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Abstract: This research was performed to study the effects of fructo-oligosaccharide (FOS) and mannan-oligosaccharide
(MOS) on nutrient digestibilities, fecal pH and volatile fatty acids compositions, and immune function in adult horses.
Four adult Thoroughbred horses were used in a 4×4 Latin Square design with 20-day treatment periods. A 12-day
adaptation phase was followed by 6-day collection of feces and 2-day blood sampling phases. Four different treatments
were administered: 1) Control (no supplemental FOS or MOS; 2) 30 g of FOS/d; 3) 30 g of MOS/d; 4) 15 g of FOS+15 g
of MOS/d. There were no differences among treatments in the fecal pH and volatile fatty acids compositions (P > 0.05).
Nutrient digestibilities did not differ among treatments (P > 0.05). Also, no differences were found in the IgA, IgG, and
IgM levels among the treatments (P > 0.05). Fructo-oligosaccharides, MOS, or FOS+MOS supplementation did not affect
gut health and immune system in adult horses compared to control. 
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Atlarda frukto-oligosakkarit ve mannan-oligosakkarit kullanımının 
besin maddelerinin sindirilme dereceleri, uçucu yağ asitleri ile 

immun sistem üzerine etkileri

Özet: Bu araştırma, atların yemlerine katılan frukto-oligosakkarit (FOS) ve mannan-oligosakkaritin (MOS) besin
maddelerinin sindirilme dereceleri, dışkı pH’sı ve uçucu yağ asitleri kompozisyonu ile immun sistem üzerine etkilerini
incelemek amacıyla yapılmıştır. Araştırma 4×4 Latin kare deneme düzenine göre yürütülmüş ve değerlendirilmiştir. Dört
dönem halinde yürütülen araştırmanın, her bir dönemi 12 günü adaptasyon, 6 günü dışkı ve 2 günü kan numunesi
toplama olmak üzere 20’şer gün, toplam 80 gün sürdürülmüştür. Her dönemde dört gruptan biri kontrol olarak tutulmuş,
diğer gruplar ise, rasyona 30 g/gün FOS ilave edilen grup, 30 g/gün MOS ilave edilen grup ve 15 g/gün FOS + 15 g/gün
MOS ilave edilen grup şeklinde oluşturulmuştur. Dışkı pH’sı ve uçucu yağ asitleri kompozisyonları arasındaki farklılıklar
önemli bulunmamıştır (P > 0,05). Gruplara göre besin maddelerinin sindirilme dereceleri arasında farklılıklar önemli
bulunmamıştır (P > 0,05). Serum IgA, IgG ve IgM konsantrasyonlarında da önemli bir değişiklik oluşmamıştır (P >
0,05). Ergin atların rasyonlarına FOS, MOS veya FOS + MOS ilavesinin bağırsak sağlığı ve immun sistem üzerinde etkisi
bulunmamıştır.

Anahtar sözcükler: At, frukto-oligosakkarit, mannan-oligosakkarit, uçucu yağ asitleri, immun sistem
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Introduction
Fructo-oligosaccharides (FOS) have been

recommended as a prebiotic compound. Commonly
FOS are extracted chicory root in the form of inulin or
synthesized from sucrose through transfructosylation
by an enzyme from fungus, such as Aspergillus niger
or Aurebasidum pullulans (1).

Fructo-oligosaccharide is believed to bypass the
upper gastrointestinal tract of human and
monogastric animals without being hydrolyzed or
absorbed, and is used in the colon as substrate for
potentially beneficial bacteria, such as Bifidobacteria
and Lactobacilli (2). The growth of these bacteria has
been shown to increase the production of short-chain
fatty acids and organic acids, which lowers pH in the
large intestine and inhibits the growth of pathogenic
bacteria, and improves host health (3).

Mannan-oligosaccharides (MOS) contain
mannan-based oligosaccharides derived from yeast
cell wall. Dietary supplementation of MOS has
enhanced performance, improved immune function,
and inhibited colonization of the digestive tract.
Mannan-oligosaccharides attach to the lectins of
pathogenic microorganisms thus preventing the
bacteria from attaching to intestinal epithelial cells in
a number of livestock species (4). While some studies
have reported improvements of performance or
immune function, such as weight gain, feed
conversion, lymphocyte transformation, and Ig
concentrations (5), other studies have shown no
effects of MOS on immune function (6,7).

The objective of the present study was to compare
the effects of FOS, MOS, or FOS+MOS on nutrient
digestibilities, fecal pH and volatile fatty acids
concentrations, and immune function in adult horses. 

Materials and methods
Experimental design and animals: This research

was performed by the 4×4 Latin Square design. Four
clinically healthy Thoroughbred males (6-12 years
old) with an average body weight of 471.25 ± 1.28 kg
were used. The horses were housed individually in
stalls with a layer of wooden shavings as bedding.
Each period continued for 20 days, and consisted of
12 days for adaptation, 6 days for collection of feces,
and 2 days for blood sampling.

Diets and feeding: Four different treatments were
administered: 1) Control (no supplemental FOS or
MOS); 2) 30 g of FOS/d; 3) 30 g of MOS/d; 4) 15 g of
FOS+15 g of MOS/d. The FOS supplement was
obtained from Beghin Meiji (Marckolsheim, France).
The MOS supplement was obtained from Alltech
(Nicholasville, KY). The FOS and MOS were in dry
powder and were mixed to concentrate before
morning feeding. The composition of concentrate is
shown in Table 1. Horses were fed concentrate at 0.6%
of their BW on an as-fed basis daily according to NRC
requirements (9). Alfalfa hay, which was used as
forage, was also given at 1.2% of their BW.

Sample collection: During the adaptation period,
horses were exercised every day for 30-60 min. Horses
were not exercised during the sample collection
period. Single fecal samples were collected from each
horse immediately after defecation for the
measurement of digestibility of nutrients, volatile fatty
acids, and pH. Apparent total tract digestibilities of
nutrients were determined by an indicator method, in
which acid insoluble ash was used as the indicator.
Fecal pH was determined immediately after
defecation by thoroughly mixing equal amounts of
feces and double-deionized water and submerging the
pH probe (Hanna Instrument 8314) in the mixture
(10).

On day 19-20, blood samples (10 mL) were
collected via jugular puncture into nonheparinized
tubes for determining serum Ig concentrations. 

Feeds and feces analyses: Feeds and feces were
analyzed for dry matter (DM), ash, crude protein
(CP), ether extract (EE), and crude fiber (CF) (11).
Neutral detergent fiber (NDF) and acid detergent
fiber (ADF) levels were measured in the Ankom Fiber
Analyzer according to the Goering and Van Soest
method (12).

Volatile fatty acid analyses: Previously frozen fecal
samples were thawed and 2 g samples were taken. The
concentrations of acetate, propionate, butyrate,
valerate, isovalerate and isobutyrate concentrations
were determined via gas chromatography (13) [GC
15-A gas chromatograph (Kyoto, Japan) equipped
with glass column (1.83 m × 2 mm i.d.) and 10% SP-
1200/1% H3PO4 on 80/100 Chromosorb W AW
(Supelco, Bellefonte, PA)]. Nitrogen was the carrier
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gas with a flow rate of 40 mL/min. Air and hydrogen
gas were used for detector with a flow rate of 300
mL/min and 30 mL/min. Oven temperature was 125
°C.

Immunological analyses: After the blood was
collected in nonheparinized tubes, samples were
centrifuged at 2000 ×g for 20 min at 4 °C and the
serum was collected. Serum IgA, IgG, and IgM
concentrations were determined using ELISA test kits
(Bethyl Laboratories, UK).

Statistical analyses: All response variables were
analyzed according to the General Linear model in
SPSS (14). The experimental design was a 4×4 Latin
Square design. Four sequences of diets were used
(ABDC, BCAD, CDBA, and DACB), in which A was
the control, B was the MOS treatment, C was the FOS
treatment, and D was the FOS+MOS treatment. The
model used for all dietary variables had fixed effects:
diet, period, and horse.

Results
There were no differences among treatments in

terms of the total tract digestibilities of DM, organic
matter (OM), CP, EE, CF, NDF, and ADF (P > 0.05)
(Table 2). 

Supplementation of FOS and MOS did not affect
fecal pH, acetate, propionate, butyrate, valerate,
isobutyrate, or isovalerate concentrations compared
to control (P > 0.05) (Table 3). 

In the present research, FOS and MOS given alone
or together to horses did not affect the fecal pH or
VFA concentrations. The numerical increases in
acetate (P = 0.149), propionate (P = 0.191), and
butyrate (P = 0.340) concentrations were only
observed when FOS or MOS were fed alone, but not
when FOS and MOS were fed together. 
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Table 1. Composition and nutrient content of the diet.

Ingredient as-fed basis(%)

Dried sugar beet pulp 26.00
Oat 24.00
Barley 23.45
Corn 18.00
Soy bean meal 5.00
Dicalcium phosphate 1.50
Limestone 1.10
Vitamin-mineral premixa 0.20
Sodium Chloride 0.75
Analyzed composition
Dry matter (%) 93.87
Ash (%) 5.37
DEb (Mcal/kg) 2.87
Crude protein (%) 10.95
Ether extract (%) 2.24
Crude fiber (%) 14.02
NDF (%) 38.71
ADF (%) 11.33

a Per kg: vit A 10,000,000 IU, vit D3 200,000 IU, vit E 20,000 mg,
vit K3 12,000 mg, vit B1 6700 mg, vit B2 3300 mg, nicotinamide
5200 mg, vit B6 5000 mg, vit B12 3300 mg, folic acid 1400mg, D-
Biotin 40 mg, cholin 67,000 mg, vit C 34,000 mg, MnSO4 6700
mg, FeSO4 8000 mg, ZnO 12 000 mg, CuSO4 4000 mg,  Co 67
mg, Se 10 mg, Na 1140 mg, L-Lysine 70,000 mg, DL-Methion-
ine 35,000 mg

b DE Mcal/kg; 2118+12.18(CP)-9.37(ADF)-3.83(NDF-ADF)+
47.18(EE)+20.35(100-CP-EE-NDF-ash)-26.3(ash) (8).

Table 2. Nutrient digestibilities in horses with FOS or/and MOSa supplementation.

Item Control FOS MOS FOS + MOS SEMb P-Value

Dry matter (%) 77.07 75.28 74.10 73.07 0.64 0.095
Organic matter (%) 77.72 76.01 74.69 73.66 0.64 0.087
Crude protein (%) 75.68 73.29 72.14 71.33 1.78 0.308
Ether extract (%) 52.75 49.89 47.21 48.36 1.56 0.458
Crude fiber (%) 63.37 60.75 62.11 55.87 1.16 0.063
NDF (%) 60.40 57.19 55.63 53.41 1.14 0.092
ADF (%) 42.38 39.14 36.47 32.26 1.58 0.073

aValues are means, n = 4.
bPooled Standard error of the mean.



No differences in serum IgA, IgG, and IgM
concentrations were observed among treatments (P >
0.05) (Table 4). 

Discussion
In this study, feeding adult horses daily with 30 g

FOS, 30 g MOS, or 15 g FOS+15 g MOS did not affect
horse body weights. This may have resulted because
the animals were at their mature weight and they were
not under performance stress.

Feeding FOS, MOS, or FOS+MOS in horses
decreased the total tract digestibilities of DM, OM,
CP, EE, CF, NDF, and ADF, but these decreases were
not statistically significant. Some studies in other
species also found that FOS and/or MOS
supplementation did not affect the total tract
digestibilities of DM, OM, CP, ash, and EE (15-17).
However, other studies with dogs and cats found that

FOS supplementation decreased total tract
digestibilities of DM, OM, and CP (15,18).

The fecal pH and VFA concentrations found in the
present study were similar to those reported by
Hussein et al. (Table 3) (19). The VFA concentration
in feces is used as an indicator for the fermentation in
hindgut. In yearling horses fed 8 or 24 g FOS daily,
there was a decrease in fecal pH but an increase in
VFA concentrations due to short chain fatty acids and
lactic acids in the intestine (9). 

In a similar study, the fecal pH in dogs was not
affected by FOS supplementation, but MOS
supplementation increased the fecal pH (17). In other
studies with rats and pigs (20,21), FOS
supplementation did not affect the fecal pH, which
supports the findings in the present study. 

Changes in fecal pH or VFA concentrations may
not have been observed because FOS and MOS
function in the hindgut and most of the short chain
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Table 3. Fecal pH and volatile fatty acids concentrations of horses with FOS or/and MOSa supplementation.

Item Control FOS MOS FOS + MOS SEMc P-Value

pH 6.92 6.96 6.88 7.00 0.020 0.226
Total VFAb (mg/g) 1.74 1.80 1.89 1.50
Acetate 1.204 1.277 1.343 1.111 0.070 0.149
Propionate 0.286 0.304 0.321 0.232 0.030 0.191
Butyrate 0.088 0.088 0.108 0.059 0.020 0.340
Valerate 0.009 0.008 0.011 0.003 0.002 0.741
Isovalerate 0.058 0.062 0.064 0.040 0.008 0.785
Isobutyrate 0.056 0.060 0.053 0.054 0.005 0.955

aValues are means, n = 4.
bData are on a wet basis.
cPooled Standard error of the mean.

Table 4. Serum immunoglobulin concentrations in horses with FOS or/and MOSa supplementation.

Item Control FOS MOS FOS + MOS SEMb P-Value

IgA (g/L) 2.210 2.061 2.054 2.065 0.080 0.904
IgM (g/L) 0.779 0.701 0.689 0.690 0.031 0.739
IgG (g/L) 16.446 13.951 16.308 16.759 0.917 0.729

aValues are means, n = 4.
bPooled Standard error of the mean



fatty acids are absorbed in the colon. Campbell et al.
(20) reported that fecal pH was not affected by
oligosaccharides supplementation, while cecal pH
decreased. 

In another study with various animal species, age,
diet, and microbial population in the intestine, FOS
and/or MOS supplementation affected the fecal pH
and/or VFA concentrations. In one study with pigs,
MOS decreased the total VFA concentrations while
FOS had no effect (22). In other studies with dogs and
pigs, FOS and/or MOS did not affect the amount of
short chain fatty acids (17,23). Other studies, however,
reported an increase in fecal propionate or short chain
fatty acids in dogs fed FOS, while there was no change
in fecal short chain fatty acids in female dogs fed 1, 2
or 3 g/day of FOS (3,18). 

Serum IgA, IgM, and IgG concentrations are
shown in Table 4. FOS, MOS, and FOS+MOS
supplementation did not affect the serum Ig levels.
FOS and MOS supplementation may not have been
effective because the horses used in the present study
were mature and were not under any type of
performance stress. Feed additives are more effective
in animals under stress conditions. Spearman (24)
reported that the level of serum Ig in mares or their
foals did not change by MOS supplementation.

In studies with cows, dogs or pigs, the addition of
MOS also did not affect the level of serum Ig
(7,8,25,26). In other studies, however, the addition of
MOS increased the level of serum Ig in dogs and pigs
(17,27).

In another study with mature horses, the levels of
serum IgG, IgA, and IgM were reported between 10-
20.19 g/L, 0.6-3.5 g/L, and 0.65-2 g/L, respectively
(24,28). In the present study, the levels of serum IgG,
IgA, and IgM in horses fed control diet were 16.45,
2.21, and 0.78 g/L, respectively. 

In conclusion, FOS, MOS, or FOS+MOS
supplementation at the doses used had no effect on
fecal pH and VFA, nutrient digestibilities, or the
immune system in adult horses. The use of FOS or
MOS may be most beneficial in young horses or
horses under performance stress.
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