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Dynamic effects of Pichia anomala inoculation on the mixed storage quality of
dry maize straw and cabbage wastes and their microbial communities™
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AlgiizEed  To improve the mixed storage quality of dry maize straw and cabbage wastes, the effects of Pichia anomala
inoculation on their fermentation quality was studied. The experiment was conducted with an additive-free control group (ME
group) and a microbial treatment group inoculated with Pichia anomala (PA group). The two feedstocks were continuously
stored and fermented at a constant temperature for 170 days in accordance with ensiling theory, and their sensory quality,
chemical composition, and fermentation quality were analyzed at different intervals during this process. The high-throughput
sequencing technology of Illumina Miseq was used to investigate the changes in bacterial community diversity that occurred
during mixed ensiling. The results showed that the content of dry matter, crude protein, water soluble carbohydrates, and lactic
acid in the PA group increased significantly over time compared to those in the ME group (P < 0.05). In contrast, the pH and
content of acid detergent fiber and neutral detergent fiber in the PA group decreased significantly compared to those in the ME
group over 170 days of storage (P < 0.05). The ratio of lactic acid to acetic acid and that of lactic acid to total organic acids
were both improved by inoculation with P. anomala, which showed that P. anomala improved the fermentation quality of
the ensilage. The results of analyses of bacterial community diversity showed that the bacterial communities in the PA group
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(inoculated with Pichia anomala) were dominated by the Firmicutes and Proteobacteria at the phylum level, and Lactobacillus
and Paralactobacillus were dominant at the genus level. The abundances of spoilage bacteria, such as Enterobacter,
Pseudomonas, and Flavobacterium, decreased after inoculation with P. anomala, and Enterobacter disappeared after storage
for 130 days. The total abundance of lactic acid bacteria in the PA group always remained above 50%. In conclusion, it was
found that inoculation with P. anomala can improve the fermentation quality of dry maize straw and cabbage wastes so that

dried straw can be stored for nearly half a year before its use.

W Pichia anomala; dry maize straw; cabbage wastes; fermentation quality; microbial community diversity
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Fig. 1 Dynamic effects of Pichia anomala inoculation on the dry matter
contents during storage. Different capital letters indicate significant
difference in different treatment groups at the same time (P < 0.05), and
different lowercase letters indicate significant difference at different times in
the same treatment group (P < 0.05). ME: Additive-free control group; PA:
microbial treatment group .
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F1 REERBRINATRERALEY (WSC) FIHHER (CP) & EH IS
Table 1 Dynamic effects of Pichia anomala inoculation on water-soluble carbohydrates (WSC) and crude protein (CP) contents (DM base)

by EiZan P #7 K% Storage days (t/d)
Treatment Item 0 30 60 90 130 170
ME WSC/% 9.53 +£0.20 Aa 1.94 £ 0.05 Bhc 2.12 +0.05 Bb 2.06 +0.16 Bbc 1.04 £0.09 Bd 1.87 £0.09 Bc
CP/% 10.75 £ 0.26 Aa 0.58 + 0.05 Abc 0.41 £ 0.05 Ac 0.73 £0.10 Ab 0.55 + 0.05 Abc 0.73 £0.05 Bb
PA WSC/% 9.53 +£0.20 Aa 3.18 +0.25 Ab 2.87+0.14 Ab 3.24+0.27 Ab 2.81+0.09 Ab 2.87+0.33 Ab
CP/% 10.75 £ 0.26 Aa 0.55 +0.10 Acd 0.38+0.05 Ad 0.70 £ 0.00 Ac 0.58 + 0.05 Acd 2.04 £ 0.05 Ab
AN RS -1 32 7 A [ B ) AN [ Ak BL2H 2 57 W 2 (P < 0.05) 5 AN[R) /NG 2 Bk 32 3% AR ) Ak 380 2 S T Bof 1) 2 55 i 2% (P < 0.05) . ME: JE s Jinsil X it 245

PA: M ZEWAb FR2H.

Different capital letters indicate significant difference in different treatment groups at the same time (P < 0.05), and different lowercase letters indicate

significant difference at different times in the same treatment group (P < 0.05). ME: Additive-free control group; PA: Microbial treatment group.

R2 REEFRBSXNEIBRRRTEAS & EHNHEZM

Table 2 Dynamic effects of Pichia anomala inoculation on the lignocellulosic constituent contents during storage (DM base)

b B [lageaingL| FPPEVRR AT AE TRVEDRIRLAE TR TEVRIRAR T LYk Ui LRAFUER He ) R i 1
Treatment Storage days (t/d) (NDF/%) (ADF/%) (ADL/%) (HC/%) (CL/%) (HOC/%) (BDP/%)
0 67.67+0.39Ad 4401+109Ac 994+021Ab 2366+0.74Ac 34.06+1.08 Ad 5772 +0.34 Ad 5.81
30 7134+ 014 Ac 4454+0.43 Abc 588+0.26 Ae 2679+0.56 Aa 38.66+0.69Ac  65.45+0.14 Ab 11.13
ME 60 7113+0.25Ac 4549+0.09Ab 1098+0.84 Aa 2564+0.22Ab 3451+090ABd 60.15+0.77 Ac 5.48
90 7452 +015Aa 4740+0.35Aa 4.64+0.07 Bf 2712+048Ba 4275+0.33Aa 69.88+0.22 Aa 15.06
130 7167 £0.01 Ac 4478 £0.04 Abc 7.07+0.35Ad 26.89+0.04Aa 37.71+0.39Bc  64.60+0.36 Bb 9.14
170 72.82+0.53 Ab 48.04+0.53Aa 8.03+007Bc 2478+1.06Bb 40.01+0.46Ab  64.79 +0.59 Ab 8.07
0 67.67£0.39 Ae 4401+1.09Aa 994+0.21Ab 23.66+0.74 Ac 34.06 +1.08 Ad 57.72 + 0.34Af 5.81
30 69.60+0.83Bd 42.98+0.05Bb 537+0.08Bc 26.61+013Ab 37.60+0.03Bb  64.22+0.16 Bb 11.96
PA 60 65.22+0.16 Bf 4142+015Bc 562+015Bc 2380+0.30Bc 3579+0.30Ac  59.60+0.06 Ad 10.60
90 72.49+£0.20Ba 44.40+0.21Ba 10.16+0.06 Ab 28.09+0.01 Aa 34.23+0.18 Bd 62.32+0.17 Bc 6.13
130 70.89+0.16 Bc 44.34+028Aa 550+0.04Bc 2655+0.12Bb 38.84+0.24Aa  65.38+0.12 Aa 11.89
170 7159 +0.28 Bb 43.56 +0.25 Bab 13.23+0.59 Aa 28.03+0.18 Aa  30.33+0.37Be  58.36 + 0.53 Be 4.41

ARV R R 3R s R T o i) A [ 4k P2 22 S 135 (P < 0.05) 5 ANl /N5 b 3 s A ) b BRALAS [ i (1] 22 e (. 25 (P < 0.05) . ME: JCHS RN HE 415

PA: U AE) Ab PH2H.

Different capital letters indicate significant difference in different treatment groups at the same time (P < 0.05), and different lowercase letters indicate
significant difference in the same treatment group at different times (P < 0.05) . ME: Additive-free control group; PA: Microbial treatment group. NDF: Neutral
detergent fiber; ADF: Acid detergent fiber; ADL: Acid detergent lignin; CL: Cellulose; HC: Hemicellulose; HOC: Holocellulose; BDP: Biodegradation potential.
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Fig. 2 Dynamic effects of Pichia anomala on the pH values during
storage. Different capital letters indicate significant difference in different
treatment groups at the same time (P < 0.05), and different lowercase letters
indicate significant difference at different times in the same treatment group (P
< 0.05) . ME: Additive-free control group; PA: Microbial treatment group.
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K3 FRERBINOEFLESER N FEIY S BTN

Table 3 Dynamic effects of Pichia anomala inoculation on the organic acid contents during storage and fermentation (DM base)

pLL T A 1] FLIR LR TR TR L ABAIEA
Treatment Storage days (t/d) (LA/%) (AA/%) (PPA/%) (BA/%) (EA/%) (AN/TN, %)
30 3.78 £ 0.04 Bb 0.77 £0.02 Ac 0.10 + 0.01 Aab 0.25+0.02 Ab 0.71 + 0.04Aa 210+0.19 Aa
60 5.07 £ 0.03 Ba 1.27 £ 0.05 Bbc 0.08 + 0.01 Ab 0.20+0.01 Ac 0.67 £ 0.05Bab 1.82+£0.25 Aab
ME 90 3.05+0.02 Bc 1.45 £ 0.09 Bb 0.11 £0.02 Aa 0.32£0.02 Aa 0.49 + 0.02Bc 1.67 £0.25 Bbc
130 2.51+0.02 Bd 111 +0.07 Abc 0.10 + 0.00 Aab 0.15+0.01 Ad 0.58 + 0.05Abc 1.62 +0.07 Abc
170 3.77 +0.01 Ab 2.06 + 0.58 Aa 0.01 +0.00 Bc 0.01 +0.00 Be 0.56 + 0.09Ac 1.34 +0.09 Ac
30 4.49 +£0.04 Ab 0.29 +0.03 Bc 0.00 +0.00 Bc 0.14 + 0.02 Bbc 0.36 + 0.05 Bd 118 £ 0.25 Bb
60 5.69 £ 0.02 Aa 1.61+0.01 Aa 0.08 £0.00 Ab 0.20+0.04 Aa 116 £ 0.03 Aa 2.15+0.26 Aa
PA 90 3.80£0.01 Ac 1.66 £ 0.07 Aa 0.10 + 0.02 ABb 0.16 + 0.02 Bab 0.72£0.02 Ab 1.97 £0.01 Aa
130 2.56 +0.03 Ae 1.06 £ 0.05 Ab 0.08 + 0.00 Bb 0.11 +0.00 Bc 0.56 +0.01 Ac 1.24+0.10 Ab
170 3.62 +£0.01 Bd 1.63+0.15 Aa 0.22 +0.05 Aa 0.19+0.01 Aa 0.6 1+0.06 Ac 0.29+0.01 Bc

AN R 5B 2 35 A [ b ) AN [ Ak P2 225 5 W 5 (P < 0.06) 5 AN[] /N5 5 85k 3 70 AR ] Ak B 2H A ] bf 1] 2 5 2 35 (P < 0.05) . ME: TGS AN IR 20 5

PA: T EWAb FR2H.

Different capital letters indicate significant difference in different treatment groups at the same time (P < 0.05), and Different lowercase letters indicate
significant difference at different times in the same treatment group (P < 0.05). ME: Additive-free control group; PA: Microbial treatment group. LA: Lactic
Acid; AA: Acetic acid; PPA: Propionic acid; BA: Butyric acid; EA: Ethanol; AN/TN: Ammonia-nitrogen/total nitrogen.

55 2035760 dinfik 245 H i (. PAZIHFLIR 7 7 30-130 d
197 16] .38 5 TME4] (P < 0.05) , {A7£170 divf & ik TMEZH
(P <0.05). 2/~ iat 6 41 £ 1R 5 o Wl s i) E < (A S B0 T
B, 30 difPALLH Y 2.8 F ik 1B 3 IKFMEZL (P < 0.05) ,
TE60 dF190 ditf i3 =5 TME4 (P < 0.05) , 130-170 difjj[ia] 2%
SAEE (P>0.05). WNNREEKRE, MEAH N & 2k
P S 4 A 2 0 0 3 S DR R A, T PAL U S B T e 34
B —IJ7 T, PAZ PR & 27530 d. 90 dA1130 dif B E K T
ME4] (P < 0.05) , i 7170 di g 3 & FME4L (P < 0.05). T
TR 2 I TR PR A T 7= ), HL B e 2 SE A R T I R R
Wi B bR 22— P K32 R 4L T R R T
0.35%, 4T R LB I & B fE v ) 5
TR0 2L R R B B v A Qg A PA R B 6 30 di
2R FME4L (P < 0.05) , 60-90 dif[a] . 2% & TME4L (P <
0.05) , 130-170 difj[a| 22 H AR B & (P > 0.05) . fhE4k EEsEE
SR, IRIA70 d i), MEZLFIPAZE H (44 % 1 HE 5 1R
S LR TN /N 7 A LAY B 2 Y Bt ) e R R B Tt
— NRE—F T A NEIAS (b 2, {H 29~ 30 56 41 A 7L R
1 TR VLR AT DLR LE AR U AL RO B R [t s, oL mz/
B HLR HETE90 diF#a TRaE . PALLHILIRIZ IR Ho(E 35 v
TMEZ (560 d4b) ; FLER A HLER HL(E W ££30 dit & T-ME
4, 60-170 dif[a] 5 MEZLAH 22 A K. a3 3% [G T 437 /0
PAZL Y #5 FC I 43 &5 S BRI TMEZL, & AR X 42 .

25 BEERBENIEITREPMAEEEMB LN
251 VIZRKFHRBFBEZRAR  WEBFTR, TEARHE
FEPLJEBER ] (Firmicutes) FIZEJE 1 (Proteobacteria) £ 14
g, AN R E 3 1) A 65.26%133.78%. [ 3 HSE N LIS B
k32, AP 515 80.23%, AT T ( Bacteroidetes) ¥k
2, EJEN18.57% . B IR A BT AR O LR RE B T RNAR
TERT 1R 3, HoAr PAL AR A JE BE T | TR X6 = B 70 38 A A7 1)
8] 45 AR FF7E 0% |, MEZLH (1 JEBE | ] 20 1 7230 d, 60
dF1170 dBs] iy AF X 3 B 3 55 T 50%, 1 AR T BT T4 A 1
JE 7590 d 1130 dit 5 F50%.

252 BHREKTAEHEEAR HE4 5, TX
K FEFMEE A N E IR (Carnobacterium) | i AT

( Enterobacter) . 37 4 & (Pantoea) . 24T 5 (Yersinia) fll
f/INFF 1A (Exiguobacterium) 45, 48X =E B 430l 1 27.71%
47.10% ., 10.14% ., 4.76%4113.46% ; J& 7 [ = 174 11 2R i 1

(Pseudomonas) . 77 A= F & #T B ( Flavobacterium) 45 40 i
FRERE, 4390 48.40% , 17.10%F116.26%, I, A 27 5Kl 15
%5 F /b8 3L # (Lactobacillus) . FLERH ( Lactococcus)
FfzER B (Enterococcus) . L] UL, /5 FF IR H B B
BHH—ERENFLRR R, FRE429%, Mk E L
S5 LR TR S R G O R A, FLR TR A X
R4 REREABENTEIEPEBSES BTN

Table 4 Dynamic effects of Pichia anomala on the fermentation
characteristic parameters during storage

NSRS AL H2F 4 Chin J Appl Environ Biol

http://www.cibj.com/

pheg GO RN RA BT FLRRICR FLRRIEA
Treatment Storage  Jifz Bl AHHLY e HLAREL(E
days (t/d) VFA TOA  TLO LA/AA  LA/TOA

30 111 4.89 5.60 4.91 0.77

60 156  6.63 7.30 3.99 0.76

ME 90 188 493 543 2.10 0.62

130 136  3.87 4.45 2.26 0.65

170 208 585 6.41 1.83 0.64

30 043 492 5.28 15.48 0.91

60 189  7.58 8.74 3.53 0.75

PA 90 193 574 6.46 2.30 0.66

130 125 381 437 2.42 0.67

170 2.04 566 6.27 2.22 0.64

ME: JCER A IR AL PA: Rl AL BEA.

ME: Additive-free control group; PA: Microbial treatment group. LA/AA:
Lactic acid / acetic acid; LA/TOA: Lactic acid / total organic acid; VFA:
Volatile fatty acids; TOA: Total organic acids; TLO: Total low molecular
weight organics.

x5 REERBEXNERITSHENELM
Table 5 Dynamic effects of Pichia anomala inoculation on the Flieg
evaluation

S P A7 KEK Storage days (t/d)
Treatment 30 60 90 130 170
ME G (64) G (78) Q (45) Q62 G (76)
PA G (80) G (76) G (62) G (63) G (61)

ME: JCVR s IR AL; PA: fUZEWAERAL; G: 4f; Q& 4%, $55 PN P45
ME: Additive-free control group; PA: Microbial treatment group. G: Good; Q:
Qualified. The data in the brackets are scores.
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Fig. 3 Dynamic effects of Pichia anomala on the bacterial community at phylum level during storage. DMS: Dry maize straw; CW: Cabbage waste; ME:
Additive-free control group; PA: Microbial treatment group; 1-5 represent storage period for 30 d, 60 d, 90 d, 130 d, 170 d, respectively.
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Fig. 4 Dynamic effects of Pichia anomala on the bacterial community at genus level during storage. DMS: Dry maize straw; CW: Cabbage waste; ME:
Additive-free control group; PA: Microbial treatment group; 1-5 represent storage period for 30 d, 60 d, 90 d, 130 d, 170 d, respectively.

A%, 2R FEHE I R BEIS, W& I R A EE R, MEZ
AT TR R T A A DA R X T SRR R, AT R /E 130 d
A 2% s FLFF B A 2R FLAT & (Paralactobacillus) A X 3=
SN, 170 dik TRV AR Sy 0 R, A X R B A3 S 1
%62.10%f115.10%. 5 —J7 i, PAZL£E30-90 diffj &) = 2L LA
FLAT B8 AN K B8 R 2, U5 40 B8 AR AR A5 B in 2 &, 130 d
BT B H BRI (Leuconostoc) | 47 A (Rahnella) | 5e7f
AR (Klebsiella) . @ # ( Flavobacterium) | 4 F i#

(€)1994-2020 China Academic Journal Electronic Publishing House. All rights reserved.

(Chryseobacterium) . Hi#F & ( Pedobacter) 45; 170 ditf 4 B4
Fp 25 5130 dJefbl, fHELFLAT RAH X 3 15 45 73 %) 1766.50%, 7 /5
T =F 27 2414.60%.

253 REEFRBENIBEHEESHEENEL  K5H2
AN I T FLRR R 2 AR R RS O, BTN, TRURER
R E M ZLRR A F Z LR A, S5EFF AR R B
J&i, MEZL P2 ZUAF B A FLAT B8 T o L T4 s FLRE S A7
A ) A4, FLAF 1T LE B e o, S AL T8 LL F B i
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Fig. 5 Dynamic effects of Pichia anomala on the diversity of lactic acid bacteria during storage. DMS: Dry maize straw; CW: Cabbage waste; ME:
Additive-free control group; PA: Microbial treatment group; 1-5 represent storage period for 30 d, 60 d, 90 d, 130 d, 170 d, respectively.

[%. 170 dif MEZH H L AT B AN 2L A 1 2 FN i3k 98%. 25 5+
W Be IR RE Y PAZH 5 30 dist L B LR I oM FLAT B, HtE
68.51%, KFLITFH K 2 (27.17%) , [ERF iS4 /b 3L Bk . 19
BRE . AR . A BRE (Pediococcus) AR ER R ; 60 di
PAZH LA T LL T 3 22 77.87%, 25 FLAT 14 L FFE 2 17.30%,
90 A FLAT B L T F 22 61.67%, ZEFLAT B b T T+ 22 32.85%;
130 dFLBkpETH IS, FLAT B L 5 ARy 65.61%, JSFL 1R b B AR
11.25%; 170 dif iz Bk s A B AT BT 2k, FUAT R L I &
90.72%.

e WY

31 BB EEABENTYRMEVE S HIEN

T 53 2 A o ORI A 5 B Ak R I g o Sk, O
T 22 T A RN A W R A WAL A AR B RIS R, PA
NP BB MEA] B35 52 5, VLI FR S Se AR i R
FITF TR, DA S8 BE IR T B A 7 A 4 P ol 2
7 22 A5 E R P, 3RS A R i SR S AT TR B I RE B A
T T S B AR A W, 0D A W X 3R W R R T R A R, X
55K I B VS 0 TR T AR W B R S 2R
W B A SRS AR Y R LR S R R A
JEORE R A B A A3, A T 3R R R e A ) I S 1 B B A I, A
REIAR BT & A T m A YR g v pe. iR, HEFpP.
anomalfi PAZH H Y FF P 358 3% 21 4 R R M R I 4T 4k & =
TR, RFRE & R fEN A7 R B AR, B4 P. anomalfy
W SR T 5 A0 i B 2 43 (K S A PR BN Sl P
anomal = A= 1) g % K1~ HL A R H 5 1 B-1, 3- 78] R BH il 1% 7,
AE I e 20 B BE 2 B M 2 Y. IR PR B KA A ) S
L1 A A5 2R W A R ) T AR, S = AR L BE A
AT 2 W Al 2 0 T 1) A AR g B E O Ty e MG 3 4 R P
anomallfJPAL i 35 18 i T AT ME i KL & 4 L X E 2
TF-P. anomalfit g %3 1k F0 40 i BE o f VEHIBY. B2, HERh S
B R R FURHT W AR A . AR £ 4 4l o Ak A A 42
T Wy 5 fot v oy LA FRAAE .
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AE170 dib ] 1 pHAE HE 24 7E3.8-4. L35 Bl 4, L 2 Ik FME4]

(K130 dis), 142 FhP. anomalfit 3 20 1 fhil 25 T 25 g Wk 1
AT, LR T A E A AR 3 WP, anomalif
FLER L 2 [BIAEAEAC ™= A A= HLH, P. anomalfitgf ¢ i
7 BE AR PR LR B A KRB S 7 R P, R T (o pH A T 33 [
1%, RO B ) I A7 4R 0 R AR PEBR B . Ik I i A
HR R BB R 32 ST R R AR R R o AR A
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FLR e LR BE AL W IE M KL S R R EE
F S A0 % T LR T o0 MR AR IS SR AL P A B ORI P A
WHET). I8, PARLAER & HAE130 dZ i i E T A, Ut
I B B AR 22 0 LR B R A S AR TS OIS, X5
AFLFR R M SRR A (%6) A8 fb ¥ —5. 170
At FLR & hb R B Y SRR v e LR 1 T R i AL R bl i
BT A A IS B 40 ik T 3 A . IR A 5t e R H

T AR v e R A (I 22 TR | R 2R AT T A L
FIF B8 A2 A B 90 RE D 4 o LR 3 1 PO B30 EE SR i S
B LR TR KRS S SR A TR T pHAE AN FL IR 7t 35 bk
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