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Abstract
Shelf life extension of the sweet passion fruit is helpful for its marketing, since it is positioned in the international market as a gourmet fruit. In this work the effect of applying an antagonistic agent to the ethylene action was evaluated, 1- methylcyclopropene (1-MCP) was used to prolonged shelf life of sweet passion fruit, stored of 27 ± 2 °C and 76 ± 2% RH. Physical properties as weight loss, firmness loss and color changes were evaluated, together with chemical properties such as pH, acidity and soluble solids and sensory analysis. Three concentrations of 1-MCP: 200, 400 and 600 mg/l with three exposure times: 15, 30 and 60 seconds were applied. The results suggest that application of 600 mg/l of 1-MCP for 60 seconds of exposure preserves the fruit during 15 days at 27 ± 2°C and 76 ± 2% of HR.
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Resumen
Se evaluó el efecto de la aplicación de 1-metilciclopropeno (1-MCP), un agente antagonista a la acción del etileno -el 1-metilciclopropeno es utilizado para prolongar la vida útil del fruto de granadilla común-, almacenado a 27 ± 2°C y 76 ± 2% de HR.  Se evaluaron propiedades físicas como pérdidas de peso, cambios de dureza de la corteza; propiedades químicas como pH, acidez titulable y sólidos solubles; y propiedades organolépticas como cambios de color.  Se aplicaron tres concentraciones de 1-MCP: 200, 400 y 600 mg/lt y tres tiempos de exposición: 15, 30 y 60 segundos.  Los resultados sugieren que la aplicación de 600 g/lt de 1-MCP y 60 segundos de exposición conserva la granadilla común durante 15 días a 27 ± 2°C y 76 ± 2% de HR. 
Palabras clave: Almacenamiento, etileno, fisiología poscosecha, maduración controlada, 1-MCP, Passiflora ligularis.
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Introduction
Sweet passion fruit (Passiflora ligularis Juss) is an exotic fruit plant, found among the new preferences of customers looking for conve-nient, innocuous and highly nutritious fruits.  Colombia is the main producer in the world with a production of 43885 ton in 2007 and 52305 ton in 2008.  The region of Huila is the largest producer with 46.5% of the national production in 2008.  Also, Colombia is the main world exporter of this fruit.  In 2008, exportations were about 2444 ton, being one of the most attractive agribusinesses in Colombia (Parra-Morera et al., 2011).
One of the widely used strategies to prolong fruit shelf life is the use of 1-metylciclopropene (1-MCP) as an ethylene antagonist (ethylene is a hormone involved in the ripening process).  This inhibitory property of 1-MCP was disco–vered and patented in USA by Sisler y Blan–kenship (1996).  The first works and commercial developments of the product were done in flowers, in which the natural senescence was delayed (Sisler et al., 1996; Chitarra y Chitarra, 2005). 
 (
Table 1.
 Applied treatments on the evaluation of 1-MCP as a ripening delaying treatment on common sweet passion fruit.  
Tr
eatment
1-MCP
 
concentr
a
tion
 (
g/
l
t
)
Exposition time
(s
ec
)
T1
200
15
T2
200
30
T3
200
60
T4
400
15
T5
400
30
T6
400
60
T7
600
15
T8
600
30
T9
600
60
T10
Control
0
)1-MCP is a product used at low concentrations, it is commercialized in solid or gaseous state and shows variable results depending on the treated fruit, its morphological and physiological characteristics and storage conditions and time (Grichko et al., 2006).  Such variabi–lity on results using 1-MCP has motivated diverse studies aimed to evaluate its effect on ripening, senescence delay, and post harves–ting conservation of fruits such as banana, (Jiang et al., 1999), apple (Fan et al., 1999), mango (Hofman et al., 2001), avocado (Kluge et al., 2002), passion fruit (Andrade, 2004), soursop, guava, papaya, tomato (Beno-Moualem et al., 2004), melon (Dussán-Sarria et al., 2005; Alves et al., 2005), and kiwi (Mao et al., 2007).
Nonetheless the excellent quality of the sweet passion fruit, it is a perishable product. Due to its high water content its storage time is relatively short, and this complicates its commercialization.  This study aimed to eva–luate the effect of 200, 400 and 600 g/l aplications of 1-MCP on sweet passion fruits for 15, 30 and 60 sec on some physical traits such as, weight and hardness loss; chemical traits as pH, acidity and soluble solids; and organoleptic characteristics such as color and flavor.

Materials and methods
Plant material. Sweet passion fruits from a common cultivar were harvested in 2008 from Calima-Darien (1485 ma.s.l, 18°C) in Valle del Cauca, Colombia.  Fruits were harvested in a ripening grade of 3 according to regulation ICONTEC NTC 4101 (1997), which is the adequate grade to export.  Fruits without any external damage such as cuts, pest or diseases, were selected for further treatment.  Selected fruits were washed and disinfected by immersion in water with chlorine (200ml/l), followed by a wash with distilled water to eliminate chlorine traces. 
1-MCP preparation and application. The product was prepared following provider´s (AgroFresh INC.) instructions.  40 l. 1-MCP solutions were prepared in 200, 400 and 600 mg/l concentrations in distilled water.  8 kg. of fruits, previously cleaned, were immersed in the respective solutions and time according to the applied treatments (Table 1).
Once the exposition time passed, fruits were extracted from the solution and submerged on drinking water for 5 min. to clean excess product.  After that, they were dispose on plastic baskets (30 cm x 40cm x 60cm) in three layers of fruit separated by cardboard panels, and were storage at 27 ± 2 °C and 76 ± 2 % RH.  Physical, chemical and organoleptic evaluations were done every 3 days. 
Weight loss. 10 fruits of each treatment were taken for this measurement.  Fruits were weighted every 3 days on a precision balance.  This trait was calculated by the following equation.  



where, %Wl is water loss percentage (%), Wi is the fruit sample initial weight (g), Wf is the fruit sample final weight (g). 
Hardness. It was determined with a penetrometer of maximum reading of 196.06 kPa and 6 mm cylindrical tip.  Measurement was done by triplicate, applying a constant force in the equatorial area directly on the fruit skin.  Results are expressed in force units (Newton).
Titratable acidity, pH and total soluble so–lids. To determine titratable acidity, pH and total soluble solids three fruits per treatment were used, their pulp was extracted and the content was homogenized.  The titratable aci–dity (TA) was determined according to the method proposed by the Regulation AOAC 942.15 (2005) and was expressed as citric acid percentage.  pH values were directly determined on the homogenized pulp using a potentiometer, and the total soluble solids (TSS) by refractometer (Reichert, Germany) directly on the homogenized pulp. 
Organoleptic analysis.  This analysis was done every 3 days by 20 persons that acted like no-trained judges and judge the external appearance by using a nine points hedonic scale, being 1= Like Extremely and 9= Dislike Extremely. Changes in ripening stage were measured by means of fruit coloration through time according to ICONTEC Regulation NTC 4101 (1997) which described stages form 0 to 6, O dark green color and well developed fruit, and 6 an orange or reddish fruit.
Experimental design and statistical analysis. To evaluate 1-MCP effect a 3 x 3 factorial design with two factors: 1-MCP concentration factor in three levels: 200 mg/l, 400 mg/l and 600 mg/l, and time factor with three levels 15 sec, 30 sec and 60 sec.  Treatments were done in triplicate and a control without 1-MCP aplication was used.  Treatments are depicted in Table 2.  Results were analyzed by analysis of variance (Anova) using the software for statistical analysis ESTAT version 2.0 (1993), and the mean comparison was done with a ´t´ Tukey´s test (P < 0.05). 
 (
Table 2.
 Ripening stage on common sweet passion fruit according to legislation 
NTC
 4101, treated with different 1-MCP concentrations and exposition times. 
Day
Tr
eatments
 (1-MCP  
-
g/
l
)
200
400
600
Control
T1
*
T2
T3
T4
T5
T6
T7
T8
T9
T10
0
3
3
3
3
3
3
3
3
3
3
3
5
4
5
4
5
4
5
4
4
4
6
5
5
5
5
5
5
4
5
6
6
9
6
6
6
6
6
6
5
5
5
6
12
5
5
5
6
5
6
5
5
5
6
15
6
6
6
6
6
6
6
5
5
6
18
―
―
―
―
―
―
―
6
6
―
21
―
―
―
―
―
―
―
―
―
―
(―) = Fruits lost their 
commercial
 value.  
Ripening stage values unequal are statistically different (P < 0.05). 
* 
treatment
 correspondences
 are on Table 1. 
)
Results and discussion 
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Gráfica 7.
 Cinética de Producción de ácido láctico asociado con la formación de biomasa en leche con suplemento de extracto de levadura
(A); 
Cinética de Producción de ácido láctico asociado con el consumo de sustrato en leche con suplemento de extracto de levadura 
(B)
.Estos resultados son el promedio de los triplicados
)Fruit weight.  Figure 1 shows the absolute weight percentages and the relative accumulated weight loss for each treatment.  A progressive weight loss through time is observed (P < 0.05).  This loss is affected by the physiological processes of transpiration and respiration (Kader, 1992). e.g., in the day 15 of sto-rage, the accumulated weight loss in water varied between 175 and 23% in all the treatments.  In general, during 21 days of storage the treatment showing higher loss value was the control (T10).  Considering the storage day 15, the average loss values during this period were not significantly different (P > 0.05).  
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Figure 2.
 Relative hardness los
s 
on common sweet passion fruit, expressed in Newton (N), treated with different 1-MCP concentrations and exposition times
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Gráfica 7.
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(A); 
Cinética de Producción de ácido láctico asociado con el consumo de sustrato en leche con suplemento de extracto de levadura 
(B)
.Estos resultados son el promedio de los triplicados
)Hardness.  Figure 2 shows hardness reduction among sweet passion fruits during the storage time.  During the first 3 days the fruits both untreated and treated had reduced the hardness of the skin; they varied from 73 N to 37 N.  In the day 15 there were no statistically significant differences (P > 0.05) in the hardness value of the treatments.  During this period sweet passion fruits of the T9 treatment showed a fruit hardness close to 29 N.  Salda–rriaga (1998) found similar results on sweet passion fruits stared at 17 °C for 11 days.  Hardness loss is attributed to pectin and cellulose degradation on fruits (Gallo, 1996).
Tritatable acidity and pH. Tritatable acidity values decreased during the storage time, they were 0.53% in average and ended at day 21 in 0.29%.
In general, pH values remained constant during the storage time, 4.81 was the starting value and it was 4.66 on day 21.  In this period of time treatment 9 showed a pH 4.72 and tritatable acidity 0.59%.  Normally pH values on post harvested fruits tend to increment and tritatable acidity tends to diminish, in this work with sweet passion fruit only the last phenomena was recorded.
 (
Table 3.
  Total soluble solids evolution on sweet p
assion fruit treated with 
different 1-MCP concentrations and exposition times. 
D
ay
Tr
eatment
 
(1-MCP  
-
g/l
)
200 
400 
600 
Control
T1*
T2
T3
T4
T5
T6
T7
T8
T9
T10
0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
13.0
3
13.7
12.4
13.3
13.3
11.7
13.5
13.7
14.3
12.8
12.1
6
13.7
14.5
13.3
13.0
13.3
13.3
12.7
13.8
13.5
13.3
9
13.4
13.0
12.9
12.3
13.2
13.0
14.0
13.0
13.3
13.5
12
13.8
14.7
14.1
14.4
14.0
13.3
13.6
13.3
14.5
14.2
15
13.4
13.9
13.3
13.8
13.3
13.7
14.5
13.4
12.5
14.4
18
12.1
11.9
11.1
12.7
12.8
13.2
11.8
13.1
13.5
11.7
21
13.6
13.5
12.9
12.7
12.3
13.0
13.5
13.5
13.4
14.1
* Treatment 
correspondences
 are on Table 1.  
)Total soluble solids.  Total soluble solids presented slight variations during storage (Table 3). Those fluctuations are due to the difficulty to select fruits on a sequential ripening stage for a periodic sampling.  Similar results were found by Chitarra y Chitarra (2005) on different storage fruits. 
Between days 0 and 15 there was a slight increase in total soluble solids value: from 13 °brix to 14.5 °brix.  Those results are similar to the ones found by Saldarriaga (1998).  In the day 15 fruits treated with 600 mg/l 1-MCP for 60 sec. (T9) showed the lowest total soluble solids value (12.5 °brix) in comparison to the other treatments (P < 0.05).  After day 15 a reduction on the °brix was observed, which reflects the normal behavior of fruits in the senescence phase (Chitarra y Chitarra, 2005).
Organoleptic properties.  In the day 3 of storage, sweet passion fruits still remain green.  In this stage the judges assigned an average value of 6 (like slightly).  In the day 15, fruits in all the treatments were around 6 and 9 values.  Between day 18 and 21 dark spots appeared on fruits skin. 
On day 15 of storage, treatments T8 and T9 showed a ripening stage lower than the other treatments (Table 2), which indicates that 1-MCP had an effect on delaying ripening of sweet passion fruit.  5 and 6 ripening stages are statistically different (P < 0.05), confirming the results of Valero et al. (2003) who found that 300mg/l and 500mg/l  concentrations of 1-MCP had an effect on the fruit color storage on refrigerated conditions.  These analysis allow the affirmation that a 15 days period of time is the limit for fruit conservation. 
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Conclusions
· Application of 1-MCP at different concentrations and exposition times showed a low incidence of the ripening process in sweet passion fruit while stored at 27 ± 2 °C and 76 ± 2% RH.  Nevertheless, high concentrations of 1-MCP and longer exposition times improved shelf life quality, favoring soluble solids and organoleptic characteristics (color and flavor).
· 1-MCP treatment of 600 mg/l during 60 sec. was the best preserving the common sweet passion fruit and gave a 15 days shelf life under the conditions mentioned before. 
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T1	0	3	6	9	12	15	18	21	100	96.907216494845969	93.321380546839436	89.62796952039443	86.409681757059559	83.173464813984026	79.775885253249299	74.235768713580626	T2	0	3	6	9	12	15	18	21	100	96.794485135717366	92.804825506247326	89.030590262817796	85.471779405428649	82.016372253338858	78.285221887117942	72.856527358897011	T3	0	3	6	9	12	15	18	21	100	95.763444578938262	90.904374891924618	86.546775030261088	82.43126404980174	78.4973197302442	73.629604011758559	67.127788345149185	T10	0	3	6	9	12	15	18	21	100	96.672091131000158	92.929210740439373	89.365337672904246	86.013018714401454	82.554922701383234	74.304312449145726	72.782750203417379	Time (days) 

Relative reduction of weight (%)



T4	0	3	6	9	12	15	18	21	100	97.073628529988909	93.439126354406611	89.779029093080808	86.229843869976975	82.84276085658145	79.464209538435327	74.276938827744544	T5	0	3	6	9	12	15	18	21	100	95.814635830169138	91.775975146702947	87.987573351743194	84.389023127373136	81.118398343113213	77.623403520883343	72.238522609596131	T6	0	3	6	9	12	15	18	21	100	97.342571478687958	92.378530082441088	87.528503771268191	83.99403613401158	80.547272408349627	77.179442203121624	72.732853885283276	T10	0	3	6	9	12	15	18	21	100	96.672091131000158	92.929210740439373	89.365337672904246	86.013018714401454	82.554922701383234	74.304312449145726	72.782750203417379	Time (days) 

Relative reduction of weight (%)



T7	0	3	6	9	12	15	18	21	100	96.381756150116658	92.395403124438758	87.82546238103788	84.099479260190364	72.113485365415698	68.019393068773567	61.429340994792604	T8	0	3	6	9	12	15	18	21	100	96.569787090233149	92.049678945589719	87.428185197701367	83.668469077391009	79.604596147347095	75.532274417032781	69.11118621155795	T9	0	3	6	9	12	15	18	21	100	95.839041095890408	91.104452054793967	86.797945205479436	83.167808219178085	77.482876712328206	76.181506849315127	70.693493150684404	T10	0	3	6	9	12	15	18	21	100	96.672091131000158	92.929210740439373	89.365337672904246	86.013018714401454	82.554922701383234	74.304312449145726	72.782750203417379	Time (days) 

Relative reduction of weight (%)



T1	0	3	6	9	12	15	18	21	72.568112728000003	41.623151744889384	33.404000000000003	30.776900000000001	28.929180073999831	28.125499999999889	27.948529901999699	21.410862088666665	T2	0	3	6	9	12	15	18	21	72.568112728000003	45.763674693333144	33.995872629333334	28.329893857777783	27.097000000000001	24.516254300000035	23.535604127999999	20.593653612000001	T3	0	3	6	9	12	15	18	21	72.568112728000003	41.950035135555559	32.470416806222225	27.349243685777576	28.0465949192	23.862487518666629	25.170021081333289	16.017286142666691	T10	0	3	6	9	12	15	18	21	72.568112728000003	45.000946781777778	37.918473317333294	30.509116462222224	30.465532010132943	29.148499999999853	22.228070565333159	21.247420393333119	Time (days)

Relative hardness  (N)



T4	0	3	6	9	12	15	18	21	72.568112728000003	35.902692408222194	35.172600000000003	32.252494545777772	26.346801287733289	21.737745479333189	23.208720737333049	21.247420393333119	T5	0	3	6	9	12	15	18	21	72.568112728000003	40.696982138000322	33.777950368889194	31.125800000000005	31.337000000000035	24.516254300000035	23.045279041999816	15.200077665999999	T6	0	3	6	9	12	15	18	21	72.568112728000003	38.027434447555557	33.1402	33.011800000000001	33.538235882400308	29.909830245999849	23.208720737333049	20.593653612000001	T10	0	3	6	9	12	15	18	21	72.568112728000003	45.000946781777778	37.918473317333294	30.509116462222224	30.465532010132943	29.148499999999853	22.228070565333159	21.247420393333119	Time (days)

Relative hardness (N)



T7	0	3	6	9	12	15	18	21	72.568112728000003	39.443929140444446	36.828862015111106	32.704100000000011	31.076000000000001	29.582946855333031	23.790800000000001	19.776445135333155	T8	0	3	6	9	12	15	18	21	72.568112728000003	35.194445061777778	31.688199999999849	32.626900000000013	30.171336958533196	29.075500000000002	22.391512260666666	16.017286142666691	T9	0	3	6	9	12	15	18	21	72.568112728000003	40.206657052000004	39.11704574977778	32.338500000000003	32.198013980666666	28.929180073999849	25.823787862666666	20.593653612000001	T10	0	3	6	9	12	15	18	21	72.568112728000003	45.000946781777778	37.918473317333294	30.509116462222224	30.465532010132943	29.148499999999853	22.228070565333159	21.247420393333119	Time (days)

Relative hardness (N)



