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Effect of Modified Atmosphere Packaging on Storage Quality and Activities of Antioxidant Enzymes of Sword Bean
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(1. Institute of Agro-product Processing, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China;
2. College of Light Industry Science and Engineering, Nanjing Forestry University, Nanjing 210037, China)

Abstract: This study aimed to explore the optimum initial gas composition for modified atmosphere packaging (MAP)
of sword bean. The effects of different initial gas composition (O, + CO,, N, as the balance gas) on storage quality and
antioxidant enzyme activities of sword bean during storage at (20 = 1) ‘C and relative humidity (RH) of 80%-90% were
studied. Sword bean packaged in air were used as controls. The result indicated that packages with 1%-4% O,+ 1% CO,
showed the best sensory quality, and could significantly inhibit the decline in the contents of crude fiber and malonaldehyde
(MDA) when compared with other packages and controls. Furthermore, sword bean packaged in 1%-4% O,+ 1% CO, could
maintain high contents of chlorophyll, vitamin C, soluble sugar and reducing sugar. Through analysis of antioxidant enzyme
activities of sword bean, we found that packages with 1%—4% O, + 1% CO, significantly delayed the increase in polyphenol
oxidase (PPO) activity and the decrease in superoxide dismutase (SOD) activity in comparison with other packages and
controls. However, the results showed that the effect of packages with 1%—4% O,+ 1% CO, on soluble protein and peroxidase
(POD) activity of sword bean was not better than that of other packages, and no differences in weight loss ratio were found
among all packages. Then, the comprehensive evaluation by principal component analysis (PCA) based on the previous analysis
showed that packages with 1%—4% O,+ 1% CO, were optimal for maintaining the quality of sword bean during storage.
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A% (modified atmosphere packaging, MAP)
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Table1l Gas composition of modified atmosphere packaging
e W%

0, CO, N,
MAPI1 1 1 98
MAP2 1 4 95
MAP3 1 7 92
MAP4 4 1 95
MAPS 4 4 92
MAP6 4 7 89
MAP7 7 1 92
MAPS 7 4 89
MAP9 7 7 86
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Table2 Criteria for sensory assessment of sword bean
EEE S TREE  EIRR 0
1 ek, TR, THEHE ek 90%~10% 8~10
2 GAOWEREEA, KEBE oM 70%~90% 6~8
30 ERHEREBES LB B 40%~170% 3~6
4 SRR, BER KR 40%BAF 0~3

133 f&bsillE

FRERRE: R MY & R
Mep RS ORI, VO E: WHiEt ™,
WIEEASE: 2% Bradford% "0 VE: AT TERE S
B EE AR R EES R 3,5- KRRt
3", P T (malondialdehyde, MDA) &&.: ZH
ZE RSV IEE S 2 A LEE (polyphenol
oxidase, PPO) ¥fitk: S EGHTE" 7k ek
Yl (peroxidase, POD) JiEE: MEIARMNE: B
LS (superoxide dismutase, SOD) i&HPE: K&
eyt
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X9 ARHE X CK1. CK24MF T J1 G580 d 7 dJs it
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Table3 Effect of gas composition on quality of sword bean
e | W BER U@ ARl maERl VCAR WRERAGE TREELD TRERE MDASE
ifilld RS (ng)  (mg)  (gp)  (mg) (mgy)  (mgly)  (umollg)
0 10002000 0002000 6295120 SLELF 544068 190E0056 15852025 5204006 2891016
MAPL 9302018 042005 6693069 19982047 10093015 157200 1384201 4332001 7092006
MAPY 73020057 0382000 8612011 1829£059" 897+050° 13100 123020.10° 4042006 972£03°
MAPS 630H008° 0452005 9265113 1T45E08X 12007 136200 11262014 3874007 8682003
MAPS 9803011 0362000 661+052 009X076 0574007 1H00"  MSHH03L 4514004 7125401
MAPS 8303017 0402001 8T0£0.17 18391035" 8762040 LB2001 12842008 4182005 8730
T MAPG T00R010° 0372002 OMELIT 18372046 887205 152004 12012016 4042008 9522016
MAPT 8303013 0492005 9042036 17574037 8252007 1382002°  [LI6R025 4032003 988+005°
MAPS 8002009 0362000 869ELIE 16961056 8282010%  1474008° 11074017 388£0.11° 862£008
MAPY 700008 0472005 950£079" 1SB050° 8962017 1263002°  1065H0.14° 3674002 9342025
CKI 6002008 0621005 9902062" 1402024 T8 2014°  122200F 10012015 342004 10052016
KD SO0E012 3362008 1LOSE0TS" 13362036 742007 122200% 994006 3274002 100£0.11°

e SRR B AR AR R R B (P<0.05) o FH.

2111 BEEES

HEER3F A, WHEETR, JNOERER T REA
MAPI1HIMAP4, H & &35 T HALL B X CK1. CK2
(P<0.05) ; HIXNMAP2. MAP5. MAP7. MAPS;
MAP3. MAP6. MAP9H J] 5 E 131K, HMAP3Y
CKIELREZER, W% CO,50, (BRI N1%. 4%.
7%) FCHEAF TR FR ] GB35y, WL n] g8 i T
CO, 7 K NTRI 51 K T J1 G R EBBE I R A", il S
FOLRE M. WL, RO, MRCO,AC EE 40 7 fie
HRARFE T GIEER 5, HHMAPIFIMAPY (1%~4%
0,+1% CO,) X RELT-
2.1.1.2  JRERAE

IR RN, WREETR, BrA AL HR A R =k
BEMFHIEA (P<0.05) , HACK2FEMHMAkRIE
3.56%, TMiAbBEAH 5 &8 K =X N0.49%, R
MAPZ Z /> T JJEAE (20£1) CIi i i 5 &4k,
XRe S I GAERAMIEGN, KO™REREA K. M9
HAbFE [T G R R R R E R AR .
2.1.1.3  HA4E=E

A4 2R ANVEN R i E N — A HE
Febr, R RERAEEZNEERKE. HE3
LA, AR TR, J) SR A4E S & R K AMAPL,
MAP4, T KAk K CK1. CK2 (P<0.05) ;
Hib M AS5CKIE LR EZER; CK2H J] TR 44
HHENMAPL. MAP4MITL.7 £%, JEEI A A8 AMAPLH
MAPAGLEE N I ] ZAE AR N B T — R
8 IR, A4S =mIMINZNE, MCK2HhJIE
WP AE FHEE RS, WOm T A 4E RIS ), (R T A YR
AR, A4S ES . T, &EMO,MCO,A/L L
CIESEVE I HDANR i A2 s oDl NS ol SEa R N
1%~4% 0,4+ 1% CO R T2 .

2.1.14 WMHREGTE

TNEAEROL FE &3 R0 M4 R B iR
Bt kAT . HER3A A, SHE kG0, (45K
1%, 4% T%) FCHLIHE, 1%. 4%. 7% CO, AT T]
MRS R N REIRERKIE R SHEEkEICOo, (4
MN1% 4% T%) BELEH, 1% O,f14% O,4b () J]
EHEREE FEEERTI% 0./h. 24 RENR,
MAP1. MAP4J] GG & e, HRFE& T Hih
AbFEZH ZCK1. CK2 (P<<0.05) , T FEWEEE4 %K
36.20% 35.85%; JLUKANMAP2 (41.60%) . MAPS
(41.32%) . MAP6 (41.31%) , H &3 m TMAP3,
MAP7~9}CK1. CK2 (P<0.05) . f%&l, 1%~4% O,+
1% CO, it Eb Xt 4011 J] G 4 28 B R R B it o
2.1.15 VC&FE

REPMVCRAE S A, HEEZFMRER
i . AR S — A EE R AR BRI A, R
MAP3. MAP7. MAPS/MFIALH I &l T JJ G VCHE
B R, HPMAPL. MAPAACER S Rk, — & 5H A
MEEAI LR, SRR RO, LBl R 2 7%, 5LCO,
EL IR v R 4% T %I, MAPST 4E4F T 5 VCE 1 %5 R
FEA%. AT, 1%~4% 0,+1% CO,MC LA F T35 7]
EVCHE &,
2.1.1.6  HIAEMEASE

H 3T A, A7 RIS, AFEEA K CKI. CK2J)
SHEMNEASTESEARMEEMR TR, HPCKIL,
CK2 FIAIE Rk, ¥JN35.79%; MAPS (16.84%) .
MAPI (17.34%) . MAP6 (19.47%) "iHEMEEAS &
B#E S TCKL. CK2 (P<0.05) , H=FAT %5,
MAP4 F (IR E /N, N8.95%, HiiEMEASERE
T HANGE XCKL, CK2 (P<0.05) . [FKH13
H, SHEWECO, (Al N1%. 4% T%) FCLLE,
1% O,F17% OAbEE1 )] Z Al MR A& & B R E K T4%
0403 (P<0.05) o FHILRW, —WRMFKETH O,k
BIEAR TR EEARS &, AR MAPAAAH

S EGEE .
2.1.1.7  ALVEMERERLA RS B

I T RO R A SR A R, WIR R
) 5T VW R S M R A A v, T R N ) (1) A
K, RHEWPIRHEERE, MW, HHT)GTY
e, — 05 ATV VR S AN I S, T SRR 2 Ak
YRR, AT T B0 5 R R b 2 & (R
RS,

F3H A o, WOEEET R, AFE4 ZCK1. CK2
TR M RE R B A i IR, HOLICO,
X E R AL, SHE B0, (HIAN1%. 4%,
7%) FCEGHT, CO,E) s, X 7] 5 m] ¥ T R Ji
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TREFRCR 22, SHELEICO, (BHIN1% 4% T%)
Be LLES, 7% O Kb BRXT ] 52 AT 5 14 4 Rk Jo A 55 o 1) £
R B8 1% O,/14% OMbFE 2 A iTas A, ITf
RO FR A () AT PERE ALA SR E S B R m T CKL. CK2
(P<0.05) , HPHMAP4K PR 2w T HoAbh b7 41 %
CK1. CK2 (P<0.05) , fAFT-4 7] & v v psmn
I JFEHEEFE: MAPL (1% O,+1% CO,) K .
2.1.1.8 MDAZ &

MRITTHL, WHREETR, SHFELEIO, (45N
1%+ 4% 7%) FCELif, 4% CO,fM7% CO,AFE (K T]E
MDA ®EEEEST1% CO, (P<0.05) , £WIECO,
Eefl &3 K TJEMDARIFL 2 . 45 R B8, MAPIFIMAP4
X T] S MDA R R S iF, MDA S & B B 1IK
FHABAL T K CK1. CK2 (P<<0.05) ; MAP3. MAPS5.
MAPSACH L R, MAP2. MAP6. MAP7FIMAP9AL
)T GMDA T E XA TR E Z R,

2.1.2  MAPJJ ST 5P A LEE (PPO. POD.
SOD) M E 45

9 AR X CK1. CK244F R JIE0 d &7 dfF
#4TPPO. POD. SODIE MMM E I . GiitFH)E
A, k4.

F4  KEHSI IS GRS R

Table 4 Effect of gas composition on autioxidant enzyme activities of
sword bean
Ulg
Vg (Al /d AbEE PPOJE M PODJFE SODif 1
0 309.27+3.93 397.0+6.21 1.27+0.04
MAPI  310.95+2.62° 423.88+8.89"  1.1240.01°
MAP2  353.68+8.87° 409.98+3.50™  0.9940.03"
MAP3  353.00+4.12° 401.05+3.20"  0.76+£0.06"
MAP4  313.67+10.85°  435.89+10.12°  1.14+0.03"
MAP5  367.88+4.88°  410.63+227"™  1.08+0.03"
7 MAP6  378.04+5.80° 405.34+4.67°  0.89+0.05%
MAP7  376.75%+6.77° 387.01£6.00°  0.89+0.05%
MAP8  380.01+5.16° 393.56+2.44  0.86+0.04*
MAP9  384.20+1.03° 390.56+5.02°  0.8040.02""
CK1 430.24+6.40"  370.42+19.44°  0.79+0.03*"
CK2  463.45+7.63" 364.67+4.23°  0.7140.03

MEAF R, PHETIR, FTALHAT]E
PPOETE & E ML TTCK1. CK2 (P<0.05) ,
MAPIAIMAP4H J] G PPOE I & K T H Ath b 38
(P<0.05) . Wrsgs ikt iR, SHFELEICO, (457
HN1% 4% T%) FLLLi, 7% O,ACEL( )] PPOETE
B1% O, 4% O m: SMIFELHIO, (435 H1%-
4%, 1%) BLHLi, 4%. 7% COALFRIY J] E PPOTE It
1% COLFE S . ATH1, 1%~4% 0,+1% CO, Mt & A

FIF- 30 T ZPPOE M

PODVEH P2 LA Z M EEREZ —, IR
o FS R EE T R AR AR AN, BT RIS 4 5 AN AR
Fr 0 FE ERURE A2 b R S B AS [ v 520 o AR 4T 1, 7
WEETR, ARELFH KCKL. CK24bH ) 7] & PODIE 1A%
WANFE, MAP1~6KILAN ETF, HALFE J) S PODIE M
BEETCKIMICK2 (P<0.05) ; MAP7~9FICK1. CK2
KIUA T, 5CKI. CK2BLREZER. 2Bl <k
fic b 5 O, M1CO, L 7%} T PODE A2, 15 41CO, EL
BxE LA K, 0, AT %, HE M DA RS
P MARE . AT, 1%9~4% 0,5C0, (4r5H141%.
4% T%RF) HCEL R R 4ERE ) H B PODTE M .

AR, W T R, ARAEEZH 5 CK1. CK2J)
T ISODTE M A A MR Z F N, MAPL. MAP2.
MAP4. MAPSA A R4 +F T 7] 53 = ISODIE 7,
HFHMAPL. MAP44bFE J] G SODE M X &3 m T
MAP2FIMAPS (P<<0.05) ; HAhAbEEL J] ZSODE M5
CKl. CKR2ERZEZR. UL EMH, 1%~4% 0,+
1% CO,fic bt xF {45 7] . SODIE MR R fedif s 245 4T Le
HFCO, I T, RCRBEZ FEK; 240,80CO, i &
7% A Re A R RE ) 5 SODYE 1
2.2 MAPJ] G IGEHT 5 a5t 28 & VR S SR 4L oy
I 52

W2 FTAR, SR FH 3 5oy 43 B AS ) b 24 HEAT 25
GV, HEARBE Y. P EAEEAE, EesREm A oF
W HBAR I mAS T B, AR5 AR A O J5 ) 280 22 o
R 2 55 TR I BUD BOUA F B RARE R 46 4845, P
BT B 2 oo FIE 9T gk b, 38— N A VRN F
B RIS S A VP R AR X TR R AT HE P EL . Ak
2 BB
22,1 EHRSERE

i FISPASS G it 844 %49 IMAP J] 5058 1T J& i i
BT R 0, BB REGERER, R 5EL. 52
TR R N AR () FIREA &R (U 2508

2,=9.284, U,= (0.280 3, —0.137 2, —0.307 2,
0.309 4, 0.2809, 0.281 6, 0.3259, 0.3151, —0.276 0,
—0.293 1, 03095, 0.3013) "

2,=1.023, U,= (0.284 7, 0.870 1, —0.214 5,
—0.019 8, 0.0455, —0.218 5, —0.087 0, 0.009 9,
—0.1355, —0.1463, —0.1295, 0.0445) "

E1ER 52/ 5 BT ZMX TRk R= (4, +
J) F51=85.89%, HEUHL. H2ERA NASE T
222 LAY KHER

NT R AR AR R 1 22 R, WA
AR T84y, AR X9 AN AbER AL ) GRS R
HATLEA VRN, UL & B SRR b . DL Ry
DT R A B E I BCECR IS 5 515 0E Y :



264 2015, Vol.36, No.22

E6oilit

¥=0.900 7Y,+0.099 3,
WEER RS, GHREWH, £ (201 CEHET
7 dfi, MAPL. MAPAXCFE) T] G 42 5150 B & o

£S5 MAPTIEIRAR & RIS

Table 5 Comprehensive evaluation of sword bean quality before and
after storage with MAP
g BT BRT2 ERAT EMA2 RGN

(Fp  (Fy g (rp g (v X

MAPI1 1.3597 1.2779 4.142 8 1.2925 3.859 8 2
MAP2 —0.1131 —0.6522 —0.3446 —0.6597 —0.3758 4
MAP3 —0.7586 0.266 4 —23113 0.269 4 —2.0550 8
MAP4 1.8181 —0.3844 5.5396 —0.388 8 4.9509 1
MAP5 0.2870 —0.0755 0.874 4 —0.076 3 0.780 0 3
5

7

6

9

MAP6 —0.2889 —1.5261 —0.8801 —1.5436 —0.9460
MAP7 —0.6587 13876 —2.0070 1.403 5
MAP8 —0.4328 —09893 —1.3187
MAP9 —1.2128 0.6957

—1.668 3
—1.0006 —1.2871

—3.6952 07036 ~ —3.2584

3 9 ®

TNNERGEZEEDIFC, YRR R 2dE
TE PR AR SRR . (R ) GOR R R B AR 2 — w2
P P A AN, RS 5 R T SRR IR I R AT R
BRI I 58 B, 177 JE S MAA P U4 I 5 A 52 1 O, /1C O, &5
S AT HNE] ) SR AE T, AT R L AR B AR, aA R
T AR B AR

STMAP ] 58 5 R i st 45 R, & B AAR
Sy AT R = ) SRR B, R M A 4 =
M- R BB AR, HIE B A0, MCO, A b Ab 2 BE % 21 % 47
FIRE, Hd1%~4% 0,51% CO,B LA T-7% 0,5
CO,BC L K 4% 7% CO, 50,0, SRk iias It 32 G 11
WARMBERH, CONEMAEL, HmT2%0 25T
SCHLRAS, INEARBE, R SR . ZEH R
NN KAK O, F K 5 CO, b 71 e b 2 5 35 A I IR 9 A
FEL. MR, WM SBVCEERMSHAEKR: 5
BEARALL, A AR R AR O, AR CO, LB . (1% ~4%
0,1+1% CO,) WARFFJI T HVC. AJ ¥ 1 BE AL J5 bl 55
EHEYRRE, 247% 0,5C0,H 4%, 7% CO,50,
e LU B o = 1 B AR RO B AG YeZE PN T 9 45 Al
F W, 1@ HO,MCO,NC E X MAP T %% A v P B A1 A J5 bk
F R ATIA B R . (B KRR 50, 4%
PEFIIE R A S T RS SRR, AR 4%
0,+ 1% CO,ELL AN PR A, T 1% O,+1% CO,BLELAb
HESMR GH ML EE ES, INEEPH R
B, AR A I B A AT Rl i PR B R EF RO 22
SEE., AN, ARSI TP MAPAH RN T T
JREAR, HAAEANZERARNRE, X555 S
i St e s AR AL

T SAE R gL R LR ] AFTE ) POD. SODRE >
T PR AR = AR 1 B S, AR P AR AL O TR e B Ak
TP, MR B B A S bR TR T
MR, s v R R iy % OB 52 1 E 2R 1 5 T i A
b, ALY NMDA, M4 P AR B E R
[, fER It AR, SRR A A B2 T) 55 AR
Tl — A BRI, T PPOTE B iR 454 b 4% 45 & B 4F
. GroeschelZ:™ 5t 32 G IMAPHE 5k, CO,%0 Ik
1290 i 22 R LR T = A BE, g B AR i S Ak
W, SIHAHBL, AR PEH, KO, MKCO,M L
(1%~4% 0,+1% CO,) fE[FIFF XM 7] G PPOTE I
FIMDAMAL &, FFORFFECE IPOD. SODVEME, HIHK
BT HABLEE, M0, FHm TR, 5CO,R Lk
TR BN RES SR 7 JJ EPOD. SODiEME, HMDAY
ERPEMR; HCO,HlIRmEIT%E, 50,0 i1y
W BN RR R T . SODE M,  HMDA )R 2t 1
B . X5 2L LMAPHE 7T # k1 &5 B AL
PR TR, MAPA] 25 75 25 (A AR R
PPOH PEFIHL = PODIE 4 o

Xf B 3R AT 2 A A B4R N Z R R K i FEMA P
ML 4y, B 3 A T, X T R R
AT SR VR e % T8 4 T M S WA [ A L 4 ) s R
W B SR N R BN FR AR EAT 0 AT LAVl A 1 22 57
BA R mME. AT ]S AT S R 28 SN 1R
H, 1~4% O0,+1% CO,RC LM AR5y fe iy, BT
Eb AL FE 1) T 5 R B

4 & ®

P9 ZH AR 4y %) T S BEATMAPSESS:,  [R] I 5057 78
AT AT ST FL T R, 7 ) R i
7 dJE T)GRHATIERE VY, R E R A
e, SRR VO, AIEMEE AL TR 8RR
MDA & & PPO. POD. SODMIIEM:, %19 A4b#
2 AR AR & TR AR R AT T 22 03 B o AE L R A
b FHERG IR 9 AN AL B AL T LI a5 M B AL
MGG ME AT T4 V. SR KW & | k4
53 A3 T S A O T I ROR . R &
53 43 AR 0 SR JE ) B AT LR A VR, 49
FIFE (20 1) C %M T J] 510 & 5 SR H 5 N
1%~4% 0,4 1% CO,.

% 3CHR -
(11 REbR, EPOH. WIS RE FRME R IT A I TECR, 2002,
12(3): 52-53.
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