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Quality evaluation of fresh-cutting broccoli under different essential oil

treatments based on principal component analysis
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quality of fresh-cutting broccoli were analyzed by principal
component analysis (PCA) method in this study. An assessment
model was established to screen the best essential oil treatment. 3
principal components were screened out through principal component
analysis which accounted for 86.462% of the total variance. Frist
principal component reflect the information of the total number of
colonies, respiration intensity, weight loss rate, VC content, chloro-
phyll content, aroma score and browning degree score. The second
one used to obtain he information of the total flavonoids, PPO and
POD. The third one reflected the information of the total phenolic.
The results showed that the quality score of fresh cut broccoli treated
with different essential oils was the highest (0.34) in the cinnamon
group (2 d), as to effectively delayed the decline of chlorophyll, vita-
min C, maintaining a high total phenol and total flavonoids. Thus,

the cinnamon oil was conductive to fresh-cutting broccoli preserva-

tion.
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TG 22 76 (brassica oleracea L. var.italica ) N4 G386 .
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Xof U1 L 0 i BT 1 0 TR AR 5 © A W R il xR R A
Y5 . Azarakhsh 07 B 58 T K [ BR 4 W (0.1%,
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8 I REE R Tl o 2 R T R T 4 AR 5 o A
Xt B BT P AT ok Ak R e R s R RS M RAG B TR B A
BATMRIE R 5 AR R P R I AR Y. B TR
T A 0L P T DDV 22 4B A

F 85> 43 ¥ (Principal Component Analysis, PCA) J2& i
o 3 A AR A 2 A Al R D BULAS RS B R WL 1 2
BTGB AALE B 0 B R B T A L H
il i R A 2R F PCA 2387 V8 22 16 & BT i 08 .

50 H A 43 88 4 Ak Y 7Y 22 2% R L (NCBI & 5t 5
MF040794) 3 e #% 160 1 J& B 1 (Alternaria.spp) » 5 x| ="
MIBFFE 45 3 — B0, 3% 24 b5 BTG 22 A6 U0 1 ™ A AR L AR
BRI B A 1 32 T R B UV 22 A SRR A
W] o S A A T 36 i B A R Vil T RS D R PR A
T T BOR B L X AY B /) 23 B (Minimum Fungi-
cidal Concentration, MFC) 43 5| & 0.60,0.60,0.15 pL/mL,
BRIt A 30 3 — 25 BF 5 A8 W RS i X & 1 00 2% 26 1Y) £ B 30
S DUIA 6 1 7Y 22 46 R 57 4 b pE R T 3 Bt — e 3
WA
1 MRS ik
1.1 #HEN=H
L1 A iR
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PR VB R W A AL 23 4l A s B e A TR
FAARE 3 AT 2 AL R E R AR A .

FEAS TR A
L KB bR Y : Varioskan flash &Y, 2% [ Thermo Fisher
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AN al T4y 6 BE 3. UV-1800PC Y, |- ¥ 35 1% 3k X 8%
ARAH

1R R R B ML - X3R A, 35 [F Thermo Fisher Scientific
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BN XU A TAF & SW-CI-IF B, 35 M ik T
YNEIP
L2 FHiE
120 RRIARIT SRR B ALY (8RR T

AN NI A B P 22 4 )40 AR 5 em A2 A7 1O AEER
s i B RS T 7 W C0.60 uL/mL 2k F KS AL 0.60 uL/mlL
A 0,15 uL/mL A K D 5 BRI 12 10 (g/
mL) Tk 2 min, T8 T A T R ¥R PE {5 6 18
LR 0.021 mm)fL%% 45854 50 g, L6 1 /K T o 6 8 1) 7
JE BRI T (150.5) C R 43 2 d BEHLAIR 2 4% .
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BR AL T H 5 AT OB HE TG 3 2 5 DO o 9 0 5
SRR . 5% SCHRD25 13T B0 B VA BRI 1.
PRGN 10 4 28304l 35 0 5l 2 2 SR
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IR TR
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Table 1 Standard of sensory evaluation
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(5) Ve E{EKE SEHM o PRI R R T PR
243 nm AL H G BE L R BT ML BR B it 22 1 s v il 2%

(6) Z Wy AL (Polyphenol Oxidase, PPO) Fl3id & L)
fiff (Peroxidase, POD) 1 ¥ (1l 2 . 2 & 8 B0 10 iy 43

JEEIF BB, 2 BIAE K 470,420 nm 29 OD
{H -0 30 s IC 3 — B E PR 6 D Bids . ER

(7 J & B DN A2 - 52 10 e VT 25057 1 48 bR 32 . 9F
FAEAE o HERR AR 2 g BERL L N 70X TR 10 mL, BB
B2 hJE B0 s L RO R 20 A5 4 IOR RS 19 1
W 1.0 mL A LB +7K 1 mL, B 0.5 mL # B 2 5 1) 18
ARE W A 1020 B B B0 2 mL, 3R F M 2 h, IF F
765 nm AR 52 W HE AR s A b o il 2k [ (2) ] 2 45 A % R

C— M i P CRRTR 4.5 mL) S 5 i , pg.
(8) MBS & & (I 2 : NaNO, — AL(NO;) 5 b 8 3127,
WERIAREL 2 g BEAh A 7020 £ B2 20 mL, B . 80 °C s
B4 1 hJ5E.0 (10 000X g,20 min,4 C), & Fi® GE
SRR B FIEW 1.0 mL, & T 15 mL @A S,
A T0% 21 2 mL,5% NaNO, 0.6 mL, & 5 min J5 ./l A
10% 19 AICNO;) 3 B9 # 3 0.6 mL, #8457, T E 5 min J5 A
B 4% NaOH % 4 mL, JH 70% ZBEE A% 15 mL,
FE5]JE 10 min J5 . 7E 510 nm K A0 @ OB 1E .
(€©D) m%@ﬁﬁzﬂmlﬂrﬁ ¥ GB 4789.2—2016 447,
HiEAL 1
SR H] SPSS 20,0 H1 44 X $ 4 AT J5 22 43 0 R0 L 4
. B/ i M 22 5% 1 (Least Significant Difference, LSD)
X 25 S 3 PE AT 43 P<C0.05 KR 2 7 B . P<T0.01 3£
IRESW B3 . M Origin 8.0 X3 #4704 IE/E A,

1.3

PO RE o 11O AR T P R R 2 HiRG A
A=0.025 3C+0.003 4 (R?=0.999 8., (2) 21 SYIEZLICREA E & RIS BE S X
xof R T A 38X B 7)Y 2 T R B A R e DL 3R 2,
A— WA ; H e 2 w0, U P 25 AR I RO B S SRR R AR A 2
F2 RBHLEMNSYEZZENESROZE
Table 2 Effects of essential oil treatments on fresh-cutting broccoli during storage
- T3 R PPO/ POD/ T % B/ W 1 58/ - Ve/
$/d  (AODjz * min '+ g 1) (AODjzo *min '« g ') (IgCFU+g ') (mge+kg '+h D (10 ?mge+g 1)
0 0.13+0.01* 72.5740.61% 3.54=+0.11% 39.49+0.76° 0.0040.00% 90.97+£3.62%
2 0.1940.01* 105.164+4.01° 4.74+0.20% 22.73+£0.97¢° 1.14+0.01¢ 82.8444.21°
E 4 0.15+0.01* 120.1643.20* 5.09+0.32% 44,1141.21° 2.56+0.08% 70.06+1.49°
15 6 0.1540.01* 110.45+0.88 5.8740.56 64.26+2.13% 3.5040.112 64.94+2.232
0.13+0.01* 95.76+0.91% 6.02+0.31* 60.31+1.57¢ 4.73+0.24% 58.92+1.46%
10 0.10£0.01% 96.00+2.31° 6.35+0.45% 64.93+1.67° 5.50+0.21* 46.2240.81*
0 0.14+0.01* 75.4441.35° 3.61+0.112 38.52+0.67¢ 0.00£0.00? 92.43+1.01°
2 0.1940.01* 109.6744.24¢ 4.2340.16" 29.3940.31° 1.2240.03* 78.59+2.13¢%
a7 4 0.2040.01° 134.50+2.14° 4.96+0.23% 32.7040.81° 2.72+0.11* 70.62+1.45°
15 6 0.18+0.01" 98.6041.23° 5.09+0.29° 58.2441.24" 3.6540.142 58.24+1.05"
0.12+0.01* 107.78+2.78> 5.31+0.12° 60.78+1.35% 4.30+0.21% 51.4940.81°
10 0.1440.01° 84.80+3.220 6.23+0.30° 58.84+1.77" 5.65+0.20° 48.3241.53*
0 0.1340.01* 70.27+£2.13¢% 3.4840.16 38.98+£1.03* 0.00£0.00? 93.72+4.33
2 0.18+0.01# 130.18+1.57° 4.3240.22" 27.05£0.51¢ 1.48+0.07" 82.544+1.42°
aKES 4 0.1540.01* 124.38+4.120 4,9840.24 37.05+0.65¢ 3.30+0.23P 79.17+2.40°
& 6 0.17+0.01%> 109.02+3.24* 5.25+0.24" 50.32+1.35¢ 4.94+0.27° 73.15+2.11¢
8 0.134+0.01* 93.047+0.81% 5.5440.31" 50.82+1.48" 5.8840.320 67.02+0.51°¢
10 0.11+0.01* 86.4640.92° 5.88+0.28% 50.85+2.47¢ 6.14+0.21* 58.4840.94°
0 0.124+0.01¢ 69.04+£1.20° 4.234+0.21° 40.8942.43° 0.00+0.00* 93.76£2.13¢
2 0.1740.01% 125.7441.32° 4.904+0.27% 24.8640.83% 1.9940.05¢ 87.09+2.58°
. 1 0.2440.02¢ 147.6045.69¢ 5.344+0.31° 39.52+£0.91¢ 3.77+0.21° 84.2142.95"
o 6 0.1840.01° 109.64+2.12¢ 5.90+0.25% 51.74+1.85¢ 5.65+0.17¢ 74.01+£1.74¢
8 0.154+0.01* 92.44+2.04¢ 6.1040.34¢ 56.17+2.53¢% 6.8740.26¢ 64.7941.04"¢
10 0.15+0.01¢ 103.47+1.69¢ 6.43+0.32% 58.28 4+2.54" 7.6540.24"° 50.52+1.54%
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23K 2
15 &8 T 2/ PR He AL R B/ ST/
¥/d (mgeg ) By (10 2mg+g b (10 2mge+g 1)
0 0.22+0.01° 4.38+0.31¢ 5.00+0.27¢ 53.2140.67¢ 55.8240.89%
2 0.20+0.01¢ 4.2040.22¢ 4.88+0.20° 65.40+0.89¢ 90.23+1.01¢
Lo 4 0.1540.01¢ 4.144+0.11° 4.13+0.17¢ 61.48+1.21¢ 113.624-2.342
X 6 0.12+0.01¢ 4.1340.09° 4.00+0.14¢ 53.8441.42¢ 85.8240.77¢
8 0.09+0.01¢ 3.8340.31¢ 3.7140.25° 55.67+1.94% 75.03+2.13%
10 0.1040.01% 3.57+0.23% 3.29+0.15¢ 52.98+1.32¢ 55.82+1.04¢
0 0.21+0.01% 3.90+0.11° 5.004£0.14¢ 57.19+1.55" 64.49+1.45"
2 0.16+0.01° 3.8640.17¢ 3.88+0.17" 49.04+0.31° 112.49+0.81"
[k 4 0.1540.01¢ 3.71+0.13" 3.38+0.20" 56.71+0.78" 95.44+0.99°
X 6 0.14+0.01% 3.3340.24° 3.38+0.12" 60.32+2.13" 84.49+3.41°
8 0.11+0.00% 3.25+0.12° 3.29+0.13> 48.72+1.43" 55.77+1.41°
10 0.1140.01° 2.80+0.09" 2.50+0.10" 48.79+0.87" 64.49+1.48"
0 0.2240.01% 4.85+0.08" 5.0040.09° 56.62+2.33" 58.76+1.27¢
2 0.16+0.01" 4.20+0.22¢ 5.00+0.06* 64.26+1.45° 116.50+2.33b
A kR 4 0.1540.01¢ 4.144+0.15° 4.50+0.17¢ 51.0140.98¢ 129.1741.37¢
i 6 0.13+0.01¢ 3.83+0.19% 4.43+0.21¢ 78.75+0.42¢ 98.76+1.78"
8 0.11+0.00% 3.754+0.12° 4.3340.14¢ 54.88+0.88* 61.57+1.36°
10 0.114£0.01¢ 3.714+0.07¢ 3.71+0.10¢ 54.0541.45¢ 58.76+1.78¢
0 0.21+0.01¢ 5.00+0.07" 5.00+0.11% 54.33+1.74¢ 61.35+2.04¢
2 0.16+0.01" 4.00+0.12° 4.78+0.06* 47.73+£1.77° 93.16+2.34¢
. 4 0.1740.01¢ 4.00+0.17 3.56+0.11" 60.53+1.03¢ 104.544+1.264
oK 6 0.12+0.01¢ 3.88+0.20% 3.25+0.12° 99.13+3.164 71.35+2.78¢
8 0.09+0.01¢ 3.83+0.12¢ 3.07+0.10" 52.70+2.11¢ 65.38+2.35P
10 0.08+0.00% 3.14+0.10% 2.00+0.11¢ 48.61+0.84" 41.35+1.06¢

Tz abie FoREFBENAMETFRFRRZRALE.

7 LI 25 D G P ) P9 728 A 1 8 o O 0 i) 2 2o i 0 06 i Ak
FEAY VY 2 2 T 98 SR B TR L T 8 d Jy 5.31 1g CFU/g,
BT KRS b 4 (5,54 lg CFU/g) 1 2F &= K5 9h 4
(6.02 1g CFU/g) (0 & & K15 50 78 = & IR AIK . Jo s % i 1)
PG 22 A6 04T W 0 20 BT R o X 3K A5k 0 o 3 g A 56
GIHT 46 bR Z )2 BT — 58 RO AR S T OR FH 3 A A AT
i % 3 A R [RIRE A TR 580 ) 48 b 22 8] A — 2 1) A 6

£, PPO Fil POD., 22 Fil ) A1 56 M55 R, TR 7% S 500 I 0 i
FEVRER VO MRS EH. ERGS 8 EREMEX
PR U8 B VG 22 46 1 IR I R EE R A A AR A S R
WS BRI R IR A 85 a7 7 12, 7T RO
L1 AMERR Gy 2~3 A F By I HIX 28 32 i 43 BE 2R AH
5%, MRBGEA SO WE R 35 b o DT Xt AS [ il Ak 3 f 40 1 2%
A6 11 5 BT HE AT E A L 07 8 H8 A 3 R b A LA

x3 BYIBRZREEGRERZ BREXESH

Table 3 Correlation analysis among quality indicators on fresh-cutting broccoli during storage

S8 PPO POD WS BB PPIRERE RER Ve -2 % R Y A2 R sy S
PPO 1.000
POD 0.743 1.000
WEEE —0.091 0.215 1.000
N BREE —0.479  —0.283 0.703 1.000
RFEHR  —0.114 0.139 0.929 0.701 1.000
Ve 0.283  —0.041  —0.845  —0.786  —0.816 1.000
gk % 0.178  —0.185  —0.918  —0.734  —0.918 0.900 1.000
F5 —0.025  —0.154  —0.656  —0.523  —0.701 0.823 0.728 1.000
WASREE  —0.049  —0.155  —0.798  —0.647  —0.803 0.827 0.783 0.804 1.000
ey 0.347 0.167 0.035  —0.034 0.077 0.173 0.053 0.139 0.076 1.000
pay i 0.642 0.729  —0.209  —0.534  —0.286 0.315 0.193 0.214 0.303 0.167 1.000
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B SCHRAE -3 Fokg il b B SEB) PG 22 48 A 5T B

22 AEFHLEHEYEZLRRIBRNERS D

K S8 I R BCHE AT A HE AL AR BE 3l 33 SPSS 20.0 F) 44 X
FRUEC AR AT R 4. & SPSS B A 43 4 5 3. KMO
(Kaiser-Meyer-Olkin) #: 5 22 50,y 0.790, H. 45 F1 R BR P £
3 (Bartleto) G811 i 35 8 224 0.000 , 13 B J5L 1 748 4 W] LA
HEAT E BT . G SPSS 20.0 B {6 i ) VG 2% 46 I
JECDT B A 11 S AR e Ak o 11 A Ay (R o). Z5 AR,
B 3 A 3 A 1 STk R 4 By 53.381%6.23.765%,9.316% ,
B TTikE N 86,4625 W IR R A WA KA mfEe. W
L R ECAT 3 A 3 o A S DD PG 22 40 I G BT ) EE 2
AT .

W id SPSS 20.0 R4 2 il fif U0 PG 22 AR U A Y 3 A
B4 Y R AE 1) B (SR 5) R 11 TS AR A AR AT I WL 1. 41
FR R BT A RS R ER Ve ' GRS
HE AR RS T AR E R 2 N
J5 25 RO W EVHL R L PPO R POD 3 MEFRIME B 58 3 FE s
T5 25 RO T A5 B o 8 i A 48 X K /INIEAT A3 BT L 4 )
LB R X 8 73 BT R R B, R AR B 5 1 E A SRR R
ABF R Ve G >R R G R >RERSHELE > W
SRR PEAR Sy > I B > T SR 5B 2 ERA TR R K
IR N : POD>PPO™> BB .

W 134y RBUERE (£6) . LI 1.2. 3 E M (Y, .

F4 BHLENSHTEZEZITERREZMNE
B 45 1iE {8 A0 33 ik 2
Table 4 Eigenvalue and contribution rate of effects of essen-

tial oil treatments on fresh-cutting broccoli during

storage
B U RFAIE

%
&t Ji %W/ % E2B/ %
1 5.872 53.381 53.381
2 2.614 23.765 77.146
3 1.025 9.316 86.462
4 0.581 5.284 91.746
5 0.304 2.767 94.513
6 0.229 2.085 96.599
7 0.128 1.161 97.759
8 0.102 0.929 98.688
9 0.068 0.614 99.302
10 0.048 0.432 99.734
11 0.029 0.266 100.000

Yo YD) B RBOIACE 15 503 ~ (5 35 3 A E K
S HIAR Ay B AR TURR R (R DA RIE06) Ll 6 5
A A Ak B2 X ) P 2 AR PR B RIOCR I 25 5 1500 (D) (1B 2) .

x5 INMEHSWFERR
Table 5 The eigenvectors of 3 PCAs
Fmsr  PPO POD YR SR MRIGREE REXR Ve MR TR ¥ B TR psyils S5
1 0.256 —0.014 —0.916 —0.835 —0.924 0.954 0.939 0.814 0.885 0.097 0.409
2 0.871 0.936 0.207 —0.311 0.157  —0.006 —0.163 —0.193 —0.189 0.350 0.771
3 0.035 —0.163 0.095 0.191 0.154 0.124 0.009 0.213 0.063 0.914 —0.165
— 6 FEH AL IR XY ) P = T 05 M B
—— oD B 518 4 R MBI
1.07 ooPPg Table 6 Component score coefficient of effects of essential
=] oil treatments on {resh-cutting broccoli during
o 0.57 %g?‘%‘%,&j@} storage
§ ’: 0.0 %Ef T o
= g ;Luéiﬁﬁ; A, gouﬂj?; 1 2 3
° sl R PPO(X)) 0.044 0.333 0.034
POD(X3) —0.002 0.358 —0.159
-1.01 1o W ME(X)  —0.156 0.080 0.093
005 ol o o o.QI;%S PPIREREE (X —0.142  —0.118 0.186
| Mg oo et KERX;)  —0.157 0.061 0.150
(‘“mponem] Comp®™ ~
1 7}%—/&,%}25@-@%%}]&i%ﬂ:gﬁ%&—%}u@/ﬁ_ Ve (Xs) 0.163 —0.003 0.121
M2 & (X)) 0.160 —0.061 0.009
EN LI OE ¥y 5 (Xs) 0.139  —0.074 0.208
Figure 1 Loading diagram in principal component space of M ASFREE (X)) 0.151 —0.073 0.061
effects of essential oil treatments on fresh-cutting S (X0 0.017 0.134 0.892
BCETER (Xq1) 0.070 0.295 —0.162

broccoli during storage
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2017 % 8

Y, =0.044X, — 0.002X, — 0.156X; — 0. 142X, —
0.157X;+0. 163X, + 0. 16X, + 0. 139X + 0. 151X, +
0.017X4,+0.07X 11 » (3

Y, =0.333X, +0.358X,+0.08X; —0.118X, +0.061X; —
0.003X; —0.061X; —0.074Xs — 0.073X, +0.134X,, +
0.295X 11 » €]
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Figure 2 Comprehensive score of effects of essential oil

treatments on fresh-cutting broccoli during stor-

age
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