
  
Abstract—A new method to tap the ethylene from fruit storage 

was proposed. Tomato fruits (Lycopersicum esculentum) c.v. Roma 
VF of different ripeness; breaker stage and red ripe, were put 
separately into four enclosed containers to the brim, and then stored 
in 20oC and 5oC. The proposed system connected effluent duct on 
each container to air compressor, syphoned gases from container into 
gas cylinder storage. The air duct on the container enables fresh air 
to flow in, substituting the suctioned gases. All air compressors 
were set to turn on for 1 minutes every two hours interval. The gas 
inside the cylinder was measured weekly using Gas Chromatography 
(GC) until the third week to analyze its main compound. The results 
showed that storing red ripe tomatoes in 20oC for 14 days produced 
highest ratio of ethylene to contaminants, thus provide the best 
combination of the system for tapping the bio-ethylene from fruits’ 
climacteric effluent. 
 

Keywords—Tomato, Ethylene, Climacteric effluent, Gas 
Chromatography, Cold storage. 

I. INTRODUCTION 
THYLENE (C2H4) gas had been widely used for 
industrial purpose, such as polymerization, oxidation, 

halogenation, hydro-halogenation, alkylation, hydration, 
oligomerization, and hydroformylation [1]. It is generally 
ubiquitous in the environment, mainly arising from natural 
and sources, such as emissions from vegetation or climacteric 
fruits [2]. Today, most of bio-ethylene was produced from 
feedstock and biomass; nevertheless, new Bio-ethylene source 
produced from climacteric fruits, such as tomato, may become 
a promising alternative energy source in the future. 

Tomato (Lycopersicum esculentum) is an edible fruits that 
had been consumed as one of many typical main diets 
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throughout the world [3]. The fruits have rich lycopene 
content, that considerably beneficial to consumer health 
effects [4]. As a climacteric fruits, upon ripening, the fruits 
generate rapid increase in respiration, although the intensity 
and duration will be varied according to fruits’ cultivar, 
storage temperature and atmospheric condition [5]. The 
presences of ethylene, as small as 0.1 ppm, will sufficiently 
enough to promote ripening in climacteric fruits [6], and 
when the fruits reached breaker stage, it started to produce 
sufficient ethylene [7]. 

Extending the self-life of tomato fruits through various 
techniques had been introduced in minimizing postharvest 
decay, by means of cold, heat, irradiation, or chemical 
applications, as well as Controlled Atmospheric (CA) 
conditions [8]. While heat, irradiation, and chemical 
applications may lead to alteration in fruits’ aroma volatile 
profiles [9], CA storage treatments lead to reduction of 
volatile emission [10], decreased enzymatic activity [11], and 
increase fruits acidity [12]. On the other hand, storing 
tomatoes in lower temperature, especially in 5 and 20oC 
provide more practical solution while only slightly down 
regulated fruits climacteric process [13], [14]. These different 
temperature storage treatments were closely correlated to 
climacteric rates and fruits ethylene effluents [15]. Typically, 
tomato fruit produce ethylene in moderate amounts between 
one and ten μL kg-1 h-1 when stored in 20 °C temperature 
[16]. However, lower storage temperature (i.e. 5oC) 
subsequently reduced climacteric rate as well as ethylene 
production [17]. The fruits climacteric process indicated the 
final physiological progress, completion of maturation and of 
senescence process intervene [18]. This can be distinguished 
by the accumulation of pigment in fruits skin and softening of 
the fleshly parts in the fruits. With the completion of 
climacteric process, the fruits respiration rates will be 
decreased, and fruits produced lower CO2. In the same time, 
senescence process will lead to disintegration of fruits cell 
and rotting, and subsequently started to produce rotten gas 
(H2S) [19].  

In this study, a new method was proposed to harness and 
stored bio-ethylene, generated by climacteric process of 
tomato fruits in the storage container. Different fruits ripeness 
stages (breaker-stage, and red-ripe), storage temperature (5, 
and 20oC), as well as storage time (7, 14, and 21 days) were 
tested, to determine the optimum climacteric process of 
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tomatoes fruits under consideration. The experiment was set 
as random factorial with three replications. The best set up 
will be selected based on the highest bio-ethylene 
concentration obtained.  

This study will provide a new breakthrough in the 
development of renewable energy alternative, and may be 
utilized as a pioneer of new bio-ethylene source. 

II. MATERIALS AND METHODS 

A. Samples 
Breaker-stage and red-ripe tomato fruits of c.v. Roma VF 

with uniform shape, size, and mass, growth under normal 
field conditions were harvested during the early period of 
2013 winter in Thessaloniki area, Greece. The fruits were 
inspected carefully for defects and symptoms of disease, and 
when observed, were replaced immediately with healthy 
fruits. Only the best appearance fruits were selected in this 
study. Each fruits was weighed and identified. 

B. Experiment Setup 
The breaker stage fruits were placed into two transparent 

enclosed containers, each accommodate equal number of 
fruits. Limited headspace for each container was provided to 
allow gas circulation. The container then sealed, creating air-
tight condition. For the proposed system, two holes, each 
6mm in diameter, were drilled, the side walls, opposite to 
each other. The first hole was located in the upper part of the 
container wall, and the other was located in lower part, on the 
opposite wall. The first hole was functioned as intake air 
duck; enable fresh air entering into the container. The second 
hole was connected to mini air compressor (ARB, Australia), 
which siphoned air inside the container into standard gas 
cylinder. The first container was stored in 5oC, and the 

second was stored in 20oC. The compressor is set to 
automatically turn on for one minute every hour. For the red 
ripe fruits, the same arrangement was used. 

C. Gas Chromatogram 
The gas inside each gas cylinder was sampled every week, 

from zero until third week. For the analyses, One ml of stored 
gas was taken from the every gas cylinder, and then assessed 
using gas chromatogram (GC) (Agilent 7890B, USA), to 
identified the concentration of compounds under 
consideration inside the cylinder. The GC machine was 
equipped with a flame ionization detector (FID) and HP-
PLOT Q Column model 19095P-Q04E (530 µm x 40 µm x 30 
m). The inlet temperature was set to 60oC and the inlet 
pressure maintained at 6.8145 psi. The GC front detector FID 
was heated to 250 °C, and the GC Oven temperature was 
initially set to 60 °C, maintained for 2 min, then heated (30 
°C min-1) until it reached 240 °C. The temperature in 
maintained for 1 min, and the total GC run time was 
approximately 8 minutes. A standard was used to calibrate 
the machine for measuring C2H4, CO, CO2, and H2S. 

D. Statistical Analysis 
A simple statistical analysis was used to identify significant 

difference between treatments, and to determine the best 
experimental set up combination for maximizing the 
climacteric process and C2H4 production while maintaining 
fruits shelf life.  

The proposed experimental set up is described in the Fig. 
1.  
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Fig. 1 The proposed system consists of cold storage room, fruits containers, fruits samples, air compressor, gas storage cylinder, and gas 

chromatography machine. Fruits were placed into containers, the effluent gases from container were siphoned into gas cylinder. Stored room 
temperature was set to 5oC and 20oC. Collected gas inside the cylinder was measured at 0, 7, 14, and 21 days using gas chromatography. 

 

III. RESULTS AND DISCUSSION 
Fruits respiration upon storage was closely govern by 

temperature, atmospheric composition, and physical stress 

inside the storage room [20]. During fruits respiration, 
storage temperature regulated catabolism process, breaking 
down complex molecules into simpler molecules. In this 
process, fruits will uptakes oxygen from surrounding 
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atmosphere and subsequently released energy, water vapor, 
ethylene, carbon dioxide, and many others simpler molecules 
to the environment. Temperature treatments for fruits storage 
had been widely developed in food processing industry, 
although it reserves prophylactic effects against physiological 
disorders [21]. The main risks encountered when storing fruit 
at low temperatures is chilling injury (CI). With appropriate 
management, CI can be prevented and fruits can be stored in 
lower temperature to allow significant longer shelf-life. This 
may promote lower transportation costs, such as by shipping, 
compared to current high-costs air-freight practiced. In 
addition, lower temperature storage had other advantages, 
such as disinfestations, maintaining fruits appearance and 
protection against other abiotic stresses [22]. 

Another factor that governs respiration is oxygen 
availability in surrounding atmosphere. Fresh air supply 
sufficient oxygen to support fruits respiration, however, in 
closed chamber, where air supply may restrict, and depletion 
of oxygen in the air reach minimum level (i.e. 2% or less), 
the fermentation will replace any respiratory process in fruits 
[23]. Subsequently, the starch and sugar in fruits were break 
down into sugar and furthermore, be fermented into alcohol 
and carbon dioxide, distinguishable by unpleasant flavor and 
premature senescent. Carbon dioxide level in head space gas 
inside the fruits storage room also plays important role, 
especially when the level rise above 5 percent [23], causing 
abnormal physiological conditions, such as non-ripening.  

Most climacteric fruits produce ethylene auto-catalytically 
[24], especially during climacteric ripening, although the 
concentration may vary significantly between fruit. Higher 
ethylene concentration in fruits will promote greater 
respiration rate and metabolic activity, and accelerate 
biochemical and physiological transformations during 
ripening. Genetic factor, harvesting time and conditions, will 
pre-determine fruits’ ethylene production, in time and 
amount, as well as its climacteric respiratory [20]. 

The respiration rate in tomato also closely related to its 
weight and ripeness stages [25]. The highest respiration was 
observed in immature fruits, then declining along the 
ripening development after climacteric respiratory take place. 
Thus respiration can be used to forecast fruits metabolic 

activity, its ripening stages and shelf life [26]. By lowering 
respiration rate through temperature treatment, the potential 
shelf life of the fruit can be extended. For tomatoes, where the 
ripening process is accompanied by the burst of respiration 
and ethylene production, lowering its storage temperature will 
subsequently uphold its climacteric processes, delayed the 
physiological transition from maturity to senescence, thus 
increasing its self-life.  

Initially, the ethylene production of fruits will be low 
within the first 24 hour [25] after harvest. Over the time 
course, the production will significantly increase, and will be 
at the peak within seven days of harvest, corresponding to 
climacteric activity. Therefore, the best practiced was to keep 
the fruits directly in low temperature storage after harvest. 
Delayed in proper handling will reduce fruits shelf life 
exponentially, and degrade quality upon consumption.   

Ethylene measurement can be performed by gas 
chromatogram sampling with a syringe. However, individual 
fruit sampling may not be the best practiced, considering time 
and resource required. Instead of accurate measurement, the 
main problem faced when sampling fruit ethylene is the 
unfathomable sample number to be assessed [25]. In this 
study, the ethylene is measured by sampling the head spaces 
gas inside the fruits container by means of chromatograms. 
Since the fruits have uniform shape, size, and maturity, this 
method can appropriately be considered as accurate approach 
to depict each fruits physiological state and indicate their 
proper regime upon storage. Sampling results from the head 
space gas provided comprehensive data of ethylene gas 
(C2H4), carbon dioxide (CO2), carbon monoxide (CO), and 
hydrogen sulfide (H2S) produced by samples along the 
storage. Standard gases with known concentration were used 
to quantify the results. Total gas concentration was divided by 
the quantity of the samples in order to enable data to be 
considered as individual measurement. Although the GC 
machine could provide precision results, nevertheless, there 
always exists possibility that several individual fruit could be 
riper than the rest of the bulk, generating more ethylene than 
the others [25]. The results of gas chromatogram sampling in 
this study was given in the Table. I 

 
 

TABLE I 
SAMPLES CLIMACTERIC PROCESS EFFLUENTS IN THE GAS CYLINDER AS DETERMINED BY GAS CHROMATOGRAM 

 Gas Concentration z (ml.kg-1.h-1) 
Ripeness 
Stage 

Day 0 (1h)  Day 7  Day 14  Day 21 
C2H4 CO2 H2S CO  C2H4 CO2 H2S CO  C2H4 CO2 H2S CO  C2H4 CO2 H2S CO 

Breaker (5oC) 0.001a 0a 0a 0a  0.0068a 0.413a 0.017a 0.593a  0.006a 0.26a 0.01a 1.12b  0.005ab 0.3a 0.01a 1.79b 
Breaker (20oC) 0.011ab 15.07b 0a 0a  0.015ab 12.55b 0.02a 3.73b  0.002a 0.91ab 0.011a 1.84b  0.0003a 1.05ab 0.009a 0.65a 
Red (5oC) 0.011ab 3ab 0a 0a  0.02b 3.148ab 0.104b 3.52b  0.03b 6.65b 0.052b 0.66a  0.04b 10.57b 0.041b 0.334a 
Red (20oC) 0.016b 15b 0a 0a  0.011ab 9.1b 0.1b 0.25a  0.013ab 0.76ab 0.052b 0.33a  0.002ab 0.54a 0.04b 0.57a 

Z Means followed by the same letter within columns are non-significant at P = 0.05 by Duncan’s multiple range tests. 
 

For the breaker stage fruits, different storage temperature 
determined the C2H4 production, respiration rate (CO2), and 
anaerobic process (CO). However, no significant different was 
observed in hydrogen sulfide produce by fruits. Storing the 

fruits in 20oC made C2H4 production higher in the first two 
observations, 0 and 7 days, compare to fruits stored in 5oC. 
This condition was reversed when the samples were measured 
on 14 and 21 days. Lowering storage temperature to 5oC in 
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breaker stage fruits resulted in steady slow production of 
C2H4 from day 7 onward. Similar conditions also observed in 
fruits respiration. Fruits respiration rates in the first week 
were significantly higher when stored in warmer temperature 
(i.e. 20oC), however, after the 7th day, the fruits respiration 
were dropped and only slightly higher compared to lower 
storage temperature (i.e. 5oC). The rapid increase of CO was 
observed when fruits were stored at 20oC after 7 days, and 
then decreased afterward. On the other hand, the CO 
production in fruits stored at 5oC was steadily increased along 
the storage. 

In red ripe fruits, storing the samples in lower temperature 
(i.e. 5oC) generated higher C2H4 and CO production, except 
in the initial time (C2H4 and CO), and on 21st day (CO). No 
significant differences were observed for H2S production in 
both treatments, suggesting different storage temperature has 
no effect to this gas output for the red ripe fruits. In additions, 
the respirations of the samples showed paradox behavior for 

different temperature treatments. Low temperature storage 
promotes increase of CO2 production, especially after the first 
week, while warmer storage temperature upholds the fruits 
respiration after the second week. This condition suggest that 
storing red ripe tomato in 20oC induced ripening acceleration 
and brought the fruits into senescence stage in shorter time, 
thus subsequently reduce the fruits shelf life.  

The results indicated that the climacteric process in tomato 
fruits was strongly affected by its storage temperature and 
ripeness stages when harvested. All four parameter measured 
showed different behavior in each set of samples, according to 
its ripeness and storage temperature. These behaviors were 
described in Fig. 2. In most of the treatments, respiratory 
process was predominant, except for fruits stored at 5oC in 
breaker stage, where CO production showed the most 
prominent gaseous effluent. 

 

 

        
(a)                       (b) 

      
(c)                     (d) 

Fig. 2 Climacteric behaviors of tomato fruits of different ripeness stored in different temperature showed the characteristic of ethylene, 
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carbon dioxide, carbon monoxide, and hydrogen sulfide effluent rate accordingly for fruits stored at 5oC in (a) breaker stages and (b) red ripe 
stages, and for fruits stored at 20oC in (c) breaker stages and (d) red ripe stages. 
 

To determine the best combination of storage conditions 
and fruits’ ripeness stage for maximizing the ethylene 
production, all four parameter that had been measured need 
to be assessed properly. Not all the gas effluent from the 
storage fruits was desired to be high in concentration, because 
apart from ethylene, other gas produced by fruits in the 
storage can be considered as contaminant, and eventually, the 
ethylene obtained in the process must be purified to remove 
these contaminants before it can be used as industrial gas or 
renewable energy sources. Therefore, the best combination 
will be the storage conditions and fruits ripeness that enable 
maximum ethylene production while have minimum 
contaminants. From Fig. 3, the highest ethylene production 
obtained when red ripe tomato fruits were stored at 5oC for 21 
days. However, at the same time its CO2 was among the 
highest of other storage combinations. On the other hand, the 
combination of red ripe fruits and 20oC storage temperature 
provide better ethylene to contaminant ratio if stored for 14 
days (Table II.), and thus, will be the best arrangement to be 
set for harnessing the ethylene for industrial purpose or as 
renewable energy source  

The ethylene gas obtained from the fruits climacteric 
process in this study will be required further purification. One 
of the techniques that can be applied is purification process by 
streaming ethylene into low temperature absorbents to filter 
impurity, mainly H2S gas. The gas will require further 
processing that involves hydrogenation process using high 
activity removal catalyst. The next step in ethylene purifying 
was removal of CO gas by injecting oxygen (O2) into the gas 
container. Both gas will work against each other and change 
their chemical compound into CO2, which followed by re-
oxidizing process. Two reactors may be used to clean 
moisture from the ethylene gas. And finally special adsorbent 
will be used to clean the remaining CO2. 

  
TABLE II 

TOMATO FRUITS ETHYLENE TO CONTAMINATION PRODUCTION RATIO UPON 
STORAGE WITH DIFFERENT RIPENESS, TEMPERATURE, AND TIME 

Ethylene to contaminants ratio (ml/l) 

 
Storage Time (day) z 

Ripeness 0 7 14 21 
Breaker 5oC 0.001a 6.606b 4.316ab 2.158b 
Red 5oC 3.572b 2.975ab 4.236ab 3.401b 
Breaker 20oC 0.737ab 0.927a 0.543a 0.175a 
Red 20oC 1.054ab 1.190a 11.038b 1.283b 

Z Means followed by the same letter within columns are non-significant at P = 
0.05 by Duncan’s multiple range tests. 

 
This study will lead a new way of bio-ethylene exploitation 

by utilizing fruits’ climacteric process, which until now, still 
remained as untouchable sources. With the increasing 
demand of ethylene from industry, so far, it was mainly being 
generated from petroleum based chemicals; this study will 
open new insights of possibility to tap bio-ethylene, which 
can be also be used as an environmentally friendly and 

renewable. energy source. In the long term, this could help 
reducing petroleum consumptions and dependence, and 
substituted petroleum-based products with the bio-ethylene 
based industry. In addition, by exploring the renewable 
ethylene source, industry could reduce their greenhouse gases 
emissions from burning fossil fuels.  
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Fig. 3 Ethylene and other gaseous effluent from tomato fruits 

climacteric process according to chemical compound. 
 
This Bio-ethylene gas, produced by tapping the effluent of 

fruits climacteric process, can be further purified in order to 
be reused as renewable energy sources, or as ripening agent 
for agriculture sector and post-harvest. With knowledge of the 
best combination to get the maximum bio-ethylene tomato 
fruit storage, this study will also open up the possibility for 
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the development of equipment based on this method, 
obtaining higher ethylene concentration and increased 
efficiency and productivity. 

IV. CONCLUSION 
The respiration of climacteric fruits was regulated by 

storage temperature, atmospheric composition, and physical 
stress. Storage temperature influenced catabolism process in 
the cells, breaking down complex molecules into simpler 
molecules. Storing fruits in lower temperature allow 
significant increase of shelf-life, and slowing down the 
respiration rate and climacteric cycle. Insufficient oxygen in 
storage room commence fermentation process in fruits, 
breaking down starch into sugar, alcohol and carbon dioxide, 
and release unpleasant flavor (H2S) and premature senescent. 
Fruits produce ethylene auto-catalytically, especially during 
climacteric ripening, and accelerate biochemical and 
physiological transformations during ripening. Ripeness and 
physical conditions pre-determine fruits’ ethylene production. 
Ethylene and other gases produced by fruits in store could be 
measured by gas chromatogram, individually or by bulk if the 
shape, size, and maturity are uniform. The main gases under 
consideration were ethylene (C2H4), carbon dioxide (CO2), 
carbon monoxide (CO), and hydrogen sulfide (H2S). The best 
combination of storage conditions for tomato will be selected 
based on highest ethylene production with minimum 
contaminants. In this study the combination of red ripe fruits 
and 14 days of storage in 20oC temperature provide optimum 
ethylene to contaminant ratio, thus be selected as the best 
arrangement. The correlation between fruits ripening 
progress and its gaseous effluent could be further studied 
using available nondestructive methods [27]-[31] 

ACKNOWLEDGMENT 
The first author would like to thank the Panacea project for 

providing the PhD mobility scholarship under Erasmus 
Mundus Action 2 program, the Directorate General of Higher 
Education of Indonesia for providing the PhD fellowship in 
Asian Institute of Technology, Thailand, and to the Indonesia 
Endowment Fund for Education, for providing funding for his 
dissertation work. 

REFERENCES   
[1] OECD, 2008. Ethylene: CAS No: 74-85-1. OECD SIDS. UNEP 

publications.  
[2] IRENA, 2013. Production of Bio-ethylene: Technology Brief. IEA-ETSAP 

and IRENA Technology Brief I-13.  
[3] Smith, A. F. 1994. The Tomato in America: Early History, Culture, and 

Cookery. Columbia SC, USA: University of South Carolina Press. 
[4] Rao, L. G., Guns, E., and Rao, A. V., 2003. Lycopene: Its role in human 

health and disease. AGROFood industry hi-tech. Special Highlight: 
Lycopene. July/August. pp. 25-30. 

[5] Wills, R.B.H., B. McGlasson, D. Graham and D. Joyce. 1998. Postharvest: 
An introduction to the physiology and handling of fruits, vegetables and 
ornamentals. Univ. New South Wales Press, 262 pp. 

[6] CFMAB. 1976. Informational Bulletin No.12. California Fresh Market 
Advisory Board, June 1, 1976. 

[7] Maul, F., S.A. Sargent, M.O. Balaban, E.A. Baldwin, D.J. Huber and C.A. 
Sims. 1998. Aroma volatile profiles from ripe tomato fruit are influenced 
by physiological maturity at harvest: an application for electronic nose 
technology. J. Amer. Soc. Hort. Sci.123 (6):1094-1101. 

[8] Gross, K.C., Wang, C.Y., and Saltveit, M. 2004. The Commercial Storage 
of Fruits, Vegetables, and Florist and Nursery Stocks. Agriculture 
Handbook Number 66. USDA, ARS 

[9] Fallik, E., D.D. Archbold, T.R. Hamilton-Kemp, J.H. Loughrin, and R.W. 
Collins. 1997. Heat treatment temporarily inhibits aroma volatile 
compound emission from Golden Delicious apples. J. Agric Food Chem. 
45:4038-4041. 
http://dx.doi.org/10.1021/jf970358n 

[10] Mattheis, J.P., D.A. Buchanan, and J.K. Fellman. 1995. Volatile 
compound production by Bisbee Delicious apples after sequential 
atmosphere storage. J. Agric. Food Chem. 43:194-199. 
http://dx.doi.org/10.1021/jf00049a036 

[11] Fellman, J.K., J.P. Mattheis, M.E. Patterson, D.S. Mattinson, and B.C. 
Bostick. 1993. Study of ester biosynthesis in relation to harvest maturity 
and controlled-atmosphere storage of apples (Malus domestica Borkh.). 
Proc. 6th Intl. Contr. Atmos. Res. Conf., Cornell Univ. Ithaca NY. 

[12] Crouzet, J., A. Signoret, J. Coulibaly, and M.H. Roudsari. 1986. Influence 
of controlled atmosphere storage on tomato volatile components. In: G. 
Charalambous (ed) The Shelf Life of Foods and Beverages, Elsevier 
Science Publishers, Amsterdam, The Netherlands, pp. 355-367. 

[13] Hong, J. H., and Gross, K.C. 2000. Involvement of Ethylene in 
Development of Chilling Injury in Fresh-cut Tomato Slices during Cold 
Storage. J. AMER. SOC. HORT. SCI. 125(6):736–741. 

[14] Mutari, A., and Debbie, R. 2011. The effects of postharvest handling and 
storage temperature on the quality and shelf of tomato. African Journal of 
Food Science 5(7): 446 – 452. 

[15] McDonald, R.E., McCollum, T.G., and Baldwin, E.A., 1996. Pre-storage 
heat treatments influence the sterols and flavor volatiles of tomatoes stored 
at chilling temperature. J. Am. Soc. Hort. Sci. 12:531-536. 

[16] Kader, A.A. 2002. Postharvest biology and technology: an overview. 
Postharv. Technol. Hort. Crops. 3rd  ed. Pub. No. 3311. Oakland: Univ. 
Calif. pp. 39-47. 

[17] Maul, F., S.A. Sargent, C.A. Sims, E.A. Baldwin, M.O. Balaban and D.J. 
Huber. 2000. Recommended commercial storage temperatures affect 
tomato flavor and aroma quality. J. Food Sci. 65(7):1228-1237. 
http://dx.doi.org/10.1111/j.1365-2621.2000.tb10270.x 

[18] Barry, C. S., and Giovannoni, J. J. 2007. Ethylene and Fruit Ripening. J. 
Plant Growth Regulation 26:143–159 
http://dx.doi.org/10.1007/s00344-007-9002-y 

[19] Knee, M. 2002. Fruit quality and its Biological Basis, CRC Press. ISBN 
978-0-8493-9781-3 

[20] Saltveit, M. E. 2004. Respiratory Metabolism. The Commercial Storage of 
Fruits, Vegetables, and Florist and Nursery Stocks. Agriculture Handbook 
Number 66. USDA, ARS 

[21] Lurie, S., and Klein, J. D. 2004. Temperature Preconditioning. In: The 
Commercial Storage of Fruits, Vegetables, and Florist and Nursery Stocks. 
Agricultural Handbook Number 66.   

[22] Lurie, S. 1998. Postharvest heat treatments. Postharv. Biol. Technol. 
14:257-269. 
http://dx.doi.org/10.1016/S0925-5214(98)00045-3 

[23] FAO. 1989. Prevention of post-harvest food losses: Fruits, vegetables and 
root crops. A training manual. FAO corporate document repository. ISBN: 
9251027668 

[24] Yokotani, N., Nakano, R., Imanishi, S., Nagata, M., Inaba, A., and Kubo, 
Y. 2009. Ripening-associated ethylene biosynthesis in tomato fruit is 
autocatalytically and developmentally regulated. J Exp Bot. Aug 2009; 
60(12): 3433–3442. 
http://dx.doi.org/10.1093/jxb/erp185 

[25] Curry, E. A. 1998. Ethylene in Fruit Physiology. WSU-
TFREC/Postharvest Information Network/Ethylene in Fruit Physiology. 
Proc. 14th Annual Postharvest Conference, Yakima, Washington. March 
10-11.  

[26] Frontline Services. 2014. Fruit ripening gas – ethylene. Frontline Service, 
training-consulting-facilitating. ABN 41 136 738 997; ACN 136 738 997. 

[27] Makky, M., Herodian, S., and Subrata, I.D.M. 2004. Design and technical 
test of visual sensing system for palm oil harvesting robot. Int. Sem. on 
Advanced Agric. Eng. and Farm Work Operation. Bogor, Indonesia. Proc. 
pp. 582–592. 

[28] Makky, M., Soni, P., 2013. Development of an automatic grading machine 
for oil palm fresh fruit bunches (FFBs) based on machine vision. 
Computers and Electronics in Agriculture 93:129–139. 

International Conference on Agricultural, Environmental and Biological Sciences (AEBS-2014) April 24-25, 2014 Phuket (Thailand)

http://dx.doi.org/10.15242/IICBE.C414040 22

http://dx.doi.org/10.1021/jf970358n
http://dx.doi.org/10.1021/jf970358n
http://dx.doi.org/10.1021/jf970358n
http://dx.doi.org/10.1021/jf970358n
http://dx.doi.org/10.1021/jf970358n
http://dx.doi.org/10.1021/jf00049a036
http://dx.doi.org/10.1021/jf00049a036
http://dx.doi.org/10.1021/jf00049a036
http://dx.doi.org/10.1021/jf00049a036
http://dx.doi.org/10.1111/j.1365-2621.2000.tb10270.x
http://dx.doi.org/10.1111/j.1365-2621.2000.tb10270.x
http://dx.doi.org/10.1111/j.1365-2621.2000.tb10270.x
http://dx.doi.org/10.1111/j.1365-2621.2000.tb10270.x
http://dx.doi.org/10.1007/s00344-007-9002-y
http://dx.doi.org/10.1007/s00344-007-9002-y
http://dx.doi.org/10.1007/s00344-007-9002-y
http://dx.doi.org/10.1016/S0925-5214(98)00045-3
http://dx.doi.org/10.1016/S0925-5214(98)00045-3
http://dx.doi.org/10.1016/S0925-5214(98)00045-3
http://dx.doi.org/10.1093/jxb/erp185
http://dx.doi.org/10.1093/jxb/erp185
http://dx.doi.org/10.1093/jxb/erp185
http://dx.doi.org/10.1093/jxb/erp185
http://dx.doi.org/10.1093/jxb/erp185
http://dx.doi.org/10.1016/j.compag.2013.02.008
http://dx.doi.org/10.1016/j.compag.2013.02.008
http://dx.doi.org/10.1016/j.compag.2013.02.008


http://dx.doi.org/10.1016/j.compag.2013.02.008 
[29] Makky, M., Soni, P., 2013. Towards sustainable green production: 

exploring automated Grading for oil palm fresh fruit bunches (FFB) using 
machine vision and spectral analysis. International Journal on Advanced 
Science. Engineering and Information Technology  3(1), 1–7, ISSN: 2088-
5334. 

[30] Makky, M., Soni, P., Salokhe, V.M., 2012. Machine vision application in 
Indonesian oil palm industry. In: Proc. of the Asian Forum of 2012 CSAM 
(Chinese Society for Agricultural Machinery), Int. Academic Annual 
Meeting. Hangzhou, China. 

[31] Makky, M., Soni, P., 2014. In situ quality assessment of intact oil palm 
fresh fruit bunches using rapid portable non-contact and non-destructive 
approach. Journal of Food Engineering 120: 248–259. 
http://dx.doi.org/10.1016/j.jfoodeng.2013.08.011 

International Conference on Agricultural, Environmental and Biological Sciences (AEBS-2014) April 24-25, 2014 Phuket (Thailand)

http://dx.doi.org/10.15242/IICBE.C414040 23

http://dx.doi.org/10.1016/j.compag.2013.02.008
http://dx.doi.org/10.1016/j.jfoodeng.2013.08.011
http://dx.doi.org/10.1016/j.jfoodeng.2013.08.011
http://dx.doi.org/10.1016/j.jfoodeng.2013.08.011
http://dx.doi.org/10.1016/j.jfoodeng.2013.08.011



