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Abstract: In order to determine the availability of fermented protein feedstuff s (FPFS)—such as cottonseed, blood, 

and feather meals—with Aspergillus oryzae, 2 phases of feeding experiments were adopted for 7 weeks. Sixty 58-day-

old crossbred pigs were assigned to 6 groups, 10 pigs per group. Group 1 was the control; groups 2, 3, and 4 were 

supplemented with 6%-7%, 12%-14%, and 18%-21% FPFS, respectively, by replacing the same percentage of soybean 

meal (SBM); group 5 was supplemented with 12%-14% unfermented protein feedstuff s (UFPFS) by replacing the same 

percentage of SBM; group 6 was on the same base as group 3 with digestive energy (DE) balanced as in group 1. Th e 

results showed: (1) Th e soluble amino acids in FPFS were increased by 211% (58.06 vs. 18.68 g/kg), compared with 

UFPFS; (2) the average daily gain (ADG) increased (P < 0.05) in group 2, compared with the other groups; ADG in group 

3 was higher than that in group 5 (P < 0.05); and (3) nutrient digestibility in the groups supplemented with FPFS was 

higher than in the group supplemented with UFPFS (P < 0.05). Th e results suggest that a 6%-7% FPFS supplementation 

to replace SBM in pig diets would be ideal and economic.
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Introduction

Soybean meal (SBM) is the most widely used protein 

source in the formulation of pig diets. Because its price 

is higher than the lower quality protein resources such 

as cottonseed meal (CSM), blood meal, and feather 

meal, understanding how to use low-quality protein 

resources becomes very important in reducing feed 

costs.

Cottonseed meal has long been considered a 

potential source of protein with high protein content 

for animals; however, its application is limited due to 

the presence of the toxic gossypol, low lysine levels, 

and high fi ber content (1). A number of methods 

have been developed for removing gossypol from 

cottonseed, and microbial fermentation should be 

one promising detoxifi cation method (2-4). Th e 

other lower quality protein resources such as feather 

and blood meals also have high protein content; 

however, they have limited application because of 

their poor nutrient digestibility and variability (5,6). 

It is feasible that both nutrient digestibility and 

amino acid balance may be improved by microbial 

action (7). 
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Fermentation is a unique process with great 

potential for recycling certain low-quality feed 

stuff s into useful animal feeds. Fermentation with 

Aspergillus oryzae (A. oryzae) could decrease 

gossypol in CSM (3) and enhance the small-size 

peptide content in SBM (8). In addition, A. oryzae 

has the capacity to produce enzymes such as amylase, 

cellulose, and protease, which can hydrolyze soybean 

constituents and contribute to the development of a 

desirable texture, fl avor, and aroma in the product (9). 

Research has shown that SBM fermented by A. oryzae 

could signifi cantly improve growth performance, 

feed utilization, and intestinal enzyme activities in 

broilers (10). CSM fermented by Aspergillus niger 

increased the levels and digestibility of methionine 

(Met), lysine (Lys), and threonine (Th r) (3). Th e 

fermented soybean has also been shown to inhibit 

Escherichia coli (E. coli) infection and shorten the 

duration of diarrhea in piglets (11). Th ere were 

also some reports regarding fermented blood and 

feather meals (7,12), but there are fewer studies on 

fermentation of plant and animal protein feedstuff s. 

In the present study the fermentation of CSM, 

blood, and feather meals by A. oryzae was studied. 

Th e eff ect of the partial replacement of SBM with 

the fermented protein feedstuff s on pig production 

performance, nutrient digestibility, and fecal 

microbes was determined in order to verify whether 

it can be used as a new kind of protein feed resource 

for animals.

Material and methods

Incubation of A. oryzae

Th e A. oryzae used in this study was kept in our 

laboratory, isolated from a cow rumen, and identifi ed 

by 26 S rDNA. Th e A. oryzae was incubated at 30 °C 

for 3 days in potato dextrose agar (PDA) medium 

(0.6% soluble starch, 0.2% yeast extract, 0.5% 

peptone, 2% dextrose, 2% agar, 0.2% KH
2
PO

4
, 0.03% 

MgSO
4
·7H

2
O). Spore suspension was obtained 

by scraping off  the spores from pure cultures and 

suspending them in sterile 0.9% physiological saline. 

Spore counts were determined to be approximately 1 

× 109 cfu/mL.

Preparation of fermented protein feedstuff s (FPFS) 

Th e protein feedstuff s consisted of 60.0% CSM, 

12.5% blood meal, 12.5% feather meal, 10.0% wheat 

bran, and 5.0% corn. It was divided into 2 parts; 1 

part was not fermented as the control, and 1 part 

was fermented by A. oryzae. Th e fermentation was 

carried out under the following conditions: 4% (v/w) 

spore solution, 40% moisture, pH 6, and incubation 

for 48 h at 30 ° . Th e fermented sample was dried at 

50-60 °C up to 90% dry matter, and then ground. 

Chemical analysis

Th e samples for chemical determination were 

prepared by putting 5 g of unfermented protein 

feedstuff s (UFPFS) or FPFS in 20 mL of 0.9% 

physiological saline (w/v) and stirring for 30 min. 

Th e samples were then centrifuged for 5 min at 

13,000 × g, and the supernatants were kept for 

the following determinations. Th e soluble amino 

acids from the supernatants and the total amino 

acids from the original UFPFS or FPFS without 

suspension were determined by 835-50 High-Speed 

Amino Acid Analyzer (Hitachi, Japan), using the 

protocol described by Sarkar et al. (13). Th e soluble 

amino acid concentrations in the supernatants were 

adjusted to the concentrations in dry FPFS. Th e 

amylase activity was assayed by the method of Yoo et 

al. (14): 1 amylase unit (U) was defi ned as the amount 

of enzyme catalyzing the conversation of 1 mg of 

starch in 5 min under assay conditions. Th e protease 

activity was determined by the method of Sandhya 

et al. (15): 1 unit of protease activity was defi ned as 

the amount of enzyme that liberated 1 μg of tyrosine 

per minute. Cellulase activity was measured by using 

carboxymethycellulose (CMC) as the substrate, and 

1 unit of enzyme activity was defi ned as 1 μmol of 

glucose production per hour (16).    

Th e experimental design, animals, diets, and 

feeding programs 

Sixty 58-day-old crossbred pigs [(Landrace × 

Yorkshire) × Duroc] with an average initial body 

weight (BW) of 17.53 ± 0.86 kg were used in this trial. 

Pigs were assigned to 6 groups according to their BW 

and sex, 10 pigs per group, in 1 pen (5 males and 5 

females). Every pig had its own identifi cation code 

for statistical analysis of average daily gain (ADG). 
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A 2-period feeding program was adopted in this 

experiment. Aft er nursing, the pigs were fed with 

the phase 1 diet for 3 weeks, followed by the phase 

2 diet for 4 weeks. Th e diets were mash feed, and the 

experiment was designed as follows: 

Group 1: Basal diet. 

Group 2: Basal diet [7% (w/w) SBM removed] + 7% 

(w/w) FPFS in phase 1.

 Basal diet [6% (w/w) SBM removed] + 6% 

(w/w) FPFS in phase 2.

Group 3: Basal diet [14% (w/w) SBM removed] + 

14% (w/w) FPFS in phase 1.

 Basal diet [12% (w/w) SBM removed] + 

12% (w/w) FPFS in phase 2.

Group 4: Basal diet [21% (w/w) SBM removed] + 

21% (w/w) FPFS in phase 1.

 Basal diet [18% (w/w) SBM removed] + 

18% (w/w) FPFS in phase 2.

Group 5: Basal diet [14% (w/w) SBM removed] + 

14% (w/w) UFPFS in phase 1.

 Basal diet [12% (w/w) SBM removed] + 

12% (w/w) UFPFS in phase 2.

Group 6: Basal diet [14% (w/w) SBM removed] 

+ 14% (w/w) FPFS in phase 1; digestive 

energy (DE) was balanced with soybean 

oil, as in group 1.

 Basal diet [12% (w/w) SBM removed] 

+ 12% (w/w) FPFS in phase 2; DE was 

balanced with soybean oil, as in group 1.

Th e composition and nutrient levels of the diets 

used in the 2 consecutive experiments (Tables 1 and 

2) were prepared according to the recommended 

Table 1. Feed compositions (%) and nutrient levels (%) of the experimental diets in phase 1.

Groups 1 2 3 4 5 6

Feed compositions

Corn 64.40 64.35 64.30 64.26 64.30 61.31

Soybean meal 26.00 19.00 12.00 5.00 12.00 12.50

FPFS 0.00 7.00 14.00 21.00 0.00 14.00

NFPFS 0.00 0.00 0.00 0.00 14.00 0.00

Wheat bran 6.00 6.00 6.00 6.00 6.00 6.00

Soybean oil 0.00 0.00 0.00 0.00 0.00 2.50

Calcium carbonate 1.25 1.25 1.25 1.25 1.25 1.25

Dicalcium phosphate 0.90 0.90 0.90 0.90 0.90 0.90

Salt 0.30 0.30 0.30 0.30 0.30 0.30

L-Lysine·HCl 0.15 0.20 0.25 0.29 0.25 0.24

Premix compound 1.00 1.00 1.00 1.00 1.00 1.00

Total 100.00 100.00 100.00 100.00 100.00 100.00

Nutrient levels and energy

Crude protein 17.91 17.91 17.92 17.92 17.92 17.86

Ca 0.76 0.76 0.77 0.77 0.77 0.76

Total P 0.53 0.53 0.55 0.55 0.55 0.53

Available P 0.29 0.29 0.30 0.30 0.30 0.29

Lysine 0.93 0.93 0.93 0.93 0.93 0.93

DE (MJ/kg) 13.40 13.13 12.86 12.58 12.86 13.41

Price (Chinese Yuan/kg) 2.24 2.22 2.16 2.10 2.10 2.36

Note: vitamin and mineral premix provided (per kilogram of diet): 150 mg, Fe (ferrous sulfate); 130 mg, Zn (zinc oxide); 50 mg, Mn 

(manganese oxide); 15 mg, Cu (copper sulfate); 0.9 mg, I (potassium iodate); 0.3 mg, Se (sodium selenite); 11,000 IU, vitamin A; 1,100 

IU, vitamin D
3
; 100 IU, vitamin E; 3.5 mg, vitamin K; 15 mg, niacin; 10 mg of pantothenic acid; 3.50 mg, ribofl avin; 0.025 mg, vitamin 

B
12

; 0.35 mg, biotin; 0.3 mg, folacin; 20 mg, pyridoxine; 6 mg, thiamine; and 300 mg, choline. DE was calculated, and other nutrients 

were measured.
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standards (17). Th e pigs were weighed at the 
beginning, middle, and end of the experiment and 
fasted for 12 h before weighing. Th e experimental 
period was 49 days, and the pre-trial period was 
7 days. Feed and water were given to the pigs ad 
libitum. Th e feed intake in each group was recorded 
once a week. Th e temperature in the shed was 25-35 
°C during the trial.

Determination of nutrient digestibility

At the end of the feeding experiment fresh feces were 
collected, without contamination, from 5 pigs in each 
group for 3 days, 3 times daily (35% of the feces were 
collected each time). Th e feces samples from each pig 
during the 3 day collections were dried, ground, and 

mixed to determine the concentrations of nutrients 

and 4 N hydrochloric acid (HCl) insoluble ashes. 

Crude protein (CP), crude fat (CF), calcium (Ca), 

and phosphorus (P) in the diets and feces were 

determined by Kjeldahl, ether extract, potassium 

permanganate (KMnO
4
), and ammonium molybdate 

[(NH
4
)

6
Mo

7
O

24
] protocols, respectively (18). Th e 

nutrient digestibilities were determined by using the 

endogenous indicator [4 N hydrochloric acid (HCl) 

insoluble ashes] protocol (18). Th e calculation was 

made as follows: nutrient apparent digestibility = 100 

− (100 × indicator content in feed/indicator content 

in feces × nutrient content in feces/nutrient content 

in feed). 

Table 2. Feed compositions (%) and nutrient levels (%) of the experimental diets in phase 2.

Groups 1 2 3 4 5 6

Feed compositions

Corn 64.83 64.79 64.75 64.71 64.75 62.06

Soybean meal 22.00 16.00 10.00 4.00 10.00 10.50

FPFS 0.00 6.00 12.00 18.00 0.00 12.00

NFPFS 0.00 0.00 0.00 0.00 12.00 0.00

Wheat bran 10.00 10.00 10.00 10.00 10.00 10.00

Soybean oil 0.00 0.00 0.00 0.00 0.00 2.20

Calcium carbonate 1.10 1.10 1.10 1.10 1.10 1.10

Dicalcium phosphate 0.70 0.70 0.70 0.70 0.70 0.70

Salt 0.25 0.25 0.25 0.25 0.25 0.25

L-Lysine·HCl 0.12 0.16 0.20 0.24 0.20 0.19

Premix compound 1.00 1.00 1.00 1.00 1.00 1.00

Total 100.00 100.00 100.00 100.00 100.00 100.00

Nutrient levels and energy

Crude protein 16.77 16.77 16.78 16.78 16.78 16.74

Ca 0.65 0.65 0.66 0.66 0.66 0.65

Total P 0.51 0.51 0.53 0.53 0.53 0.53

Available P 0.25 0.25 0.26 0.26 0.26 0.26

Lysine 0.85 0.85 0.85 0.85 0.85 0.85

DE (MJ/kg) 13.21 12.97 12.74 12.50 12.74 13.23

Price (Chinese Yuan/kg) 2.15 2.10 2.06 2.01 2.01 2.21

Note: vitamin and mineral premix provided (per kilogram of diet): 150 mg, Fe (ferrous sulfate); 130 mg, Zn (zinc oxide); 50 mg, Mn 

(manganese oxide); 15 mg, Cu (copper sulfate); 0.9 mg, I (potassium iodate); 0.3 mg, Se (sodium selenite); 11,000 IU, vitamin A; 1,100 

IU, vitamin D
3
; 100 IU, vitamin E; 3.5 mg, vitamin K; 15 mg, niacin; 10 mg of pantothenic acid; 3.50 mg, ribofl avin; 0.025 mg, vitamin 

B
12

; 0.35 mg, biotin; 0.3 mg, folacin; 20 mg, pyridoxine; 6 mg, thiamine; and 300 mg, choline. DE was calculated, and other nutrients 

were measured.
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Determination of the number of E. coli and lactic 
acid bacteria in pig feces  

Fresh feces (5 g) from each of the 5 pigs were collected 
sterilely, diluted 105-109 folds with 0.9% physiological 
saline for E. coli, with anaerobic solution for lactic 
acid bacteria (19), and then vortexed completely 
(300 rounds/min). Th e mixtures (0.2-0.3 mL) were 
dispensed onto the plates with eosin methylene blue 
agar for determining E. coli or into anaerobic roll tubes 
with MRS agar for determining lactic acid bacteria. 
Th e compositions of eosin methylene blue agar were 
(g/L): peptone, 10; lactose, 10; eosin, 0.4; methylene 
blue, 0.065; agar, 14; K

2
HPO

4
, 2; and pH, 7.2 ± 0.4. 

Th e compositions of MRS agar were (g/L): tryptone, 
10; glucose, 20; beef peptone, 10; yeast extract, 5; 
agar, 20; Tween 80, 1 mL; K

2
HPO

4
, 2; sodium acetate, 

5; sodium citrate, 2; MgSO
4
, 0.2; MnSO

4
, 0.05; and 

pH, 6.2-6.6. Th e bacteria were incubated for 2 days at 
37 °C, and then the colonies were counted. 

Statistical analysis

Experimental data were expressed as means and 

standard errors. Th e data were analyzed using the 

ANOVA procedures of the Statistical Analysis Systems 

Institute (SAS 6.0). Duncan’s multiple range test was 

used to compare treatment means. Diff erences were 

considered statistically signifi cant at P < 0.05.

Results

Chemical composition of FPFS

Th e soluble amino acid and total amino acid profi les 

of the UFPFS and FPFS were listed in Table 3. Th e 

soluble amino acids and total amino acids of FPFS 

were increased by 211% and 2.06%, compared with 

those of UFPFS. Th e activities of protease, amylase, 

and cellulase of the fermented protein feedstuff s were 

1821.27, 2778.35, and 5562.43 U/g, respectively. 

Table 3. Amino acid compositions of unfermented and fermented protein stuff s (g/kg, 90% dry matter).

Components
Soluble amino acids Total amino acids

 unfermented protein 

feedstuff s

fermented protein 

feedstuff s

unfermented protein 

feedstuff s

fermented protein 

feedstuff s

Aspartic acid 1.66 0.22 49.20 51.90

Glutamic acid  5.60 14.67 88.90 92.10

Serine 1.23 0.47 30.00 29.20

Arginine 0.10 0.07 47.70 48.60

Glycine 0.69 4.81 46.70 43.90

Th reonine 0.80 0.10 21.10 22.00

Proline 0.44 4.93 39.50 38.40

Alanine 1.68 5.24 29.80 29.80

Valine 1.20 5.58 33.80 34.20

Methionine 0.23 1.36 4.90 5.70

Cystine 0.03 0.13 11.90 13.00

Isoleucine 0.80 3.49 21.20 22.60

Leucine 1.68 6.16 40.60 41.20

Phenylalanine 0.87 4.61 25.00 27.30

Histidine 0.47 3.08 15.80 15.50

Lysine 1.10 2.84 20.40 22.00

Tyrosine 0.11 0.31 19.40 20.00

Total amino acids 18.68 58.06 546.00 557.50
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Eff ect of the FPFS on pig production 

Th e eff ects of FPFS on pig production are presented 
in Table 4. In phase 1, ADG in the basal diet and the 
diet with 7% FPFS was higher than that in the other 
groups (P < 0.05). In phase 2, ADG in the diet with 
6% FPFS was higher than in the other groups (P < 
0.05). Overall, the ADG and economic benefi ts in 
group 2 were higher than in the basal diet and other 
groups (P < 0.05), while ADG in groups 3, 4, 5, and 6 
was lower than in the control group (P < 0.05). ADG 
decreased with increasing levels of FPFS additions 
to pig diets. ADG in the diet with 12%-14% UFPFS 
was lower than in the other groups (P < 0.05). Th e 
diet of group 6 with DE balanced as in group 1 had 
no positive eff ect on ADG and nutrient digestibility. 
In addition, daily intake (DI) in group 2 was a little 
higher than that in group 1 (P > 0.05), and feed 

conversion (FC) in groups 1 and 2 was a little higher 
than in the other groups (P > 0.05).  

Eff ect of the FPFS on nutrient digestibility

Table 5 showed that the digestibility of CP, Ca, and 
P in the groups supplemented with FPFS was higher 
than in the group supplemented with UFPFS (P < 
0.05). It could be concluded that nutrient digestibility 
could be enhanced by the fermentation process. 

Th e changes of microbes in feces aff ected by the 
FPFS 

Table 6 indicated that the E. coli counts in group 2 
decreased only insignifi cantly (P > 0.05), while the 
counts of lactic acid bacteria increased signifi cantly 
(P < 0.05), compared with the control group. Th ere 
were no signifi cant diff erences between groups 2 and 
3 in the number of E. coli and lactic acid bacteria.

   Table 4. Production performances.

Groups 1 2 3 4 5 6

Phase 1 (3 weeks)

ADG (g) 587.27 ± 40.76A 567.73 ± 45.41A 516.82 ± 53.37B 490.45 ± 75.39BC 473.64 ± 58.37C 522.27 ± 39.00B

DI (Kg) 1.28 1.29 1.27 1.25 1.25 1.25

FC 0.46 0.44 0.41 0.39 0.38 0.42

Cost* 4.69 4.77 5.06 5.12 5.30 5.29

Phase 2 (4 weeks)

ADG (g) 682.26 ± 78.98B 787.74 ± 49.68A 660.97 ± 67.12BC 647.74 ± 48.82BC 606.45 ± 31.92D 636.77 ± 61.05BC

DI (Kg) 1.94 2.15 2.03 1.92 1.93 1.94

FC 0.35 0.37 0.33 0.34 0.31 0.33

Cost* 6.11 5.73 6.33 5.96 6.40 6.73

Overall (7 weeks)

ADG (g) 642.76 ± 38.49B 696.42 ± 20.25A 601.13 ± 37.29C 582.57 ± 68.02CD 551.89 ± 26.95D 589.25 ± 44.43CD

DI (Kg) 1.66 1.79 1.71 1.64 1.65 1.66

FC 0.39 0.39 0.35 0.37 0.34 0.35

Cost* 5.55 5.39 5.86 5.65 5.99 6.18

Note: each value represents mean ± SE of 10 replicates per treatment. In the same row, signifi cant diff erences at P ≤ 0.05 levels are 

indicated by the diff erent letters (A, B, C, D). Data followed by the same letter in the same row are not signifi cantly diff erent from each 

other (P > 0.05). *Cost: cost per unit of gain estimated in Chinese Yuan.   
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Discussion

Chemical compositions of FPFS

Th is research showed that the fermentation process 
could increase soluble amino acid concentrations 
and slightly aff ect total amino acid contents. Similar 
results have been reported in fermented soybean 
meal by other investigators (13,20). Th e high 
concentrations of soluble amino acids may be due to 
the growth of microfl ora, which can secrete protease 
to aid in the digestion of protein feedstuff s for amino 
acid production. In addition, the microorganisms 

can convert substrates into microbial protein and 
other biological compounds. 

Eff ect of the FPFS on pig production and nutrient 
digestibility 

Th e results indicated that group 2, with 7% or 
6% FPFS replacing SBM, had the best eff ect on 
improving pig production and economic benefi ts. It 
was suggested that the optimum addition of FPFS in 
pig diets was 6%-7%. Many researchers showed that 
fermented soybean meal improves pig production 
and feed conversion (21,22). Th ere were also reports 

Table 5. Th e digestibilities of crude protein, crude fat, calcium, and phosphorus (%).

Groups Crude protein  Crude fat   Calcium     Phosphorus

1 77.94 ± 1.23A 80.57 ± 1.44A 52.07 ± 1.49A 44.45 ± 1.49B

2 78.98 ± 1.59A 80.65 ± 1.62A 52.72 ± 1.52A 46.71 ± 2.01B

3 74.75 ± 1.32B 78.75 ± 2.60A 54.28 ± 2.68A 49.46 ± 1.36A

4 74.40 ± 2.56B 79.89 ± 1.50A 53.48 ± 1.75A 51.46 ± 3.71A

5 69.62 ± 1.46C 71.72 ± 3.61B 46.44 ± 1.89B 40.97 ± 2.93C

6 72.33 ± 2.35B 76.33 ± 2.33A 53.49 ± 1.01A 47.71 ± 0.32B

Note: each value represents mean ± SE of 5 replicates per treatment. In the same column, 

signifi cant diff erences at P ≤ 0.05 levels are indicated by the diff erent letters (A, B, C). 

Data followed by the same letter in the same column are not signifi cantly diff erent from 

each other (P > 0.05). 

Table 6. Th e counts of E. coli and lactic acid bacteria in feces.

Groups  E. coli Lactic acid bacteria

(×106 cfu/g) (×109 cfu/g)

1 7.09 ± 0.12B 7.68 ± 0.07BC

2 6.87 ± 0.24B 8.16 ± 0.38A

3 7.23 ± 0.13B 8.07 ± 0.44AB

4 7.67 ± 0.27A 7.29 ± 0.11D

5 7.93 ± 0.06A 7.56 ± 0.24CD

6 7.70 ± 0.26A 7.97 ± 0.22AB

Note: each value represents mean ± SE of 5 replicates per treatment. In the same column, 

signifi cant diff erences at P ≤ 0.05 levels are indicated by the diff erent letters (A, B, C, D). 

Data followed by the same letter in the same column are not signifi cantly diff erent from 

each other (P > 0.05). 
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that fermentation could increase the nutritional 
value of poultry feather and blood meals (2,7) and 
decrease the gossypol content of cottonseed meal (3). 
It was reported that fermented soybean meal with 
A. oryzae improved the apparent digestibility of dry 
matter and CP more eff ectively than unfermented 
soybean meal (23). Th is experiment also showed 
that protein feedstuff s fermented with A. oryzae 
were better able to increase nutrient digestibility 
than unfermented protein feedstuff s. Th is may be 
mostly due to the elimination of anti-nutritional 
factor and the degradation of large-size protein in 
FPFS (8). 

Th e nutrient digestibilities in group 2 were even 
higher than in the basal diet, but this tendency was 
not found in groups 3 and 4. Th e reason may be that 
the protein feedstuff s contain cottonseed, feather, 
and blood meals, which have poor digestibility before 
fermentation. Fermentation could improve nutrient 
digestibility of cottonseed, feather, and blood meals 
to some extent; a small addition of FPFS to pig diets 
could have a positive eff ect on pig production and 
nutrient digestibility, while a large FPFS addition 
may have a negative eff ect. In conclusion, the reason 
FPFS has the ability to improve pig production 
may be the fermenting functions, which decrease 

anti-nutritional factors, produce enzymes, improve 

nutrient availability, and maintain gut microbial 

balance. 

Th e changes of microbes in feces aff ected by FPFS 

Lactobacillus and Bifi dobacterium are considered 

the main benefi cial microorganisms because of 

their potential to inhibit the growth of putrefactive 

and pathogenic bacteria (24). Pluske et al. reported 

that a healthy gut environment (e.g., low counts of 

enteropathogenic E. coli) could aff ect voluntary feed 

intake (25). In the current study, the diet of group 

2 successfully increased the counts of Lactobacillus 

and decreased the counts of E. coli in pig fecal 

samples, which may have contributed to the positive 

eff ect on production performance of a 6%-7% FPFS 

replacement of soybean meal in pig diets.

In conclusion, FPFS with A. oryzae could increase 

soluble amino acid concentrations and multi-

enzyme production. FPFS supplemented in pig diets 

could signifi cantly improve the ADG and nutrient 

digestibilities, increase Lactobacillus counts, and 

decrease the E. coli counts in pig feces, compared with 

UFPFS. Th e optimum addition of FPFS in pig diets 

was 6%-7%. Results suggest that FPFS is a new kind 

of benefi cial protein feed resource for pig production.
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