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Abstract: To optimize the processing conditions for “Three Treasures of Lotus Pond” and characterize its quality changes during
cold-chain logistics, single-factor and orthogonal experiments were conducted to determine the optimal processing conditions. A simulated
cold-chain circulation process was then established to evaluate changes in sensory quality, total viable count, total phenolic content, total
flavonoid content, and volatile flavor compounds under different logistics conditions. The optimal processing conditions were 2.00 g of salt, 4.00
g of sucrose, and 4.00 g of starch, and a blanching time of 2 min. Under these conditions, the product achieved a comprehensive sensory score of
96.82 while maintaining relatively high total phenolics and total flavonoids contents. The simulated logistics experiments showed that
continuous cold-chain transportation followed by refrigerated storage before sale effectively maintained product quality. In the continuous
cold-chain group, the total phenolics and total flavonoids contents were 20.47 mg kg™ and 24.27 mg kg™, respectively, and the total viable count
remained below 10 CFU/g. Under the simulated conditions used in this study, continuous cold-chain treatment also helped maintain sensory
quality and the levels of certain bioactive compounds, while effectively preserving the relative contents of volatile flavor compounds. This study
provides a theoretical basis for the development of the traditional local dish “Three Treasures of Lotus Pond” and for quality control during
cold-chain storage and transportation.
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Fig.1 Process flow diagram of “Three Treasures of Lotus Pond”
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Table 1 Single factor experimental design table

H#
o iREly GERRlg hEAeRlg R F/min
1 1.00 2.00 2.00 0
2 1.50 3.00 3.00 1
3 2.00 4.00 4,00 2
4 2.50 5.00 5.00 3
5 3.00 6.00 6.00 4

1.2.3  EREZIT
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Table 2 Sensory evaluation criteria for the “Three Treasures of Lotus Pond”

RE RE PR 1
BREFS AT, BT, £T. RARCEAHEH, ARG H—FK 2125

5 BREFREET, WARERE, KAEts 16~20
L 25% FR BRI, WHRE R, fileih, BRERA A 11~15
" EAERRAL, BHREER, KITHE 6-10
HREFLRLE, WIREFRTY, RAF 0~5
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B ARARRAR, BHAWIR B R, RAEAT Rk 21~25
L BRI AR, BARRR RS EBIT, R4 16~20
; 25% Bk, APARREE—HL, TRtk 11~15
BRI, APARRGERE, RAMMESR 6~10
REMAGFA, AARITRRS, A A% 0~5
0RSHMIE T, BRI, vERE T A 21~25
" RJE . BRIEIBAEA R £, HAReR o R adT 16~20
25% RERA 2R R, "0 A—Ak 11~15
* Rokid et SRR TR, AHu &2 6~10
REFAFD R, Nk Zdl R i, RAREALE 0~5
éﬂ MTIIGET, EFHHHAE, ZASED 21~25
" FBT O BR B Rk, EFMMESRT, FA 7 AR 16~20
* 25% BT 1 BARRR BRI, EFMEHE—AR, FABETL 11~15
N BT o R RSNE, ET 1R RABIK, F A KT KA 6~10
- BT, EFREAREIRT, WiekERA 0 A 0-5

1.25 &F. A pH AL M E
OFSEARINES % Liu S0, MREZEMIE L. a's b E, FEVLEEwREmgias s, mHakE
HUZEHL 6 ABEAL I E HHCPAME (n=6).
SRR E S Li 2070 BRI R 58, 2 1.00 em B9 H, S BRI TPA A5x4l
S, MRE P45 Rk, BEEMA /179 100.00 g, UGS 10.00 mm s, RN 0.50 mm st Z5H RATHE
N 10.00 mm s, PRRIEZRIEI BRI 55, FEdhE4EEA8 BN 35%.
pH {Ell5E 2% GB 5009.237-2016 (frih 24 bRE £ pH ) M,
1.2.6 EB. EZEGNE
YR Min M0, Wik R =S PR S ONR SR BTREUHEE, FREX 3.00 g FES, A
30.00 mL 60% (¢) ZEEAW, VKiBAI3% 6 min, 10 000 rmin™ 5.0 10 min /FHC s, X 0.125 mL &S
0.50 mL Z&1H/K 7 /s, 25 FORERZE UM 0.625 mL Z8487K, S4H3 I 0.125 mL AEAREHRF, ieiRs) 5=
I T CE 6 min. AN 1.25 mL 7 wt.% Na,COs Vi 5 1.00 mL Z848/K, 78048205 T 25 ‘CHREGEFE 90 min. KA
SIVCGEETHE 760 nm AN E SR . AR B TRONbREMEHIFAERZE, am 2R TR YE
For, SRUBERERRE, Ay mg kgt RN IEE 3 UCHATINE
ST A B E 2% Min 2005, Tk B =R RARAIG R, FREL5.00 g BEALE T E O,
BN 50.00 ML 60% (@) ZEEHH, 10000 r min™ vKiEAI3% 2 min, 23525 BT 10 000 r min™ FHESCr 10 min,
B3SO E A S R BB 45 o B 4.00 mL _E35W0R1 0.30 mL 5 wt.% NaNO, AR &34 & 6 min, i1 0.30 mL
10 Wt.%(1) AI(NOg)s ¥, #E21JE4R4EHHE 6 min, FfJS A 4.00 mL 1.0 mol L™ NaOH ¥, i 60% (¢) (K121
WIEZRE 10.00 mL, JWHERAIE =IEEEERE 15 min, SKHEEEETHE 510 nm KA EREE . LT
NBRHES S HIARAE RN LS, THERES ST S, DN T S EROR, SRR R, A mg kg, SRR
B E 3 UCFATIE «
1.2.7 AEWNEEEY) FIR LM T
SHEMRPITTIE, G5 A T SePRTE R T R L, A S R AIRLE A I B TR .
WE 4 CIEAFER TR, 25 CIENRBRAGEAE, TP AFIRERE T “fril =57 S i, %
KRB G “FiE =5 THSEET 4 CIHEETRSAEH, R 5K —R2E N TE PE BER-ARM R
1 BB ORIRLS, SSIRONAEF IR A, R S A, BB W N g4 .
(1) Afried (DD: 4 CEAFFHE 24 h, LTSRS A ARSI
(2) . wiRizkdl (C) 25 CHE 48h, Wikizkidl (L) N4 CHE 48h.
(3) MIBFFERILL: EE 441, DHINAFESH+ARAFEL (L+L, 4°C 48h+4 °C 24 h); AiEEizk+
HiRfrEA (L+C, 4°C 48h+25 °C 24 h); Himiaki+A i r 4l (C+L, 25 C 48h+4 °C 24 h); H s+ iR
4
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4l (C+C, 25°C 48h+25 C 24h).,
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BAA BES A RLS s e IR, SRR R DAL e A 31 A S AR P i
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BT MBI E 22 i S0 7. R TR N, B 25.00 g BTREIRAIIITE] “ il =% B,
TN 225.00 mL B AEFE K, 2N 5 JCHE AR B R K AR BEAR RS, WL 0.10 mL 38 B R RE T 1Y) 8 B
BREREFRIA, BN EEEE (PCA) KiFidt, Frae i sIiti)G, [IEMA 37 CRFRfs R 48h )5,
KBRS T R VE L
1.2.9 LM RERM) G &

FL T BRI S AR, PR 3.00 g YR AIVIWERRE B T TR, TR 6% E) 5 % IR 8 30 min,
FL S PHLTR 30 min, R4S T2 SIEVE RS 10 min J&, BARAE AN TS TR o BANEE SR 18]
N 120 s, FERRSE— /MR T BB SIS VR TEDE 60 s SRH HELF B S ARSI B AT 3 e T

(PCA),

RS - ST RSO E “RiE =57 PR RS . B 3.00 g TR VIR BT SERE T
20.00 mL THZSBEREF, 7E 80 ‘C NI E 5min. LIHERERE 500 ul VESFERE, 05 & 8% ¥ 8 500 rmin™, dEREET
JELE 4 85 °C . SRH iRy Multi-capillary-column, coated OV-5, i E My 40 °C, ¥I4A¥HE 5.00 mL min™ iz
47 2 min, 2~10 min NZ&MEFFZE 100 mL min™, 10~20 min JZMEFHE 150 mL min™, SUZ4THE S 20 min. E#%
RN 98 mm, EREEA 45 °C, P HIZEREE A 500 V em™, FE A 150 mL min?, PAE 4R N, (=99.999% )
VERER SR R SR GC-IMS Library Search BAF#ETHIE e, RAELEMIRIRETE (RD FIAH
XTI RN 8] A b AT UL T . SR Gallery Plot Jii SR USRI e iy, FRadid b sy I — s T RS 45K
PRGN 5, BB AE DA = (A2 BT A ORI Ve (R R B o bl . RN B 3 /M
ITRERL (n=3), S5RLITIMYE +FrrEiRE R . PCA 73 GC-IMS Bl B 58 e
1.210 HABEHHT

B R UL Ah, FEALFRRRISEE 3 AMMOLTPATREM (n=3), ZRLITHEHMERZERIR. BT 20

(ANOVA) #H T4 IRFME RIS, SR)J513E1T Duncan #6565 . >KH IBM SPSS Statistics 25 #4317 041, 78 P<
0.05 i 25 3% . KM Pearson AT IFANEE VR S R A R T R 5 SR bR IA] IR 2R M AH G
KZ, THHEARREEP) Pearson AHCREL (1), KAHXURBAIL: . H OriginPro 2021 #f5epkiez K, F{4H Correlation
Plot 4#FK; Pearson FHICHE3 BT 485 SR DL E L X 2B

2 FER5vHS
21 BREREARBERS M

211 RHEFmEAHEZE SRR A

HIE 2 Arn, BE& EEh R in, “HH=R7 FRE I BT S TR, b frhime A
2.00 g FHREEA B T HARL I (P<0.05), HkBIEs KT, YIS S & Ehaems s fm ek, e
VERE. TETAEA A R, FI, BRI A R R S T S MR, IR
M EEZER (P<0.05). FhIFINAETSCL BN Tid e W T B AR SN, AR LR BT )
LWy e B A BERAY, AT, EEE T ESET SR A SUE B (A 4 A SRR, T
R T RE S R TR E T, SEURER S S R T . SIS A B A SR TR AR,
VLIS ML MR P B 57 s i R B — BRIk, BEAh, 136 3 RN, A SRR R b T R R L
a's bHLLR N, TR LR E R (P>0.05), FUIEARFFAINTEE A, £k LIERm ™ 5 XUk SE
FRAMERE, T AU E A TR . SR BN BB MR AR5 5, i FrEh TR &)y 2.00 g
1 RE S IER R T o
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E2 RERMEN “FHE=E" BRETS (). pHE (b). 28 (c) MBHE (d) SEHNFM
Fig.2 Effects of salt addition on sensory scores (a), pH value (b), total phenolic content (c) and total flavonoid content (d) in “Three
Treasures of Lotus Pond”
E BYFR N EFERFARARAZ W GELEMER (P<0.05), MR IEFHEEATEFFLZE (P>005), THFR.
=3 RIMFNEX “FHE=F" GFMREINEN
Table 3 Effects of salt addition on the color and texture of “Three Treasures of Lotus Pond”
&% JiA
L& afh b™f& P A
1.00 68.0742.84* -2.2840.37° 10.70#.46° 51.2046.13" 77.7945.66°
150 67.7542.73 -2.5740.21° 11.08#1.69° 46.0943.63° 73.0016.07°
A HmgElg 200 65.3540.98 -23740.32° 10.1040.83° 44.3344.81° 66.9144.60°
250 6837253 -2.0740.30° 11.78#.44° 42704756 71.1647.74°
300 66.82#1.92° -2.4040.30° 10.63x.07° 50.2624.86° 82.5745.96°
i RS ARRNBFERATRRALEEZ A GFEREEEF (P<0.05), ARANEFEFAFEFTRE (P>005). TAR.
212 AR EA AT =T IR
FREE = N i R i BRI, RERBTSE ™ W BHIRRHE, PhRER. REEIARZ AR T4, il 3 7]
L BEAE RS ITERIE N, RIS KERETR BAATHEE MRS, BERERINE 4.00 g N IERETED
kB, RER AR R TRI &G QMR Y. SRR, SRS & 88 BT R
RHIZARAES, JHEARRAINEDy 4.00 g WHAZIE IR, 1T pH B ERERINERIN L2418 T FE%. mhek
B SRR KA EAER, AIYE— AR R Ak, 4 R N4k ai ey, il
PR FE T RECSR R A e M, BB A VRO R R, I Bl s iRHR s “mili =57 AR
R, AR T, SEUREIES N, R 4 WA, RREEERINEAHEAN L, a', b E¥TEEEE
F (P>0.05), UiB ERETRINEX P fhEr G QBN TR 22 3 —E5m, b 5.00 g ALEZH FnE g
MBE LR, P RE S B R B s H IR GROKRE I 9. ARTT, IZACBRAH I B PP IRT 4.00 g AbBEAL. AL, %%
FRCE ST TR SR SRR, B ERERAS IR 4.00 g 18R SR ARSI KT

TATT KP
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a b

B/ 5

2.00 3.00 4.00 5.00 6.00 2.00 3.00 4.00 5.00 6.00
BRI/ HE I/

SRS B /mg k!

2.00 3.00 4.00 5.00 6.00 2.00 3.00 4.00 5.00 6.00
EFER IR RN B g

E 3 BfEAmEST “FE=%F" BRE¥S (a). pHE (b). 2B} (c) MEREE (d) M
Fig.3 Effects of white sugar addition on sensory scores (a), pH value (b), total phenolic content (c) and total flavonoid content (d) in
“Three Treasures of Lotus Pond”
F4 AFERNEX “THE=E" GFMREHNEZN
Table 4 Effects of white sugar addition on the color and texture of “Three Treasures of Lotus Pond”
eix TRt
L& afh b™f& PH o AR
200 622841.47° 1134028 3.4020.64° 79.742451"  100.514.05°
300 64624045 1624035 53020.62° 63.34%7.58"  91.144521°
GERmElg 400 64674058 1404043° 4501088 57.93#7.61°  85.1046.33°
500 64.684058° 1.58#051° 5.1240.67° 101.28+11.62° 122.9248.78°
6.00 64.10#1.65° 22540.42° 5754055  64.299.18"  80.7846.71°
213 NI EX T E R SRR
TERTESE N TR AN e e el stz it R R A U, al il i E I E MR T RO 2, N
TR PRI TR IR . HPE 4 mTRN, BEETERTSINERIS N,  “mi =% KRE T ReT e
PGS, JRETEmENInEy 4.00 g AR mE, UGS A A T HEs ™ R B, SUeFEN, S
BREER R IERIN £ T R ES, JFE 4.00 g AR, SRS E MR R ARG E 5 TR
A . FTRER BEDTEMTE NP RE A ML, ATk RBE, IR SR AR A BN B 5 38 7 By 254
JR&E S, WD TN TR R A R BRI R, T R TG MR, Mk —
S, SRR T AR SR AR BRI E R, AR I S RO T LA SR 25 2R, &
HOME SR R, R 5 A, ARFEIEME R4 L, &'\ bl LA g R 70 53 % 5% (P>0.05),
YEFEASTRIGTEE A, SER NI it B AT SR AT R, 32 SR P AAHIAE 5 UK B 1 A P s o O
FETIH. B, ZRERCETE . S ALEEE S B, BETEmEININE Y 4.00 g 1EAJEEEIEASIRIKF-.

TALE KF
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2.00 3.00 4.00 5.00 6.00 2.00 3.00 4.00 5.00 6.00
VR IR0 /g by £ IS
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285

W 240

:3‘ 270} }‘o
e £
i 2855 | ]
) 4c
x 3

4

m

21.0
2.00 3.00 4.00 5.00 6.00 2.00 3.00 4.00 5.00 6.00

R Iy e
E 4 FRAMEST “FE=F" BRE¥S (@), pHE (b). 2B} (c) MEREE (d) M
Fig.4 Effects of starch addition on sensory scores (a), pH value (b), total phenolic content (c) and total flavonoid content (d) in “Three
Treasures of Lotus Pond”
R5 EMNINEXN “HE=ZE" BFMEAMEISMN
Table 5 Effects of starch addition on the color and texture of “Three Treasures of Lotus Pond”
&% Jr#
L& afh b™f& L AR
200 639740.39° 3704048 3574044 60.8146.35° 83.7846.91%
300 64.334#.80° 3.104.30° 427455 555246.18° 77.8748.06
Ay AnElg 400 65.2340.68° 340457 5074048 51.264533% 74.8445.74°
500 64.384043% 3354038 4.6540.49" 63.6644.97° 90.4042.42%
6.00 63134#0.94° 3024021° 3924033 63.3847.81° 88.3444.25"
2.1.4 JRIKE R FTE = E SRR 6 R R
KR g N iR i IR FAE BT 3, REsIE B A PR I . B L AURES, JER2m = i &
Ji. HIE S AL, BEERUKNERER,  “HE =57 KRBV TS GBS, fERKI Ry 2 min it
LB, RGBSR AR T 5T R G it A KIS TR ESEAS, B pH B S B A S &
BYETRES, RN —EREREERN. XAaee i TR Y5 B — K, ek e
K, BRI AT AU [, RRaRRVEBE AT RESCR YIS b, IR 2 AR e Ik, AT SR
o L B S B R 53— 7T, B RS I ORI Ak, SRR ST RISE A IR R B
T A7 H D6 AT G BUSRHHSVREAE , B B R . B13% 6 AN, R[A /K AL L, &'
b EERHARE (P>005), BHHIEARIGTERE N, bk R fhSi G B AT PR T B A 52 31—
SO, FLrP sk 2 min IS AR MEL P AN GE P SIS, 0 B B AL A R T AR S . 238 B TR
TR DR AR A BTAR R, B 78 S/ KIS 18] 2 2 min ARy JE 8 IE 2SR Bk

AL KE
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Fig.5 Effects of blanching time on sensory scores (a), pH value (b), total phenolic content (c) and total flavonoid content (d) in “Three
Treasures of Lotus Pond”
6 JKITEX “FRE=E" BIFMRMEEIFN
Table 6 Effects of blanching time on the color and texture of “Three Treasures of Lotus Pond”
&% JiA
L& afh b™& PH o AR

63.324054° 3324008 5524027° 7063884 88.8636.707
6273038 3374020° 4984035 46714383"  79.234548"
64524051° 33240.17° 52840.60° 72224320  98.6943.18
63.3840.70° 338417 5624055 64.2649.91°  94.4546.30°
6357056° 3424036° 5334054 55004021% 856645.89%

J 7K B 18] /min

A W N P O

22 EXRRER G oM

X CRIE =S GEINE . ERERINE . SRS . SR KIS TR YA T2 SR R f AT IE AR,
Bt L (3H WK =ACFIER R . ik 7 s dit, SR IER AR
x7 “THE=E" ERKFEER
Table 7 Orthogonal horizontal table for the “Three Treasures of Lotus Pond”

K 3y
AR#FmElg B G RMmElg CIEKEE/min D iRHAImE/
1 1.50 3 1 3
2 2.00 4 2 4
3 2.50 5 3 5

HEE 8 i, SIAME (A, APERINE (B). M/KKHE (O, EHREIE (D) IYANHEZE N hE
=R E PRI E IR N A>B>C>D. LURE P N — N PR PR A TR ZE 0T, & IR KP4
E 8 AB,CoDs, Horh D U EVEDME (ks=92.14) & T D, (k,=87.80), #Rifi D RIEMIMZE (R=4.34) fEJY

9
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AFF RS, BETER A IS VP ISEMRAR S BN, BIEAZiRE T Ds B S ME T RE 2 HAR R 3R A HAE
RETHE. #E—PaEaRRNERRER (B4 KM, TEMHEMEN 400 g BFEMGFRE P IERER K, 2
EiT 5009 4bF (P<0.05), [N, 4.00 g AbFRALA L& B & E T 5.00 g AAH (P<0.05), &R
T 5.00 g b3, HINRRER /KT, ART P aiEtEs s fiRe. Bk, 5550 M. SRR
JSERRIM & A, 14 DoAY, S B T 2B TN ABLCoDye XA B T2 254 A T IR
B0, PIEE IFJ 06.8241.38 4y, MIRFEIS(L 1.00%, 201 R ELAT BekA T Sk FIRAsE 1.
#x8 “fE=E" EXRKE

Table 8 Orthogonal experiment table for the “Three Treasures of Lotus Pond”

KI5 REFsaER
A B C D
1 1 1 1 1 83.50
2 1 2 2 2 90.60
3 1 3 3 3 86.80
4 2 1 2 3 96.30
5 2 2 3 1 96.80
6 2 3 1 2 88.00
7 3 1 3 2 84.80
8 3 2 1 3 93.33
9 3 3 2 1 89.50
K 26090 264.60 261.00 296.80
Ka 281.10 280.73 276.40 263.40
Ks 267.63 26430 26840 276.43
ki 86.97 88.20 87.00 89.93
k2 93.70 93.58 92.13 87.80
ks 89.21 88.10 89.47 92.14
R 6.73 5.48 513 4.34
A Ra>Rg>Rc>Rp
hFHE A;B,C,D;
2.3 MEDAHEA A FYE = E 70 & TR A
231 FbHE RN RE T
a b
28 - “ [+
28 . - L] ('1]
- A 1+C
24 v—CiC
l; 30
20 b 2 |; ‘: “'h b
4 g Ear '
E;é 2 ;E 15
g s 1 b
3 :
[ T T S S B ;
M 0 i 16 24 32 o‘u 48 :i : I‘h 24
iE Ch) I [#) (h)

6 UL TEIRANRE T
Fig.6 Simulating temperature changes in cold chain logistics
B BERUE AL TP AR R A TR AR 6 P BEE RSN B3, HiRisd (C MMiE
JERrET e, JFEE A R Buk 2 25 Chikr, MmksEizimdl (L) MATREIRAYERE 2 CHbL, S5i0EraE
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BRI 4 CAAE—EZER, TR M T UK BhREEAE S 82 A R N AR R T e . 458K
PRI AL R BB A AR FHRIRIZHIA S . TERAF I, L+l IR IR SRR, i L+C &7 T BRI
AR TSRS, C+L )T iR AR IR R AR, C+C A REYEFr 25 CAA. LIRGE KR, AAF
TN IS A BEYD IR A R B RSO, S R TR s i S B I R R IR AR A, DS SR AN R 2% A5
CRTYE =S ST R s R S0 B
232 ABEILEEYAT B Z 2 RE RS AR A AL

TS TS S SRR B R 2., FAAM M i A ) AR B, bt — DR e R B
B 7 aTH, s BAREE i (L T EEm TREEHRA (O, WIMKEAERS A SIEZsH
RS TR EIN R, Ll U E Vs, 1 C+C AR, KRR mIR R R S ™= i
W, BEVEMEONES: BN, BHUEN B, C+L 4R C+C 4B/ BB, KM%y 80 CFU/g Fl
70 CFU/g, THAhAbERLALA ARG H v, (R THEMIBR (<10 CFU/g). C+L 41Mi1 C+C AT T Hiis i EL,
TR FHARES S A R ZH VR S B TR PR, R BHIE i B (UL R 25 A P R il = it AR /K. 5HIR
B, AEESHREE T — e R AR AR, T PR S SR I R A B AR 5 G AU o

100

80 -

N\

X

60
R

I

®
40

DI L C 1+ +C  CH cC
Bt iR A FE 4L

7 HER0SHIRD “HEZE MREES
Fig.7 Sensory evaluation of the “Three Treasures of Lotus Pond” in simulated cold chain logistics
R RHEIRT “HE=E" NEEDH

Table 9 Total colony count of “Three Treasures of Lotus Pond” in simulated cold chain logistics

283 i % % 40J(CFUIg)
D1 <10
L <10
C <10

L+L <10

L+C <10

c+L 80

Cc+C 70

A A E ERKTARIRA, 2 <10 CFU/g & w.
233 BIAHEMATY “MEZR” EHEFIRTA

SR AL S A A T BRI RSy, SN AU R AR A S R T, ARG AR B AR
WA= i IR AR . A0IE] 8 o, & BOA FHR AL “rtf =7 S AL Bl & B A W s, v
Bzl (L BRI S B TR IREmA (©, AAFEFEEZER (P<0.05), Liu %P it il
A BER AR TR, IR R SRS S WAL S & T . URIRIS A TE e frfr . R
Rl B SRR A AR R PR 0% AR BRI BL Ll 4Ly & Belem, B2 m AR A1
(P<<0.05), C+C MMk EEME BRI ES, i LtL A8 E /T HANEL], RYESA 5
TRV AR “ A =7 YRR SR TR S B R B IR T AR BT v RE St S AL RS L,
IRV B SR BS T A, SEOEVE R PR B B AL SRR AN R A B R AR
I e, XA S IX IR R R A BAN A R AN TR MEZ AT 5% S S IRCE VPN SR AT
K, C+C HAAMCRI BRSNS ST & &, FINECE TP iR A, U WS PR B T RE-55 7 il i 5 9322 4
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fE—ER R Zil, WSS EREW SORER IR “Ali =57 P AL DR & 5, SRR
fib it SRR ) B it

40

B |

354 @ ‘E :'Z‘ﬁ"l?]

30

mg-kg!)
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(81K PR (S L

8 RELCHEIRT “FHE=E" DEE RETE

Fig.8 Changes in total phenols and total flavonoids in the “Three Treasures of Lotus Pond” during simulated cold chain logistics
234 ARINAEEYNR T HTIE = ZOARLE R i T

KT A GC-IMS BRI AN FIRIABEL AT T “Fil =57 RN R AT 200, Heh T
BRI AR S HOLR 1079, f BT8R PCA X T4 S nl i, PCL I PC2 R STk RIAF] 92.70%, AN
ACPRAAAE AL ATEE PCA TR HrsEBa RX 7y, UEHIIRLRE SR 1AL RENS 5 1™ it A I RO I A A TR
GC-IMS Frill g5 R Bor, BRI FE PSRN 42 PRI, SetESeifilT 25 F, FEM
TR, WS, WK, BR3S. MEMESS. wiiiRAREIt. Hrk, BRI PR EE E R MR
BB RREYIEE AR, @B, A BEALT B & B THRIS AL, W VIRIRIASAT B T
RIERNE R B, 57 i JFA UARNFIE . Rr SR B R BEH (LA SRR Y B IR = KT
TR AC PRAH P o B i IR ORISR BTG I, T RE S RETH (e AR o SE A ok

RS2 A P B B R P RUSR RS 2 —, FOI RS R SR Rt R RO, AR T 6 o P
KR EOSECRE . PR, FREFIZERE, Hrh ORIl £IE R 2RIE T AMERRITRR A . Rri
B, C+C U ClE, PEls, Tl MORFHRES B3N, 1 L+l 8 B8, UIBHH IR A1 rT AR IEE AR B A R
B2, ARSI SN, AR S XK 5. CAWETERM, LRIy T g e i At i, e
AT IR SR A WSS R MR s bk, IR REAR kT RS g R SRR P LA S R A
BRI R84, FEUNRIACERZE 3 /345 R A o S IR [F78 AL o

RS FNBRZR P AR S e 1 AN IR BE SR A UK R BT 22 57 o i TRAC B2 A R 2 B SR A  &  T,
R SR LT e S B NG 9 DL S E R A O [N, ANFRRBE SR T IEJERE . IR RRAE KR 14
IR AT AT A e 22 0, NI R M R MR TR 3 A R, A REIZIRSS A A TR S REI A AL
IRGEAE RN IR T I FEARAT S ORI AR, 4ERE “rrsl =7 MIRIREREE: T sk SO iR S &
BEEM SR RIR 538, B A T B2 . e — BB A YRR AR A SR AR Z (IR AR
XHERE BEVF BEEEG BBy, SR O R R T 1 Pearson AHSCPE T, SR 40IE 11 i
Ao MR, RESEEVED . SBAESRI RS, T SEvE S RIEAR, UHR AT s T R e
YIRS M50, INTTRER P SRR 5. BT Sy, SOOI IR, SRS B R K,
RN ORERF R A 2 1 T RESE [RIREMENVE 98 B2 . IR, BB AR S TR AU VR
RO BN, Hrh O 5IRERIEAR, MEREErRIHER, WUIRFEH IR IR A TS S
PR RIR AR . AR e — s 0 A B R P IR EE AR . UK TR ORER . R
WRARFIE SRR WS (R OC AR, NRRSLTIH] “Arsfi =527 VRESRAF I IV b T L TEAN AR R ER L 7 B AR AR
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Fig.9 Electronic nose detection of volatile aroma compounds in “Three Treasures of Lotus Pond” during simulated cold chain logistics
7Z: (a) PCA R4 HHE; (b) EMME (LAs5 Cca) wTRFAE;

(c) HFEME (L+L. L+C. C+L. C+C4) &.F

£FRA,
* 10 BT RMERRERTAER
Table 10 Performance table of electronic nose sensor

RE "F LR M EeASE

S1 sAIR IR Ak, MESF

S2 SERIREF B OBE. FTR. TS
S3 e AR, EAAKF

sS4 B BALE, HALHF

S5 S REMR AR, BEF

S6 BRER % VR, AR, LB, AAF
S7 FARIR IR T O A A Fhe. RAR. BAF
S8 RALA BRALA

S9 Yore, BER. BESF WX, V. K. B ARE
S10 AR, BEMR AAF

s11 BoE, —RMEEF BALK, WBE

S12 o ALEA BICA, FlF

S13 T3 RS T4

S14 $HEI IR iz, A, BEF
s15 xtA RE MR AR RA, BEE

S16 XERRAC A A BALE, HALHF

817 SAEYR AAFSEAMR

. ) S FAEBRE, BBRE, RIBEE, AMBEE, BE, BE, ZBATAEN,

s18 WA, R AUER

ThE, ez, REE
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Fig.10 GC-IMS two-dimensional (a), three-dimensional (b), PCA score plot (c), and fingerprint (d) of the “Three Treasures of Lotus
Pond” under simulated cold chain logistics
A d B LAREHR; C WIREME, LLAMEMGARAEEM, L+COMEM+FRAEL; CHLFREMHARAE
20; C+CU M+ B4,
=11 BT GC-IMS piRHUSHEIR D “THE=F" PELMLEIRIRS]
Table 11 Identification of volatile compounds in the “Three Treasures of Lotus Pond” during simulated cold-chain logistics via GC-IMS

2 AR CAS 7 2 FX 2TE (GEELE S REAESs  ARSTEAS A TE]/ms
1-Nonanol C143088 CoH00 1443 1157.0 841.385 15558
Nonanal C124196 CoH10 142.2 1086.1 635.226 14878
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2-Nonanone
1-hexanol-2-ethyl
3-Hexen-1-ol
2,3-pentanedione(M)
3-methylbutyl acetate(M)
2,3-pentanedione(D)
2,5-Dimethylpyrazine
Hexanal(M)
Linalool
2,6-Dimethylpyrazine
Styrene
2-heptanone
alpha-Pinene
Heptanal(M)
Hexanal(D)

(2)- 3-Hexen-1-ol(M)
2-Hexanone(M)
5-nonanone
2-Methylpyrazine(M)
1-Octanol
n-Nonanal
Benzaldehyde
2-Octanone
2-methylpyrazine(D)
Heptanal(D)
(2)-3-Hexenol-ol(D)
Pentanal
ethyl propionate
2-Hexanone(D)
3-methylbutyl acetate(D)

CB821556
C104767
C928961
C600146
C123922
C600146
C123320
C66251
C78706
C108509
C100425
C110430
C80568
Cl11717
C66251
C928961
C591786
C502567
C109080
C111875
C124196
C100527
C111137
C109080
Cl11717
C928961
C110623
C105373
C591786
C123922

CoHy50
CgH150
CeH1.0
CsHgO;,
C7HwO,
CsHg0;,
CeHsN,
CeH1.0
C1oH1s0
CeHsN,
CgHs
C;H,,0
CioHis
C;H,,0
CeH120
CeH120
CeH120
CgHy150
CsHgN,
CgHy150
CgHy150
C;HsO
CgHy160
CsHgN,
C;H,,0
CeH120
CsH,00
CsH1o0,
CeH120
C/H1,0,

142.2
130.2
100.2
100.1
130.2
100.1
108.1
100.2
154.3
108.1
104.2
114.2
136.2
114.2
100.2
100.2
100.2
142.2
94.1
130.2
142.2
106.1
128.2
94.1
114.2
100.2
86.1
102.1
100.2
130.2

1087.0
1002.3
847.0
704.0
845.7
704.0
872.0
816.8
1089.6
897.0
887.1
901.6
935.7
934.0
802.7
838.1
791.6
1072.7
844.6
1075.1
1105.8
957.3
992.6
821.7
904.6
848.2
708.7
690.7
799.1
844.3

637.803
409.740
182.966
67.002
181.677
67.002
208.736
154.619
645.534
237.082
225.486
242.523
288.061
285.664
142.036
174.306
132.442
596.270
180.647
603.061
692.705
321.904
388.455
159.073
246.237
184.133
69.731
59.925
138.945
180.389

1.399 2
14270
1.4888
1.284 4
13102
12258
11260
1.253 6
1.6817
15222
1.3934
12796
12706
1.3584
12415
1.2406
1.206 6
13323
1.0523
14371
14400
11285
1.3039
11198
1.3489
1.2343
11961
11704
11729
13297

iE: M D 2R A TR — b /2 GC-IMS A2l & 7 44 AR B F o — JBAK B T,
R 12 EHUSHEMIR AR IRAS “THE=E" NELAMAYEMESE

Table 12 Relative contents of volatile compounds in the “Three Treasures of Lotus Pond” across different treatment groups under

simulated cold chain logistics

W14 7 L C L+L C+L L+C C+C
1-Nonanol 1.5140.10° 1.2740.14° 1.2340.17° 1474022 0.4340.04° 0.4340.03°
Nonanal 1.9340.11° 1.0840.12° 1.0140.02° 1.2040.17° 0.2940.03° 1.3040.43"
2-Nonanone 1.5140.06° 0.6940.11% 0.82:40.14™ 1.1840.30% 0.28:0.00° 0.4740.06%
1-hexanol-2-ethyl 2.3740.05% 1.1840.10° 0.95:40.16" 1.2140.09 0.5340.03° 0.2840.03°
3-Hexen-1-ol 5.51-4).66% 7.0340.31% 5.94:40.97° 7.7042.03 0.2840.01° 0.7240.13°
2,3-pentanedione(M) 4.9740.25% 6.2040.40° 4.9340.83% 4.78+1.58% 11.2440 45° 2.6840.43"
3-methylbutyl acetate 5.490 59% 6.6240.44% 7.794.10% 9.06-.20° 13.761.16° 4.80+1.94%
2,5-Dimethylpyrazine 4.1140.19% 4.2340.16® 3.094.15° 3.234.05% 2.1040.15° 6.16:41.29°
2,3-pentanedione(D) 18.774.95% 15.89+42.08* 20.83:41.56" 6.92-40.82¢ 17.3740.71%¢ 14.0140.67°
Hexanal(M) 1.0740.06° 1.2140.20° 1.1940.39° 1.2540.29° 0.2740.01° 0.2740.04°

16



MK EEBHE Modern Food Science and Technology 2027, Vol.43, No.8

Linalool 7.34.21% 9.44:11 87" 6.24:41.89% 5.3440.30° 1.5040.20° 0.5840.08°
2,6-Dimethylpyrazine 1.9140.03 1.5340.10 1.0540.18 2.0740.43 1.4540.64 1.5140.31
Styrene 1.280.09* 1.080.08* 1.1940.12° 2.0040.14% 7.6340.30° 3.314.21°
2-heptanone 0.5540.03" 0.5140.06° 0.4840.07° 0.7840.02° 3.1340.24° 1.7440.15°
alpha-Pinene 0.7140.06% 0.5820.05°% 0.5330.03° 0.7330.08° 1.7240.25 1.1740.44%
Heptanal (M) 1.1740.09%° 0.80=0.05% 0.6140.09° 1.4740.09° 2.100.34¢ 1.3140.28%
Hexanal(D) 0.8840.03° 0.4840.03 0.7840.13° 1.3020.14% 4.0440.35° 5.36+1.40°
(2)- 3-Hexen-1-ol 1.0940.10° 1.1040.05% 1.4640.34% 1.9540.40™ 1.6040.03% 2.4440.17°
2-Hexanone(M) 1.6440.86° 1.3640.47° 0.830.04° 0.9840.13" 5.3640.85" 8.6542.28"
5-nonanone 0.3440.02° 0.42490.05° 0.480.07° 0.6340.18° 0.2740.03* 4.6740.84°
2-Methylpyrazine(M) 1.2640.12° 1.6740.32% 1.6240.5 3.68:.22™ 2.1040.10% 5.4841.02°
1-Octanol 0.2840.01% 0.3340.02® 0.3640.04% 0.4740.07° 0.2740.02° 1.3140.10°
n-Nonanal 0.3840.01° 0.4540,03 0.460.08° 0.60.16° 0.9940.10° 1.1940.12°
Benzaldehyde 2.06:40.12% 1.4026.13% 1.5240.26° 418434 3.2640.30° 6.6940.22°
2-Octanone 0.4140.03 0.3640.00° 0.440.09° 0.670.22° 1.2940.09° 0.8740.32%
2-methylpyrazine(D) 9.8840.85% 11.4240.46° 12.61:4.29° 12.0040.56° 2.4140.32° 6.7743.00%
Heptanal(D) 5.3040.56° 5.9440.31° 4.454).88° 5.81:H.44° 0.6140.17° 7.174.04°
Pentanal 3474.17° 1.1340.14° 1.0440.16° 2.3930.68% 0.2740.05° 2.0840.82%
ethyl propionate 9.8540,08% 10.6640.10° 12544106 8.2942.09° 9.0140.48° 3.7340.90°
2-Hexanone(D) 2.9940.15 3.9340.03 3.5340.35 6.6543.35 4.4540.25 2.874.38
i ) ¢

WEH IR ‘. gtli)
L ....\’Z‘&QI‘M 0.6
- 000® =
[ 88 . . ..]]cmmul
lo.2
Hexanal ‘ ’ 7"; ...ualdchyde
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Fig. 11 Pearson correlation analysis between quality indicators and key volatile flavor compounds of the “Three Treasures of Lotus

P
E
=

1

Pond” under simulated cold chain logistics
E: RERTHRERKN), o R FEMK, BEATRAAK; BERDNEATHRARE; *RTAK AT ZHKF (P<0.05).

3 g

AH T B R A RS I T Al = TN L2, HERIT T ER AR AR N IR
A, SERE, ‘M=% BN L LZSHOvE RIS 200 g¢ EFERNE 4.00 g. WERRIIE
4.00g. Jg7KIE] 2 min, HEZEAEE R E TR IAS] 96.82 7). ARAABEYIIRITFE R I, IR SRR T i =
TR E BN R ARSI A AR EAIET, RER MR YA B A B N 20.4740.70 mg kg™t Al
24274052 mg kg?, BURIRIS LS A IR LY 15.7440.60 mg kg™ A1 19.8140.39 mg kg™ 43 HIHEE T 30.05%1
2251%. HLF-5A GC-IMS 73 Hr2BH, /A Rl AL EE 2 5o = i A PR U ZE A, AR AR AR R 3B # PR AU
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