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JIT IR RHE [ A A {5 5 A A 8 S (] 01
Hls o 32O S0 e SR e s ) PR B 5
WSS /NA B R Fe i L 10 3, 8 T HIAE ) &
FETR FIVE R T, 490 ‘CF R BE48 ~ 72 h, 15 5| k& ¥
PR R W ) T IR R R s Sk AR K 2
Jo3J B A A1 ot FH PR B A

SR, ZRERERRLSWMT  HEA
48.70% L g Wi 14.10% . & 10.44% 8§ 2.20% | #f
0.42% 451.44% 4k 197.57 mg/kg F£ 120.26 mg/kg .
H112.89 mg/kg.
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2) [ LG A B o o FREX(5.0000.001) g Y 2%
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J£90 CF, 433k 3.5.7.9 he
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F A, A 20 mL 5 mol/L B BRER , 43 MIHE K
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Table 1 Factor and level design for hydrolysis
of degreased meat and bone meal by sulfuric acid

with microwave aid

A B C
KT BER/W R/ (mol/L) KA IE]/min
Level Microwave Sulfuric acid Hydrolysis
power concentration time
1 220 4 30
2 440 5 45
3 550 6 60

1.7 HiELE

AL v AR ORI R R IR A A 4
523, B IE 156 BT I 2 A4 B Excel 2016
AP AT AR B, FH SPSS 20.0 8 #4781 43 BT, %

HH Origin 2018 X F A TR

2 FHRE5HMH

2.1 EFRRAE S8 R R E ik B
fifi J%&

N T A G R 1348 L PAY B i ) A BB B
AEIBOR) e A& LR 2 AT LA [ 2 IBGRXE P 3 £4
AR FE TR LG A 12 510, 7 it X 3 i
AR e 3R 8 T 99.42% (0 A ik 5 ¥5 %, 1
AT i B 1 [l A AR AR 5 1 e R AR AR BURICR AN
A 7E LR 10 10 B A BB 58 4 AL WU E R v
A3, (EL R [ e 25 L A 3 T v, A 5 368 i R 4
Ko SEBRI A AT O AE e A0, BEA AN B RY
REPUICR L BE IR A A HLAE BRI A FE . [ it , AR
B Ve IUE 6 A ORI L 1210,

K2 TREIZEB R E R LT P B i s B FE AR

Table 2 Extraction effect of grease from meat and bone meal under the conditions of different

extractants and ratios of solid to liquid %
IR THAR#EHCR Extraction rate of grease FEBGR MR Recovery of extractants
- i
Extracting agent 1:5 1.10 1:5 1:10
LTk Ether 66.86 98.75 62.32 60.38
A ik Petroleum ether 99.42 100.00 78.14 79.23
1EC %E n-Hexane 85.22 100.00 98.55 97.06

22 EHEGTHEBKEBEHAEHHRESR
K E

B CTEA0E ) 25 A, AS TR B0 1 W TR L
I figt B ) AR K AR R KA P A R 25 R0 T
WP ULPE 1. I L A AT B B R A, R
A (total nitrogen, TN) 57 & Vi i 52 BLSGHG I, SR J5 2
B R A, T2 KR R A5 Al (amino acid-nitrogen,
AAN) J5 o v B ) 2 IR 12 s 4 . FERR R VR
k5 mol/L B, 7K A VR A 80T o VAR B A, Oy 21.28
/L, B M B 4 6 F1 7 mol /LAY W2 I AN BE A /K it
W SRR VR B PR . BRI G R
(IR KR, 7K Ao R P e R I 2 R R A T o, (H
LR 2 SRR i AR O AR B DA SR AR 3
i /N RN 22 K, A mTAE h UR  RR R T S VR
W SR & P LR A A K O R L 3
Sif A B G 8 T L e AT L R FH 3R 0 4 T gk B
5 mol/LAE R AR BB R JEE

WEB R, B 1:4 2 1:7 iy 28 fk ik
B, BAMESERSA SRR TREE.
TEE R 1 AR KA R RN R S U e TR

Yo A3k 28.70 F112.33 g/L. PR, &1 Lt
P14,

W 1C s, 27K A B[R] A 3 hoay 54 Ay 5.
7.9 h, K e S RO B VR B S SRR NS T R
7 Ik B = Y 28.70 g/ & IR 75 A T vk
BESEHEIN, 76 7 h 5 RIS  RIITEAKS# 7 hivf, oK
VR TOK il B L R AN /NG 22 BRI B ik 3
S KAE, KA 7 hs B Ta) 2 AS 2 41 24 26 11 K i
M EZRER . P, K g ] 7 he

WEN1D BRI EE T, K i v 2 B
et P 3, SRR R A AT e v LR R B, X
Wi B I R T e PR A e R R R 2 1 AR
JoT 2 7 Sy WL PR AR O, E— 2D K il Sl S R Y R
JERRIEE R, MR EA R0 C, BA AR
DA TR BE /B 28.70.12.95 g/L, #43k ) B
15, AR ST I P P SRR A . DR e K R IR
J& 490 °C.,

25 b WO AR T BRI K A Y BA DR 2R e A
o W B 14 B R MR BE 5 mol/L . K i i B
90 “C KfFEFE] 7 h, 78 A5 R $EA T B R,
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Fig. 1 The content of nitrogen in different forms in sulfuric acid hydrolysate under different sulfuric acid concentra -
tions (A), ratios of solid to liquid (B), hydrolysis time (C) and hydrolysis temperature (D)

R E R 28.70 g/L, AEEMR S AR Wk E A
12.95 g/L, HAL A2 53 51 Ry 93.42 06 F42.63% , ik
Bl e
2.3 R B ERER K AR K i B R E R Ie

£ 3K IIMAE R (K /NITFE A R >R,
Ry, 156 B 4% PR 28 06 2 S 19 245 R0 1 38 52 Wi 119 = kI
JF SR B0 T 53R > T TR e > K figt st i) A ] 32 TR 26
KL A, H L 6 o AuBLCy, BIFE (0 2 3%
550 W B R ¢ &£ 5 mol /L /K f s} 18] 60 min 2544
RILTR A A W e A R fie i, G W UE I, 7F
FEH A ST, KB SR 27.38 g/L, BIRE A
24.95 g/L; K W S R 030 901200, E BE IR S
AR IRH) 82.13% .

BB %l B AL T K A 2 TR KA A
TR A FG LRI I 2250 T W3 4 XU DR K il
B[R] | R v A vy PR PR R SRR A A, A5 3 A A
R*=0.995 (8% R*=0.982) , Sl IR 3 HILR A
R AR RS2 M A Sk 2 5 I VA B AR K e B T % 22
FEIRB R AR AR m W%, HORF N5 & R
BRI R T B T YT K7+ S0 D) R > i R vk
JEE =K g e], 52 32 T A R — 2K
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Table 3 Orthogonal test results of degreased meat and

bone meal hydrolyzed by sulfuric acid with microwave aid

- R AL/ %
No. A B C Amino ac@fmtrogen
conversion rate

1 1 1 1 43.44
2 1 2 2 58.27
3 1 3 3 61.26
4 2 1 2 51.15
5 2 2 3 72.66
6 2 3 1 63.56
7 3 1 3 68.24
8 3 2 1 73.60
9 3 3 2 70.35
kl 54.32  54.28  60.20
k2 62.64  68.36  59.92
k3 70.73  65.06  67.57

W2%R 16.41  14.08 7.65

FJ¥ Range A>B>C
R4l 4 Optimal
A,B,Cy

combination
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Table 4 Variance analysis of conversion rate of amino acid
AR SRR {26775 F FI H iy P P
Sources Sum of square of deviations Degrees of freedom Mean of square
A 397.232 2 198.616 106.081 ok
314.650 2 157.325 84.027 *
C 109.304 2 54.652 29.190 *
2% Error 3.745 2 1.872
Rl AATF 824.931 8

A total of correction

R* = 0.995(J44% R*=0 .982)

1 Note: “*P<C0.05; “**”P<C0.01.

24 2FMIKBEGTKBEYPRRIREERET
EHYRHEESRME LSS H

SERRERAE T, B 40.0 g Z I R R A S A LR
MR K A 251 A5 2K M 160 mLL A1 14.0 g 5% 5 78
o A% R U0 Tl D A R K it 2% F R A5 K R 160 mL
13.2 ghkit .

R P A 45 0 2R T et 2 5 2 AR R R
JCER T AT A, DAVE AR A A5 A R T
F 5.6 G FRW], Pl ok b £ OT R 1Y TR S OK RS
(6] YL VP A o 2 R AR A 5, A R4 5 AL
FROCEAEBA 5 e 7R 2R T2 F & 008 ity
T RS

5 WIR,TE 2R LM ERAES T, TN TEIK fif
TP B4R 3 90 %0 LA L {H R SCH R BLA A T K
i VR P 2 R i A R R U T Bl Al B K R A%
PR, A B AR R B 1 0TI R AR A K
i, TR ol B 4 A2 T DRt 1 B AT K ey R
e WO A B 2% 10 b 35 4R v T 2 1 BT A K AR 0%
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fif B ], OF HAR & T A A B K g FE B . R 50 b
N JEURE 85 %6 B A AR AE KRR L 65 %6 DAL B
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F(N.P.K) Z 509l K i e A Kb i i 5 % Bl
IKFEAE Ry B SRR AR R AL 4 2 7= T 2RI

FEZR 5, — I RRIR I DL 5 1 43 A [t B
ANTE SR B K fife i 2 Tk i Bl K ik, B 9500 LA L
(455 AT T 8% v, 3k mT BB 2 bR (0 FH B 1R K i T
8BS BT 5 S5 RRAR B T IY MU R S ULV , Bl
B B R R B T AR T UL A 2 R T L R
N MR 5090 43 AR FE K WP, A K R 4 T R
IR B: 8 SRR fE sk il b o 2 Fprp A SR T

F(Ca M) 2 P R K i T 25 F ¥R &4 R 1
[ AF B3 s v, TE K AR TP o PRI, X 2 F T
AL R A R Z Ak

FH 2% 6 e T AR T 7 LERT AT, 2 R
¥y Fe Cu.Zn Y 71 % ~87 % 43 A AE /K e b, AT A
R RS ST A AE K AR HEE SR s Mn A 25.84%
(R A ) L 32.58 Yo (TR 4l B 7K A ) 43 A1 T 7K ik Vi
o, 3R] B B4R (Min) A R 46 U 3 1Y B X A7
TE , 3 A ] BE A2 i 19 7K i 28 B R A T 20 31 Y
KRR EE R . SARE BB RE
A G T I I N 1< [ - R = W S S
i .

F 6 E 48 0 P Cr CAd 7EK IR b 5 1
B B T 58% . A AT ML ARIENY 1110—
2010 CKEFALEK A Ha Y B MBSk ) Y
B AR R AR UE 43 51 h 50,5010 mg/kg, 2 K fig
Wb G R T R W RA R AT S 1ZOK I IR R 2K
AH BUH LB IR 7K i 25 A, 76 A It i B A R /K e 45 1
., Pb Cd FEAK SR H/INIE BEAIS , Cr AE /K i v
o7 E A T, SR E AR
3 3

LA T B R K A 25l R B R, R R A
Jo e B 2> P T, T 58 4K i Ry SR, Tt
i 2 W 38 2 R K AR R 1 DG B S e (R 2R (HL Bt
T R VA 1) TP 3, s VAR 0 e, T 45 P o
W, SERAM TP RS RE S TR, s N
I3 BE 3 9 A A TR KA AR A 1 B P 2% 1 Dy < TR L
1: 1.5 BRfR v & 5 mol/L & 80 °C /K fi# B[] 6 h,
MV MR N 10.33 g/ L, iE S SRR T e
Jok R AT v A RN 9.53 g/L. AWFSE S H T FH AR
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PR I ) 8 11 R A B R IT B A o L
L Tk I8t Bl B R 0 R P R A A IR, i A A% Y B
KorF 5 5 K R S8 /N oy, BR 46 5 T 7K A B
], AR TR B AS A AR . Rl 7 G0 4 B
o 2 7K e S 6 v AU ) 3R A i 3 R ) S R S A
B R 1 S R K AR RO I R

2P T 240 T, HIMRE R SA R T 4
AT ) 3R O 2O 4 JE oo R B R K AT
FH P 25 S AN K, o I A ini il B 6T K i 9 vh 4% 0T
ORI 28 SR AN AL B B B R K i e
T T HZNERER, SiliME TR LESEIT
R Z VI 4 8 B T4 5 8416, Wil 2 Fh
T2 X TT R LK W A 2 RS AR A — o 22
St HAREY)E SRR 1) 22 S AR S i — 20 HR5% .

ARG G5 R F WY, TR0 Al B 0 R 7K A 2 — b iy
R 7K it B A o SR 1 T B, S T = R
FE) PR B R B e A AR R (EL) B A TR BB FE K
4 TR R, A 2 B A 7= 07 FH P il M 8 4 A AR 4 G
R J— L ARWRAUGRS T KM, v AR &
SFE TR VB A R S5}, I 2 Ak I ) B L 3 v
Wb — ST . BLAh, TG o BB R /K i
TR ES 3 K A J 0 2 TR 4 240 5 A o o — 0 22— 1)
B, e B K TR R R e R R
ST R TTR AR . SRR E | Tk i B iR R K ff
PR 03 1 A R S TR K T T S AR S AR R 1 R
T S IR AR A BRI T

2% Xk References

(1]

2]

[3]

[4]

(5]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

EA HOALE ok, 4 MR SE R B AR IR AL [T ]
] FE A fE YR, 2019, 37 (1) : 7-12. WANG J Z, SHAO J A,
ZHANG X, et al. Study on the characteristics of hydrothermal
transformation of dead livestock carcasses[J]. Renewable energy
resources, 2019, 37(1) : 7-12(in Chinese with English abstract).
T2V FRIES Y T R AL FR AR S BRI H i & e
1%, 2011,41(6) : 26-29. WANG X P. Discussion on technology
and policy of treating dead animal bodies [J]. Gansu animal and
veterinary sciences,2011,41(6):26-29(in Chinese).

rhaE R AEAE G . h E AR S (M AL s R g
24t , 2021. National Bureau of Statistics of the People Republic
of China. China Statistical Yearbook [M].Beijing: China Statis-
tics Press, 2021 (in Chinese).

CHEN W Y,ZHAO D M, HE X J, et al. A seven-gene-deleted
African swine fever virus is safe and effective as a live attenuated
vaccine in pigs [J]. Science China life sciences, 2020, 63 (5) :
623-634.

FEEXE CHBEEAKMN 5 E G EIERVITT (D] IR IR
K2 ,2010.WANG Y Z.Study on preparation of compound ami-
no acids by green hydrolysis of feather[ D ].Chongqing: Chongq-
ing University, 2010(in Chinese with English abstract).

LOPEZ R, ESCUDERO L,D’ AMATO R, et al. Optimisation
of microwave-assisted acid hydrolysis for the determination of
seleno-amino acids bound to proteins in powdered milk, lyophi-
lized milk and infant formulalJ].Journal of food composition and
analysis,2019,79:128-133.

HALL F,LICEAGA A.Effect of microwave-assisted enzymatic
hydrolysis of cricket (Gryllodes sigillatus) protein on ACE and
DPP-IV inhibition and tropomyosin-IgG binding [ J/OL . Journal
of functional foods, 2020, 64: 103634 [ 2022-04-05 ]. https: //doi.
org/10.1016/j.j.2019.103634.

LI X L,GUO Z X, LI J, et al. Swelling and microwave-assisted
hydrolysis of animal keratin in ionic liquids[ J/OL ].Journal of mo-
lecular liquids, 2021, 341: 117306 2022-04-05 ].https: //doi.org/
10.1016/j.molliq.2021.117306.

AL-MASRI M R, AL-BACHIR M.Microbial load, acidity, lipid
oxidation and volatile basic nitrogen of irradiated fish and meat-
bone meals[J].Bioresource technology,2007,98(6):1163-1166.

- B SR A BT M]3 R b s b AR RS L 2000.
BAO S D.Soil and agricultural chemistry analysis [M]. 3rd ed.
Beijing: China Agriculture Press,2000(in Chinese).

skATIR, VRS, £ ST A K EF P RE N SR
(D] b E Al {7 B, 2014 (1) = 288.ZHANG S Q, XU X R,
WANG M. Role and prospect of polypeptide in crop growth and
development[ J].China agricultural information, 2014 (1) : 288 (in
Chinese).

TRHIR AR5 XL, 45 — TR e S04 2 11 2R 7 B TR AR
SR B A Y B T CN103804032 A[P].2014-05-21. A use

of a liquid protein production of amino acid complex and its appli-



55 4 3] WRERTE 25 SO B B K i DAL B W B L 2 254 35

cation: CN103804032 A[P].2014-05-21(in Chinese). nese with English abstract).

(131 PEese, i, Bmifh, % S BRBOKM LARESIE (141 s U] a5 i B RIS TR AR
PRy BEgE (1], 7 WAL T, 2016,44(22) : 50-52,83.PANG X FREFILT]. it Tolk B ,2012,33(5) :384-388. MA S Y, FAN D
J,SU X J,CAO L W, et al.Hydrolysis of animal hair using HCI M,ZHAO J X, et al. Applications of microwave assisted technique
and study on ecological environmental protection agent [J]. in protein research [J]. Science and technology of food industry,
Guangzhou chemical industry, 2016, 44 (22) : 50-52, 83 (in Chi- 2012,33(5):384-388(in Chinese with English abstract).

Optimizing process conditions for sulfuric acid hydrolysis of meat and
bone meal with microwave assistance

CHEN Mingze"*, WANG Yanzhen'*, FENG Chen', CAI Ao',
CAO Yunyun',ZHOU Wenbing"?, XIAO Naidong'*

1.College of Resources and Environment, Huazhong Agricultural University, Wuhan 430070, China;
2.The Cooperative Innovation Center for Sustainable Pig Production Co-Sponsored by
Province and Ministry, Wuhan 430070, China

Abstract The meat and bone meal obtained from the harmless high-temperature fermentation of sick
and dead livestock and poultry was used to develop and utilize the resources of sick and dead animal carcass-
es. After the oil was removed by the extractant, the amino acid-containing hydrolyzed liquid was obtained
by sulfuric acid hydrolysis without or with the assistance of microwave, and the conditions for hydrolysis
were optimized. The material balance of macro, medium and micro plant nutrients and heavy metal ele-
ments in the materials before and after hydrolysis and their distribution in the hydrolysis products under opti-
mal conditions were analyzed. The results showed that the opitmal extractant was n-hexane , with the oil ex-
traction rate of 100% and the recovery of extraction agent of 97.06% at the ratio of solid to liquid 1: 10.
The optimal sulfuric acid hydrolysis conditions for degreased meat and bone meal without microwave assis-
tance (conventional) were as follows: sulfuric acid concentration of 5 mol/L, solid-liquid ratio of 1: 4,
temperature of 90 “C, hydrolysis time of 7 h under which the conversion rates of total nitrogen and amino
acid-nitrogen in hydrolysate were 93.42% and 42.63% , respectively. The optimal sulfuric acid hydrolysis
conditions for degreased meat and bone meal with microwave assistance were as follows: microwave power
550 W, sulfuric acid concentration of 5.0 mol/L., hydrolysis time of 60 min. Under these conditions, the
conversion rates of total nitrogen and amino acid-nitrogen in hydrolysate were 90.12% and 82.13%, respec-
tively. Under the optimal conditions of the two processes, there was little difference in the distribution of
each element in the liquid phase of hydrolysate and the solid phase of residue. Among them, 66%-93% of
elements of N, P, K, Fe, Cu and Zn in the feedstock were distributed in the hydrolysate , more than 32%
of the elements of Ca, Mg and Mn were distributed in the residue, and more than 58% of the heavy metal
elements, Pb, Cr and Cd, entered into the hydrolysate, but did not exceed the limit of agricultural indus-
try standard of related products. It is indicated that microwave assisted hydrolysis significantly increased the
conversion rate of amino acids and decreased the hydrolysis time. Most of the medium and micro nutrient el-
ements entered the liquid phase, which had obvious advantages in the preparation of amino acid hydroly-
sate. It will provide basis for the subsequent preparation of amino acid liquid fertilizer.

Keywords sick and dead animal; meat and bone meal; hydrolysis; microwave assistance; material
balance ; amino acid liquid fertilizer
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