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Abstract Neurospora crassa can produce (-carotene through solid-state fermentation utilizing agricultural
by-products. To date research into feeding animals such probiotic fermentation products is lacking. We
applied one-way and orthogonal experiments to optimize parameters for 3-carotene production during N.
crassa fermentation using soybean dregs as substrate. A shallow tray test was conducted as a scale-up
experiment using the elucidated optimal fermentation conditions. Finally, the fermentation products directly
replaced soybean meal in the diet of laying hens. The optimum conditions to produce B-carotene by solid
state fermentation using soy bean dregs as a substrate were: 30 C fermentation temperature, 60% substrate
moisture content, substrate pH of 6, and 72 h fermentation period. The yield of B-carotene reached 202.2 ug/g
(fermentation products) in orthogonal testing, and the yield of B-carotene was 210 ug/g (fermentation products)
in the platter scale-up fermentation. In the laying hen feeding experiment, replacement of soybean meal with
fermentation products increased the laying rate of laying hens from 75.25% to 85.75%, significantly reduced the
feed-to-egg ratio, and increased daily feed intake and weight gain. In addition, the color and -carotene content
of eggs were also significantly increased. Direct replacement of soybean meal with N. crassa fermentation
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products could simplify fermented feed production, significantly improve the growth and production performance
of laying hens, and enable the accumulation of B-carotene in eggs, resulting in a significant improvement in
color. This study provides an important reference for using N. crassa to produce animal feed rich in S-carotene.

Keywords Neurospora crassa; solid-state fermentation; g-carotene; laying hen
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Table 1 Table of orthogonal experimental design
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9 85 70 7
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Table 2 Formulation of the basic diet

H R4 & Diet composition # & Content (w/%)

B 357K F Nutrient level % & Content

£ K Sorghum 60.93
Hi¥FH1 Cottonseed meal 5.00
& Soya bean dregs 20.00
a8 Fishmeal 1.80
K53 Soya bean oil 1.18
1y Talcum powder 9.92
RS Ca(HCO,), 117
ik Salt 0.30
Sk JIEE Choline chloride 0.10
DL-E% I DL-essentia 0.08
TR Premix 0.22

it Bt Metabolic energy 12.31 MJ/kg
FE )i Carbohydrate 19.78%
MWiE R Lysine 0.83%
%R Essentia 0.34%
45 Calcium 3.54%
J % Total phosphorus 0.52%
H %W Effective phosphorus 0.38%
47 Copper 17.76 mg/kg
% Iron 339.12 mg/kg
¥t Zinc 169.76 mg/kg

% Manganese 138.66 mg/kg

WG TR AT R 5 R4 {1£46.60.00 mg, ££80.00 mg, i10.35 mg, fii0.30 mg, 4E*EZD 1600 IU, 44 % E 5.00 U, 44 %K 0.50 mg, 4E4E 3B
10.80 mg, 443 B2 2.50 mg, 72 #2.20 mg, MEZ20 mg, 443 B6 3.00 mg, E#)%0.10 mg, H0.25 mg, 443 B120.00 mg.

The mixed premix can provide 60.00 mg of manganese, 80.00 mg of zinc, 0.35 mg of iodine, 0.30 mg of selenium, 1 600 IU of vitamin D, 5.00 IU of
vitamin E, 0.50 mg of vitamin K, 10.80 mg of vitamin B, 2.50 mg of vitamin B2 per kg of diet. Pantothenic acid 2.20 mg, niacin 20 mg, vitamin B6 3.00

mg, biotin 0.10 mg, folate 0.25 mg, and vitamin B1 20.00 mg.
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Fig. 1 Effect of fermentation time, moisture content, pH, and temperature on B-carotene production and biomass.
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Table 3 Results of orthogonal experiments
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E o)

R e B-E MR R

Fc%) r Tempenrature Moisture content oH B-carotene c_9ntent
(6/C) (W/%) (wiug g7)

1 23 50 6 72.34
2 25 60 7 82.85
3 25 70 8 46.43
4 30 50 7 78.25
&) 30 60 8 67.96
6 30 70 6 108.96
7 BS 50 8 72.86
8 35 60 6 180.25
9 35 70 7 110.56
K1 67.20 85.07 121.22

K2 74.48 110.35 62.64

K3 120.51 90.54 62.61

R 0.527 0.188 0.221
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Fig. 2 Changes in moisture content, temperature, 8-carotene production, and biomass during fermentation.
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Table 4 List of feed intake growth and production data for laying hens
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Fig. 3 Comparison in egg colours between control and test groups.
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1645 Index X} 41 Control group 136 4 Test group P
SFY¥HIE Average initial weight (m/kg) 1.20£0.14 1.22£0413 0.691
“FI) K E Average final weight (m/kg) 2.26 £ 0.02 2.42+0.58 0.020
T H#% E Average gain (m/kg) 0.018 + 0.002 0.021 £+ 0.002 0.036
FEIHR A & Average intake (m/kg) 0.20 +0.03 0.25+0.02 0.041
#LEE Ll Ratio of cooked eggs to feed 2.06+0.48 1.53+0.56 0.785
P54 # Average egg weight (m/g) 60.21£0.78 65.79 + 1.12 0.832

P47 B Z Average egg production rate 75.25% + 2.50% 85.75% + 3.20% 0.042
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Table 5 Effect of addition of fermentation products to diets on egg quality

$E 5 Index %t 2H Control group R 541 Test group P

A% Protein height (h/mm) 9.50 + 1.62 10.20 £ 1.73 0.240
s AL Haugh unit 88.50 + 3.76 90.00 + 3.17 0.576
5 JE #6410 Egg-shaped index 1.30+0.03 1.34 £ 0.07 0.136
H5t o E Egg shell strength (F/N) 35.43+2.72 36.13 £2.42 0.341
%l Yolk ratio (/%) 32.40+5.15 36.10 £5.32 0.008
7t Eggshell ratio (/%) 10.00 £ 1.70 9.40+0.72 0.250
505 Eggshell thickness (8/mm) 0.37 £ 0.02 0.38 £ 0.01 0.146
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Table 6 Egg yolk color and B-carotene content in egg yolks
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