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Mold and mycotoxin contamination in cooked nuts and seeds in China
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Abstract: Objective The aim of this study was to investigate the mold and mycotoxin contamination status of cooked
nuts and seeds in China in 2021 and to understand the correlation and risk of mold and mycotoxin contamination in such
foods. Methods Samples of commercially available cooked nuts and seeds were tested for mold contamination. Internal
transcribed spacer (ITS) sequencing was used to identify the genus of the contaminating mold in the samples. Results
Out of the cooked nut and seed samples analyzed, 19.32% (560/2 912) had mold counts > 25 colony-forming units
(CFU)/g. The proportion of mold counts > 25 CFU/g was lower in single nuts and seeds (14.74%, 321/2 178) than in
mixed nuts and seeds (32.56%, 239/734, P < 0.05). Among the single nut and seed samples, walnuts (24. 10%, 47/
195) had the highest proportion of mold counts > 25 CFU/g, followed by almonds, spartan wood, and peanuts at 17. 44%
(15/86), 16.81% (20/119), and 16.22% (73/450) , respectively. All other nuts and seeds had proportions below 15%.
Mycotoxin analysis was performed on 26 samples with mold counts > 25 CFU/g, and beauvericin was detected at 16. 37 ng/
kg in one peanut sample collected from Yunnan Province. ITS amplicon sequencing revealed that the main contaminating
genera in cooked nuts and seeds were Aspergillus, Alternaria, and Candida. The detected molds had a certain correlation
with mycotoxins. Conclusion High levels of mold contamination were detected in cooked nuts and seeds, resulting in a
risk of mycotoxin production in the detected foods. Thus, it is necessary to strengthen the genus and species identification
and mycotoxin analysis in these types of food to understand the contamination route and the regularity of toxin production

and to provide a scientific basis for risk assessment and effective prevention and control measures.
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Table 1~ Sample numbers of cooked nuts and seeds collected in

the second and third quarters of each province
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AR 60 30 30
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Table 2 Mold contamination of cooked nuts and seeds with shell and shelled

<25 CFU/g

25~1 000 CFU/g >1 000 CFU/g
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W/ /% g w1/ % gt /M Bl % e
iy ‘:Lj E‘j‘. A =il
o f“j[% 1543 1311 8496 (83.18.86.75) 2o 196 1270 (11.04,1436) 2. 36 233 (1583.09)
REkH X°=3.98,
37.19, 31.32, 0,05
5t 7 A ] 1 :
ﬁ’“‘, jﬁj 1369 1041 76.04 (73.78,78.30) P<0.01 279 2038 (18.2522.51) P<O.0l 49 358 (2.604.56)
5K
At 2912 2352 80.77 (79.34,82.20) 475 16.31 (14.97,17.65) 85 2.92 (2.31,3.53)
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Table 3 Mold contamination of single and mixed cooked nuts and seeds
BE <25 CFU/¢g 25~1 000 CFU/¢g >1 000 CFU/¢
fr i o TN Gt FERH BEm B 7
ES B ’riuuffl AT 95%C1/% geit iuufﬁ( FE i 95%C1/% K iuu%ﬁ( FE Al LG 95%C1/% Zan
/W% srbr o '/ Bil/% Gpr w1/ % i
B — k)

o e 2178 1857 85.26 (83.77,86.75) = 275 12.63 (12.16,14.63) = 46 2.11 (4.86,6.54)
REHE X'=19.86,
A g 112.28, 85.98, P<0.01
1 :
e 734 495 6744 (66.74,70.64) P<0.01 200 2725 (15.17,17.87) P<0.0l 39 531 (572,7.53)
PSS
At 2912 2352 80.77 (79.34,82.20) 475 16.31 (14.97,17.65) 85 292 (2.31,3.53)
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Table 4  Mold contamination of cooked nuts and seeds in different packaging types
¥ ok <25 CFU/¢g 25~1 000 CFU/¢g >1 000 CFU/g
{4 0 L] ST 53 YT —— . - o B o P
ES /0 #unuff( FE 5 L 95%C1/% it #uun?ffl FE S L 95%C1/% *H ﬁuuni\& FE &b L 95%C1/% SN
/M B/ % apr /My /% st &/ /% 43 HF
A4 ( T B 2_
jﬂtj @‘jﬁ H 1772 1441 81.32 (79.51,83.14) XY= 277 15.63 (13.94,17.32) X~ 54 3.05 (2.25.3.85)
151 Z 4 %) 022 2-0.61
0.35 ’ x=
o P> P>0.05
i f 2% 1140 911 7991 (77.59.82.24) P>0.05 198 1737 (15.17.1957) s 31 272 (1.78.3.66)
ait 2912 2352 80.77 (79.34,82.20) 475 16.31 (14.97,17.65) 85 292 (2.31,3.53)
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Table 5 Mold contamination of cooked nuts and seeds in the second and third quarters
s <25 CFU/g 25~1 000 CFU/g >1 000 CFU/g
Fbegp " £ i £ e 503 FamEC FEE T : £ £ e 503
/By *i””if( W o socrya E i””;‘? B ooy *i””)’?( L
/M /% srbe w0 /% gt B/ Bl/% g
B EE 1376 1104 80.23 (78.07,82.28) X'= 225 16.35 (14.44,18.36) , 47 3.42 (2.46,4.39) I
oo ¥=0.01, ¥=0.13,
SR 1536 1248 8125 (79.23.83.17) ps00s 250 1628 (144318.15) 17005 35 o247 (1723200 17005
At 2912 2352 80.77 (79.34,82.20) 475 16.31 (14.97,17.65) 85 2.92 (2.31,3.53)
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Table 6  Detection of mycotoxins in cooked nuts and seeds
REE RE R BE g H
5 W B R ggat sy 77 i A J14(/ TEN" AOH AME ZEN BEA ENNA ENNA, ENNB ENNB,
(CFU/g)
2005 DU SH  PIRT WA MR R 202142 H 100 N.D. N.D. N.D. N.D. 0.10 N.D. N.D. N.D. N.D.
jzg007  PUNIE SH ERIUR Bifede IR XEE 20204F6 A 50 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
jzg011 WA 5H MLT e PRI U 20214F4 A 50 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
jzg020 WA SH HHRRE Blak BERE ILARYE 2021447 150  0.22 N.D. N.D. N.D. N.D. 0.02 0.03 0.03 N.D.
G21119 ##A 57 JRF HekE - VA 20214E2 7] 30 6.82 N.D. 0.88 0.65 2.10 N.D. N.D. 0.06 0.18
G21123 A 57 & HRE W BeRR WARYE 20214817 50 N.D. N.D. N.D. N.D. 0.10 N.D. N.D. N.D. N.D.
J21021 fRAE 5H 0 MR Wi ARG UTILA 20214F1H 130 0.62 N.D. N.D. N.D. N.D. N.D. N.D. 0.03 0.09
121022 fRAA S MHRE WAL BAeRE ZHAE 2021411 210 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
121023 fRdE 5 HRE WA RARE ILAE 202141 )] 140 N.D. 2.23 229 N.D. N.D. N.D. N.D. N.D. N.D.
YN-1  =mMA 48 MLT U PRI R 2021424 260 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
YN-2  mEAE SH O SN B IR ORI 20214828 1100 2.58 N.D. 0.23 N.D. N.D. N.D. N.D. N.D. N.D.
YN-3 =M SH EmAR AU R-RIE R 20204121 60 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
YN-4  mEA SH O BT #k p-RE R PN R 30 N.D. N.D. N.D. N.D. 0.10 N.D. N.D. N.D. N.D.
YN-5  mMAE OSH O kA HeE p-IRE R N 8200 N.D. N.D. 0.14 N.D. 16.37 024 0.30 0.05 0.32
YN-6 =mMA 4] HRE Bk BERE LARA 20204 11 1 50 N.D. N.D. 0.14 N.D. 0.18 N.D. 0.04 005 0.16
YN-7T  mmA 40 BHRE Ba BeRR JURE 202141 A 410 N.D. N.D. 0.22 N.D. 0.74 N.D. N.D. 0.3 N.D.
YN-8 =~ 8H HHRE Wi RERE LWHRE 2021454 170 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
YN-9 =M 81 HRE B RERE JUARE 202141/ 340 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
YN-10 =m4E 8 HHRE fifie WARE A4 20214558 9900 N.D. N.D. N.D. N.D. N.D. N.D. ND. N.D. N.D.
YN-11 =mM4A 8J] HHRRE ek BERE LARE 202146/ 100 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
YN-12 =M 81 HHRRE Wi BEGRE ZHAE 202145 40 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
YN-13 =EHE 8H AHE #iE BARE WKL 202141 <10 N.D. N.D. N.D. NND. NND. N.D. N.D. N.D. N.D.
YN-14 =4 8H fHRE Wad REeRE %84 2021467H <10 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
YN-15 =M 87 fHRE Wil BEGRRE ILHRA 2021411 950 N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D. N.D.
YN-16 =mMAE 87 fHRE HiR REGRE ZHAE 202147 300 N.D. N.D. N.D. N.D. N.ND. N.D. N.D. N.D. N.D.
YN-17 =M4A 87 HHRRE Wik BEGRE W 2021457 <10 N.D. N.D. N.D. NND. ND. N.D. N.D. N.D. N.D.

TR AN T BHEERE i A A9 B R NLDL R AR

16. 37 pg/kg, X FF i 8 T4 8 200 CFU/ g,
6 U3 FE ML AL AME Al ENNB. @ &4 1 0 808 R
T1= TEN ¥ i K 6.82 ng/kge =“HH 1 RS
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TR
2.6 F @K

TV Fe (41 R i o, 28 45 3R A% 1TS I 7
G5 PHT B, 28 DAl EE TR 0 A 28 R, S
Y M 7 JE (Aspergillus spp. ) 3 HE 155 )& (Alternaria
spp. ) nBRE & (Candida spp. ) \Parengyodontium J& .
W 75 52 J& (Calonectria spp. ) ¥ {8 J& (Cladosporium
spp. ) i 8 (Fusarium spp. ) .79 HE JE (Wallemia
spp. ) A %4 JE 1 %5 )& (Botryosphaeria spp. ) JE& B
J& (Zygosaccharomyces spp. )35 (Il 1) K H = BTl
A H RRES YN-11 1 YN-12 fh 882 5k A
SIS AERRE R, YN-2 SR 2 s R A H
BRI O S GS03 &k E 2 2k A MUY

AL JIF{FE D j22005 SR TR B 2 s R H =B 1
e YN-5 205 YL ih 58 i ) o J& Ay $H B
J& , % FE & #3808 200 CFU/g, BEA #6 M fH
16. 37 wg/kgo

3 i

Wi 3% W& 30171 2016—2019 4F Hh 46 15 8 s,
IO BT i B B S 5 B RS G ) AR G 5
ANAEAEE) 15. 2% , KM AE A 30~23 000 CFU/g' .
U LR ORF AT S TE B AEAE 0 T R Gy B A R
R S AR TR N N\ @
K, 19.32% (560/2 912) (1) B il 1 51 50 25 £ 5
B W THE>25 CFU/g, Wi 7e LAl 52 FF 5 B 0 5 gL %
DER BERRELA - REFRHIGRERDE,
g SR ARk A IR K R RS
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