H A1 A &S
20224F TH

ok ok R o R

Journal of Huazhong Agricultural University

Vol.41 No.4
Jul. 2022,115~123

TR AT, BUL R RO AU A SR R W R PO S HE RS R [T ] AR Al RS20, 2022, 41(4) - 1157123,

DOI:10.13300/j.cnki.hnlkxb.2022.04.015

BRI R R LB I R A B R
o R AR HY =2 0
ZUFEEH S, ELE

1A REKRFLFR/RERAFRIP FTHRLEELEE S LR T, KX 4300705
2. & R B R AR SR B R AT P s, KX 430070

FEE TR BB S I SO Al A SR IR Ao R v R SR ) B AR AR S AR AE R O R R R, 4
LA RAEFT (T JHERFEFF(T2) AJE (T3) AME(T) ikl , TF RS Gl P 8 L Bk 06, I LAlRR s
(CK) R E2VE R XTI, R RE AR P, 76 0~6 h 1 6~72 h & TERY Bt N 43 B LA 3 h AT 6 by SR (] B , SR 45 Ak B HE
FU A, A HT R A A BIL A e 40 4300 e v 2 [ Aol G 9 S0 SO SR AV B 5 % AR [
A PR B ASCR B EAT 22 T LA, LA R Sl ARk A 2K 6 T Tl P AU A R R R R SOR S . S5 SR
7 (1)FE 5 AL SR P 48 % 1 R A0 rP RE M 2 MR 2 A D 0 36 1S Rl SR i, 404 3 R & Ak 5
Y IR BERA G 12005 B IR0 L R S A RN LR TCAIL AR 3-SR 4-Z SRR X
BB — Y S . — PP 5 kA 2 R A B A SR I R T SRR R TR (2) FORFE AT
THSEFG AT RN AR TS (BN T FE A Sl A S R B ) S0E R WS I RS 190 Ak B8 A PR HE Bt 16 , ¥ o vl
SEREFERUAR S M AR B0 T AR AR s (3) R R R 2 e Bt vh SR AR AR A 22 5, IU/INEI AR ICh
T3<TT2<<T1<<T4<<CK, BRI AHA AR AN [ R B M1 i) K WA e v A 5L A0 B8, A R AR TS 41 1 0 R e A
SRR R 4 241,08, DL S5 HRFW R SE A S SR R I 0 e AR AR

KR ERE; RIUHE; TR SRl MRYIT; BRARE

mESES S851.273 XHERIRFEE A

A SR R R — el i AR i O B
B AFRI R R AL AE JCF AL B T2, Al DUR R A B
b 2 fife 3% 16D A6 4 A B R ) (R AE A HILIE 540 DA
PR [ o, e o 5 0 SR AR A Y L i
FErh A LT 2 U o i 7 A R i B PR HL
YIRERNETCOLY) o #8 P TCHLY) i 2 SR A
MR (B AR, R SR B TR A R R
LG YRR L T — e S R B
YA W] R Rk, R A VLB AR AR
RS T 4 3 LA AT FRE ANA A A $ oi R 2
2R

AHOCHEFE R, ) e DR o ADRL AT DL ik
SRS RGHERL T IR 1) e R T A A ] 4 4l
BFIE G A I 2ok 7 v %) 20 S ) Jo 1) R i v B A A
325 AR AR A X Bk SR DR e A

Wk H 39 2022-03-21

S 0 H - PR S AAEA R 55 % L 151 (107/11041910103)
ZEFE, E-mail : 2019848587@qq.com

WAEVEE REHE , Email : thq@mail hzau.edu.cn

XERSE  1000-2421(2022)04-0115-09

TR R IR R

FURT, AN RL 0T 2 T ik 8 o 2 BSR4
WP J2 2 o T USROS 2 OB Sk 2 Bl S
AR HE B 5% ma T LR X A R B R BT A
WO SIS Rl R TR AT R R TR e
A0SR ST Bl R B B T R
HEHCH SR R WAR SCHIE o PR, A5 1 i At
B o0 B JEORE, 23 53 L BORBEFE ISR AT AR TS oK
B BDRL , LA2lig SE 8 A %) B T R o S48 il PR
AR B E . W K e B R AR B PR YA ALY
(VOCs)ZEAT LI T , SR 0 Herh )% SR o it A
SE BT TR IS AR A e A O B EA T S LA
it R I X S8 iy P Sk I R v
W I L e S R i B R 52 T, S o AU e B AR



116

LS N AN S o ¢

S

KA RS
1 MRt5R®
1.1 REFREIEE

DJFRFESE . R A 1A K ITTH SR8 500
eI e —4 CHRAF R IR .

2) FARFERT ISEREFT ATEHAME . 20 5 7R
SEMHEATE , 7 i i I 22 FLA% 4.0 mm B i 3, i T
Yy i B KB

3)BM Bl R A e A o W R R A BE T
AP RN A, HIR AT

FRAERE A S R BRARME BN 2R 1 .

®1 FERRBEAMBEHNE

Table 1 Properties of aerobic fermentation raw materials and additives

ok KR % BA/ % fewi/ % HEF4E/ Y% ARG/ %
Material Moisture content pH Protein Fat Coarse fiber Carbohydrate

FEBER Dead pig 75.00 6.24 39.34 37.00 -

FKFEFT Maize stovers 15.34 7.04 6.52 0.80 33.40 42.70
TSRS AT Rape stovers 6.60 6.72 3.37 1.00 27.41 38.60
AJE Sawdust 12.18 7.78 1.60 1.15 54.67 22.10
KM Rice bran 8.27 6.84 2.49 14.5 30.12 39.70

RN S ECRI . Note: “—” indicates that the parameter is not tested.

4) [l K BEE . BER AL 10 L, R %k
JE KN BE B XGB-550 %15 57 XL (i 714> B
HLHL A BR 2 v, KAL) % 550 W, XU 7 [l 0~100
m®/h) H T3 A4 40K B T 5 19 4805 T LZB-10
RS SRS 730 (R s ke 38 I 4 34 £ A R
], I ] 0.6~6 m?/h, RS 4%0) F X3 A1)
JRUHE R4 W0 TR T, AV T B A0 e il e 3k A 4 38
T R A

5)SMERAELS, FCC-1500D &I (V1. 75 2h 35k KA
I ERA RA R, 5 0.1~1.5 L/min,

6) RIS . C2-CAXX-5314 Y (3 [ 3] 2
INE])  NEBIEFE Tenax TA F1 Sulficarb,

7) SR A . Agilent8890-7000D %l ( 2 & 4
FEARA T, FHTH o3 0 5 PE RN E 143 T, B AR
FRAR PR A T 20 SRR A 545 B B
(UNITY xr™) ARSI FCAT WA RERS

8) P& — A M AL . AP-S4-D I (YN 7 22
MARBHE A BR AR, T AR & (R0~
0.1 mL/L, ¥R 1X10 * mL/LKE1 % FS) .
ALk (R 0~5 mL/L, ¥R 110" mL/L, 4%
FE1 % FS) ifb & (= 0~0.1 mL/L, /3 #F 1X
10 * mL/L K BE1% FS) B EE (iR F2 0~0.1 mL/L,
SAFERR1X10 " mL/L RS EE 190 FS) ik Bl 5
1.2 KW FH*E

DRI, LABESE I by & e SRR IT JR 9 S 3
Tl PR UK R, U R 50 5 A AR B - CR (4

FEME) CT1CHE RN EORFEAF) (T2 (bRl o vl 32 A%
FE) CT3CHTELAE ) CTACHTEL KRB . BESE IR 5
BB AE (1.2420.2) kg, % 50 1L 8 &
1, B & T 1 e 2 7K i TR Ry 60 °C il WL
A 8 L/(L-min) , HiBH5 9% 058 15T & el 1:5.5,
BM & 5906 S8 1 BT 3 LG Ry 12100, e ikt
M A = IR A5, A 10 L & B 5
K.

2) REER S RAE . C2-CAXX-5314 W 4% — it
AL BERHEHER T, — 4% FCC-1500D R B 3 K<,
RFEAR  EREEG0.3.6.12,18.24.30.36,42.48,
54.60.66.72 h RESAK, [F]— 0[] F-47 R4 34
i, SRR 100 mL/min, SRAERFE] 5 min, SRFEAFR
500 mL.

3) A5 4 1 o VOCs K FH Agilent8890-
7000D e G AT 430 A, 1A O Xk A0 B 2
B AL | €0 R T 2% PR AR TR A 2 O R B
AT

SPTRTAE S A 16 F OR (H 2R L 228 X — H
R IR AR THOR RO RN R 2-C
AR B-CHER A-CEEWIR 1,2, 4-=HHR 1,3,5-
SO X H ] B L OE O BE) VOCs TR & bk
WV T CRYI T MR R AT FRA R B ke (
SRR 3 R ) TR A bR o VA T (R T AR
B A BR A A L H R B (A 88 A R4 I A PR
O3] ) 2l bR e 28 ol S NISTL7 3% 2 46 % |
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H R, 448 A T R UL IR 4 T A R B ) I 1)
T5 ik R EAT F R BT S AT L R A
FRHOTM L . (AL L 3R a3 # 5 ik AN IS T
HEA R R v G B R B R AR S
SC— T AN vk F T R AR A K s R v 1
B 58 B (total odor intensity, TOI) , TOT #1575
HUTR Pk

16 R W AP L3 hF6 h 1) BR SR AR KR 14
W AR ST F2 B ET R it v 1) 18 ol LS AR HE A 7
5%, Ui H RS R i v i R R ML R Y O
A IS {H (odor activity value, OAV),OAV J&
) J A e B 5 LML A LL AT, AR SCrh B
5 F LR 1 34 K 5 T Nagata 2B BFGY . B RAE
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ue, COAV) 1 38 izf X b7 B[] Jr A7 49 Joit v K F 11
OAV Mg, COAV 1=l (1) Fims .
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BE(E C 058 iR TS AN OAV R T 1R SRLS,
Ao SR, mg/m’; O, 45 i AN RE S b s j A
OAV KF 118 SR {E , mg/m®,

TR, COAV J& — > LA [H] Sy 28 5 1 pR £k, 1
T g i A b R A BRI R B ORI , DR, HURA AR
2R S COAV (B AL SRR PE A7 (bR 5, 1 X 2
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Fig.1 Release regularity of carbon dioxide during
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Table 2 Main odor pollutants and odor activity value (OAV) during fermentation of each treatment

Ab ! Treatment

4 (OAV>1) Component(OAV>1)

SR EETE Bl Range of odor activity value

4-Z FEHZK 4-Ethyltoluene 0.049~2.577
X} F i p-Cresol 0~242.518
K — U Bk Dimethyl disulfide 0.713~228.762
H B 5 Methanethiol 0.716~475.835
TP IERTBE Dimethyl sulfide 0~15.848
/<. Ammonia 0.333~7.400
3-. 3L H %K 3-Ethyltoluene 0.159~2.746
4-¢ HH K 4-Ethyltoluene 0.042~8.635
X B i p-Cresol 0~173.315
Tl 3 Bk Dimethyl disulfide 0.845~29.326
% % Methanethiol 0.75~374.77
TP IERTBE Dimethyl sulfide 0.632~36.982
%<, Ammonia 0.600~66.667
4-Z 32 4-FEthyltoluene 0.005~1.549
Xt B i p-Cresol 0~11.854
T2 - H L ik Dimethyl disulfide 0.377~15.627
1 B Methanethiol 0.239~440.102
LR i Dimethyl sulfide 0~11.886
%<, Ammonia 0.533~9.667
it B p-Cresol 0~12.884
— I % B Dimethyl disulfide 0.025~1.322
T3 H B8 Methanethiol 0.477~193.213
THIETEE Dimethyl sulfide 0.066~9.084
2. Ammonia 0.533~22.867
4-Z.3EH 2 4-FEthyltoluene 0.028~2.665
it B p-Cresol 0~69.758
- I A B Dimethyl disulfide 0.840~188.959

H i i Methanethiol

W LR EE Dimethyl sulfide

%4, Ammonia

0.358~486.248
0.061~18.489
0.467~39.733

EEX 3-2 A A-Z 28 Gy | R
T L mEE R TR AR TR R R Y
JTIEAT 43 BT, AN [R) A 3R AE AR ] K 1 il B 3l XUl
BEHC LU 25 08 T 32 B0 5L 5T %) R ik R A An 1A 2
Ji7R o

3-CHEWIR A-CFEPRBEHONER AN E 2A (2B fr
/R, T1. T2, T3, T4 4 H 3-2, FL /2K 4-2 3 H 2K ()

HE S F 0~12 h R BBy B, R IL , 3-2 3 /K 4-
O HE P B CHE R i R % S B TR — B B . CK
AbFR 3-2, FE H 2K A=, WK B HER I B Wt i T
b JLAS AL 38, 4 b T 18~30 h & B2 WY B, 136 W R i %t
BT DU TR & B R R . A A P 3-2 B R HE R
/N R YR A - T3<CT2<<T4<<CK<_T1,{¥ T1 4kt
A 3-Z FEH R AE 3.6 h MR B . & Ab B 4-2
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Fig.2 Release regularity of main odor pollutants during fermentation of each treatment
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VNN SE RS A A B R AT LU0t B i 4 HE ik
HERE; T1ATCK AR J FH 5 i HE s A b T 0~42 h &

Pz B B, AH & e aod 5 rpoxst FP I o R 2 o B B
FRERILGE, T b 38T H 5 ot 5t vk B E & 8% 3~6 h
B B A/ IMIE B TR 1% 0.003 9 mg/m?, 7 6~12 h Bir Be
FRE0.017 9 mg/m?®; CK A3 X FH 1y i o ¥k 38 7 3~
6 h BB T AR 0~3 h i 17.4% ,7E 6~12 h
BN FRE0.007 5 mg/m®. #%-4b X H i B i &2
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B B A A A R DA

AR 2G FiR , S 40 BE7E 0~6 h &
T I B P S B 3G, T AN T4 Ab AR 2 FESES 6
/0N B B 0 B R R R T R B S OB T
B AR S HEI 4R TH A 6~30 h &R BB B (‘T4 Ak
FHERAN ), R, 0 SCHER i N 12 8 5 % IR X — By
Br. WA D R T RE A ILY B THFE A HEL
HRBRWIREAL, £l 30 h G aTRaE ., T4 BER
HE o B AR 2 i (] B AR b PR, HRE O
HARKA 2SR B,
2.3 HWRMERBRSEENI

PLFZ R (2) TFR Y TOT AR 56 15 A5 PEAN 4l Rt Fh
85X 0 il A R BRI I 2, 7 22 S B 4
SRR HPEVFP I TOT S Al 8 2 (P<<0.01) ;2R A
fe /N i 3 2 80 (least significant difference , LSD) [
ZHE N RFW B T45 T TOI G B %
2255 (P>0.05) 41, HAAb B 2 18] () TOT 45 1 5 3%
Z5(P<<0.01), BAFE TOT /NEIKAR K Fy: T3<<
T2<<T1<<T4<<CK, H I W] LLFE H , B e e A
[F) 2 b 00 1) i P ok e o A SO R, S (] Ak B
B P Y TOT 046 3 R .

®3 AEAEABEERRRSEE
Table 3 Total odor intensity during fermentation

of each treatment

AbE Treatment BB ERE Total odor intensity

CK 20 589.08+802.60Aa
T1 15792.934527.50Bb
T2 9 247.56+£383.47Cc
T3 4 241.084106.60Dd
T4 16 363.124-594.33Bb

T e 5 R R R 5 5 R R 4 F R 2% R B 2 (LSD, a=
0.01) 5 A [l /NG 5 b 3 % 4b 3R] 22 5 1 2 (LSD, « =0.05) .

Note: Different capital letters indicate extremely significant differenc-

es (LSD,a = 0.01). Different small letters indicate significant differ-

ences (LSD,a = 0.05).
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Effect on different additives on odor emission during thermophilic
aerobic fermentation of dead pigs

LI Yaping', TAN Hequn"*, HUANG Zhonghao'

1.College of Engineering , Huazhong Agricultural University/Key Laboratory of Agricultural
Equipment in Mid-Lower Yangtze River ,Ministry of Agriculture and Rural Affairs, Wuhan 430070, China;
2.The Cooperative Innovation Center for Sustainable Pig Production Co-Sponsored by Province and
Ministry, Wuhan 430070, China

Abstract The experiment of thermophilic aerobic fermentation of dead pigs was carried out with dead
pigs as fermentation raw materials , maize stovers (T1) , rape stovers (T2) , sawdust (T3) and rice bran
(T4) as additives, and dead pigs was fermented alone (CK) as control to explore the effects of different
fermentation additives on the emission of main odor pollutants and the total odor intensity of main odor pol-
lutants.In each experiment, totally 14 times sampling would be performed according to a fixed interval. The
intervals were 3 hours and 6 hours from O to 6th hour and from 6th hour to 72th hour, respectively. Each
sample was analyzed for odor pollutants and their concentrations were determined , along with the concentra-
tions of ammonia and carbon dioxide. And multiple comparisons of total odor intensity of different treat-
ments were conducted to determine the effects of additive types on total odor intensity during the thermo-
philic aerobic fermentation of dead pigs.Finally, the results showed: (1) A total of 40 odor pollutants were
detected in 5 thermophilic aerobic fermentation tests for dead pig, 18 of which could be accurately detected
qualitatively and quantitatively, including 3 sulfur compounds, 1 alkane compound , 12 aromatic hydrocarbon
compounds, 1 phenolic compound and 1 inorganic compound. Among them, 7 odor pollutants were identi-
fied as the main source of odor, including 3-ethyltoluene, 4-ethyltoluene, p-cresol, methanethiol, dimethyl
sulfide , dimethyl disulfide and ammonia. (2) Maize stovers, rape stovers and sawdust accelerated the pro-
cess of thermophilic aerobic fermentation of dead pigs.Maize stovers increased the carbon dioxide emission,
while rape stovers and sawdust reduced the carbon dioxide emission. (3) After adding different additives,
the detected total odor intensity of emitted gas was different and the order of increase of the total odour in-
tensity was 13, T2, T1, T4 and CK, suggesting that the use of additives could inhibit the odor emission to
some extent, while sawdust had the best effect with the total odor intensity of 4 241.08.The above results
showed that sawdust was the best additive for thermophilic aerobic fermentation of dead pigs.

Keywords fermentation ; dead pig; thermophilic aerobic fermentation ; additive ; odor pollutants ; total

odor intensity
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