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Abstract: [Objective] To screen out a yeast strain that can efficiently assimilate ammonia nitrogen,
optimize the solid-state fermentation conditions based on the nutrient composition, antioxidant
activity, and amino acid content of the feed, and provide a scientific basis for the production of
single-cell protein feed with this yeast strain.[Methods] Five strains of Candida utilis, four strains
of Pichia anomala, five strains of Saccharomyces cerevisiae, and three strains of Issatchenkia
orientalis were cultured with (NH4),SO4 as the sole nitrogen source. The yeast strain with the
highest ammonia utilization rate and the highest glutamine synthetase (GS) activity was selected as
the test strain, and then the fermentation parameters and fermentation substrates were optimized for
this strain. The routine nutrient composition, content of phytate phosphorusand amino acids, and
scavenging rates against 1, I-diphenyl-2-picrylhydrazyl (DPPH) and 2,2'-azino-bis(3-ethylbenzothiazoline-
6-sulfonicacid) (ABTS) free radicals of the fermented feed were determined. [Results] C. wutilis
CJ121 showed an ammonia utilization rate of 55.39% and a GS activity of 0.29 umol/(h-g), which
were higher than those of other yeast strains. The optimal fermentation process for C. utilis CJ12
was fermentation with a (NH4),SO,4 addition amount of 2% and an inoculation amount of 8% for
36 h. The optimal fermentation substrate was composed of 94.8% wheat bran, 5% soybean meal,
0.1% protease, and 0.1% cellulase. After fermentation with C. utilis CJ12, the content of crude
protein and organic nitrogen increased by 15.95% and 28.46%, respectively (P<0.05), while that of
dry matter, crude fiber, crude fat, and phytate phosphorus decreased by 4.19%, 19.41%, 12.29%,
and 13.51%, respectively (P<0.05). The total amino acid content increased after fermentation
(P<0.05), with glutamine and glutamic acid levels being 111.38 times and 3.02 times those of the
control group, respectively. However, the control group exhibited higher levels of tryptophan,
asparagine, and 4-aminobutyric acid, which were 13.41, 8.27, and 6.41 times those of the
experimental group, respectively. In addition, the scavenging abilities against DPPH and ABTS free
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radicals increased after fermentation (P<0.05), with the ICsy values decreasing by 73.51% and
6.01%, respectively (P<0.05). [Conclusion] C. utilis CJ12 has high capacities of utilizing ammonia
nitrogen and synthesizing glutamine. This strain improves the nutritional value and antioxidant
performance of feed after solid-state fermentation, thus demonstrating the potential for producing

functional single-cell protein feed.

Keywords: ammonia nitrogen assimilation; yeast; amino acids; single-cell protein
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RE PR A: 100% 2 %k AEFRZH B: 98% #
E2% B G ALHY C. 95% K Ek+5% fiff
fi ks ALFRZH D: 97.8% A& #k+2% TOHI+0.1%
HEBE0.1% P 4E R ; AP E: 94.8% %

#x1 BEERNABIZMHERRIEERSKE
Table 1

fermentation process optimization of yeast

Factors and levels of orthogonal test for

Levels A4: Amountof  B: Amount of C: Time of
inoculation (%) inorganic nitrogen fermentation
added (%) (h)
1 5 2 36
2 8 5 48
10 8 60

R2 BUELERORNILRT
Table 2 Optimal design of yeast fermentation substrates

Groups Substrate of fermentation

A 100% Wheat bran

B 98% Wheat bran+2% Enzymatic hydrolysis of
soybean meal

C 95% Wheat bran+5% Enzymatic hydrolysis of
soybean meal

D 97.8% Wheat bran+2% Soybean meal+0.1%
Protease+0.1% Cellulase

E 94.8% Wheat bran+5% Soybean meal+0.1%

Protease+0.1% Cellulase
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MassHunter Software

3 ERHEEHE
Table 3 The number of colonies of the strains

*4 ERBRAFARMGSEN
Table 4 Ammonia nitrogen utilization and GS activity

of the strains

Strain No. Colony number (x10° CFU/mL)
NJ15 0.57+0.01b

CJ12 0.72+0.03a

NJ16 0.25+0.01d

YJ19 0.40+0.02¢

P-value <0.01

The different letter means significant difference (P<0.05).

>4 actamicro@im.ac.cn, 7 010-64807516

Strain No. Ammonia nitrogen GS activity

utilization (%) (umol/(h- g))
NJ15 46.23+0.39 0.18+0.03b
CJ12 55.39+0.24 0.29+0.04a
NJ16 48.19+0.21 0.16+0.02b
YJ19 50.02+1.42 0.06+0.03¢
P-value >0.05 0.04

The different letter means significant difference (P<0.05).

12~ -+-Potato dextrose agar medium
--Inorganic nitrogen medium
10

AL

8
g me
Q 6 5
Q g
4
2
0 6 12 18 24 30 36 42 48 54

t/h

1 EHRESEEFEPRE K%

Figure 1 Growth curves of the strain in different

media.

AR A AT B K (6-28 h), JF T 36h )5
AR, 45 EM, CI2 WMRETHLAR;
FREEPAERK R
23 EMREAEIBEFENNRGE D
2.3.1 RFBBIBER T 7

X TCHL A TR 5 1 AR (JN) Fl PDA $5
I HEEE T B B R OP) AT 4T 05 4 H
gER R, SH—FEASTPCHAIEE — E M/ (PC2)
X RE A 25 5 0 TR b A R 51.55% Al
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Figure 2 Histogram of fold difference.
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x”S ERNET RGBS
Table 5 Metabolic pathways involved in differential

metabolites
No. KEGG metabolic pathway Number of
differential
metabolites
1 Biosynthesis of phenylpropanoids 15
2 Tryptophan metabolism 11
3 Arginine and proline metabolism 10
4 ABC transporters 8
5 Purine metabolism 8
6  Biosynthesis of alkaloids derived from 7
ornithine, lysine and nicotinic acid
7  Nicotinate and nicotinamide metabolism 7
8  Citrate cycle (TCA cycle) 7
Folate biosynthesis 7
10  Isoflavonoid biosynthesis 7
11 D-amino acid metabolism 7
12 Pyrimidine metabolism 7
13 Histidine metabolism 6
14 Phenylalanine metabolism 6
15 Methane metabolism 6
16  Biosynthesis of terpenoids and steroids 5
17  Biosynthesis of alkaloids derived from 5
histidine and purine
18 Pantothenate and CoA biosynthesis 5
19 Two-component system 5
20 Tyrosine metabolism 5
21 Phosphotransferase system (PTS) 4
22 Cysteine and methionine metabolism 4
23 Lysine biosynthesis 4
24 Glycine, serine and threonine metabolism 4
25 Biosynthesis of alkaloids derived from 4

terpenoid and polyketide

26  Biosynthesis of unsaturated fatty acids 4

27 Biosynthesis of various antibiotics 4

28 Alanine, aspartate and glutamate 3
metabolism

29  Chlorocyclohexane and chlorobenzene 3
degradation

30 Ubiquinone and other terpenoid-quinone 3
biosynthesis

31 Bisphenol degradation 3

32 C5-branched dibasic acid metabolism 3

33 Biotin metabolism 2

34 Amino sugar and nucleotide sugar 2
metabolism

35  Cell cycle-yeast 1

>4 actamicro@im.ac.cn, 7 010-64807516

AN AB Cy, BITCHLEIINE N 2%, 1R
=R 8%, KIERTTEA 36 h (3% 6).
242 EEERDRK

W7 Fias, A4 C FIALFEL E i35
B E T TR A B I D (P<0.05), AbFHZ
E 7% B ECEBUE L & T AR C (P>0.05)
I, PEFRALERAE E AN RERER CI12 it L 1%
Y, WG N 94.8% F Ek+5% THI+0.1%
HEAM+0.1% LT 4E £

*6 BERABEHFNIZSHMULEYER
HILER

Table 6 Results of Lo(3*) orthogonal test for
optimization of process parameters for yeast fermentation

of wheat bran

Strain A4 B C Ammonia nitrogen
No. utilization (%)
1 1 1 1 61.23

2 1 2 3 26.51

3 1 3 2 49.48

4 2 1 3 72.08

5 2 2 2 44.18

6 2 3 1 48.26

7 3 1 2 50.67

8 3 2 1 47.40

9 3 3 3 49.88

K 45.74 61.33 52.30

K, 54.84 39.36 48.11

K; 49.32 39.36 49.49

R 9.10 21.97 4.19

#x71 FRIAEBRYNESREREHNED
Table 7 Effects of different fermentation substrate

treatment groups on yeast count

Groups Colony number (x10'° CFU/mL)
A 0. 17+0.02¢

B 0.22+0.05b

C 0.26+0.02a

D 0.24+0.01b

E 0.28+0.03a

P-value 0.04

The different letter means significant difference (P<0.05).
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XTHRZH (P<0.05), Hir, ¥R 2 e 75 i
435 2.14 mmol/100 g A1 0.08 mmol/100 g 34 i
#| 6.47 mmol/100 g 11 8.91 mmol/100 g. 4%
MR, ARENER ., FEmR. 423 TmR. M
e, HaEm., REAEmR . KW 3-H F-L-
HEFR M & B AT IR AL(P<0.05), TiFR %L
MR . 22 R AN R % i 3 2 =%
(P=0.05),
2.6 BNELZEARMMEMALEETK

WiE 3 7w, DPPH Ml ABTS H HiLERRR
BEAE vl B B it o o R A R T Ak Y
=8 BEELZEEARNERRITHL
Table 8

fermented feed

Nutritional composition changes of yeast

Strain No. Control group Experimental P-value
group

Dry matter (%) 50.58+1.16a 48.46+0.63b  0.04
Crude protein (%) 20.88+0.12b 24.21+0.47a 0.02
Small peptide (%) 2.30+0.34 2.61£0.32 0.58
Organic nitrogen (%) 2.82+0b 3.63+0.04a  0.00
Ash (%) 6.47+0.25 7.37+0.16 0.82
Calcium (%) 0.26+0.05 0.28+0.02 0.79
Total phosphorus (%) 1.22+0.04 1.37+0.04 0.57
Crude fat (%) 4.80+0.53a  4.21+:0.98b  0.04
Crude fiber (%) 5.77£1.54a  4.65£1.36b  0.02
Phytic phosphoric 0.37+0.01a  0.32+0.01b  0.04
acid (%)

Different letters in the same row indicate significant difference
(P<0.05).

®9 BSELBENPIERNSETH

Table 9 Content of 25 amino acids of yeast fermented

feed (mmol/100 g)

Amino acid Control Experimental P-value

group group

Tryptophan 5.50+0.36a  0.41+0.05b <0.01
Phenylalanine 0.56+0.04a  0.39+0.07b 0.02
Methionine 0.09+0.00a  0.02+0.00 <0.01
Valine 1.76£0.11b  2.27+0.21a 0.02
4-aminobutyric acid  6.22+0.30a  1.64+0.19b <0.01
Tyrosine 0.56+0.05b  1.64+0.30a <0.01
Proline 2.51+0.11a  1.62+0.23b  <0.01
Beta-alanine 0.38+0.04b  4.51+0.44a <0.01
Alanine 7.63£0.33b  15.92+0.43a  <0.01
Glycine 1.97+£0.03a  1.59+0.13b 0.01
Glutamic acid 2.14+0.08b 6.47+1.01a <0.01
Hydroxyproline 0.07+0.01 0.08+0.01 0.08
Threonine 0.87+0.03b  1.38+0.15a <0.01
Aspartic acid 2.06+0.29a  1.23+0.08b 0.01
Glutamine 0.08+0.01b  8.91+0.87a <0.01
Serine 0.89+0.01 0.86+0.04 0.29
Citrulline 0.03+£0.00  0.03+0.00 0.96
Asparagine 8.68+0.13a  1.26+0.07b  <0.01
Arginine 1.05£0.02b  1.79+60.03a  <0.01
3-methyl-L-histidine  0.03£0.00a  0.02+0.00b  <0.01
Lysine 0.50+0.06b  1.50+0.04a <0.01
Histidine 0.22+0.02b  1.17+0.08a <0.01
Ornithine 0.07+£0.01b  0.18+0.02a <0.01
5-hydroxylysine N.D. N.D.
1-methyl-L-histidine N.D. N.D.

Total 43.84+1.90b 54.87+3.16a <0.01

Different letters in the same row indicate significant difference
(P<0.05). N.D.: Indicates that the target compound was not detected

in this sample.

DPPH 11 ABTS [ fH 3G BR58 B 3& & TR A1
RN P<0.05); W3 10 B, KEEARHS A A
TR ICso E435)M 4.97 mg/mL Fl 18.76 mg/mL,
Bl 1 mg & Ak % DPPH [ H 2L 0435 4 6 1 AH
T 3.78 mg ALK ARG R A T A
BEHEY ICso {H 43514 7.20 mg/mL F1 7.66 mg/mL,
B 1 mg & EEGEIRT ABTS [ 1 5L 0074 4 AE J1AH
2T 1.06 mg A KR
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Figure 3 DPPH (A) and ABTS (B) free radicals scavenging rate of yeast fermentation broth.

=10 BEEELERSHRDPPHFABTS HEEAAE

Table 10 DPPH and ABTS free radicals scavenging ability of yeast fermentation broth

Type of free radical Sample Linear regression equation  ICs, value (mg/mL) Mass equivalent (mg)
DPPH free radical Control group y=2.55x+2.25 18.76+0.02a 1.00

Experimental group y=5.67x+21.91 4.97+0.04b 3.78
ABTS free radical Control group y=17.38x-6.56 7.66+0.01a 1.00

Experimental group y=7.36x-2.78 7.20+0.02b 1.06

The different letter means significant difference (P<0.05).
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