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Abstract: Protein feed resources in China are scarce, which hinders the developement of feed industry and
animal husbandry. Yeast protein is rich in nutrients and has significant development potential. Yeast strains
were isolated and identified under acidic conditions (pH 3.5), from fermented flour, bovine rumen chyme,
corn steep liquor, and other raw materials. Through the determination of the growth performance, bacterial
protein and flavor of the strains, a promising high-protein yeast strain was identified as a potential strain for
yeast protein processing. Further, the research indicated that 20 acid-tolerant yeast strains, including
Saccharomyces cerevisiae, Pichia fermentans, Kluyveromyces marxianus, Yarrowia lipolytica, Candida
tropicalis, Starmerella bacillaris, Zygosaccharomyces rouxii and Hanseniaspora thailandica, were obtained
from different raw materials. Two superior strains, Pichia pastoris B-1 (7.65 g/L biomass, 4.96 g/L protein
yield at pH 3.5; 9.32 g/L biomass, 5.81 g/L protein yield at pH 7.0) and Lactobacillus cerevisiae D-1
(8.00 g/L biomass, 3.91 g/L protein yield at pH 3.5; 14.91 g/L biomass, 6.87 g/L protein yield at pH 7.0),
were identified based on biomass and protein production under shaking flask culture conditions. Flavor
analysis revealed that strain B-1 had a higher content of flavor nucleotides and glutamic acid than strain D-1,
along with a greater concentration of ester compounds. Thus, strain B-1 was identified as the potential strain
for further application.. Therefore, B-1 strain was determined as the target strain. Finally, the growth

characteristics and stress tolerance of B-1 strain were examined. It exhibited robust growth under

ENTIE

conditions of pH=2.0, temperature<<40 °C and NaCl concentration ( w /v )<70 g/L.

Key words: high protein yeast; screening; flavor; stress tolerance
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FAAR XA 43 i s A Al
113 Krgest

BRI O 2R 1 IR A 258 ( Yeast extract peptone
dextrose medium, YPD ) A 25 (g/L ). BEHE
B4 10.0. AR 20.0. #EH 20.0, 115 °CH
FEZEVRK B 20 min, F 2K pHo QnC ] [ A8 5 5k
TIIMA 20.0 g Bk . R0 BRI
7 pH M 3.5,

WL E g ( Wallerstein laboratory nutrient
agar, WL ) [E{RREFRIL (g/L ). BERER KT 4.0, Hi
% B 50.0, K 5.0, KH,PO, 0.55, KC10.425,
CaCl, 0.125, MgSO, 7H,0 0.125, FeCl; 0.002 5.,
MnSO,4 0.002 5. Ffis#; 20.0. HH Ey4ZE 0.022,
115 °CHREZVR KA 20 min, HR pH.

1.2 F5iEF

YJ-VS-1 B AEEBGTIESG: L8 —G
HAL RS A BRA A s LDZX-50L 5 2805 K
By: BGHZEITAIR); DHP-9602 L #E L 1T
IR LRI A R /A W ; BS-2E AlHE
TR B 3248 < MERE AR A PR Bl 5 UV-19001
RUEEAN-A] WA EETE . Sl (hE)
AMRAW ; ME204 U 43 H7 KF- . FE22 £ pH
it MR -ER 2 ERR S (1) HRAF;
BT CFEE T /3% ): f8E Elementar
N
1.3 EWAH*E
1.3.1 i BT AR R TR T ok 190 9

WKL 1 ¢ BT 2 mL EHE/KPEY
1 min JE R, I EIEW 1 mL T 20 mL /) YPD
REHL, pH 4 3.5, 30 °C, 220 r/min 1535 24 h,
SR JEMBERAT T WL 55355 30 °CHEgR 2d, A&
JE PRI R B B AP R PR 7, B33 YPD &4
Biaeskas M.

1.3.2  FHRPER

POHUBERF AR IS E A YPD JRMACH: J5 R b ok
TG AL R AR I B TR 2 A 50 mL YPD K5 7% 3k,
30 °C, 220 r/min ¥53% 24 h, W@ EHRE
N 25% (mv)EH KSR R EE T, BT
—80 CURAF# HI o

1.3.3  BHREE

TEA LS . PRI WL B35 5L FARRIE A
IS IAT L WYL 0, MBS S 2o U

ST RS . T3k P AL B G S $R
M DNA, #17 ITS FHIE, ¥rRFHs
GenBank H¥%13#£4T BLAST 43Hrib#s, DL ITS
FEH 8 AR A>99% A ifE, SR Mega 11 3k {4
WERGE KT
1.3.4 PR R0 8 Bl E

WARTEAL G, BOR R P& 470 T YPD MR 57
Ferp iR 12 h R (R IR, 4% 5% (viv)
A THEE pH ZMF T YPD MiRKGFREHH 57
48 h, BLIPIER R TRMARIEA T . HH
SHRNIES% GB/T 24318—2009 { A ks
00 Al R SR B SRR B TR )
1.3.5  PREBE R R0 KUK AIF5E

EWRZFRANEZ% GB 5413.40—2016
CEL LB S AZL A A BRI E ).

HHABMIMEZS% GB 5009.124—2016 (&
fit B TR ) I D

LA WU E S % Limin!® 4815
1.3.6 i BT 1R T B TR A A A HEAE A 0

A K pH (E: HFLERE Y YPD WAk 7=
FER pHAE N 3.0, 3.2, 3.4, 3.6, 3.8, 4.0, 4.2,
44, 4.6, 48, 5.0, 1% 5% (V/V) B3RP EE
BERD IR I% AN T34 20 mL YPD i i8R 77 3%
1 50 mL =i, AR pH. 30 °C. 220 r/min
KM THRG RS, B 3 0 FAT, B53E 24 h Ml
FHERAM-AT W43 560 BT AE IR 600 nm AR 7 T
& 1) ODygoo nm TH

BaE AR % 5% (V/V) WiEFh b
BEFD 2R T 20 mL YPD WK 7R 3 rh, B33
IRIE N 22.24.26.28.30.32 °C, %% 220 t/min
TR IR, BAHYAT 36y, B398 24 h 5%
Hh-A] WA EETHE A 600 nm AN E TR Y
OD600 nm TH.

AR AR B E . 4% 5% (V/IV) R FR K
P B RD TR BERD T 20 mL YPD WK SR 5k, 78
s R N IR RS, RATAT 3 0, IR
I 5E TR ODgoo nm fH, PAEFERTE] (x ) A2k
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1.3.7 A B T T F o DA MR 38 P 194 0
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J¥5 5 Genbank H1 T 5 B LXT, 455 8 NI
JRWBEREE , /el EER: (A-1~A-8 ). B
WeRE (B-1~B-4 ), Dyifrye & 4ele b (C-1, C-2),
fit g HR [G B D-1 I R 22 L) E-1  Starmerella
bacillaris F-1 & [REEGTEEE G-1 FIA DG LS
(HLHa)ﬂmM%MJ%#W%%AE*W
(UL 1), 455 s AN TR) B ok 22 5 A 4
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S o ©
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Note: CK1 and CK2 were isolated from Angel yeast additive
and edible dry yeast.

1 BNBEKREURER

Fig.1 Phylogenetic tree of various isolated strains
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XF o3 B AR B 20 BRI BETR HE T A E, I T HT
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AR WA TE . AR E A5k

1
6 =FH B
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SO~ N Wh Lo a ®
iz HSI )
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TE: 2A U3k pH o 3.5 A K& 2B AU5R pH o 7.0 A K &1
Note: 2A represents the growth condition at pH 3.5; 2B represents the growth condition at pH 7.0.
B2 FHEHE YPD WAEKER
Fig.2 The growth of each strain in YPD
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7.65 g/L. 64.91%. 4.96 g/L, D-1 kKBS HEA
TH . S EDNERED S5 8.00 g/L.
48.920%. 3.91 g/L; 4 pH N 7.0 i, B-1 KEZfT
BMEETE., EA&EREEREA DR
932 g/L. 64.30%. 5.81 g/L, D-1 KRELFTEHEAK
TE ., EASEULERE R 14.91 g/L.
46.08% . 6.87 g/L. MWMPRE Y A E L2,
v fife g IS EC R b Bl 55 B 2y (et
J&i ( Food and Drug Administration, FDA ) A& N
— Bt &% 4= 1) ( Generally Recognized as Safe,
GRAS ) A, ¥y aT ok 40 il 28 p 0 A
Bk
2.1.2 PERETR PR A KRBT

R AE R RN PR B OCE B, fERERE
T, PR e KR R AR . K
AR (S-WUHIRA S-S H R ) DL RIE KA AL
Yo, IRoE, 5-IUHTIR AN 5'- 5 R 6N

= 5
W

3A
= S5-I
= 5 L3RR

EREH R/ (mg/ke)

B-1 D-1

Bk

T 3A ERMR R R H RS RIS &

w
BERI%

[\

545 &M Rl ek B e, S-HLT IR 4
B R Z MR AR R VE T, Refdi i ngdy =
8 U, BERRAE K B AR, Sk R
X EREE . ARGIENITR . SRR A AL
Y, R RYEE . BRAFFIR, ARAZHY N M EL
TR E SR, A A sk A e o ohgl 2,
P, O T 0 pE B BT KA KU 1 = 2 R R
XF B-1 Fl D-1 FERETE AT RURAF 5T

Kl 3A W, B-1 Wik S-WUFRR A 5'-5 W
TR 1 279.82 mg/kg Al 2 165.69 mg/kg,
D-1 B S-HLH @A 5-5H 8 & 2550
1 601.89 mg/kg F1 685.54 mg/kg; B-1 F{&F D-1
BRI S I 4% 2%, SR R A
B AR S B-1 WA & T D-1 @ik, it
B-1 1AM D-1 F#M T GC-IMS 4347 . & 3B &
N, B-1 WEE & =B & & T D-1, D-1 IR | fix
FFNEA S 1 W & T B-1,

3B

(=)
(=]

—B-1
=D-1

JLy

PR W BRIS BHE BEK MRk HE
AR

TR/ %
[\*) w S W
(=) (=] (=] (=]

—
[= I}

3B AR B R P2 AR 5

Note: 3A represents the content of taste nucleotides and glutamic acid in bacterial cells; 3B represents the relative content of volatile

composition in bacterial cells.

3 H{& B-1 70 D-1 BIRBERA
Fig.3 Flavor study of bacterial strains B-1 and D-1

K 4 Won, GC-IMS i Rk 4% & 149 5
FREFIFr e AEE W 22 5, JER IR B-1 kM
HHLY) 49 F, D-1 LA DY) 34 Fh o TR B-1
W, BRI Y 56.98%, EE N> 3-H SRR
THE. 3-HHENRTE . N 2-MENEE. R
2-H L 1-TN R (5 LE 77.13%; FRZEW 5 1L 6.64%,
FEWRS OB 63.40%, 2-HIETHR ., 2-H 3
IR LA B T R 5 Eb 20.8% 5 B T i L 25.60%,
TR 3-FEET -1 2-F - 1-IN B
b 84.45%; 2PN 7.10%, FEERLSr NN
48.45%, WK D-1 1, BERYIIT 6.52%, FEM

oy 3-HE MR TR 3-HIEEHNR T . R 2-H
FENHE . LR 2-WH-1-NR 5 1 77.91%; TRZEW)
Bibit 18.22%, FEMIT LR L 87.38%, 2-
AT .. 2-WIHANRR LI TR 5 I 15.53%; BE
R 7 L 50.55%, FEE MG 3-H T -1-BE . 2-
HBE-1- N B T L 73.89% 5 B9 5 i L
19.50%, FEEHLSNE & L 70.15%. A B-1 Fl
D-1 1, =200 ki, o
FARL, (HZH AL AR 223K, W XU DT ik 32 2
A LPEBRZE . BR2E . BER RIS Z F i L
I3k 96.32%F1 94.79%. Hrh, ¥EKEVEEEZY)
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Fig.4 Fingerprint of volatile substances in bacterial bodies B-1 and D-1

2.2 iR ER 1 B A AR Y A AR

RIS pH EATEERE B-1 AR K A5 0
DLIEL SA. HIEIRTAL, pH BRI YA 5 i 22 57
W I, ARCTERY pH i Wy [, A Y pH (H2h
5.0, AR RAYIE, ODgoonm N 1.305,

B 3R 1R B o R B-1 AR RS2 I LR 5B,
M AT, BERFE B-1 7E 30 °CHMAE K Felf, I
B iR 2 i KAEY &, ODgoonm A 1164

Tt B-1 BBl IRl 5C. mrEImT AL, Rk
T 0~8 h A KM EEANS , S AERT N ; 7 8~28 h il
AR, xR ZEHEARES, ODesooam
TRB A o E A Hh A i T ) R RS IV g T

S, A AE R A ) PR AR LR, DR YT AL S
(] BNl B = I B, A T4 e A BERCR
2.3 RRMEEIEE S E RS
2.3.1  pH Ui P 25

Wbk B-1 FEPRIHIK pH SCIRA5 R LK 1, pH=
2.0 BF, WMRIIREMEAER, BEE K FERTE AT,
PRRRI =S B, LB e A /N
232 YT ERE E 4

Pt B-1 BERR SR M BB E 45 R L2 2, B-1
HA B RRPUSrEee, MEREMRm, B-1
RIS, BETEIRE <40 °CHY YPD Wik H:
FRILp AR,

S5A

14
—-B-1 1.20
12
i 1.0 @ 1.15
§08 g
Q% o§ 1.10
g 06 8
0.4 1.05
0.2
, 1.00
2 3 4 5 6 7 8 9 10
RS HhpHIE

1.6
1.4

12
*Eé 1.0
g 0.8
8 06
0.4
0.2

04

5B

5C

—— B-1

26 28 32 34 0

30
BRI/ °C

15 20 25 30 35 40
I E]/h

5 10

TE: SA: HEFREAILG pH (X B-1 WA KM 5B FIREEXT B-1 WA KM 5C: A KLk,
Note: 5A: The effect of initial pH value of the culture medium on the growth of B-1 strain; 5B: The effect of cultivation temperature on

the growth of B-1 strain; 5C: Growth curve.

B 5 HEHk B-1 WEKER
Fig.5 Growth of strain B-1
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F 1 E# B-13f pH RN ELER
Table 1 Determination Results of pH Stress Resistance of Strain B-1

K pH 1.0 1.5 2.0 2.5 3.0 H4% pH } 7.0
6h - - - ++ ++ ++
12h - - - ++ -+ 4
CK1
18h - - + +++ -+ o+
24 h - - ++ -+ -+ -+
6h - - + +++ +++ +
12h - - ++ ++++ ++++ ++++
i 18 h - - +++ 4+ -+ 4+
24 h - - ++++ ++++ ++++ ++++

T+ e R IR B TNVERY 174, 12, 3/4, & oM E, TR
Notes: +, + +, + + +, + + + + indicate that the gas production reaches 1 /4,1 /2,3 /4 and all of the Durham tubes respectively ; - means

that the no gas production, the same as below.

R2 EHkB1BEERSEERENELSER
Table 2 Determination results of temperature
resistance of strain B-1

Wk WESC 30 35 40 45 50
6h ++ +++ ++ - -
12h +++ -+ +++ - -

CK1
18h -+ +++ - -
24h A - -
6h ++ +++ ++ - -
12h +++ ++++ +++ - —

B-1
18 h +H++ +++ - -
24 h A - -

2.3.3 MR M RE I 45 R

FERE B-1 BERETN £5 M BB & 45 R W3 3. B-1
BARIFHTERERE, BEE VR AR, B-1 &
P ORI N, BEAE NaCl i ik B < 70 g/L ) YPD
WAk AERK,, BABIFHBE Rt

F 3 HE¥kB-1 WEIFEERENESR
Table 3 Determination results of salt stress
resistance of strain B-1

Wbk NaCLVkJZ/(g/L) 10 30 50 70 =
6h + + _ _ +
12h ++ ++ - - ++
CK1
18 h -+ -+ - —
24 h -+ -+ - —
6h + + - - +
12h ++ ++ - —
B-1
18h ++++ ++++ + N
24 h ++++ ++++ ++ +

S5Hkk CK1 AHEL, H#kE B-1 BERPritk: (&
BIE ) WEALT CKL, Wifk pH $UisidEF s st

WAL T CK1 Btk
3 it

PR AT VR S AR AR R IR, A AR
EIUIREMEYIT, ReRS R A . dEr s
WAERE . EHE B R R B EEE RN
o o (AR FERE R R b, O T R ARAAR
W SBER IR, BEERE AR KR,
FE R GRDRIN T2k B2 v R 75 22 Rk, P
FETR R A TR . Wl =3B . il iR i
BRI s 8

AR TR R 1 R ERM: . BB EE . Wit
R ek P 7R R P RN KU AR R I e R B RE B R, B
E pH AMETF 2.0, BEARE T 40 °C. £ (NaCl
) WEARET 70 g/L 504 F B8 323 P IE# A&
Koo TEXRTTIH, 2 REAT 2002 A5 R AT IR 7
W, CERRE R fEPUERE L, LT
MR CKL, W R FIME . FARIEFE ek
T A R AR LB D TR, AR SRR R
EEAEF

SEZ WK

(1] ShEamn. i A ™ ah 52 5 i B 5 R0 X 0], Alk 22 35¢,
2023(1): 131-132.
MA L L. Outlook and response to China's agricultural product
trade in the new era[J]. Agricultural Economy, 2023(1):
131-132.

(2] PUEPR, B{eW], Tor. sabfiAyrsi]. 43 Al deat
L R A, 2016: 10-40.
HE G Q, JIA Y M, DING L X. Food microbiology[M]. [3rd

198



335 2025 £ 18

?ﬁ IGHEEEE

SCIENCE AND TECHNOLOGY OF CEREALS, OILS AND FOODS

EWTIE

edition] Beijing: China Agricultural University Press, 2016:
10-40.

[3] EJRJE, BREML. MR RIS Rk, 2023,
48(7):198-204.

SHENG Z H, CHEN Z X. Research progress on yeast
peptides[J]. Food Technology, 2023, 48(7): 198-204.

[4] BV, Dt R it P ol P o 1) 7 0 B R BRI A ST 0. P
MiRTd, 2021, 40(10):152-156.

GENG H B. Screening and fermentation characteristics of
excellent acid resistant brewing yeast[J]. Chinese Brewing,
2021, 40 (10): 152-156.

[5] WAWRO, ALEKSANDRA. Improvement of acetic acid tolerance
in saccharomyces cerevisiae by novel genome shuffling[J].
Applied Biochemistry and Microbiology,2021(57): 180-188.

[6] TSAI SY, HSU Y C, SHU C M, et al. Synchronization of
isothermal calorimetry and liquid cultivation identifying the
beneficial conditions for producing ethanol by yeast
Saccharomyces cerevisiae fermentation[J]. Journal of thermal
analysis and calorimetry, 2020, 142(2): 829-840.

[71 BARNETT J A. FERETERRHIE 5 %E FHHM]. SAM, 2.
Hi: F R, 1991,

BARNETT J A. Handbook of characteristics and identification
of yeasts[M]. Hu Ruiqing, translated: Qingdao: Qingdao Ocean
University Press, 1991.

[8] LIMIN M, WEI R, MENGQI S, et al. Characterization of
donkey-meat flavor profiles by GC-IMS and multivariate analysis
[J1. Frontiers in Nutrition, 2023, 10.
10.3389/fnut.2023.1079799.

[9] GROENEWALD M, BOEKHOUT T, NEUVEGLISE C, et al.
Yarrowia lipolytica: safety assessment of an oleaginous yeast
with a great industrial potential[J]. Critical Reviews in
Microbiology, 2014, 40(3): 187-206.

[10] MOURITSEN O G, KHANDELIA H. Molecular mechanism of
the allosteric enhancement of the umami taste sensation[J].
Febs Journal, 2012, 279(17): 3112-3120.

[11] T4, mraks, e, 5. =& Bk Pichia myanmarensis

LX15 f953-BE Al B RS BRI XA BOE I ], 5%
WA, 2018, 38(4): 34-40.
WANG W, YU Z M, HOU Y M, et al. Isolation and purification
of aroma producing yeast Pichia myanmarensis LX15 and its
effect on the formation of flavor compounds in craft beer[J].
Journal of Microbiology, 2018,38 (4): 34-40.

[12] K H, THE, AR, & ZFREEHIMANE> S
N FHIFFCE R, Bl 5 R EE Tk, 2022, 48(22): 345-352.
DING CY, YU W H, GOU Y F, et al. Research progress on the
production and application of nucleotide food additives[J].
Food and Fermentation Industry, 2022, 48(22): 345-352.

[13] CAO X, WEI C, DUAN W, et al. Transcriptional and epigenetic
analysis reveals that NAC transcription factors regulate fruit

flavor ester biosynthesis[J].The Plant Journal, 2021, 106(3):

785-800.

[14] BRI, G50, FRRS, 6. T D AEIRIFH-15 B MU A
SRAYHET]. R EEE2ER, 2016, 16(12): 218-226.
XUDP, GUOWT, ZHENG Z X, et al. Nutritional evaluation
and analysis of the volatile flavor component of dried
scallop[J]. Journal of Chinese Institute of Food Science and
Technology, 2016, 16(12): 218-226. &@

FiE: AR OERETTAATIERM (http:/lyspkj.ijournal.cn ),
=S N N 52 SN DR 5 €L = 3




