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Abstract
Effects of dietary supplemental stachyose on caecal skatole concentration, hepatic cytochrome P450 (CYP450, CYP) mRNA expressions and
enzymatic activities in broilers were evaluated. Arbor Acre commercial mixed male and female chicks were assigned randomly into six treat-
ments. The positive control (PC) diet was based onmaize–soyabeanmeal, and the negative control (NC) diet was based onmaize–non-soyabean
meal. The NC diet was then supplemented with 4, 5, 6 and 7 g/kg stachyose to create experimental diets, named S-4, S-5, S-6 and S-7, respec-
tively. Each diet was fed to six replicates of ten birds from days 1 to 49. On day 49, the caecal skatole concentrations in the PC, S-4, S-5, S-6 and S-7
groups were lower than those in the NC group by 42·28, 23·68, 46·09, 15·31 and 45·14 % (P< 0·01), respectively. The lowest pH value was
observed in the S-5 group (P< 0·05). The stachyose-fed groups of broilers had higher caecal acetate and propionate levels compared with
control groups, and propionate levels in the S-6 and S-7 groups were higher than those in the S-4 and S-5 groups (P< 0·001). The highest
CYP3A4 expressionwas found in the S-7 group (P< 0·05), but this was not different fromPC, S-4, S-5 and S-6 treatments. Therewas no significant
difference in CYP450 (1A2, 2D6 and 3A4) enzymatic activities among the groups (P> 0·05). In conclusion, caecal skatole levels can be influ-
enced by dietary stachyose levels, and 5 g/kg of stachyose in the diet was suggested.
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Skatole (3-methylindole), a tryptophan metabolite with a faecal
odour, is an important predictor of odour from meat chicken
farms, and the skatole levels can be arranged in the decreasing
order: caecum > rectum > ileum(1). Skatole is metabolised
mainly in the liver and in other organs such as kidneys and
lungs. The metabolism of skatole was affected by the expres-
sion of catalytic metabolic enzymes in the liver(2). Studies have
identified that cytochromes of a larger enzymatic complex
called cytochrome P450 (CYP450, CYP)(3,4) and aldehyde
oxidase(5) play a major role in this metabolism. Many forms
of CYP450, especially members of the CYP1A, CYP2 and
CYP3A subgroups, play an important role in the biotransfor-
mation of many exogenous substances(6).

CYP450 are widely expressed in all living species, with more
or less conserved isoforms(7). Thornton-Manning et al.(8,9) inves-
tigated the metabolic potential of several vaccinia-expressed
human CYP450 towards skatole and found that CYP1A2,
CYP2A6, CYP2B6, CYP2C8, CYP3A4, CYP2E1 and CYP2D6
were capable of metabolising skatole. The activity of these
enzymes was influenced by a variety of factors, most of which
are unclear or inconclusive(2). It was suggested that feeding

sugar beet fibre(10) and dried chicory root(11) increased the
expression of hepatic enzymes and was involved in skatole
metabolism.

Stachyose is an α-galacto-oligosaccharide consisting of two
molecules of α-(1,6)-linked galactose that are bound to a termi-
nal sucrose unit. Stachyose is a major functional component of
soyabean oligosaccharide(12). Usually, it can remain undigested
by animals due to the absence of α-galactosidase, whereas it
can be fermented by intestinal bacteria(13). Hayakawa et al.(14)

reported that stachyose was utilised effectively by bifidobac-
teria and contributed to increasing the number of human
faecal bifidobacteria, further reduced the concentrations of
indole and skatole. Broilers have the advantage of short feed-
ing period and share significant genetic conservation with
humans(15). Therefore, broilers have served as an important
model for investigating the mechanisms of dietary supple-
mental vitamin D3 in mediating the regulation of phosphorus
absorption and retention in the bone(16). Our previous study
has also reported that following the addition of stachyose
(10 g/l) to the caecal bacteria culture medium, the metabolism
of L-tryptophan change to skatole was significantly decreased

Abbreviations: CYP450, cytochrome P450; NC, negative control; PC, positive control; SBO, soyabean oligosaccharide; VFA, volatile fatty acid.

* Corresponding author: Gui-Qin Yang, fax þ86-24-88487156, email yguiqin@syau.edu.cn

British Journal of Nutrition (2020), 124, 1013–1020 doi:10.1017/S0007114520002263
© The Author(s) 2020

https://doi.org/10.1017/S0007114520002263  Published online by Cam
bridge U

niversity Press

mailto:yguiqin@syau.edu.cn
https://doi.org/10.1017/S0007114520002263
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S0007114520002263&domain=pdf
https://doi.org/10.1017/S0007114520002263


by improving the microbiota richness and promoting the
growth of characteristic bacteria using chickens as a model(17).

Therefore, the hypothesis of this study was that stachyose
decreases skatole levels in the caecum, thereby reducing skatole
emissions. However, the higher content of stachyose will cause
more undigested proteins to enter the hindgut, which increase
the degradation of L-tryptophan and skatole production.
Therefore, the proper dose effect of stachyose on reducing
the skatole level in broilers should be further elucidated. The
objectives of the present study were to determine the optimum
dietary stachyose level for skatole reduction and evaluate the
effects of dietary stachyose on the hepatic CYP450 mRNA
expressions and enzymatic activities in broilers.

Experimental methods

Birds, feeding trial and dietary treatments

The animal procedures performed in this study were approved
by the ethical standards of Institutional Animal Care and Use
Committee of Shenyang Agricultural University (approval no.
201801002, Shenyang, China), and in accordance with the
Reporting In Vivo Experiments (ARRIVE) guidelines for report-
ing animal research(18). A completed ARRIVE guidelines check-
list is included.

A total of 360 one-day-old Arbor Acre broiler chicks (male
and female, randomly selected, average body weight: 40·3 g;
SEM= 0·32; P> 0·1) were obtained from a commercial hatchery
(Huamei Animal and Poultry Co. Ltd). Birds were randomly allo-
cated to six groups. Each group comprised six cages (replicates)
with ten birds per cage (128 × 64 × 40 cm). All birds were housed
in a thermostatically controlled room (using the Coal Firing
Hot-blast Stove) equipped with fibreglass feeders, nipple
waterer and stainless steel cages coated with plastics. Birds
had ad libitum access to feed and water. On day 1, tempera-
ture was kept at 35 (SEM 2)°C with 70 (SEM 5) % relative humid-
ity. Temperature was gradually decreased (3°C) per week
until it reached 25°C with relative humidity 65 (SEM 5) % during
the third week. After 21 d, temperature was maintained at
25°C till the end of trial. In order to obtain enough samples
of caecal contents, the feeding trial was extended to 49 d
(42 d for routine feeding). The applied light cycle was 23 h
light–1 h dark during the experimental feeding period.

Immunisation procedure: the chicks were vaccinated against
Newcastle disease, infectious bronchitis and infectious bursal
disease. Live attenuated Newcastle disease vaccine and infec-
tious bronchitis 120 were given on day 7 (intranasal and intra-
ocular) and repeated (Newcastle disease and infectious
bronchitis 52) on day 28 in drinking water. Similarly, chicks
were immunised against infectious bursal disease on day
12 by oral drip and repeated on day 22 in drinking water.
Mortalities and health status were observed visually and
recorded daily throughout the experiment. The feeding experi-
ment was conducted at the Chicken Research Farm that belongs
to Shenyang Agricultural University, China, from April until
June 2018.

The experiment was designed to have two control diets
with similar metabolisable energy, protein and the main amino

acid levels. The positive control (PC) diet was based on maize–
soyabean meal and contained 2·8–2·0 g/kg stachyose in the
starter and grower, respectively, and the negative control (NC)
diet differed from the PC diet in that soyabean meal was substi-
tuted with maize by-products to contain 0 g/kg stachyose. The
diets were formulated to meet the nutrient requirements for
broiler chickens. The ingredient and nutrient composition are
depicted in Table 1. The other experimental diets contained sta-
chyose, in which the NC diet was supplemented with 4, 5, 6 and
7 g/kg of stachyose and was named S-4, S-5, S-6 and S-7, respec-
tively. These dose levelswere based on the stachyose contents in
the PC diets and the research finding in Yi(20). The stachyose was
obtained from Guangzhou Yibaolai Biotechnology Co. and

Table 1. Ingredient composition of the diets for starter and grower broilers
(g/100 g as fed)

Ingredients

1–21 d 1–21 d 22–49 d 22–49 d

PC diet* NC diet† PC diet* NC diet†

Maize 46·79 41·4 51·1 47·32
Soyabean meal 23·31 0 16·85 0
Maize umbilicus pulp 8 23·36 5 16
Maize protein meal 6 18·7 6 15·16
Rice bran 5 5 8 8
Soyabean oil 3·69 3·54 4·45 4·34
Maize distillers dried

grains with solubles
3 3 5 5

CaHPO4 1·35 1·42 1 1·05
Limestone 1·25 1·2 1·18 1·14
L-Lys HCl 0·49 1 0·46 0·84
DL-Met 0·3 0·24 0·25 0·2
NaCl 0·3 0·26 0·3 0·27
L-Thr 0·16 0·22 0·12 0·17
Arg 0·15 0·45 0·08 0·3
Choline chloride 0·05 0·05 0·05 0·05
Vitamin mixture‡ 0·05 0·05 0·05 0·05
Mineral mixture‡ 0·1 0·1 0·1 0·1
Phytase 0·01 0·01 0·01 0·01
Total 100 100 100 100
Nutrition composition§
Metabolisable energy

(MJ/kg)
12·75 12·75 13·38 13·38

DM 90·35 90·18 90·63 89·96
Crude protein 21·65 21·82 19·67 19·79
Ether extract 7·04 7·24 8·85 8·91
Ca 0·96 0·95 0·81 0·78
Total P 0·68 0·69 0·62 0·63
Available P 0·36 0·36 0·30 0·30
Lys 1·51 1·46 1·36 1·42
Met 0·64 0·66 0·61 0·60
MetþCys 0·95 0·93 0·79 0·83
Thr 0·94 0·94 0·89 0·87
Trp 0·21 0·22 0·18 0·18
Stachyose|| 0·28 0 0·20 0

* PC diet: positive control diet which contains soyabean meal and contained 2·8 and
2·0 g/kg stachyose in the starter and grower, respectively.

† NC diet: negative control diet which differed from the PC diet in that soyabean meal
was substituted with maize by-products to contain 0 g/kg stachyose.

‡ Provided per kg of diet: vitamin A 6·75mg, vitamin B1 2·5mg, vitamin B2 1·5mg, vita-
min B6 20mg, vitamin D3 0·14 mg, vitamin E3 35 mg, vitamin K3 5mg, antioxidant
0·25mg, pantothenic acid 5mg, folic acid 2mg, niacin 75mg, biotin 0·12mg, Mn
60mg, Fe 44mg, Zn 76·5mg, Cu 6·8mg, K 10mg and Na 14·6mg.

§ Metabolisable energy and available P were calculated values, while the others were
determined based on triplicate assays.

|| Stachyose contents were calculated according to the analysed values in soyabean
meal based on triplicate assays by ion chromatography(19).
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contained 853·3 g/kg total sugars and 10·9 g/kg protein (mea-
sured values). All of the diets were offered in mashed form.

Sample collection

At 49 d of age, a total of twenty-four birds, six birds from each
group (one from each replicate), were selected according to
the average body weight of the cage and slaughtered by cervical
dislocation. A section of the left lobe of the liver was immediately
removed, chopped into small (approximately 3 mm) pieces and
split into three samples. The samples were placed in enzyme-
free centrifuge tubes, quick-frozen in liquid N2 for 15 min and
then stored at –80°C until processing. The caecal contents were
also immediately removed, placed in sterilised centrifuge tubes
with cover and then kept at –20°C until processing, for determi-
nation of pH, indole, skatole, volatile fatty acids (VFA) and lactic
acid. The mRNA expressions of CYP450 (1A2, 2D6 and 3A4) and
their activities were evaluated for liver tissue samples.

Analysis of indole, skatole, volatile fatty acids and lactate
concentration

The concentration of indole and skatole in the caecum contents
was measured using an HPLC equipment (model Agilent 1100,
Agilent Technologies) following the methods used by Yang
et al.(21). The VFA (acetate, propionate and butyrate) and lactate
concentration were determined by HPLC as previously
described by Yang et al.(1). The pH value was measured accord-
ing to the National Food Safety Standard, Determination of
pH value of food (GB 5009.237-2016).

CYP450 (1A2, 2D6 and 3A4) mRNA expression using
quantitative PCR

Quantitative PCR was used to quantise the relative mRNA
expression of CYP1A2, CYP2D6 and CYP3A4 in the liver sam-
ples. The 18S rRNA gene was used as an internal reference gene.

Total RNA extraction, detection and reverse transcription.
Total RNA was isolated from 300 mg of liver tissue of birds using
Trizol reagent (Invitrogen, Thermo Fisher Scientific) according
to the manufacturer’s instructions. Then, the amount and purity
of extracted total RNA were measured by a Nanodrop® 1000
spectrophotometer (Thermo Fisher Scientific). The cDNA was
obtained by using a First Strand cDNA Synthesis Kit (Beijing
By-bio Co.).

Primer design and synthesis. According to the gene sequence
of GenBank, the conservative region was selected by Mega 5.0
software and primers were designed by Primer Express 5.0 soft-
ware. The primer sequences and length are shown in Table 2. All
primers were synthesised by Beijing Mymbio Co.

PCR amplification and gene cloning. The cDNAwas used as a
template to amplify the target genes with the above specific pri-
mers by PCR, and cloned into pGEM-T Easy Vector (Invitrogen),
and then transferred to competent cell DH5α. The PCR products
were sequenced to validate the identity of the amplicons.

Quantitative PCR reaction. All quantitative PCR reactions
were performed using the StepOnePlus real-time PCR system
(Life Technology Co.). Reactions were conducted in a 10-μl total
reaction system containing 5 μl of 2 × SGGreen quantitative PCR
Mix, 1 μl of the cDNA sample, 0·2 μl of each primer (10 μmol/l)
and 3·6 μl of nuclease-free water. The quantitative PCR condi-
tions were used: one cycle of 95°C for 3 min, followed by forty
cycles of 95°C for 10 s, 60°C for 20 s and 72°C for 10 s. All samples
were amplified in triplicate. Melting curve data were analysed to
confirm the specificity of the reaction.

Quantitative analysis of target genes. Relative expressions of
target genes were calculated according to the threshold fluores-
cence cycle values (Ct) by the 2–△△CT method(22). All the sam-
ples were analysed in triplicates.

Enzymatic activity of CYP450 (1A2, 2D6 and 3A4)

The CYP450 enzymatic activities were determined by the ELISA
method using an Infinite M200 Pro Multimode Reader (Tecan)
according to the manufacturer’s instruction. Chicken Liver
CYP450 Subenzyme-linked Immunoassay Kits were obtained
from Jiangsu Enzyme-linked Immune Industry Co. Ltd.

Statistical analysis

Data from each treatment were subjected to ANOVA using IBM
SPSS Statistics 19.0 (SPSS Inc.) for windows. The sample size in
this experiment was six replicates (cages) per treatment. One-
way ANOVA followed by Sidak’s post hoc test was used to evalu-
ate the effect of dietary stachyose level on the various response
criteria. Contrast was established using linear and quadratic
trend analysis to determine the effects of increasing the sta-
chyose level. For all statistical analyses, a level of 0·05 was used
to determine statistical significance. The replicate cage of ten

Table 2. Primer sequences of chicken cytochrome P450 and 18S rRNA genes

Genes (GenBank accession no.) Aliases Primers Product length (bp) Primer sequences (5 0-3 0)

CYP1A2 (ID:396051) CYP1A5, CYP1A-2 ZXY-1 99 F: CATGGATTCGTTTCTGGATTT
R: TCTCGGATGTTGTTCTTGTCG

CYP2D6 (ID:417981) CYP2D49c ZXY-4 109 F: ACGTTAATTACTACAACCCGC
R: TACCCATTCAGCACTACCACA

CYP3A4 (ID:416477) CYP3A80 ZXY-5 109 F: TGGTGCTTTCCCTGCCCAACT
R: GCCAAACCCCCAATGCCTCGT

18S rRNA (AY265350) – 18S 122 F: CCCACGGAATCGAGAAAGAG
R: TTGACGGAAGGGCACCA

CYP, cytochrome P450; F, forward primer; R, reverse primer.
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chicks for growth performance (unpublished results) or one
chick for other indices served as the experimental unit. Data
were presented as mean values with their standard errors and
P values.

Results

Indole and skatole levels

The broilers were healthy, appeared to be in normal condition,
and no major adverse events during the whole experimental
period.

Effects of the dietary stachyose level on indole and skatole
levels are presented in Table 3. The dietary stachyose level
had an effect on the levels of skatole and indole in the caecum
of broilers (P< 0·01). The caecal indole level of broilers in the S-5
group was lower than those in the PC, NC, S-4 and S-6 groups by
13·02, 19·19, 17·93 and 14·77 % (P< 0·01), respectively, but this
indole level was not different from the S-7 group (P> 0·05). The
caecal skatole level in the NC group was the highest (1·93 μg/g),
followed by the S-6 and S-4 groups. The lowest skatole level was
observed in the S-5 group, and thiswas not different frombirds in
the PC or S-7 group (P> 0·05). The skatole levels in the PC, S-4,
S-5, S-6 and S-7 groupswere lower than those in the NC group by
42·28, 23·68, 46·09, 15·31 and 45·14 % (P< 0·01), respectively.

There was a linear reduction effect on the caecal indole level
with the increase of the dietary stachyose level (P< 0·01). Linear
and quadratic effects on the caecal skatole level (P< 0·01) were
also observed. Based on the quadratic regression equation
(Table 4), when the stachyose level was 10 g/kg, the skatole
level was the lowest, but the Ra2 was relatively too low (0·16)
to be reliable. So, based on the result of ANOVA, and combined

with the linear model (Ra2= 0·42), we could decide that the S-5
group was the best for the caecal skatole reduction.

Volatile fatty acids, lactate levels and pH value

The effects of the dietary stachyose level on caecal VFA, lactate
levels and the pH value in broilers are presented in Table 3. The
dietary stachyose level had an effect on pH value (P< 0·05), VFA
and lactate levels (P< 0·01). The pH value in the NC group was
the highest (6·23), but this pH value was not different from the
S-4, PC or S-6 groups (P> 0·05). The lowest pH was observed
in the S-5 group, which was lower than that in the NC group
(P< 0·05), but there were no significant differences among the
S-4, S-5, S-6, S-7 and PC groups (P> 0·05). The broilers in the
stachyose-fed group had higher caecal acetate and propionate
levels, compared with those in the PC and NC groups, and the
propionate level in the S-6 and S-7 groups was higher than that
in the S-4 and S-5 groups (P< 0·001). The butyrate level in the S-5
group was the highest (2·6mg/g), followed by the PC, S-4, S-7,
S-6 and NC groups. There were no differences in lactate level
among the PC, NC, S-5 and S-6 groups (P> 0·05), but they were
higher than that in the S-4 and S-7 groups (P< 0·001).

There were linear and quadratic effects on the pH value and
lactate level (P< 0·05); quadratic effects on acetate, propionate
and butyrate levels were also observed (P< 0·01; Table 5).When
the stachyose level was 5·8 g/kg, the acetate level was the high-
est. The Ra2 of the regression equations of butyrate and lactate
was too low to accurately determine the extreme level.

Table 4. Regression relationship between dietary stachyose levels and
caecal indole and skatole concentrations in broilers

Parameter Equations Ra2 Extreme values*

Indole y= –0·04xþ 2·02 0·25 –
Skatole y= 0·008x2 – 0·16xþ 1·92 0·16 10

y= –0·11xþ 1·89 0·42

* The extreme value is expressed as the stachyose level (g/kg).

Table 5. Regression relationship between dietary stachyose levels, and
caecal pH, and organic acid concentrations in broilers

Parameter Equation Ra2 Extreme values*

pH value y= –0·19xþ 6·23 0·41 –
Acetate y= –13·27x2þ 15·42xþ 2·47 0·99 5·8

y= 6·62xþ 2·99 0·81
Propionate y= 1·60x2þ 6·09xþ 0·63 0·89 Imaginary

numbery= 7·15xþ 0·56 0·92
Butyrate y=−7·17x2þ 5·44xþ 0·84 0·19 3·8
Lactate y= –1·69x2þ 0·57xþ 1·30 –0·62 –

y= –0·55xþ 1·37 –0·15

* The extreme value is expressed as the stachyose level (g/kg).

Table 3. Effects of dietary stachyose levels on caecal indole, skatole and fermentation parameters in broilers*
(Mean values with their standard errors)

Putrefactive product

Groups†

SEM

P

PC NC S-4 S-5 S-6 S-7 ANOVA Linear Quadratic

Indole (μg/g) 1·86a,b 2·02a 1·97a 1·61c 1·89a,b 1·71b,c 0·03 0·001 0·003 0·149
Skatole (μg/g) 1·11c 1·93a 1·47b 1·04c 1·63b 1·06c 0·06 <0·001 <0·001 0·001
pH value 6·15a,b 6·23a 6·19a,b 6·05b 6·13a,b 6·11a,b 0·16 0·014 0·011 0·063
Acetate (mg/g) 2·75b 2·45b 6·62a 6·81a 6·79a 6·85a 0·35 <0·001 <0·001 <0·001
Propionate (mg/g) 0·89c 0·62c 3·56b 3·41b 5·46a 5·48a 0·34 <0·001 <0·001 <0·001
Butyrate (mg/g) 2·31b 0·87 d 1·36c 2·60a 1·14c 1·15c 0·12 <0·001 0·240 <0·001
Lactate (mg/g) 1·61a 1·35a 0·79b 1·62a 1·23a 0·66b 0·09 <0·001 0·038 0·020

a,b,c Mean values within a row with unlike superscript letters were significantly different (P< 0·05).
* Six broilers per group.
† PC, positive control group, in which birds fed diet containing soyabean meal and contained 2·8 and 2·0 g/kg stachyose in the starter and grower, respectively; NC, negative control
group, in which birds fed diet which differed from the PC diet in that soyabean meal was substituted with maize by-products to contain 0 g/kg stachyose; S-4, S-5, S-6 and S-7, the
treatment diets, in which the NC diet was supplemented with 4, 5, 6 and 7 g/kg of stachyose, respectively.
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Meanwhile, the extreme level of propionate regression equa-
tions was an imaginary number, so it is impossible to estimate
the optimal stachyose level according to the propionate, butyrate
and lactate levels.

Hepatic CYP450 mRNA expressions

The effects of dietary stachyose level on CYP450 mRNA expres-
sion are presented in Table 6. The results indicated that for
CYP1A2 and CYP2D6, there were no significant differences in
the mRNA expression among groups (P> 0·05). There was an
effect on CYP3A4mRNA expression (P< 0·05), that is, the high-
est CYP3A4 mRNA expression was found in the S-7 group.
Comparedwith the NC group, it increased by 230·98 % and there
was a linear increase in the trend effect on CYP3A4 mRNA
expression with the dietary stachyose level (P= 0·055).

Hepatic CYP450 enzyme activity

The effects of dietary stachyose level on the activity of hepatic
CYP450 enzymes are presented in Table 7. The results indicated
that there was no significant difference in CYP450 enzymatic
activities among the groups (P> 0·05), and the highest enzyme
activities of CYP1A2 and CYP2D6 were obtained in the S-5
group. A trend effect on CYP3A4 activity was observed
(P= 0·077). Also, the linear and quadratic trend effects on the
activities of CYP2D6 and CYP3A4 enzymes were observed
(0·1> P> 0·05), and a significant quadratic effect on CYP1A2
activity was observed (P< 0·05). However, it is impossible to
estimate the optimal stachyose level based on the CYP1A2

activity because of the relatively too low Ra2 (–0·22) of the
regression equation (y= –1·24x2þ 0·73xþ 1·05).

Discussion

Effects of dietary stachyose levels on caecal skatole and
indole concentrations in broilers

Skatole results from a multistep degradation of L-tryptophan by
microbial activity, mainly in the caecum, followed by rectum and
ileum of broilers(1). The concentration of skatole and indole in
caecum of broilers was also significantly higher than those in
the excreta and rectal contents(23). Zhang(24) reported that the
older the broiler, the higher the concentration of skatole in the
caecum. Therefore, the caecal contents of broilers were sampled
to determine the levels of caecal skatole at the end of feeding
trial, so as to reduce measurement error.

Recent studies suggested that the emission of odorant from
broiler production may be reduced by dietary manipula-
tion(25,26). It has been shown that non-digestible carbohydrates
reaching the large intestine are available for microbial fermenta-
tion. The skatole level depends on sufficient availability of
fermentable carbohydrates throughout the entire large intestine
to supply microflora with energy(27). Oligosaccharides are char-
acterised as non-digestible carbohydrates and reach the large
intestine undigested, making them available for microbial
fermentation. Yang et al.(21) showed that broilers fed with oligo-
saccharides, especially 1·25 g/kg soyabean oligosaccharide
(SBO), significantly decreased the excreta indole and skatole
levels. Liu et al.(28) also concluded from an in vitro study that

Table 6. Effects of dietary stachyose levels on mRNA expression of hepatic cytochrome P450 in broilers (×10–3)*
(Mean values with their standard errors)

Name/genes

Groups†

SEM

P

PC NC S-4 S-5 S-6 S-7 ANOVA Linear Quadratic

CYP1A2 50·60 27·05 21·43 40·65 32·52 38·66 3·69 0·252 0·745 0·097
CYP2D6 6·87 4·25 4·26 6·90 5·86 7·56 0·47 0·156 0·153 0·281
CYP3A4 4·19a,b 1·84b 2·39a,b 4·71a,b 3·98a,b 6·09a 0·40 0·013 0·055 0·168

a,b Mean values within a row with unlike superscript letters were significantly different (P< 0·05).
* mRNA expression levels of hepatic CYP450were examined by quantitative PCR. Analysis was performed on six birds per group. Relative gene expressions were determined using
the 2–△△CT method.

† PC, positive control group, in which birds fed diet containing soyabean meal and contained 2·8 and 2·0 g/kg stachyose in the starter and grower, respectively; NC, negative control
group, in which birds fed diet which differed from the PC diet in that soyabean meal was substituted with maize by-products to contain 0 g/kg stachyose; S-4, S-5, S-6 and S-7, the
treatment diets, in which the NC diet was supplemented with 4, 5, 6 and 7 g/kg of stachyose, respectively.

Table 7. Effects of dietary stachyose level on hepatic cytochrome P450 enzymatic activities in broilers* (IU/g)
(Mean values with their standard errors)

Enzyme name

Groups†

SEM

P

PC NC S-4 S-5 S-6 S-7 ANOVA Linear Quadratic

CYP1A2 1·07 1·06 1·03 1·24 1·05 0·92 0·03 0·118 0·289 0·047
CYP2D6 1·97 1·72 2·00 2·10 1·98 2·02 0·04 0·206 0·074 0·067
CYP3A4 4·97 5·97 5·89 4·84 4·80 5·52 0·15 0·077 0·083 0·057

* Enzymatic activity was determined by ELISA method, analysis was performed on six birds per group.
† PC, positive control group, in which birds fed diet containing soyabean meal and contained 2·8 and 2·0 g/kg stachyose in the starter and grower, respectively; NC, negative control
group, in which birds fed diet which differed from the PC diet in that soyabean meal was substituted with maize by-products to contain 0 g/kg stachyose; S-4, S-5, S-6 and S-7, the
treatment diets, in which the NC diet was supplemented with 4, 5, 6 and 7 g/kg of stachyose, respectively.
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addition of 10 g/l of SBO into either caecal or rectal fermentation
broth of broilers decreased the concentration of indole and skat-
ole, as well as the pH value. The inclusion of 3·5–5·0 g/kg SBO
to the diet had a decreasing effect on the excreta skatole of
broilers(29). Thus, SBO had a limited potential to reduce skatole
level in the caecum or excreta depending on amount and
fermentability of the SBO.

Stachyose is the major ingredient of fermentation gas and
VFA production in SBO(12). As stachyose could only be utilised
by the gut bacteria, the higher stachyose fermentation capability
of the intestinal microflora may contribute to these results(30).
Yi(20) reported that there was a dose-response relationship
between stachyose and the growth performance of broilers.
Low dose (5 g/kg) showed a slight promotion effect, whereas
high dose (20 g/kg) showed an inhibition effect. Hu et al.(31) also
indicated that a moderate level of stachyose (12·5 g/kg) added to
the diet improved growth performance, digestive enzyme activ-
ities and distal intestinal morphology of juvenile turbot. High lev-
els of dietary stachyose (25–50 g/kg) showed limited negative
effects.

Our preliminary study of the project showed that adding 5 or
7 g/kg of stachyose to NC diet significantly improved the growth
performance of broilers at 1–49 d of age (unpublished results). In
this paper, the stachyose-fed group of broilers had a lower skat-
ole level in the caecum, compared with the NC fed broilers; the
caecal skatole concentrations in the PC, S-4, S-5, S-6 and S-7
groups were lower than those in the NC group by 42·28,
23·68, 46·09, 15·31 and 45·14 %, respectively. Additionally, the
caecal indole levels in S-5 and S-7 groups also significantly
decreased, and the best results were obtained in the S-5 group.
Taken together these results, 5 g/kg of stachyose in diet was sug-
gested. However, the caecal skatole concentration fluctuated
with the rise of stachyose level. The possible explanation might
be that the effect of stachyose level on skatole reduction is unsta-
ble. So, further studies are needed to elucidate the appropriate
dose of stachyose.

Effects of dietary stachyose levels on caecal volatile fatty
acids, lactic acid and pH levels in broilers

VFA and lactic acid are mainly derived from carbohydrate fer-
mentation and partly from protein and amino acid degradation.
The levels of VFA and lactic acid can change the intestinal
pH value. Change in the pH may thus alter indole and skatole
levels(32,33). Therefore, the level of VFA and lactic acid is corre-
lated with indole and skatole levels in the caecum. Macfarlane
et al.(34) reported that the substrates used in bacterial fermenta-
tion would affect the production of VFA. Generally, the amount
of VFA produced by protein as fermentation substrates was less
than that produced by carbohydrates. In this paper, we showed
that the pH value in the NC group was the highest, the lowest
pH value was observed in the S-5 group and the linear corre-
lation with the stachyose level was also observed. The broilers
in the stachyose-fed had higher caecal acetate and propionate
levels, and the butyrate level in the S-5 group was the highest.
A low pH environment is conducive to the growth of Lactobacillus
and reduces the growth of putrefying bacteria, thus achieving the
effect of the skatole reduction.

Similar results were observed by Jiang et al.(30), who reported
that with the increase of stachyose level, the levels of acetic acid
and total VFA in the caecal content of broilers significantly
increased, while the caecal pH value decreased. This might be
due to the beneficial effects of the degradation products of sta-
chyose by intestinal microflora, such as VFA, which could
up-regulate gene expression of digestive enzymes(35).

Effects of dietary stachyose levels on hepatic CYP450
mRNA expression and enzymatic activities in broilers

Skatole is produced in the gastro-intestinal tract by the microbial
breakdown of L-tryptophan and enters the bloodstream after
absorption through the intestinal wall. The hepatic clearance
of skatole is conducted, ultimately resulting in excretion(36).
The liver is the main site of skatole metabolism. The hepatic deg-
radation of skatole can be divided into two distinct phases. The
phase I oxidation reactions were carried out by CYP450, and the
phase II conjugation reactions were catalysed by glucuronic acid
and sulphotransferases(37). In the present study, the focus will be
on the chicken versions of the CYP450. It is generally believed
that diets can affect the activity of various liver isoenzymes,
which, in turn, affect the metabolism of their substrates(38).

CYP450monooxygenases are important in the metabolism of
many therapeutic agents and endogenous metabolic reac-
tions(39). Livestock or food-producing animals have hepatic
CYP450 systems that are comparable with those in humans(40).
In vertebrates, the liver is the organ that is most abundant in
CYP450. The CYP450 comprise a superfamily of enzymes that
catalyse the metabolism of many drugs; especially CYPlA2,
2C9, 2C19, 2D6 and 3A4 are the most important(41,42).

Most of the studies on the skatole metabolism of CYP450 in
animals are on pigs; little research has been done on chickens.
CYP450, which plays an important role in skatole metabolism in
pigs, has not been found in chickens. So in this study, we chose
three direct homologies of the chicken CYP450 family genes, as
well as the same subgroups CYP450 in pig, to study the effects of
stachyose level on CYP450 mRNA expression and enzymatic
activities.

CYPlA2 participated in the skatole metabolism of humans
and pig. It is also considered to be the most active CYP450 in
human skatole metabolism(9,43). CYP2D6, the only protein-cod-
ing gene of the CYP2D subfamily(44), is also the only active
CYP2D subgroup enzyme in human beings. It has been shown
that skatole in human beings can be metabolised to a lower
level(9). CYP3A4 is the most abundant enzyme in CYP450.
CYP3A4 is also the principal member of the CYP450 enzyme
family responsible for T-2 toxin metabolism(45). These three
enzymes account for approximately 4, 30 and 50 % of the total
drug metabolism, respectively(46).

Several different CYP have been shown to catabolise
skatole(7,47). The characterisation of CYP450 responsible for
the production of specific skatole metabolites is of much inter-
est, as it has been proposed that the production of certain
metabolites, especially 6-OH-3MI, affects the rate of skatole
clearance. As previous studies showed that some xenobiotics
can affect the activity of CYP450 enzyme and mRNA expres-
sion. In our study, feeding stachyose to broilers resulted in a
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significant up-regulation of mRNA expression of the gene
encoding CYP3A4 in the liver and increased with stachyose
level. This indicates that CYP3A4 might be the key regulators
that have a direct or indirect ability to catalyse the skatole
metabolism. Squires & Lundström(48) showed that when CYP2E1
mRNA expression was high in liver, skatole levels were low in
fat. Wiercinska et al.(47) indicated that CYP3A participated in
pig skatole metabolism. However, no specific homotype was
specified. Therefore, the increase in CYP3A4 mRNA expression
was expected to promote the metabolism of hepatic skatole
metabolite, so as to reduce the concentration of skatole in the
blood and its deposition in the fat of broilers.

However, in our study, there was no significant difference
in CYP1A2 and CYP2D6mRNA expression among treatments.
We also observed that there was no significant difference
in CYP450 (1A2, 2D6 and 3A4) enzymatic activities among
groups, but a significant trend effect on CYP3A4 enzymatic
activity was observed. In addition, the linear and quadratic
trend effects on the activities of CYP2D6 and CYP3A4 enzyme,
as well as a significant quadratic effect on CYP1A2, were
observed, suggesting that CYP3A4 and CYP1A2 enzymes
had a greater effect on the skatole metabolism than CYP2D6.

In conclusion, caecal skatole level and hepatic CYP450
metabolising enzymes in broilers can be influenced by the sta-
chyose level in the diet. The chicken is a goodmodel for human
nutrition andmedicine. Thus, the present finding may be useful
for humans and animals in improving health and reducing envi-
ronmental pollution caused by skatole emissions.
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