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Effect of 1-Methylcyclopropene Fumigation on Preservation of
Broccoli and Principal Component Analysis

ZENG Yuan, HAN Xinru, XUE Siyue, BAI Yanchang, JIANG Li"

(College of Food Science and Technology, Nanjing Agricultural Univercity, Nanjing 210095, China)

Abstract: In order to solve the problem that broccoli could not be precooled in time, 1 pL/L 1-methylcyclopropene (1-
MCP) was used to treat broccoli at 20+£2 °C for 6 h. The effects of 1-MCP on the preservation of broccoli were studied by
measuring the basic physiological and biochemical indexes and related antioxidant enzyme activities. The results showed
that 1-MCP treatment could significantly improve the sensory quality of broccoli during one day storage, inhibit the
respiratory intensity, maintain a higher total glucosinolates content, and improve the activities of POD, APX and SOD. 1-
MCP treatment and precooling and cold storage treatment stimulated H,0O, production and inhibited CAT activity. The
results of principal component analysis showed that color difference a’, respiratory intensity, hydrogen peroxide content,
glucosinolates content and CAT activity were the key indexes in broccoli preservation. This study showed that 1-MCP
treatment could achieve good preservation effect immediately after the broccoli was harvested, which could play a
substitute role when it could not be precooled in time. It would provide a theoretical basis for the cold chain transportation
and industrialization of broccoli.
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T 24 h fEBR & kAR Ak, R LR AT E,
FR ER P 22 A A = K, (H SR T M P 1 55 AR
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HAir, 1-H ZIR T 4 (1-Methylcyclopropene, 1-
MCP) B\ iZiz H TR R G W et b . BB
HAEM FERJF 1 pL/L1-MCP 25 BEFE RS2 24 h,
R BRAEN SR AT DA Ik 25 R A R R S B R R
Gamrasni D 28 P! J] 1-MCP 4bBEEG, FeT00 T4
2R RIRFSE R E, 1-MCP ARFEEZ N T &R AEY)
G A AR K-, DTSR IR 2065 1 A2 i 5 4
FHo FEIRGEC W5 280, Hi T 1-MCP A FRAEAT %K
HEZZVG = A 2, AR5 T SR 3R B L, FAIK T R i
B, SEZAEBR Ak, P TP AR . AR
ST K ER, 1-MCP b B3 i< P8 F0opi A QI o g e
IRV AT SRR HE 22 PG~ AR 2, TR T 2K
A S e =B S PN S Sy NI E KT 5 = 0] 5
HELZ VY = AE ) B Ak .

5T, 1-MCP S ZEANFE7EH IR A R R
U™, TR 1-MCP AERS K i Fii AN i 3Heqs,
TS A5 A) LU SR S5 7 B 1-MCP AP &5 Y
2SR ST, DAHYRRNE 2 AER 5 JCIR M BE Y
(o] 5, HLAT BRI . A SCHRGE S RS R S 1-
MCP &b (7 A= B A AR AR A, BE o Le g, 383+ 1-
MCP ZbHEXFR G 3 d NP 2 FE PR B, DI R
VY 2B IS H A A SR AR
1 MR5RE%
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A5 RS Fl; TGL 16M HaUm sl R ol K
VOAE SR IFRE I 25 LA BRA ]

12 SERHEE

1.2.1 BPRHAEEE R S8 PY 22 AERENL S 0 — 41, B

ZH 30 L, 25 —4H N 1-MCP &b BH4H, R 1 uL/L®!
) 1-MCP 7E 20+2 °C 7514 T % 1575 6 h, FE7%
SCEE R BT IR CRIEFE T 202 °C JiCE; 25 4 M
B+ AL A, SRS S B 01 °C T 18 h J5 & F
4=1 °C UKFEARAT 3 48 =4 XTI (CKO4H, BTk
PRIRFE T 2042 °C & . 4351 0. 1. 2. 3 d BT
WX AR SCFE AR, BURETRAN A Ph 22 B AEER, MW AR R
BT —20+2 °C UKEEFRAT o

1.2.2 JREVFETE SRAHSKREBEEN ik, XA
AR AN [ 7588 R P 2248, MABEE L A, 48
RS L EIE O . 46T RORE BE T T TR E
PAIFPESY N 9 43, KERAE] 0.1, B IR TS (E, 5 4
T LA 8 RV 2 AR IAR LR Sl . BT
PRUAEMWL R 1, PEELE R 10 45 & B I P2 5L
g

1.2.3 WPUZSR IR T A ) A P 2SR S
FogEtih, SUACE 1 h 5, BRSS9 GNRE .
1.2.4 @2 AR A0, F- RS E
HrRIANPUJE S 5 A A, I O .

1.2.5 PReEZgEErmia Sk FEBEE Jrik, 7
InEE, LA 95% Z AR - L BER -G BRE, FR
BUBBSEERESS 2 g, JIT 3~5 mL 95% 2B, iR, T 4 °C.
12000 xg B0y FH VB, FH 95% JEEZEE] 10 mL,
LR 2 A, A GG EE T 665, 649 nm
AW WG RE . SRR E IR A C=C+
Cyp» C,=13.95A 445 1= 6-88A410 nm» Co=24.96A¢40 1™
7.32A465 nm(Ca MIFERZR a & ik, C, MIHERZE b &
HOLERLL mg/g FTono

1.2.6 HEAAASTEINE SRS Jridk, 7R
BUBERERES, 0.5 g, ] 5 mL PYEREAE, T 4 °C. 10000
xg B0 15 min. WHX 1 mL & #, N A 0.1 mL
20% FRAREKFT 0.2 mL ¥ 247K, T° 25°C )< 10 min
JE B2 YEW, ULBEHIN 2 mL PIBR, {210, BR
ULEENIA 3 mL 2 mol/L MIRRER, ZFUTTE SE 1At )a
FEAZE 10 mL, B FIEWIMRE 415 nm T WOGHE, %
[FIFE R T HIE HO, FRUERTZR, FZ4n) H,O0, & it
FR A Clumol/g-Fy )=(nxV)/(mxVs), n (umol) &
PRl RS H,0, WeEE, V(mL) AR S HEEOR B A
L, Vg (mL) Az Bt FH R BORAAR L, m(g) M i
JoHE

1.2.7 S AP E SRR J7 ik i

1 VAR EEERRE
Table 1 Sensory evaluation standard of broccoli
Wy % Ak HLURTS JE A TERE PR AL

9 AEBRAL P fip ot LEZERE RS BRI ZVE To R TERETIFIK

7 T 10% 4677 R AEBRA LB, W R IE 5% AEH HHBUBE A B 10% L35 TP
5 10%~30% L7545 PRV AEIROMERS R O S 5%~10%AE 75 I BBE AT 10%~30%7£35 TT ik
3 30%~50% 6.2 7E 1 BRIk TEBRZE S T 50% 10%~20% 1575 I BLHERT 30%~50%4EEE T HL
1 I 50% 467 A B g JB SRk TEBR AR BT 20% 6 H HIBE S L 50% A6 FEIK
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2B, FHEER bb ey . BRI O 0.5 g BETEARE
fi, PUEAE I 2 mL ZRAF /K, XFREAE D 2 mL 40% &
A B, BB 20 min S5, DU 52 A ORI RE AR ) B
40% AL PEZE 10 mL. o430 RA)5, 10000 xg B
> 15 min, ;L EERZE 50 mL &, il 5 mL 28
KR S), IN A 5 mL 21.9% Z.BREE % W 1 5 mL
10.6% W R FALSI AW, E X B2 RS 5 E
30 min, FHIEACTVE, JIrASAE SRR A FH o METMITR R
I R TSRS 1 mL I A KIS IRAE
A 4 mL B -7 R A MR 2T, WK 10 min, & &)
10 min J&, ME 620 nm FIOGIH. FAHE i tilfE
AP UE I ZR, AR SO N WG B T
T (mg), FARYERE S BT i AR A3 e R i SR
w(mg/g) o

1.2.8 AL YIERIEENE  SRFTEEIRE AN,
RE 470 nm ANRSGAE . FREUEIFRE 0.5 g, ILA 5 mL
BERANSE IR, YRS, T 4 °C. 10000 xg B5.0> 15 mins
B -3E# 0.05 mL, ilA 3 mL POD JW#%(100 mmol/L
pH6.0 B2 5% ik +0.56 mL B AE+0.38 mL 30%
AL ED, B 1 min 05% 570 nm N ROGIH, ZELE
i05% 3~5 min. ARRSH4PIROGIEAR 1L 0.01 Jy— [iff
1% J1 A, G5 R RR A Umin' g Fw,

1.2.9 HEAAEEMENE  SROFE S 7k,
MIXE 240 nm 4B SG1H . FREUVEEFESS 0.5 g, ITA
6 mLBiMRZZ Wik, IR 4], T 4 °C. 10000 xg &5 .0»
15 min. B9 0.05 mL, fiLA 1.7 mL Z&#/K. 1 mL
Tris-HCL,25 °C 7K¥# 3 min, FIHILA 0.2 mL 200 mmol/L
T EEALE, MIERTINA 0.05 mL %, MI5E 240 nm
TWSGIEAR L, R 30 s M2 —UR, LY 3 min,
DLARS3 4 SCEAR L 0.01 S— NG J1 2007, 455
2754 U'min '-g "“Fw,

1.2.10 HodRiipRs E A BEHNE 218 Nakano
ZEW) Tk, MIRE 290 nm AWK S'GAE . FREUES R AL i
0.5 g, il A 6 mL 50mmol/L pH7.0 PBS Z& ik, 1R
4], F 4 °C . 4000 r/min 50> 10 min, B FIE# 0.1 mL,
JNA 1.4 mL APX JZ i # (150 mmol/L PBS % ik
+0.3 mmol/L $TIRMLAR+0.06 mmol/L i &b &), =
& R BELEN 3 min, 48 30 s ig35—¥K 290 nm 4b
FefH . LIRS GEARfk 0.01 S —-Tifg i ) 5
I, GERFIR N U-min™! ~g7l ‘Fw,

1.2.11 AL B ARSI 2 SR 200 P s
Uel DI NBT SGAbiR A 50% h—4~ B hG
BANTOT ) FREUBERERE S 0.5 g, A 5 mL PBS 221
W, T 4 °C. 12000 xg .0 30 min, BU_EIEW A
MEE AT HEAE S 1.7 ml 50 mmol/L BEHRZE vl
#,0.3 mL 130 mmol/L MET ¥5¥#&, 0.3 mL 750 umol/L
NBT #i#4,0.3 mL 100 umol/L EDTA-Na, ¥, 0.3 ml
20 pmol/L #Z ¥ Z W, M0 0.1 ml Filgk, X7 &
B R AAE . RS | SO IAE B T rE Ak,
HAB A4 H T 4000 1x HYGKT W 15 min Ji, 57D

B, BT RS AR LRV, T 560 nm AR RE W7 SGAE
1.3 B
P 2H S BB PE B A2 =R, R AR EPE R FH Excel
2013 4788353 Hr, R Origin Pro2018 ARAAEK,
SR SPSS23 A #EFT I Al 4343 HT (P<0.05 AR R
EEZESR, P<0.01 IRE EZER) .
2 HBRESH
2.1 ARAEFRNE =T EHRE RN
BBV AT DL B H PR AL FEXT P 24 4
ST IEEIR . AN 1 TR, TR R A BR DL AL 1-
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BB N B (P<0.05) ., 5 CK 4 Eh%, 1-MCP
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Fig.1 Different treatments on sensory quality of broccoli
TE: *FR 1-MCP ALHIEH 5 CK 4L RAT 25 5+

(P<0.05)

w

2.2 AEAIEF T = TERFIR 32 E A 220

PO 22 AEAERJ5 PF W AE I E %, DR P W 5 3 e
MR AR EZFE PR . B 2 s, e 1 d A,
T+ AL K, 1-MCP A FHEA I S5 ARG T P 22 48
P4 T 2 58 5 (P<0.05) . {H 2d PAJS 1-MCP 4b B 5
CK i ZEM2E5 . 5 CK 4HEL, 1-MCP 4bFFE
ZF T P AEPTI IR R R B, 7E 1 d LA HENS A R
v PG 22 S I 3 174 7 B

250 —=— CK
T —— THAHA
T_E:D 200 L —— 1-MCP
=
£
S 150+
<
=
= 100 F
=
jond
50 , , ; ,
0 1 2 3

TE RG] (d)
B 2 AS[RIALBEXT P 22 R0 555 2 %) 52 )

Fig.2 Different treatments on respiratory intensity of broccoli
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Fig.3 Different treatments on color difference
(a’, b") of broccoli
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Fig.4 Different treatments on chlorophyll content of broccoli
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Fig.5 Different treatments on hydrogen peroxide

content in broccoli
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Fig.6 Different treatments on glucosinolates content in broccoli
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Fig.7 Different treatments on peroxidase activity of broccoli
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Fig.8 Different treatments on catalase activity of broccoli
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Fig.9 Different treatments on ascorbate peroxidase
activity of broccoli
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AL, SR JE PE 2249 SOD WP SE TS R E#
P, 1-MCP 4 AT 3T SOD & MERIHE &, 7EI s
1dHE R E 225 (P<0.05) ., HIL, 78l it SOD
YERTE K A 3 S5k e b, 1-MCP 2B
R+ TR T
2.11 Pearson XM TR ERD ST

XTG4 10 FRERAEFERR: o (X)) b7(X,) . PFI
BRI (X)) HEREE (X)) . Hy0,(Xs) | BRACHI AbETT
(Xg) « CAT(X,) . POD(Xg) . APX(X,) . SOD
(X,0)#17T Pearson #HICHH: 4387 M E o3 4347, 45
W2, 23, K 11,
2.11.1 Pearson FHMESM T R 2, XAS[FEIALEELZH
FIPH 2248 10 T AL 45 AR EAT Pearson AHCHE 4T,
Z5RUNT: o MBS b EE 3 FAHSE (P<0.05),
Y aME S TUE BN, DY ERR/INET, P 22 AR 2
Lk, PPIERE S APX W PEE B A (P<0.05),
Z ] APX 1T AT RN TG PR AU IR R, Db
AR SE AR, SRR B LYoz T P4,
JEZEVG 22BN 2P, SRR B R S U AP
BB A B IEAH A (P<0.01), FERAIE 1 P4 22 fE 10 B
ACFRBE AT LA W & i8R 43S IR o i R AE Ot . it
SE TS CAT IR B EFMAHE(P<0.05), CAT
WEPERG N, AT DU PSR TS 5, V8 2 R 45
EU AR E— R LN T SR ZR AR S Y
WP, NPT MR R . AN SRS
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222 10 FpINEFEBRAY Pearson AHICME S HT

Table 2 Pearson correlation analysis of 10 measurement indexes

Bzt a b IR 5 2 MR H,0, i CATI T PODiF APXJE SODJii 1
a 1.000
b -0.796" 1.000
R 3R -0.375 0.521 1.000
HaRR -0.293 -0.181 -0.589 1.000
H,0, 0.605 -0.177 -0.126 —0.459 1.000
B -0.225 -0.102 —0.567 0.914” -0.286 1.000
CATIFEM: 0.287 0.001 0.595 —0.784" 0.090 -0.763" 1.000
POD{& -0.213 0.265 0.306 —0.444 —0.009 -0.689" 0.220 1.000
APXIE 1 0.515 -0.406 -0.756" 0.242 0.360 0.275 -0.346 —0.400 1.000
SODIf P 0.215 -0.059 0.328 —0.487 0.535 —0.566 0.385 0.275 0.016 1.000

H: *FOR A WA (P<0.05) 5 ** 2R HAG 25 A 56 M (P<0.01) .

23 R
Table 3 Component matrix
%
1 2 3
X4 0.007 0.947 -0.275
X, 0.312 -0.714 0.435
X5 0.790 0.433 —0.148
Xy —-0.903 -0.279 0.014
X 0.233 0.736 0.458
X -0.932 —-0.221 —0.003
X, 0.795 0.186 —0.482
Xg 0.618 —0.187 0.314
Xy —0.526 0.653 0.263
X0 0.583 0.410 0.366
|
1 |
g |
“ 0 \
9 i
-
®)
&1
L 2
2 1 N
0 Aol
0 E
1)01 o 1 ] q'o,q
-90/0) 27> QC @ Scores
—» Loadings
11 P02 AEHAE S b PCA ]
Fig.11 PCA chart of broccoli physical and chemical indexes

CAT MM POD (&P 5 i 25 51 A0 5C (P<0.05),
SRV 2 AEAE U a], AR VR S IR AN WAL R,
AR T E A P e o

2.11.2 FERGHHHT X 10 FPEEER SR o (X))
b (X,) . FEIGERIE (X)) . ML ER(X,) . Hy0,(Xs) | it
RAGEETF (X)) . CAT(X,) . POD(X) . APX(X,) .
SOD(X, o) #EAT 5353 Hr, FERSF WIE 11, FRAERE
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