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Abstract: To investigate the feasibility of anaerobic digestion of antibiotic fermentation residues (AFR) as sole substrates, several
typical AFR, including erythromycin fermentation residue (EFR), cephalosporin fermentation residue (CFR), and penicillin
fermentation residue (PFR) were chosen as raw materials for digestion in this study. Batch assays of methane production potential
and kinetics experiments were conducted at mesophilic temperature (35+£1°C) to explore the basic characteristics of anaerobic
digestion of different AFR. Mass balance and correlations between basic characteristics of raw materials and digestion performance
were compared and contrasted. Results showed that EFR had the highest methane production potential, approximately 226mL/g VS,
which was 27.0% and 20.2% higher than CFR and PFR, respectively. Distinct kinetic characteristics and metabolic activity
differences were exhibited by different antibiotic fermentation residues during anaerobic fermentation. The highest biogas production
rate, which was 13.2mL/(g VS-d), was found in PFR. A clear two-stage characteristic was exhibited by EFR, with the first-order
kinetic constants K, and K, being 0.0336 and 0.2012d!, respectively. Material balance verification confirmed the reliability of the
experimental results, and the remaining insoluble substances significantly impact the startup and stability of the anaerobic system.
Correlation analysis indicated that the parameters of SCOD/TCOD, C/N, protein, and fat content in the fermentation residues are
important for assessing their performance in anaerobic fermentation, suggesting that optimizing the characteristics of the
fermentation residues can improve fermentation efficiency. It was demonstrated that antibiotic fermentation residues treated with
antibiotic removal can serve as a single substrate for anaerobic fermentation, providing a new solution for the resource utilization of
fermentation residues.

Key words: antibiotic fermentation residues; anaerobic digestion; biogas production dynamics; mass balance; correlation analysis

ks BH: 2024-08-20

EEWA: 5B FERLTE AR5 H (C20235062); % 5914 2L Q1B A A5 1R & 5 H (CQ20230112); 7L F5 44 i 55 B 2 (1 SR FL#) T
ORI H (23KIA610001); [ 5% B ARRR 4 B ) 15T H (32002210)

* SUTAER, YT, ydm1993@cczu.edu.cn



1376 o

KoM R % 45 %

P BRI (AFR)EPUA R A 1 EE R4,
= B F AR FH (90 JES A0, TR 22 AR B B 2R 2 A k.
bt A 1t TR 2,204 8~10t ) AFR,H
b, TR B AREAE A AFR Tk 80rT et H i K
TRAL P (120~160°C,30~60min) e i A 22 445 30 (1) B
fift AFR HRA B B0 A 2210 kP, mT it ek SR
P 35 DR 100 A 7 (58 1 ¥ i 482 % R A ) Y ) i
GRS,
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80% LA b, T BAULFE LR R T RIS . LT 4
R AT SRR ) A R R AR B T S R
AR MENE 77 30 ] AR S5 06 AFR H iR 4y
YA Z AR B 0T LR i AL 3 A B (H R ANRE 5T
WHRHEIE R ARGs “FRZ (R it 5% — J7 i, AFR
BOKFMHELE 90% 4 CIN 29Ky 4~8 1 T-HEJEIN
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OOTHENE T 2 S ) B R T — 5 A s fR
il IR, FF R BT AFR A 5 20 o P
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FAT AR == SRR, T /N R RS 5 m R
(12 B A N T e KA B A 7
VIR ISAC R TS AFR A k) — R e g R4 e i
SRk A ek A R YA T T JRe L HE R i A
Fr WU i PRAEU R I8 AT LA EFR v Al 1k 2
fi, B EFR AR B AN B (1 W FE LA Yang 251
TERLHIF ST Sk SRR 22 BT RIS R P AL R T R
WA Ay T A REVR I8 )

5 S B R A AT T I — 2 B b R R BR L
S5, AFR A HURAL R 2 B4 R 58 4 R I
BRFRHE . WA ) A5 K e 1 ) (¥ 2B ) % A
HIEE A 2% 22 S 48 K, AN 56 i T 484k 1) R 1

RELT LU AFR FHIK O/N R 1 S S0 Bt F
PR R G B g3 4 ) IR AR R IR AR 48 AR A A
JE S 33 Sy J5 (R R A (S A A 7 PR BT 103 3,
I 23 5 M B PR AR R IR AR G (R R 15 e o200,
PR, AFR FRIEZ AR I T IRE R T &4k
P 2 b AN TR AE 22 1 A 7 b R AN IRAH [R), 1T g
T30 AFR [4k 2% B 5 A B 1 A7 22 S, B
[ — R AFR, B T4 =Rk, BT Rk R
26 A 55 TR 25 TR AN ) LR T Al mT e A P AR [ X o 22
S P R IR AR A I L2 b A0 L AT I P RN R,
DA ASE] AFRF4EE B A 06 DL B ik, 34T A
[} AFR JRAUKBENEBEIRVR NI FT 8459 0 o G
AT B F - AR A AFR 04T WL 2 s
VPG LA DA IR P v ) B A RIOR IR RE IR R T
E A0 B A 1E R 35, A DAL R AU B 1 2 3
PR AR AR KA.

AN 3 B K BB A B R 41 8% 2 B B (EFR), Sk
LR 25 R (CFR) I 25 2% A (PFR)3. ALK K
% AFR N JEURE 23 Sl T JE rRal 4 A 1 R AR ALt
ARG, 30 3ok W) g 1 sk R A 1 4 3 2 40 ) A I
(1) Gompertz BRI —2R 5)) ) 2E AT P H ke )
IR AAT T 3 Bl AFR 17 FUGEE g
FP= S 30 R AE 8 PR 55 DU B B 3 ) 2%
THELIRNT 3 B AFR JREUK ARG ALRFAE. [F] I,
KA AL B A A B AT F S TR AFR B4R
AL bR 5 W kL Ak 2 18] IR AH G 6 R IR U )
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Table 1 Basic characteristics of substrates and inoculum

ZH LA EFR CFR PFR RN
TS g/L, W.w. 132420 120+2.0 113%£1.0 28.8+0.1
'S o/L, WW. 103+2.0 110£2.0 105+1.0 13.6+0.2

VS/TS %, W.W. 77.95+0.03 92.21+0.37 93.22+0.09 -
N o/L, WW. 76.11+4.2 7324538 61.8+2.38 228+1.2

VSS o/L, WW. 574428 69.2+5.5 59.74+2.8 123+1.3
pH o/L, WW. 5.8610.01 4.2440.01 6.124+0.01 8.6240.01

TCOD o/L, WW. 106.4+2.3 113.5+7.1 110.2+3.4 153404

SCOD o/L, WW. 337404 31.5+1.1 520403 25402
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S|
S5 AL EFR CFR PFR BRg e
SCOD/TCOD %, W.W. 31.65+1.07 27.81+£1.49 47.19+1.64 -
A mg/L, w.w. 21.6%+1.4 162.6+1.1 143.240.8 54.040.2
L 2/L, w.w. 0.31£0.02 0.2140.01 0.31£0.01 -
LI /L, W.w. 1.47+0.04 0.30£0.01 1.5940.02 0.05%0.01
] 7 o/L, W.w. 0.56+0.01 0.08+0.01 0.68+0.01 -
TR o/L, W.w. 0.5140.01 - - -
ET# o/L, W.w. 2.6940.02 0.3340.01 1.88+0.01 -
IR o/L, wW.w. 1.01£0.01 0.5610.01 0.4740.01 0.02+0.01
VFA g/L, w.w. 6.560.09 1.4740.01 4.9340.03 0.0740.10
C %, d.w. 42.71+0.21 45.4540.24 43.734+0.22 -
H %, d.w. 5.7740.03 6.88+0.04 6.43+0.03 -
0 %, d.w. 44.48+0.13 38.15+0.14 39.1240.12 -
N %, d.w. 5.6820.02 8.0020.06 9.88+0.04 -
C/N - 7.52£0.05 6.880.04 4.4340.02 -
HEAR 2/L, w.w. 0.2540.05 2.054+0.21 0.87£0.17 -
JE Wi o/L, W.w. 1.07£0.03 0.79£0.04 0.4640.02 -
ARG g/L, W.w. 1.23+0.12 0.9740.01 0.9240.01 -

VE: BUE N P I £ PR UE R 22 w.ow.: Wet weight, W9 ;d.w.:Dry weight, T-3&;TS: Total solids, & &l JE 41 % 5, VS: Volatile solids, 1] 44 & ¥ & [ FE 491 75
#5;8S:Suspended  solids, & ¥ [ & #;VSS: Volatile suspended solids, i 44 & 'k & V% [ JE 41, TCOD: Total Chemical Oxygen Demand, i 1b 2% i %
;SCOD:Soluble Chemical Oxygen Demand, % 44k 2% 7 48,4, VFA: Volatile fatty acids, 1% 5 4 16 07 12 C/N: B 4 bL;— 8 n AR 3143 K.

AFR J5URS 1 v [ 7 b 3 B 2k 25 RO Rk 24
A7) EFR Al CFR A i e 3 ARCHEE ot 8 /s
A 160°C, LR FF 60min 22 BRPUA Z R PTE LA )
Fi43,PFR & 120°C,60min 904k BB 45, Ho i
FUR P R 408 B A I £ LR (<1ng/mL). A U7 i
PR AT RS B 5 I bt o s 0E 47 W5 55 T8 . EFR,CFR
I PFR ¥ 1 & [ 44 2 B(TS) 73 70 A 983,969 Al
983g/kg, % K M [E LM (VS) & B4 B N X N TS
1 78%,92%F1 93%,7¢ ] 3 Fl gl v v 1 A3 WL 0T &5
o3 A e, U I A ) T R AR S 56 T
SIRE A I = K WE LR BT T0L il
(35°C) A= 2 B 4 B[R] ) BT R L K 8% 97
FE S AL — B8 A F R B OB RN P e A
JULEE 1.

1.2 sE¥

WE 3 AR RRH S A A A 3 A
AT K VS WK EZ) 2 100g/L (1) EFR,CFR,PFR
W M SRS TR L 3:1(1g VS ) AFR Fl
0.33g VS ¥5Ye) M LLEE A I 120mL M35 i,
TRA G AN 22 B 17K 4 100mL, b2 (0]l A &
30s W HE 25/, BI00E T TR DR AR R 58 X T P A5 e 2
S5 EH 1 F E CV A B 0 E T LE  S
BT KB AR FE(35+1) CAE IR AT R A8 R

bR R I AR RS AR YL B IR R
D BB A RN 5% SR, LT T 54d.
SIS &5 R W e P VR 1) % G, VFA, A 27 75 A
(TCOD), 1] it Ak 2% 75 4 5 (SCOD) 45 BEAL 45 5.
DU AFR JEY) S InEefy= e FK (i

1.3 KNI H 5

TS, VS, &7 [l JE41(SS), il ¥ K Pk = 7F [ JTE 9
(VSS) il s >R I B A Ak PLR R pH Y
K H & 3 pH 11 (Mettler Toledo, I¥#)J %3 Fit AFR
o C. H. O N %550 %K 70 3 70 M1 (PerkinElmer,
15 52 sNHy N SRR B - U RN 6 B vk I
18 F 2 4143 566 5 1 (Shimadzu, H AS) I 5 W6 4 ;
K TS TR AR 2 COD KR KAk &4 Fn g i
(IR 5 23 M7 5 12 2w N i o YL R et e
JITP= V8 AR TR B T i S v i, IR by bR
RS T (BRUERSE,0°C) FIAARLTE S5 (N, CH,,
COn,Ho) K F A 8 1 AN (U AN 25, 5 1)l 52 . VFA
FAIN LR NIR R TR, TR =IRER. IRR
AR ) W FE Hh R A% AH 4 3 {X (Thermofisher
Scientific, 3% [F)ill &
1.4 55T

W R R AR AFR =S8R HEA TR Y
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T8RN e = i it e 3l ) 2 S8 B A R A —
RN 24

VOB B L AR ST COD IHEAL R DL K B2 fh
WIS N 12 SR EAS K, TR A, TR AL RN FE B AL A
WA S G Fis:

1 dp(CoD)

o(VSS)  dr

In[

1=kt 2)

Activity =

(g COD/g VSS-d))

3)
A VSS SRR N A RS IR ) L/l
COD & Kz &5 K & i SCOD,VFA, Lg%
A R R g
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BOAII L5 () 709 Ny A, 3 PR Ay PR AR Al 2 A 5 2
TN R G, K AR TR 4N TR 1 AR K B e
e L A4S COL MRS TH a1 200 Bt o e
IREAT, = BR W 2> 7 A TR, B S 7 FR e 181 20 487 o L
AR PR 72 A1 VEA I 73 F e 5 1
BT R TR S G, P s Ea TR
5E,3 P AFR BIMRFFAE 80% i A7, B RA R G T

R R IX 15 Liao S5PSHRIE 1R H 5 e sk
AT IR AR A T4 380 1) HE ot 5 et Ve P AH U (78.1%), HL e
TR 365 FORRE AT DA S W Ak 20 i H e e {5 21
I3 (50%~70%)0L3x B 3 v 1 il ik R A Kk
P = A e TR (R VH A

ZEHFIE(35°C) 41, EFR,CFR il PFR R4
PRI RE S H AR 0 I 2 TR PFR AT K1)
PEA WA, 22.2mLA(g VS-d), 5% i 7 VA %
Runax 155 13.2mL/(g VS-d), b EFR Al CFR 43 51 i H
71.4% 1 36.1%. 1l fig /& Kl PFR H A4 R & 1)
SCOD/TCOD(47.2%), A PR 48, A e A1) 39 4k 26 40 1 P
T T 5 T B AR AR A HL T (IR | mT
VA BRI A5 TR HE 7 75 FR 52 BT 3 s 110,
H%,CFR ] SCOD/TCOD i, 1L K 27.8%, &k
LI R A A 2 MEVE PR B IX T g R i . CFR
B B A P B A R0 P SR ) A R RS CFR
FTPFR AH LU, EFR PR WO B K, 4 6.6d, 347N
P It AR T B R IR s i, PR AR AR AR
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IO I BT DRAUR B2 I R TR LA B R AT WL
F T R FH AN [RD 3 e B,

%} EFR. CFR il PFR3 i 78 Hil £ 2F TR
AR SIATIE IR Gompertz B &(F 2),
F5= B R 7E 0.988~0.996 2 [1], ¢ WML A BUR L -
MR P TS 45 B3 Bl AFR 77300 AE 20 3 A
376,292,320mL/g VS, XF W [ 7= B ¢ ¥ BE 2 il s
226,178,188mL/g VS, H i1 i s =< = 1 P34 E
B394 60% /i A7 .45 F 3R XA EFR (17 % AH
X AR AH L P SRR T A K (6 73 EFR 1) BB
A Bt i, b CFR FITPER 23 51 i HY 28.8% 11 17.5%,
W EFR HA U HIRrE SR ), T BE M K
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- 26(178mL/g VS)P2 3% #(161.3mL/g VS)P KAt FF
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Fig.1 Changes in biogas composition during anaerobic digestion process of different AFR
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Fig.2 Biogas production potential and daily yield rates of different AFR
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Table 2 Summary of biogas production potential and their kinetics using modified Gompertz model of different AFR
SRR \ EFR \ CFR : PFR
FRBEA FRAE FRBEA ZR T AR FRAE
SRR (mL/g VS) 293+17 188+18 294425 174£20 316£11 192+7
Pn(mL/g VS) 376 £23 226+12 29245 178+4 320+38 188+3
Rinax[mL/(g VS-d)] 7.7+0.3 6.6+0.4 9.7+£0.4 54402 13.2£1.0 9.940.6
A(d) 6.6+0.8 15.8+0.8 2.5+0.5 7.01+0.6 49+0.8 10.1£0.6
R 0.992 0.992 0.996 0.995 0.988 0.994
22 —gH) )RR BURFIE.CFR Al PFR [ R BER FESEALT 65— 8 )

H 117, 4240 5t o T 11 8 3 2 ik 570 5 R
2 12 R AT R AR PO 3 2 3 Bl AFR 77
IR E) )RR 2% 3 B T MISRIBh 12k S
K b2 3 AT 40,R L 0.902~0.973, 22 MR R R
W R 1) PR B e AR 10 i R L AR FF & — s
DS I 3a o RS AR i 1AM EFR K 1 3))
DI HBUK, A K, 53 5904 0.0336 F10.2012d 7, 2 30
I S P 3 7 A B R R 7= A3, LA S T B

A, HL5)) 23 8 K 43 5900 0.0647 A 0.1052d 7
OEELT EFR R12380™ U, H B Puad U
2 EFR Hl R BELIAE SR 33d 1HE R =<0, bt
FEAE RS AW 6 A S IEIRAEA R
fiz— 5P EFR I3 —FE EFR 1 HH HUR A 5 B
fift K it R 340k P K Ao FR A K R IR AR
it ot R 1) R 3k RO Bt O R (R AT 7 R TR R
TSI 470 Tl 3K A6 i 3 ik T SR AR b IR A LA 2 E K
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Fig.3 Fitted curves of biogas production of different AFR using first order model
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Table 3 Kinetics of biogas production using first order model

B — R KT )&
0.0336 0.9015
EFR
0.2012 0.9438
CFR 0.0647 0.9605
PFR 0.1025 0.9729

2.3 WYkrE SR

PLEERL TCOD &4 100%, @1t 15 COD #1k
i CHa, VFA, % VFA IR K A8 53, LR 8 45 I oA
B A 490 IO 1) COD L B 72 22 46 IR A A 803 A A
H) VFA 5 1R, NIR, T 1R, IR CLIR AR X Y
) COD #F RZELIHH T VFA 7R R 1)
COD /7 tb. AFR#EIR & 0 FE#fE,1g COD H] 77 4
350mL FHGE. S TR AR 5230 RS 52 i 5K, % H
e A e R P 286 A K CH, JEA 71k
AR B, AT S AR VT A e

Kl 4 2 3 Bt AFR 78RR TS R rh ek EE 451
RUEACIE LR 4 RS R K R1L. 1%
AR e AR DU Y B 0 3 A2 035 P . EFR . CFR Fl1 PFR
JRE e R R B AR WL LE 3 ok 68.5% . 72.4%
A1 53.0%(K] 4). B 145 RN Fél R R BEAR A AL S
WtH TCOD 1 EE AR 73 o0l FEAIK &2 20.0%,39.1% Al
29.4%,H1 3 Flr AFR [R7KARHEALZ 51 48.5%.

33.3%H1 23.6%. % 4 7] LG 1, EFR, CFR 1 PFR
) K 8 35 k4> A 596,470 F1 630mg-COD/
(g VSS-d), 34 5 3% i T P L A 4 T XS 36 1 AR A s
(234mg COD/(g VSS-d))**| & Wi 44 ~,AFR H
A B K RRE I 3 — D7 T, AN ] AFR 2 [H),PFR [f]
IR AR S 3 = T EFR A CFR(H LS TG D5 A0 sk
I B (0.46 F10.92g/L, 36 1), HILH 4 R Fefidfs
MU 5 2 F A AU 5] Re i 22, 0 LUl
WA, S ECRETEATHLUTK R I BRIk,
CFR BAIK 1R K fift 3 MR AR, WT g A2t T3 SCOD/
TCOD(27.8%)% A% 55t 1A 1400 LA AE o gt sl A 2
R bk s R prAE O,

LK iR is A3 Bl AFR IR R 10 75 1
PFR>EFR>CFR, ¢ %l A  518,468,442mg COD/
(g VSS-d), 737 5 K ARG P 1) 82.2%,78.5% K1 94.0%.
VFA & AFR 7R AEH T KM AR 15
B b AL A Ut el Do R T
SRR R DR AR IR 00 32 7= ). R A v 1 5 /K i
TEPEARIT, B AR PRAEUR B R AFR TRk g =4
(AT ) IO, A R 43 T LB T4 VALK
T AFR DRAR A I R 1) i A A A i (2,
M LRI T SR AIE T AR ] AFR JRAEUK
1% DL VEA S 2= ) R e, LR AT A VEA H
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