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Effects of 1-MCP combined with membrane air conditioning

treatments on the storage quality of estuarine bananas
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Abstract: To study the effects of 1-MCP (0,00, 0.08, 0.16.,
0.32 g/L) on the quality of banana in Hekou, Yunnan Province
The changes of soluble solids. hardness. discase index. yellowing
index, pod enzyme (peroxidase), weight loss rate, respiration
rate and titratable acid of banana during storage were studied.
The results showed that; 1-MCP -+ PBI modified atmosphere
preservation bag delayed soluble solids, disease index, yellowing

index, pod enzyme activity compared with other treatments (P <<
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0.05); 1-MCP + microporous membrane significantly delayed
the decline of fruit firmness (P << 0.05) , inhibited the increase of
titratable acid content (P <C 0.05), but had no significant effect
on weight loss rate and soluble solid content of banana. Among
them, 0. 16 g/L. 1-MCP + PBI modified atmosphere bag
treatment was the best way to keep banana fresh.

Keywords: banana; 1-methylcyclopropene; air-conditioned pres-

ervation; PBI modified atmosphere bags;microporous membrane
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Table 1 Effect of 1-MCP combined with PBI modified atmosphere bag on soluble solids of banana %
1-MCP ¥ i/ T 52 I (8]
(g+L7H) H3 KR 56K EIPN 12 K 15 K 18 K 21K
CK 5.00£0.00" 7.00+0.06% 10.004+0.10* 12.004+0.07% 15.00+0.042 16.00+0.05% 18.004+0.12%
0.00 5.2040.052 6.55+0.05" 8.00£0.05" 9.80+0.06" 11.00£0.07" 12.50£0.03" 13.00£0.01°
0.08 5.0240.04° 6.0040.05¢ 7.00+0.06¢ 9.50+0.05¢ 10.00£0.064 11.00£0.064 11.33+0.33¢
0.16 4.4140.044 5.00+0.08¢ 6.50£0.05¢ 8.00+0.06¢ 9.004+0.12¢ 9.504+0.06¢ 11.0040.06¢
0.32 4.564+0.01¢ 5.5040.054 7.00+0.03¢ 9.00£0.064 11.00£0.06¢ 11.50+0.02¢ 12.00£0.00°¢
T RSNG R [ 268 25 5 B 3 (P<<0.05) s ik 56 J5UR AT i M R 4 & il 4.86 %,
F2 I'MCP&ERABELEXMEEANREER DA
Table 2 Effect of 1-MCP combined with microporous membrane treatment on soluble solids in banana %
1-MCP ki / ¢ P 1)
(g+ L1 RIS 6K 89K 12 K 15 K %18 K %21 K
CK 5.0740.02b¢ 7.1240.02* 10.03+0.02° 12.1140.03% 15.60+0.05° 16.68+0.02% 18.05+0.05°
0.00 5.13£0.01% 7.07£0.10° 8.104+0.05>  10.064+0.01"  10.06+0.02¢  12.03+0.03>  13.14+0.09"
0.08 5.05+0.05¢ 6.12+0.03" 8.00£0.01¢ 8.02+0.02¢ 10.05+0.01¢ 11.05+0.05¢ 13.024+0.01¢
0.16 4,0640.03¢ 6.0040.05¢ 7.03+0.02¢ 9.10+0.00¢ 9.11£0.02¢ 10.05+0.07¢ 12.03+0.03¢
0.32 5.154+0.05% 6.15+0.03" 8.05+0.01¢ 9.00+0.054 11.23+0.04" 12.13+0.06" 13.00+0.03¢

T ATNG FREOR R FR 2 5 8 3 (P<T0.05) s 356 JFUR) ol 3 1 R 4 & o0 4.00% .
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Table 3 Effect of modified atmosphere bags treatment with 1-MCP and PBI on banana hardness  kg/cm®
1-MCP ¥ J& / e 6 Ff 1)
(g« L) EARIDN 6K %9 K 12 K 15 K #18 K 21K

CK 0.89+0.04% 0.85+0.01¢% 0.794+0.02" 0.7340.04¢ 0.6840.02" 0.60+0.02¢ 0.554+0.01"
0.00 0.88+0.02* 0.85+0.03% 0.8140.04° 0.8040.00° 0.7740.08% 0.7440.03° 0.78+0.03%
0.08 0.90+0.01* 0.89+0.01* 0.87+0.01* 0.8340.02" 0.81+0.08* 0.784+0.08% 0.7840.01*
0.16 0.91+0.01° 0.90+0.01* 0.89+0.01% 0.88+0.02° 0.86+0.01% 0.84+0.042 0.8040.04*
0.32 0.93+0.04% 0.8840.06* 0.8740.02% 0.8840.05% 0.84740.04* 0.814+0.03% 0.80+0.08%

T FAT/NG PR [ 2R 25 5 1 3 (P<<0.05) s 3B JFURH# 2 0.91 kg/cem?,

F4 FMCPABEAMABLBNEEREETLHZW
Table 4 Effect of 1-MCP combined with microporous membrane treatment on banana hardness  kg/cm’
1-MCP ¥ &/ e 4 I 1]
(g+L7H) 3K 6 K 9K 12K 15 K 18 K 21 K

CK 0.89+0.05% 0.85+0.05% 0.794+0.02" 0.7740.04" 0.6840.02" 0.63+0.02" 0.55+0.01°¢
0.00 0.89+0.01¢% 0.87+0.03% 0.844-0.02* 0.8340.05% 0.81+0.04° 0.79+0.02% 0.784+0.01"
0.08 0.89+0.03% 0.88+0.03% 0.86+0.03% 0.85+0.02% 0.83+0.03% 0.82+0.02% 0.80+0.04%
0.16 0.914+0.042 0.89+0.04° 0.87+0.02% 0.86+0.02% 0.84+0.04° 0.82+0.02% 0.83+0.02%
0.32 0.90£0.02* 0.8840.03* 0.8540.02% 0.83+0.02¢ 0.8040.05* 0.7940.02* 0.78+0.01"

T BT NG FREAR TR KRR 25 5 3 (P<C0.05) 5 B30 JFURHE 22 0.91 kg/cm?,
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JiL P9 R RS B, B4 o POD il 76 PR RS 12 R, BR
0.00 g/L 1-MCP+ PBI < 5 { 8 £ 4b BL2H 5, H A4k 2120
POD BgIG Pk 20, b5 2 T . i PBI R
P PR B4 G BE I L ¥R B2 0.16 g/L F1 0.32 g/L 1-MCP 4k
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Table 5 Effect of modified atmosphere bags treatment with 1-MCP and PBI on banana disease index %
1-MCP ¥ i / 8 1 ]

(g« L7H RPN %6 K EHNIDN ¥12 K ¥ 15 R ¥ 18 R H21 R
CK 10.15+0.13% 24.9940.03® 35.0240.03% 60.0240.03% 74.96+0.06° 90.0740.07% 100.0040.00*
0.00 10.16+£0.06° 15.0340.05" 14.9540.06" 23.34+2.99° 30.00+0.03" 30.024+0.03" 40.06+0.14"°
0.08 5.00+£0.12b 15.0140.02" 15.0440.05" 15.01+0.01°¢ 20.80+0.56°¢ 25.0740.08° 24,9740.09¢
0.16 4.58+0.05¢ 10.03£0.06°¢ 9.954+0.08¢ 10.00£0.00¢ 15.00£0.03¢ 20.1140.11¢ 20.0140.05¢
0.32 4.8840.24P 10.024+0.03¢ 10.01£0.02¢ 15.06+0.06¢ 20.0040.144 25.00£0.01° 35.0440.07¢
T AT/ING FRER [ 3R 28 57 1 3 (P<C0.05) 5 R JFURLIG 175 48 4k 0,006,

®6 I'MCPAAMIABLENEEREEHOHM
Table 6 Effect of 1-MCP combined with microporous membrane on disease index of banana %
1-MCP ¥ £/ b 5% I (18]

(g« L°H 3R EAN IR ¥12R %15 K 18 K %21 K
CK 10.00+0.00% 25.0340.05* 35.0540.09* 60.02+0.03% 75.0340.03* 90.0840.08* 100.0040.00*
0.00 9.96+0.08* 15.02+0.02" 14.98+0.03" 20.094-0.04" 50.1240.03° 55.0240.03¢ 60.020.03"
0.08 10.02+0.03% 10.04+0.07¢ 15.03+0.03" 15.0040.00¢ 20.0540.05¢ 30.1240.06¢ 50.0540.05¢
0.16 5.02£0.03" 5.02+0.03¢ 10.0540.05¢ 10.04+0.07¢ 45.0840.03¢ 60.0240.03" 60.06+0.06"
0.32 4.44+0.49¢ 10.6440.52¢ 14.98+0.03" 15.054+0.05¢ 30.0940.08¢ 45.0340.034 45.0540.054

Tt EAT/NE FEEOR A R 25 5 (P<C0.05) ;3 0 R IS H5 50k 0.00% .

®7 IMCP&& PRISAGRHELAEMEREZRYNZNE
Table 7 Effect of 1-MCP combined with PBI air conditioning bags treatment on banana turning yellow index %
1-MCP ¥ if / 8 N i)
(g« L7H 3K EXN EIPN ERVPS 15K EREPS %21 K

CK 70.0840.37* 85.2340.37* 90.24+0.23% 95.07+0.06% 100.000.00*  100.004+0.00* 100.0040.00*
0.00 60.3540.46° 70.1040.13° 75.2940.74° 85.5540.68" 90.2340.19¢ 95.2240.19>  100.00=0.00*
0.08 40.0640.074 60.6941.014 65.17+0.27¢ 77.70+£5.42° 85.5240.48¢ 90.4840.40¢  100.00+0.00%
0.16 30.45+0.53¢ 55.4240.59¢ 60.69+0.62¢ 74.8940.48" 81.2440.71¢ 95.9040.68> 100.00=0.00*
0.32 50.7140.54¢ 64.2940.90¢ 76.0340.56° 85.6140.77" 95.4240.56>  100.00£0.00* 100.0040.00*

T FAT/ANG FRER ) 268 25 5 B 3 (P<C0.05) 5 i 50 J5URHFE #3850k 0.00% .

151



152

35 5 R 8 STORAGE TRANSPORTATION &. PRESERVATION

BE 2318 [ 2021 £ 1R | R@SH

®8 I-MCPA&ARIBAENEEREERNE W
Table 8 Effect of 1-MCP combined with microporous membrane on yellowing index of banana %
1-MCP i % / 68 A ]
(g« L1 3R 6K 9K 12 K 15 K 18 K 21K
CK 70.6240.81% 75.88+£1.02¢ 90.50+0.63% 95.62+0.81° 100.00£0.00*  100.00+0.00* 100.00=40.00%
0.00 60.6040.83" 75.9440.54° 80.1740.15° 85.86+0.86° 100.00£0.00*  100.00%0.00*  100.0040.00*
0.08 50.8141.08¢ 60.54+0.53" 70.71£0.57¢ 75.5340.86¢ 95.1040.49"  100.0040.00  100.00=£0.00*
0.16 35.8540.65¢ 50.69+1.104 61.38+1.48¢ 70.66+0.62¢ 95.86+0.45"  100.0040.00¢  100.00=£0.00*
0.32 40.5640.474 54.72+0.60° 65.55+1.35¢ 75.46+0.67¢ 100.00£0.00*  100.00+0.00*  100.0040.00*

T AT /NG FRER R 05 2 57 8.3 (P<C0.05) 5 W50 JFORH% 35 50 0.0024,

®£9 I-MCP 44 PBISARHERLENFE PODBEHHNZMW
Table 9 Effects of 1I-MCP combined with PBI air conditioning bags on banana POD enzyme activity U/g
1-MCP ¥ i / T 5 I (8]
(g« L1 ERIPN 56K ERIPN 12K 515 K 18 K 21 K
CK 0.7840.072 0.99+0.042 0.8540.01% 0.8040.02b¢ 0.6540.03" 0.4940.05° 0.54+0.01*
0.00 0.6640.02° 0.8340.01° 0.88+0.02% 0.78+0.05¢ 0.6040.03" 0.5240.02° 0.4840.04"°
0.08 0.6240.02° 0.8040.03° 0.84=40.00% 0.8540.03% 0.75+0.05% 0.63+0.03% 0.55+0.03%
0.16 0.5940.04"° 0.65+0.05¢ 0.66+0.04¢ 0.87+0.03% 0.6540.03" 0.66+0.04% 0.5040.03%
0.32 0.6740.05" 0.8240.02° 0.8040.04"° 0.8640.04%> 0.78+0.01* 0.62+0.02% 0.5340.01%
T AT /NG TR 3R 22 5 1 3% (P<<0.05) 5 i8R JEURL POD Ji§ & M 0.56 U/g.
£ 10 I-MCP £ &MFLEAEXNEE POD EEEMZME
Table 10  Effect of 1-MCP combined with microporous membrane on POD activity of banana U/g
1-MCP ¥ Ji / 6 1 ]
(gL H B3R 6K 9 R 12 KR 015 KR 18 K 21 R
CK 0.80+0.08% 0.98+0.01* 0.87+0.01% 0.8240.00" 0.6540.05" 0.5040.03" 0.5440.04"
0.00 0.68+0.02° 0.8240.02° 0.89+0.04% 0.8640.01%" 0.6740.01" 0.5040.02" 0.554+0.03%
0.08 0.66+0.04° 0.82+0.06" 0.88+0.03% 0.8740.03% 0.774+0.03% 0.5240.01" 0.564+0.04%
0.16 0.60+0.03" 0.6440.04¢ 0.6740.07" 0.8340.05" 0.6240.02° 0.63+0.03% 0.604+0.06%
0.32 0.68+0.06" 0.81+0.10" 0.83+0.02% 0.8740.01% 0.75+0.02% 0.60+0.06% 0.62+0.02%
t FAT/NG TR R R 22 7 8 3 (P<<0.05) 5358 KUK POD B i 14 0.56 U/g.
BUAAL R E A, R R R Ry ol e B B A0 M Az B0 L LB REFRR AR,

AR LA BR B AL T 1-MCP 584 &/ Al
FHEERRFR K POD BEIGE . BIARRKE,.0.08 g/L
1-MCP &5 & LIS 57 Al 45 4 b 4 R 90 UL Bl R 46, (5%
HENEE.
2.6 MEEXERNZMN

i 11,12 mH R Ia] & A K R AR R T
R, ORGSR T AT ARERER AL E
(P>0.05), AL A0 3 ) A FE 0 T % R i o 95.74 %0, B A%
9 91.57% ; F 1-MCP 4b # H % 5 PBI < 8 4 & 43 (19 &
FE R o 97.83 %0 Ak 84.71% 5 F§ 1-MCP 4b #
B YL R I A AR R TR B i o 98.7 00 A 83.78 %4 )
Bl VR 4% A 5] ok B 1-MCP 4b B & Bk B R 1Y
75 Ak e B XA A B, BT 1-MCP 4b 31 1A 8 48 % 75 4
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MR 9 d J5,0.16 g/L 1-MCP &b 3 41 ) W 1% 5% J&
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®11 I'MCP#A PBISARHERZLENEERERNZ W

Table 11  Effects of 1-MCP combined with PBI air conditioning bags treatment on banana weightlessness rate %

1-MCP ¥ Ji/ I 9 15 1]
(g+ L1 3R 6 R IR /12K 15 K 18 K %21 K
CK 4.1540.05* 4.2540.02* 16.3240.07* 18.56£0.02¢ 19.88+0.08*  20.58+0.08*  24.5840.12%
0.00 1.25+0.00° 1.1940.01" 4.56+0.03" 5.4240.04" 5.8840.02" 7.8640.08"  12.03£0.02"
0.08 1.13+0.01¢ 1.18+0.08" 2.56+0.01¢ 2.87+0.03¢ 3.56+0.12¢ 3.86+0.024 6.46+0.04¢
0.16 1.10£0.06¢ 1.08+0.08" 2.06+0.06¢ 2.09+0.01¢ 3.06+0.064 3.55+0.03¢ 4.57+0.06¢
0.32 1.1040.01¢ 1.154+0.14° 2.33+0.11¢ 2.89+0.04¢ 3.554+0.07¢ 4.0040.08¢ 6.47+0.03¢

T FAATNG TR 208 22 57 B 3% (P<0.05) s ik B JFURH R R 006,
F12 I'MCPAAHAEAENEERERNTM

Table 12 Effect of 1-MCP combined with microporous membrane treatment on weight loss rate of banana %

1-MCP ¥k Ji/ T 5 (18]
(g« LD 3R 6K #9 R 12 K # 15K # 18K %21 K
CK 1.560.117 4.5640.11° 5.5840.08"  10.254:0.02*  12.03420.03*  19.7740.23*  22.38240.38"
0.00 1.4540.03¢ 1.984-0.03% 2.8740.02" 3.0540.00° 3.87+0.07b 5.6440.02"  12.00£0.47"
0.08 1.2540.02b 1.8740.02¢ 2.224-0.104 2.9940.10%  3.544-0.04° 4.564-0.06¢ 5.54740.044
0.16 0.984-0.10¢ 1.2340.10° 2.1140.024 2.5440.044 2.894-0.09¢ 3.844-0.04¢ 3.7840.78¢
0.32 1.0040.05¢ 1.3640.05¢ 2.5640.11¢ 2.884-0.12¢ 3.2540.02¢ 4.124-0.02¢ 6.562-0.30°

T AATNG PR #0822 57 B3 (P<0.05) s ik B JFORH R AR 006,
R 13 I-MCP A PRISARSELENEEFREENEW

Table 13 Effects of 1-MCP combined with PBI air conditioning bags treatment on banana respiration intensity
mg CO,/(kg + h)

1-MCP ¥k B/ I i B[]

(g+ L7 83K 6K EIN ¥ 12 K 4515 K 518 K 21 R
CK 58.5740.45*  66.97£0.17*  79.2240.66*  86.69+0.58*  97.68+1.04*  98.42+0.68* 111.49+0.78¢
0.00 53.67+1.03>  60.70£0.49¢  67.564:0.67*  74.550.61¢  89.4440.46>  88.86+£0.51> 104.15+0.91°
0.08 58.6240.72¢  65.014£0.49>  70.9840.66>  77.94+0.78">  85.7040.52¢  85.62+0.52¢  99.88+0.78¢
0.16 50.6440.55¢  57.56+0.87¢  66.264-0.98°  73.59+0.84¢  80.7240.47¢  80.72+0.47¢  94.87+0.82¢
0.32 53.524+1.10°  58,5740.49¢  67.854+0.71¢  78.94+0.33>  81.48+1.21¢  81.48+1.21¢ 101.04+0.53¢

T BT NG F R KR 25 5 B (P<C0.05) 5 B 56 JFURFIT I 58 B Oy 42,23 mg CO,/ (kg « h),

14 I-MCPEESRABELEMEEFREBEEZNZM
Table 14 Effect of 1I-MCP combined with microporous membrane treatment on respiration rate of banana

mg CO,/(kg * h)

1-MCP # i/ I S ]

(g« L°H 3K 56K ERIDN ®12 K %15 K %18 K 21K
CK 58.4410.31% 67.01£0.50% 79.10£0.37% 77.4940.55° 96.960.35¢  103.05+£0.63* 111.9441.01¢
0.00 55.85+0.20" 61.41+1.12° 71.23+£1.13° 78.6841.00¢ 87.5510.01¢ 97.1240.64> 104.4040.32"
0.08 53.514+0.47¢ 61.23+1.07° 69.3340.69¢ 76.0440.47¢ 89.46+0.41° 96.34+0.57> 103.23+0.34¢
0.16 50.95+0.76¢ 58.86+0.53¢ 67.13+0.83¢ 76.89+0.58"  82.84+0.69¢ 91.28+0.68¢ 98.28+0.27¢
0.32 54.351.00¢ 58.89+0.21¢ 63.5340.62¢ 70.92+0.494 77.8040.50¢ 84.22+0.58¢ 96.6040.62¢

T AT /NG TR R 2R 22 5 2 35 (P<C0.05) 5 33 JRURL I 5 J3E O 46.23 mg CO./ (kg + ),

1-MCP %545 PBIA I (R ff 48 X A7 AR B rp E IR R . R R ROB S, oo CK 4 i w] i 8 B 3% & 1 W75 5

b
OB e, Y] 1-MCP &b B840 ) T 7 4 W] 2 R A AR
2.8 MEEWHERK M TE—E R LR T &R M B L. e 6 K,

M % 15,16 A0, 5 A 04 1 i 52 B B & M B ) 0.16 g/ L 1-MCP 25 A4 FL IS £ 28 14 75 45 P 10 A i 58 1R
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%15 1-MCP4&& PBISARSBAEXNEENHCRNZ M
Table 15 Effects of 1-MCP combined with PBI air conditioning bags treatment on banana titratable acid %
1-MCP ¥ Ji / 68 A ]
(g« L1 3R 6K 9K 12 K 15 K 18 K 21K
CK 1.1840.01¢ 0.86+0.06¢ 0.774£0.07¢ 0.64=40.044 0.5240.004 0.48+0.04°¢ 0.424+0.02¢
0.00 1.2540.002 0.9540.04" 0.8340.03¢ 0.7240.02¢ 0.65+0.05¢ 0.624+0.02" 0.64+0.01"
0.08 1.16£0.03¢ 0.98+0.06" 0.85+0.02° 0.8140.04" 0.75+0.01" 0.75+0.05% 0.66+0.02%
0.16 1.22+0.01" 1.12£0.04* 0.95+0.01% 0.90+0.02% 0.85+0.03% 0.82+0.02% 0.71£0.05%
0.32 1.1940.01¢ 1.10£0.02% 0.93+0.03% 0.8540.05% 0.80+0.05% 0.76 +0.05° 0.68+0.02%
T AT/NG FRER R R 2 5 1 (P<0.05) 5 IR JEUR i iRl 1.28%
x16 I-MCPE&SRABLEMEETHTRMATZM
Table 16 Effect of 1-MCP combined with microporous membrane treatment on titratable acid of banana %
1-MCP ¥ i / T 5 I (8]
(g+ LY CORIPN 56K ERIPN 12 K 515 K 18 K 21K
CK 1.20£0.032 0.85+0.05¢ 0.74-0.04°¢ 0.60-+0.03¢ 0.6040.024 0.48+0.06¢ 0.43+0.01¢
0.00 1.2640.06* 0.9640.03° 0.8440.02° 0.7540.02° 0.70+0.05¢ 0.6240.04° 0.6040.03°
0.08 1.1740.03* 0.9940.04° 0.8540.03° 0.8040.04" 0.7740.02° 0.75+0.02% 0.66-+0.00%
0.16 1.1940.07* 1.1540.01* 0.95-+0.03% 0.90+0.02% 0.85+0.02% 0.82+0.02% 0.70£0.06%
0.32 1.1840.02* 1.1040.02 0.92-0.042 0.86+0.03% 0.8040.02¢ 0.76+£0.04% 0.68+0.02%

T WAT/NG TR 3R 28 57 1 3% (P<C0.05) 5 B8 JEURL AT i 2 Rk 1.28%% .,

BREWTAA4(P<0.05), {H PBI A {4 if 4% 8 2% 1
IV A LI Y 5 L U0 D T R AL S Y TR B 4K
AT PBI S R4S .
3 H5B

R 1-HUEE IR M 45 & PBI R f 580 b 3 5 42, B
T R R AE PR S AR AT L A AL IR R 38 b At b 2 20
RO T A SKAE 2 T vk TR 0 T 0 1 4R AR
TSGR B0 1 AR FR AR POD 3G o . X2 B R
-HEAR P s bk 5 2 0% 2 IR A Rl T 2R AR
HIVERT B AR £ TR AR 3 E W O, 5 CO. ik
B T A 25 MU HE 28 T 7 26 6 D i o v oo 85 3 9 O 1) 14
FEAERE T A AT 0 . S SR ) A 1 R A N 0
SEARRAS B 0 R R T T 4R R LR e LB
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