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Abtracts:-Utilization of chemical absorbent in modified 

atmosphere storage of “Honey” mango has been carried 

out   in order to study the physiological and enzymatic 

responses of mango during storage of 1, 2 and 3 weeks. 

Completely Randomyzed Block Design with Least 

Significant Different at five percents significant level were 

applied to combine types of packaging and chemical 

absorbent as followed: unpacked; Plastic of polyethylene 

(PE) with paper board; PE + Ca(OH)2 (300g/L) with paper 

board; Plastic of polypropylene (PP) with paper board and 

PP + Ca(OH)2 (300g/L) with paper board.  Data were 

analysed with ANOVA and continued with LSD at five 

percents significant level. Respiration and ethylene 

productions, percentage of decay and weight loss, activity 

of ACC oxidase were determined at 1, 2 and 3 weeks 

storage. The production of ethylene and the rate of 

respiration of mangoes were very low as compared to 

unpacked mangoes. The result also indicate that decays 

percentage and weight loss of mangoes that stored at 

modified atmosphere are lower than that unpacked 

mangoes. Modification Atmosphere storage inhibited the 

physical properties, the  activity of ACC oxidase, 

therefore, paralelled the rate of respiration and ethylene 

productions leads to extention  the storage life of mangoes 

up to three weeks. 
 

Keywords:-Mango, Modified atmosphere, ACC Oxidase,  
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I. INTRODUCTION 

 

Recently horticultural commodity especially fruit is grown 

extensively in West Nusa Tenggara Barat (NTB). Mangoes 

have specific flavor and moderate size are used as a diet very 

easily obtained and marketed for local or regional area.  

Almost all regions in NTB grew this valuable commodity with 

some cultivars such as Honey, Arumanis, Manalagi and Golek 

(Yuniati and Suhardjo, 1996). The fruit grown area increased 

gradually during this decade but the problem of short of shelf 

life at room temperature become constraint that required 

overcoming. Another major problem of diseases or pest after 

harvest is major restriction in development in this commodity 

(Pesis et al., 2000).  

         

 Shelf-life is consequently a critical issue, and can be 

determine the marketability of mango. One of the efforts to  

 

extend the storage life is by using plastic packaging combined 

with absorbent delays the ripening. Polyethylene or propylene 

plastic combined with vermiculite KMnO4 400g/L could 

absorb the ethylene have been applied in banana and 

extendable the storage life up to three weeks (Wills et al., 

1998).  Application of chemical combined with polyethylene 

plastic bag which could extend the storage life due to 

modification of the atmosphere inside the bag and restrain the 

respiration physiology lead to inactivation of ACC oxidase 

and ACC synthase that involve in fruit maturation process 

(Kader, l993). Ethylene is produced from S-adenosyl 

methionine (SAM) biosynthesis 1-aminocyclopropane-1-

carboxylyc acid (ACC)  ethylene with involvement of some 

enzymes. The activity of enzymes inside ethylene biosynthesis 

of climacteric fruit is affected by the composition of 

atmosphere inside packaging (Smith et al., 1994).  

 

 Modified atmosphere packaging (MAP) is one of the methods 

in order to extend the storage life, beside inactivation of some 

enzymes due to low oxygen concentration and high carbon 

dioxide. The activity of enzymes affects maturation of fruit, 

storage processing, types of packaging, temperature and the 

method of storage (Smith et al., 1994; Pesis et al., 2000). In 

MAP the gas composition within the package is not 

monitored. Therefore, the term passive atmosphere packaging 

is sometimes used in this experiment. The course of 

atmosphere modification is determined by three interacting 

processes such as respiration of the commodity, gas diffusion 

through the commodity and gas permeation through the film 

(Gorris and Peppelenbos, 1999). 

 

Based on the background above thus have been conducted the 

utilization of chemical absorbent in modified storage of 

Honey Mangoes in order to  know  physiological respiration 

and inactivation of ACC oxidase enzymes, ethylene 

production and other physical properties during three weeks 

storage. 

 

II.    MATERIAL AND METHODS 
 

Mature mango fruit ((Mangifera indica L.) cv. Honey were 

obtained from North Lombok Regency, NTB then transported 

60 km by road to the Food Technology Laboratory.  Fruits 

were sorted for weight uniformity, dipped in 0.2 % 

“Prochloraz” fungicide solution, dried at 28 oC for about 30 

minutes and then enclosed in plastic bags and stored in MAP 

of (1) Polyethylene Plastic with paper board,  (2) Polyethylene 

Plastic + Ca(OH)2 (300g/L) with paper board, (3) 

Polypropylene Plastic with paper board, (4) Polypropylene 
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Plastic + Ca(OH)2 (300g/L) with paper board and (5) Air 

(control). Experimental Design is used Completely 

Randomized Design (CRD) with five treatments of packaging 

and chemicals as absorbent with triplicate.   Data were 

analyzed by Analyzed of Variance (ANOVA) and continued 

with Least Significant Difference (LSD) at five per cent 

significant levels (Hanafiah, 1994).  Chemical absorbent 

(Ca(OH)2) with different concentration is prepared, then 

placed inside plastic bags with mangoes. The size of plastic 

bags was 30 cm length X 20 cm width and 0.10 mm in 

thickness.   The harvested and sampled fruit were stored 

singly in plastic bags at ambient temperature were then 

ventilated with humidified air at 8 L.h-1.  These fruit were 

used for monitored ethylene and respiration rate until the fruit 

ripened. Fruit from this experiment were assessed for their 

ability to ripen, weight loss and percentage of decays, ACC 

oxidase analysed at days 0, 7, 14 and 21 at 28oC in MAP 

(Harris et al., 1997; Jobling, 1993; Basuki et al., 1997). 

 

III. RATE OF RESPIRATION AND ETHYLENE 

PRODUCTION 

 

The respiration rate and ethylene production were analyzed 

using gas chromatograph (gow Mac Model 580, USA) with 

methods similar to those described by Jobling (1993) and 

Basuki (2001). The respiration rates were  reported as mLCO2 

kg -1.h-1 and ethylene production of fruit tissues as µL kg-1.h-1.  

ACC Oxidase analysed. 

 

 The activity of ACC Oxidase determined in fruit tissue 

(Bufler, 1986) with some modification and ACC Oxidase was 

calculated in ηL C2H4.g–1 fresh weight  (Jobling, 1993; 

Basuki, 2001). ACC was calculated by formula using the 

percentage recovery ACC added to the paired samples. 

                                                

IV. RESULTS AND DISCUSSION 

 

A. The rates of Respiration and Ethylene Production 

 

Freshly harvested mango expressed clear climacteric patterns 

of CO2 and ethylene production with peaks recorded on the 

fourth day (Fig. 1 and 2).  The rates of respiration and 

ethylene production of mango fruit stored in air (controlled) 

were higher than those of fruit stored in MAP packed with PP 

and PE bags and Ca(OH)2.   The lowest of rates of respiration 

in fruit stored in MAP packed with PP/PE bags and Ca(OH)2, 

indicated that production of ethylene  is inhibited  lead to 

extend the time of climacteric.  The application of PE bags 

with Ca(OH)2 as absorbent have been applied in Cavendish 

banana could extend the fruit ripening up to three weeks  

(Wills et al., 1998; Wills et al., 2014) thus delaying ripening 

and extended the storage life. 

 

      Similar pattern of changes in respiration rates and ethylene 

production during ripening at avocados and mangoes (Basuki, 

2001; Smith et al.,1994). The increases in CO2 production in 

mangoes stored in air higher than that fruit stored in MAP, 

was probably due to ethylene production stimulated by high 

oxygen of storage in air (Singh, 2000; Zaharah and Singh, 

2011). 

 

   Inhibition of ethylene production also has been reported 

at controlled atmosphere storage of avocado (3 % O2 and 97 % 

N2) at 2oC and 17oC (Pesis et al., 1994).  The rate of 

respiration and ethylene production measured at sample fruit 

second series after two weeks storage and monitored for 6 

days (Figs. 1 and 2). The increase of respiration pattern after 

storage at CA/MAP is characteristic of climacteric fruit such 

as mango, avocado and banana (Wang, 1990; Wills et al., 

2014).  Lange and Kader (1997a and b) reported that “Hass 

avocado” stored in air had higher respiration rates than fruit 

treated with high CO2 concentration. Low oxygen and high 

carbon dioxide concentration are reported to decrease ethylene 

production and other ripening related changes (Kader, 1986; 

Pedreschi et al., 2004). 

V. WEIGHT LOSS 
 

Figure 3 showed all MAP treatments (PE, PE + Ca(OH)2, PP 

and PP + Ca(OH)2 ) no significant different at five percent 

level.  There is indication that after one week fruit stored in  

PP + Ca(OH)2 lowest in weight loss followed by PE + 

Ca(OH)2. Then after 3 weeks all MAP treatments were almost 

similar.  Whereas after 3 weeks, the highest weight loss was 

observed in unpacked fruit. These condition is affect by PE 

bags that make modification of atmosphere condition within 

the bags (Pantastico, 1997; Singh et al., 2013) therefore, 

reduced weight should be mainly due to the moisture barrier 

property of the package. The rate of respiration also leads to 

restriction of weight loss.  The application of Ca (OH)2 as 

absorbent inside bags could absorb  CO2 so according to 

Kader (1986) that MAP created limitation of respiration rate 

and transpiration that prolong the storage life of fruit (Artes-

Hernandez et al.,2004). 

 

A. The percentage of decay  

 

The percentage of decay in fruit was assessed in 3 weeks 

storage, indicated that there was the more time storage the 

more increase in decay.  Very light decay was observed in 

fruit stored in MAP treatments after 3 weeks storage (Fig. 4). 

Lower of percentage of decay in all MAP treatment probably 

due to PE/PP bags could restrain the moisture loss compared 

to fruit stored in air (Pantastico, 1997; Khaliqa et al.,,2015; 

Kou et al., 2015; Luna et al., 2016).   

 

Overall, MAP treatments using MAP gave lowest of 

percentage of decay.   Barmore (l987) reported that the 

advantage MAP storage using Ca(OH)2  slower the  process of 

ripening  because of lower external ethylene content inside the 

bags (Elhefny et al.,2012). Some researchers found out that 

after ripening fruit may injury especially in overripe fruit 
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because of degradation process lead to senescence inside cell. 

Some researchers assumed that during maturation fruit sustain 

ripening and substrate synthesized process reduce followed by 

senescence and the occurrence of degradation of cell 

membrane (Brady, 1992; Tefera et al, 2007; Kou et al., 2015; 

Nambi et al., 2016).   

 

B. ACC oxidase 

  

After three weeks storage of mango inside PE/PP bags ACC 

oxidase activity inhibited compared to those stored in air. 

Statistically there is no significantly different between MAP 

treatments whereas there was difference of five per cent 

compared to the fruit stored in air. These data show that there 

is inactivity of ACC oxidase inside MAP treatments. Similarly 

parallel change in ACC oxidase has been reported in apple and 

avocado (Jobling, 1993; Basuki, 2001).  These observation is 

comparable with   Gorny and Kader  (1997) who reported that  

induction of ACC oxidase suppressed in MAP  treatments of 

apples, persimmon and mango compared  to those storage in 

air (Kalra et al., 1995; Zheng et al., 2005; Basuki, 2006).  The 

activity of ACC oxidase of freshly harvested fruit is increased 

and paralleled with the increasing of  carbon dioxide and 

ethylene production of climacteric fruit  (Cua and Lizada, 

1990; Sitrit et al., 1986; Smith et al., 1994; Starret and Laties, 

1991).               

 

VI. CONCLUSION 

        The production of ethylene and the rate of respiration of 

mangoes were very low as compared to unpacked mangoes. 

The result also indicated that decays percentage and weight 

loss of mangoes that stored at modified atmosphere are lower 

than that unpacked mangoes. Modified atmosphere storage 

inhibited the physical properties, the  activity of ACC 

oxidase, therefore, paralelled the rate of respiration and 

ethylene productions leads to extention  the storage life of 

mangoes up to three weeks.                                                 

     

REFERENCES 

 

[1]. Artés-Hernandéz, F.; E. Aguayo and F. Artés. 2004. 

Alternative atmosphere treatments for keeping quality of 

‘Autumn seedless’ tables grapes during long-term cold 

storage. 

[2]. Postharvest Biology and Technology 31(1): 59-67 

Barmore, C.R. 1987. Packaging Technology for fresh 

and Minimally Processed    Fruit and Vegetables. 

Journal Food Quality 10: 207-17. 

[3]. Basuki, E.; G.R. Skurray and W.B. McGlasson. 1997. 

Controlled Atmospheres Storage of Avocado at Low 

Temperature.  Proceeding of Australasian Postharvest 

Horticulture Conference, 28 Sept - 3 Oct. p: 254, 

Richmond.  

[4]. Basuki, E. 1998. Physiological and Biochemical 

Responses of Avocado to Controlled Atmosphere 

Storage. Ph.D Thesis, University of Western Sydney, 

Hawkesbury, Richmod,  Australia.  

[5]. Basuki, E. 2001. Relation of Low Oxygen Storage of 

Avocado to the  Activity of  ACC  oxidase.  Agrivita 23 

(2):70-78. 

[6]. Basuki, E. 2006. Inactivation of ACC oxidase (ACCo) 

of  Mangoes  by Modified Atmosphere Storage.  

Agroteksos 15 (4):283-89. 

[7]. Brady, C.R. l992. Molecular Approached to 

Understanding Fruit Ripening. New  Zealand  Journal of 

Crop and Horticultural Science 20: 107-17. 

[8]. Bufler, G. 1986. Ethylene promoted conversion of ACC 

to Ethylene in Peel of   apple  at  various stage of 

development. Plant Physiology 80 : 539-43. 

[9]. Cua, A.U. and M.C.C. Lizada, 1990. Ethylene 

production in the ‘Carabao”mango   fruit  during  

maturation and ripening. Acta Horticulturae 269: 169-

79. 

[10]. Elhefny,A.A.; S.G. Gyulakhmedov; S.M. El-Hefnawi; 

M.M. Gad and A.A. Kuliyev. 2012. 

[11]. Effect of Controlled Atmosphere Storage (CAS) on 

Phosphofructokinase Activity in Mango (Mangifera 

indica L.) cv. Keitt. Met., Env. & Arid Land Agric. Sci., 

Vol. 23 (2):  15-28. 

[12]. Gorny, J. R. and A. A. Kader. 1997. Low Oxygen and 

Elevated Carbon Dioxide Atmosphere Inhibit Ethylene 

Biosynthesis in Pre-climacteric and Climacteric   Apple 

Fruit. J.Amer. Soc. Hort.Sci.122 (4) : 542-6. 

[13]. Gorris, L.G.M. and H.W.Peppelenbos. 1999. Modified 

Atmosphere Packaging of Produce In. Rahman. M.S. 

Handbook of Food Preservation. Marcel Dekker Inc.NY. 

Bassel. 

[14]. Hanafiah, M. S., 1994. Experimental Design and its 

application. PT Raja Grafindo.  Jakarta. 

[15]. Harris, D.R.; R.B.H. Wills and J.A. Seberry. 1997. 

Delayed of Ripening Bananas  through Ethylene 

Control. Procceding of Australasian Postharvest 

Horticulture Conference  28  Sep -3 Oct. pp:362-3. 

[16]. Jobling, J. 1993. How Maturity Affects The Quality of 

New Cultivars of Apples.  Ph.D Thesis. 

[17]. University of Western Sydney, Hawkesbury, Richmod, 

Australia. 

[18]. Kader, A.A. l986. Biochemical and Physiological Basis 

for Effect of Controlled   and  Modified Atmosphere on 

Fruit and Vegetables, Food Technol. 40 (5): 99-104. 

[19]. Kader, A.A. l993. Modified and Controlled 

Atmosphere Storage of Tropical Fruits. Proceeding of 

International Conference of Postharvest Handling of 

Tropical Fruit. Chiang Mai 19-23 July: 239- 49. 

[20]. Kalra, S.K.; D.K. Tandon and B.P. Singh, 1995. 

Mango, In  D.K. Salunkhe and  S.S. Kadam. Handbook 

of Fruit Science and Technology. Marcel Dekker,  NY, 

Basel. 

[21]. Khaliqa, G.; M.T.M. Mohamed; H.M. Ghazalic; P. 

Dinga and A. Alid. 2015. Influence of gum arabic 

coating enriched with calcium chloride on physiological, 

biochemical and quality responses of mango (Mangifera 

http://www.ijisrt.com/


Volume 3, Issue 2, February – 2018                                               International Journal of Innovative Science and Research Technology 

                                                                                                                                                                                   ISSN No:-2456 –2165 

 

 

IJISRT18FB233                                                                   www.ijisrt.com                                                                                        854 

indica L.) fruit stored under low temperature stress.  

Scientia Horticulturae 190: 187–194. 

[22]. Kou, X.; Wu,M; L. Li; S.Wang; Z. Xue; B. Liu and Y. 

Fei. 2015. Effect of CaCl2 dipping  and pullulan coating 

on the development of brown spot on ‘Huangguan’ pears 

during cold storage. Postharvest Biology and 

Technology 99: 63-72. 

[23]. Lange, D.L. and A.A. Kader. 1997a. Effect of elevated 

of Carbondioxide on Key Mitochondrial Respiratory 

Enzymes in Hass Avocado Fruit and Fruit Disc. Journal 

of  American Society of Horticulture Science.122 

(2):238-44. 

[24]. Lange, D.L. and A.A. Kader. 1997b .Change in 

Pathway and Mitochondrial Respiration in  Avocado in 

responses to elevated of Carbondioxide. J. of  of  

American Society of   Horticulture Science 122 (2): 245- 

52. 

[25]. Luna,M.C.; J.A. Tudela; F.A. Tomás-Barberán and 

M.I. Gil. 2016. Modified atmosphere  prevents fresh-cut 

romaine lettuce through multi-target effects related to 

phenolic metabolism. Postharvest Biology and 

Technology, 119(9): 33-40.  

[26]. Nambi,V.E.; K. Thangavel; K.A. Rajeswari; A. 

Manickavasagan and V. Geetha. 2016. Texture and 

rheological changes of Indian mango cultivars during 

ripening.  Postharvest Biology and Technology 117(7): 

152-160. 

[27]. Pantastico, Er. B., 1997. Postharvest Physiology. 

Gadjah Mada University Press. Yogyakarta. Pedreschi, 

R.; P. Muñoz; P. Robledo; C. Becerra; B.G. Defilippi; 

H. van Eekelen; R.  

[28].  Mumm; E. Westra and R.C.H. Vos. 2004. 

Metabolomics analysis of postharvest ripening 

heterogenity of ‘Hass’ avocadoes.Postharvest Biology 

and Technology 92  (6):172-9. 

[29]. Pesis, E.; R. Marinansky; G. Zauberman and Y. Fuchs. 

1994. Pre-Storage Low Oxygen Atmosphere treatment 

Reduce Chilling  Injury Symptom in Fuerte Avocados 

Fruit.  HortScience 29 (9): 1042- 6. 

[30]. Pesis, E.; D.Aharoni; Z. Aharon; R. Ben-arie; 

N.Aharoni and Y.Fuch. 2000.  Modified  atmosphere 

and modified humidity packaging alleviates chilling  

injury  symptoms in mango fruit. Postharvest Biol. and 

Tech. 19:90-101. 

[31]. Singh, Z. 2000. Chilling Injury in Mango. Proceeding 

of International Seminar  On Tropical  Fruit. 31 August. 

p:12-17. Denpasar Singh, Z, R.; K. Singh; V. A Sane 

and N. Pravendra. 2013. Mango - Critical Reviews in 

Plant Sciences, 32:217–236. 

[32]. Sitrit, Y.; J. Riov and A. Blumenfeld. 1986. Regulation 

of Ethylene Biosynthesis  of  Avocado Fruit during 

Ripening. Plant Physiology 81: 130-135. 

[33]. Smith, J.J.; Z.H. Zhang; C.J. Schofield; P.John and J.E. 

Baldwin, 1994. Inactivation  of ACC oxidase. J. 

Experimental Botany 45 (274):521-27. 

[34]. Starrett, D.A. and G.G.Laties, 1991. The effect of 

Ethylene and Propylene Pulses  on Respiration, 

Ripening Advancement, ACC Oksidase and ACC 

Synthase activity  in  Avocado Fruit. Plant Physiol. 95: 

921-7. 

[35]. Tefera, A; T. Seyoum and K. Woldetsadik. 2007. 

Postharvest Technology Effect of Disinfection, 

Packaging, and Storage Environment on the Shelf Life 

of Mango.  Biosystems Engineering  96 (2): 201–212. 

[36]. Wang, C. J. 1990.  Physiological and Biochemical 

Effect of Controlled Atmosphere on Fruit And 

Vegetable. In: M. Calderon and R. Barka-Golan (Eds). 

Food Preservation by Modified Atmosphere. CRC Press. 

[37]. Wills, R.B.H.; W.B. McGlasson, D. Graham and  D. 

Joice. 1998. Postharvest, An Introduction to  the 

Physiology and Handling of Fruit Vegetables and  

Ornamentals, UNSW Press.  

[38]. Wills, R.B.H.; D.R. Harris; L.J.Spohr and J.B. Golding.  

2014. Reduction of energy usage during storage and 

transport of bananas by management of exogenous 

ethylene levels. Postharvest Biology and Technology 89 

(3): 7-10. 

[39]. Yuniati and Suhardjo,1996. Handling and processing of 

fresh mango. Proceeding of Symposium of Mango 

Agribisnis. 16-17 Oktober. Malang. 

[40]. Zaharah, S.S and Z. Singh. 2011. Mode of action of 

nitric oxide in inhibiting ethylene biosynthesis and fruit 

softening during ripening and cool storage of 

‘Kensington Pride’ mango. Postharvest Biology and 

Technology 62: 258–266. 

[41]. Zheng, Q-L.; A. Nakatsuka; S. Taira and H. Itamura. 

2005. Enzymatic activities and gene  expression of 1-

aminocyclopropane-1-carboxylic acid (ACC) synthase 

and ACC oxidase in persimmon fruit. Postharvest 

Biology and Technology 37(3): 286-290.- 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.ijisrt.com/
https://www.sciencedirect.com/science/article/pii/S0925521405001043
https://www.sciencedirect.com/science/article/pii/S0925521405001043
https://www.sciencedirect.com/science/article/pii/S0925521405001043


Volume 3, Issue 2, February – 2018                                               International Journal of Innovative Science and Research Technology 

                                                                                                                                                                                   ISSN No:-2456 –2165 

 

 

IJISRT18FB233                                                                   www.ijisrt.com                                                                                        855 

 

 
Figure 1. The rates of respiration of mango following transfer from 

MAP (PE/PP bags with Ca(OH)2) after 6 days at 28oC. 

 

 
Figure 2. The  ethylene production  of mango following transfer from 

MAP (PE/PP bags with Ca(OH)2) after 6 days at 28oC. 
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Figure 3. Weight loss of mango stored in MAP for 3 weeks. 

 

 
Figure 4. Percentage of decay of mango stored in MAP for three 3 weeks. 
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Figure 5. The activity of ACC oxidase in mango fruit after storage inside 

PE/PP bags with Ca(OH)2 for 3 weeks. 
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