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Study on the correlation between moldy spot color of newly harvested corn
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ABSTRACT: Objective To explore the contamination of moldy grains and mycotoxins in different moldy spots of
newly harvested corn and the dominant bacteria. Methods Newly harvested maize samples from different regions
of Liaoning Province were collected. Microbiological culture, morphological observation, molecular biological

identification and other methods were used to determine the carrying status of grains with different mold spot colors,
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and to explore the relationship between mold spot color and 3 kinds of fungal contamination and specific fungal

populations. Results

There was a certain correlation between the color of mold spots and specific fungal

populations. Red, white, black mold spots and navel depth may indicate the presence of Trichoderma and Fusarium,

and green mold spots may indicate the presence of Trichoderma and Cyanobacteria. In addition, the results of

mycotoxin detection showed that red, white, black moldy spots and umbilical depth may indicate the risk of infection

of zearalenone and deoxynivalenol in the samples, and green moldy spots may indicate the risk of infection of

deoxynivalenol. Conclusion The sensory test auxiliary map proposed in this study can be used as a rapid screening

tool to preliminarily evaluate the potential food safety hazards of corn kernels. However, because the color of mold

spots may involve a variety of fungi, it is necessary to continuously optimize and improve the food safety

management of corn to provide more scientific and effective technical support.
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Table 2 Identification list of fungal species and colony count (red)
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AR/ S A RS (Trichoderma
asperellunVTrichoderma
asperelloides)

g AT (Trichoderma viride)

AZEJE(Trichoderma) 6

A%J&(Trichoderma) 3

(ARHN(Trichoderma lixii) A%5JE(Trichoderma) 3

W AR ZEE(Trichoderma harzianum) K% )& (Trichoderma) 2

2 AR T /TR AR 2 (Trichoderma ) (Trichoderma)
viride/Trichoderma asperellum)

JEPI PAEE A KA B
(Trichoderma
afroharzianum/Trichoderma
harzanum)

A% & (Trichoderma) 1

A2 (Trichoderma asperellum) A% J&(Trichoderma) 1

B ERARTRL/ I TR 6L (Fusarium OB & AR
verticillioides/Fusarium (Fusarium fujikuroi 3
subglutinans) species complex)
i 3n SO -REEYii
skt (Fusarium verticillioides)  (Fusarium fujikuroi 1

species complex)

J2 Hy At/ H BRI (Fusarium
proliferatum/Fusarium
verticillioides)

TR 6 R
(Fusarium fujikuroi 1
species complex)

_ _ RARAE A R
RAFHefL(Fusarium graminearum) (Fusariumgraminearum 1
species complex)

o P
TR 2% (Penicillium oxalicum) A (Penicillium

oxalicum)
4R TEIR 1 (Talaromyces N 3
funicul osus) (Talaromyces)

PR FEIR 7 (Talaromyces RN :
verrucul osus) (Talaromyces)
R/ (RN (Sarocladium AR |

stricturmySarocladiumzeae) (Sarocladium)
(RHnN(Sarocladiumzeae) B 1

(Sarocladium)

JEPH I PATE M AR (Trichoderma

A% JE(Trichoderma) 4
afroharzianum/Trichoder ma harzianum) ¢ )

BRI AREE(Trichoderma asperellum)  A%3JE (Trichoderma) 2

I PR A RE /R A AR B (Trichoderma
harzianunvTrichoderma atrobrunneum)

ST A E A A EE (Trichoder ma
asperelloides/Trichoderma asperellum)

A& (Trichoderma) 2

AZJE(Trichoderma) 1

R G 7AE
AR/ PH 7 (Fusarium (Fusarium 4
graminearunvFusarium asiaticum) graminearum species
complex)
Fe RS & R A

A A/ R BR A (Fusarium

Fusarium fujikuroi 2
subglutinans/Fusarium verticillioides) (Fusarium fujikurol

species complex)

e HRAE & R
HR BRI (Fusarium verticillioides) (Fusarium fujikuroi 1
species complex)
HPETR TR B4R R B (Tal aromyces [ERING)
funicul osus/Talaromyces verrucul osus) (Talaromyces)
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Table 3 Identification list of fungal species and colony count (white)
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erellunyTrichoderma A% )& (Trichoderma) 9 ARAT AL AL A2 (Fusarium (Fusarium
o ; graminearunvFusarium asiaticum) ~ graminearum species
asperelloides)
complex)
M AT (Trichoder ma Jie f61 9L/ £ BR S48 (Fusarium RS G R
har zianunvTrichoderma AZ5JE(Trichoderma) 4 subglutinans/Fusarium (Fusarium fujikuroi 3
afroharzianum) verticillioides) species complex)
i3t SR
46, R % (Trichoderma viride) A% & (Trichoderma) 2 R PR4RA(Fusarium verticillioides)  (Fusarium fujikuroi 2
species complex)
S A s g . O HRELE G R
SIS AT : :
JEDHmA z&t?fiﬁqnchoderma K% (Trichoderma) 2 Eﬁ%%ﬂ/%ﬁ%@(ms’?ﬂum (Fusarium fujikuroi 2
afroharzianum) proliferatunmyFusarium fujikuroi) .
species complex)
- e HR IR AL/ 2 iR (Fusarium RS & RAF
% (Trichod .
HBHA ﬁeﬁl r_'; oderma A4 (Trichoderma) 2 verticillioi des/Fusarium (Fusarium fujikuroi 1
asperelloides) proliferatum) species complex)
i3t SNREE
(RF)(Trichoderma lixii) A% & (Trichoderma) 1 JZ th 9t (Fusarium proliferatum)  (Fusarium fujikuroi 1
species complex)
i3t SNREE KA AR E /AL A EE (Trichoderma
51 Bk i 1 (Fusarium verticillioides)  (Fusarium fujikuroi 10 asperelloides/Trichoderma A% J& (Trichoderma) 3
species complex) asperellum)
S A S AT I T AT
kAL A (Fusarium R OB 4 R M””gﬁj;j; AT
verticillioides/Fusarium (Fusarium fujikuroi 3 afrohard anum/Trichoderma K% J&E(Trichoderma) 2
subglutinans) species complex) harzi
ar zianum)
J2 th ik € BRI (Fusarium (Fusarium fujikuroi 2 AL AR (Trichoderma asperellum) A% J& (Trichoder ma) 2

proliferatunmyFusarium fujikuroi) species complex)

# 5 (Aspergillus CGRF/AE PG P A% (Trichoderma

5 fih 5 (Aspergillus flavus) 3 o . A% & (Trichoderma) 1
flavus) lixii/Trichoderma afroharzianum)
e g . I PR B /4% /R 2 (Trichoder ma
4R IR TR (Talaromyces AR S " .
AR H‘_E‘h( my HEAR T 2 harzianunvTrichoderma A#Jg (Trichoderma) 1
funiculosus) (Talaromyces)
atrobrunneum)
=/ = (Tri
(RAN(Mucor lusitanicus) E% )& (Mucor) 1 FRIUAE/ A B AT (Trichoderma K% J& (Trichoder ma) 1

asperellum/Trichoderma viride)

K7 K 55 (Trichoderma

A8 AR 5 (Trichoderma asperellum) A% & (Trichoderma) 1 )
asperelloides)

A% & (Trichoderma) 1

oL i P DA (Tri
22 1ih 5 (Asper gillus niger) A% (Aspergillus A9 A (Trichoder ma A% & (Trichoderma) 1

niger) afroharzanum)
PETEL TR TR /4R IR VIR B
i s e
TR 5 25 (Penicil lium oxalicum) ﬁﬁ&ﬁﬁ('Penlcnllum 1 : (Talaromyces HER AR
oxalicum) funiculosus/Talaromyces (Talaromyces)

verruculosus)

Hilith 2 (Aspergillus

i 1 (KA (Mucor lusitanicus) E4 B (Mucor) 1
fumigatus)

I it 55 (Asper gil lus fumigatus)

IR (Penicillium

B 7 B (Penicillium oxalicum) :
oxalicum)

—
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Table 4 Identification list of fungal species and colony count (green)
TS R o Ko e K th
W2k 1 44 ! o P2 4 B " )
By & R ESEil IR
I 9% AR % (Trichoderma JEPNIA IR A BE /W A B (Trichoderma
harzanumvTrichoderma AR%J& (Trichoderma) 9 afroharzianumy/Trichoderma REEJE(Trichoderma) 5
afroharzianum) harzianum)
SIA 5 AT (Tri S A S A2 (T
M mﬂiﬁcrlchoderma AK%5J® (Trichoderma) 6 A /jﬂk@(.Trlchoderma K% )& (Trichoderma) 2
afroharzianum) afroharzianum)
i A 2 (Trichoderma asperellum)  K%5J& (Trichoderma) 4 M % A% (Trichoderma harzianum) A% J& (Trichoderma) 2
% B (Tri A4 B (Tri
ﬁﬂiﬂi{ﬁﬂtg(Tr.lchoderma K% J& (Trichoderma) 3 ﬂiﬂ@ﬂi@/ié.ﬂi@(ﬂlcho'dqm A% & (Trichoderma) 2
asperelloides) asperellum/Trichoderma viride)
I A2 /AR PG P K B (Trichoder ma S A AT (Tri
harzianumvTrichoderma A% J& (Trichoderma) di%l])/j_t{)” ,.mﬁﬁ(Trlchoderma A% )& (Trichoderma) 1
; lixii/Trichoder ma afroharzianum)
afroharzianum)
TRFA /S A % (Trichoderma e R
asperellum/Trichoderma A% & (Trichoderma) 2 KW@K@(W_I choderma K% J& (Trichoder ma) 1
: asperelloides)
asperelloides)
N JEESE Y= . Sk P Fd A
AU A (Trichoderma A#J8 (Trichoderma) ORI ELRAAT(TIIChOdRR ) e i chodermay 1
koningiopsis) asperelloides/Trichoderma asperellum)
W I 25/ T A AR 25 (Trichoder ma
(REN(OTrichoderma lixii) K% & (Trichoderma) 1 harzianumvTrichoderma A% & (Trichoderma) 1
atrobrunneum)
i i
#1175 (Aspergillus flavus) - [tl]gﬂ(Aspt;rglllus 2 (o K8 (Trichodermaviride)  A%J&E (Trichoderma) 1
avus
o Rt . TR R IR = .
G R WOIR i (Tal aromyces stollii) 1 kA A % (Trichoderma asperellum) A% & (Trichoderma) 1
(Talaromyces)
s ﬁ;’f_‘ T H—‘fﬁ:“ . T S e AYS P f .
PE A MR T4 (Talaromyces ENT) A {/’t*ﬁ/ﬁf—jﬁiﬁ(THChOde."@ KT (Trichoderma) 1
verruculosus) (Talaromyces) harzianum/Trichoder ma aureoviride)
AR A R I A2 /AR PG P K B (Trichoder ma
HR k4t (Fusarium verticillioides)  (Fusarium fujikuroi 1 harzianunvTrichoderma A%¢Jm (Trichoderma) 1
species complex) afroharzanum)
g e e
(K1) (Talaromyces amestolkiae) IR 1 WrHG/R IR T (Talaromyces stollii) IR 2
(Talaromyces) (Talaromyces)
R N N n N _ 4 L 2
PRI/ R A (Talar omyces AR Sk Bt Fusarium R B IR S I
funiculosus/Talaromyces AT, . . (Fusarium fujikuroi 1
(Talaromyces) verticillioides/Fusarium subglutinans) .
pur pureogenus) species complex)
g L T O R e
PEALBAR /48R miklzl(Talgrowc% HEARTAE 1 (4 [} BR 1 (Epicoccum nigrum)  FfFBR T JE (Epicoccum) 1
verrucul osus/Talaromyces funicul osus) (Talaromyces)
. . . i (Aspergillus L . . y .
1t %5 (Aspergillus niger) i) 1 AR AEAK F (Alternaria tenuissima)  fiEA% 7UJE (Alternaria) 1
niger
(R H1)(Epicoccum tritici) ¥} B 7 )& (Epi coccum) 1
#*5 HEYMEEBRREZITHERRME)
Table 5 Identification list of fungal species and colony count (navel deep and black)
i~ v ENE | Lok e Fiv % E N )E | Lok
WA 11 44 B N . V2 T 1 " o
BN & IR EY & IR
S Y ar] N IA T A ;
ﬁiﬂi@ﬂi@ﬁﬁfﬂ*@ﬂnd@m KR (Trichoderma) 4 JE A «Mk@crlchoderma KA R (Trichoderma) 2
asperelunyTrichoderma asperelloides) afroharzanum)

ALK /5% 4 K B (Trichoder ma

I X K% (Trichoderma harzianum) K% )& (Trichoderma) 1 i o
asperellum/Trichoderma viride)

K% J& (Trichoder ma)

i3 SIN-REE N N N
4 Bk Bl H(Fusarium verticillioides)  (Fusarium fujikuroi 2 HBHLAE (Trichoderma A48 (Trichoderma)
species complex) asperelloides)
e SR (Fusarium T CHRALEL R WeuAlE Sk (Fusarium  F C RSB R
(Fusarium fujikuroi 1 (Fusarium fujikuroi

subglutinans/Fusarium verticillioides) subglutinans/Fusarium verticillioides)

species complex)
R B (Fusarium P RIS KA

T . . Fusarium fujikuroi
verticillioides/Fusarium proliferatum) ( . J
species complex)

species complex)
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I ERR M EER B KRG . B HihggzE ERERER RATEHTEG
AT PRI EIREE 3 P E S R TR, #0E T R REE G 5 Bi/(ng/kg) fil/(ng/kg) B2/ (ng/ke)
BESUERE SRR 3 A ELI B R S i, S5 69 R . 01 & A AR i 1.2x10°

6 HESEONERGD) 0% AR AR 16x10°
Table 6 Mycotoxin test results (red) 49 43 PR i 1.26x103 3.2x10°
B mmmmE ROREE BASIRE 0%k KA At 224100
5 Bi/(ng/kg) i/ (ug/kg) FEEL (ng/kg) 53 4 KA H A 3x10°
5541 A 665 5.5%10° 55 & A H A 1x10°
5841 A 8.1x10° 1.09%10* 58 4 Rk HAe 1.1x103
” Z iii 7’*5;”4' e Y S S Fekaih 1110
76 %1 ﬂém 1.40x10° 3.37x10* 09 5 At 290 20
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