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ABSTRACT KEYWORDS
The nutritional value of afalfa meal (AM) can be improved by solid- Fermented alfalfa meal;
state fermentation (SSF), which provided an aternative ingredient for Nutritional characteristic;
replacing soybean meal (SBM) in geese feed. The experiment assessed Gushi geese;
the quality of the fermented alfalfa meal (FAM) and its feasibility of Growth performance;
replacing SBM with the FAM in diet on the growth and cecal microbial Cecal microbiome.

population of Gushi geese. Six isoenergetic (metabolizable energy 11.0
MJkg) and isoproteic (crude protein 15.3%) diets were formulated, in
which O (contral), 20, 40, 60, 80 and 100% of SBM were replaced by
FAM. A total of 300 healthy geese (with the initial weight 392 g) were
randomly assigned to six treatment groups with five replicates of 10 geese
(5 males and 5 females). Geese were fed ad libitum for 35 days. The
results showed that the FAM was|ower in MD, NCF, ADF and NDF, higher
in CP, CF, Ash and NE, and approximately equal in Caand P, and supple-
mented protease compared to AM. The geese fed the diets with 40% or
lower SBM substitution levels had no significantly effects final body
weights (FBW) and average day gain (ADG) (P<0.05), whereas 60% or
higher caused poor growth record of geese compared to the control diet.
Theaveragedaily feed intake (ADFI) and feed/gain ratio (F/G) were higher
than other groups (P<0.05) with a 40% or higher substitution level. The
numbers of Bifidobacterium and Lactobacillus in the cecal digesta of
geese fed with FAM increased (P<0.05), whereas no effect were found
in the 20% and 40% SBM substitution level compared with the control
(P>0.05). On the contrary, the Coliforms counts of cecum decreased
with the increasing inclusion of FAM, while this counts were signifi-
cantly reduced in geese fed the diets with a60% or higher SBM substitu-
tion level (P<0.05). Results of above suggest that fermentation changed
the nutritional characteristics of alfalfa meal, and a certain percentage
FAM in feed could promote the growth, by increasing beneficial
microbiota, and effecting cecum microbiome of Gushi geese.
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INTRODUCTION

Alfalfais often applied to animal feed because
its high protein and minerals contents®. Severa
studies have conducted that theinclusion of moder-
ate amounts of alfalfameal (AM) in diet of experi-
mental animals improved their health® 37, reduce
physiological stress'¥ and result in increased their
intake feed and improved growth performance??.
However, Kass et a. (1980) reported that poor pal-
atability of AM reduces feed intake of swine and
thusinfluenceitsgrowth performance. The negative
effectsof AM are also probably related to its higher
fiber level32 8, Renteria-Flores et al. (2008) reports
the feed intake reduces as the fiber level of AM in-
creases in a swine diet. However, the negative as-
pects could be changed by adjust to the supplemen-
tation levels or with fermention.

Bacillus subtilis (B. subtilis) is one of the
probiotics and used in feeds® & 7. Previous study
suggested that the use of solid-state fermentation
(SSF) with B. subtilis may increase the content of
crude protein, improve the nutritive value and en-
hances pal atableness of forage grasswhenit isused
in poultry feedi? 531, The used of B. subtilis-fer-
mented forage grass showed a positiveinfluenceon
growth and bacterial ecology in chick feeds®. Yan
et al. (2010) reported that in fermented alfalfa (si-
lage) can occur in dietswithout any negative effects
on growth and physiol ogical functions of Boer goat.
To date, however, there has been a dearth of infor-
mation to suggest which fermented alfalfa meal
(FAM) ismore beneficial on Gushi geese. The her-
bivorous waterfowl, Gushi goose is a local breed
in Gushi County, Henan Province (China), charac-
terized by white and square body. The objective of
the present study wasto evaluate the effect of Bacil-
lus subtilis on fermentation of alfalfameal, and re-
placement ratio of soybean meal by FAM on growth
performance and cecal microbia population in
Gushi geese.

MATERIALSAND METHODS

FAM Preparation and chemical composition
The afalfaof the same batch used for the study

was harvested at the flowering stage in June 20,
2014. Harvested alfalfawas rinsed twice under dis-
tilled water to remove its dirt respectively, drained
through astrainer at 30 °C for 24 h, and then ground
(0.2 mm). The main chemical compositions of the
foragesareanayzed for dry matter (DM), crude pro-
tein (CP), crude fat (CF), Ash, ADF, NDF, NFC,
calcium, phosphorus and NE by the Association of
Officia Analytical Chemists (2007). The AM was
used after SSF using the B. subtilisACCC 01746.
The B. subtilis ACCC 01746 was kindly pro-
vided by Dr. Guan (College of Bioengineering,
Henan University of Technology). The strain was
precultured on a potato dextrose agar and later cul-
tured in culture broth medium (containing yeast ex-
tract 0.25%, K,HPO, 0.25%, KH,PO, 0.4% at pH
7.0) at 35°C for 24 h. The per two milliliter culture
(1.52 x 108 cfu/ml) was diluted using sterile dis-
tilled water and sterilized AM (1 kg) were spray
inoculated and SSF in large sterile plastic bag at
35°C and pH 7.0 for 7-day. The FAM were dried
and refrigerated until mixed in the diets. The treat-
ment was completed intriplicate. The chemica com-
positions of FAM were analyzed according to the
method described above. The nutrientsin FAM com-
pared with AM are shownin TABLE 1.
Approximatelocationfor TABLE 1

Diet formulation

Thesix approximately isoprotein (crudeprotein,
15.3%), isoenergetic (metabolizable energy, 11.0
MJ/kg) diets were formulated by replacing O (con-

TABLE 1 : Chemical compositions determined for AM
and FAM! (%)

Diet (%) AM FAM?
DM 89.6 443
cpP 19.20 22.18
CF 2.60 2.84
Ash 7.78 8.12
NFC 27.4 25.7

ADF 40.8 324
NDF 50.2 37.6

Ca 2.05 2.09

P 0.44 0.48

NE (Mcal/kg) 1.20 1.51

!On a dry matter basis; 2Per milliliter 1.52 x 10® cfu/g Bacillus
subtilis
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TABLE 2 : The ingredients and composition of the experimental diets (air-dry basis, %)

SBM substitution level

Ingredients

0% 20% 40% 60% 80% 100%
Corn 55.9 55.7 55.4 55.2 55 54.8
Fishmeal 5 5 5 5 5 5
Wheat bran 14 14 14 14 14 14
SBM 10 8 6 4 2 -
FAM - 4.3 8.6 129 17.2 215
Soybean ail 5.02 4.45 3.9 3.34 24 133
a-Cellulose 455 3.71 2.85 181 0.85
CaH,PO, 0.9 0.6 0.4 0.3 0.2 0.1
NaCl 0.2 0.2 0.2 0.2 0.2 0.2
Limestone 2.56 2.17 1.78 15 15 15
Met 0.2 0.2 0.2 0.19 0.19 0.18
Lys 0.17 0.17 0.17 0.16 0.16 0.14
Choline chloride 0.3 0.3 0.3 0.3 0.3 0.3
Compound promix? 12 12 12 11 1 0.95

Nutrient levels (%)°
Metabolizable energy (MJKkg) 11.02 11.01 11.01 11.00 11.02 11.02
Crude protein 15.40 15.40 15.39 15.39 15.39 15.38
Crude fiber 6.15 6.15 6.14 6.15 6.14 6.13
Calcium 0.81 0.79 0.80 0.80 0.81 0.81
Total phosphorus 0.51 0.51 0.52 0.53 0.53 0.54
Lysine 0.79 0.79 0.80 0.80 0.79 0.78
Met 041 0.41 0.40 0.40 0.39 0.39

@ The compound premix provides per kg of diet: Cu 10 mg, Fe 60 mg, Mn 80 mg, Zn 60 mg, | 1.5 mg, Se 0.3 mg; vitamin A 10000
IU, vitamin D 2500 IU, vitamin E 25 U, vitamin K 1.0 mg, vitamin B, 2.0 mg, vitamin B, 8.0 mg, vitamin B_2.5 mg, vitamin B,,
0.01 mg, vitamin PP 30.0 mg, vitamin B, 15.0 mg, vitamin B, 0.5 mg, biotin 0.15 mg; ® Analysed values

trol), 20, 40, 60, 80 and 100% soybean meal with
graded inclusion levels of FAM (0, 4.3%, 8.6%%,
17.2% and 21.5% TABLE 2). Soybean oil and a-
cellulose were added to reach the equal level of
crudefat and fiber inal diets, and Met and Lyswere
supplemented to meet the essentia requirementsfor
the geese. All ingredientswere mixed, homogenized,
and then pelleted (3-mm diameter) with a granula-
tor (QRLS-150, Luoyang machinery Co., Ltd.,
China). All pellet dietsweredried at 35°C for about
4hin aventilated oven to approximately 7% mois-
ture, and stored in sealed bags at 4 °C until used.
Approximatelocationfor TABLE 2

Geese and management

Three hundred 7-day-old male and femal e Gushi
geese were purchased from Gushi Sanmu farming
Co., Ltd (Henan Province, China). At the start of the

experiment, geese were acclimated to the control
diet for 3 days and randomly distributed into 6 di-
etary treatmentswith 5 replicates (10 geese, 5 males
and 5 females per replicate). At the end of the accli-
mation period, geese were weighted separately (av-
erage initial weight 392 g), housed and equipped
with respective an open trough feeder and provided
water viaatrough in an environmentally controlled
room from day 11 to 45. The room temperature for
15-day-old formulate containing (28-30)°C, 25-day-
old containing (26-27)°C, 35-day-old containing
(24-25)°C and 35 days after the temperature from
24°C to normal atmospheric temperature. During the
entire feeding trial, the air relative humidity was
maintained at 65 to 70 %. At 8 pm every day, un-
eaten feed were collected and weighed to calculate
thetotal feedintake.

Analysis of protease activities
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At different time points, a2 g FAM samplewas
taken out from the SSF-culture. The samplewas put
into 100 ml lactic acid buffer solution for acid pro-
tease (pH 3.0), phosphate buffer solution for neutral
protease (pH 7.0) and borate buffer solution (pH
10.5) for akaline protease, stirred and incubated
for 5minat 25 UC, and then centrifuged at 5,000 g
at 4°C for 10 min. The supernatant was used the
enzymeactivity test. Themethod of Folin phenolwas
used to measurethe activity of protease’®. The pro-
tease activity, expressed as U/g (dwb), was calcu-
lated by dividing units of neutral protease activity
by the dry matter massin the original sample. One
unit of enzymeactivity isdefined astheamount of 1
mL enzyme sol ution required to producean increase
of 1 pg tyrosine under the defined conditions.

Growth response

The feeding trial was terminated and the geese
werestarved for 12 h at 45-day-old. The geesewere
then individually weighed to gain information on
growth. Thegeese’s feed intake of each dietary treat-
ment was counted. The final body weights (FBW)
the average day gain (ADG, g), average daily feed
intake (ADFI, g) and feed/gain ratio (F/G) were de-
termined from these data.

Cecal microflorapopulation

The total anaerobic bacteria, Lactobacilli,
Coliform bacteria and Bifidobacterium were cul-
tured on the Plate-count agar, MRS-agar,
MacConkey-agar and BBL-agar (purchased fromthe
Nanjing Jiancheng Insititute of Bioengineering,
China), respectively, according to the method of Xia
et al. (2004) and Wang et a. (2009). The ceca
chymefrom each goose (intriplicate, 1 g per sample)
was determined and diluted ten times with steril-
ized PBS and vortexed for 5 min. All digestasamples
werethoroughly mixed with butter-fiel ds phosphate
buffer dilution solution and further diluted to afac-
tor of 108, The sterile Petri dishes containing se-
lective media was inoculated with 0.1 ml sample
and incubated for analysis of total colony count, to-
tal anaerobic bacteria at 30°C for 72 h, Lactoba-
cilli at 37°C for 72 h, Coliform bacteria 37°C for
24 h and Bifidobacterium at 37°C for 48 h. All of
the bacteria number which were calculated as

log,,“™ (colony-forming units, CFU) per g of chyme
for statistical analysis.

Satistical analysis

All experimenta data were subjected to analy-
sis of variance using SAS (1996). The differences
among meansfor thesix dietary trestmentswere com-
pared by Duncan’s multiple range tests. The signifi-
cance of differences was considered with P<0.05.
Generad linear and quadratic model swere performed
on growth, enzyme activities and cecal microflora
popul ation against dietary substitution level of SBM
by FAM.

RESULTS

Chemical composition alfalfameal and fer mented
alfalfameal

The chemical compositionsof theAM and FAM
are shown in TABLE 1. There were obviously dif-
ferencesin chemical compositions between AM and
FAM. TheAM naturally had much higher DM con-
tent than FAM, 89.6% and 44.3% respectively. FAM
waslower in NCF, ADF and NDF, higher in CP, CF,
Ash and NE, and approximately equal in Caand P
compared toAM.

Protease activities in different fermentation pe-
riods

As can be seen in Figure 1, enzyme activities
increased gradually from 12 to 36 h for acid pro-
tease and alkaline protease and from 12 to 24 h for
neutra protease, at which it weremaximal, at 304.45,
121.33 and 418.15 U/g; it then slowly decreased
with time, respectively.

Approximatelocation for Figure 1

Growth performanceand feed utilization

Geese fed the control diet (0% SBM substitu-
tion level) showed the highest FBW and ADG
(TABLE 3). When FAM replaced 60% or morefrom
SBM, FBW and ADG were significant lower com-
pared with the other groups, however no significant
differenceswere observed at or less 60% SBM sub-
stitution level (P<0.05). Compared to the control
treatment, there were significant increases in ADFI
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Figure 1 : Protease activities changes at different fermentation times

TABLE 3 : Effects of replacing SBM with FAM on growth and feed utilization of Gushi geese® 2 (gyN=5)

SBM substitution level IBW FBW ADG ADFI FIG
0% 392.36 1912.76a 43.44a 144.01c 3.12d
20% 391.19 1898.30a 43.06a 146.830bc 3.41cd
40% 392.54 1870.27ab 42.23ab 149.76b 3.55¢c
60% 393.22 1841.8%b 41.41b 153.52ab 3.71b
80% 390.37 1766.57¢ 39.32b 161.11a 4.10ab
100% 394.41 1687.66d 36.95¢ 156.64ab 4.24a
SEM? 9.37 20.28 1.54 451 0.07
P-value 0.998 <0.001 <0.011 0.014 0.006

Note : Values are means of three replicates; 2a, b: Means with different superscripts at a column are significant differences

(P<0.05); *Pooled standard error of mean.

of geese fed diets with 40% or more substitution
level (P<0.05), however no significant differences
in the fed the diets with 20% substitution level (P>
0.05). F/G show similar tendency.
Approximatelocationfor TABLE 3

Cecal microfloracomposition

The number of total anaerobic bacteria in the
ceca digesta of geese decreased with increasing
dietary FAM levels, however no significant differ-
ences were observed in these groups fed FAM sub-
stitution of SBM compared to the control group
(TABLE 4). Geese fed the diet supplemented with
60% or higher had significantly higher (P<0.05) ce-
cal Lactobacillusthan fed the control diet; whereas,
the number of Lactobacillusin cecal chymeof geese
fed 20% and 40% SBM substitution levelswere not
significantly different than fed the control diet. The
number of Bifidobacteriumin cecal chyme of geese
showed a similar trend as with the number of Lac-

tobacillus TABLE 4. The number of Coliforms in
cecal chyme of geese decreased with increasing di-
etary FAM substitution of SBM levels (TABLE 4).
No significant differences in number of Coliforms
were observed in the group fed 40% or lower sub-
stitution of SBM compared to the control treatment;
however, when the substitution level was 60% or
more, number was significantly lower than the con-
trol group (P<0.05).
Approximatelocationfor TABLE 4

DISCUSSION

Chemical composition and proteaseactivity

As can be seen in TABLE 1 and Figure 1, the
FAM was lower in NCF, ADF and NDF, higher in
CP, CF and NE, and contenting higher protease ac-
tivity compared to AM. Microbial fermentation™
isasuperior approach to improvethe nutritivevalue
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TABLE 4 : The number of cecal microflora composition of geese fed the diets with different levels of FAM (log,,

(CFU/g))*2

SBM substitution level

Caecum

Total anaerobic bacteria Lactobacillus Coliforms Bifidobacterium
0% 6.19 6.86b 7.65a 5.26b
20% 6.11 6.90b 7.10ab 5.28b
40% 6.06 7.11ab 7.11abc 5.63ab
60% 6.01 7.56a 6.85bc 5.92a
80% 5.95 7.47a 6.28bc 6.04a
100% 5.90 7.42a 6.05¢ 6.13a
SEM® 0.24 0.38 0.18 0.24
P-value 0.483 0.017 0.034 0.032

Note :
differences (P<0.05); ®Pooled standard error of mean

of forage grass, not only can produce microbial en-
zymesto increaseitsbeneficial factors, but also can
accumul ate some other beneficial metabolites, which
arethought of the main factor that affect the quality
of FAM. The increased contents of protein may be
due in part to the decreased carbohydrate content
after fermentation. So, through SSF, microorganism
can improve the quality of AM, and cause the level
of protein to increase, cellulose degradation to pro-
duce disaccharides and monosaccharides that con-
tributes to the animal absorption. McAllister et al.
(1998) confirmed that there was an enhancement in
ADG and ADFI of feedlot steersfed diet containing
afalfahay fermented.

Growth performances

Thefermented alfalfaproductsare nutritionally
superior to unfermented alfalfa. This reason for the
FAM isthat fermentation can increase protein lev-
els, essential amino acids, bioactive peptides and
enzymes?, and enhance fiber digestivity™™. Previ-
ous studies confirmed that alfalfa haylage increased
milk production of lactating dairy cows'” and growth
performance of feedlot steerd™®, whereasadiet with
2-6% the ensilage afafaimproved growth perfor-
mance of Yangzhou goslings and geese® %Y. In the
present study, diets with 4.3-8.6% FAM inclusion
levelshad no reducethe growth of Gushi geese com-
pared to the control diet. Replacing SBMswith fer-
mented products at a reasonable level does not af-
fect the nutritional composition or even advantageous
to improve the digestibility and utility ratio of

1 Values are means of three replicates; 2 a, b: Means with different superscripts at a column are significant

feedstuff, as has been suggested in different species
of poultry fed diets supplemented with the fermented
plant protein feed, including broiler chickeng®” 40
and Landaise geesé“?. These results could be at-
tributed to the improvement of the nutritional qual-
ity of fermented products®. In addition to this, the
high vitamin and mineral concentrations could al-
low them to be more superior for bird diets. How-
ever, the replacing up to 60% of dietary SBM by
FAM led to poor growth of geese. A high forage
grass level can adversely affect the palatability or
digestion and absorption of nutrients in animal
feedg'?.

Many authors reported that B. subtilis can im-
prove growth performance and enhance feed effi-
ciency in laying hens and broilers?® 4, Similarly,
the beneficial effects of SSF with B. subtilis were
also confirmed in Sen et a. (2011) and Lee et al.
(2014) was consi stent with the study. Improved ADG
of geesefed diets supplemented with B. subtilis prod-
ucts have al so been reported by Chen et al. (2013).
The better growth of geesefed the diets supplemented
with 8.6% or less FAM was associated with rela-
tively higher F/G radio in the present studly.

Cecal microbiota

Cecal microbiota plays an important role for
geese. It iscommon knowledge that numerous bac-
teriain caecum are capabl e of digesting and supply-
ing many nutritious components. The present study
found the Bifidobacterium and Lactobacillus num-
ber increased, i.e. confirmed beneficial effects of
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dietary inclusion of FAM. Dietary FAM aredirectly
associated with beneficial effectsin preventing colo-
nization by pathogens in intestine, such as E. coli
and so on®!, A similar potential of afafasilage to
suppress pathogeni ¢ bacteriahas been confirmed™¢,
The ceca microbiota differences are also consis-
tent with previous reports for cows feed alfalfa si-
lage’®. The effect of FAM on the change of benefi-
cial and harmful microorganismsin cecum is most
likely dueto the supplementation with FAM. Inthis
study, dfdfaininitial flowering stagewasharvested,
which was fermented with Bacillus bacteria. The
increased and/or decreased the caecal microflora
found in geese fed the FAM arein line with the re-
sults of other studies involving both broilers and
weanling pig fed diets supplemented with fermented
products with Bacillus bacterial® ', Studies have
shown that the Bacillus bacteria as probiotics could
increase beneficial microorganismg? and decrease
pathogenic microorganismg® 4,

CONCLUSION

In conclusion, the study showed that, it istempt-
ing to suggest that the beneficia FAM supplemented
to Gushi geese diets improved growth, serum anti-
oxidant enzyme, digestion enzymes and positively
involved in modifying the cecal microflora
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