,
India). The low-density lipoprotein (LDL; LDL = Total
cholesterol-HDL - triglycerides/5) and very low-density
lipoprotein (VLDL; VLDL = triglycerides/5) were calculated.

Statistical analysis

All the experimental data obtained were statistically ana-
lyzed by using SPSS v.16.0 (SPSS Inc., Chicago IL) as per
the standard statistical methods [22]. Significant differ-
ences between means of treatments were assessed by the
Duncan’s test, and the differences among treatments
were declared significant at P < 0.05.

Results and discussion

Nutrient digestibility and body weight changes

The palatability score, intake of DM, CP, fat, CF and NFE
were comparable between the groups (Table 2). Similarly,
apparent digestibility of DM, fat, CF and NFE did not dif-
fer (P > 0.05) between the groups. The CP digestibility,
however, tended (P > 0.05) to be lower in MOS supple-
mented group as compared to CON group. It is reported
that dietary supplementation of oligosaccharides at various
dose levels did not affect apparent total-tract digestibility
of DM, CP and fat of dogs [4, 23]. However, other studies
with dogs found that oligosaccharides supplementation
decreased total tract digestibility of DM, OM, and CP [10,
24]. Prebiotics are added to the diet to facilitate changes in
the microbial micro-climate of the hind gut. Most of di-
gestion process is completed by the time the digesta
reaches the colon of the dog. Hence, it is hardly expected
that dietary supplementation of prebiotics would have
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Table 2 Effects of dietary mannanoligosaccharide
supplementation on the total tract apparent digestibility of
nutrients and body weight gain of dogs

Attributes Dietary groups Significance
CON MOS
Palatability score® 143 +0.11 1.50 £ 0.19 NS
Digestibility (%)
Dry matter 82.1 +1.38 83.6 + 0.63 NS
Crude protein 80.0 + 2.06 76.1 + 362 NS
Crude fat 90.9 £ 2.79 919 £ 131 NS
Crude fibre 517 £1.26 552 £ 082 NS
Nitrogen free extract 799 + 1.82 81.1 £ 0.64 NS
Body weight changes (kg)
Initial 431 +033 427 +£0.38 NS
Final 6.07 £ 032 6.11 £ 042 NS
Net gain 1.76 £ 0.55 1.84 £ 032 NS

CON control diet, MOS control diet + mannanoligosaccharide at 15 g/kg diet
“Based on 1-4 point scale
NS non-significant; P > 0.05

worthwhile impact on the digestibility of nutrients. This
could possibly the reason why no positive impact of the
MOS was evident on the digestibility of nutrients. In
general, when the diet is high in protein or it contains
poorly digestible protein ingredients, the undigested
proteins reaching the colon get converted to ammonia
because of increased proteolysis. Supplementation of prebi-
otics in these situations may reduce ammonia production
because of the ensuing higher fermentation, leading to in-
creased synthesis of bacterial proteins [25]. This, in turn,
may result in a lowering of apparent digestibility of CP be-
cause the bacterial proteins so produced are not digested/
absorbed at colonic level, and are excreted in the faeces.
This could also explain the trend of lower CP digestibility
observed in the MOS group in the present study.

In this study, feeding the dogs with 15 g MOS/kg of
food did not affect body weight (Table 2). This could be
due to the fact that the animals used were already adults
by the time the experiment was completed, and were fed
on the same basal diet with the addition of only 1.5% of
MOS. Like the present findings, O’Carra [6] reported no
difference in body weight gain of Border Collie pups fed
diet supplemented with 0.2% dietary MOS.

Hindgut fermentation

The faecal score, weight of faeces voided and faecal
DM were without any significant (P > 0.05) difference
between the two groups (Table 3). In addition, MOS
supplementation did not affect (P > 0.05) faecal pH,
faecal concentrations of ammonia and lactate. Faecal con-
centrations of acetate, propionate, butyrate and total
SCFAs were comparable (P > 0.05) in both the groups. In
line with the present observations, Diez et al. [26] also did
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Table 3 Effects of dietary mannanoligosaccharide
supplementation on faecal fermentative attributes of dogs

Attributes Dietary groups Significance
CON MOS

Physical attributes
Faecal score® 333+£033 360 + 040 NS
Faeces voided (g/day) 156.8 + 14.8 1649 + 143 NS
Faecal DM (g/kg) 2186 +21.8 2166 + 184 NS

Chemical attributes
pH 584 + 023 577 £021 NS
Ammonia (umol/g) 845 + 0.87 839+ 124 NS
Lactate (umol/g) 2425 + 2.07 2785 £ 5.15 NS
Acetate (umol/g) 1341 £ 6.12 1465+ 114 NS
Propionate (umol/g) 1004 + 120 9713 +£6.77 NS
Butyrate (umol/g) 3146 + 3.04 3540 + 1.88 NS
Total SCFAs (umol/g) 2659 + 149 2789 £ 16.2 NS

CON control diet, MOS control diet + mannanoligosaccharide at 15 g/kg diet
?Based on 1-5 point scale
NS non-significant; P > 0.05, SCFAs short-chain fatty acids

not find any increase in faecal volume of dogs fed diet
supplemented with inulin (6.5%) and oligofructose
(5%). Similarly, Flickinger et al. [27] reported that wet
faecal output, faecal score, faecal pH and ammonia
concentrations were unaffected in dogs supplemented
with oligofructose at the level of 1 g/d. In contrast to the
present findings, Propst et al. [24] found concentrations of
faecal acetate, propionate, butyrate and total SCFAs were
higher (P < 0.01) in dogs supplemented with oligofructose
(0.3, 0.6 and 0.9% on DM basis) than in control. Swanson
et al. [7] observed the similar increase in SCFAs concen-
trations in dogs supplemented with oligosaccharides. The
reported variations observed in the fermentative metabo-
lites could be due to various factors related to the dose
and nature of the prebiotics as well as the composition of
the basal diet [28]. In the present study, the dietary level of
MOS used was 1.5% which is equivalent to a daily intake
of 3.26 g per dog, while most of the studies have used
MOS at much lower levels [7, 25, 29]. However, even at the
stated level of supplementation, the faecal concentrations of
acetate and butyrate were 11.7 and 12.4% higher in com-
parison to the respective CON group values. Nonetheless, a
potential factor preventing the detection of differences in
faecal SCFA concentration between the two groups in the
current study could possibly the rapid absorption of SCFA
by colonocytes, as has been suggested by von Englehardt
et al. [30], and endorsed by Swanson et al. [7].

Immune response

The MOS and the immune system interaction was ex-
pected as mannans and glucans found in cell walls of S.
cerevisiae have been shown to induce an antigenic
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response [31], and modulate immunity due to the direct in-
fluence of the MOS on immune system and/or improved
intestinal absorption of some nutrients, such as zinc, cop-
per, selenium [32]. The DTH reaction is a good indicator of
events occurring at the effector phase of the CMI response
in vivo [19]. The DTH response in terms of skin thickness
increment was significantly higher (P < 0.05) in the MOS
group, when compared with the CON group (Fig. 1).
The highest skin induration was noted at 12 h of post-
inoculation in both the groups. The population of
lymphocyte subpopulations CD3 and CD8+ were similar
(P > 0.05) in both the groups. However, the population of
CD4+ (43.7 vs. 45.6) and ratio of CD4+:CD8+ (2.5 vs. 2.9)
were significantly higher (P < 0.05) in the MOS group
than in the CON group (Table 4). CD4+ lymphocytes
are helper—inducer T-lymphocytes, whereas CD8+ cells
are suppressor or cytotoxic T-cells. T-helper CD4+ is a
humoral immune response indicator, which help other
white blood cells in immunologic processes. The CD4+
interferes in the stimulation and maturation of B lym-
phocytes and indicates how well the immune system is
working [33]. The significant increase in population of
CD4+ T-lymphocytes in the present study may there-
fore indicate positive influence of MOS on the immune
system. This may also explain the enhanced DTH re-
sponse observed in MOS group as compared to CON
group. Because CD4+ T-cells play an important role in
inducing the DTH response and activated CD4+ T-cells
are potent source of various cytokines. The CD4+:CD8
+ ratio is another important indicator of immune status
[34], and a lower ratio is indicative of reduced immune
status. A decrease in CD4+ and a CD4+:CD8+ ratio of
less than 1.5 has been correlated with immune impair-
ment and increased susceptibility to infection [35]. The
greater ratio of CD4+:CD8+ in MOS group indicates
improved systemic immune response in the experimental

——CON —a—MOS

S

Skin-fold thickness (mm)
8] w - W (=) ~ oo =]

0 12 24 48 72
Hours post-inoculation

Fig. 1 Effect of dietary mannanoligosaccharide on cell-mediated
immune response assessed as increase in skin-fold thickness (mm)
following intra-dermal inoculation of phytohaemagglutinin-P mitogen
in dogs. CON, control diet; MOS, control diet supplemented with
mannanoligosaccharide at 15 g/kg diet. (Significance: Diet,

P = 0.004; Hour, P < 0.001; Diet x Hour, P = 0.480)
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Table 4 Effect of dietary mannanoligosaccharide
supplementation on peripheral lymphocyte subpopulations of
dogs

Lymphocytes Dietary groups Significance
(%) CON MOS

(D3 8173 + 107 82.04 + 097 NS

CD4+ 4370° + 029 4564° + 020 *

CD8+ 17.20 + 031 16,00 + 0.22 NS
CD4+CD8+ 2547 + 006 2.85° + 0.05 *

CON control diet, MOS control diet + mannanoligosaccharide at 15 g/kg diet
@Means bearing different superscripts in a row differ significantly; *P < 0.05,
NS non-significant; P > 0.05

group of dogs induced by MOS as compared to CON
group. There have been reports of alterations of the CD4+
and CD8+ T cell proportions in the gut-associated lymph-
atic tissue in canines in response to fermentable fibres
[36]. Samal et al. [13] have also reported improved CD4+
population and CD4+:CD8+ ratio in dogs supplemented
with graded levels of Jerusalem artichoke as a source of
prebiotic.

The serum IgG levels at 0, 7, 14 and 28 days of post-
inoculation with Laptospira antigen were without any sig-
nificant (P > 0.05) differences (Fig. 2). However, dietary
MOS supplementation tended to increase (P = 0.084) the
serum levels of IgG in MOS (1956 + 67.1 mg/dL) group of
dogs in comparison to the CON (1731 + 84.1 mg/dL)
group. This, when interpreted in conjunction with the ob-
served increase in CD4+ population, indicates that dietary
MOS supplementation might have had a stimulating influ-
ence on the humoral immune response of the dogs. Con-
trary to the present findings, O’'Carra [6] reported no
change plasma IgG levels in Border Collie pups and adult
Beagles fed diet supplemented, respectively, with 2 g and
1-4 g MOS/kg. However, the differences between these re-
ported studies and our results could be explained by the
lower doses of MOS used in their experiments.

2500

BCON OMOS
2000
~
=2
= 1500
oo
E
O 1000
=
500
0
0 7 14 28

Days post-inoculation

Fig. 2 Effect of dietary mannanoligosaccharide on serum IgG levels
of dogs assessed by single radial immunodiffusion test. CON, control
diet; MOS, control diet supplemented with mannanoligosaccharide at
15 g/kg diet. (Significance: Diet, P = 0.084; Day, P = 0.160; Diet x Day,
P =0899)

.
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Antioxidant indices and lipid profile

The data on erythrocytic antioxidants indicated no in-
fluence of MOS on the antioxidant enzymes viz. SOD,
and catalase. The extent of lipid peroxidation, and the
concentrations of GSH and total thiols also remained
uninfluenced (Table 5). There have been studies indi-
cating that mannans from S. cerevisiae have antioxida-
tive property in vitro [37]. Ognik and Krauze [38] have
reported that dietary use of MOS in turkey stimulated
the mechanisms of oxidative defense and improved the
growth performance of the birds. However, no influ-
ence of MOS supplementation was evident on the mea-
sured antioxidants in the present study. It would be
reasonable to construe that the dogs in the present case
were devoid of any stress, and hence no differences
could be seen in the antioxidant status between the two
groups of dogs.

Supplementation of MOS in diet of dogs significantly
(P < 0.05) reduced serum total- (125.4 vs. 139.8 mg/dL)
and LDL- cholesterol (46.3 vs. 66.6 mg/dl) concentra-
tions, when compared to the CON group (Table 5). It
has been suggested that the products of bacterial fer-
mentation, specifically SCFAs, may inhibit cholesterol
synthesis in the liver and/or cause the mobilization of
plasma cholesterol to the liver [39] leading, in turn, to a
possible reduction in cholesterol in blood plasma. The
observed lowered levels total- and LDL- cholesterol in
the present are similar to the reports of Diez et al. [8]
who found that dietary oligofructose supplementation

Table 5 Effects of dietary mannanoligosaccharide
supplementation on lipid profile and erythrocytic antioxidant
indices of dogs

Attributes Dietary groups Significance
CON MOS

Lipid profile
Triglycerides (mg/dL) 4931 +£410 4709£591 NS
Total cholesterol (mg/dL) 13983° £ 414 12538% + 431 *
HDL-cholesterol (mg/dL) 6342 £ 573 6963 +563 NS
LDL-cholesterol (mg/dL) 6663°+6.16 4633 +501 *
VLDL-cholesterol (mg/dL) 9.78 + 0.79 942 £ 1.18 NS

Antioxidant indices
SOD (U/mg Hb) 5428 +307 5738+338 NS
Catalase (U/mg Hb) 0.150 = 0.01 0.146 + 0.02 NS
LPO (nmoL MDA/mg Hb) 259 + 0.24 245+ 026 NS
GSH (nmol/mg Hb) 248 £ 0.11 261 +017 NS
Total thiols 1.83 £ 0.07 1.78 £ 0.07 NS

(nmoL/mg Hb)

CON control diet, MOS control diet + mannanoligosaccharide at 15 g/kg diet
HDL high-density lipoproteins, LDL low-density lipoproteins, VLDL very
low-density lipoproteins, SOD superoxide dismutase, LPO lipid peroxidation,
MDA malondialdehyde, GSH reduced glutathione, Hb haemoglobin

3®Means bearing different superscripts in a row differ significantly; *P < 0.05,
NS non-significant; P > 0.05
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(5% and 10.2%) in dog diets tended (P > 0.05) to lower
plasma cholesterol levels, when compared with the con-
trol diet (146 and 144 vs. 157 mg/dl, respectively). On
the other hand, serum levels of triglycerides, HDL- and
VLDL- cholesterol were comparable (P > 0.05) in both
the groups.

Conclusions

The supplementation of MOS at 15 g/kg diet of dogs did
not have any influence on the digestibility of nutrients,
hindgut fermentation and the erythrocytic antioxidant in-
dices. The MOS supplementation, however, improved the
immune status and lipid profile of dogs. Further studies,
however, are warranted to establish the positive role of
MOS with varied supplemental levels.

Abbreviations

CF: Crude fiber; CMI: Cell-mediated immunity; CP: Crude protein; DM: Dry
matter; DTH: Delayed-type hypersensitivity; GSH: Reduced glutathione;
HDL: High-density lipoproteins; IgG: Immunoglobulin G; LDL: Low-density
lipoproteins; LPO: Lipid peroxidation; MOS: Mannanoligosaccharides;

NFE: Nitrogen-free extract; PHA-P: Phytohaemagglutinin-P; ROS: Reactive
oxygen species; SCFA: Short-chain fatty acids; SOD: Superoxide dismutase;
VLDL: Very low-density lipoproteins

Acknowledgements

The first author acknowledges the financial help received in the form of
Junior Research Fellowship from Indian Council of Agricultural Research,
New Delhi, India.

Funding
The funding for this research was provided by the Indian Veterinary Research
Institute, Izatnagar, India.

Availability of data and materials
The data that support the findings of this study are available from the
corresponding author upon reasonable request.

Authors’ contributions

MMP and AKP conceived the idea and planned the details. MMP carried
out the animal experimentation and laboratory analyses, written the draft
manuscript. DKS and TKG planned and carried out the immunological
tests, and the relevant laboratory analyses and data interpretation. AKP and
KS carried out statistical analyses of the data, and critical review of the
manuscript. All authors read and approve the final manuscript.

Competing interest
The authors declare that they have no competing interest.

Consent for publication
Not applicable.

Ethics approval

All procedures performed in studies involving animals were in accordance
with the ethical standards of the institution or practice at which the studies
were conducted. The study was registered, and protocol involving the
animal use was approved by the Institutional Animal Ethics Committee as
per the guidelines of the Committee for the Purpose of Control and
Supervision of Experiments on Animals.

Author details

'Division of Animal Nutrition, ICAR-Indian Veterinary Research Institute,
|zatnagar 243122, India. Present address: Department of Animal Nutrition,
College of Veterinary Science & Animal Husbandry, Sardarkrushinagar
Dantiwada Agricultural University, Sardarkrushinagar 385506, India. *Present
address: Carl R. Woese Institute for Genomic Biology, University of lllinois at



Pawar et al. Journal of Animal Science and Technology (2017) 59:11

Urbana-Champaign, Urbana, IL 61801, USA. “Division of Epidemiology,
ICAR-Indian Veterinary Research Institute, lzatnagar 243122, India.
“Immunology Section, ICAR-Indian Veterinary Research Institute, Izatnagar
243122, India.

Received: 25 January 2017 Accepted: 27 April 2017
Published online: 11 May 2017

References

1.
2.

20.

Roberfroid MB. Prebiotics: the concept revisited. J Nutr. 2007;137:8305-7S.
Parks CW, Grimes JL, Ferket PR, Fairchild AS. The effect of
mannanoligosaccharides, bambermycins and virginiamycin on performance
of large white male market turkeys. Poult Sci. 2001;80:718-23.

Attia YA, Hamed RS, Abd El-Hamid AE, Al-Harthi MA, Shahba HA, Bovera F.
Performance, blood profile, carcass and meat traits and tissue morphology
in growing rabbits fed mannanoligosaccharides and zinc-bacitracin
continuously or intermittently. Anim Sci Pap Rep. 2015;33:85-101.
Grieshop C, Flickinger EA, Bruce K, Patil AR, Czarnecki-Maulden GL, Fahey GC
Jr. Gastrointestinal and immunological responses of senior dogs to chicory
and mannanoligosaccharides. Arch Anim Nutr. 2004;58:483-94.

Cotter PF, Sefton AE, Lilburn MS. Manipulating the immune system of layers
and breeders: novel applications for mannanoligosaccharides. In: Lyons TP,
Jacques KA, editors. Nutritional biotechnology in the feed and food
industries. Nottingham: Nottingham University Press; 2002. p. 21-8.

O'Carra R. An assessment of the potential of mannanoligosaccharides as
immunostimulants. Galway: Thesis MS, Nat'l University of Ireland; 1997.
Swanson KS, Grieshop CM, Flickinger EA, Bauer LL, Healy HP, Dawson
KA, Merchen NR, Fahey GC Jr. Supplemental fructooligosaccharides
and mannanoligosacchrides influence immune function, ileal and
total tract nutrient digestibilities, microbial population and
concentrations of protein catabolites in the large bowel of dogs.

J Nutr. 2002a;132:980-9.

Swanson KS, Grieshop CM, Flickinger EA, Healy HP, Dawson KA, Merchen
NR, Fahey GC Jr. Effects of supplemental fructooligosaccharides plus
mannanoligosaccharides on immune function and ileal and fecal microbial
populations in adult dogs. Arch Anim Nutr. 2002b;56:309-18.

Pereira DIA, Gibson GR. Effects of consumption of probiotics and prebiotics
on serum lipid levels in human. Crit Rev Biochem Mol Biol. 2002,37:259-81.
Diez M, Hornick JL, Baldwin P, Istasse L. Influence of a blend of
fructooligosaccharides on nutrient digestibility and plasma metabolite
concentrations in healthy beagles. Am J Vet Res. 1997,58:1238-42.

Sies H. Antioxidant activity in cells and organs. Am Rev Respir Dis.
1987;136:478-80.

NRC. Nutrient requirements of dogs and cats. Washington, DC: National
Academy Press; 2006.

Samal L, Chaturvedi VB, Baliyan S, Saxena M, Pattanaik AK. Jerusalem
artichoke as a potential prebiotic: influence on nutrient utilization, hindgut
fermentation and immune response of Labrador dogs. Anim Nutr Feed
Techn. 2012;12:343-52.

Kore KB, Pattanaik AK, Das A, Sharma K. Evaluation of alternative cereal
sources in dog diets effect on nutrient utilisation and hindgut fermentation
characteristics. J Sci Food Agr. 2009;89:2174-80.

AOAC. Official methods of analysis. 16th ed. Arlington: AOAC international;
1995.

Chaney AL, Marbach EP. Modified reagents for determination of urea and
ammonia. Clin Chem. 1962;8:130-2.

Baker SB, Summerson WH. The colorimetric determination of lactic acid in
biological material. J Biol Chem. 1941;138:535-54.

Agarwal N, Shekhar C, Kumar R, Chaudhary LC, Kamra DN. Effect of
peppermint (Mentha piperita) oil on in vitro methanogenesis and
fermentation of feed with buffalo rumen liquor. Anim Feed Sci Technol.
2009;148:321-7.

Kim HW, Chew BP, Wong TS, Park JS, Weng BC, Byrne KM, Hayek M,
Reinhart GA. Dietary lutein stimulates immune response in the canine. Vet
Immunol Immunopathol. 2000;74:315-27.

Samal L, Chaturvedi VB, Saikumar G, Somvanshi R, Pattanaik AK. Prebiotic
potential of Jerusalem artichoke (Helianthus tuberosus) in Wistar rats: effects
of levels of supplementation on hindgut fermentation, intestinal
morphology, blood metabolites and immune response. J Sci Food Agr.
2015;95:1689-96.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

33.

34.

35.

36.

37.

38.

39.

Page 7 of 7

Singh VK, Pattanaik AK, Sharma K, Saini M. Effect of dietary energy intake on
erythrocytic antioxidant defence in growing lambs fed a wheat straw based
diet. Anim Prod Sci. 2011,51:642-9.

Snedecor GW, Cochran WG. Statistical methods. 8th ed. Ames: lowa State
University Press, USA; 1994.

Flickinger EA, Schreijen EMWC, Patil AR, Hussein HS, Grieshop CM, Merchen
NR, Fahey GC Jr. Nutrient digestibilities, microbial populations, and protein
catabolites as affected by fructan supplementation of dog diets. J Anim Sci.
2003;81:2008-18.

Propst EL, Flickinger EA, Bauer LL, Merchen NR, Fahey GC Jr. A dose-response
experiment evaluating the effects of oligofructose and inulin on nutrient
digestibility, stool quality, and fecal protein catabolites in healthy adult dogs.

J Anim Sci. 2003;81:3057-66.

Felssner KS, Todesco H, Grande PA, Ogoshi RCS, dos Reis JS, Saad FMOB,
Vasconcellos RS. Dietetic combination of mannan-oligosaccharides and
fructooligosaccharides modifies nitrogen metabolism in dogs. Semin Cienc
Agrar. 2016;37:3335-48.

Diez M, Hornick JL, Baldwin P, Van Eenaeme C, Istasse L. The influence of
sugar-beet fibre, guar gum and inulin on nutrient digestibility, water
consumption and plasma metabolites in healthy beagle dogs. Res Vet Sci.
1998;64:91-6.

Flickinger EA, Wolf BW, Garleb KA, Chow J, Leyer GJ, Johns PW, Fahey GC Jr.
Glucose-based oligosaccharides exhibit different in vitro fermentation
patterns and affect in vivo apparent nutrient digestibility and microbial
populations in dogs. J Nutr. 2000;130:1267-73.

Yang Y, lji PA, Kocher AL, Mikkelsen L, Choct M. Effects of dietary
mannanoligosaccharide on growth performance, nutrient digestibility and
gut development of broilers given different cereal-based diets. J Anim
Physiol Anim Nutr. 2008;92:650-9.

Juskiewicz J, Zdunczyk Z, Jankowski J. Effect of adding mannan-oligosaccharide
to the diet on the performance, weight of digestive tract segments, and caecal
digesta parameters in young turkeys. J Anim Feed Sci. 2003;12:133-42.

von Englehardt W, Ronnau K, Rechkemmer G, Sakata T. Absorption of
short-chain fatty acids and their role in the hindgut of monogastric
animals. Anim Feed Sci Technol. 1989;23:43-53.

Young M, Davies MJ, Bailey D, Gradwell MJ, Smestad-Paulsen B, Wold JK,
Barnes RMR, Hounsell EF. Characterization of oligosaccharides from an
antigenic mannan of Saccharomyces cerevisiae. Glycoconj J. 1998;15:815-22.
Shashidhara RG, Devegowda G. Effect of dietary mannanoligosaccharide on
broiler breeder production traits and immunity. Poult Sci. 2003;82:1319-25.
Alarca LG, Murakami FY, Felix AP, Krabbe EL, de Oliveira SG, da Silva SAB.
Dietary lutein supplementation on diet digestibility and blood parameters
of dog. Cienc Rural. 2016;46:2195-201.

QOdiere MR, Scott ME, Leroux L-P, Dzierszinski FS, Koski KG. Maternal protein
deficiency during a gastrointestinal nematode infection alters
developmental profile of lymphocyte populations and selected cytokines in
neonatal mice. J Nutr. 2013;143:100-7.

Bloom BR, Modlin RL, Salgame P. Stigma variations: observations on
suppressor T cells and leprosy. Annu Rev Immunol. 1992;10:453-88.

Field CJ, Mcburney MI, Massimino S, Hayek MG, Sunvold GD. The fermentable
fibre content of the diet alters the function and composition of canine gut
associated lymphoid tissue. Vet Immunol Immunopathol. 1999;72:325-41.
Krizkova L, Durackova Z, Sandula J, Sasinkova V, Krajcovic J. Antioxidative
and antimutagenic activity of yeast cell wall mannansin vitro. Mutat Res.
2001;497:213-22.

Ognik K, Krauze M. Dietary supplementation of mannanoligosaccharides to
turkey hens on their growth performance and antioxidant status in blood. S
Afr J Anim Sci. 2012;42:379-88.

Pereira DI, Gibson GR. Effects of consumption of probiotics and prebiotics
on serum lipid levels in humans. Crit Rev Biochem Mol. 2002;7:259-81.



	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Experimental animals and dietary treatments
	Digestion trial and hindgut fermentation
	Immune response
	Antioxidant indices and lipid profile
	Statistical analysis

	Results and discussion
	Nutrient digestibility and body weight changes
	Hindgut fermentation
	Immune response
	Antioxidant indices and lipid profile

	Conclusions
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interest
	Consent for publication
	Ethics approval
	Author details
	References

