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Abstract
An edible lipid-chitosan film forming dispersion (FFD) was developed to delay ripening of guava. Four percent (v/v) of palm stearin (PS) and palm kernel olein (PKOo) in ratios of 0:100, 25:75, 50:50, 75:25 and 100:0 were added to a chitosan solution base and applied on guava by dipping technique. Surface appearance, weight loss, firmness, carbon dioxide, oxygen and ethylene concentrations were evaluated every 3 days during 31 days of storage at chilled temperature (5±2 °C). An application of FFD on guava significantly (p <0.05) delayed chilling injury, reduced weight loss, maintained firmness, slowed down respiration and ethylene production as compared to uncoated guavas. PS:PKOo (75:25) coating was able to form compatible blends and showed good moisture and gas barrier properties when applied on guava surface, resulting in increased postharvest life of guava.
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Abstrak
Serakan filem lipid-kitosan yang boleh dimakan telah dihasilkan untuk melambatkan proses jambu untuk ranum. Empat peratus (v/v) stearin sawit dan olein isirong sawit dengan nisbah 0:100, 25:75,  50:50, 75:25 and 100:0 telah ditambah ke dalam larutan kitosan dan diaplikasikan ke atas jambu dengan menggunakan teknik celupan. Permukaan buah, kehilangan berat, kekerasan, kepekatan  gas karbon dioksida, oksigen dan etilena telah dikaji setiap 3 hari sepanjang 31 hari penyimpanan di dalam suhu sejuk (5±2 °C). Penggunaan salutan ke atas jambu telah melambatkan kerosakan buah, mengurangkan kehilangan berat, mengekalkan kekerasan, melambatkan proses respirasi dan penghasilan etilena jika dibandigkan dengan jambu yang tidak disalut. Salutan PS:PKOo (75:25) telah menghasilkan campuran yang sesuai dan menunjukkan sifat-sifat penghalang air dan gas yang baik apabila diaplikasikan ke atas permukaan jambu dan telah meningkatkan jangka hayat jambu.

Kata kunci:  jambu, serakan lapisan filem, kitosan, stearin sawit, olein isirong sawit


Introduction
Guava is an excellent source of vitamin C and is grown for both the domestic and exports markets. However, guava ripens rapidly during transportation and storage, thus often requiring rapid shipment in order to prolong postharvest life and decrease its respiration rate. Many postharvest diseases such as anthracnose, mucor rot and aspergillus rot can also limit the commercialisation of guava. Although refrigeration can increase the shelf life of guava, it adds cost and may cause chilling injury. Thus, coating the fresh fruit appears to be a cheaper alternative to preserve guava.

Materials that can be used to make edible coating includes polysaccharides [1], proteins [2] and lipids [3], or a combination  of these materials [4].  Most hydrophilic  films are excellent gas, aroma  and lipid barriers with good mechanical properties, while hydrophobic films have high moisture resistance with poor mechanical properties. Improved film or coating performance can be obtained when hydrophilic and  hydrophobic compounds are mixed.

Chitosan as a coating material has good antimicrobial [4] and gas barrier properties [5] with its tough and flexible film [6]. To date, there is no research data on the study of functional properties of chitosan based dispersion incorporated with palm stearin and palm kernel olein (PKOo). It can thus be combining with palm stearin and PKOo to provide moisture barrier properties, as PKOo has limited application because of excessive foaming due to medium-short chain fatty acids [7]. Results obtained from this study can be used to assess the potential of lipid-chitosan coating, besides diversifying the use of palm stearin and PKOo.

Materials and Methods
Chemicals and raw materials
Raw materials used were guava, chitosan, palm kernel olein and palm stearin. Refined, bleached and deodorised medium-hard palm stearin (IV: 33, SMP: 54) and palm kernel olein (IV: 24, SMP: 25) were obtained from Cargill Specialty Fats (M) Sdn. Bhd, Pelabuhan  Klang, Malaysia. Guavas (Psidium guajava L.) at maturity index 2 were obtained from FAMA Chui  Chak, Bidor, Perak, Malaysia. High molecular weight chitosan, with a deacetylation degree of 85 % was purchased from Saintifik Zener Sdn. Bhd, Kuala Lumpur, Malaysia. Glacial acetic acid (99.5 %), glycerol and Tween 80 were supplied by Merck Sdn Bhd, Petaling Jaya, Selangor, Malaysia.

Preparation of film forming dispersion (FFD)
An amount 3 g of chitosan was dispersed in an aqueous solution of glacial acetic acid (0.75 % v/v), at 40 °C. Tween 80 at 0.1 % (v/v) and 0.5 % of glycerol were added and the FFD was shaken by using an orbital shaker at 350 rpm, 65 °C. After 8 hours, palm stearin and palm kernel olein were added at 4 % (v/v) in ratios of 0:100, 25:75, 50:50, 75:25 and 100:0 to the chitosan solution. These mixtures were then emulsified at room temperature using a high speed homogeniser at 13500 rpm for 4 minutes [8].

Coating application
Guavas of uniform size, shape and colour and without any signs of mechanical damage or fungal decay were selected. The fruits were washed and immersed in 10 mg/L of sodium hypochlorite solution for 5 minutes and then drained prior to coating. The fruits were dipped in the FFD for 15 seconds [9] while control samples were dipped in distilled water. Fruits were allowed to dry at ambient temperature on trays, and were stored at chilled temperature (5 ± 2°C) and 80 – 95 % relative humidity for 31 days. Temperature and relative humidity were measured by using a Temperature and RH logger (HOBO U12 – O13) [10].

Physicochemical analyses
Physicochemical analyses of guava were performed at 1,  4, 7, 10, 13, 16, 19, 22, 25, 28, and 31 days of storage.

Determination of surface appearance
Guavas samples were assessed  by visual inspection on  overall appearance, colour changes  and acceptability at 1, 4, 7, 10, 13, 16, 19, 22, 25, 28, and 31 days of storage. Pictures of guavas were captured by using a digital camera (Canon IXUS HS115). Guava that showed any sign of fungal development was considered decayed [11].

Determination of weight loss
Weight loss was determined by weighing the samples on a laboratory digital balance (A & D HF-300, Japan) after air-drying the FFD and thereafter at 1, 4, 7, 10, 13, 16, 19, 22, 25, 28, and 31 days of storage. Results were expressed as percentage loss of moisture based on the original mass [12].

Determination of firmness retention
Firmness of guava was determined by using a TA-XT2i Texture Analyzer (Stable Microsystems, Surrey, UK) equipped with a compression cell of 10 kg and a cylindrical and flat acrylic probe of 1 cm in diameter, 10 mm/s crosshead speed, a 1 N force and a 75 % strain to penetrate the fruit. Determination was performed at three different parts of guavas. Results were expressed as percentage of firmness retention (compression force at storage time was compared to force on day 1) [13].

Determination of gas concentrations
Carbon dioxide and ethylene concentrations were measured by enclosing each fruit in a 0.5 L plastic jar, hermetically sealed with a rubber stopper for one hour. One milliliter of the atmosphere in the plastic jar was withdrawn into a gas tight syringe. Carbon dioxide and ethylene concentrations were quantified using a Gas Chromatograph (Agilent 78990A) equipped with Thermal Conductivity Detector (TCD) and Flame Ionization Detector (FID), respectively. Column and detector temperatures were 55 ˚C and 180 ˚C, respectively. The carrier gas was helium at a flow rate of 50 ml/min. Results from the means of triplicate determinations were expressed in ppm (10). Oxygen concentration was analysed in the same headspace gas by using a carbon dioxide and oxygen analyzer (Mocon Pac Check 200). Results from the means of triplicate determinations were expressed as percentage of oxygen [14].

Statistical analysis
SPSS for Windows Evaluation (version 15.0) was used for all statistical analyses. Analysis of variance and Duncan multiple comparisons were performed at 5 % confidence level.

Results and Discussion
Surface appearance
The overall acceptability of fruit was evaluated based on the appearance of fruit skin. The results obtained on the visual appearance of guavas are shown in Figure  1. The uncoated guava showed sign of chilling disorder at day 13 with the chilling injury becoming more prominent as storage progressed. Lipid-chitosan coating (PS:PKOo 75:25) delayed the chilling injury of guava by shifting the chilling disorder to day 22 of storage. The coating delayed disease development  and retarded the ripening process. The intensification of chilling injury during storage of guava was also observed by Gonzalez-Aguilar et al [15]. Meanwhile, Vargas et al [9] reported that surface moisture loss could be responsible for the darker colour of fruits’s skin.


	
	Control
	Chitosan
	PS:PKOo  (0:100)
	PS:PKOo (25:75)
	PS:PKOo (50:50)
	PS:PKOo (75:25)
	PS:PKOo (100:0)

	Day 1
	[image: E:\DCIM\BULAN2\IMG_0811.JPG]
	[image: E:\DCIM\BULAN2\IMG_0821.JPG]
	[image: E:\MeMor!3S P!cS\CAMERA\102___04\IMG_0830.JPG]
	[image: E:\MeMor!3S P!cS\CAMERA\102___04\IMG_0841.JPG]
	[image: E:\MeMor!3S P!cS\CAMERA\102___04\IMG_0852.JPG]
	[image: E:\MeMor!3S P!cS\CAMERA\102___04\IMG_0872.JPG]
	[image: E:\MeMor!3S P!cS\CAMERA\102___04\IMG_0884.JPG]

	Day 4
	[image: ]
	[image: ]
	[image: E:\MeMor!3S P!cS\CAMERA\102___04\IMG_0830.JPG]
	[image: E:\MeMor!3S P!cS\CAMERA\102___04\IMG_0943.JPG]
	[image: E:\MeMor!3S P!cS\CAMERA\102___04\IMG_0851.JPG]
	[image: E:\MeMor!3S P!cS\CAMERA\102___04\IMG_0875.JPG]
	[image: E:\MeMor!3S P!cS\CAMERA\102___04\IMG_0878.JPG]

	Day 7
	[image: E:\MeMor!3S P!cS\CAMERA\102___04\IMG_0814.JPG]
	[image: I:\MeMor!3S P!cS\CAMERA\102___04\IMG_0822.JPG]
	[image: E:\MeMor!3S P!cS\CAMERA\102___04\IMG_0936.JPG]
	[image: E:\DCIM\BULAN2\IMG_0846.JPG]
	[image: E:\DCIM\BULAN2\IMG_0851.JPG]
	[image: E:\DCIM\BULAN2\IMG_0874.JPG]
	[image: E:\MeMor!3S P!cS\CAMERA\102___04\IMG_0877.JPG]

	Day 10
	[image: E:\DCIM\BULAN2\IMG_0890.JPG]
	[image: E:\DCIM\BULAN2\IMG_1069.JPG]
	[image: I:\MeMor!3S P!cS\CAMERA\102___04\IMG_0938.JPG]
	[image: E:\DCIM\BULAN2\IMG_1089.JPG]
	[image: E:\DCIM\BULAN2\IMG_0904.JPG]
	[image: E:\MeMor!3S P!cS\CAMERA\102___04\IMG_0871.JPG]
	[image: E:\MeMor!3S P!cS\CAMERA\102___04\IMG_0961.JPG]



Figure 1.  Appearance of seedless guavas stored at chilled temperature
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Figure 1 (cont’d).  Appearance of seedless guavas stored at chilled temperature


Weight loss
Figure 2 shows the increases in weight loss of both coated and uncoated guavas. The results obtained showed that chitosan coating significantly reduced the weight loss of guava. Similar results were also observed with chitosan coating on sliced mango fruit at chilled temperature [5]. In this study, lipid-chitosan coatings exhibited smaller weight loss as compared to chitosan coating, with PS:PKOo (75:25) coated guava  showing the  lowest  percentage of weight loss. This phenomenon happened probably due to the optimum interaction of PS and PKOo with chitosan during the drying process.

In this study, lipid-chitosan coatings showed good moisture barrier  properties due to the combination of PS and PKOo. The lipids gave better protection on moisture loss of the seedless guava hence slowing down the weight loss of fruits. These results agreed with the findings of other researchers who reported that coatings made from lipids have good water vapour barrier properties. This is because lipids are not  miscible with water, hence water is retained and shrinkage of fruits is prevented [16].

Firmness retention
Results on firmness retention of guavas are shown in Figure 3. Firmness of guava  coated with chitosan coating decreased slower compared to uncoated guava because the chitosan coating provided the barrier to gases in the fruit. Lipid-chitosan coating could retain the firmness of guava better than chitosan coating alone, because the incorporation of lipid into chitosan coating was able to provide both moisture and gas barrier properties. PSPKOo (75:25) coating appeared to be the best formulation in preventing the loss of water vapour and maintained the firmness of seedless guavas. Yaman and Bayoundurh [17] reported that the decrease of oxygen and increase in carbon dioxide concentrations reduced the activity of enzyme that is responsible for texture loss, hence allowing the retention of fruit firmness.




Figure 2.  Weight loss of seedless guavas during storage at chilled temperature





Figure 3.  Firmness retention of seedless guavas during storage at chilled temperature


Ethylene concentration
Figure 4 shows the  ethylene production of guavas during  storage at chilled temperature. Chilled  storage is one  of the methods used to delay fruit  maturation by reducing respiration and synthesis of ethylene,  which cause maturation. The ethylene production  during ripening of guava exhibited a typical  climacteric pattern of respiration  for  climacteric  fruits.  The uncoated  guava  reached the  climacteric  peak at  day  13 while chitosan coated guava reached the climacteric peak after day 16.




Figure 4.  Ethylene concentration of seedless guavas during storage at chilled temperature


The amount of ethylene release  for  guavas that  were  coated  with  chitosan coating, PS:PKOo  (0:100), PS:PKOo (25:75), PS:PKOo (50:50), PS:PKOo (75:25) and PS:PKOo (100:0) increased with storage time and reached the highest values of 14.67 ppm, 14.36 ppm, 15.69 ppm, 16.20 ppm, 16.47 ppm and 15.87 ppm, respectively. Ethylene production decreased gradually after reaching the climacteric peaks. The decrease in ethylene concentration was probably due to the emergence of chilling injury on the fruit surface. Guavas that were coated with PS:PKOo (75:25) and PS:PKOo (100:0) shifted the climacteric peak of uncoated guava from day 13 to day 25. The results showed that both coatings showed greater gas barrier properties compared to the other coatings.

Carbon dioxide and oxygen concentrations
Figure 5 presents  the concentration of carbon dioxide throughout chilled storage of  guava. Coated guavas showed significantly lower amount  of carbon dioxide than the uncoated guavas during chilled storage.




Figure 5.  Carbon dioxide concentration of seedless guavas during storage at chilled temperature

Application of lipid-chitosan coatings could control the production of carbon dioxide by the guava, with PS: PKOo (75:25) coating showing the lowest amount of carbon dioxide throughout the 31 days of storage. All the guavas showed increases in carbon dioxide concentration which agrees with the increase in the metabolic activity of guava. Carbon dioxide in internal tissue of fruits should be decreased to control the ripening process [18]. Carbon dioxide concentration is related to tissue senescence and cell breakdown [19]. The reduced rate of respiration in coated guava might be correlated with a delayed senescence and reduced susceptibility to decay. Hence, the chitosan-lipid coatings can be used to modify the internal atmosphere, thereby delaying the ripening of fruits.

As the amount of carbon dioxide is important to be decreased, the amount of  oxygen surrounding the fruit should be maintained in order to control fruit ripening. The results of oxygen concentration (Figure 6) showed that all coatings had significantly prevented the decline of oxygen concentration surrounding the coated guavas (P <0.05) indicating a delay in fruit ripening as compared to the control. This indicates that coating acted as an oxygen barrier that limited the acceleration of aerobic respiration. According to Singh and Pal [14], the increase in  oxygen concentration in storage atmosphere accelerated the loss of green colour in guava.



















Figure 6.  Oxygen concentration of seedless guavas during storage at chilled temperature


Conclusion
[bookmark: _GoBack]Application of edible lipid-chitosan coating was able to improve the quality and shelf-life of seedless guavas throughout 31 days of storage at chilled temperature. Results showed that the edible lipid-chitosan coating reduced the weight  loss and increased the firmness  retention. The coatings decreased ethylene and oxygen concentrations indicating a delay in fruit ripening as compared to the control. Application of lipid-chitosan coating showed beneficial effects on guava as it slowed the increases in carbon dioxide concentration of fruits. Overall, PSPKOo 75:25 was the best coating formulation as it showed good moisture and gas barrier properties. Hence, PS and PKOo showed potential to be used as cheap sources of edible coating.

Although the FFD in this study was found to have good moisture and gas barrier properties, chemical degradation of FFD could occur during storage. In order for this FFD to be used in commercial applications, future research is necessary to find methods to protect the FFD from degradation during storage. Incorporation of other types of lipids such as fatty acids or palm olein can be used as alternative lipids to improve FFD properties. Sensory evaluation can also be conducted to determine the perception of consumers towards the appearance and overall acceptability of coated fruits.
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Control	0	0.41719300090006295	0.65481139669320587	1.2761532331591876	0.56019360942247509	2.3395478010039938	4.3565812009760521	4.8129792989527971	5.6818305974357051	5.9353464804246805	2.474489761028595	0	0.41719300090006295	0.65481139669320587	1.2761532331591876	13	13	0.56019360942247509	2.3395478010039938	4.3565812009760521	4.8129792989527971	5.6818305974357051	5.9353464804246805	2.474489761028595	1	4	7	10	13	16	19	22	25	28	31	0	3.8849999999999998	7.2212500400000001	17.147536334999998	20.695003440000001	26.714813505000002	32.914788829999999	49.162002790000003	55.372936844999998	60.997504575000001	64.576446790000006	Chitosan	0	0.18384776310850251	0.32768088026420999	7.3974683020611887E-2	1.0829658905476889	2.0536344349056654	0.16507380936742141	1.4542176406150413	0.367685103463049	1.2850563297882946	0.99625047269084344	0	0.18384776310850251	0.32768088026420999	7.3974683020611887E-2	1.0829658905476889	2.0536344349056654	0.16507380936742141	1.4542176406150413	0.367685103463049	1.2850563297882946	0.99625047269084344	1	4	7	10	13	16	19	22	25	28	31	0	3.55	5.8310570264999999	14.07278984	16.990066275	20.451640725000001	26.509665820000002	37.098877064999996	43.161340889999998	47.493804295000004	49.455652694999998	PS:PKOo (0:100)	0	8.4852813742385472E-2	0.69688027269816055	1.1992085658930922	5.2401420812034631E-2	1.3382376469535717	2.5764586600950299	2.0384866378755966	1.0820584745575308	0.9513491920854994	2.0572023048047061	0	8.4852813742385472E-2	0.69688027269816055	1.1992085658930922	5.2401420812034631E-2	1.3382376469535717	2.5764586600950299	2.0384866378755966	1.0820584745575308	0.9513491920854994	2.0572023048047061	1	4	7	10	13	16	19	22	25	28	31	0	3.7199999999999998	7.6790734005000001	12.398354161	14.29308902	15.983211765	22.987881430000002	29.489461835	33.111591035000004	38.289937545000001	44.54113564	PS:PKOo (25:75)	0	0.82024386617639511	1.0830906390331336	1.2492631424318825	2.339816932915983	3.0367561196298309	2.4963731885556708	5.1860887458135529	2.4998962703111887	2.1508588808155742	1.41574998520046	0	0.82024386617639511	1.0830906390331336	1.2492631424318825	2.339816932915983	3.0367561196298309	2.4963731885556708	5.1860887458135529	2.4998962703111887	2.1508588808155742	1.41574998520046	1	4	7	10	13	16	19	22	25	28	31	0	2.5499999999999998	4.4959592955000005	10.0266528105	12.854904770000001	14.975210765	20.400532210000001	26.836185999999998	29.081315035000003	31.361675380000001	34.764038145000001	PS:PKOo (50:50)	0	1.456639969244288	0.4241695356063519	0.3402320220947373	0.3929015777981974	0.39132303969094584	1.3566840051939948	2.5080685296555325	3.5791609094077064	2.8270267846188646	1.8155817822107807	0	1.456639969244288	0.4241695356063519	0.3402320220947373	0.3929015777981974	0.39132303969094584	1.3566840051939948	2.5080685296555325	3.5791609094077064	2.8270267846188646	1.8155817822107807	1	4	7	10	13	16	19	22	25	28	31	0	1.1399999999999999	5.4301856750000006	11.39231712	14.415960909999999	16.925075274999998	20.921392519999998	28.208246195000001	32.444013939999998	36.403641010000001	38.672771159999996	PS:PKOo (75:25)	0	1.2445079348883235	2.2998143968739222	1.6515940789597647	1.7196879698417098	0.96453082921300626	9.2876071545794844E-2	3.5584464283848796	2.58454176034533	2.3404163261211917	1.2206748937573628	0	1.2445079348883235	2.2998143968739222	1.6515940789597647	1.7196879698417098	0.96453082921300626	9.2876071545794844E-2	3.5584464283848796	2.58454176034533	2.3404163261211917	1.2206748937573628	1	4	7	10	13	16	19	22	25	28	31	0	2.21	5.5245381314999999	9.5710293770000003	11.538014494999999	13.551457259999999	16.480538760000002	20.98401896	24.903816025000001	27.281996785	28.955996745	PS:PKOo (100:0)	0	0.16970562748477142	0.91441630911105298	3.0534106537303782	3.6119416804549083	4.478413962013132	7.0043445088860179E-2	1.5077686261344598	1.4444012448673575	2.0461225355132053	1.1138459083624834	0	0.16970562748477142	0.91441630911105298	3.0534106537303782	3.6119416804549083	4.478413962013132	7.0043445088860179E-2	1.5077686261344598	1.4444012448673575	2.0461225355132053	1.1138459083624834	1	4	7	10	13	16	19	22	25	28	31	0	1.7200000000000002	3.3725768569999999	8.1039675809999991	10.0462062445	12.6948125485	18.085617514999999	23.542686789999998	26.716772605000003	29.713939549999999	32.123598735000002	Days of storage
Weight Loss (%)

Control	0	1.2249246155753892	0.86023219146291519	1.0802844439356771	0.2660820111824021	0.2893539511230459	0.27400778643620122	0.98725902877886873	0.77939523497872698	0.65557091365765496	1.32538	0	0.97614733614289872	0.60448415646538767	0.22280430945712068	0.93312205357710098	0.63899945276606207	0.9471546235135091	5.4540131274342957E-2	0.37821795742718312	1.23970554845574	1.076862727246761	1	4	7	10	13	16	19	22	25	28	31	100	87.266645286666673	84.300246983333338	76.474863210000009	69.123401880000003	60.653843810000005	53.048615226666669	47.777802189999996	35.6178507866667	28.474863209999999	25.413333333333298	Chitosan	0	0.97614733614289872	0.60448415646538767	0.22280430945712068	0.93312205357710098	0.63899945276606207	0.9471546235135091	5.4540131274342957E-2	0.37821795742718312	1.23970554845574	1.076862727246761	0	0.97614733614289872	0.60448415646538767	0.22280430945712068	0.93312205357710098	0.63899945276606207	0.9471546235135091	5.4540131274342957E-2	0.37821795742718312	1.23970554845574	1.076862727246761	1	4	7	10	13	16	19	22	25	28	31	100	94.639366916666674	93.000259026666683	85.982836169999999	78.075305556666663	71.005765890000006	65.270157263333331	58.988641806666664	51.180499160000004	43.07530555666667	37.286666666666669	PS:PKOo (0:100)	0	0.54510061142350796	0.36181005715754261	0.15207801920995942	0.47162929644213852	0.43593455025969202	0.35780334060224084	0.81543211317835929	0.64570903011021608	0.62744660452903367	0.82379204495633129	0	0.54510061142350796	0.36181005715754261	0.15207801920995942	0.47162929644213852	0.43593455025969202	0.35780334060224084	0.81543211317835929	0.64570903011021608	0.62744660452903367	0.82379204495633129	1	4	7	10	13	16	19	22	25	28	31	100	95.728652243333329	93.508442123333339	88.838461353333344	78.95903873333333	73.740104856666662	68.801197939999994	60.050734659999996	54.159371613333327	44.753237596666658	39.733333333333327	PS:PKOo (25:75)	0	0.3473938593950413	0.33568279979703941	0.61411399336914951	1.1665397967700348	0.57487845458826847	1.4600965218742135	1.2325268356325256	0.43550924663546964	0.79736977859158364	0.88861315167699939	0	0.3473938593950413	0.33568279979703941	0.61411399336914951	1.1665397967700348	0.57487845458826847	1.4600965218742135	1.2325268356325256	0.43550924663546964	0.79736977859158364	0.88861315167699939	1	4	7	10	13	16	19	22	25	28	31	100	96.367801666666665	94.588348876666657	89.886353976666669	84.37335138666667	77.193882806666679	71.071388843333338	65.583760873333333	57.999055613333333	52.991105633333326	46.896666666666668	PS:PKOo (50:50)	0	0.50695116413164265	0.50616809753847414	1.0334999565451031	0.9429886045359861	1.019114107360739	0.76903348241194924	0.62053758450203	0.52015673824611486	0.57984718465281637	1.1836102962264778	0	0.50695116413164265	0.50616809753847414	1.0334999565451031	0.9429886045359861	1.019114107360739	0.76903348241194924	0.62053758450203	0.52015673824611486	0.57984718465281637	1.1836102962264778	1	4	7	10	13	16	19	22	25	28	31	100	95.621293956666662	92.5416709	88.781579293333337	81.093987930000011	72.537534246666667	67.354137496333337	61.039907885666672	55.713321837000002	47.860549473333329	43.566666666666663	PS:PKOo (75:25)	1	1	1	4	7	10	13	16	19	22	25	28	31	100	97.721744063333333	95.929652053333328	92.679237579999992	86.080458149999984	82.324438966666676	73.203333333333333	68.252898375333316	61.395936747999997	55.966913650000002	54.49	PS:PKOo (100:0)	0	0.15668460916133531	0.62928899217360579	0.82695933028862112	0.99926328007021392	0.7579708843583699	0.3830143600441101	0.94972916203836277	0.86692734072653854	1.4622965192390789	0.6296295206971575	0	0.15668460916133531	0.62928899217360579	0.82695933028862112	0.99926328007021392	0.7579708843583699	0.3830143600441101	0.94972916203836277	0.86692734072653854	1.4622965192390789	0.6296295206971575	1	4	7	10	13	16	19	22	25	28	31	100	97.535721943333328	94.774173220000009	89.970372960000006	84.482733383333326	77.419904263333322	71.510000000000005	65.631968733666668	58.982272637333331	54.114912626666666	51.086666666666673	Days of storage
Firmness Retention (%)


Control	0.12013880860626738	9.9999999999999978E-2	9.9999999999999645E-2	0.2594224354214571	0.35571524191877485	0.26857649437978298	0.36055512754639985	0.5121523210920752	0.23065125189341584	0.27300793639257692	0.31	0.15534906930308057	7.0000000000000007E-2	0.5392587505085108	0.40414518843273833	0.45299006611624509	0.4485903847981289	0.11547005383792475	0.22546248764114438	0.2516611478423581	0.43143172499635818	0.321455025366432	1	4	7	10	13	16	19	22	25	28	31	1.7733333333333332	2.5	5	9.61	16.613333333333333	12.306666666666667	9.4	6.39	2.1799999999999997	1.2466666666666668	0.45	Chitosan	0.15534906930308057	7.0000000000000007E-2	0.5392587505085108	0.40414518843273833	0.45299006611624509	0.4485903847981289	0.11547005383792475	0.22546248764114438	0.2516611478423581	0.43143172499635818	0.321455025366432	0.15534906930308057	7.0000000000000007E-2	0.5392587505085108	0.40414518843273833	0.45299006611624509	0.4485903847981289	0.11547005383792475	0.22546248764114438	0.2516611478423581	0.43143172499635818	0.321455025366432	1	4	7	10	13	16	19	22	25	28	31	0.19333333333333336	1.3299999999999998	5.3599999999999994	9.3666666666666671	11.479999999999999	14.673333333333332	11.066666666666668	9.2166666666666668	7.2666666666666666	3.6933333333333334	2.2333333333333329	PS:PKOo (0:100)	7.2341781380702339E-2	0.3663786747797057	0.41633319989322642	0.30550504633038961	0.21166010488516743	0.40000000000000036	0.51868423277880171	5.773502691896263E-2	0.36055512754639907	0.23302360395462121	5.2915026221291982E-2	7.2341781380702339E-2	0.3663786747797057	0.41633319989322642	0.30550504633038961	0.21166010488516743	0.40000000000000036	0.51868423277880171	5.773502691896263E-2	0.36055512754639907	0.23302360395462121	5.2915026221291982E-2	1	4	7	10	13	16	19	22	25	28	31	0.65666666666666662	1.4666666666666668	3.3333333333333335	5.0666666666666664	7.2399999999999993	10.4	14.363333333333335	10.033333333333333	7.6000000000000005	5.3599999999999994	3.16	PS:PKOo (25:75)	3.2883633213702725E-2	6.8068592855540525E-2	0.25166114784235832	0.49003401242498823	0.35921210076128113	0.26457513110645914	0.20816659994661352	0.16289055630494226	0.20816659994661368	0.20816659994661352	0.32516662395352508	3.2883633213702725E-2	6.8068592855540525E-2	0.25166114784235832	0.49003401242498823	0.35921210076128113	0.26457513110645914	0.20816659994661352	0.16289055630494226	0.20816659994661368	0.20816659994661352	0.32516662395352508	1	4	7	10	13	16	19	22	25	28	31	0.15733333333333333	1.7233333333333334	4.2666666666666666	5.4866666666666672	8.5333333333333332	10.299999999999999	12.066666666666668	15.686666666666667	12.233333333333334	9.2333333333333343	6.0533333333333337	PS:PKOo (50:50)	5.0332229568471658E-2	0.16441816606851367	0.47031904065219393	0.1457166199626293	0.26457513110645914	0.20816659994661368	0.29597297173897363	9.5393920141694399E-2	0.20000000000000018	0.50332229568471687	0.20816659994661327	5.0332229568471658E-2	0.16441816606851367	0.47031904065219393	0.1457166199626293	0.26457513110645914	0.20816659994661368	0.29597297173897363	9.5393920141694399E-2	0.20000000000000018	0.50332229568471687	0.20816659994661327	1	4	7	10	13	16	19	22	25	28	31	0.29666666666666663	2.3066666666666666	5.54	6.5666666666666664	9.2999999999999989	12.233333333333334	16.2	13.299999999999999	10.6	5.833333333333333	2.3666666666666667	PS:PKOo (75:25)	0.18230011885167088	0.17156145643277038	0.45003703551300461	0.30049958402633453	0.40414518843273795	0.49426713425029617	0.30619982582185323	0.20816659994661302	0.45092497528228875	0.85821520222688563	0.41633319989322704	0.18230011885167088	0.17156145643277038	0.45003703551300461	0.30049958402633453	0.40414518843273795	0.49426713425029617	0.30619982582185323	0.20816659994661302	0.45092497528228875	0.85821520222688563	0.41633319989322704	1	4	7	10	13	16	19	22	25	28	31	0.7466666666666667	1.8133333333333332	3.4466666666666668	4.2300000000000004	6.4333333333333336	8.43	10.348333333333334	11.833333333333334	16.466666666666665	13.986666666666666	12.333333333333334	PS:PKOo (100:0)	1.5011106998930266E-2	0.1670329308849007	0.25403411844343526	0.32908965343808683	0.14011899704655792	0.27055498516937326	0.26457513110645881	0.26576932353703497	0.15275252316519469	0.67104396279230472	6.4291005073285681E-2	1.5011106998930266E-2	0.1670329308849007	0.25403411844343526	0.32908965343808683	0.14011899704655792	0.27055498516937326	0.26457513110645881	0.26576932353703497	0.15275252316519469	0.67104396279230472	6.4291005073285681E-2	1	4	7	10	13	16	19	22	25	28	31	0.11466666666666665	2.2200000000000002	3.8533333333333335	5.68	6.9033333333333333	8.2799999999999994	11.4	12.276666666666666	15.866666666666667	13.729999999999999	11.373333333333335	Days of storage
Ethylene (ppm)

Control	0.2645751311064593	0.11547005383792526	0.30550504633038933	0.20816659994661182	9.9999999999999645E-2	1.6093476939431066	0.75055534994651341	1.2013880860626693	1.8175074506954105	1.4933184523068048	0.23094010767584539	1.1930353445448858	0	0.2081665999466121	0.25166114784235921	0.45092497528229136	0.47258156262526013	0.72341781380702408	1.4571661996262919	0.73711147958319834	1.6165807537309471	0.7549834435270707	1	4	7	10	13	16	19	22	25	28	31	4.2	9.7333333333333307	13.2666666666666	28.033333333333299	36.200000000000003	42.4	51.766666666666701	71.366666666666703	85.933333333333337	94.8	86.533333333333346	Chitosan	1.1930353445448858	0	0.2081665999466121	0.25166114784235921	0.45092497528229136	0.47258156262526013	0.72341781380702408	1.4571661996262919	0.73711147958319834	1.6165807537309471	0.7549834435270707	1.1930353445448858	0	0.2081665999466121	0.25166114784235921	0.45092497528229136	0.47258156262526013	0.72341781380702408	1.4571661996262919	0.73711147958319834	1.6165807537309471	0.7549834435270707	1	4	7	10	13	16	19	22	25	28	31	7.4333333333333327	9.8000000000000007	12.466666666666701	15.3333333333333	20.633333333333301	27.866666666666664	30.666666666666668	48.766666666666673	58.166666666666664	69.86666666666666	74.7	PS:PKOo (0:100)	0.26457513110645914	0.34641016151377524	5.773502691896263E-2	0.20000000000000018	0.55075705472860959	1.2288205727444508	0.37859388972001934	0.96090235369330423	0.32145502536643161	0.15275252316519722	0.9848857801796137	0.26457513110645914	0.34641016151377524	5.773502691896263E-2	0.20000000000000018	0.55075705472860959	1.2288205727444508	0.37859388972001934	0.96090235369330423	0.32145502536643161	0.15275252316519722	0.9848857801796137	1	4	7	10	13	16	19	22	25	28	31	5.3	6.3999999999999995	10.1666666666666	10.1	18.633333333333301	23.6	21.133333333333336	36.366666666666667	44.533333333333331	55.566666666666663	65.3	PS:PKOo (25:75)	0.20816659994661357	0.19999999999999951	0.11547005383792526	0.11547005383792551	0.15275252316519333	0.32145502536643106	1.3279056191361376	0.25166114784235744	0.89628864398324859	2.3388031127052997	0.41633319989322903	0.20816659994661357	0.19999999999999951	0.11547005383792526	0.11547005383792551	0.15275252316519333	0.32145502536643106	1.3279056191361376	0.25166114784235744	0.89628864398324859	2.3388031127052997	0.41633319989322903	1	4	7	10	13	16	19	22	25	28	31	5.5333333333333323	5.0999999999999996	9.3333333333333304	12.333333333333334	16.733333333333334	21.3333333333333	27.866666666666664	31.233333333333334	43.533333333333331	56.699999999999996	56.366666666666667	PS:PKOo (50:50)	0.30550504633038955	0.17320508075688815	0.49328828623162452	0.15275252316519508	0.10000000000000142	0.55075705472860903	1.9008769905844349	0.37859388972001728	0.6027713773341723	1.0816653826391944	0.5507570547286087	0.30550504633038955	0.17320508075688815	0.49328828623162452	0.15275252316519508	0.10000000000000142	0.55075705472860903	1.9008769905844349	0.37859388972001728	0.6027713773341723	1.0816653826391944	0.5507570547286087	1	4	7	10	13	16	19	22	25	28	31	6.9333333333333336	7.2	12.666666666666666	14.766666666666666	19	22.133333333333301	23.233333333333299	33.433333333333302	44.633333333332999	58.4	63.733333333333327	PS:PKOo (75:25)	0.20816659994661357	0.45092497528228959	5.773502691896263E-2	9.9999999999999645E-2	0.20000000000000018	0.36055512754640012	1.0692676621563619	0.40414518843273761	1.1930353445448849	0.83266639978645296	0.85049005481153617	0.20816659994661357	0.45092497528228959	5.773502691896263E-2	9.9999999999999645E-2	0.20000000000000018	0.36055512754640012	1.0692676621563619	0.40414518843273761	1.1930353445448849	0.83266639978645296	0.85049005481153617	1	4	7	10	13	16	19	22	25	28	31	6.0333333333333323	5.9333333333333336	8.3333333333333339	14.1	14	18.7	20.466666666666665	24.666666666666668	33.533333333333331	44.533333333333331	52.933333333333337	PS:PKOo (100:0)	0.20000000000000018	0.20816659994661296	0.25166114784235838	0.17320508075688712	0.40414518843273833	0.83266639978645185	1.0408329997330663	0.73711147958319767	1.3503086067019392	0.61101009266078188	1.001665280087781	0.20000000000000018	0.20816659994661296	0.25166114784235838	0.17320508075688712	0.40414518843273833	0.83266639978645185	1.0408329997330663	0.73711147958319767	1.3503086067019392	0.61101009266078188	1.001665280087781	1	4	7	10	13	16	19	22	25	28	31	5.8	6.43333333333333	8.6333333333333293	12.1	15.4333333333333	19.766666666666701	21.466666666666701	25.566666666666698	34.466666666666697	46.433333333333302	57.766666666666673	Days of storage
Carbon Dioxide (ppm)

Control	0.37269290307168418	2.3094010767584539E-2	7.6376261582596874E-2	5.033222956847247E-2	9.9999999999997868E-3	7.0945988845975236E-2	1.154700538379227E-2	0.10148891565092179	0.21733231083604007	0.26839026311200909	8.3864970836061092E-2	0.32083225108042601	9.9999999999988987E-3	9.9999999999988987E-3	1.0000000000000675E-2	5.1316014394467979E-2	7.0237691685685277E-2	1.5275252316519237E-2	5.5075705472862051E-2	3.0550504633039637E-2	0.51626866390798176	4.1633319989323118E-2	1	4	7	10	13	16	19	22	25	28	31	17.919999999999998	17.366666666666664	17.166666666666668	16.413333333333334	16.39	15.536666666666667	14.513333333333334	12.42	9.3133333333333344	7.6533333333333333	5.6833333333333336	Chitosan	0.32083225108042601	9.9999999999988987E-3	9.9999999999988987E-3	1.0000000000000675E-2	5.1316014394467979E-2	7.0237691685685277E-2	1.5275252316519237E-2	5.5075705472862051E-2	3.0550504633039637E-2	0.51626866390798176	4.1633319989323118E-2	0.32083225108042601	9.9999999999988987E-3	9.9999999999988987E-3	1.0000000000000675E-2	5.1316014394467979E-2	7.0237691685685277E-2	1.5275252316519237E-2	5.5075705472862051E-2	3.0550504633039637E-2	0.51626866390798176	4.1633319989323118E-2	1	4	7	10	13	16	19	22	25	28	31	17.796666666666667	17.52	17.510000000000002	17.319999999999997	17.036666666666665	16.793333333333333	15.743333333333334	15.656666666666666	14.376666666666667	13.173333333333332	11.033333333333333	PS:PKOo (0:100)	0.42000000000000143	1.154700538379432E-2	1.1547005383791756E-2	3.0000000000001137E-2	1.5275252316518559E-2	1.5275252316519237E-2	0.18610033136277243	9.8657657246325484E-2	0.11676186592091246	6.0827625302981629E-2	0.12220201853215584	0.42000000000000143	1.154700538379432E-2	1.1547005383791756E-2	3.0000000000001137E-2	1.5275252316518559E-2	1.5275252316519237E-2	0.18610033136277243	9.8657657246325484E-2	0.11676186592091246	6.0827625302981629E-2	0.12220201853215584	1	4	7	10	13	16	19	22	25	28	31	17.790000000000003	17.086666666666666	16.686666666666664	16.23	16.026666666666667	15.916666666666666	15.513333333333334	14.643333333333333	13.743333333333332	12.37	10.163333333333332	PS:PKOo (25:75)	0.37802116342871595	9.9999999999988987E-3	2.0000000000000462E-2	1.7320508075686865E-2	2.6457513110646352E-2	0.15011106998930304	7.2111025509279364E-2	8.5049005481153767E-2	2.5166114784235295E-2	0.15524174696260004	0.10816653826391946	0.37802116342871595	9.9999999999988987E-3	2.0000000000000462E-2	1.7320508075686865E-2	2.6457513110646352E-2	0.15011106998930304	7.2111025509279364E-2	8.5049005481153767E-2	2.5166114784235295E-2	0.15524174696260004	0.10816653826391946	1	4	7	10	13	16	19	22	25	28	31	17.84	17.309999999999999	17.440000000000001	17.190000000000001	16.52	15.943333333333333	15.14	14.266666666666666	13.173333333333332	12.219999999999999	11.229999999999999	PS:PKOo (50:50)	0.35795716689756774	1.5275252316520304E-2	4.1633319989323188E-2	9.9999999999997868E-3	1.5275252316518365E-2	5.9999999999998721E-2	0.1379613472438331	7.2111025509280224E-2	5.5677643628299987E-2	0.19467922333931756	5.6862407030773644E-2	0.35795716689756774	1.5275252316520304E-2	4.1633319989323188E-2	9.9999999999997868E-3	1.5275252316518365E-2	5.9999999999998721E-2	0.1379613472438331	7.2111025509280224E-2	5.5677643628299987E-2	0.19467922333931756	5.6862407030773644E-2	1	4	7	10	13	16	19	22	25	28	31	17.763333333333335	17.166666666666668	16.933333333333334	16.86	16.433333333333334	16.16	15.243333333333332	14.11	13.290000000000001	12.89	10.843333333333334	PS:PKOo (75:25)	0.34770677301427466	5.7735026918951096E-3	2.5166114784235884E-2	2.9999999999998472E-2	1.1547005383791756E-2	4.5092497528228706E-2	6.0827625302982288E-2	6.4291005073287028E-2	0.12055427546683435	8.6602540378444073E-2	7.9372539331938538E-2	0.34770677301427466	5.7735026918951096E-3	2.5166114784235884E-2	2.9999999999998472E-2	1.1547005383791756E-2	4.5092497528228706E-2	6.0827625302982288E-2	6.4291005073287028E-2	0.12055427546683435	8.6602540378444073E-2	7.9372539331938538E-2	1	4	7	10	13	16	19	22	25	28	31	17.78	17.213333333333335	17.146666666666668	16.950000000000003	16.523333333333337	16.103333333333332	15.670000000000002	14.226666666666667	13.226666666666667	12.57	11.479999999999999	PS:PKOo (100:0)	0.32501282025996148	5.7735026918966474E-3	3.0550504633038281E-2	3.0550504633038281E-2	4.725815626252608E-2	4.5825756949558781E-2	5.291502622129169E-2	7.9372539331937372E-2	2.3094010767584539E-2	5.507570547286162E-2	3.6055512754640105E-2	0.32501282025996148	5.7735026918966474E-3	3.0550504633038281E-2	3.0550504633038281E-2	4.725815626252608E-2	4.5825756949558781E-2	5.291502622129169E-2	7.9372539331937372E-2	2.3094010767584539E-2	5.507570547286162E-2	3.6055512754640105E-2	1	4	7	10	13	16	19	22	25	28	31	17.776666666666667	17.16333333333333	17.043333333333333	16.943333333333332	16.853333333333335	15.87	14.89	14.4	14.083333333333334	13.593333333333334	11.450000000000001	Days of storage
Oxygen (%)
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