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The Prolonging Storage Life of Fresh Vegetables 
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~uid~m da urui? &U~URISREAIU CaClz ~fiulufiaa~Elu~oiqnisiiiu 35 iu 14% 
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ABSTRACT 

The prolonging storage  life of fresh vegetables in different condition : 

room temperature (normal air) , air condition room and low temperature (6 - 8 OC) 

'The vegetables  that storage in plastic bags ; storage  in  plastic bags with punched 

holes. Using 2000 ppm of CaCI, or ethanol 15% treatment the  lemon can storage 

about 35 days  remained fresh in low temperature. The results showed that 

vegetables  storage under low temperature  remained  fresh for the long time 

that shown by appearance of the skin of vegetables and firmness. Low temperature 

6 - 8 OC the storage life  was doubled. Addition of solid CaCI, in the bag had 

a prolonged storage effect. 







3.1 ~llU6~~~89:~~19 soluble pectin 6l-1 time storage days L%IU~~I 

fruit firmness 6~ time storage day 

3.2 development maturation URt: respiration ~o9~akni~fl Climacteric 

Uflz non - Climacteric fruit 
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1. Pre-harvest condition 1~~~96i~l~i9!n~7~ni~Lfi~fin Liu 60dLfi~~i7d 

nuysnibri;&A wfiuYn~1m"uiu nio pre-harvest ~du niooloaq~ou~~nmui~zuz~ani 
d 
w iuui:wuIunis~n"u~$ua 

2. Harvest condition ~W:Lfi~finndiodtz% i~ni~lfiuLi/fJ?lfi~n;! &u~~~uGo 

ni.auzusqlw"~uu:u maiuwzaim niouuds fmukid~i;~maiuazaiw dnamfiuuaz 

dszwu"m 
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3. Post-harvest condition l~unssu~~unislfiufinu~dniolfiuL~ua Lwounaiy 

nis~fiufiiuo:wnlflflm"uiauiuniisssu.aiEiiiuum fmu~mu~nmuqunituiulqlfi%ia~ 

onnio~q'srytRukuoa~Zuw"s6 annioqryL~u~iu~nuodfin oomis~diuuudn~doiqq: 

lnu enzyme lufin &iilu;fnuiZ 

n. ~t%~lu~~oru~irdi dm-iaulfifinanad!m"uiu wti:nituiulq%in-r 
4e-s 

q8uwtu~olulol*i unz enzyme Gidiu!m"*i ~ldqrnuIJljd;iuinq:ii~ chilling injury 16 
d 

u. naiutu~uusruinin finwnaiu$uqdqrLAudiL"saqzLdua tdnatln'ulud$u 

k1w"qry~Au~i ~du ~fiu1uq~wnirrlnaGmqdTau nio~mltau wax 

A. a.a"~is~msjmauqunioqn 

d. ~ayuuoouininozuiid~n"u kuln'll<R (control atmosphere, C.A.) wRu 
d 4 

N,, 0,. CO, ainndauoii~qinoinindnE Lwaunaiy ku~ayu~fi~aiu~~uuod 0, ii 

co2 fld 

d 
- Fulton (1907) wuii nis~fiulluu C.A. whaiu~%ufiuuud CO, $~uin~iiu!dunz 

d 
0, Aiq:~Rnnaiu~ndn?ua-r metabolism iilfl~iin injury mesocarp uadwn~dnuu~gu 

di d 
~4inin tissue nmn Lualuanniulflud$iolinLLn:miu 'Maiswan alcohol qtiindu~uiiu 



- Pridham (1956) Wudl phenolic acids d?~I%!dlfl~ phytotoxic LL~)~.~~~~~sIU 
d 

'Luh ~9irhdatSurmi~q:od'Lu~d"Ua~ glycosides %!;a ester ll~fiilfi~l~uu C.A. nn?iu 
2 r 

liiuiiu CO, qdl~~q:li?nnit hydrolyzes fl:fluhlual~a lan6qn$lolu L~n$?iiCrlin 

- Robert et.al (1965) ~nmis~fiucind 32'F CO, 2.4 - 6% 0, 1.2. 2.2. 13.2% 

ho~nwhurinduwld $uoqwn wnd~ilr~~%inui~$iqiu n~iuuiuuoqfinwnlu' 

acidity VU~I 
Y 4 
- GiuCnnmnslua 0, nn cO, ~fiu 

r 
- R~iiuquaqcin6~n~ad ma 0, S:&LI~I ~~a:q:liri;wn~danq~u~~u$uuaq CO, 

' Y 
~fluuu 

- n~iuwu?t~iu~mzn~iu14u$u~a~ 0, ~:ijn~iu&u,ids"n'uldni~n~ rldih 



3.1 ~55~%1%md~n (Nature Vegetables) 

~u~i4wtlnwninmf fin (Vegetables) uuiuh dau~il4 7 Yaqh ~du di&u 

fia nn lu non do~u&~ dauwaM (Fruits) uuiuf!.~ dau~a~nand~q~niow~ubb~a 
42 4 d 

oarq::uLuaLua (pulp) adoauwim woqnfi6nwcuAi n&mou 

~iwiuiolraflndaulu~do::noum"au~i (80 - 95%) ni3ula~nsm (5%) du 

~iiloia~wuuinluaa 6ialwn ka ~do~fiu~dua~rilq::oaiu~3u~~fiq dau~aagba wun' 

~Gq~aaEjmiulu ua::n"?u Tm~3 Jn~qn$i;laos!a 3n~uwumiudim"pd.ue~w'ndun'r~4~ 
4 w-3 d 

aiuiondiiuw~ud~%u~~ni ~a'ulad uarfin~molnqdldtiriou~dauu~~da;~ ~do~n~aiu~au 

d~~dio~iw?n pectin l4iur-i pectic acid pectinic acid protopectin dd pectic acid Ao 
1 d 

polysaccharide ~R::RIU~IM ~ ~ ~ ~ L ~ ~ L U D Y D ~! ~ ~ ~ ~" U ~;I L ~ ~ ~I L A ~ ~?hu~~ariinnQduu 

finnQduunn8~uwnu~an"unomLLa::Jimiaq::i6nwcu::n~iu~u hn pectin dau 
3 d .d d, Y 

protopectin duinh~ua~uawrnuadauadnrniuGi!dlm" ~mrlufifladotnauXauFdsiu 

(2%) luiiu (1 %) &~auuin 
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~71P11~~09%d (Disaccharide) 

qlnm 

i7mnunluiu (Polysaccharide) 
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?mlsu; 
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~mnlluu mi% 
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bromelain 
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Methyl butyrate 

3.7 - 4.5 (acid food) 

2.3 - 3.7 (high acid food) 
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n7oqnyo.rwn~~~un7t~q3yGuplm~7uuaQwnd~I'suq7nn7T~q3yyo~w~;1 ovary 

2.4 d 
~~Q~lonlq~kg~ulTafl 7 lsn cell division cell enlargement 4uzQ maturation (YU?U~~TM 

d 
wnb%.r.qm full size) 'Lunplmq:~~riA unrpln (ripening) w~jqinkmr senescence 

deterioration (~h) unrm7u (death) ludqn d~LLdnt?uqrpnn?u~u~rnun7s~dduuLLdn;1 
da 2 

~o~fl7ow1nmuus:wd?sgn 

3.2.1 Chemical and Physical Change during fruit ripening 

n~o~nra~wn~ddfinm~~pd~n" ~9iu nmdduud (pigment) uo~ii~wjoo 
3 

id~onuo;lwa'bl n7Tld$uuLLdo~~uoua~wn~q:%udou unr~Emn7o~d$uuudn;1~fia7~"~~~ 
' tl woW ~naluwa7u w"s acidity LGuyu 

1) n?~~flada~~ifla~ pigment TUURW ~:L~PIw$~~u 7 fiu Climacteric 

rise UA~LLL~J pigment luwoh?m" 2 aGn i(a 

n. Fat Soluble pigment 'bn"lLri chlorophyll a, b LLnr carotenoid 
d 3 

~.rqze(id~d8anuo~wnuInnd7w~uafi~~ua7~L~nr~u7mua~ pigment qz~dihuldfiu~u 

uaQn7spln Pnuluumrd~nlfi~u~~n~wn'bdplnqz~8~~~~~mnd~.rn'u~wo~:lu~"11nn'wnW~~~ 
a 

Chloroplast 49; Chlorophyll LLR: Chloroplast n!wln Cerotenoid 94 Chlorophyll Llnr 

carotenoids finqztAmkunir ud chlorophyll qzungqdua~ carotenoid 16 dawn~n 

chlorophyll q:pnd~n~ufn~~~uku J chlorophyllase LLR:L~$UUL~~U pheophytin k$ 

carotenoid %l~nn~L~u$u i71flLiinddii~uo~wnld~d$uuld wnd~i?im$ufii;~ ~Ifiq: 
d 11 

~dduudld woun~splnld"~~~~ 

Phytol Side Chain 

I 'U. 



n. Chlorophyll (x = CH, Chlorophyll a. x = CHO Zfln Chlorophyll b) 

C,H,ON, Mg - COOCH, + 2 H+ CpH,ON, H, - OOCH, + M ~' ~ 

I 
COOCpH, 

F 
COOC,H& 

Chlorophyll Pheophytin 

uaol~n~s~dAuuua.r Chlorophyll Lflu Pheophytin 

91. Water soluble pigments !gun flavanoid compound LA: Anthocyanin 

i.rsz~dduuLLdn~Liofmu~~a;~ &~ia!dwui7 fiu1~ua.l flavanoid ~uw~!fiq:~~u~u~u 

sz~i~d w nlu"m~qj LR~~~~U"IUS;I"IIU~~~ LLIJMIIM ~mdd 

&.find water soluble pigments n. flavanoid ( R = H , OH R = H , OH) u. Anthocyanin 

2) n7s~dduuudn.r hardness uadwn(tjszui7dqn a~~a~dwnlfiqn 

6aduniwljlfi~uLws7: 
cd 44- 

n. LL~dl~dlmn~~nuplolf~ (Turgor  of living  cell) id~flu~~sduuwfid 

ca 2 d d 
~ann~nmuu~wo~nwlfiu~ms~an6 unrri.rsau!df ~usa~u~ua~u7~7n~an6~Cn~t~dduu~~dn~ 

uad wniaaafulasnli7;1n7ulu~~n:n7uuan~a;1 L ~ A 4.1 usa~iuooahiiaqr$uodn"una7u 
* Y 

~~u~uuiduo.rfi~d~alw"aiimn~sooah~fin~ulu~~an~afa uan~7nPdYuu';1iua~n"una~u~~~;1~~s;1 

uadfdsfmda7a$ ~~orna7udm~rju%adw~d~"IIn6 jil0n(iUadw~!fi~L~tdL~du7nn"9::LL~d 

~dq:wu!fiuwn!a?i%~ dauw~lu"d~n~:~~sd~c~idod"au ~d&ni7wn!a%u 

91. n~sl'mi'su;lfia~adr.an6idodi7dszwi7d~an6u1n.id"nurw"udlm 87d 

da~ii.rsz~ii.rnnrju?n i:i~lflnsdakdtu ms~:wnlu"jin7sqry~idu~7!d~dadq7nn7s 

9elclu~mmimiulsua;1wn~ kii~w"~dadiids:Mi7dL"IIn6uin$u 



n. Pectic substance s~~ii9da9ii9"~09 cell (middle lamella) li]u 
n, d.4 f4l?W?n pectic substance (n) M'% protopectin viiMuilMl~la~s:Mi19~~~16 bflu pectinate 

linkage (u) &(I pectic substance 9: form bond ~UUPIRL~UU?QD~~ (inorganic linkage) 

form bond 6U protein carboxyl qln cell wall (l?m inorganic - organic polymerization) 

uonwn~uq:~nls form H - bonding lla9 free - COOH Yo9 pectic substance la9 

M?~ih carbohydrate, sugar bfh hemicellulose ~l~l?nnll~L1~9llD9~~~fi~U 

r COOH COOH 

ll. 

HOOC - G 
I 
G-Ca-G Double salt betaween pectinases 
I I 

Me-G G - Me 
I 
G - Ca - G - G - G - Ca ' double salt may be occur 

I I with protein carboxyls 

G-Ca-G  G-Me 
I I 

Me - G G - Ca - G - COOH ' from H - bonding 
I I 
G-COOH G-Me 
I I 

HOOC - G G - COOH 

n. Pectic acid (kda: unit $fin galacturonic acid) 

a. Pectinate linkage ~~GI~s;~~~~~?IUII~~"IIO~U~ M?Y 

~ow~~qn~:~~plnis~~ij'~u~~~a~~a~~~~~~na~~~~~u~iininn~s hydrolyze 

&l~n~lnt&.dl9u' pectin methyl esterase LiU$U &9:1d methylate pectic substance 

2 4 
uinwu.a;lqzld block H - bonding LL~L Polymerization bla:f%l?mnls hydrolyze fnfl 

4 A 
dldlqu' galactumnidase dllfl pectic soluble lu Cell wall imlu lfin cell LnRDIdM 

41lS;~a'Kqn dou~dun, isunii fruit softening. 



- 8 fruit 

firmness 

-7 pressure 

Time in storage (days) 

sdnd 3.1 ~97~AuWid5sr~iis soluble pectin ?%I time storage days lhU6u 
PI 

fruit firmness 6u time storage day 

3) n~s~dduuudns flavor uaswnlfiszni7sqn 
Y 

R97U'Vl97u acidity astringency un:: odorous volatile s~N%.~NIL~~P~ 

flavor uosfinworu' flavor compound ~9~dl6~da polyphenol &dllfilflmsfluu 

flavoring constituents ldu sugar ferrnation d9d71fili?plsfl~91~ uu9un7sL~duu&mn 
d 

lflu alcohol LL~Z aldehyde nis~dnuuudnsuos organic acid lflufiu 

4) n~t~dduu~dnsuosn~sa~n~~~ufinwn~d 
d 

n. Carbohydrates lflulln~suasw~s~7uM~fl~n7f~7u~921a~~"d 4s 

~finn~s~d~uu~~d~s'tz~i7sn7~qnuaswnl3u climacteric  rise ~~nn7m7uk69u wvi7 

' 3 d 
fresh weight ~oawoE"1r~G~uu~s~msz~i7sn7s1~~~uufiu ~mznnnsnau~iiu~nu~ ~a.4 

I Y 

47 srni7w7sqn~ufiu7m"uasL~flsnmws fructose glucose sucrose lu fruit pulp L~~UQUL~B 

hemicellulose ms pulp nmns wn 9% lflu 1 - 2% luwwEs=uz post - climacteric 

(wnEqnfiuld) fiu7nruasi?olinsrnnns InuLawlr sucrose ?i3R7~i7pn~7!d~~~nls 



u. Lipids wa!fid?ulMq$ Lipids dl Biale (1960) wuil ~iu?u 
lipid sznsd !dldduuudnduozmii.rnioqn Lee (1959) ~~uan?iu~fiuiid?uuo.r lipid 
d 

~rmu~basn~s biochemistry uadnltqn MPIP~Q~~U treat peas h9u 0.02%  ethylene 

~~~1~lldq':l~~Ris lipid bdfl~~d peroxidese 

n. ~ieteins luuoazd~5n climacteric rise LELJT~~UQ;~ Protein 

q:~iu%..uljniiau ufi+n.nu nitrogen dZ~~l~~n~d~ri~fl~d3~l~r&i'il':&1 hiiwnliuid 
I 

7jGmq':d Protein 94 il~?~ free amino acid d;adl':~u~dfilfin~~d~fl!d ~~t':Mild 

nToqnsri free amino acid ulaoi?L~u<u unzuldPi?flnn.ndulu apricot <lu?u 
' b; 

aspartic acid glutamic acid nmnd kh serine un': valine l%Jllu 

w 34 
3.2.2 Metabolic change between fruit ripening mdune 

bi d 
I. nis~dduudna~mtinimiul"~ wn'bYwknit~i;u~ifu?~~A? LMQLUQ 

bV d& 

~~fi':nnnusuo?mod 6d~um~~unishia 1 YQ~~~! %F~~~~~~ILCU!~~~Q~L~AI idu nit 

~lu~'il"lldw"nwa!fiuid.6~m .1zfi6mnnirniulqnnnd~n':od"ou&au constant rate mnom 
d 

maturation 9ldfls':~al~u'lllfi4 ~nl~lda~~lld~~h8u~~~h~u!d~u~d~~u::l~nl~lMul~~~ 

lunit~n'u~&~? ~unwsn&i non - climacteric fruit M~~riw?n&udid1 Ld~uwn!fiYIjnds':mn 

~du nhu nisqnuaauidszdn?iu&uw'us"n'u6msini~a 5hdnng 

niodi!hnii climacteric rise of respiration M'anrii?~nadidffo dudnngnisdid 
d 

nit~dnuuudfid~1d~~~n~niu~u~"11a6uadwa!d ~dadsind autocatlytic production uod 
d 

ethylene climacteric ~~unid.rlfiMnuii~nis~dnuu~~dn~qin growth C~IU~?P~WA~UI 

d d 
~q%y~th&u?iun (M Climacteric rise)  bid senescence iiknnirniu~~Liu~uknzljnit 

n, s d.4 
Plnfin<u dwiiuwn'b-m..mnu Climacteric rise mipun47 Climacteric fruit &~':Q%JI~!& 

41 Climacteric fruit CO, rise unr detect !&dluld~iGmd ethylene L%&.~T~ou CO, 
d=. I 

rise LLn': ethylene ~mnuunou qttfluhw~ electron 11.d respiratory electron  tranfer 

Chain qln Cytochrome system !dGd Alternate Cyanide resistance oxidase 4d41lfi 

finnisahswkdiu (ATP) uin$u unt. CO, rise 



look 
Relative 

change 

respiration [climacteric] 

respiration non-climacteric 

cell divisior cell enlargement [Climacteric] 

I +Maturation phase + 1 I -senescence- I 
d 

O ~ W  3.2 development maturation Lm:, respiration aad4aidr~n Climacteric LLa:, 
w 

non - Climacteric fruit 

d.4 Y 
d~aiu~~~jdwu~u~~~~a~uiu~d~i~~~"~adni~~~ m Climacteric rise wwuuu 

c: 4' 
2. L+?n active substance rwplvnd 

luumzdwn~iduqn qr;nisLdduuudad~uim~odL~aLdo Gilfli 
' li 

active substance d~~~unimiu1q~fiu"upa 

~~ad~i~inni~~~~~uUad~Uilld fructose - 1.6 - diphosphate 
d 
T!d~fluwa~as Activation  ad phosphofactor activity  as L&J!"II J 

cd d Y 
Fructosekinase $dLfluL~unmuabadfiunis~iu~q~d"~~u ~ii~fl~msinimi~~~~~u~u 

Fnrstose - 1 , 6 - diphosphate 



3. ~?imn?sl?i~"lles phosphate acceptor 

4. n?%?imn?7Ld&~I,I,d~4 Metabolic pathway hodw~du 

Malic enzyme 

NADPH + H' + pyruvic acid CX -- malic acid + NADP + . 
I TPP, MCJ*, pyruvic carboxylase 

Acetaldehyde + CO, 

~~flm9 activity "~89 malic enzyme bra: pyruvic carboxylase 

I. qmaqii wnru'upinz.airm6aqn7sqmu9Gdwa~uu7~d7u5~lfin7sqndi79 
M' 9, cu iuad6u.airmua.rwnb~9n7qmwdd~d9u~a~7~n"u~dn"~~~~mwn~~uu7u~n'wn~d ~qaiw 

du n~ioqn!&~d~mu~jidszu?nr 20 oc iil~;ud~mu~~ 12 - 13 oc nAquqzkqn 
d 

~~nnzijGmn7m7ulqnmn9&au UR~~ WIJ~L~ U qzi71iln~s4n~d7nq n~su7uls 

9nnmmo.r Ldijanq:Ld$uudu~i7m7nr~u 

dni7ulSlwnld~u'ea9auqz lqiaqmuqjiu7nni7wnld~u'a9uu7a unzlaia 

gwuqjiqquinniiqmuqGi7 

msqnuaqwn~d:uadfiu~gu~qu~uwn~fi 64~pdn7?Ld$uULLdfl.j41MMQ~dOu~wk3 

ad 4 
viot~u'Lqa-Yi optimum temperature lua?~ue9qmupuw~nmn7sqn fi7i~uqwuPirqzi~lil 

-2.3 
fimn70qn~qiu uor~~nn~s%~ms~n~su~ul~"~~a~wnlfi~nwu~~~~nmn.j~f~gmu~u~wuuu 

Hulme ~u47~iulqJ malic LLWI pyruvic decarboxylase sI active uinsruai9wnWkgn 

2. SSU~ CO~ ha:: o2 szu~19~fln6uaqwn!fi 1~~dfI9~19~I~~l9ldRRI 

&ii7qd7.j 7 fll~l~~~I~~7~1$7d& i7~~iimnis~un~~u~uuua9n"1'11~~100n~& ill6 

~fi~m7sdiuuudnqa~7u~$u%u"11a9n"1q1ud09a79hu 49n7s~dduuudn9~~im"ua9 co, 
d 2 d Y 

UAI 0, dil6~finnis~dnuu~~dn9wi~~ua~uadi~ 7 kii iii~~~iu~bu%u~a~ CO, ludadiid 

sa4tila~a~fiaqqz$vill6wnlfiqndii7 ii7aa7u~6u$uuoq 0, luluda~ii~s:uii~~~n&ii 

~:dil6wnWgn47 



3. '¶hJ7m(uas ethylene 

Ethylene 

d~:uit-ufi I 900 wuii und19d~ii~1u~a~di~mi$i~u~1rno~~~u 

uxiqs:~d$uu!dadi9~qm19q d~da~d~auLflu~m-~~~uu~u q:'bi~iirnwnknfii~ un:qin 

niT8nwiwuiinisLwi!p9dd~wuhlTsld""Ua9$i~un"imiwhoia~fia"Ua9u::ul oiauii~nnrfi 

WU~I~U ethylene (Gas Chromatography) 

ilq$b'k!f ethylene d~a~kni~qn~a~wn~ (ripening  herrnonise) diuyudr 

~R::wn~fliuiTow8m ethylene !6;sinoiT~un~tiul9~9 Ldu methionine. P - alanine, 

linolenic acid, pyruvate ~flud(u uanqind Biale (n.fl.1940) wuii microorganism 

ul4a<m Ldu Penicillium digitatum 0lulmw8m ethylene !&g;luin dlunuun:&m< 6 

wiuisnw8m ethylene !&Idufiu wu~iRuvliu~~"lr9nu~::~ ethylene d7:~lt-u 11-1 8 ppm. 

1I.d valencia  organe 0.05 ulluglhr, ~~99M"uui9 1 0.02 - 0.18 ppm (Burg  and Burg 
Y 

1965), passion flower (manlwiasw, 8uG9nT) 350 ul/ug/hr, Vanda orchid 3400 ullkglhr 

1uL/7ud1\1 7 ~ ~ 9 ~ 9 1 ~du Cotyleden, man, Tin, germination seed, srlfi ethylene 

umnoiwriu nnl.fiu1t-u ethylene dw~maanul~unni~i~ fiu?iq:'bi1,yilTild&9u Ldu 
d 

apple u~r. pear irlG C,H, 16qqqmn respiratory cIimacteric dquurda~nfl Pratt 
d d 

(1975) siu9iuii ethylene mldauaanuisinwnur~~a~~~~:fifiuit-ug~uin IN a 
d 

wnu:8a~nniruuimln 7 an::.s::hau 7 mw~w~::nu::8a~~fl~nis9]uiu~a"~a91"11n611n:: 
A d 

LIdiuun:.s:Liug9iu~nni9p9u91uau:I~aInfl~i~9qn Heinze unz Craft (1953) !6~iniT 
d d 

?'mfiult-u ethylene ~dd~uaanulwuil~uu:~~~l~fl~~lri~~::fidI~~? (mature green fi 

ethylene dAauaanuihunii 0.1 u.n.1n.n.liu an:~~uuin:uh 0.4 u.n.1n.n.h 

daadlusru:: firmripe bu~'qirTiu.nuiini~~~~ ethylene sinniuuond~u~i~ni~qnlG 

hiu an:ni~qn~flu!dadi9wdiIwua (Pratt un:: workman 1962) 

ni?&q bn41:fi ethylene %.unu::ia~nfl 4i~Bu&a;lloonu (Burg 1962) 

~~n=ni~&~rnm::w"~dnJd~ms (lycopene) "~~u::~!a~nfl!ii~flum"a~~%oan%~~u&au (Kidel 

kn: West 1932) 



3.3.1 Essential of ripening 

ethylene bflu~ldddi~flulunis~nuo~~n~~n:wn~~ ~~flmglanu 

I. 61uln ethylene szmrid trigger ripening ~uiunoiu<i nis4nuo9 

wnK~zb~iimfnuw5~u~w7u~9fiu 

4 4.4 
2. ripening action s:~~nidtil6 61li; ethylene ~~fi<is:fi~isouv~u 

6nwmzm6lu ethylene ~~ WM~ WIU 

3. 61; exogenous ethylene s:ns:~u~finlsMlu~s~iuuln~ 

4. ethylene Glbflubdn7s complete ripening reaction 
-4- e 

5. fiuiruod ethylene dfiodlu cell s:uonawn~ionio~dtuu~~dnd 

uanslniu ethylene fklflu ripening hormone 4.1 
" d 

I. ~sib.ifliuisnsz~~un ethylene aansin~ila~ualb ~u~m:diiniogn 
2 d 

b?nw bu~d91n~unLnl~Z'ldu cytoplasm LLnL absorbed 2l.d organells 

2. ethylene L%d autocatalytic action Uad ethylene 
d 

3. ratio nl~~l~~s"~1d ethylene szb-jnd9/1 

4. uj~aitifuIi%nii ethylene ~i~~u~loom~u?unisgn~~a~~ 

3.3.2 Synthesis LLaa Biogenesis 

Pathway dduldlkad ethylene biogenesis ~~L?AI~Y~~T&..~~LL~Z 

&dqg ~;?iI;u& du Penicillium digitatum ddL%d source UId ethylene id uonsln 
P 

'fhd ethylene ~dfl7~74n~n produce 1641~ fmfl ethanal,  alanine, glycerol,  glucose, 

fumarate, pyruvate, isocitrate ??u;d intermediate lu Krebs cycle  precursor &M 

ethylene L - methionine,  (Pratt bmL Goeschl 1969), Linolenic acid, P - alanine 

(Lieberman unZ Mapson 1964) 

1. Linolenate Scheme 

Lieberman bbn: Mapson (1964) Lflua<l Linolenic acid 

(ChiCH2-CH=CH-CH2-CH=CH-CH2-CH-CH(CH2),-COOH lfl~ precu sor buii cuprous 

did catalyst nn: diethyldithiocarbamate  flu inhibitor ~~oiwuiiF;aui.r~irnd~ifinsn~~d 

Aihiaw51.~ ethylene 16 



Lipase (?) 

Bound linolenate -b free non - active linolenate 

I linolenate activating enzymes (lipoxidase) 
(Cu enzyme) 

C2H4 
1 . active linolenate (may contain 

(0, not required)  epoxide moieties) 

Possible pathway for the convession of Linolenate to ethylene 

~ial~na7qn7s~iiufir11~~7nni7dnfidfinqt iinjd 
I. risu~fiui~u? (pre - harvest condition) L U ~ ~ ~ ~ ~ K ~ ~ ~ L L A ~ W L Y I U I  

d 
dq:G7unnfiuLiatinay wo~tiilfinw~1a%.iouysni i~sn bi9aWZ~~7wnas q~~iiu~r-1~7 

b~6u7u ;d&dA7~d~dnlt preharvest tj?~ Ldu climate culture nlPBlO?lflBU?NnlW 
d 

~7srut1a~~d~~u7tnu1un7t~iiuLn~a LLatu7dnka7q6aqin7t spray fluwan growth 

regulator riaun~s~iiu ~Aua q:i71fiLiiu1~ild7uid8u 
d 

2. 5~~~7~ifiut&I? (harvest condition) 1uunr:i7n7oLiiu~nua4"dfinwA?fi~ia 
d 

iq~d7u u'lafiu~~aina7q qtbia~o:Cnst?~luX7u"a"sn~s~iiu~nua1fi~n"a Wnu~7a 

n~imtuss?lfi~~u1:19~ na~unta7n~~n:n7s"uudd LBU &a.~~flu?daei~~s:Cntt?d T ~ u 

h%di%na7unta7n flnamfiu unzdst~Gn~flu~6n 

3. M5hifil~L~~? (post - harvest condition) Li]~n~~~"aal~nltLfl~firl~AK 

rrKm7nn7~L?iu~Aua ~~aba~qua~cinuo:wnh"1fiu7au7uni~fjtsu~~~~7uun TnudnuKn 
Y 

plauqunwuwklfi4~o~ nnnis~q~y~fiu~muad~~uw~6 nnn7o~y~duG7urinuadfinurut 
d d 

wnlii u~r~nn7s~dnuu~~dndi7q 1 wa~qqtLEn$uTnun7onszi7uad enzyme hfin~nunr 

WRK~.J dmti7lhTnu 

n. nlsplwquqruv$ (Refrigeration) Lflun~s~iiuljnlLn~wn~fid~61d~~~ 
464 

;I ;a.dauIGfinnn?4iu7uni7~ttun7 ~~ntniruqulqh qluwou~oluk47 nnt enzyme 

i~~~rdl647 ~~oiiilcrnqnrrrrJi~~fi67u7n~7iu~~ii~sj~ wnta7q~Rn chilling injury Ibi 



3 a, n?7u&luusss7n7~ inwal6uiaa$iafin~i81au~~ ~wnza::Gu 61 

L~U~I~LL~U~L~ l\ln90~fiu.(ud%.~ ~Ifirg~~dudi ~Au~fiuIuqa plastic aiinqd-hu M?Q 

bu waxing ddnl? waxing dl18mu1~f9nl4~uul 65 dlu WIU oleic acid 20 s69u 
Y l, 

fi~dgflJMr~2 95 - 100°C unZ~dwm fungicide odd qinliURuIfil~u emulsion ~~69 

;adinismffoufin~nunrwn~fu 7 

n. n7slt7s6~~n?uqu (Chemical Modification) Lflunls~%Aismii~da 

fWugunltqnuodch~o~6 "1-4 growth regulator did 7 6dm"9odlddisd1.a"anoni0qn; 

I. Benzyl amino purine (B.A.) du W B.A. 20-40 ppm ~fiunz~Aid8 
d 
M 5OC lm" 21 %.d 'VI3o2a" B.A. 50 ppm wAU detergent pre-harvest ino6mriau u69 

~fiud 20°C qr~fiu'Im"uiunii untergent 3 - 5 Tu 

2. 8 - nine (SADH) Ifb B - nine 10-400 ppm Lfi~~hfmu$Ubd 

B - nine 10 161; ~6ud 5 - 22OC % 8 Tu fmu~bj~d~uuiilL~m 

3. 2, 4 - dichlorophenoxyacetic acid (2, 4-0) 7% 2, 4-D 1000 ppm 

spray riau~t?u broccoli q::~fluk%~iu 3 - 4 Tu ~mudomon~bjL'VI~od 

J. n7s~l?uquusss~n7Rsr'~oa'7~6n"u (Controlled - Atmosphere storage) 

Control  atmosphere (C.A.) ;a niswau gas N,, O,, CO, 6msid~u 

~~mnmii~n"uldqinussuiniwdnG Tmqds~a~n'~~odmai~nis~fiu~a~ne~n~~munau~%~~w" 

n~iu~Cubuuod o, Ai un:: co, rga 

Modofied atmosphere (M.A.) L M ~ Q ~ C.A. ~~u;ndoqrviinis~fiue~"ne~nE 
d v 

uo"? iiGiusoqIuq~M"oaniau=: unzdiu gas wwau~siu~msiBdau~+~ldIuq~~~~ifiu 

Hypobaric storage ~flunis~fiu~n~n~flmunisnmnai~6u ?Iaq:vil~ 

nmn~iu~%u$u~iruad 0, unz~~unis diffuse  ethylene Tmu evacuation iin~6a~do11min 

w nEL'VIdlfu 

1. Biochemical Considerations ~mu~nwi 2 fib8 $a 

n. Metabolic Effect of C.A. daqzi w ada~ain 6ahioldd 
d 

I. ranon~rtr~u?~ ~uadqinnism"ueJ"nwnl6~~uu C.A. ~flunism?u?srlii 

nmu~iiuiiuuodyo.l o, &I LL~: CO, 4.r 6ak ~nwnr~"~rii6uq-'~1iuIq%iaa ~~oi O, ioa 

ktiqu~iiu~d (;mil 5%) ~wn:szdiW~Rm Anaerobic respiration OI~~TWL~~VI 



uuqunis~finl& ~~nrfii C02 uin~fiuhl (uinnii 30%) q?jii%fin Browning reaction 

~iiqr~nwnlri ~ilnildil~isoai~~ddnuu~~dna~& 

2. Acid Accumulation (1 933) WE~~I~~UIW~S~~~~~ kalanchoe I 

(12 YU.) mn carrot (3 iu) bnr Cat coleoptile  (1 iu) ~6~lu C.A. (10% CO,) d 
d 

68OF wuidnisflrfluues succinate,  aminobutyrate YWEM malate aspatate LLn: I 
Alanine HuVI~~ Wankier et al. (1970) wuil9:i succinic acid LP~RUB~~[U apricots 

d 
MI:: peaches ~uflnaiu~$a~$uYail CO, dilniiuttu~ifidn2d 34OF VNL~ rnaleic acid 

citric acid RVIRJ Singh and associated (1970) wuil 'Lambeti sweet cherry Lhd 10.5% i 
CO, 34OF srd tyrosine nnnilnnr. C( - amino butyric unr. rnaleic acid i6uuln:u ~ 

d 
Ranson et. al. (1975) wuiin15fl:flumos succinate buflilqln succinic oxidase qr.laFk~ i 

, C 

R9lulfiufiuliuuoil C02 Oil 1 Leberman et.al. (1968) ~uil pH 1B.l broccoli q:Lfiu;~ 

unrr~~iunqw ~$a~$u1flil CO, 

3. Acetaldehyde Formation Trout (1 932) WU~I 29/0 0, j/ 37OF 9: 

i1lGlii~ anaerobic process dilqrd alcohol an: acetaldehyde LiiVllUL{flldflWEI~~ I 
4. lncrease in Sugar Li (1963) wuiilu 2% 0, 3% CO, ?,unis ~ 

C 

!,flu 'Bartlet' Un: 'Anjon' pears ~~L~fl~ksnGlminq~fimflil LL~nluvl6anlsfjnfiul61d 
C I C 

Gim7nq:~fiuiu 

5. n7sana4~~4 Alcohol - Soluble llaz Protein N ~uni~~iiu~~uu 

C.A. q:i6mm~?ani?nis~fiuuuudr12 

6. n7srdd~urrda.t~a.t pectin wuii~unis~fiu 'yellow Newton*  apple 
Ir 

CO, qZ~ufl4nIs~u~aa soluble pectin 

7. Chlorophyll  Degradation Groeschel a. (1 966) wu ilnis~iiu 
8a~%~auuu C.A. d 45OF ~:~ilailni~~fi~nisflmnil"~~ea~ne~s~n~ uans~n2uGadnu~nwl 

1I.j Broccoli apricots asparagus dil1~rbiwnL~iiau6u dlu Wang (1971) wuil nisL:u 

lettuce cultivar 'Great Lakes1 LLU~ C.A.  (2.5% CO, 2.5% 0,) 75 5I.d d 35OF H 
Y 

0-- 2 
Phalton (1 000 ppm) riflu~fiu~:sjii~M"~u~ani~nmnil"u~aRfla~s~fln~nmYu 



a. ~lai~aiiazw'w~~~~~a~7nn7sin"uiiuu C.A. 

Fulton  (1907) ~uiln7s~fiuuuu C.A. ina7uLbu~uuod qqu7n~Suld 

LLA: C0, dl O2 q:~iimnaluiimdn%mq metabolism G71fi~Sm injury mesocarp VB~WEI 
Y Y d 

lfbid67m7n Luo~uo~LLLmn~n:~n7tfl:flu"uo9ntm~uw"su"u79"~1~ Liu succinic acid h?fi 
Y 4  Il a 
~uo~uann~u~iluidd7m7n~~~=:m7uldl& n7wran6anaeondqqtun~u~t9du 

n~s~~iuu~iluid6m~n"uo~w~1fi 
d 
~uoqqinnis~d~uu~7;1"iiaLni"ua;1 

tannins 44; polyhydroxy phenols odhu ~~rr:rius:mnmrnau1datau~an"u~ds8u 

Pridham (1965) WU~I phenolic acids daod?~~Lflu phytotoxic LLPi 

09, d 

ki&moiu\u~TI ~wsi:?u~osuri~fiu~:ad?u~~o;1 glycosides M%I esters umo7unis 
Y d  

~fiuuuu C.A. &!naluLbubu"uaq CO, qa?uld q:L?nn7? hydrolyzed fl:flu?u~uo~uo 
a d Y 

mnn"iipnG?n7u ~9L4un"u~?~nl3~a? browning reaction 

Bate - Smitch  (1954) WU~I active polyphenol oxidase LA: 

d 2 d Y 

phenolic substate q:Gi?fi~Smnis~d~uu8"ua~~ua~ua ;a Li?m867m7A El - Tabey uA: 

Cruess (1949) wu47 peroxidase LLA: phenolase ~:'kNla?u apricot browning LLAL 

n7l&a?ru7oi;qwnuo-r pH &I activity "uoa phenolase Pmu phenolase activity i:Liuiu 
d ' 3 d 

s7n O, w p~ 2.2 LA: ~fiuwq~tp~ua p~ 7 

Joslyn  (1 951) ~nwinaiu~~mn~1;1"ua9 phenolases peroxidase LA: 

d 
enzymes du ~.ruinzvi72~i~iimn7tLdAuu8 ad~jlsfim7u browning q:b.-jr~m~u~uni7 

,, a" 
na6~~~:asmunrGu~:~u1nm"uu?u intact respiring  cell ido protoplasm YB~ cell 

d d 
pn~i~i~LunioKmt9?a~Smu7m~~w~ L~~unl~LL~dfi~d j%ui browning ictRmadiwam Ja 

d d, d 
~Pn7sLiinn7oLdauu8qLLiim'/IwawL~moanQno7n7flt9?on7u?u"uo9w~d9i 0, duqwadqr 

lfim oxidation 

2. Physiological and Practical Consideration 

n. The Devaux effect LdoLfiuj;TI?un%wfluPi7;I 7 qcLflnn7sLniouGiuaa 
Y $ 

CO, mu'lu~uaea ~7?fius~mirua~un"fln7uuonL~~:n7u?u~iimn7s~d~uu~LflA;11d diwni7 
a w 4-9 " d 

Devaux effect dquuq:ueMmwuioL~o~uo ~~n:nis~uEjiu.ues cuticle lenticles stomates 
4'4 d  .=Id d 

flmmnms~ua wo uw:tYnwm=ou 7 onv~~dnuu~~d~ssz~ii~~n 



4. niswGm ethylene nmna 

5. fiU161d9109 ascorbic acid nmna 

6. kd~uuaa unsaturated fatty acid ~dduu~d 

7. 6ms7nlsumnWnlu"ud insoluble pectic compound 4:nmod 
w d  

uanq~nriu ~uan?7u~<uCuua-r O2 OAOPA~~P:U~M 2.5 - 5% co2 1: 
flflnd Wiiji~17u~CuCuu~d 0, c 2.5% CO, I:L~U&~ ~d~a47nuu?unls Fermentation 

A?IUL%U%U~JQJ 0, ds:u7m 5 - 8% %fi7~fln7slld?%?nd uw:~aan'wnis~.jS~~~uPnvad 

571A 

d 
~?iu~u~a'sza~ir~blda~~ 0, LLnz ethylene Luanlsqniu$u n?lu 

2 d 
L%u%uuaa ethylene '~ld~ua~ua4:~iu$u an:l:diaa; 0, 6?u Lws7:uir~7L~u!un?s 

&aLns7:'6 ethylene ~~o:&aa~qism7qmu~~&?u ~ws7:67qmuQQu7nnh 70°F ethylene 

~~1riiaahiils:6un~7u~$u%uuaa 0, &nil 1 % 

PI. uavorpla7ulL$uwor CO, ojod?sz3nrr?worGa L~QYI?~ULGUC~ 

uaa CO, umiu Uidq:n:niu1u cell u%s~u~ud?udsm~um'7~ 7 UQI cell fi~ilW~iim 

n7TLdd~PdLLdAdM7dW??:?s'lu76di 

1. i-1\fln7snisqn%?na (proteins, pigment) 

2. inhibit activity 109 enzymes ~79fi9 (succino dehydrogenase 

cytochrome oxidase) 
Y 

3. n~s~~~a~~sw~n~~fiuua~s:~u~nmna 
cJb d 

4. ~~sw?nnsm~u~su~dnuu~d (succinic acid) 

5. ~is~~mnWn7uu~a pectic acid nmnd 
Y 

6. ikflan7r&d~nsi:Ii chlorophyll 



7. di1fi&mdlUYo.16iPIiflLddUM!d &ULQWI: chestnuts srMliu$~ I 

I 

I 

lifo~fiui~ruv~iidi CO, qa 
1 

d 
8. n~iutb$u~sa CO, .~:Gilfini~~dnuu~id~a"uoa climacteric 

Pattern r$ouoon!d 
d s4.K d 

9. n CO, Iga (>I 5%) 4~~i~~?flc6i~m"~ruo49in~ni7flrflu"uoa ethanol I 
d 

rm: ethanal ~ilfir?mniu m dfluId!lA 

lo. 411$; pH l~)nlfl~fln?~6~ ascorbic acid ku Thornton j1931) 
d 

18irfiunhulu 72% CO, n 77OF wuii pH bu 0.61 ~klin 20 liu. arrtwuii 

lfi~lbldm4 ascorbic acid flmfl4~fl:9:UWu dehydroascorbic acid I 
1 1. ii? CO, ~fl~q~~~~Ig;l.l~~i~w"l~m"u~l~ni? browning reaction 

maiu8u~uisz~j79 ethylene LLWz CO, 

Blanpied Ufl: Hansen (1 969) WU~I 10% CO, 9~~~"u719n17~191~"u~9 
d d 

I00 ppm ethylene ~un6Qurfiunqnrvpiiw"aa kuqr~$o~il CO, .l:rl"fkhfi ethylene n 
! 

specific location lu receptor site (Burg LLR: Burg 1965) 4413~!1d!&d CO, lrfiUi4 I 

nl?fl$ld ethylene ~ 
Combined effect "Ua4 CO, , 0, LLW%:~WQ~ 

d 4 
d~u~in~ni~~d~vui:~u~ni~rfiurwou~oi~w~~ Zo qnrvrjij 32 - 40°F 

n?lul%~%pd~o.l 0, 390 CO, 0 - 5% adwfl~u14odl;l idu apple oiqlfim browning 

reaction !bi ii~rfiud~ru~~irdi co, t.1 (Roberts U. I 965) Anwid 32OF CO, 
d 

2.4 - 6% 0, I .2, 2.2, I 3.2% &uAnwiiiMGnnMiu!d, iiuaawn. wndiil~"~?s:~nu~ 



fi?lu$uunz ethylene n~jl4nl Sl~~ !.~fl~~fll(lnlSLfi~n?4s~ remove 

ethylene Iii.Ul% KmnO, Burg unr Burg (1966) W~~ln74 inhibit rirening {?bu 

hypobaric bUflnl?dlt{l~ partial  pressure %ad ethylene Lo:. 0, mad ud6i 

k~nloX;wfiWqn~?? bioa~um~ufuua ethylene nnr 0, ~inrlu C.A. Storage 

M% packages aisL~ii.~lddjil~~;liinoi~& ufi~:l$R?luLb~f~Yod CO, @fiollu ~.1R?4M 

fungicides T~U&?U 

d 
wq~n~suniu~<q C.A. Storage ~5;ls7nnis~n"ulu C.A. LU~~I product 

d 
la¶Jll~~ C.A. hUL~anl$ condition ~~,~ulrflull&?s~~~~~fi Organoleptic  propesties 

vd 94 d 4 
fin n~~:woIunlpl~nwl wo~n~~~n~~~n"ud~uuins~~flu6n~~n~wn1&dd~n1&~ 

W74JllnlMfkl ~fllnl~Mul?Liu ~?hd broccoli url%IlWFi finfl6n radish brussels  sprouts 

ror bun~s~fiuuuuoiid 7 luanlwd~rruirou G~M~iuisn~noiyn~~u~m"u~~Qnworu" 

~~ril&d% uansln&duj~~nwi ethylene  gas ~diR?lun~llriu~~un~3~nYfld~nwo1fi 
w 

1Mdl~ld 6dnl~WVl~flddflId 



~ndlaunisnmnad i;a w~n4gi 74 ~aufiahtj iafinnuia fiu~au Cnn:fii 

u:iampl u:uia umdnai ~aqinmnimnn~~Cnnomluiidna~ia~~w~fan~~i~dsau.ua~ 

mninCnluomnin~~ilr~mau~i~ ~jrCnnmdl.flunisnma~~dnwi~z6~~nom WL~I~I M~ Q 

d:: v 

~du~~wa~u~fim~inni~ns~~uns~~~wn riau~n"u6~s~z~ndaunm3d Cnui9.a6m6asXi9J7 

M;a fungicide (sodium carbonate) Liu ~-%-~ITwQuw~~~ ~nnz61 U3.dla daufinuld"6m 

b&ad&idriau~iiu l$ns:miw~ow"71inlw"no:oimriou~iiu ~"d ~U=L?QLWPI ~~manai ~i m  

4.2.1 wnia:nis~n"uw"n 
d 

I. L~~~MQC~~MQQ~"DS 

2. L~uIP~~~Q~L~~w~QL~u~C~~ WQ~~I~~I 1 O°C (6 - 8OC) 

3. L~~~~w"Ddd~~~ln7~ 

4.2.2 %nis~n'7u 6nwmmlsLFiu~d 

I. aidl4fissumi 

2. ln"~l~dQd~~i~fifl~~~$~~ (polypropylene) 3dinqd LqIZQ 

3. ~ijuldqqq~~iniw 

4. ldqd i CaCI, ussl~d 

5. "q CaCI, 1000 ppm, 2000 ppm 

6. "q Ascorbic acid 0.05% + CaCI, 2000 ppm 

5. 1d C,H,-OH 

Gifin~dn:rQmds:uimrSmn: 5 &u usr~~dqdw?ufi$a 4.2.2 lw" 

~~u~wa~anis41nimmaa~ynn1swmwa~ 



ni~6iunqiuLdu~ n~iu~~i~ am L ~n~id~~qw'nd~ijuania:iiq 7 bun10 

&anm Fimniuwnyn?'Pd 

iurfiu~ui 18 unsimu 2542 

finilflunisnmno~ w'sn43i uauhlvqj hilnuil diuvau firm-61 

a umnli u~uiwmyn~Em 

~ud 18 rrnsinu 2542 in~?~iudiu"Ua4fin~mu1% R.H.S. colour Chart 

cjn iI 

w?n yellow - green 140 C 

9 

"UJ greyed - orange 163 C 

vauflialvqj greyed - yellow 160 C 

n'?dnuil green 139 C 

fiuvaulu green 137 C 

w'n m :61 green 139 C 

~~mdnli yellow - green 144 C 

uT6aLWfl greyed - orange 171 C 

~=uIl green 137 C 



2542 Tjuo~tozn?u CaCI, + citric acid ?ia~i~qnrvlpriflo.r 

&u~vleu ~J~IUIULM;~~ 

n'7Jnuiq I&? ~u~d&ui 

n:61 JRIUIUL~U? idu~diuu~ 
d 

w3n ~uu? 
d 

I.40ups"aI~d L'VIU? 

34 iu~du~ 

uzu71 iudu9 

u:aio~wrn fiawmad 



4. fin~~du CaCI, + citric acid 



Pis d 
4.4 n~~~~m~un~s~dd~u~dn~8"uo~e~'nw~n~lw~n~a~~id 7 

d 
TRtI%8 R.H.S. Colour Chart s:~s+ld%dw 18 - 22 unslnu 2542 ~qdfidml~ld 

eSUlUL9/rq Y = Yellow 

Gn = Green 

Gy = Grey 

0 = Orange 

W = White 



slmcrd 4.2 nis~d~uu~~d~-r~ua-rfin~~ii~11ufio~~iu iud 22 unsinu 2542 1 
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