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LB H K MO LIS o Eid, KM Sh Bk P HZERBOKMEHR 423%, KMBRZHWFEA
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Abstract: Coffee grounds, the major by-product generated during the production of instant coffee, are rich in
galactomannan. Mannanase can hydrolyze this compound into mannose and manno-oligosaccharides with various
functional activities, thereby effectively increasing the added value of coffee grounds. In this study, the f-mannanase gene

(AnMan26) from Aspergillus niger was recombinantly expressed in the engineered A. niger strain FBL-B. The enzymatic
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properties of the enzyme were characterized, and it was then employed to hydrolyze coffee grounds for the production of

mannose and manno-oligosaccharides. The results showed that the recombinant A. niger produced mannanase at an

expression level of 1830 U/mL after high-density fermentation for 168 h. The optimum pH of the enzyme was 5.0 and the

optimum temperature was 45 °C. The enzyme remained stable within a pH range of 3.0~7.0 and at temperatures below

45 °C. A combination of AnMan26 and a-galactosidase was used to hydrolyze the microwave-treated coffee grounds. After

8 h of hydrolysis, the hydrolysis rate of galactomannan in the coffee grounds reached 42.3%, with a hydrolysate yield of

20.3% coffee grounds. The main components of the hydrolysate were mannose (44.1%), mannobiose (2.5%), mannotriose

(10.9%), and mannohexaose (1.5%). The excellent properties of AnMan26 enable the effective hydrolysis of coffee grounds

to produce mannose and manno-oligosaccharides, providing both theoretical and practical basis for the high-value

utilization of coffee grounds.
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AR 40% DU (AP, bk 2 HER R
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R MR AN S I E Y H 2 AT H B S — B
BRI R
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B-1.4 BETTER OB /K i il , 2R H S8 SRl A 1
EE AN H 2 S R P S B B A, H R RO
ST . S A, o 2 -
H % R 0 i BRI . E AT B R (Bacil-
Tus)P | SUSTAHT S (Bifidobacterium)™ | SRR 27
FF 1 JE (Alicyclobacillus) " 125 ZF f T & & ( Pae-
nibacillus)® &4 A& 2 JE (Penicillium )P, 5%
& (Penicillium)"? | fh55 )8 (Aspergillus )" SEEHTH
rhIA R - H R SRMENEAAAE . I p-H 88 SR MHEK
i s B H BB IR A T H RN H R SR O AR
SRy B-H B IR PEBEY — DI N O, 53Rk
SRR TT IR LU, BERRE AR S Inak AR, VE RS54
TR, B R BN, iy, A —Le s B-
H R B K i H 2R AR & H SRR R o
Wi. BN, KENEBE(A. oryzae) IR p- H EESRVERF AT
VIKME G - AE H &, HEE =W MREE
(degree of polymerization, DP) 5 /5 (1 H 2% ZEp 1)
AN ZEFEAT B (B. subtilis) AR B-H 55 RN TG e
AT LA AR DP 2~5 [ H B SRR . (B, Rl
B-H EEIRE B K Sk i 25 H SRR H SR S Y
WFFEARXT R, Rk, &Y —Faefsa UK A
FY B-H 5 B M, XTummE# A = E R 20 E R,

M2 BAT 43 IR I B ISR A SR R B PR A5,
FEEBEWEARREIRG M, ZEEMNZMNE
B4 B Rl Ho SR I 22 42119 (Generally Regarded
As Safe, GRAS) & #fr, 7] F T 3% ik 2 Fh & o i

Fte, EnT, A FHRE SRS R RS H B R
BEFEAR >, H R IR AP RAR, MELL W B H &8 R b
i Tk vy FH 75 K o 840, 48 %4 B2 5% (Stachybotrys
chartarum ) KPR PAFP p-H 22 RVEFNEE L i 8 P 5=
WFRIR, PP K43 521 A 84 U/mL! s it
HHEE (4. aculeatus) AR p-H 25 RBENE (man 1 ) £
iz h #ik, FIRAKPAL 995 U/mL!, Rk, S
L-HEE SRR RIS RR R P e ERA B A E
BN,

TERTIHBFSE b, K 30 8 it e Y5 Y T B SR il
AnMan26 EA 0 R p7K g, e Kfig Z b H 8
M (WL e . 5 5 ) il #5 H EE S,
e, ARBSTE LB AT e X 42, 1 1S AR ith & TR
B FBL-B A7z 3eik, dEmaFos T iz b i) i
PEBT, 5 a-2ZL0H T 1 5= HC K A 7 ) A5 R
AN H E2 Z00E, LU ek & B A S A B i
et
1 MR5RE
1.1 M5

K ¥ ( Escherichia coli) DH5a(DE3) bt
I E R R R BR 4 Al s iR pPICOK 3£
[E Invitrogen 2\ ¥l; pPICOK-AnMan26 5okl  ASSZE
== A IR U B BF FBL-B(AglaA, AamyA .
Aaamy . ApyrG ., HygB+. Ble+) {EHITTEILE =N
IR o ZUBE T BF (500 U/mL)  EH %L
) AW AR R4S\l 5 ML (locust bean gum,
LBG) Z£[E Sigma-Aldrich 22 5]; TnMEg: CEZLH
HEIRMEE B 48%, w/w) Ve AEMIMEE BRAF] H
FEPE(ML) . HEEpE(M2) . HEE = (M3) . HEE
BE(M4) | HE OB (MS5) | HEEZSHE(M6) IR
Megazyme 23 8] BB HEBOAF & BEXEWRHL
(dbmt) A BR 2 w5 BR A& ME P DI (20000 U/mL)
NEB (JbE) A BRAF; B IGAF & matindided:
IR N T TesEsakEGila NS HEARRTIR
o5\l FHAbFRNE S i B 4 alio

5L RMeE igERAA T REREAAIRAFS
AKTA FE 1 4lifk 4t £ E GE Healthcare 2\ F] ;
ICS-5000+= 8 BB 7 A3c#e (0354 2E1E Thermo 2%
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F]; Dionex CarboPac PA200 #7/KAL-G W50 32
[E Thermo /\H] .

1.2 EWHE

1.2.1 FEFELpylcH]  CD mEisiisidt(w/v): 34.22%
BEM, 0.3%NaNO;, 0.2%KCl, 0.1%KH,PO,, 0.05%
MgSO,-7H,0, 0.001%FeSO,-7H,0, pHS5.5, 2% Eifi5;
¥ IR 255 (wiv) : 3% JBLAR 28, 3% oK, 5%
WA, pHS.5. DPY 553%3&(w/v): 2% b, 1%
JPE 25 1R, 0.5% BE B IR Ky, 0.5%KH,PO,, 0.05%
MgSO, 7TH,O; & 2 BE R B RE IR (w/v) : 4% BB &
B, 3% EKHK, 5% T KTE B K, 2% 75 %5 0%,
1% BRFREZ, 0.5%CaCl,, 0.3%KH,PO,, pH5.5; %M
FEHE(W/v): 30% FRVEB KM, 1% EKIK, 0.1%
KH,PO,.

1.2.2 p-HEZRWEE (4nMan26) 7E 2 fli 75 b & ik
LA H 4H ik pPIC9K-AnMan26 MR, AnMan26F
(5" -GTCTGCACAGGGTTGGCAATGTTCGCCAA
ATTGTCCCTC-3")Fl AnMan26R(5-TTGATGATTT
CAGTAACGTTAAGTTTAAGCCCCCTCCCAGTT
CA-3") N5 1 p-H S5 RV EE B AnMan26.
PCR ¥ #¥{AK Z 1 F: 4 uL dNTPs, 5 pL Fast pfulOx
buffer,0.2 pmol/L AnMan26F, 0.2 pmol/L AnMan26R,
1 pL Fast pfu I 5 fiff, 20 ng T 2H J5i 7 ( pPICIK-
AnMan26) . PCR Y34 F2 )3 40 F : 95 °C 7 28 ¢k
3 min, 95 °C 284 10 s, 55 °C 1B 2k 30 s, 72 °C FEfH
20 s, 34 AR, 72 °C FRZEfH 10 min, F=# 4t
1% BepHEE I [MDMoaF e e alifh, i ad JosE vele
Pz R B S R A 2uA Blunt-pyrG #E42%, 15 5]
20 TR Blunt-pyrG-AnMan26, ‘S AT AFE DHSa
JSZAS M Y B TR . B Nod Fil Xhol X E4H
Jor AT XU, BT R AL B SR Hh B FBL-
B JFAE iR ANE , BEJS EERR T CD Mg g g,
BT 34 °C {59 5~7 d, EEK W IR AT WA T
o FHICH PRI —F AR T 20 mL F8)H
BrFRdk, 34 °C K 5~7 d JEBUA TR, I EBHS T7 .
1.2.3 RN p-H B8 RN (A4nMan26) ¥
M B4 TR T 10 mL DPY ¥5385E, 34 °C 4%
FE 72 W AR — R T B R TR R T
300 mL DPY #5373 (Ffh & 5%, v/v), 34 C §53%
60 h, FE N —RFhFI . B IR (e
TS E R R IR A AL 1:10) 3] 5 L & B¢
e s 3 L S Rl 330, T A
%, K% 48 h J&, B 24 h %Ml 200 mL #MEpEF =L,
KW 96 h J&, FF 24 h #MIl1 100 mL ek 73, L%
f% 168 ho RIEHAMN], K& BHER R 34 °C, Hhdeit s
300 r/min, A& BEE pHS.5, 38 U877 30 S R T
HEIRT 5% FF 24 h BURE, D5 K IamiBinG 1 ik
PR .

1.2.4 B-H BB (4AnMan26) 4t K4 55
KIS R B 50> (10000 g, 10 min), Y4E i

TE 4 °C T F Tris-HCI ZZ #p#% (20 mmol/L, pH9.0) H1
#EMT 12 h, BEAS T 10000<g 0> 10 min, FIEWEDA
FHEFIL . {41 Q-Sepharose Fast Flow #£(10x50 mm)
ali fb p-H % W BE B . 7 56 Tris-HC1 2% vh )
(20 mmol/L, pH9.0)F#54EF 1~2 h, Kk AR ¢
TS5 44/ Q-Sepharose Fast Flow £, J7ii# 0.5 mL/
min; B )5 FH & 4 0~500 mmol/L NaCl (Y Tris-HCI
2% vh % (20 mmol/L, pH9.0) ¥& it B 79 7 11, i 3
1.0 mL/min. Bl BE7E AKTA EHaifb R=5 Eot
A7, WA B 1 2H 57, EFTEIR 2% PR (50 mmol/L,
pH5.0)H 4 °C BT 12 h, 153N 4ilK . 4935
R T RN 2 i R 1 R L R B . RS
J1. iR R . FH T e SRR e R N M
EHIEEE IS FL UK (SDS-PAGE ) 43775 F1 BT 26 BE, FH Ik
3 AL Fif PNGase-F &b P 4li fiff 7% , F| FH 76 £& B 14
NetNGlyc 1.0 Server( https://services.healthtech.dtu.
dk/services/NetNGlyc-1.0/) 53485 UL RS2
1.2.5 p-H S MRS (AnMan26 ) BiEE J1 F18E e &
FOMIRE RS e SR 3,5- A 3K A iR (3,5-
dinitrosalicylic acid, DNS)7%: £ 900 uL 1 S ASAE TR
(0.5%, w/v, 50 mmol/L #rig iR 2% vh ik, pH5.0) Hhin
A 100 pL FAFFIERR 2% 0P (50 mmol/L, pHS.0) if 24
MBEIEE, IR G YS)GTE 45 °C T /W 10 min, Jill
A 1 mL DNS &7, #7K# 15 min G4, JinA
1 mL 40%(w/v) BB A BREPENIE W, 76 540 nm i
REWRCEE . FE PRI S5, B4 AE A 1 pmol
I SR (LA H 88 B R AR ) T s ZE A il A — TS
J1H07 (U)o DA MG FH (BSA) MPrtERH, 14
Lowry 75005 B P8R IR EEP ., PRI ) X
> 1 mg BEER AT HA IS 15007 .
1.2.6 p-HEEEBVEEE(AnMan26) (I PERR  Heib
pH 5 - $ BEARUE T IRAEANR] pH 2540 Rl B-
H 22 R I 0 T TG T, LA ETS ) B KA E A 100%,
TH3 4 pH T MO AH X g 06 0 o T FH 92 v i AL 5
50 mmol/L FrigfR L% b (pH3.0~6.0) A1 50 mmol/L
3-ME KPR (MOPS ) 2% HiR (pH6.0~8.0) o

pH B HEMIE : 435 LR 2 i s TR T
(FEREEEESHE KT 1| mg/mL), BT 30 C ik
H 30 min, % FEARETTEIEAE pH | FYFR AT
1, VARG A PRIV B X RE

P TR I R - i HEARE T 5 2 30~80 °C
ARG 0, LGNS e A 100%, TR T
FRIFEX RS 7 o

HEEFEPEI A . ] 50 mmol/L F IR 2% nh itk
(pHS.0) # Bl (M Re e B % KT 1 mg/mL),
TEASEEEE T (30~80 °C) AR 30 min, ¥4 bR TT
RN E AR T PR TNG 1, LAAR LA PRIV EER
SRy RE
1.2.7 B-H R BN (4nMan26) /K funmERs ik
T TOUAL P e ) W MRV I 22 DI RE R R AL,
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Brig)a it 60 H . B 5 g By s ramnmEds, in A
100 mL ZEIEK, B T vh i b E— @ s ], i
PEASREA, BT 105 C M EEER, BT TR
P o AR AL BRAG 3 T (175 350, 525
1 700 W, ZbFFREFE] 5 min) FILLFREFE] (1. 2.5, 5.
7.5 F1 10 min, IR 350 W), DL/K e H &2
H = R PP B AL BRSO |

IR W ME S K 5 g Bl Ab BS  un ME i S
100 mL Fr&2RR 8% vh % (50 mmol/L, pH5.0) IR &, fin
A p-H EERPENE N a-2=FUPEF 9, 0B =5 5 R
400 F1 40 U/mL, 7E 40 °C. 200 r/min F7Kf# 8 h, 7K
i AP RN )5 (0.5. 1. 2. 4. 8 h) BUEE, #li/k
W KMf# 15 min, 10000xg 5.0 10 min, IR URT
WRISAS BRI, oK A4 25 <C R T
JEE5HT. RIS (D IHRIK M = AR 3, FIHA
()TN 2L H 2 R A

IKIRF= IR (%) = % % 100 & (D
S T 7 R BB KRR (%) = % % 100
7 (2

o m FoRmmMER FOE BT L, g5 m, oK g
YT, g my R HERPET L, g5 m, o H bl
S, g5 my FoRuER PR H R R, g
1.2.8  WMMER KA =L 53530 KRR g = 2k
TKGE MFERE R I 0.22 pum SR, R SRR Fac ik
O35 ICS5000- 2245 R M 5 TZH oA™Y (gl
£/ CarboaPac PA200(4.0x250 mm), A& 30 °C,
AR A: glik; WBhAH B: 1 mol/L NaOH; i h4H
C: 1 moVL Z RN . VEBLAIFLUNT : 0~5 min, 90%
A+10%B; 5~15 min, 85%A+10%B+5%C; 15~16 min,
50%B+50%C; 16~19 min, 90%A+10%B, Jiti# 1.0 mL/
min. PAHEENE. HEE b, HEE b, HEEmbs. H
25 Hb . HER SRS
1.3 HEAIE

T SEEG Y E A 3 IR, SEIEE IR DLV S(E AR
WEZERIE IR . ] SPSS 19 R AFXcdm 474k
H, SRR R I 2255 HT(ANOVA) . SRR K46
SRR AT ST, P<0.05 A2 R W3, H
JH Origin 2019b A F3E4 7IE 23 o
2 FR57Hh
2.1 S-HERWER (UnMan26) EEMEHhESHRIE

L) E 40 BTk pPIC9K-AnMan26 Kk, PCR 3
HH L, B EHK R 954 bp B9 H B9 A B, 2
Notl Fil Xhol X FY] )5 , 5 [FIAE 28 ik XUV 19 244
Blunt-pyrG i£ £, 15 % & 4] 3 i5 21K Blunt-pyrG-
AnMan26. ¥ Blunt-pyrG-AnMan26 Ak 2= B il 5
T A2 FBL-B H, sTSCEl AnMan26 133K, BE)E
X G Ak PR AT 0 A, ok BRRR R A& TR I OE T f
(630 U/mL) BY5EALF7E 5 L REHRET AT % &

W7o BEAE R EEHEAT, REER T p-H 65 SR 1 14 I 1
FIRER A EEEE N, &lE 168 h )i, p-HEs R
WERG TGRS 135 1830 U/mL, 75 AR 15 3.44 mg/
mL([& 1a). SDS-PAGE 43 #T3EW, KMIT 14 5 1F
66 kDa [T 2 yR 8 B A 45R7, BN B-HERER
PEEGHEE 4507, HAR S 2 WAS k(& 1b) .

P 1Y
T g0 L = BT 135 2
= g
= 130 E
uy 1200 ¢ / i
— 125 %
E 800t @
% 1208
B 400 {15
= u-/ e
0 1 1 1 1 1 1 ‘1‘0
0 24 48 72 96 120 144 168
SEERF ] (h)

(b) kDa

97.2

66.4 T '

43 -

290

201 w

0
144
M1 2 3 4 5 6 7 8
Bl 1 B-HERMAE (AnMan26) =% % &£ R 2 (a) B SDS-
PAGE 431 (b)

Fig.1 High density fermentation of f-mannanase (4nMan26)
(a) and SDS-PAGE analysis (b)
T M ARA 237 B An v 2 1 535 WKE 1~8 20304 0. 24,
48,72, 96, 120, 144, 168 h (1A B -3 -

H AT %L p-H 28 RVE R R thw& b li 2=
iR, (L H 7R TRMH NG 1477 K T8I filan, BLIG
KE:(Trichodermareesei) YRR B-TH 25 SEMH AL B
i v 77 B KA R 20 U/mLPY, 4 265 B 2 R U
PIPRFR B-H 15 SR BT E R 25 v i) B K ST 43 3
S 521 Al 84 U/mL!'" . A58 BL B B VR Y p-H
5 FENH N (AnMan26 ) 76 5 I 85 TR B vh 320k Ja 7 il
JKAFiE 1830 U/mL, BH R i TIHAL L il p-H 85
W E R i 2 i KO
2.2 p-HERWER (4nMan26) BIZEL

FLEF 4 Q-Sepharose FHE F38 )2 Hr—2E40
145 2 Bk K slifify, sifb 580N 1.4, 26T Lo g G
77 218.5+23.8 U/mg, MK 32.6% (5 1), £ SDS-
PAGE 4317, IZM7E 66 kDa (T IR &y (E 2),
W] e R e R it B R s ad B v B Sk is i T
Sy, ZEPEEALEF PNGase-F AMFRJS, YRESH AR
Jg B —Z5MF, 4 TR N 40 kDa, 5 WU A 5> T
—34.

F NetNGlyc 1.0 Server K F7ELR M p-H &2
I BE B AnMan26 11 N-BEELAAE AL 85 . R
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F1 p-HEEREN(4nMan26) B2k

Table 1 Purification of f-mannanase (AnMan26)
il gR SN 1 (0) BEASE(mg) LEAfFRG 71 (U/mg) EZAR A (%)
R 21325.0+873.0 132.1%1.6 161.4+9.4 1.0 100.0
Q-SepharoseBH & F A2 Hr (4l ) 6948.0+159.8 31.8+1.8 218.5+23.8 1.4 32.6

TE: ST J1 (U)=BRREE 77 (U/mL) <SR AAF (mL); S0 18 B (mg) =RRAGE R BE (mg/mL) x BT (mL ) ; FUREE 1 (Umg) =08 1 (U)/ 52K
118 i (mg) 5 SR E=2lHG LU R 01 (U/mg ) LG LLREE 71 (U/mg) 5 ISR (% ) =Sl BT 71 (U) ARG ST 71 (U) %100,

kDa

97.2 .

443
€—— AnMan26

200 W <€—— PNGase-F

20.1 W

144 W

M 1 2 3
F 2 p-H R BB (AnMan26) i 2l ik i vk 1]

Fig.2 SDS-PAGE analysis of the purification of f-mannanase
(AnMan26)

T M AR X o0 i A o R 155 WkGE 1 ARG VKO 2:
SEREWL VK 3: AnMan26 FREEAL
AnMan26 17 1E 4 7~ KR N-WE IR AL A7 S, 5 B 5=
Asn’>-GIn*-Thr’, Asn'**-Val'*>-Ser'*, Asn'**-Gly'*>-
Thr'?*, Asn®**-Asp®°-Thr’"”’, H:FF2E 305 {12/ NDT &
HEBESAE I AT BRI, AR 3 2 NQT. 25 124
32 NVS 5 134 {3 NGT KA BERAL & n0 7] e
WK, TEZRIFTH, KPUAREE SRRk
RARERACIG), SlH, BRI E ARG
ISR RR B I A A& A . B an, SR AT R IR
B-H B RBEM MManl 777E 1 1~ N-FEIRALA7 25127,
W R S B R IR Y - H BRI BEREY CrMan26 /7 7E
1A N-BEHEAAL AP0, BT E e o e B P R85 55
43528 60 Fil 55 kDa, {0 AL AL LS 43

FEHIRELZE 50 kDa, 54T 34,
2.3 AnMan26 BOEEF 1 R

AnMan26 W Hxifi pH o4 5.0([%] 3a), 7F pH3.0~
7.0 T EA RIFAER e vk, 4B 30 min 5, 544 4
70% LA L BOFR AT 1 (E 3b) o I A il TR R
S 45 C(E 3c), 7E 45 °C IR BHA RiFrta e,
AbFH 30 min JE5E 80% LA_EMIFRASHEE F1 (I 3d) .

S e AR R R IR AH H, 4AnMan26 7S Hh B
i el pH WA kAR, AnMan26 BE WS AE
pH3.0 FAREEE 70% LA b BFRASHEGETS T, Ui I il
ELA RIni i, BB 00 A 2R 0T I YZ-21
SR HY p-H 57 BRERE ManA (pH3.0 T 5R 4SS 7
A 15%) BT RN Z2 K 25 ZEHEAT B (P. polymyxa) A 5
i PpMan26A(pH3.0 F 3R AxEf % 1 JL-F- Ry 0) ¥,

100 o
_ 80F
S
R 60Ff
ficcy 4
= o40%F T
=<
=
20T —— Frigm iR
—e— MOPSZE ifi
0 1 1 1 1 J
3 4 5 6 7 8
pH
(a) fiipH
100
80
&\O/ »
R 60
Piccy
=
= 40
junng
"Q 2y fibhs 2y N b e 2 7 vy
20 | —a— FPEERRER-FIREIR AR W
—e— MOPSZE itk
0 1 1 1 1 1
3 4 5 6 7 8
pH
(b) pHERE T
100 1
I/
1 &
_ 80F
S
R 60f
Piccy
I L
= 40
junng
=
20 -
0 1 1 1 \!—l—i
30 40 50 60 70 80
WREE (°C)
(c) Foil &
100 %—=
L
LA
80}
S
R 60Ff
% 40
=<
oo
=
20 ~—
0 1 1 1 I\.Ir\t—?
30 40 50 60 70 80
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) (%)
KSR TE (h)
M2 M3 M4 M6
0.5 17.240.1  3.6+0.1 7.6+0.0 2.4+0.1  0.9+0.1
1 30.8£0.0  3.6+0.0 9.3+£0.0 3.0£0.0 1.5£0.1
2 41.4£0.1  2.440.1 10.4+0.0  1.7+0.1  2.0+0.1
4 42.5+0.0 2.840.1 10.9+0.1 1.7£0.0 1.9+0.0
8 44.140.0  2.5+0.0 10.9+0.0  0.5+0.1 1.5£0.0
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