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Evaluation of watermelon preservation methods based on culture method
and metagenomic sequencing
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ABSTRACT: Objective To evaluate of daily watermelon preservation methods based on culture method and
metagenomic sequencing. Methods The commercially available pure 8424 watermelon was used as the
experimental material. The samples were processed with a clean household knife. Some samples were covered with
cling film on the surface. They were placed at room temperature (26°C) and in the refrigerator (4°C) for different
durations of 2, 7, and 24 h. The total number of colonies on the surface of the watermelon was measured. Sterile
cotton swabs were used to collect surface microorganisms of the watermelon for metagenomic sequencing, and the
total number of colonies and microbial species composition on the watermelon surface under different preservation

methods were analyzed. Results The results of the total number of colonies on the watermelon surface under
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different preservation methods indicated that the colony count increased with the prolongation of storage time. Low

temperature effectively inhibited the growth of microbial colonies. The total number of colonies on the surface of the

samples covered with cling film significantly increased after 7 hours of storage, and removing 1 cm from the surface

of the watermelon significantly reduced the colony count. The results of metagenomic sequencing analysis showed

the presence of potentially pathogenic bacteria on the cut surface of the watermelon, including Pseudomonas,

Exiguobacterium, and Erwinia, which were common spoilage bacteria. Conclusion Placing the cut watermelon in

the refrigerator as soon as possible can prolong its storage time. Consuming the watermelon within 24 hours and

removing 1 cm from the surface before consumption can reduce the risk of pathogenic contamination.

KEY WORDS: total number of colonies; metagenomic sequencing; watermelon preservation
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Table 1 Summary of watermelon sample processing conditions

A HA A
e FEAR SR ST
OB A N
PR A i
1 2h-S 26°CTHE 2 h i
2 2h-S-M 26°CTF A& 2 h =
3 7h-S-1 )
26°CTHE 7h i
4 7h-S-2
5 7h-S-M-1
26°CTFALE 7h =
6 7h-S-M-2
26°C N AL 2 h )5 vk4f )
2hS-5hB . 5
7 S-5 4°CTHtE Sh i
26°C T HUE 2 h JF vkAE o
8 2h-S-5hB-M SCTHE 5 h P
9 7h-B-M 4°CTHtE 7h P
10 _— 26°C N HLE 7 h J5 VIBR %
oiem 200 1 cm
11 24h-B-M-1 )
4°CFjiE 24 h =

12 24h-B-M-2

TE: BEARL PR h 7R/ S R F il 26°C; M 37 48 i O£ 5
B /R VKA 4°C; lem R RAEFTYIER 1 cm.

@i SoapAligner H X} (identity = 90%)Z5Fi T4 RILK 4 (=
FIENGL: GCA_018142915.1)75 ¢, He&KA5 5w i A 5%
$dE ., i MEGAHIT (Version 1.1.2)%} & FEAR (R4 2751
PEATHRE 2%, R MetaGeneMark (Version 3.26)% fx i
PHEGE R AT IF BRI EHE (open reading frame, ORF)THii,
It g /N T 100 nt FI(E R, KK =500 bp 1YERH
AN B R EIERR T 9 . R CD-HIT (Version 4.6)%f 3 X
T 25 KA R0, FAABAEICRMERELE, Ll identity
95%. coverage 90%iH TR, I ITIINICTRIEF
1, FEFIHI SOAPaligner/soap2 ¥4 HEAS 51 L XT RIARTUAY
FHREFH L, THEAR RN SAEA P X 1 reads
BH, USRS reads B0 <2 LR ¥
AAG 0 DR B B 1 9 5 56 T B R AR TR A B bl
(National Center of Biotechnology Information, NCBI)AYE
JU 4% % A ¥ 5 #2038 JF (non-redundant protein sequence
database, NR)YHFAHTE . BB . ol AR & T 64T HU XS
FAFYIRITERAS B, PEH evalue< le-5 H identify =60 Lt
XL R HATSE L3

2 HRED

21 ARMFREARXMNANRYIZRAREZHEZN
Fisher K36 3 HT AN RERAE Ty U TR V5 B 822 5, A
1 ATHH, 26°CTHCE 2 h M4 2h-S. 2h-S-M, TR Y I
BB 870 CFU/g A1 540 CFU/g, 7 5 (R
2h-S-M FEAFHELTF 2h-S BB BHOT A B3, X aER
P T 00 R e, e 7 PR XS AV R B A

F.26°CTE 7h, B REFEAFEA 7Th-S-M (8550 CFU/g)
AR TR B 55 R I RE A 7h-S (4650 CFU/g) 7% 50T
EHAAN(P<0.05); 26°CHTE 2 h J§ 4°CHUE 5 h BB PMREA
2h-S-5hB., 2h-S-5hB-M, % R AYFEAS 2h-S-5ShB-M
(3750 CFU/g) A3 F AR 75 R AR 2h-S-5hB (1950 CFU/g)
H TR B R E N (P<0.05); £ LR, 7 56 AR 6 I
FEARRE BBAEMT 7 h 5, MR TARE SRR A AR
SR, X PT AR R A BN AN R AR T — 4 H) 58
FE, DR T ANEE K, A HEBR R (Rt B AN 5k
HIREATT L

3 Fisher #6564 A7 550 S B B AR R AR AR : 26°CHR B
7 h (7h-S.7h-S-M) . 26°CJil & 2 h J5 LA 4°C 5 h (2h-S-5hB ,
2h-S-5hB-M) 4°Clir'E 7 h (7h-B-M), HiF1 2h-S-5hB (1950 CFU/g)
T Th-S (4650 CFU/g) . 2h-S-5hB-M (3750 CFU/g)HH %
F 7h-S-M (8550 CFU/g)Lk J% 7h-S (4650 CFU/g)tHH T
7h-S-M (8550 CFU/g) I v% i B ¥ i 35 B A% (P<0.05); 7E
26°CHUE 7 h FEA Th-S-M V% M4 8550 CFU/g, 3
BT KA ACE 24 h 1 24h-B-M K7 (6450 CFU/g)
(P<0.05); W] WLAIR RE A% A R I PO N R A A K,
I 009G TR B B A A KA DA SIE K AR A7 ] o 7B 26°C LR
7h, PIBRVEREEIA | em FEA 7h-S-1em A4 T 7h-S FEA
(4650 CFU/g)My TR V& S EUR % FI¥ % 150 CFU/g (P<0.05),
T AR RTYIBRERE | cm BB S8 D RUEIREA, LN
JICE A B ) v U
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Fig.1 Statistics on the total number of colonies of watermelon under
different preservation methods (CFU/g)
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AT R IEFRAN )Y, BRI RA GG )5, L4
20.61 Gb i Uikl £icdis, HUE] 23042 25 ORF, KAEIT
RMFEEE LT NR FHRESA TR, AT 1K
SERITERER N 94.03%, JEKFHRERTE 51.04%~58.69% 2
Bl RS 290 SRR 2), 435I AT 286 Rl FLH 3
i EE 1R

R B 2 WA T T8 ] (Proteobacteria) . JEEETA
IV (Firmicutes) MR T 1] (Actinobacteria); #AS H ) B
S TR ] (Ascomycota) ] Botryotinia squamosa FIEE
F(Grifola frondosa), Ll NAH T[] (Basidiomycota) i faFk
W (Cryptococcus spp.); PE—H0AS H A% 96 52 1 26 BR TR IS TR
& (Staphylococcus phage). T B 1 5 5 B AT F 5
EIA(<0.01%), EitARIE—EiTiE.
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Table 2 Structure of microbial flora on the surface of watermelon

A% TTKF i
PR ALT,
A LR ] _ 195
(Proteobacteria)
o
i} i 64
(Firmicutes)
i} ﬁj,(gc“%' ] ) 20
(Actinobacteria)
- BIFFT 5
(Bacteroidetes)
- AT )
(Chlamydiae)
P TR 2
(Ascomycota)
HE *%H%%“ ] 1
(Basidiomycota)
TR - 1

TE: R T

3 A RE AR o R B MR BRI B TR (Pseudomonas) TE

7h-S FEACHRARXTEBE 5 N 25.46%, TE 7h-S-M, 24h-B-M
FEA AR50 23.37% . 24.68%, AR B = B A A R,
HIR AT & (Exiguobacterium) R 3C K TH & (Erwinia),
BRI ) 3 L RE AT S5 X E B 43501k 8.83%
5.35%(FK 3). X 3 ANELHE T LA, RPHE. Mo
FFEAJE . BROCTCTR B R R BT K | B3 . WY
JES WA T B A A, XS R A B B R AR EOR E )
HR R4 XA [R) 0 A AT 3 B AT P R 22 S0, SRR
W25, RUIRRIRAE 7 e ST B ] P 37 R X 3=
TATAE W AE X =5 B 3 A KR
222 REMRA I XGINE @ BRI Y o7 oL
FRERRIN 290 MEAY 5 A WAL YL IR A Y £
SEEA T R EROL SRR £ 15 AN Fh, oSSR S HE
ZHT 10 MR ILER 4, K Hh I RUE 2 2SR N =2k,
Rk S i A Wrnets 5 | e A\l pads, (H—MeE ot~ Xt
A B ECE RN U G, RS AR, SR
FRY R RS R E R, B XX e B AL
6 J7 RN B R it . 9 40 fif B OR 3l FF 1 (Acinetobacter
baumannii)J&—F FZABURE, 7£ 3 A 7h-S. 7h-S-M
' 24h-B-M H (9 F- 2R XS 32 BE 43 50 R 0.82% . 0.85% il
0.89%, 1% TE SN BEIR T B0 ABE P R AR m P, 77
T A AN A, Q04 0L RV L JRIBEORI IR 4
PHEEEEAIR, (A REAE B AT & Ak rb ML 0 e ol 2 1) 5B
H R S B R R P g IR KR i 4 B
2 R DA T R AN 2% R R IR i R, (A R I Y kAl
ZUNFR, X LLTH T RE S SR MR . JRGME L IR |
PR R 2H 2 5 45 Fh R BT 0 A I 24 BRI AT
(Enterobacter cloacae)s=5 A5 | WEW B A1 PR HE R YL,
ol S BOR TR - N Bt e B B IR (extended-spectrum

f-lactamase producing bacteria, ESBL)3 2],

®3 TFIEMNEER 10 HEKERED

Table 3 Top 10 genus-level microorganisms in average relative abundance

e R Al 7h-S “F-BIARXF 3 /% 7h-S-M - HHXT 3 /% 24h-B-M P34 %F 32 /%
1 RPN TR & (Pseudomonas) 25.46+0.56 23.37£1.30 24.68+0.01
2 /N 8 (Exiguobacterium) 9.16+0.11 8.54+0.37 8.78+0.17
3 WK SC [C 4 & (Erwinia) 5.2240.03 4.83+0.08 6.00+0.36
4 Hii % BR B & (Staphylococcus) 5.340.02 4.94+0.25 5.41+0.20
5 ABNFF & (Acinetobacter) 3.69+0.13 3.51£0.24 3.93+0.08
6 W ¥T 1 & (Enterobacter) 3.45+0.09 3.52+0.45 3.5120.04
7 25 WIAT R & (Bacillus) 2.44+0.07 2.36+0.16 2.42+0.10
8 5 B Wi AT B & (Cronobacter) 0.490.01 0.41%0.06 0.56+0.03
9 124 i & (Pantoea) 0.37+0.01 0.5440.18 0.37+0.02
10 T AN )& (Klebsiella) 0.33+0.01 0.38+0.07 0.32+0.00
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WHEME . B, BEEARET R, ham
HIE IR R & U o 51 B 20 A 6 45 P S b 2o
FFRAPAEEBAR ZEAT IR, BT e84 244, XA
HEHUI R R, JE— LS ER B S 1 2 M, A2
HFFE, WKBaYEE [RR(Escherichia coli) . ZE TR (Proteus
spp. ) FIBRALEEBR T (Streptococcus liquefacient)s, Ayr=AEZF 4,

PHCHLS 55, Bl . R SR IR, K
i OLUWADARA %211 & CLIVE S5 Iptik5, fifiidk Hh g
DAL 128 A, BB PEIARNT R ERT 10 BRI NS 5.
XERie, BRT Z AR B IR SRR . U E DL
BROCIRIEEX 3 iy WL WAHDC A I 2 4h, B R AT I
(Bacillus megaterium)ts; B2, FFEAFFHE (Bacillus) 55 S
SR ECO L AR R B S K R A S

x4 PHEFER 10 BORERRED

Table 4 Top 10 pathogenic microorganisms in mean relative abundance

R R Ei%if% 7h-S MK ERE  Th-S-MOFMIXT R 24h-B-M F3kIxT 42
SR 1% 1% %
1 BIRAZIFF A (Acinetobacter baumannii) 55 =2 0.8240.03 0.85+0.09 0.89+0.06
2 G EHABRIE (Staphylococcus aureus) =2 0.94+0.01 0.73+0.06 0.76+0.04
3 A4 AT (Enterobacter cloacae) =2 0.30+0.03 0.32+0.05 0.27+0.01
4 W ¥ & (Enterobacter spp.) =2 0.48+0.02 0.49+0.06 0.51+0.03
5 Jiti 4 BR TR (Streptococcus pneumoniae) =2 0.06+0.00 0.10+0.02 0.07+0.01
6 Jili 4 5275 /(10 (Klebsiella pneumoniae) =2 0.15+0.01 0.19+0.04 0.160.00
7 SRR (Pseudomonas aeruginosa) =2 0.170.00 0.18+0.01 0.18+0.01
8 RN B (Shigella sonnei) =2 0.07+0.01 0.09+0.02 0.08+0.02
9 41 VI8P B (Helicobacter pylori) =2k 0.01+0.00 0.01+0.00 0.010.00
10 R HEERE (Staphylococcus epidermidis) 55 =2 0.000.00 0.02+0.01 0.00+0.00

&5 PHHEFER 10 BRKE

Table 5 Top 10 spoilage bacteria in average relative abundance

oy YR Thes PEHIR ey ThSM BF;/%HWFTE 24h-B-M Bijwﬁxﬁa&f
o o
1 HEE GRS T (Erwinia gerundensis) 5.14+0.04 4.72+0.06 5.92+0.35
2 it S AR M B (Exiguobacterium oxidotolerans) 1.40+0.02 1.07+0.13 1.48+0.15
3 E K EFAMAF B (Bacillus megaterium) 1.02£0.03 0.96+0.01 1.08+0.09
4 115 BB 1 ) (Pseudomonas sp. B10) 0.54+0.01 0.41+0.04 0.58+0.02
5 B8 AT B (Enterobacter cloacae) 0.30+0.03 0.32+0.05 0.27+0.01
6 Bl I B R (Pseudomonas aeruginosa) 0.17+0.00 0.18+0.01 0.18+0.01
7 B R R (Pseudomonas sp. RW10S1) 0.18+0.00 0.15£0.01 0.20+0.02
8 W/IMF TR (Exiguobacterium sp. RIT341) 0.16+0.00 0.20+0.06 0.14+0.01
9 WU & (Exiguobacterium sp. S17) 0.16£0.00 0.12+0.01 0.18+0.02
10 T/ IMT & (Exiguobacterium sp. Leaf196) 0.05+0.01 0.14+0.07 0.06+0.01

3 WHit5ER

AWIGE R AR AS [ A7 Ty =05 TSR T AR
SO AT, A5 IR SEUE 150~8550 CFU/g 2
(6] ZrAT e EH, PH AR S IR s vk A A — Bt e
T BB SRE K, IRIRAE S A &M I PE R R Y
A, T R RS TG TR AR R A RE 7 h ) B ke
i, IBRVEINERI 1 om BB W FEARRVE B8 HET, &
B LT ] RO e i B AR, DRIk ey A W A i 5 v

WZE M TRVE BBCR S AR, 5% GB 2759—2015 (B
A EFARME VR FTRIVERL) BE, FEAS Y TRV BB
78 2.5x10%~10x10* CFU/g Z[f], T4k $32 AL vkAs rP AR A
24 h, FO)RFHEEESB A 6450 CFU/g, ik Tix4
FRifE . HAR MAEFT BRI 25 SOk, 7 o6 AR f R A v R
FEAC TR S e, (H % 8 B DK A il A O A
KA T OREEREA 5) 38 X5 Y, 1045 8008 TROK 4337 2% 5
W VKA b e SR D, DR R DU 5 e B A
B F o B 2 B, DD T 75 TR R AT 45 1R 3K
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R DA B FAREXT R TP b T TR . A A
He 25 W % I (Listeria monocytogenes) . K M 3% # Ik
O157:H7 (Escherichia coli O157:H7). 482k . &
VeGSR EOR R R EE A MUE . P INR T EORMEY)
R SER RTINS SR rp, & & T O A BRI M R IR
OB, R SomtE KR 7 [ t T 28 R D), 22
FERZH I PR R B R B 3 A ER AR 5 R 805 R4 1
WIEAE; 2% GB 31607—2021 &5 %4 E K hrifE
BRI A A P EoR AR L) MUE, 4w M a R R
1000 CFU/g(mL), 078 JRAFS kAR 7 h J5VIBRETE 1 cm
Ji WA 150 CFU/g FUBTE B, i i T Ibhnifi . FEAH Y
FloRE 3 B HEZ SR 3 AR 20 B AR R sl N TR
Ja B BRSC IR R, g AR s LA T O Wy, X v I
BB B A B R, DR e D) 4 o R SR e A

25 E TR, A IRFEAS R R A Ty 2O P8 I 3R T A 4
FIRE, A58 FA P RO 06 8 A A7 KR P8 R 1T 1
A TR, 25 SRR BRI P U PR VK AE T 4E K
PRAFETIE], 24 h WE I FRTVIBR R 1 cm A FREAREL
I XU o B T AR SR AR AR 43 SRS 128 T %0 7 KR THI sk
AV, A —E R BRE, RS B R R 2 R A
K ZAFEEARI ISR HEATOESE, R H 8 v IR A7 3 At
BN A B AR

SE
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