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Effects of Water Activity on Aerobic Fermentation Characteristics of Soybean
Residue Type Feed
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(1. Academy of Animal Science and Veterinary, Qinghai University, Xining, Qinghai Province 810016, China;
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Abstract: Soybean residue, a primary by-product of soybean processing, can undergo aerobic fermentation to
enhance its nutritional value and palatability. Water activity may emerge as a key determinant of the nutritional
quality of soybean residue during aerobic fermentation. The aim of this experiment was to investigate the effects
of aerobic fermentation on the fermentation quality of soybean residue feed under different water activities
(Aw), providing a theoretical basis for the production process of soybean residue feed. A soybean residue feed
material with water activity as a single variable was constructed by recombining the raw material substrate and
microorganisms through microbial transplantation technology. Three water activity treatment groups were
established: low (Aw1=0.9868), medium (Aw2=0.9880) and high (Aw3=0.9912). Microbial quantity,
nutrient composition, and fermentation quality were analyzed after fermentation for 12 h, 24 h, 36 h, 48 h, and
60 h under aerobic conditions. The results showed that the soluble carbohydrate content was higher in the Aw?2
group (P<C0.001), and Enterobacter and yeast showed greater adaptability. Crude protein content, organic
acid content, and lactic acid bacteria quantity were higher in the Aw3 group (P<C0.001), and the growth of
mold and aerobic bacteria was significantly inhibited. Under medium and high water activity conditions, micro-
bial metabolism was more active and utilized substrates more efficiently. In conclusion, the fermentation quality
of soybean residue feed in the medium and high water activity treatment groups (Aw2 and Aw3) were superior,
and the quality of aerobic fermentation could be effectively improved by reasonably adjusting water activity.
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Table 1 Nutritional composition of three raw materials and fermented substrate materials

W[ T KK AL G ) HLE A . EP‘T%‘H’E‘??E@T‘?E %ﬂi(ﬁ'ﬁ(ﬁ@ﬂéﬁ
ltem Dry matter/  Water soluble carbohydrates/  Crude protein/ Neutral detergent fiber/  Acid detergent fiber/
(g-kg 'FW) (g-kg ' DM) (g-kg ' DM) (g-kg ' DM) (g-kg ' DM)
T (BD) 199.00+11.30 3.3241.30 239.72+0.91 396.04+18.66 235.88+11.73
HFFAG CCMD 952.49+1.71 10.4+0.07 329.79+12.82 450.08+14.72 309.59+7.31
RAFR I (LD 923.96+2.26 139.26£8.24 54.9540.86 117.50£20.83 81.90+£15.31
Ll AR (SE) 405.81+2.13 4.1040.15 321.78+3.82 443.04+8.25 305.65+5.08

T FW, DM, TR, TR

Note:FW, Fresh weight; DM, Dry matter. The same as below
1.2 WEYEEHE

M #i Mogodiniyai Kasmaei %5 #5719 1% B 5

25 CRAE 2B B 8E [ R S 90%) , FRE 110 g & 3 8 4]
BECH S T 100 g J5R i 58 & A 9 T4 i), im A
500 mL K 3 A4 AR K (0.85%) . BHIRA W E T 4°C
FEPRH L1550 remin "R H B2 h G, &4 )2 KA
Y0 A o B W AR BB T T 4°C 4R L 12 000 remin !
B0 15 min, 7 I WCE A Y UTE Y, T IJCTE A4
MK ERIFEFZSmLEH .

1.3 AEKFEEER G &

PR B G R GR RE 35. 0 g F =AM, 3k 99 i ke
di L B OB R O S BR T my, JRORE 2 fE IR TR AR 121°C
KB 45 min, B 5 5% 2 65°CHE IR T ER 4 P4k 2 h,
4 h,6 hJ5 BCH FRE mo,, W05 K 43 5 R B0 m,—m.
R A8 AN [ 4t T B 1] 7K 43 40 2k i AE B v T AR & b gy
SN S i KV B R A A W B O AT A
FE R A5 3 B K A ) K 0 B A [ 1 4
KRR R
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Fig.1 Flowchart for the preparation of soybean residue feed with different water activities

1.4 EHRMNESSHAE

R R TR RHR A 5 BRSO g B T H B
R I 45 mL B A4iK , T ACOKAE IR 42 24 h, # i
4 JZBE U2 A F1 2 PR ATk U8 RIS e I 1) )R 42
W, —20°C¥ VROR A7 25 Y o 2 48 W H F il 2 pH
{8 . ¥ % % (Ammonium nitrogen, NH, -N) | ZL fig
(Lactic acid, LA) . Z & (Acetic acid, AA) \INFR (Pro-
pionic acid, PA) 1T g (Butyric acid, BA) & & o

PREC20. 0 g K B A RHRR &, BT 65°CEX T 1R
FI(WGL-125B 8, th D hflt T2 & 5 T8
i & i (Dry matter, DM) o 4t #F 5 I VR BRES 4L
(Retsch-MM40 A | 78 [&] ) 4 #4832 1 mm i , F F I
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(Neutral detergent fiber, NDF) Fl {2 1 ¥ % £F 4
(Acid detergent fiber, ADF)%
1.4.1 pHAER & i K% pH i (HANNA pH
21130 R A EL I e AR R 4R 9 1) pHL L,
W72 A AR e 22 vh W (pH 4,01, 7.00) £ #fE
E B
1.4.2 AABRAFNE  BURBMEEZEET

A°C A% F LA 10 000 remin "B > 15 min, b5 &
0. 22 pm AL U8 B2k 98 J5 , 2R e OB A 3% R 40
(Agilent 1260 7 , 78 E) #1744 MLIR 4» BT . 3 5%
PF . C18 Jz A (4. 6250 mm, 5 pm) , i 3 AH K
0.01 mol-L* H,SO,, #i # 0.5 mL-min ', H: &
30°C, KP4 210 nm'™

1.4.3 #Rmang SR AIRER - B L 6 e
WSC # #, R R B - SRR B H (@ 3k W e
NH, "N # i 1, 5R J AL 5 307 2 AL (55 Rapid N
exceed , fEED I E CP & &, R4 H h£F 48 7 br
1 (B 5 ANKOM-2000i, 3 [E) il & NDF fil ADF
Sl BRI T Y SRR .

1.4.4 #HmAHIFEFMNE KIS0 gkEm,MA
45 mL JG B A B ER UK (0.85%) L IR A ¥ 47 )5 W B
1 mL B W T 0802 0 B, X D A 1 R R
K T M K% 3% 34 X 7L R B (Lactic acid bacteria,
LAB) (B BEH (Yeast, Y) .8 B (Mold, M) | Ji #F 1
(Enterobacter, EC) JZ #f % & ( Aerobic bacteria, AB)
1 B R AT AR B L U W B DL TR R
B H v (Colony forming unit, cfu) F 7~ , I LA i) A} fif
H(FW) Ry 5Lt .
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F2 TRAASEEESEHAMLBIRFERES

Table 2 Nutrients in soybean residue type feed during fermentation with different water activities

i H K Ty KRR KA HWEN e e U AT 4 2 1 Ve U4 2F
Item Time DM/(g-kg 'FW) WSC/(g-kg 'DM) CP/(g-kg ' DM) NDF/(g-kg 'DM) ADF/(g-kg ' DM)
Awl 12h 445.25% 2.26M 296.20" 454,66 300.90"
24 h 453.24"" 214" 281.85" 452.90M 300.27"
36 h 445.33% 1.91% 265.01" 463.13% 308.40""
48 h 448.02%" 1.92% 270.80" 463,96 316.85"
60 h 452.32% 2,174 267.77°" 471.37 32451
Aw?2 12h 473.277 3.30M 304.82% 422,988 281.65™
24 h 469.66 2.914 295.66" 420.47" 280.42"
36 h 451.41% 3.44M 291.935¢ 439,378 302.50""
48 h 450.55%" 3.01% 284.73% 433,365 291.3348
60 h 465.84" 3.26M 270.95"" 458,344 316.06"
Aw3 12 h 471.14780 2.07% 301.05™ 460.374 300.84"
24 h 462.345" 1.89% 291.13% 458.66" 303.274
36 h 473,605 1.69% 287.50"¢* 465.69 305.35%
48 h 469.46"8 1.71% 284.178¢% 460.58 314.55"
60 h 488.41M 2.03"0 282.65" 466.68" 318.27M
FrifEiR SEM 1.81 0.07 1.33 2.47 1.93
Pii A <0.001 <0.001 <0.001 <<0.001 <£0.001
P-value T 0.024 0.051 <<0.001 0.010 <<0.001
AXT 0.020 0.346 <<0.001 0.731 0.516

o Awl  Aw2 Fl Aw3 5 B ZRAKS3 05 BE 0. 9868, 0. 9880 1 0. 9912 () B 4L R RHRE & o A TR KB 7B 7R 7] — /K 20 1% B R[] & e i) A) 22
SR (P<<0.05) , AR /ING 8 3% [l — %2 B i 18] AS [7] 2K 40305 5 1] 22 5 8 3% (P<<0. 05) , P<<0. 001U £ 22 B W ¥ . AL KIS T, KB

P s AT K433 BEFUR BE K Y S BAR T . R R

Note: Awl, Aw2 and Aw3 represent recombinant feed samples with water activity of 0. 9868, 0. 9880 and 0. 9912, respectively. Different

capital letters indicate that the same water activity has significant difference in different fermentation time (P<<0.05), and different lowercase let-

ters indicate that the same fermentation time has significant difference in different water activity (P<<0.05). P<Z0. 001 indicates an extremely sig-

nificant difference. A, water activity; T, fermentation time; A X T, interaction between water activity and fermentation time. The same as below
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2.2 AAKSFEEFTELENEERANEER
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MY 3% 3 AT J0, 7K 43 % B 5 Kk T B X pH (A
NH, -N,LA,AA,PA fl BA & B 1F 75 B3 52 H %
B (P<<0.001) . FirA AbFEZH (Awl, Aw2, Aw3) iy
pH {E 478 & 1 60 h A ik 21 05 (8, H I /K 20 106 B 41
(AwD ) pH{E i 2 & T HA 41 (P<<0. 001D, Awl
5 Aw2 411 NH, " -N & 5 78 & B 48 h i ik e KAHE
B 5 R [ s Aw3 419 NH, N & & ) 76 % B% 24 h i}
KW TS RS R T . Awl R Aw3 4
o LA B A R I B Y 3G e R AR T i

AwW2H LA &5 8K EJb  BR AW 48 h LA & & 1E
KO TG B Aw3 Al M T e i o T AL ERAL AA
AR R 12 W o B AR, R AT (12~24 h)
FIHE s Awl A Aw2 4 % B 5 1 (36~60 h) AA
o RIS T U s, i Aw3 41 K& 5 I (36~
60 D AA & & AW BJb . & b B2 78 & W T
(12~24 ORI 2 PA, H Aw2 5 Aw3 41 7F 36
h AT AT 4Gt PA L {H7E 48 h 160 h i 24 R 4 i1 PA
Jit A hb BE 40 7E % B 60 h s 4 BA, Hodh gk 4
A (Aw3) B BA & & B % & F 4l (p<
0.001),

®3 TRKSBEESERAMEEAR

Table 3 Fermentation quality of soybean residue type feed with different water activitis

BgE| 7 eI I Hi Fe A NH, " -N/ FLR LA/ LI AN/ Wi PA/ T BA/
Item Time P (g-kg ' DM) (g-kg ' DMD (g-kg ' DMD (g-kg 'DM)  (g-kg 'DMD
Awl 12h 7.995¢ 29.39"° 10.37" 17.58" 3.988® 7.865
24 h 81470 46.16" 6.63% 235500 5.35% 0.00""
36 h 7.86% 123.74% 8.39" 29.977 0.00"" 0.00""
48 h g.oha 200.45™ 9.3450 18.885¢ 0.00%* 0.00%*
60 h 8.35M 168.45" 17.55™ 22.950 0.00° 11.37M
Aw?2 12 h 7.845 45.45" 8.83%P 9.63% 3.10% 0.00"
24 h 7.78%® 83.24"" 10.628 19.14M 3.61% 0.00"
36 h 7.25% 131.91¢ 9.98% 16.88"EY 8.96M 0.00"
48 h 7.85% 196.074¢ 15.14A80 11.03% 0.00°" 0.00"
60 h 8.16M" 162.08" 16.55™ 19.30M 0.00“" 11.16*
Aw3 12h 7.27%° 147.95% 44 841 5.39%¢ 5.74% 0.00"
24 h 7.585¢h 197.66 22.875 24377 7.28M0 0.00"
36 h 7.50%" 31.72" 13.87¢ 9.50"" 8.33M¢ 0.00"
48 h 7.93780 56.76" 13.59 10.44" 0.00°" 0.00"
60 h 8.007 162.46" 17.288¢ 21.14M 0.00" 15.88M
FRifER SEM 0.04 6.68 1.00 0.83 0.37 0.57
Py A <0.001 0.013 <0.001 <0.001 <0.001 <0.001
P-value T <<0.001 <<0.001 <<0.001 <<0.001 <<0.001 <<0.001
AXT <<0.001 <<0.001 <<0.001 <<0.001 <0.001 <0.001

2.3 FAKDPFEFERABNEERNMEVHE
s

HY e 4 AL, K 40 B Rk eI O LAB, M,
Y, EC Ml AB % & ¥ 17 75 0 3 28 5 3 0 (P<
0.00D) . Awl Al Aw3 4l LAB i bl 5 A& e if
14 S K 5L [ S T R A i Aw2 41 G B AR .
K12 h, LABSCE B Aw T 1m0 38 1 ;i & 1% 60 h
5 LAB#E B Aw FH it o & 12 h, 24 h il

60 h )5 , M Ui bl Aw F 85 G b 2 A28k 34K 43 1
JE 20 & W 60 h i, M B 3 o S IR {E . BR 24 h #il
60 hoh, kK 2 (AWDHM Y S B & m T
Awl Fl Aw3 2 o AR7K 4316 BE CAw D A 5 h T
B ] 5 EC B0k 35y e il iy b 34l vp, AB 40t
R B & T B R) SE I T OF T 48 hak B g (E
KW 24 h A1 36 hist , AB S bifi Aw TH 55 2 R %
B1E Aw3 2H g T AR .
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Table 4 Microbial quantity in soybean residue type feed fermentation with different water activities
i H KT K FLIRH LAB/ B M/ EREY / kT EC/ I UE AB/
Item Time (g cfu-g ' FW) (lgcfurg "FW) (lgcfurg 'FW) (g cfurg ' FW) (g cfu-g 'FW)
Awl 12h 7.65"% 3.45™ 4.69™ 5.45%" 7.91¢
24 h 7.56" 3.60™ 3.73% 4.76" 8.365
36 h 7.69" <2.00™ 3.45% 4.76" 8.60"
48 h 7.81% <2.00"" <2.00°" 4.63"% 8.71%
60 h 8.51M <2.00" 4.29% 5.03"80 8.57""
Aw?2 12h 8.03"" 3.73%0 5.044 7.16% 7.99%
24 h 7.97M 4.07M 4.99% 6.95M 8.12%
36 h 7.77M 3.6948¢ 411" 5.185 8.53"
48 h 7.79% 3.508 3.67¢ 5.17% 8.65™
60 h 8.10%" <2.00“* <2.00" 5.40" 8.60™
Aw3 12h 8.31M 3.605 4735 7.10M 8.15%
24 h 8.08P 3.844 5.19% 6.98 8.07
36 h 7.79% 4,177 3.90% 5.39" 8.285¢h
48 h 8.247P1 <2.00" <2.00"" 5.01%" 8.59™
60 h 8.035" <2.00“* <2.00"" 5.18% 8.42080
B SEM 0.03 0.20 0.21 0.10 0.03
P{H P-value A <20.001 <20.001 <20.001 <20.001 0.002
T <<0.001 <<0.001 <<0.001 <£0.001 <<0.001
AXT <<0.001 <<0.001 <<0.001 <£0.001 <<0.001
3 iTig FZE AT A R B D AT RE DL S0 A ORI i A
(Pentose-phosphate pathway, PPP) 1t 1§} % 25 4 , i
3.1 AEXKSBEENEERANBGELZBENE AR AL G W% f# (Glycolytic pathway, EMP) ,PPP i& 48

FRASENEME

Aw3 20 DM & & 76 & B 5 1 (60 h) B 35 F+ , Al
AE 5 8 K A0 T BE R oA W AR TG G R A O . 7
Aw B E I (Aw3=0. 9912, ¥ AE ¥ nl ) 69 Btk
T TR A 03 ik B AR PR ) Cn A ALIR L Ah &
WO LR, NI FECT Y & i T, Awl 5
Aw2 41 DM JC i % 484k, 7] B8 5 7K 43 % B BR 41 T 6
A AR R ARAT O Aw2 LM Aw3 41 CP
o Y BE A R B R B i 2 ek (P
0.001), Ju HJ& Awl 41 (IR 7K 431 2D CP 4 2% o
R YK R T R AR B A3 AR N IR B 2L
FEWR N H A K R P RUUR AT BE & K TR
P3G Il CP & f AW REAR ™ Awl4lp CP & i
Wi & T H5F () 4.8 bt B /N R 9] 0T 6l 5 Sk B Ak T e
V] £ HEE <, i 26 0 R RS 40 v o) e T RN ZR0TR 5
BHEAEEASHRCP T EEHTE", KAwWHEET
(Aw1=0.9868) , #f 43Tt 5 ff A= ¥y Cln 2 FL T T D 14
BB PER g 8 i RS R R L U S
AL SRR Aw2 4 WSC & 2 A x4
i, 1 NDF 5 ADF & s A 3R, X — B 8 5 1%
A AR G O 7R Aw2 L B R B

A= BT 2 NADPH DL it 48046 Fe g, [m] B gk 20 i 2%
PR T FE , B WSC R BLR . % Aw AT RE N
ST 2 2 R P 2T A R AR T R E T R A X
BERE Ko F 48 4 C NDF L ADF) [ i Ay ] 75 v b A
S, S EUNDF 5 ADF & & A X 88 i kil %
KT E]E , Aw2 44 ) NDF 5 ADF & &t k% b
THC60 hik W {ED , 7] B R 2 & B i) 1] 4 <[] 8 % 1 oA
CAn A 9 ZLAT TR D 1) S5 78 % e 2 Ak T FE FL IR A 1 &
R . 1 K CO,, 50 pH {8 3 3 AR A= B B 7% 2k
M, 3K AR DD e T RE B R 43 TR RE SE T R B
05 27 4k 3R 50 it DA TR M 5 BT AR R A AN T R
h SR . 50 A R, Aw3 4 AT 4 b
e T I ] 9 4 K TG b 3 A8 Ak, P RE P g 7K 4 30 2
T 1 5 T A [ A TR O AR M O A TR R VR R 2% 4
BRI WA s, SE 0 T 2T 4k K [ i R 5 P ) e
Y FE AR 0 2 P, X RBP4 NDF 5 ADF
AR R L R e G U sh 0. Tiang SEYTE
ORI Y K T b LR B B A SRR T8 S AT A R R
YRS R AR, AR5 KRB Aw2 4474 5 it
B A T R T) b T, v R K 4 e B 1 AOR TR
FO R AEAR T fak A= W 5k 48 2 1) 1) SR



513

W EEAF OKO) T R X L 2 A s 4R I8 TR S TR 319

3.2 AAKSFEFRABNEEREANLZEM
BB

34 B2 v A T SRR pHE 2476 & 82 60 hik
B fe KAA 3% 1T . -5 12k P AR g ok i e 1 2 o
RGO N5 W KR YEY B IHFEA &, H
BRI 9 R T T 2 2 Ko A T 3R o T ) i) s
3R pH A8 B % e B 1) 228 4077 T R 3X — 22 57 nT BB U
T AN [R) B AR 2 Cln = R TR 5 7 e R 1Y LG D SRS A
FrME Mg . 520 R, T8 A 55 RE T 8RR
FFA A K T pH A Bl 2 e B [0 7 2B K 52 B TR 8,
SRR EE R — B, 15 R BT, oK o i B A
(Aw3) 1 pH {8 i A% T H AL , /TR jE i T AL R 1
5 R BRAE = Aw A8 T AT PR o, PR R
H H K B I 7 A A LR (AL R L) . R
5 AR S — 2B SR Ik — AL - R T 4 TR B K T
W K (65 %0) A B AL Y pH {E FE 39 d I eI,
& B IR G5 25 PR 7= 1R 1A 1) 3% PR B IE 1 PR R AE
AN, Awl F Aw2 4189 NH, -N & B 76 & B 48 hik
FUEAE 1T Aw3 ZH7E 24 h B35 5 KAE 5687 25 7K 43 0%
JE 2 PR T T AR W X B T R A R TR Y i A
R X — G BE S Aw PREE T 8 (B 1 o
B A ) R AR A2 R G A G

LA A iy Z2 0 41 B B R 2200 B =AY AR
F 58 B & T8 48 h M5l Aw3 41 LA % & fe i, 7l
B K R 7= LA GAE W) 76 (R K 43 16 B R 8 AR KT
R BR R K3 I BE R B A BT LA AR i AR
TG 20 AT P2 R 0T 22 o 51 A TR TR A2 T A v /K 0 36
WA F AT T A Ak M R P A 2R AT G, T AR FL
M LTRGBS, i B AA & A K
H (12 W B8 e AR AE , B & & e (] i 38 4 (12~
24 b, PR BCAE W R K T DY 0 A W 2B AR AR
AN, FHHGE LT HIERE TRV K B [E
Xof T AT P e B AR 7 0 £ 5 e B[] A e R T AT K T
R, AA SRR K B A TE] %) ZE K N SRS
TE—E WS BT R X — I R W R 1 A i
5510 O 0 AR 0 Bl VDA G o AE R I8 S (36~
60 h) , AN[F Aw 4LE) AA & =LA : Awl 4l
FIAW2 A AA TR KRR G W20 SERE T
e 2 fa$e 3 T e i T AR AR A A 1 I R
BSR4, S B AA Y AR R RE AT B E
40 Aw3 4l AA & B AER G W RR S 1T i &
FHAE R 7K o306 BE 25 F v Aow AT 00 220 2 A 1) s
PR > AA BT A, ) B 2 7 TR AT C N s R FF )

ORGSR 3 SR T RS 7 Ak AAMY S FEARBFSE A b
P R I I A 3 P A, ELHC B B R I
KA IR T o X AT RE R N O fE K BRI, PR
HR I JER 0 R AR R TR AL TR R AT AT A AT A AR
WP W 5 hk BETH , T 7= A2 B0 2 1 PAY . R RS
31, Hh T A A S Y B S S B T RE TR
FFER A BETE 2 B0, DR PA B 2R R/ R
TEA AR 60 h G Kl BA , HL7E &5 7K 43 1% B2 20 (B
FROR o T RESE e K 20 15 B A5 1R T Bl A T I (1] £
K, R UB B RE IR 5 B R A AR R AT B 2 T il
Jay T IR AR HR 05, DT fih K T R AR TR A5 2R ) 1) A8
W8, BAJE EE ARz " ZE b KR
JEE of 2 Wit A v pH R AN AR ™ 0 1 A8 A AT 2 35 R
Wi, e 7K 73135 B 2% P Bl A 0 1 AR 3 30 B A 9 R fiE
{5 g 5 R P A7 AR

3.3 AAKSEEEERLABENEERAMBEY
HEN

Awl Fl Aw3 2H H ZL IR & (LAB) i B A 1% I
Ji) 2B K 5 S B AC S T i R B L X T B S5 LAB X
R A S5 1 A P S SRR DG . Bl R TR E R A 4
HE, LAB AT G838 o AR 35 9 45 3% 258 1 A BT I R
JES W HP I 7 3R ) 0 S B B A (AR T
SR EERIIA (12 1), B R K a0 AL (Aw3) 1Y
LAB % i & & & T AR K 20 36 B 41 (AwD) (P<<
0.05), 3 1l g & o F 7K 40 36 B 3R 5 0 A F) T
LAB Xt 3% 4 5 W i AR Y i & B S
(60 h) 1 /K 43 1% FE 4H (Aw3) 9 LAB % & & i ik T+
R 53 36 B2 A CAw DD, I i DR B4 - (DA 48K T8
o R P AU T R T BRI B AR ()R
Y LR L 2 ) B B B X LAB 7= A2 Bl
(378 K 431 B A0 1 5 35 0 0 1 3 e i)+

B A K 43 35 FE 4 (Awl, Aw2 Fil Aw3) M, Y
M EC % Bl ¥ B A& B2 B ) ZE K B3R B (P<
0.001), KM &R PR R S5 LS =Y
B AR, T A R K 32 R B R s
A REH LAB SO0 S5 DR RE ™ A= 1 4l 18 R A HLIER S5 it
A ) I % 3 e ME B W AR Y . R RE 12 h
24 h A1 60 hfi , M i Bl Aw 7t JC i 28 4, 7l fig
Y TE CAn LR B L 2R TRAT B MR R S B E A
A e U T DR T R TR TR AR R M AR G SRR
A A B A o R BRI A K A2 IR, 5 Aw T 9 1E 1]
R T B 3h A5 o 34N K 43 10 B 4 K 1 60 ho Bt



320 o ¥ # 534 %
M & AR E, KB R Th i I R S YANG X L, LT H, XU H Y, et al. Application prospect of
T R . %1% 60 h Hd‘%'ﬂﬁ Tt 0 1k 7T B 3k 3 m%ﬁﬁﬂ: JE water activity determination in microbial control of drugs[J].
L Ao L e N N e oot o e China Pharmaceuticals, 2018,27(23):1-4
e g SR GG GO R R ORISR e e s R R BB 1)
5ﬁ ,E*iﬁﬁ%%ﬁ@ﬁiﬁ%fﬁﬂmo EP7J(§?}‘{£E2E_ AR, 2003,12(1):32-35
(Aw2) Y F1 EC $ i AH % 3 i, 4 I00 Ji D5 ] 6 > DENG J M, ZHANG X, GUO R F. Factors affecting the
5 K A S5 B T A 355 40 At s A vk, R e o application effect of feed enzyme preparation [J]. Guangdong
BAEEME . ABBIE ISRV S R

. N N . 7] BEET W, XA AR T 3 KA I B A R R
S EI [B] SEAC B2 b TR, Al RE R T A AR T ST LA 20002553637
AB Eg{ﬁlﬂjﬁéjj%%ﬁ?&““o 1fif £ %% Fi 24 h 1 36 h PANG Y F, FENG D Y, WEN L F. Effects of packaging
i, AB ﬁi b Aw F+ %} 2T F%i’é #oAw3 M AB methods and water activity on moldiness of granular materials
HE AR BT, 55 /K 0 06 BE T BB IE OF LA sl AR 4 4 [1]. Feed Research, 2000,23(8):36-37
ABAEK (DA ERLFLBRSEHEASY W2 [8] PENG Q, ZHENG H, YU HF, et al. Environmental factors
ISE[SH (2 {jﬁ%ﬂ( i j][] %I iﬁ %%%ﬁ%*}: &ﬁ@[%] : drive the succesmor'] of microbial 'Com‘mumty structure during

o e e T . . wheat Qu fermentation[ J]. Food Bioscience,2023,56:103169
(336 5 TR AL = D D e 40 [0 WCER,HAE, GRS KA A A7 B
PEEEIR LT, £ i 5 MR 224, 2012,31(7) : 759-765
4 % CHENG Y L, XIA X H, QIAN H, et al. The effect of water
activity on stability of green tea during storage [J]. Journal of
2 Tk ,7kﬁ(£§*ﬂ7iﬁ%ﬁ¢ﬁx¢§_{ﬁﬂ/fﬂ*«l’ﬁ Food‘Science and Biorecbnology,?OlZ,Sl‘(ﬂ:759*765
P A, o L10) B R BRI, % DR S B R D], o
SR B E SRR, I ot SO R0 R A W i AT B35 R 2007C1) : 35-37
S, (Aw=0. 9880) 1 (Aw=0. 9912) /K 731 JZ b WEIJ T, QID S, ZHANG N Y, et al. The water activity
HRZH CAw2, Aw3) H i AE W o6 e T s 4 1% ) FH 8 o and its application in feed[ J]. China Feed,2007(1):35-37
[—E:_} , Zi@gﬁ%ﬁ*ﬁxﬂ—ﬁ:ﬁjﬁo ﬁtﬁﬁzfn;ﬁ* , m‘){%g [11] MOGODINIYAI KASMAEI K, DICKSVED J, SPORNDLY
{é‘ﬂ’fﬁj*fl E1 7ké‘%$ﬁﬂjﬂﬁ%i&ﬁ?§7iﬁ$o R, et al. Separating the effects of forage source and field micro-
biota on silage fermentation quality and aerobic stability [J].
g}% 3 ik Grassland Forage Science,2016,72(2):281-289
[12] R I, W I, ST R, % T/HXCY
(1] dmdehe, i, 4,55 . Sl i m (AR AR e fe ik iz 101-2025 i B gkl K 53376 B2 0 5 H R[S ] de st E R
(1], &R, 2024,45(22) : 280-290 W R, 2025 3-4
MENG W M, GAO Y X, HU M, et al. High-value utilization China Agricultural University, Sichuan Agricultural Univer-
of okara: biotransformation pathways[J]. Food Science, 2024, sity, Guizhou University, et al. T/HXCY 101-2025 Code of
45(22):280-290 practice for determining water activity in forage and feed [S].
(2] B, RAEE, ERp e, 45 . 12 K I 48 - 75 BRAS AT T 1 4 R Beijing: China Standards Press, 2025: 3-4
SLRBIGELI]. HH2 4, 2025, 33(4) £ 1289-1298 [13] BkHE BE RS 200 45 A28 % WE a8 2 7 R 44 h 0
YANG H, SONG F C, WANG S T, et al. Research on the TEFMWFLT]. AR R 2"#412, 2016, 47(5) : 76-82
utilization of solid-state fermented oyster mushroom-highland ZHANG Y G,XUE S C,LI Y, et al. Study on fermentation
barley straw fungus-bran as feed [J]. Acta Agrestia Sinica, process of ruminant feed in soybean dregs by solid-state fermen-
2025,33(4):1289-1298 tation[J]. Journal of Northeast Agricultural University, 2016,
(3] RN 0 59k, 55 . 22 S M B3 I Il RHAE B 8 A o 47(5):76-82
WIREHILT]. RE AR, 2023,44(11):77-80 [14] YANG L L, YUAN X J, LITF, et al. Dynamics of microbial
HAN S Q, JIANG J, HU Z T, et al. Application of hybrid Brous- community and fermentation quality during ensiling of sterile
sonetia Papyrifera silage in livestock and poultry production [J]. and nonsterile alfalfa with or without Lactobacillus plantarum
Journal of Domestic Animal Ecology,2023,44(11):77-80 inoculant[ J]. Bioresource Technology,2019,275:280-287
[4] MARTINS G E, CASINIC, DA COSTA J P, etal. Correla- [15] ARTHUR THOMAS T. An automated procedure for the
tion between water activity (aw) and microbial epiphytic com- determination of soluble carbohydrates in herbage [J]. Journal
munities associated with grapes berries[J]. OENO One, 2020, of the Science of Food and Agriculture, 1977,28(7) :639-642
54(1):49-61 [16] BRODERICK G A, KANG, JH. Automated simultaneous deter-

[5] HMpWes], 250 VP IE 5 45 . 24 0h o i i vb ok 20 3% 3
R AT [T]. T E 2, 2018,27(23) : 1-4

mination of ammonia and total amino acids in ruminal fluid and in

vitro media[ J]. Journal of Dairy Science,1980,63(1):64-75



513

W EEAF OKO) T R X L 2 A s 4R I8 TR S TR

321

(171 e 5 5k i A 6 A 2 sy, vl ) ) s o A B % B 2

[19

[20

[21

[22

[23

[24

[25

[t}

]

]

]

]

]

]

]

—

L T ST J9K B 12 0 S A ek TR R R B RORL A BT R R
GB/T 24318-2009[S 1. Jtat: o [ ARiE H AL, 2009:2-3
General Administration of Quality Supervision, Inspection and
Quarantine of the People” s Republic of China, Standardization
Administration of China. Determination of total nitrogen content
in animal feeding stuffs by combustion according to the Dumas
principle and calculation of the crude protein content: GB/T
24318-2009[ S]. Beijing: China Standards Press,2009:2-3
VAN SOEST P J, ROBERTSON J B, LEWIS B A. Meth-
ods for dietary fiber, neutral detergent fiber, and nonstarch
polysaccharides in relation to animal nutrition. [J]. Journal of
Dairy Science, 1991,74(10):3583-3597

% . BRSNS e L R 2 o B el A R R R
BRI WE (D], B At B stk oK%, 2022: 11

YANG X. Effects of altitude gradient on phyllosphere microbes
and their fermentation characteristics of Kobresia pygmaea and
Avena sativa 1.. [D]. Nanjing: Nanjing Agricultural Univer-
sity,2022:11

ahi R g, WK e, R, A A 220 B R B e A I
Honnestse[J]. M, 2023,63(11):4315-4329
RUSL, ZHAO Y L, WANG Z W, etal. Isolation, identification,
and functional characterization of exopolysaccharide-producing strains
[J]. Acta Microbiologica Sinica,2023,63(11):4315-4329

PELEG M. Models of the water activity effect on microbial
growth rate and initiation [J]. Applied Microbiology and Bio-
technology, 2022,106(4):1375-1382

ZHANG L, LEIQY, CHENG Y L, etal. Study on the removal
of cadmium in rice using microbial fermentation method [J].
Journal of Food Science,2017,82(6):1467-1474
SRTE— TR SR, S5 R X RE K B IR T B M B T K
J N AT T RELT ). frdb Bl ,2025,46(6):320-329
ZHANG J Y, HONG B, ZHANG S, et al. Research progress
in the effect of fermentation on the nutritional quality of brown
rice and its application in rice products[J]. Food Science, 2025,
46(6):320-329

R RS TR WERE 55 TR A R I ) X 6 AR TR A I R
EIRST AL BRI [T ], R TL R R PR,202003) : 23-26
LIQH, XU X, SHEN X H, et al. Effects of different fermen-
tation time on nutrient composition and quality of probiotics fer-
mented feed [J].
Medicine, 2020(3) : 23-26

PR B, TR SR AR Rk RS TR BR R A e A R Y
W R [T]. BRI, 2023, 63(3) : 946-962

LUPL, YANG H, DING A Q, et al. Metabolic regulation of

Heilongjiang Animal Science and Veterinary

bacteria with limited carbon and nitrogen sources [J]. Acta
Microbiologica Sinica, 2023,63(3) :946-962

XS A W, MR 1T, A L R RE S LR B A A B A
B HAE S B P g ML BE St R (7], fr m B2, 2022, 43
(9):268-274

LIU H D, YANG Y J, LIN G J, et al. Recent progress in

understanding the interaction patterns between yeast and lactic

[27

[29

[30

[31

[32

[34

]

—

[t

[l

]

]

[}

acid bacteria and their applications in fermented foods[J]. Food
science, 2022,43(9) : 268-274

ZHAN Q, THAKUR K, FENG JY, et al. LC-MS based
metabolomics analysis of okara fermented by Bacillus subtilis
DC-15: insights into nutritional and functional profile[J]. Food
Chemistry, 2023,413:135656

B, BTy RGBT, E EALEE AR S EA
R BT SE[T]. MR SRR Tk, 2017(2) 1 44-48

LUO W, WANG X L, ZHU X Q, et al. Production of compound
protein feed stuff from bean dregs and apple pomace by solid-state
fermentation [J]. Cereal and Feed Industry,2017(2) :44-48
ARUAE IR B, A FORFEFFE R NDF 5 ADF
Fr AU O T ] Tl , 2003, 24(10) : 19-20

YU R H, ZHAO L H, MO F, et al. Study on the variation
laws of NDF and ADF contents in corn stalk silage[J]. Feed
Industry,2003,24(10):19-20

SRR RSB, BV, A5 AR AE YRS FF R BT 2T 4 3R AR W I A i
Lo Wi fi R OB SE SR (7). AR 22741, 2023, 13(2) : 24-32
ZHANG G, CHEN B R, CHEN T, et al. Research progress
on enzymes and microorganisms for biodegradation of lignocel-
luloses from crop straw [J]. Journal of Agriculture, 2023, 13
(2):24-32

TR U AR, A IR AR IR N i R R i R R
T i S A AR E PR SE R [T ). P R R, 2020(15) £ 116-119
WANG X Y, HAN S M, LI Y B, et al. Effects of different
additives on fermentation quality and aerobic stability of soy-
bean milk fermented feed[J]. China Feed,2020(15):116-119
JIANG G H, BAIX S, WU Z G, et al. Modification of gin-
seng insoluble dietary fiber through alkaline hydrogen peroxide
treatment and its impact on structure, physicochemical and func-
tional properties [J]. LWT-Food Science and Technology,
2021,150:111956

GUANY T, XIE C Y ZHANG R, et al. Characterization and
the cholesterol-lowering effect of dietary fiber from fermented
black rice (Oryza sativa 1.. )[J]. Food and Function, 2023, 14
(13):6128-6141

T8k . A oy T 2 o X 2 S R
[D]. BB BB TR, 202246

TIAN T. Effects of microbial solid-state fermentation on nutri-

JBE R AL AR P 1R 5 )

tional quality and antioxidant activity of broad bean [D].
Wuhan: Wuhan Polytechnic University,2022:46
TR B LA LB TR e SR LT T SRS T I A
RN REELT]. AW IR A2, 2020, 39(11) : 2653-2660
DINGJL, WEID, JINL, etal. Bacterial community of vegetable
straw fermentation system based on metatranscriptomics[J]. Jour-
nalof Agro-Environment Science,2020,3%11:2653-2660

VRt , E 008, 5728, 55 . K Oh &t X - 48 BB M AL & 19 Y
W 7], Ol R R R4, 2024, 26(10) : 226-233

CHEN L, WANG K Q, QI H, et al. Effect of moisture con-
tent on composting with spent substrate of Pleurotus ostreatus
[J].
(10):226-233

Journal of Agricultural Science and Technology, 2024, 26



322

oM

Eird 834 %

[

[37] BAHH . &M BR S AR AT, 2014

(7):51-54

ZHAO ] Z. Water activity and microbial groups in foods[J].
Meat Industry,2014(7) :51-54

M, TR G, 45 A [ BRI AT S A I T A i SR
WA [T]. S 354k, 2022, 34(3) : 2030-2040
CUIL'Y Y, WANG C P, DENF D, et al. The influence of
aerobic fermentation of different strains on the nutritional value
of citrus residue [J]. Chinese Journal of Animal Nutrition,
2022,34(3):2030-2040

FEET A X R T A BRRE RS AR A TS
AR A S AR LT ], AP 4, 2024,51(8): 2819-2830
WANG ZY, FANH Y, LIU L X, et al. Acetate production
and metabolic characteristics of clostridium aceticum under het-
erotrophic and autotrophic conditions [J]. Chinese Journal of
Microbiology, 2024 ,51(8) :2819-2830

e XU, AR, A5 e I I ) Ry 2O T AT v i AR
W [T, i R T, 2020,46(8) : 27-33

YUE QH, LIU C, LIL M, et al. Effect of fermentation time
and method on yeast metabolites in dough[J]. Food and Fer-
mentation Industries, 2020,46(8) :27-33

TAHIR M, WANG T W, ZHANG J Q, et al. Compound
lactic acid bacteria enhance the aerobic stability of Sesbania can-
nabina and corn mixed silage [J]. BMC Microbiology, 2025,
25(1):68

DU Y Y, ZHENG T T, ZHONG R B, et al. Changes in the
chemical properties and metabolite profiling of fish sauce pre-
pared from underutilized large yellow croaker roes during fer-
mentation at different temperatures[J]. Food Research Interna-

tional, 2024,179:114030

(43] R /=, JR 0, whIe e 45 . 5L SR J W 2o 7 v D9 TR JE B 1) BIL o)

(7], o fr 2491, 2023, 23(5) : 352-361

JI C, ZHOU S, HAN X H, et al. The mechanisms of propi-
onic acid formation in the fermentation of stinky tofu[J]. Jour-
nal of Chinese Institute of Food Science and Technology, 2023,
23(5):352-361

JEL SR SR, B A IR R A SR R A T E T B
e e p FsE [T ]. Sk 2z 4, 2017, 26(4) : 106-112
ZHOU F R, ZHANG S J, WANG M, et al. S Aerobic stabil-
ity and microbial populations in sweet sorghum silages during
aerobic exposure [ J]. Acta Prataculturae Sinica, 2017, 26 (4) :
106-112

A3 A, R . K A3 T B 0 et R X Bl 2R A KR il
M sELRaR [T]. B AR, 2017,4(25) : 370-371

REN W X, CUIL'Y, XIA T. A review of the measurement of
water activity and its impact on microbial growth [J]. Diet
Health,2017,4(25):370-371

Ji, SLRGE R SF . A FLIRER Ak TR T R AR
SR SRR A2 [T]. Bl 2020,29(11):83-90
WAN X R, DOUSY, LIY, etal. Effect of lactic acid bacte-

ria preparations on microbial population counts and silage qual-

[t

ity in maize silage during fermentation and on aerobic exposure
[J]. Acta Prataculturae Sinica, 2020,29(11):83-90
KUMAR M, KUMAR A, NAGPAL R, et al. Cancer-pre-
venting attributes of probiotics: An update [J]. International
Journal of Food Sciences and Nutrition, 2010, 61(5):473-496
JEVE R A R B, A RV LT TR B4 U0 fiE O B
AR, b5 BT, 2020,46(22) : 98-105
ZHOU L J, YANG M M, WEIC Y, et al Anti-oxygen stress
ability of Lactobacillus salivarius and optimization of its aerobic
fermentation conditions[J]. Food and Fermentation Industries,
2020,46(22):98-105

L, BUET 2 SR UL, A5 B LR I R OR A R E
m‘%uuﬁﬁM*h%%ﬂmﬁ@a&m%%[ﬂ. mll %4, 2017, 26
(9):156-166
WANG X Z, JIA S A, ZHANG F F, et al. Fermentation
quality and microbial quantity during aerobic storage of corn
silage [ J] Acta Prataculturae Sinica,2017,26(9):156-166
w0 K R, A CRUE W B O 5 I e R A AR
kR BT R LT ). Sl E SR A4, 2019, 31(1) : 82-89
HUANG F, ZHANG L, ZHOU B, et al. Research progress
in silage microorganisms and its effect on silage aerobic stability
[J]. Chinese Journal of Animal Nutrition,2019,31(1):82-89
PASCHALIS A, BONETTI S, FATICHI S. Controls of
ecohydrological grassland dynamics in agrivoltaic systems [J].
Earth’s Future,2025,13(3): 2024EF005183
. MEBOR B DCY -1 I8 25 4 I Wi 1Y E 57 M ) Rk AT
FEID]. B AT H AR R, 201623
GUAN Y. Effects on nutrition and bio-functionality of okara by
solid-state fermentation with actinomucor elegans DCY-1[D].
Nanjing: Nanjing Agricultural University,2016:23
TR TS . % D 2R B A5 DR 3 X e B g A A s (7] 1L vy
B Tlk 1995, (4):26-29
ZHENG S F. The effects of nutritional factors and environmental
factors on yeast growth[J]. Shanxi Food Industry,1995,(4):26-29
s AR P E AR SR Al A W IR BAR Y F 5T
JELT]. U 923m 4, 2020,47(10) : 3342-3354
FENG L, YUAN C Y, YANG C, et al. Research progress in
nitrogen removal by aerobic denitrification [J]. Microbiology
China, 2020, 47(10):3342-3354
DING Y C, HE W J, DATI W L, et al. Quality and flavor
development of solid-state fermented surimi with Actinomucor
elegans: a perspective on the impacts of carbon and nitrogen
sources[J]. Food Chemistry,2024,447:139053
R T AL AR A R T KA I B fA T v 24 R
ARSI IELT). o E B 255, 2022, 391D : 55-60
LI H, MA S H, WANG S J, et al. Study on microbiological
control strategy of non-sterile traditional Chinese medicine
preparation based on water activity [J]. Chinese Journal of

Modern Applied Pharmacy,2022,39(1) :55-60

wERE  xEE



