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Abstract: Hypoxylon sp. intermixed with Tremella fuciformis bran can produce a lot of melanin
when its hyphae grow at a certain stage, having wide application value. In this study, melanin was
extracted from 7. fuciformis bran to study its physicochemical properties, antioxidant activity and
antibacterial activity. The extracted melanin was identified by UV-vis and FTIR spectra. T.
fuciformis bran melanin was black-powdery with slightly reddish and yellow color, and easily
soluble in alkaline solution. It has good thermal stability and photostability, and its stability is less
affected by oxidant and reducing agent, but more significantly affected by Ca*" and Cu®". The
total antioxidant capacity (FRAP) and free radical scavenging capacity were used to evaluate
antioxidant activity of the melanin. The results showed that the melanin had high antioxidant
activity, and the ECso value of hydroxyl radical and ABTS free radical scavenging was
0.429 mg/mL and 0.016 mg/mL, respectively. Bacteriostatic ability of the melanin to
Gram-positive and Gram-negative bacteria was also detected. The results showed that the
bacteriostatic rate of the melanin to the tested strains was more than 90% under melanin
concentration of 3.2 mg/mL, and Gram-positive bacteria were more sensitive to the melanin. This
study suggests that the effective utilization of 7. fuciformis bran and the development of melanin
products could bring in high economic value.

Keywords: Tremella fuciformis bran; melanin; stability; free radical scavenging capacity;
bacteriostatic rate; minimum inhibitory concentration
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spectrum. B: A plot of optical density against wavelength.
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Table 1  Solubility of Tremella fuciformis bran melanin
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Type Solvent Solubility
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HHLAHEF Organic solvent @HW [ Methyl alcohol -
® Mt Diethyl ether -
@R Z I Ethyl acetate -
®% 5 Chloroform
®—FHEW I Dimethyl sulfoxide
2 Acid @1 mol/L 8/ 1 mol/L hydrochloric acid -
Bl Alkali ®1 mol/L A 4L4H 1 mol/L sodium hydroxide ++

R ORI ORISR
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Fig. 4 Dissolution and stability of melanin in Tremella fuciformis bran. A: Dissolution of melanin in 7.
fuciformis bran (1-8 corresponds to (D—(® in Table 1). B: Effect of temperature on the stability of melanin in
T. fuciformis bran. C: Effect of light on the stability of melanin in 7. fuciformis bran. D: Effect of oxidant on the
stability of melanin in 7. fuciformis bran. E: Effect of reducing agent on the stability of melanin in 7. fuciformis
bran. F: Effect of metal ions on the stability of melanin in 7. fuciformis bran. Comparison between different

experimental groups and control group at the same time, = P<0.05; Compared with the previous time within the
group, * P<0.05.
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K TRFLA, MR ORTENE L ; P BEAZRME Ca® . Cu® B BITIE, i
Fe’" . Na'fll KA H AR O RIARTU R R0 F 450 2488000 B 42 JE 45 4 1 Oy 2 3%
R 6), N X REARREEEmAL ARSIV SRS T RA T4 (LR
F, RUZBEE ErZEse . PRI AR 2008).

*2 TEERET3IhWGREEHERRZENRER

Table 2 Preserving rate of melanin in Tremella fuciformis bran after 3 h preservation under different

temperature

T 25 50 75 100
Temperature (°C)

PRAFR 100.00+0.10 96.37+0.28 95.77+0.46 92.45+0.54

Preserving rate (%)

x3 TREABEZFHT 4dEREEBREECRNRER
Table 3 Preserving rate of melanin in Tremella fuciformis bran after 4 d preservation under different light
condition

B e LY MG SRS FBATE751x)  FBRIT(750 1x)  FARATA 500 1x)  FIERET(3 000 Ix)
Light condition Darkness Natural Incandescent Incandescent Incandescent Incandescent

light light (375 Ix) light (750 1x) light (1 500 Ix) light (3 000 Ix)
PRAF R 98.16+0.12  84.08+0.28  95.21+0.72 92.54+0.48 91.12+0.51 88.69+0.06

Preserving rate (%)

x4 TEHO0KET2hEREEBREEGZNERER
Table 4 Preserving rate of melanin in Tremella fuciformis bran after 2 h preservation under different
concentration of H,O,

e 0 1 10 100
Concentration (mg/L)
TR 97.01£0.15 94.94+0.39 95.410.22 91.05+0.17

Preserving rate (%)

#5 ATENaSO;iRET2h BREERECRNREE
Table 5 Preserving rate of melanin in Tremella fuciformis bran after 2 h preservation under concentration of
Nast3

W 0 1 10 100 1 000
Concentration (mg/L)
TR 97.45£0.31 97.70+0.15 97.50+0.30 97.70£0.26 98.13+0.09

Preserving rate (%)

*6 TRIEEBFHEEZHTINEREEREEGZNERER
Table 6 Preserving rate of melanin in Tremella fuciformis bran after 3 h preservation under the presence of
different metal ion

SRR Na* Ca? cu*t Fe3* K 251
Metal ion type Blank
TR 99.2240.18 51.91+0.32 25.21+0.14 89.65+0.30 96.59+0.11 100+0.10

Preserving rate (%)
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23 REEHRECZNMEWEMN
23.1 RiIELEE

FRAP 7] I T8 H R A R B Pt Ak
REJTAMIAE o TERRIE SR, ARG BRI )
JE Ak Fe''-TPTZ ik Ui, Fe*'-TPTZ, Sikfh,
HAE 593 nm 4bHAT F Kk, 24 Fe''-TPTZ
S AT, AT L SE A e O ) A s R e ik
FES BOIR RS 1 GBOC BRI BERE 2011). 87N
RIRZYRSHETREIR, IAH Shts ik
5B, AR S AN EE R FeSO4 7H,O
PRES R (B SA)LLES, 150 FRAP {H . AR H- A
FRAB IR 7 B it v BE 3 i S (&l 5B),
RV H AR AR S R HE 0, BE
FRALH 714 A o BR L 2 R E B 4k
H 5 SO, (B S BT ALRE J1 55 T Ve (SR
2015),
232 Ak BBEERE
L TRVRE SR 5 R B B A R BR g
J1o AR R Ve X At IER i RR1E
FHER KA R BE B s m (& 6), JFHBEA—
JE MY HE G R o 3K PR B J2 2 TR s A £ 1L
BiFReT), REEZ, RIEMEEFEE, G
520G TE A RS G, H R AR
p-m FEHO BN R Z A R H RO (A Y ) ER
HRE (WSS 2009a), 7E 0.125-2.0 mg/mL ¥
FEVEE, MREFEHRARS Ve R A M
FREE S AF N 2 35 25 57 (P<0.01), S HEBER
O R EWHPE KT 1.0 mg/mL B, HXF 5 A f 3
FIEBREE I M F Ve, B A HILIERR ECs i
R 0.429 mg/mL, FHEHEHER AR X H h
FE0 3 R AE 7 B

ABTS &M T & . —4b &9 DL S H At 52
FRIRG WU RATE Y AL A 2z —
45 2021). 7£ 0.125-1.0 mg/mL ¥ LI,
RO E S Ve i) ABTS A M EETE IR RE 11F
TERR & 225 (P<0.01); 24U N 2.0 mg/mL H,

548 EYIFR

WHEEBRORYS Ve B A MIEGEREE L
& 25 (P>0.05); H ABTS H HILMHERAE
715 Ve M, H ABTS A HiZIERRE ECso [l
90.016 mg/mL (& 6), B4 H A S0 R
FHA #5598 E ABTS H i 55 B fE

A 1.00
8~§8 I 3=0.000 8x+0.033 5
ZE060f
R 050}
X 20401
< 030+
0.20
0.10 f
O 1 1 1 L ' )
0 200 400 600 800 1000 1200
FeSO,- 7TH,OM
FeSO,-7H,0 concentration (umol/L)
B -= V¢
o WHFERERAR
Tremella fuciformis bran melanin
33000
g 2500
m 3 2000
E 21500 o
= £ 1000 .
e :
é 500 . s *%
= 0 : - .
0.125 0.25 0.5 1 2
W

Concentration (mg/mL)

5 SHEWENNE A FeSO,7H0 %4
¥ FRAP ARIUEHIZ. B: fRH EHER AR Ve iy
EIEAE S, 5 Ve MIE, T P<0.01

Fig. 5 Determination of total antioxidant capacity
of the melanin. A: A representative calibration curve
for determination of mean FRAP wvalues using
FeSO4 7H,0 standards. B: Reducibility of Tremella

fuciformis bran melanin and Vc. Compare that to Ve,
" P<0.01.

24 SREEHRECZMAIEIER

I L A A P £ 3R 0T N A A o 1) A
i, B BEREBORE MG, X 4mE
I VE AR (B 7). HMEEEERT 90%Kf, Af
NE MIC H A FEGRE LS 2020), F L, HRE
PRUARE SR8 X KA I W R VD 1T G B R R
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Aty MIC 0 3.2 me/mL; X146 Hi#35k 19 MIC TR o il
1.6 mg/mL; T 248 - TR B (0 2R VA M A R ~ ABTS F{ {13(#3.%) ABTS radical (melanin)
iKE 3.2 mg/mL B, AT5AIR B XHER AT TR Y I*SE)ABTDSHm%-f(VC) AgBTS racil*cal (Vc?;

MIC f. 2.0 mg/mL F{IFREF EIREE € 204 — i 1Y g gl — ;

ARCR, (EHN RO TS Ak (P<0.01, i‘ii“ 6

% 7). Kb, WEERRO S HEWERE  E L 40

R 28 R R L 4 A B O 22 B S 2

B, AN 4 FhATE 8 L [RIIE , ik 0015 025 05 1 2

T, BB € 3 2 FR B B U (B Concentragion (mg/nl)

B1=F 2016) 6 REEBEeEERAMESS 5 Ve
3 ﬁi‘t\. MES, * P<0.05, ** P<0.01

Fig. 6 Ability of Tremella fuciformis bran melanin
I S L L e N scavenging free radical. Compare with Ve, P<0.05,

™ P<0.01.
JZ sz B 1 BRI, RAR AR B L A I E
CAR R T AR A (126 2009D)., HRHE PR ~ RIAHER Escherichia col
. . N ok L2 e 2 —— {RILHfIF B Pseudomonas adaceae
MERRIEREREARL —, HERAFZT) o 4B HATBRE Staphylococeus aureus
L FEEIER, iR 1 BEIRIR 2% DA KA 5 e - R TIRIA Salmonella enteritidis

—~— G Shigella sp.

GG 2 (KA 2020), 47 BE K B 28 57

=X
RN LR E R IR 2w
FRARMAS . R, AT AL R AR DR 3R, i«%: o
BRLEE B B I AT B D38 (L G AR R 2 2
@,%‘fﬂ@ﬁﬁ?{}f%%ﬂjﬂ:%ﬁlﬁﬁ’fh%—rzpllﬂﬂﬂf,Xﬂ‘ g ¢ 0.025‘0.05. 0.1 02 04 | 0.8 | 1.6I 3.2I

L ey 22 AP R G T P B SEA  h | mEKimE
T 5 R DRI SR 22 9T VR , A SCX L : @ET*@;:;“EZ?;TZ; (mg/mL)
BMES (6, 28 (G IARAE . SRR | LU R R

B Fig. 7 Antibacterial effects of Tremella fuciformis
FHANBEE AT THF5% bran melanin.

&7 2.0 mgmL HEFTEARFIREEHEECENNERR

Table 7 Antibacterial effects of 2.0 mg/mL ampicillin and Tremella fuciformis bran melanin

25 BEORARE KR REMIAFE  RUTIRE  ERIRE

Group Staphylococcus Escherichia Pseudomonas  Salmonella Shigella sp.
aureus coli adaceae enteritidis

TR (2R TERR) 99.13+0.11 99.76+0.28  98.27+0.36 99.82+0.33 99.42+0.14

Antibacterial rate (ampicillin) (%)

MERGR R AR 97.77+0.21" 46.59+0.24"  20.61£0.54  55.02+0.377  35.130.18"

Antibacterial rate

(Tremella fuciformis bran melanin) (%)
HENPUMA L, ** P<0.01
Compare that with ampicillin, ** P<0.01.
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FEF U 5 55 (2016) X 1 X 1R 2 € 38 2 T
AL IS, A 58 DA B b b SR I PR 6
R, XS ANAT WOGIE A b, AR R R
BB 318 nm ALFTERRIEM IS, WOB(E
X EIOO I AR R %-0.003 2, 25 B 404
T A5 A D AR DR 8 ZE e — A IR T
R R L IE A L0 3R AR R R (A R A
A MR ) AR R ARAE, HOANTE TR . IR
P18 o S TR B (SR 4 R RS RS T R S
ZAARE AR ERENE, A 100 Chnk
3 h 5 HARTESRAT A F 92.45%, T BAH B %
fE 100 CHIF 3 h JGPRAFHEN 90.57% (4B
2011), FEEHHRH R E (0 R 1 e Mgt
BARHBMEER, ZBEEAABWmAEREN,
16 HAREF T (375,750 .1 500 F1 3 000 1x)
HES 4 d J5 ORI IRAFRITE 80%LL |, ik
KB ZFAERMLT 80% (AR5 2011), £
WEHFE R ORIDUREMEL T RARERAR;
2R Z A AL RN JE R A R AR E
WIRARGE, (RAFRIITE 90%LL |, IR AH M
R EARIVE T TR, (BAE I 550 e e
AR BT 100% (KA 2015), 2 BAR H
BERNAMRERLTRAREREAR ZE6
EXREZBEBE T (Fr Ca™ . Cu™ IHEI IR
EPE, MABRAHRORBEWSZ Cu’' | Fe
S, Ca® X HSE AR B Gl 2015), KA
R RZ 4R E TS i b
b 52 50 3R I AR HE R R 8 3R B R B A Ak
Wk, BEME. ABTS HHREER ECs A
4354 0.429 mg/mL F1 0.016 mg/mL, i BEATH:
BAZRN 1.0 mg/mL I, H A B ERRTIRE
| ECso (A 2019b), ¢ B4 H- R4 22 40,
RIGBR A AR LT RAE A, WEHE
BEPE R B B I B E Y R AR
WK% 3.2 mg/mL B, 3% B0 06 KR4Itk
AN BRI T 90%H A8 T MIC,

550 EEFIR

T A 2 B B, R 4 0 7 2 33K R 41
FORFett . WH-BABUALL . BUME FIHT R E S
HIBE(Wu et al. 2019), ASMF5Y & BUE H Bk R
R AR AP FI I 35 P o 38 1 5L 0 R B X
B RN Ak A T AT B R
(R 0 R 5%, ASBIFGE R B - TR R £ 3R G ™
(T R B9 T BE SEAT, A b e T B B R
PP FEREL, A 1 AR H R N v BT, HA
BRI E RIS o
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