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Abstract: To investigate the effects of near-freezing temperature treatment on the storage quality of fresh waxy corn, the
'Huhongnuo 1' waxy corn was used as experimental material in this experiment. The waxy corn was stored at 4 °C and near-
freezing temperature (—1 °C) for 40 days, respectively. The changes in quality and the activities of antioxidant enzymes of
fresh waxy corn during storage were determined, and correlation analysis and principal component analysis were
performed. The results showed that compared with refrigerated storage at 4 °C, near-freezing temperature treatment could
effectively reduce the weight loss, inhibit the rise of fruit skin hardness, and maintain the content of moisture, soluble solids
(TSS), soluble sugar, soluble protein and secondary metabolites. In addition, near-freezing temperature treatment could
maintain a high level of total phenols, flavonoids and anthocyanins, and increase the activity of catalase (CAT), superoxide
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dismutase (SOD) and ascorbate peroxidase (APX), which reduced the accumulation of H,O,, maintained the nutritional

quality of fresh waxy corn, and delayed fruit senescence. Correlation analysis showed that the storage time of fresh waxy

corn was significantly positively correlated with the weight loss rate, fruit skin hardness and H,O, content and was

significantly (P<0.01) positively correlated with water content, TSS content, soluble sugar content, total phenols content,

flavonoids content, anthocyanins content and APX activity. Principal component analysis and comprehensive score further

showed that the key indicators affecting the storage quality of fresh waxy corn were flavonoids content, anthocyanins

content, APX activity, fruit skin hardness, weight loss rate, H,O, content, CAT activity and SOD activity. The near-freezing

temperature treatment had better fresh-keeping effect, which was conducive to maintaining the storage quality of fresh

waxy corn.

Key words: fresh waxy corn; near-freezing temperature storage; nutritional quality; secondary metabolites; antioxidant

enzymes
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Fig.1 Freezing curve of fresh waxy corn
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Fig.7 Effects of near-freezing temperature on CAT (A), SOD
(B) and APX (C) activity in fresh waxy corn

A, ITVKIRALFRLH Y CAT 76PESA 109.71 umol/min/g,
It CK 2H(105.96 pmol/min/g) & 3.54%., L iR4hEH
DL T vKIR AL PR TT 55 PR IETS 77, X 52
LB Y ST U DK IRV T A SRS CAT WG Y 52 )
T —3 o I VKR I8 A i ) HA B A Ok
CAT 3% M, IHAE A 9 I R i 2 b BB 1% 48 oo 1k 2%
CAT WM AIREAR, P B4 175 R TR ATRL P A i
Y H, O, Y45 T KI5 5T o

& 7B A0, CK 4H fniT vk iR AL FEZH /) SOD
PR SE S IR S AR 40 d WaEdHE], T
PKIRALFEZH Y SOD 1 PEER 44T CK 4, 7F 24 d A
26 5 18 3% (P<0.05) . WjK 40 d B, 35 vk IR AL BH 20
SOD ¥ #4 (332.42 U/g) kb CK 21 (304.85 U/g) i
9.39%, UiHH T vKIE AL B — 8 R LA R T4y
SOD ¥, PITTHE s PkE EACFPRLI P A

WE 7C Frx, CK 4T vK i AL BEZH ) APX
T PRI BN R A TR] A B 2 KA, #E 40 d IEEE
W], CK 2019 APX 16 PE GG AR T i vk iR A 3 2H



- 342 - B Tk B 20234 7 H
Wi 16 d & 22 5% 535 (P<0.01) o V7 40 d i, 10 b = FHAEME
CK 20 APX 7% 14 (383.33 U/g) Fl it vK i 40 PR 2H 19 ol 1
APX 1514 (438.89 U/g), 435 FRERIWILG APX B
(538.89 U/g) 1Y 71.13% Fil 81.44%, 15t I vkl AL 21 E ol
BEAT SCE SR 5 KIC T APX 15 PERY R & 4y
2.8 tHXMOH 2f \
Ko} b R K AR 1 A5 2R BRFE AR IET T AH S M 45 of Tt
T, G5RUNFR 1 PR, SRR BRIV AT a] AN Je 2 3 0123456780910111213
BB | H,0, & & R0 0 35 IEAH 2 (7=0.889, 1= IR EL
0.856, 7=0.871, P<0.01), 57K frit . TSS ok, 7] K8 wEAIA

RS R B RS R AT R SR
APX IS i 25 51 A5 (—0.485, 7—0.896, r=0.703,
=0.526, r=0.716, =0.796, r=0.734, P<0.01), ULIHTE
IR A E], e B B | H,0, &t K
5. TSS &=, niEMEES . B aa . A
B AEH E SR APX {E IR RS IR A (] Rk
FEoRA T, H A&, M. IEHEY
. CAT & PER APX 16 PES H,0, Fi 2 M
FH 5 (#=0.673, r=0.859, =0.863, r=0.426, r=0.825,
P<0.01), FRH] T ZE R A AR 9 & 52 Se CAT 4§
PrEALBHS MRS, H,O, S AR Rk, 4 H] T
THIBR ORI R ZH L N TG T4 B R 3, FEIRAR B EEas
TR S, B KA AR BFR R (] SCHR 25 U o
29 ERPOH

o ERA K AR BRFE AR T AT, R R
FEORIGECHATR Y 13 THEIREE LN 2 A~ F s (5R 2
FE 8) o L5IRFRHH, AT F 41 B DTikRik
F] 88.315%, HAFMEAEI KT 1, BLHIRT A E Al sr
T LMRERES A IR 43 iAE B, £ G 4Bk .

AT ER AT AR R AT LA AR R 3 A, KA
TSS &g, AIEEVES &, PIEMEASE. S
HELOEEEER S BT RO M APX IEHESEE 1 £

Fig.8 Scree plot

ST B TEAR G SRR A EE AT H,0, & &S50
1 B 2 A DG 88 2 e EEAE CAT Ml
SOD iX 2 Mgy, HEIEAHDG . 286 —F vl LIS
SN SR T AN JOT P DG BRI PR A S R 1
WH RS APX WG . Rl | R R
H,O0, & . CAT i&1EFN SOD 7%,

2.10 BEREERBREZAHN

R 4nlJ0, vl 24 £ 4 48 i PCAL,
PCA2 AR ECR Y 13 48R, 15 4 T8 F Ak )
HOh:

PCA1=—0.298X,+0.264X,—0.303X,+0.280X ,+
0.283X+0.282X+0.292X,+0.320X4+0.311Xy—
0.296X,,+0.202X,,—0.038X,,+0.310X 53

PCA2=0.185X,+0.326X,+0.218X,—0.295X ,—
0.041X4+0.136X,+0.259X,+0.022X;—0.045X 4+
0.201X,,4+0.460X,,+0.618X,,+0.039X ;-

DLSEEL IS 1. 55 2 s 1 Jr 22 5Tk R o
(72.528%) . a,(15.786% MWE B A LRGPP AL
. F=o,Y,+ta,Y,, Bl F=0.72528Y,+0.15786Y,. F
ERAWE S C 3 e S N A ) DIl DESS =S/ MM 12 e S S 2N

F 1 SAEIEARBIA ST
Table 1 Correlation analysis between various physiological indicators
M“t,ﬁ S Koy RE TSS Ml uJ‘,‘iﬁ'ré M OREE EFER H0, CAT SOD  APX
P[] T AR SR OMEER EAfRE SR O o RO WEME W
[la€ A0y 1.000
RER 0.889”"  1.000
IKAT -0.485" —0.630"  1.000
TR il 0.856" 0.910" —0.616" 1.000
TSSH —-0.896" —0.945" 0.488" -0.915" 1.000
AIAERES R 0,703 —0.897" 0.645 —0.813" 0.780"  1.000
AR -0.388" —0.650 0.740 —0.758™ 0.600” 0.722"  1.000
psYiiNny —-0.526" —0.670" 0914 —0.735" 0.576™ 0.690” 0.887" 1.000
KIS ®  —0.716" —0.846" 0.812" —0.908" 0.817" 0.803" 0.900"  0.924" 1.000
WHES®E  -0.796" —0.851" 0.762" -0.915" 0.823" 0.771" 0.805"  0.869"  0.961"  1.000
H,0,% 0.8717  0.949™ —0.586" 0.922" —0.930™ —0.830" —0.677" —0.673" —0.859" —0.863" 1.000
CATIFHM: —0.227 —0.412" 0.780" —0.347" 0281 0443 0.642"  0.766"  0.6157 0.538" —0.426" 1.000
SODYfi 1 0.334° 0259 0278 0.387° —0405" -0.015 -0.019 0.165 —0.128 —0.209 0312 0.436™ 1.000
APX{E —-0.734" —0.836™ 0.770” —0.861" 0.809 0.789" 0.837"  0.885"  0.954™ 0912 —0.825" 0.609” —0.057 1.000

e MUEE T RE, P<0.05; **{EE 7MW BE, P<0.01,
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Table 2 Principal component eigenvalue and variance
contribution rate

Eiar FHIEE Ti TR (%) R TR (%)
1 9.429 72.528 72.528
2 2.052 15.786 88.315
3 0.564 4338 92.652
4 0.304 2.341 94.993
5 0.228 1.751 96.744
6 0.161 1.237 97.981
7 0.080 0.618 98.599
8 0.068 0.523 99.122
9 0.043 0.327 99.449
10 0.035 0.268 99.717
11 0.020 0.157 99.874
12 0.013 0.098 99.972
13 0.004 0.028 100.000

3 BT

Table 3  Principal component load matrix table

FRAE [ B B2
JH A -0.914 0.264
KA 0.811 0.467
TR -0.929 0.312
TSSE & 0.861 —0.423
ATV A i 0.869 -0.059
AR SR 0.867 0.195
pENLisuTs 0.896 0.370
B & 0.984 0.032
WHR = 0.956 -0.064
H,0, 7 it -0.91 0.288
CATIR M 0.622 0.659
SODyfi 1 -0.118 0.886
APX{EME 0.953 0.055

K4 R RBOER

Table 4 Principal component score table

N %! 532
JeH A -0.298 0.185
IKAT 0.264 0.326
L2115y -0.303 0.218
TSSH it 0.280 -0.295
AV O i 0.283 —0.041
AR S 0.282 0.136
pENis 0.292 0.259
eS| 0.320 0.022
HHR 0.311 —0.045
H0, %5 -0.296 0.201
CATIR 0.202 0.460
SODyfi 1 -0.038 0.618
APX{E M 0.310 0.039

A4 UNE 9 B, kG R oK CK ORI vk s AL B2
PIZEAAS o 5L R A, EUAS A1 R TR A4 ST vk i
AbFRZH 2R B9 PR B 3 = T R ZE (P<0.01), |
IR SRS HH T vK IR A B RS T oK AR L BH
PSSR
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Fig.9 Comprehensive score of fresh waxy corn
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