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Study on the optimization of sourdough starter with high activity
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Abstract: Objective: This research aimed to study the preparation
of standardized and stable sourdough starter, to explore the
effects of different drying processes and protective agents on the
survival rate of sourdough, and examine its storage activity.
Methods: A variety of fruits were selected to prepare sourdough,
the fermentation process was studied, and the strains were
isolated and identified by ITs and 16s gene sequencing in the
database. The optimum scheme was obtained by selecting the
drying process. sample state and protectant formulation with the
activity after drying and storage activity as indexes. Results: It
was found that the bread prepared with grape sourdough had the
best specific volume, porosity and hardness. On this basis, the

drying survival rate and storage activity were used as indexes to
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study the combination of drying protectants. Finally, two better

protective agent formulations were obtained by orthogonal
(@ Freeze-dried the dominant pure bacterial solution,

maltodextrin 7.5% and trehalose 25% , and the

experiment ;
skim milk 35% .
drying survival rate was about 93%. @ Spray dried sourdough
germ whole, skim milk 35%, maltodextrin 10% and trehalose
15% , and the drying survival rate was about 90%. Conclusion: It was
found that the storage activity of the spray-dried starter decreased

rapidly, while that of the freeze-dried starter was slower.

Keywords: sourdough; bread; lactic acid bacteria; drying
process; protective agent
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TS IR AN OR B4 SR KSR 197 ) 1 I 2 ) 22 1
MBS E R, TBRSR B AE 3 P A7 A2 1) 2 22 1R)
BOARBUN BER 2 505 P MELFRMEALSE, 7 A7
FEMASFI PR AL HE T 10 RLA T R AR BB (1 72 0

TT B K AR W 1 2 3 ok R B e e 26 0 S0 L KRt i — K
R, ok S LT BT AL R P T AL AR 7 HE R R E R R
LrRWE 15~20 h il & KB 8 h JF HHRRY KRB —K,
52 IR S I T AR O A A L AR AE . B — R
Y Ff — DB R BB B AR R R AL T A
TS 9] R TT 2 SR 9K % — i 2 B o o A TR L 7 T
AR 7 v B 22 b 493 TR A ) R XU VR I 0 1 AR . ik
S AT A 55 0 e T 9 P I AR T R 9K i B 1Y T
Tl — e B AT 0 1Y) T TR P BB o L Y T R TR AT TR R
(Saccharomyces cerevisiae ), . B W A : & F
kOB OFLOAF
i/
plantarum ). H v K FL
reuteri ) M IH 4 1 FL FF
(Fructilactobacillus sanfranciscensis)Z10 . i1 F 11 A K
SRIBERF IR B 0 (— M pH AR T 3.5, B =l B & %
Wi 5 28 7 BB L . DB, ZE AR iR AR e v R T
B R AR WEREAE [F) — B 7 i h ROCR B — B g K
S I e U FCAE U I 28 S AT ol T

3K B[] 9 A 5T 18— W 5 N R A R AR
P & T TR AT T A DG B 5T TIT 280 K 4K 19 8 35 2 L v o
TR RIE ., T AR SR B 4 35 5% 58 i K AR
B30 3o R[] () T 48 T B 5 0 A ACIR R BRI T . SRR
J7 AR T KSR B 00 KUBR A5 e Stk o ) 26 77 1 R
WARRN T, SR, PR T M T2 0 A AR B Y B B S 3L
TR T ) B4 Tk TR O M 22 2B 0 v ol o R R B R
GRRAL TR BT 5 10%0) . R G, AR 4 2 T A A 0 10 O T 0
P L JRUR ) BT 7 Y 030 B e 35 3 1) T Rl 2 o T
RURARTE LR OCHE R R . He b S AL R 8 10 L SLAF 1T (L.
brevis) , #e P 5 A & B % BE R BR B ( Pediococcus
pentosaceus) FAeE 5 8 K% WM AE Y FLAT B (L. plantarum)
LA B AR R JE AT R B X A T e AR v i 1
A I PR R 5 I R, 85 HE — 20 B 5T DU A R K T B
T A BT RRE IR PR AT TR AR IR R

WEFE ARG K AR W B HEAT 2 B9 2858, R A6l O 2Rk
ATASTF] T4 T 20 A0 3, 3 A R 4 300 %) HE A7 16 3 0 52 ) L O
20 XA 1 R ) O 58 R AT R g, DR S bR
NEJHAAE B TE R K AR T B T 7 Ml Ak & e £ Ak 3 A
RS,
1 #e S5
L1 w8k F 588

/N < 4 105 38 LA T FOR T R RO PR R 5

( Levilactobacillus brevis ).

( Limosilactobacillus — fermentum ) .

( Lactiplantibacillus

B OB OB B OB

( Limosilactobacillus
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P % T BB - AR Wi Am (S A IR A |

FBATEBE R 2 (MRS M BB A ARG
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AKF B ER HERE B (HRE) 22 ZE WD (MD) |
J g FLB (SMD FLIE B (WHEY) . i 5 5

T BF 35 LR R 25 B 3% 9% 3k (YPD) | JlRk NaOH.L
Tk« [ 24 4 T 20l J 4 A BR A D 5

PeeBEFE D 20 DNA 46 O30 & L 40 58 5 8 4 DNA $2
BUAR & Bl = RAEDBARGRA A

G190 95 M A A R A BR A W

BB BT AL LGJ-10E B, DU 35 48 3 B £ A R
/NEIF

Wi % T4 ML BUCHIB-290 B!, I St ik % W 5
A RRA A

LS # : WTNS36 B, 15t & 4 BIHLARA BR A 7 5

WE /% % : JW-LD18SP &I, Bk & 4 B HLAE A PR 7] 5

PCR X : XP #Y, 1 H BHE A IR A #

PIvE AL TAXTC-18 B9 {1 32 S2Mb A BR A 7 5

pH 11 FE20 20 g4 ) — 6 F) 2 K5 % A3 A BRA A 5

B A BT IR A . BMJ-400C B HIR BT AR A BR2S A
1.2 REHZE
1.2.1  RARTEB: K H A i 4%

(1) RABEEEN IR . S BN W r kI,
BEEL BT AR BT UM 2 cm X3 cm X
3 em Hufk, HU 400 g /K AT BB & BERE T, A 400 mL
KK 40 g HERE, PR & 05 5 M BE O, =0 o
Wigk 7 d. LWESE IR 15 ) A R KSR R L I (pls) |
I R AR R W (gs) T RIRTEEE K WL Cos) FIRY
RARWEBE R WEW (ps) o W & T W ORN =5 377 THD B9 4% IO 4t LE
1+ 1RA1.28 °C & 24 h, 45 M0 W) Lb 61 U8 i 25 5 & 1 K
PR RV RS , P & B 24 h, I 35 52 B8 I A0 R R IR, I &%
5 B KARWERE L 4330l i 45 0 PES.GS.OS 1 PS,

(2) THAL IR < K TH 6L 1D A1 BT 5 0 R4 R 1 G R 4
S R INAER N /R R e AL A i I | DN S R A
T 6 8, ) A T 6 T P f T AT O R P T R A
% 30 min, 7> % 8 150 g B9 T M IF 4 . E AL b
20 min, FH 8 T AL H T 141 40 4% AL, i AR B R %, T
KRB 38 °C,85 % M B, B & B Al 50 min, A B
g, [k 180 “C, Tk 200 °C LA [A] 25 min, A%
T TR B0t L HEAT T R TR RS o 1) 1 A, B R T R B — i
BT B 10 CFU/ g, K 4R B R F2UE 5 1 B TG B8 41—
MR IT 5X10° CFU/ g, N A7 BE J5 b % LS n ) & 1%
FUBCRE AT T . 45 AR T ) 2% 1 TG A 53 ) i 44
PFSB .GSB. OSBHIPSB, %5 [1 1T {1 # iy 4 4 CB., H {1 T
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Table 1 Recipe of breads g
Ykt 25 T KSR B T 1)
INFE By 1 000 950
41 M 100 100
VA T W 15 8
KRB / 100
N 10 10
K 600 550
& R 60 60

T ORABEREh S /AN ER K, HBR L 1 1; KRR
FR A A A0 S R RS G S R v BT A R
R ACT AR

FIUREE 6 h 5 BRI 2 SR T H

1.2.2 WHAES%EE  BER KRBT 10 £588
ERmBE 100, FEYMRBEGER R 10 °,10°,
107 NHL 10 pL # & ik A F YPD Fil MRS P4 #E 47 5%
Fr o FE DA B A B 1T ML B IR A B R L A
H I TR A 8 3R 3 P E AT B R 3R OB 43 TR R R L
1+ 1A 60% Him, iR, F—80 CIIK,

SR 16s A1 TTS i a5k B x4 2 45 2 04 o Fh
PEATME5E . AN T L P 2 DNA 32 BGR ) & 32 LR 1
DNA, FHEEREEE K 41 DNA £ BU ) & 32 HURE £ 7] DNA,
Xof b L S AR IR W LAl . 9E4T PCR 9734356,
MAKZ K 50 pL, 4G LW EIY 2 pL TSI 2 pl,
DNA #i 4% 2 pL. PCR 4" 3 iR W 25 pL f1 ddH, O
19 pL, H PCR HUIR #4035 DNA R 4 B b 0 R
Mg*" &, ¥ H5AF: 95 CAAHF 5 min, FFERTEEF 95 C IR
¥ 20 5,55 CHEFF 30 5,72 CHEEE 1 min, FEH 33 KL IGFF
GERE 72 CEFF 5 min, T 4 CI . FLER & AT B
oWy w5 W R 27F: ¢ 5-
AGAGTTTGATCCTGGCTCAG-3"), T ¥ ¥ 51 ¥ H
1492R: (5'-CTACGGCTACCTTGTTACGA-3") , % £}
i R M b W P oM o5l ¥ N ITSL. (5-
TCCGTAGGTGAACCTGCGG-3"), T Wi ¥ # 51 ¥ &
ITS4: ( 5'-TCCTCCGCTTATTGATATGC-3), Mt
2.5 pL PCR P=# b AT 196 1 3508 I B8 Mg v ik - 1 FH AL
B RS R G AT BRI IR, ¥ PCR 7= 9 3F 3% A
NEEATINT 5 A RO 50 4T R IR X
1.2.3  REERH& fose BB iy K
e SR He T B A A L BIR A S i 4k R AR TE B A A TR 1A
W I IR 2 AS i A 4 300 i A 5 %6 B4 /0N 22 T R
YRR AR . 8 R SR A A AR B 300 O Jon 4 ) 4
TR R, WA T O 2R T 9 AR ) A B
10" CFU/mL, LB B 10° CFU/mL, ¥ % T4 4% 1F . 8

BEES . SEERARBRBEANNMRL

FHESIFE T—80 TR 4~6 h. LB RE T, —20 C
HA i 2~3 d, BIFETBRITZ&M: TIRIERT 40 C
KV 10 min Ji5 #F R, #F W DR E 135/75 °C L F R HE
1 mL/s., BBTHENEBAT 4 CRHE R 6l 5
A0 48 T TS R JE )R] IR E ATV D . 8 R AR
TR 3 5 A R A0 T R VL 43 3 0 A B 55 T M R 8 R T R Ak
FR, W 55 T8 OR SR R LR fR A 44 R SD-DL ¥ R TR R AR
T B # 1A fig 44 o4 FD-D, W% %5 T4 415 35 o1 14 W fiw 45 4 SD-
S, ¥ U T B DL 3T 1A W A 4 8 FD-S,

PRy v, 28 0 2k 43 20 22 ZE MRS (MD) | i 5 b
(TRE) \JBEJiE 2L H (SMD A 43 15 2L 35 8 11 (WHEY) 15y £2
Pl AEA AR R AR R HERR A B AL R
Je AT =R KO B OE 32 8 4 e R R B R
a1l
1.2.4 pHEME XA pHIHt.

1.2.5  FEIERME A7 FE &6 K B K 54T 10 fi5 86
JERBEE 107°, BEH 3 DR YA W B GE W R
1071,107°,107%) , B 10 pL H B W 308 47 F A 0% #ii (MRS
TP AR N YPD BAR V40 43 Bl 8] & T 37,28 C R 5%
48 ho AT HVE T . MAREREEME 3 K.

1.2.6 WAME H8B AACCL0-05 b e ik J7 ¥ 318
B, (/R A SR R B R TR R RS
IFRLA, EARE R EENE 3K,

1.2.7 FLBREEWE TR S YR R A A
AT A Image] 3K 4 A7 10 6 4% T FL B L
R AR L A E 6 UK

1.2.8 FiMME S8 AACCT74-09 ik 75 2 9F & .
AR 3 ho D) R 5 W (16 ~18 mm) L HL 3 7
#4T TPA MK, K3k P36R, FEEZE 2 mm/s. Ul &
WA 1.5 mm/s, W48 F 0,005 N, JEASFE B 50 % , B R
AE MG 4 s,

1.2.9 BIRSEIF S48 KM Excel 2019 Hl SPSS 20 &
PESEAT BT 43 AT F0 G 25 4R AT, W 3 K OF S 0,05, #X
AT AL Origin 2022 #4458 1Y .

2 #R5ihe

2.1 RABEBLZEIR

& 1 ()T Hl,0s 1 pfs TEE AN pH H 8 3
fXF ps Al gs B, H i os 19 pH (E&H AL N 5.03, H 2
JE PR A S ) R AR e B 3 R 0 R R R ) B R R AT
REESE 3~5 R, 4 P RARBELER pH EXIRE TR
3.5~4.0,5 Fang " AR 45 R AEM., HEBEFER N
KRB FLBEP LT E R T A 5
FAAT RN A O BLAE v A 08 SR B TR AT M AR K
PR T R A LR AR I A R iR pH (B PR TR
R AR ] AT R OK WERE Y pHAH ZZ AL B A TS 5E L gs Fil ps
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B pH B B E S T os Ml pfs 0. H4 X 228548 /8 T
50% . KBEJG W 2 5 E BRI T & B R W) R R
AR R,

F ) 1Ch) ) i T RO A B R R K
PERWERT 2 d FNEE 7 K ARG O A8 L A K I T Y 4
B AR, 5 X RET B ST 4 R S R AR IR R
M) pH {E M AE R ZE RANPT & . LIS 1) AN TR) K SR A 1Y
W B >10° CFU/mL HJG W3 25 5, 3 5 5 = 3R
B EE AN AATH, LA REEE R K
INH B T 00 E R TR A

R R AR W) & B ad B2 ) pH (IS 2B E BT
R Je B T [T R T AR R MR R R AR AR R AT
TE 3 TR KPR T 22 B AR L 33X R K R TR RE O T
BEAREM EBR N, b 1) Ok 8 B B 1 A K AL AR
WP 2 R R S AR E  ER R ERY
FUA R A R s T o B A T BRI
2.2 RABEBHRK

HH % 2 AT, GSB 1 b %% B 25 K F Ho b T 421, CB.
PFSB Al OSB ik Z H G W 3 25 5 . PSB 9 H %5 ik 2 /)
T HAth T A A L AN TR A R R T ) A 00 v DR O
TR e A — o 22 5. 32 B0 R [ T R 0 AR
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Changes of pH value and colony number during fermentation of different sourdoughs

A1 B FLBR G 3 2% 5. {0 PSB Il PFSB (14 7L Bt A X
K. FLBR R/ REAE — 5 72 B b i e T £ 1 41 205 R
025 14 25 Wt R A 25 B 2 (AR R F AR T

GSB 1 PSB (1% f B /> T H A 1 A2 19 , [7] B GSB 19 i
Fibg Ot T PSB. OSB 4 i fZ W % /T PFSB 1 CB ),
Yu S5 IT WL RN K 9K AR T LT AL A IR A
P o 0 JHG R A R LA O i L L o R AL TR R
oA 25 AR B T A Y AL S . e s T
PSB.OSB Fl PFSB 4 3L 44 48 X O F L Ath 1 422 . (3L 4 %f
IR, 45 1, GSB (4 it ST AR G SE4F, I DL ik S S i gk
T REEFNTT K .
2.3 EWETE

Hi 2% 3 AT, T T B 0 R ) FLAF TR 2 4 1 R AR R
F ey = AR o R v I B R L TR T R R I M A X A 5 1
B AP, — T LU 2 Bk pHAE AL B3 R, R E &
RARBE R AL =R R . H AT B AR 0 B2 RN
T TR, 72 224 07 TR B AT 25 VB £ 45 I 18 AT S ALy
AT, 17 5% 22 Bk K A 0 104 3 Ak i 0 J2 4l HL 7R ik &
R S DL SRR R T
24 FRIZSH

M & 2 "M, 4 FD-S FI SD-D Ak B B9 1 T 50 B

HES AR AR RGN, 5 A F & T HA N 2 SD-SHFD-DAE 8 J5 /Y 3% B 8k >
F2 RXABRBEHABEEER
Table 2 Baking qualities of sourdough breads
- Ftﬁ/ FEIFLBR RN/ FLpgE/ R/ B

(em?® « g7 1) mm? % N

CB 4.68+0.07" 173.73+£6.41 39.62+£2.10¢ 0.27340.019° 0.80+0.03¢

PFSB 4.65+0.01° 179.49+1.06 49.43+1.61° 0.25040.010° 0.8440.01%

GSB 4,7940.01% 176.68+7.09 41.77+2.70" 0.1764+0.012°¢ 0.8240.02"

OSB 4.64-+0.04° 174.5143.25 43.80+3.05" 0.212+0.011° 0.8540.01%

PSB 4.54+0.08¢ 182.30+5.64 46.83+2.74 0.18540.012°¢ 0.87+0.02%

t TR F R 25 B (P<<0.05),
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Table 3 Isolation and identification of sourdough strains
[28%:) LR
FE 5L 4 — — — —
A i T Bk 44 Bk /% P b P A 44 Bk dit/ %
PFS  MRWSEEFE  S.c isolate A3 43.5 T W) FLAT T L.p Heall9 83.6
BRI EE R S.c KSD 23.7
PS BRI EE  S.c isolate 28 56.3 W) FLAT TR L.p 3356 64.8
S.c Y125 26.4 FLERFLER T L. lactis 4355 29.2
GS BB R S.c Y117 34.0 il BRI TG FL IR TR W.c 3052 7.9
B BEE: S.c TULL 27.6 W) FLAT T L.p 2194 32.1
BRI EE  S.c XZFMI5F1 26.3 W) FLAT TR L.p 2329 25.7
W) FLAT TR L.p N-1 16.9
W) FLAT T L.p 2877 13.4
0S BB REEE S.c OM3S 85.8 W) FLAT T L.p 2194 51.5
W) FLAT T L.p SKL-18 37.0
r —=—FDSMD 10 —e— FDS SM 30
o ) —e— FDSTRE 20 —<— FDS WHEY 10
) —a—SDD MD 10 —— SDD SM 30
E 5S¢ 801 —v—SDD TRE 20 —=— SDD WHEY 10
E 4f
&< o 60F
=S 3 ) §
2 3 F
2 2t ST = 401
s 2
= 7 200
=
0,
0 2 4 6 8 10 12 14 16 of
I 3 sk ) . . . . ‘ ‘ L
Time/d 0 5 10 15 20 25 30
3 2 £ 2y Ak s < n'l’ “‘AE‘ »H
B2 EAEPATFRAEGILEEAEHER LTﬁJAJ

Figure 2 Survival rate of bacteria treated without

protective agent drying

(<500 o BRI AAF TG A 7 B0, 78 T 4 AL B1US A7 15 %
T T . FD-S [0 B KA 28 R 55 dg i » (7R G AR 47
RIFET G E B R IB AT, WA, 4 SD-S AL HE
F1AD Y% SR R T R IR T OB ), FD-S R
VR T 010 380 T ok 8 R ) 5 58 Ak L FG 3% T MR O g A SR
BEhg . ] BB A O B b BRI B T N VR T G 4k BT XL BLAE
S5 SR TR e B R A b S 25 B A 0 A IR AR AR AR
AL SD-D SR HE P 55 T K IR E R 1 T 58 A B
BT ORI  T A A Sy B4, JHC 0 3 305 T 0 {EL I 2
BT EEFUN AT AR AE B ORI R B LT L RV
AT T R R R 2% 10 R R (LT T ) A M BE T 2 52 2 H R
Y5 . FET R 4A 05 B0 T AT LA EAT B0 B 76 IRB BR AR
IR BT TR PR E LR A TR TR 3 R Al R R
TR R T B A BT Ry 3 AT DR R Ak
T LR AR R e 5 4R A7 G RO AE PR PR
2.5 TFRAPHMUE

AT 3 AT, SMUGR 47 700 b 94 A 48 5 58 1 O 7 ROR

FDS MD 10 A1 10 %6 22 2 WIS VR Tt 34 B Wi s FDS TRE 20
AR TN 20 6 15 H0E VR T OR 34E BE W SDD MD 10 i 10%6 22
ZERIAG 15T K SR B RE 4 A, SDD TRE 20 AN 20 Yo T 3 4 155 1+
RARWEREHE R FDS SM 30 S ¥R i 30 % JBE N Lok o T 08 34 041 1
W ; FDS WHEY 10 %0 10 % 3L 8 H ok T 0L %4 W 7 W ; SDD
SM 30 SR AN 30 %6 BNk FL A Mt K SR WEHE# & ; SDD WHEY 10
VRN 10 %6 FLE B e T R AR B B A
B3 FmEFHREFHNEHHEEENE
Figure 3 Survival rate of bacteria treated with

protective agents

B T HALEY R 6 H MD 1 TRE #4770 47 %+
Ab PR AE TG SRR 4096, HIERUIR 7 ROR B 4 30 R
A5 AT 249 30 06 BOAF 36 . BT AT W 25 T 48 41 349 47 1 I T
T HR A 15 3T R bR 114 () AL, T R R AR 4 5 A 8
LR A7 50 2 X R AU BA A B 0 0 93003 4 AR 3R . ]
WHEY 10 Uk T PR 47 50 16 L 90 36 47 15 R B A% FE AR 97 8%
RAE, THROR PRI RN RES S EARER
V4 R 1 e AT R B T 9 K o 1 O I — )R I B
b TR PR T B R R AT R O DY L R MDA
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TRE 1B A B4 570 3847 4 1 90 46 4736 R 40 % ~60% »
PR B (LA B 2SR B R A R T A s AR
LR B R A AR Y ot SR EAEY
o 9 THT 24 45 2 1A 455 Ky L 3K T R 2 0 28 DR R AR R T A
P A SR A A i R RN L R AR P R AR A
R WG B A B AR 2R THT L 6 R 2 BT Y T A Ak B A AR B4
FH.SM A H WL H A SR . WHEY 72 B R 4k 3y
KPR R s  E E BN Al e R AL B E A
KA R WHEY H 5/ 3 2 e S
AWTZRBEPENC LB, Wik, #®H SM.MD
Fl TRE #17 R 2 2 I WF5R .

TERTIR 30 B Al E L DL MD %+ . TRE % i  #l
SM 73 SR R 50 R 28, LA B R A2 00 256 R 5 4R A i AT =
R 2 =K 1 38 90t Ak 0 £ 1 42 e AR b 00 T b . 36
ORI R 4388 i g R0k 5.

B 5 FIAL IS 7 A VR TR R A7 5 R
FH AL X 3 FHRE 5 8978 R T 1 0 16 17 0 R &A%
HAA R A G TR RN 65%~85% ., I 1.k 4
RIS 7 0¥ R T A TS A B R L IR 356 6 AN
IR 9 B R T R T 1 2R ME T A, HE 3 B N T i 2
MD F i BAK B . SM Al TRE fg % 95 5 1 iR 5 VE T
MD 7 b A s, W % & A9 SMOR TRE #9490 11 1
B U5 . X T B MD X 45 A LS IR 2F R TR
FHALY T, B MD B & M489 /8 185, 5 8Os & iR
B RO S 0 L SML Y A 47 Ak SR I VR i i 1
A0 5 L AR B 32 3 L A R T Ul A L 4 A g

F4 RBEEEKER
Table 4 Test factor level table %
KFE ASMBE BMD#ME  C TRE #Hhnd
1 25 7.5 15
2 30 10.0 20
3 35 12.5 25
100
o5k N T IA L
—a— (IR g5 IR
X 90r
<
L
™~
[97)
750
70+
65 ‘ ‘ ‘ ‘ L
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Table 5 The design and results of experimental
. A 5 Uk T 1% % 25 T
12/ % R/ %
1 1 1 1 69.440.6° 64.541.34
2 1 2 2 80.341.0° 70.5+1.3°
3 1 3 3 46.341.44 54.74+2.9¢
4 2 1 85.1+1.7° 65.6+2.14
5 2 2 3 40.340.5¢ 64.0+2.64
6 2 3 1 70.241.4¢ 73.9+1.2¢
7 3 1 3 94.540.82 84.941.9"
8 3 2 1 78.0+1.3" 90.3+1.8%
9 3 3 2 63.542.9¢ 82.14+2.5

t FEERIR R 22 5 83 (P<<0.05) .

1001

osf N\, D

90r

85r

frm

Survival rate/%

80F

75+

70+

65

0 10 20 30 40 50 60
86 7inp e
Time/d

(b) ME5s T4

A R S BAR P N 4 e R AR

Figure 4 Comparison of storage quality of protective compound agents with optimal survival rate
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