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CHINESE CABBAGE, LOGISTICS AND SUPPLY CHAIN MANAGEMENT, 

POSTHARVEST QUALITY LOSS 

Chinese cabbage (Brassica pekinensis) is one of the most important economical 
crops of Champasak Province in the southern region of Lao People's Democratic 
Republic (Lao PDR) after coffee, cabbage and banana with increasing production 
annually. However, there is no fundamental data on Logistics and supply chain 
management and postharvest quality Loss evaluation of Chinese cabbage (Brassica 
pekinensis) grown in Champasak Province, Lao PDR. Thus, this study aimed at studying 
cost and current production situation and Logistics and supply chain management of 
Chinese cabbage production and evaluating postharvest quality loss with regards to 

logistics and supply chain management. The study was divided into two parts: Part I 

was the study on cost and current production situation and logistics and supply chain 

management of Chinese cabbage production. It was found that most of the Chinese 

cabbage growers were small farmers with total production input cost of 12,357.88 
baht per rai or 3.09 baht per kilogram produce and Logistics cost of 2.25 baht per 

kilogram where procurement cost was the highest. Costs of logistics of collectors from 
Lao PDR and Thailand were 0.97 and 0.88 baht per kilogram, respectively, with 
material handling and transportation costs being the highest. Supply chain of Chinese 
cabbage production comprised of farmers, collectors both from Lao PDR and 
Thailand, wholesalers and retailers. Part II was the evaluation of postharvest quality 

loss of Chinese cabbage related to logistics and supply chain management. It was 

found that total Loss was 18.62 % with loss at the field, Chongmek Customs House, 
and Warin Charoen Si Market being 8.54, 7.03 and 3.05 %, respectively. Loss 

0 

evaluation study at the laboratory level revealed that Chinese cabbage kept at 25 C 



had the highest weight loss and highest respiration compared to those kept at 5 and 
0 

15 C. Color and vitamin C content were not significantly different among the storage 
temperatures while visual quality evaluation showed greater drop in freshness score 

0 

of Chinese cabbage kept at 25 C than other temperatures. Minimal chlorophyll 
fluorescence (Fa) increased while variable : maximal chlorophyll fluorescence (F./Fm) 
decreased in all temperatures. Significant correlation both negative and positive 
between Fa and F./Fm values and other parameters were observed in all temperature 
indicating that these values can be used as nondestructive method for quality loss 
evaluation of Chinese cabbage. In addition, the storage life of Chinese cabbage kept 

0 

at 5 15 and 25 C were 30 15 and 7 days, respectively. Results suggest that logistics 
and supply chain management that includes cool chain management or 
transportation with refrigerated container could be useful to reduce quality loss and 
improve efficacy of logistics and supply chain management for Chinese cabbage. 
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?\1V1{'U {1'U f11tJ 3) fl 1":i f11'U flll "IJB .:i vh 1 t:r flbb'1 t.J'11iJijri ru.n 1'W ?l .:J bb'1 ij 
' ' " 

i:.i'1 \91ti'Ubb brn 4) eru'1n ti \911lJfl1 ":i 
" " 

?l ru 1 bb'1d"lititJ'Vl1'U 1 ti\Jl1.:in'U 
" v ' 

Genova et al. (2006) m 1 
" " v 

1"1iBtJ'Vl1u?l1vi1'uw61Jern AB 11 13 11 9% 
' 

fY.:iij":i1tJ.:J1'U"Vti.:i Chanthasombath et al. (2012) 

?l .:i fl1":ibn ti11'U1 "liti U'\111'Ll1 'UtJ rn l"1 1"IititJ'VI1'\.J n .:iti ti fl ii 1ru 48. 4 bb'1 
\J QJ q 'I 

52.5% fl1 ":i?l ti 1 mb 32% "lJ 
'ti Q.I 'ti 'U QJ 

m 1'U1 "lititJ'Vl1'U"Vti .:ier n 1ri":i .:im1viff".i.:i 5 f!ti h b 'lldriti.:ib1'1 -V111 
' " 

'W'U11 h?lru ti 63. 79% 1 
.... 'I 'U 'U QJ 

' "' ' ,., i c:::il di I.I ..:::ii 1 "" "" 1 .m ·Hll':iV!l:n,n.Jlfl'Vl?l \9! 59.14% t!b?WV!1cJi!1f1'Vl?I _ 'U 
, 'U 'I \J Q.I 'I 

3.85% 39.37% 
'U 'U Q.I C\.l QJ 

'Vl'WlJV11'Uri1 59_ 11 % ( 'Urumiiti":i&i 'U v q , 'I Q.I 'I 'U .... q 

2555) 
" v ' 

1":i fa &in 'W 
' v ' 

b \91'Vl1.:in11 n bb ll'Ul'1m1' 1ii?l 
" " 

.:i'W8 tJm1 
'I 'U .... 'I 

bb1Ji1 .:i ' , 
?lull. m1 b i1fi.:ibb 

ILi , cu 'U 

.:ivh 1 
'I 'ti 'U QJ , 'U 

fi-:iifo b 
" 

m":i 1'1im.JV11'U 
'I " 'U \j 

t91.:i'1'U biJ'Ufl1":i?l m yj8 fi 'Vl\91"V€J .:i m1?lru 
'I '-IQ.I .. 'U Q.I 'I 

fl11 b LtJ"Utl1Ji€J fl1":i11-:I bbt.J'Ufl1) 1'1itiU'Vl1'Ub yjB rfl 
' ' 

L2 • 
i.2.1 b 1 

' ' 
1 "liti U'Vl1'U 1'Lifl1":it.J 191t:r fl fl n ?l1Li1":i 11 ' .. 

1.2.2 b yjm.J biJ'Ufl 11?1 fl 1) btl 'U tJ1"1Jtl-:ler fl fl tJ'J b 
" v ' 

'Ub ti ' " .. 
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1.3 

1.3. l 1s/JeitJ'Vl1'\.J 1 
' ' 

'11'1.J'd'\.J 30 "j1CJ bb61::; ... 
t'.f"j'JtJ"j'J:J.J 1 'Vl\311 'Vlc.i '11'1.J'd'\.J s "j1CJ " ... 

1.3.2 1 'Wb (?1tltJ.m1) 

?I 1Lil"j ru "j ::;'ll15'll1191 t.J'l.l "j::; 'll1 'll'\.J'11'd m -;u 1flfl1"jtJ A ... " " 

30 "j1CJ 

1.3.3 bb61 ::;tJ "j::; d"i 'Wfl1"j?I c.iAru.f11V1 'l.Jei..:ie4 fl ..:i bn u bM 1"j ".., ' 
..:i bb61::; -ilb 'Vlfl 1 'W fa t.J'd:l.J1U"j::; fll911 q)Vl1fl1"j 

?I c.iArum'V1'l.lfl 'Wb ..:iVl1 fl ?11Li1"j t.JtJ"j::;'lJ1'll'\.Jm1 
'ti v 'I 03 

"j 1 'WL " ... 
1. 4.2 ?11:l.J1"jti'll"j ::;d'.l'l.Jfl1"j?lru fl1"j bnubM t.11 ".., ' 

1 'W"j::;vd1..:i 

1.4.3 'W'd'Vl1..:J 1 :::uu rnMm 1 l'l ".., 
... 

1.4.4 'W'd'Vl1..:im"j1 -ilL 'VIA 1 'Wfa 
' 

LM CJ'd'l.Jei..:ie4fl m 1911 'UL fl ?11Li1"j ... 



d 
'U'Vl'Vl 2 

2.1 13J • 
19le-i "1vnrn11 bfl t11V1TH lltJ?itJ fi'1?i .:iv 1A' 1.:i11CJ1m Vf nu bb"1 

U'Uvti1.:imn 1 fan v 81.:ibfhrn..1 'WUll (9lfl11ll 
" 
b?ltJV11CJ 1 .:i CJ b tia.:i;u 111 ern Hf ?1111:Wm 

' 
bfl(9lfl1".ib 11lb 

" 
e-ia ;u 1 Vf bi1 (9lfl11llbi1 CJV11CJl'iaer rnba b 6iltJ m1'lJtJ?i.:i 1(91CJ 

m1 'Vl'Ub flllB ru'Vlnil n 11.ff vtJViu tl'Ub 
'U 'I 'I 'U 

' 

' 
(i;ii1CJ r\9ltJ1'LitJtJv1, 2535) 

' I .d tt::f -=ii 0 C::.:: t d .::ii dil Q..I Q.I 

61J'U?l .:J'VI b Vim '1.:Jl.l flllll '11 b ll'U\9lv fll".i b?I Bll b?I CJfl ruJll'V'j CJi;JB ltJfll".i bfl u1 n 
' ' 

' v ' 

errnba b fl 
" " 

flrum'W 1m 1'Um1'lJ'U?i.:i'1.:i1 Vi , '\J Q.I , 'I 

1 Vlbfl\;Jfl11llflllrl11 UWl'U bbl'l L ff .:i 
' ' ' iiil 'l zj-:iiJe-ia 1i;iCJm fll?l fl 

" , 'U \J 'U 

m11li5m 161J'U ?i .:ie-i m 1bfl b ?Ill bb'1 :W 'l.h 1y.j ?11m1 
' 

,Yi;im1 (Onokunarak and 
'I 'U 'U 

Chonlachart, 2011) .:ii1 'U -:i 1 b lJ 'U .:ii:J fl -:i 1fl1 .:J?I {1 'VI n bb'1 • 
16liv'Li'Vll'U'llv'le1fl b'.i'?ii;ib U'Utl1:; 1'1ivtl'Vll'U L 1 Vfe1n . ' 
Lbfl :;em \;Jfl'lflf!JJlly.j LL(l:;f]tUrll'Vll'ltl 1Vl11vl ?l'l 1i;im1Jy.j1:; 1CJt11Vl1) ll'lliJ'U LL;;'l:;Ldl51\91 '1'Ufll1 

'I 'I 'V .. 

" 
2.1.1 (Logistics Management) 

(Logistics) fle:i m:;'IJ1'Ufl1111.:JLLe.J'U fll".i 

'11 tJ'lJB 'l?i'Ufll B 81 -:iiJtJ1:;?iV16m'W bb'1 :;LJ) Lb(l:; ile:i'Ufl Ill) b B'Uill CJ 

Lrn:; m1-.il i;iLn u?i'Uff 1 m1 u."1:;?111?1'Ub 'VI LM m-if a .:i LLl'i;u i;in 1 b iJi;i'1'Ufi-:i;u fl?i 'Ufll • • 
b l'IB'U?l'UB .:im1ll fl11'llv 'l'1fl ff 1 zj .:im1-.ili;im11"1 i;i L U'UB .:ir'itl1:; n vU61JB .:im1 '<il i;i fll".i 

" 
Vim tJfi.:i m1 1 tJm:;u1'Um1:5'i;im1 

l'l mtlLL uul'\1.:i 1 1 
" 

2553) 
' 
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2.1.2 (Transportation) 
fiei il'11 " I 'I ci 

bb 'j 'l\11fl\J 1 tltJ'IB b einei 1 fl1'j6l.J'U?i'lb tl'LI 
' ' 

b VJfl\jfl 1?11lJ '1'1 'lnv'1 fl f111v1ei ti1 'lcifl '1';11 b m 'I 
'\J '\J 

n1V1'U vi b 1611 1viv:W 1 vi l1\I\JU'Ufl1 ';16l.l'U?i 'l:riuVJ u1VJ b \jwn n \I ei ti1'l 
'I 'I 'I 'I 

fl11'16l.111'1 hh1\J:::b '11'U'Uflf1'1 bb61:::fl1 ';J6l.J'U?i'I nei 1 
' 

1 ';J:::'IJB'U, 2553) 
' 

2.1.3 (Supply Chain Management) 
VlmV'1'1 -ii'BlJ'1?11';i?l'UbV1?1 

' ' '\J 

1'Um :::'U1'Ufl 1)l)'jfl \I \91 'I fl 1 u tJ'l'1fl A1 l 'U 
'I "U "U "U 

'1 fl m1vi'1 fl1'j t:-i ?1l.lt:-i?11m mJ'l 1 vi 
'I 'U q , 

vJt cv - 1.1 v c::t. cv a d 1.1..::::.. 1.1 Q..I v..::::.."' 
fl1'r'J(;)"1Jv fl 1'j'J(;lfll';)?f1Jfl1f1..'.!F18-:l fll'je-Jf1\91 f11'j'J{;)bflU fl 1'jbf18Bi.Jtn 8?!1.JF11 fl1'Vil 

fl1';J6l.J'U?i'I B'Llfl'1u b U'Ufl111 -ii'Bl-l'1 ?111?1m VJ ?1 
' '\J 

bbn:::fl1'j 1 b-1i'1 hmB'ULb fl11lJVll.JlV fl11vB flbb 'U'U fl11 

11.:i bLtJ'U 1';1"1JB'l L tlV11'U hJ11-v::: b tl'LI 1 "U1 :::19i'ufl61 1 :::191 um111'l bbt:-i'U bbn :::';!::: 191u 

(511tlm 2555) 

L61iB'llV11'Ubbn::: 1l.iBBfl if111l.lvimv 
' 

v1n'U tl'LI'1fl 
' ' 

?I b l m B'U 1 Vl1B V\91n nm n-v fl)'jlJVl'1 fl l 
' '\J 

fl11B Bmb uu Lrn:::i5fl1'j6l.J'U?i'I fa 1 \91 
' 

):::UBU, 2553) 
'\J ' 

fl1';JP"f Lfl1 fa LLn::: L61f l 'UU'J:::L 'Vl?11 'VI V'tlB.:J Ongkunarak , ' 
and Chonlachart (2011) 3 

( 1::: VB.:J Lbn ?I 1 tl161iB UV! 1'U'tltl nfa fl '5lJ"lJ B 'ltJ \91tJ" 
'I 'I 'I 'I 'I 

i L .:i 1n m u u 
'I 'I 'I , '\J 

L?l'UBLL 'U:::L ?11m1mL ti.:iLll'LI 5 ?i1'LI fiB fl1'j , , 
"' ' v.dilcvll Q..I Q.I I VO c::t.t.I c::t.•.dil QJ ii 

v i;J"lJB v (;1-;:J 1 'I fl 1 ';J'V (;] fll 'j'lJ'U?l .:J fl 1) \I 1 ';11 v fl11?1'U fl1 Lbn::: fl1) \91 (;] \918 ?I B ?111flUnflfl1 
' '\J 

2.1 
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\911';i1.:ivi 2.1 3 • • 
.., ct Q.I .:::I 

fl1flll'l11'Uve:in flle:J \l'UVl'U<;i • 

h1bbn llti '111brd1 ' ' 
0 Q.I Q.I I.I d I i/0 I 

fl 1-;i '11Vl'Ll1 ti 
'\J ' '\J 

I.I c.: d Q.I v d 
l'l'LlVl'Lll111bflrnflm 

' ! Q..J .d C!I. ell CV d 
:1.J'1 fll"l.lti n'1 bb'1 b me:i \1:1.Jti bb'1 ru b?I n 11bfl'U bfl m , 

c::t. t d Q.I ti 11 4 I Q I.I 

... 

vl111: Ongkunarak and Chonlachart (2011) 

3 ' , , 
bMm.LJti.:il'ie:i 1 

'\J 

( 1) 'Li '1 tim, e.i l'l .:i.:i1'Ll fl 111-ift:J mfli1 bbl.1'1 .:i 
' '\J 

I 0 Q. q' I.I I.I d ..:::ii + .c::ilc::il 

'U 1 '11'UV11 '11'Ll e:i 'UV11tim:1.1m1:1.1l'le:i.:i1111 "l.I e:i .:i b 'Ll e:i .:i-;i 1fl"'11 b fl:i.J fl:i.Jm 1 fl1 '1 .:i 
'\J , '\J 

(2) n'1:1.Jbflm1m b lJ'Lln'1m bU'Lll'11Vlfl'1 ' , , 

(3) u11-;i 
'\J , • 

'\J 

(4) 
'\J '\J 

1m'\.Je:ifa1ibnl'l 

(5) b6li'Ll bW:i.J "l.l'Ll:l.J 
'\J '\J '\J 

' 1111'1\leJeJfl 

(6) b 6li'Ll &u'Ll 
'\J ., • 
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(Supplier) r---- u (Labors) 

t ,. ,. 

I (Government) I Ln'\;Vl'iO'i 

(Farmer) 

1• ,, 
- - li'i'ltJ'i'llJ (Collector) 

'U 

(Group of farmer) 

l ,. 
(Wholesalers) 

'U 'U 

(Manufacturer) ,, , • 1• ,, 
-------- ---- ---- ---- --- - r--- ---- --- --- --- ··- -- ... 'U 

vit1A'1tHin (Exporter) -?' (Retailer) I 1• 

L'\Jtl 1::L'Vlf1 •r• lJtJ '3\.l'i::L'Vlfl - 'U 

(Domestic consumer) • 'U 

(International consumer) 

2.1 • • • 
Ongkunarak and Chonlachart (2011) 

b bb "li-:i-il'LI 1 1(;)vm1'1111:v 
' ' 

-iJB1l'16ll€l\11::uu 1 'lie:itJvn'U n:v m1lJ 1'1 1 
'\J " , " 

Yl'U11 1·ih::v::L1'11'U1'U b 1'111'Ufl1)\1l)'J"V1 zj\liil'l'1eJ(;)bG1''U'Vl1\I 

m ::'U'J'Ufl 1) 1u1-de:iU'Vl1'U6lleJ \lli)n "V Lbn1:W-:i mii fl 1) l'le-1'1 bfl B'U'VI n m::U'J'Ufl1) Jf-:i , , ' 
C::d di qt,.I Q.I' I I I Q.ld 

m·nnrnnm fl11'LJ)j"VVIUVleJ fl1jb j bb'1::fl116ll'Ui.'!\I fl1j"V(;)b W\I ' , 
nTrn11'Vln bb'1:: fl1)U11:v b 

' ' 
VV11 bb'1::'1(;)1::V::b 1'11'lleJ (;)fl1j 1 b 1 

I i./ 1 I/ I 
c:il ti d Q.I ..::ii ddcf ii .c::i. d t.I c:il dd 

bi.'! v VI 1 v 'U e:i v 'VI i.'! (;) 1 i lJ 'VI \I lJ fl ru .ll 1 Vrn (;) 'll u L -w 11:: m e-i '1 l'l e-i"' Li.'! v VI w u e:i v bb"':: lJ fl ru .ll 1 'W 'VI(;) 

e-1'1 l'leJULb 1 fll.l'W1'1, 2550) 
' 

161iBU'Vll'U'lleJ 1tJfil iJn Yl'lJ)'LJjoJ 'W'U11 fl11 b 'W1::U'1 flbb'1::fl1) 
" 'U '\J 

(;) 1 tJ v.:Je4 fl'\.Jj:; i.'! uu ru vn n 1) i.'! Vfl tu.ll l'W b e:i \I :V 1n1 'lie:itJ'Vl l'U'lleJ \I 
'U IU 'U OJ 'I 'I 

1 'W1::tJ'1 nffi:iJL v 
'\J '\J ... 
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f)tu.fll'W (Kramchote et al., 2010) ... m 
m1?1 CJf1tu.fl1'W'lJB (i)e.Jfl 

'U., q 

'11nth:::b vil"11 vi CJ 
'll 

1J:::&J1 .!l'11f1?!111 1 .:Jtl'U btl J1 bbfl::; b U'U'U .:JD tJ flll :::&J 1.:i1 LJV'.:ith::: b Vll"l ()jlJ'U ., q 

1 n vvu11 u .:iv v n '1::: tui;..i 191111 '11nl"l'Uc!11u111111:::li'.M '11n n m 
q 'U ' 

1"1ilfl ruru 11 bbfl :::i'Joifo "LI"11'UlJ1 (;)1 :::fl run1vv :W m1 m1'1?!BU1 v v d.S 'I 

rn11 bbfl:::'1:::ilrn1 {?111'1 ri'vif1 run1'W5 fl m:::u1"Urn1Vl«.:irn1 bnu CJ11'LI 
q 

n'U rn1vu1vtl1 rn1 u11'1 '1'Ui'i n f11'llfl1 CJV11.:J t.1flrn1Pin rn1:r Vlfl11'UB 
q 'll 

1J:::&J1.:i bbfl :::.rrv11fl {?)fl v vim v V!UB fl1f1n fl bbfl:::n 1f1 
'll 'U 

{?)::;'fov vm5 CJ.:J b V!UB 1 U'U'UB fl'Ue:J 1 
"'" 'll 

2 'l11:::1,nvi 4 bbfl::: 6 

th:::mru 6 - 12 i11m 1 - 6 

eim5.r.1·H Vl-Q B ru 2 - 4 ei n 
'U ' 

1::: tJ :::vi1.:i bbfl :::?l.n 1vv .:iti'U'U 1'W1:::Vl11.:in .:i"11 CJ 11m:::'11 CJll :::&J1.:i'11 fl 

'l11:::1, vil"11 vi CJ '1::: 1 i?1u111uu?1111 runilb 1 LJ v.:i'lJ1::;b vi121'llm CJm.:i 1 1111 
q 'U 'U 

1 LJfi.:i'lJ1::;b b tJf) 1 ., , 'U 

b "11'Ufl11:r rltJ'Uf) .:ie:.i tJ fl tltl fl 

L .:i e:.in11:::&J1.:it:.11'Urn11,1, "Ii 
bf1 rn1e:.iu 1e:.iJ1 

'I q v 'I 

VlCJ ru b.:i.:J1'Ue:J'U 1ml1 'lJ{?) 1 - 8 

'lJ{?ltui'.Jvi'lle:.iu 1, uf bLfl::: 1 ,, q q 

1 'l11'111'1 L u?l'Ue:JtJ1if .:ie:.iv n CJ 
q 'U ' 

1, 1 1 
q 

1viv fl 
' 'U 

1 1, q , 

?l'U1llU'U llnrn utu1 e:.i.:i'llfl 1utu1v.:i?l11{?)fl 1 LJ bb?l vi.:i 
'U 

?1tJ111u'U 1 fl 1vim11'lJn '1 m111 n n?11m1t1'111,1, tJfl ve:.i m tJu 
' 

6 n'1m1llV1«n fiv m1:ilvirn1 
q 'U ' 

(nvi1vv1 n'Wm, 11. 'lJ. LJJ 

61Ji'J(i) 11i1m'Unfl LLfl:::f1ru::: (2554) 
q 'U q 

n1 f1 m'Llv n m1 b CJ1'11 mi, 'lJ fl.:J v\' 1m1 (9]vi 1,rn ::;'lJtJ il1CJm11 vi 

u11'1 v11m111?1:::mvi ri'vnmvi 'U'U1Vl 
q q q 

u11'1 1 fl'U (tiru'Vl.niJ 25 e:i.:i121w11m61iCJ?1) 
'I 'I '\J 'I 'I 

bfl{?) TOPS TOPS TOPS 
'U 

vl?l1JVl1?!1f11 (vruvinil 
' q 'U 

d' <Q,t./ .<::!to Q 

W'U TOPS ?l11Vl1?!1fl1 (Btu'V!.1111 13 ti.:Jl211b6ilflb6ilCJ?l) '11fl'U'UL1fl1 
" 'I 'I '\J 
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22:00 'U. TOPS 1tlv.:i TOPS 'U , 

(eltu'Vl.niJ 4 el.:il311b6lfflb"iitJ?1) , " 
btl'U bbfl b elel m1.:i"U1 (el tu VI.nil 25 el 'll311b"lfm"iitJ?1) 

, 'U 

?11l.J 1') tlflTU fl:W fl tu.fl1'W 11tJ fl1j1-iJmj fllU fl :W el tu VI .:J fl U fl1j1-iJ 
'I 'I 'I 'I 'U 

'Ull'lnJj:JJ'LJjj'1Jl n 1 'Lltl':i::;b 'Vll311111tJfl1':ijl'LJjl:J.JoLJel:wm::;'LJu fl1j , " 
eltuvi.nil 

'I , 'U 'I 

btl tJl fl1j'LJ d J '1 bbfl .:J'11nb 1mml'lfl1\111 'Ll m 'I b 'Vl 'W:W V!1'U fld '11 n f11 d , " , 
1 Ael , " 

( 1'Ll"lfb uel1:w11bnl'l (m'lb 'Vl'W:WV!1'Ufl':i) 2 fl el , " , 
'11n ?11mnL-Jl'l':im 1tl11.:i"U1t.J1 'U"lf b tlel1m1bnl'l (m .:i b 'Vl'Wl.l'Vi1'Uflj) 11tJ 'U , , 

Polypropylene (PP) BOPP (Biaxial-Oriented 

Polypropylene) 1 elruvi.nililm') 
'U , " 

Id I 'l l !J' ct .:::ii 0 '1 "' Q d d I 0 1 d l'U1t!'Llbb'Lf:l,L'W'1!1,1fn1,n.nn fleJ 7 - 25 'Vl1 b JJ?l\11 "IJtu::;'Vl 

'Ll b '11 ::;jj 1:wfl')el'U ?11111':it1 ri.:i fl11:W n n11n1':i , " 
'U':i':i'11'Llml'l16li1ti1 2 25 ei.:Jl311b"ilflb"iiti?1 v\'11 'Llm111 

, 'I , 'U 'I 

1:wmel'Llilm':i?lru tJtl1V1unuel tin-J1 0.01 % nL-Jtu::: 
'U "., 

tl':i1 nil b tJel:w-r'U"Uel fl 

1':i 'W111t:l mfo'U 1 'Llm , 
mflnfl1.:J"llel.:Jtlj=-.;b'Vll311'VltJ"llel.:J fl'l'Ll-ifti bbfl:-5fltu:-5 (2553) 'W'U'i1 , 
'il1'U1'U 77.78% 22.22% 

'U 'U 

1 'Llfl1j brl'U tJl 65.08% "Uel .:i bnL-Jm milm':i 41.:i bb j.:J.:J1'U bbfl ::;i] 1 'Llrn':i41.:ibn'U ti1?1.:ifi.:i , " 
o.5 - 0.6 LLfl::: 50. 79% 

47.62% bbfl::: 52.38% 
'U 

':i1fl1"1le:i.:i-ii'11 l fie:i 2. 70 , 
"Uel.:ioiJ11 l 2.02 nf:w 1 

'U 

'il1'Ll1'U 16 ')1tJ l'l'U'i1 tr':il'U':ill!U':i:-51!1ru 75% bbfl:-5 
'U 

25% f bb m 'U'U ':i:-5 tJ:-5'Vl1.:J'11n 

bb tlfl.:J"llel tin-J 1 1 o fi1m11l'l':i ( 62.50%) j::;tJ:::'Vl1.:i ;i h.:i.:i1'U 

Uelt.in-J1 10 filflbl.Jm (25%) ':i:::tJ=-.;'Vl1.:i 11 - 30 fi1m11m (37.50%) tr':il'U')ll.J 1-il':itlnd:-5'\J:-5 4 
" 

1 (93. 75%) 1111tJ'Wun'U (50%) 1111tJ 1.;r 
'U 

1 'Vl J Pi''Wvl c 43. 75%) bbfl :::il cr':i1'U':i1111 'I?! el (6.25%) er jl'LJ ':ill.J v11m':il'l j'J'1 ?!el 'U fl tu.fl 1 'W 'U ,, , 

.LJ'111'W111 t:l n 'Ll"U (56.25%) bbfl l'ljl '1fltu.n1 't'l oiJ111 'W \11 t:l n ei el 'U"U ( 43. 7 5%) , 
1 (81.25%) m':i 'U ., ,, 

':i.:i.:i1'U (93. 75%) m':i?i.:i"Uel 1Vlru 111'11n"U'U1111"1Jei.:i.LJ111 'W111t:lneiei'U ,, ., 
11.J (75%) (25%) h.:i;i1'U 

d.9 'U d.9 '\J 'U 



10 

(62.50%) tr 11'U11l.J tl1-iJ111 n eJ €J 1 tJ (6.25%) v 

?i-:i h-:i-:i1'Uv11-ii'111 (50%) tlb (6.25%) 

IX'Uvi 'Uri 1'1l'U?i-:i b lJ 'UIX'Uvi B-'.l 61Vl611CJ'lliJ1111vi CJ 
'I 'I \J 'U q 

b 'Ul"l v 

(2551) 74.76 - 81.46% "tJB-:ilX'U'Vl'U 
'I 'I 'I \J \J <; 'I 

ri1LnubMCJ1 
' ' 

Bn 1 f111'1l'U?i-:i u tin 

b61'UVl1-'.l f111 "ll'U ?f-:i b €J ?f-:i VI 1vi CJ Vl61 '1l ti-'.l l(;ltl 'U 
, 'I q \J 

LMm-ii'B-:i1 b b 1 oil 

., ' ' 
'W'Ul1 b (;] 

' v 
n '11'U 1 viru b CJm-:i l'iB IX'Uvi'LI m1 (;] 

., v ' 
QJ ' I.I Q 0 !"'::ii .c::i.. d _d CV I.I Q..I tJ 4 I.I V 

";J 1n m r.Jf.Jf! m ·1mm bn m f1'U(>1'1.J'V1'1.Jf111 'Jf'lV!1 (>1'1.J'Vl'1.J n11 \Olfi m.Jt11 tn?l vi 
'U 'I , 'I 

IX'Uvi'Um1'1l'U'1-:i 19 )1CJ 6'11m1mbu-:i 
' ' 

ll'LI 2 11.Jbb'U'U 
'\J 'I \J \J 

2. 72 bb61:; 
, v ' 

1.70 u1Y11'1Bnfan-r11 1.54 Lrn:; o.96 u1Y11'1Bnfan1'11 
' ' 

i6'111 m1tl111.Jbb uu v v 

1 b 1'Um11 ii:lv:il' CJ.fll CJ'UBn Lrn:;v111 , 
(oUCJJJiJ 2553) 

vi l'Ul.J'UiJ 1J1n ru-U'CJ (2549) IX'Ll'Vl'U , , , 'I 

'U1.J):;bVJ13f1 m.J 'W'Ul1 vhnu 
' 

o.723 u1Y1vitinfan-r11 ?i111bll'Ll 18.16% 
' 

0.245 u1vivitiilfanr11 ?i111L ll'Ll 7 .20% v , , 

o.361 u1vil'itinfanr11 
, v ' 

v1n v 

Vl'U vl1fl'U 0.117 'UlVl \>iti nfa n1'11 ' , 
'Utinv1 n-d 1 

"' 'U 'I \J 

·fov61 'Wu11 1 'Unv m1111'u 
'I , 'U 'I 'I 

?i111bll'U 28.41% 22.53% 
v ' 

3 AV!b U'U 12.34% n ' v , 

m1 tJl.Jl6'1 vii.J61 n bb61 :;ri1u mfliJ 
' v ' 

m 1J1vi1-:i'll'Ll111n'Uv nl'i1-:in'U\;)-:ibb6'1V1-:i 1 'LI 
' 

2.2 v b fa B EJ til'UV1'Um1:il vivi1 ?ivi , ' , 
bU'U 9.74% 57.08% 24.95% 

' 
I i.I .ail I.I Q.J c::i, e<: t.I 

CJ1'U'W1Vl'U:; 13.66% 4.31 %) (il'UVJ'Un11LflfiB'UCJ1tJ16'1VlflV!bU'U 69.29% 
' ' 
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C:0: d V ..::;it Q..I d I al 
nT'HnLJbntn 56.24% fl1':i?Hrn?1tJV11;1.:im':ibnrnmn 37.31 % bb1;1:::mb?1B1Jflrum'V'I 

'U v ' 

titlmru 6.45%) fl(?lb ll'U 16.29% 36.1 % m':i 
' ' 

I t I c;;; I 0 ..::!:I. 

?1rub?ltJ':i:::V111..:im':i"U'U?l..:J 28.91% fllbbn?I 19.21% fll'Ul':i.:JtJl'U'V'JlVl'U::: 9.15% bb!;1:::b.:J'Ub(?ltJ'U 
'U v ' 

fl'UoV'U':iti 6.63%) fl(?lbU'U 2.24% 
'U v 

100%) fl(?lbU'U 2.43% 100%) (Ongkunarak and 

Chonlachart, 2011) off 
' 'U 'U 

A(?lb ll'U 1.39% (tl':i:::n v 10.07% A1 
' ' 

52.51 % 10.07% 25.89%) 
' 'U ' 

16.17% 79 .s2% 
' 

20.40%) 28.75% 
' ' ' 

2.53% 55.23% A1u1':i.:im'U'W1V1'U::: 42.19%) 
' 

10.29% 100%) A(?l 

l uu 43.39% ?i1ui1 l91?iTufi11 ?! n 1.J 
' 'U 

0.29% 58.62% 
' ' 6 20 .34% 20 .34%) ti'U81v1?1 (?) 

' ' ' 
fl{?lbU'U 12.47% 94.30% 

' 
titlmru 5.61 %) 25.76% 2.25% 
' ' 

tJl'U'WlVl'U::: 86.76% A1u1':i.:itJ1'U'Wl'lt1'U::: 10.94%) 17.64% 
' 

100%) fl(?lbU'U 43.53% 

(oVtJI,JiJ 2554) 

"ll'Ul {?l"IJtJ l':i:il(?lfll':i a 
'U ' ' 

d d I V .di d 
Ongkunarak and Chonlachart (2011) 'Vl'V'l'U11 ?11'1.JlJ.:Jfll?l 3 "ll'Ull?l fltl 

' 
('11'U1'Uutivn11 200 vJ'Ll) ('i!1'U1'U 201 - 999 vJ'U) Lrn:::"U'U11?11viaj ('i!1'Ll1'Lll.l1nn11 

1000 vi''U) 57.02% 
' ' I I vJ" d ' d QI vJ: d d 

"ll'U?l.:J 20.7% brn:::fl1fl1':i\l\?1'1Jtl 17.57% Ll.Jtl 
'U ' 

L tJ'UL VI tJ'U n'U ?11'1.J"ll'Ull?lflm..:i :::"IJ't.J1(?l 1 viaj L niJm':i :il CJ fl 1':ie.J 

.:i t.11 -tib vi1'1'Ll b 
' 

1 "1Jru:::vl?11'U"U'U11?1nm.:ivi''U'Vl'Utl':i:::1.11ru 75 .86% b (?) 
' ' 

14.02% 8.16% 
'" 

b VJCJ'Url'U?l1'Ll"ll'Ll11?1 :::"U'Ull?l 1 viaj b ..:iiJ fl1':i41.:JLb ':i .:i.:i l'UilltJ'Llti fl 1 'Ll 

m':ibnrnMv1 fll':i'U':i':i:u "Uru:::.yjA1vi''U'Vl'U 
'I 'I 'I \J 'I 

n flll Vb Vi tl'U rl'U?f 1'U"ll'U1 (?) fl :::"U'Ul 1?11 Vlaj tl 5. 93 'U l'VI tl nfa n-rl.J 

L .:i:u 1 n11iJ fll':i :il :5' I l.111 otlb CJ..:J'Wti rl'Ufl11l.l tXti .:i fll':i 1 ..:i hJiJ Al fll':i l?l fll':i 

V1i'.lti'U?11'U"IJ'Ul\?l 1 Vlru fl 1 Vlru 
v v 

L U'Ll?llb Vll'lvi'11 Vf 'Ll'VI fl"U'U11?l"lleM?l1'Ll 'Lltl':i:::l.J 1ru 
'I 'I 'I 'I v 'I 

49. 71 % bU'Urllfll':i:ill?lfll':il?l\?l 33. 78% 14.08% 
' 
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..::ill QJ ..::::ir. SJ CV Id .::ii Q.I c:; I 

1'J?l'Ufl1 \!?I\! m1blJB b 'VltJ'Ufl fl b 'LIB 1m1 ?11'U 
'\J 

1 111 m'Unm 

1 l?lb:d ei b Vi vu ntJ?t1'U'lJ'U11?1 fl 
' '\J ' 

t5'U?t1'U'lJ'U11?11 vm.iil ri1m ?!\?! b tiei 1 .:i t.11 
v ' 

0 .,; 

'11'Ud'UlJ1fl (\911';!1\l'Vl 2.3) 

2.2 mt1Ub 1 bbG'I:; • • • 

fi11'ti\i1t1 

nn.) 
0.73 
4.42 

1.21 

0.13 

0.13 

6.62 

fi11ii\i1t1 

(%) 
9.74 

69.29 

16.29 
2.24 

2.43 

99.99 

" 
(%) (%) 

1.39 0.29 

16.17 12.47 

28.75 25.76 

43.39 43.53 

10.29 17.64 

99.99 99.69 

ifil.11: Ongkunarak and Chonlachart (2011); oUWJli (2554) 
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2.3 1u 

1 • • 

i'hin·rn,.1 <i'l'IJ'llv 'IJ ei 

1 2 
" 1Vlaj " 1Vlqj 'nlJ 'nlJ 

.,:' v v 
17.57 8.16 1.93 9.74 16.47 6.21 3.56 8.49 

57.02 75.86 49.71 69.2 66.78 81.92 71.23 76.25 

20.7 14.02 33.87 16.2 8.63 8.01 8.62 8.27 

0 003 14.08 2.24 0 0.14 15.21 2.48 

4.7 1.93 0.50 2.43 8.13 3.72 1.39 4.51 
ntJ11nf11 

vl'IJVj'IJ 7.64 5.93 7.52 6.63 3.14 2.71 3.34 2.92 

(u1wnn.) 

vl111: Ongkunarak and Chonlachart (2011) 

Chanthasombath et al. (2012) 'j1CJ\l1t.d1 hit1LJ'Vl1'UG11V1-ru 'U:5''1Vll IYl 
' 

fl tJ 'j :5 b 'VIP1m1 G11V1-ru 1Vm 11'1Jl1CJ1'UlJ'j:5b'VI131 ('Um Vim \lb 'U'Vl tl :5 CJ:5'Vl1\JV 'j :5lJ1 ru 

750 nfablJl'J'j) (BUfi'j1"/lli1U 190 fi1mlll'J'j) bbfl:5fl1'j 
1 

CJ 1 'ULJ'j:5b m-ilei'1nrnn'l!tl'l'j bbfl :5 

b 1 -:i 
'U 'U 

1 'U'Ufl'j'Vlfl1-:JblCJ-:i:5''U'Vltl i5m'j '11flbb lJG'l-llJG'l n 
'U 'U 

'Vl'jfl tl1Vl'un 
'U 1 ' 

lJ'j:5lJ1Ul 20 nfan-rlJ b Ll'lCJfl1'j 1.v'jt"J Ll'JCJ(;11'j(;1151'j'UJ:5 b bbG'l:51'la1V!l'i1-:i 1 

1'U'Ufl'j'Vlfi1'1b1CJ-:i:5''U'Vltl bbfi:51 ntl'j:5b 'VI Pl CJl-ile>-:inu 
' 

bbfi 1'UeJ1 bile> LJ1 n"lie>-:i bbG'l :5b 'VIP!b 'VI CJ"lle> \l bbfl fl i5m 'j 
'U 'U 'U 

4 bbfi:5 w 6 
'U ' 

G1lJLJ. G'l11 b fl1'j-;ij 1m.hCJ 1 b 'VIP!b 'VICJ 1viCJiifl1'jl'i'VJ 
'U 'U 

ru 10 nfan-rlJ CJW"ll'U11'11 n 
' ' "' 

1 l'JG'l :5' \l'Vlll'leJUG'l'j1"/lli1U lJ'j:5 b 'VIP!b 'VI CJ \ll'JG'l 11'1 b fl1 
"' .. "' 'V 

n;u l'i'vi bbl'i'1b ei 11 e:i flbbfi :5U'j'j'1 n \l lJ'j:5l.11 ru 7 fi1fi n-rlJ 
' ' 

b 'Ul'lall'l 'LllJ'j:5 b 'VIP!b 'VICJ 

161it1LJ'Vl1'U CJ"lleJ'1t1-:ifim G11lJ1'jm l'l 
' ' 

brn \J'j :5U u61Je:i -:i 1'lie:itJ'Vl1'U bbl'! 1 CJ"Ue:i \l bbl'iG'l :5 n '1 CJ1-iie> \l bbfl :5 
' 'U 

1 'Ue:i \lflm (Askarany et al., 201 O) 

'j:5V1l1\llJ'j:5b 'Vlf'ln c lJ'j:5b 'VIP11 'VICJ south-Africa fl1'U1) b 'VI fl 1 'Ll .... 
\l fllJ CJ bbG'l:5G1.fl1'W bbl eJlJ ii fl11lJ '1'1 fl qJ bbfl :5'11 fl fl1 'ji bfl'j1:5V11VI tJ 1-il'Vl fl11l.I bb (;)fl 1'!1 \l fl'U 
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1 t.1 ?11m1mw16liB .:111.:i bb'1 b m1ii11iii1 B t.1 

(Trienekens et al., 2003) • 
mri1';J-bBn'1l'U 1 'LI himJ'Vl1'Ue!n 

d.9 'I 'U 'U 'I 

1 'LIITTlW1iBtJ'Vl1'U AB 1) 'Vlfllbfl'UcJ1 • • 
1 m :;u1'Um1 bb'1:; 

United Kingdom (U.K) 

2) 1918 m.h b 'VI Maha grape 
Mahagrapes :Wn bb'1:;m1l.J b fl11 

Europe (Germany, Netherland, U.K.) (Narrod et al., 2009) 
m1 bbl?! nl'i1.:1"1.JB.:J 1"lieitl'Vl1'U1 bb ruru uu191n . ., ., 

Schipmann and Matin (2011) 
cJBt.J 1 b 1t.J.:inu 1 mu , ., 

n1 ':i ?in n "LJ ei 1{ :w 1.1.1:1 fl ':l fl 1':l':l B f11')' bfl n bbi:l 

'll 

n'U flVl11'U 1 'LitJ1:;b'Vlfll1 'Vl t.J 
'll 

?11m1m 
V CV CV CV '\I II.I V 

f1ei 
" , 'U 'U QI 

m1l.J 1111.:i h Lb" 1t.Ju1t.1"1.Jei.:1f ;Ju1" 
"' 

Yu and Anna (2013) wu11 
, 'll • 

b U'Llbb t.J ':iDbb 'U'Ufl1':i':i1'U':i1l.J fa t.J 
'll , 'll 

1-Un m1 bb zjm'1l1ty 1t.11tJm':in1-.5' 

b th v'Uru11911 l'i1.:i'V11.:i n ri11 t.J'IJB.:J . ., ' 
tl1'\111':i6li1 bL":;?f1l.J1':iflU':i blJ'Ub 'Vlfl l 'Ufa 8'V11.:J eJ LM m-iiti.:i nu n:u n))l.J 

'IJ 

2.3 biJ'IJm'ja v flw111'Wvi6i .:in eHt:!n 13J " ... . 
'11 fa 1 sde:itl'Vl1'1J • 

"lit.1.:i 1 Vt:iJ 1 
'\I CV 'I CV 

m.:ib n 1-if L 1"1u1'LI 'll , 

b .:J:U1 n 1n") 1 b fl n utJm t.J'Vl1.:J fl fl1) 191tl u ?f 'Utl.:I nu fl11l.J1' eJ 'U 
'll 

Vlru vh 1 m ., 'll 

eiu Vit.1u 2 

fl1) m61l fl11l.J b8'U 1'Lin1) .:! blJ'U n 1)?f t.l'lleJ .:! bbl'i'1 'll., ., ' ' 

oU'U191tl'U ?11LVl191'lleJ.:Jm1?1 t.J'llti 191e.J" bb;;'i :;vi115m1Vi b l.J L ei" t.1vi1 CJ 
• 'll., 

'll., ' 
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Lb rt :::1:::V1l1\I fl 11"{J'Ui.'i \I i.'i1'Ufl11?! tJ) e:J\I fl11?lru tJ'11 flrt:IJ bbrt::: fl11lJ{e:J'U'11fl fl1)"{J'Ui.'i \I hJ1 -iJ 
'U Q,I 'U v 

1 "lim.J'Vl1um1m8tJ '11fl m1 b tiu b V1m.fi:::V111 m1"{JtJi.'i 'lbb uu 1 m"lifl11J.Jb8tJ?11m1i;irt (;) 
' 

45% b vim :::?1JJ?11m1i;irt tJ'11fl i.'iTu 
'U v 'U Q,I 

m11 ll'Ut:-1rt<vh1 
'I 'U '\I IV 

I.I ' ' ' 

ni1Vi'n"111rt\I 15% bbrt:::'11flfl11bt:im 26% bbrt:::flru:::, 2555) 
' 

1)?! fl1) 1 b ;tJ\11 Vll.i"{Je:J'I mlJ) uru6fl1' \9ltJ 
'U v 'I 'I 

bbrt:::mu::: (2555) blJ'Ufl11?lru 1 
'U v 

1 ;ti\11 Vll.i 'Wu11 1ib1mmmrn:::b ti?l.:i 
'I 'U OJ 'U 

1 'UbbClirt:::.fr'U\9ltitJ vfou 
'U v 

bbrt :::bb uuvfll.iffi 61ifl11mvtJ 'W'Ul1 m1?1 tJ"{Je:J 
'U v 

1"1irn1JJ bV'UlJeJ b8'U e:itJ1\l L 1tl mJJ e:iruV1.11n1ii1-ci?11 b Vf\9l"{Je:J \I m1?1ru ti 
'I 'U 'I 'U Ill 

Vl;;r fl "{Je:J .:i m :::u1u m m1 btl'U bM tJ1"{J e:i.:i fl m1?1 ti bfi 1 b Vl\9llJ1 
'U"' ' 1 di .::ii c:t. d I 1 .c:i I ' ' ..:::ii :u1n_1 m1?l ru b?l m "ll ,mm ue:i ,i:u1n fl11"1!'Ll?l \I _ v:rn ,__ e:i 1 b61l'lJ!'lfl11?! b?l t.11'1iJ 

'\J V \I IV 

th:::mru 60 - 80% 
'U"' ' 

vi b lJ ueJ' u11111ti1 u fl):; u1u n11vi1JJ c.J1u1 c.J1u1 "Ii fl11l.J ti b otlun u (iu rt v 
'U 

bbG'l:::flru:::, 2555) 

Gi1V11'u fl11 \!fl 11 uirnM ti11u1 fl"{Jti 'I 1m \I fl11V1'11\I tim1 
'U "' ' 

5 
'U"' 'U 

bb'1:::bb\91'1fl11illuu mbCliG'l:::-d1\11 u1"1ie:itJvnu "', ' 
vibb tlG'l.:itJG'l 1(;)t1'1111'1VltJV1vi bnu bM ¢1) P1uv-W\9llu11fl1 .:im1 

'U ' 'U 

Vf(;11\I Vll.i 'Vl'Wl.JVl1'Ufl) 
'I 'I 'I 'I , 

bb(;l fl1 .:im1V1'11 '1 bbG'l :::Gi m:::u1u .:i m1 btl u 

t:-1(;1fl11'11)1'1'W'Ul1 63. 79% 1\;)tJ 
'U 'U"' 

?!1L 1 -U'th::: btl'll'U1111 "il1flLLlJ(;l\ILL(;l:::r;nL Vl\9l'Vl1\lfl(;l , , 
Lfl';i \lfl11V!rt1.:imnvi?1 ti 59 .14% L(;)tJ?l1L V1\91JJ1'11ni.'i1uvi 

, 'U 'I "'"' , 

1l.i?11m1i;i 1 Vl\9l'Vl1'1flf;'l 'Ubb tlrt\ltlG'l fl 
'U ct.I 'I , 'U 

3.85% lJ?l1bVl\9llJ1'11flLLlJrt\I 
'U"' , 

39 .3 7% iJ?l1L ruLifomflvi?l\;1¢1) 'Vl'WJJV11ufl1 
'V.... 'I 'U" 'I 'I 'I 

59.11% bLrt:::flru:::, 
"''I 'U-.. q 'U 'I 

2555) 

fl1)b VJ 'Vlfl Gi1V11'un tJ bbrt:::fl1)"{J'Ui.'i'1 tJ , 
1-ilfl F 1 bbfl::: 1 rnLrie:i e:i LL rt :::il.:i 1l.i bbfl::: 1 rnbri e:i e:i fl L tJ1 m1 

''U 

e:iutl1:::fl e:iu\111 ti 1) m1'Vl e:i u m1m:::bL'Vlfl1(;) tJ fl e:i tJ 1 fl e:itJ1.:iiJ ?11 

fl11lJ?l'1 3 0.6, 0. 79 LbG'l::: 1 LlJ\911 2) Vfo'U 1 \I 
'U 

bU'U';i:::ti:::'Vl1\I 300 filmJJ\911 1vJJJ191161J1mbc.J'U 
' 

c:t. Q..1 c:t. I I V CV .d 
'Wrt 1 ?l \91 fl fl 'U fl):; bL 'Vl fl f;l'l'W rt 1?l \91 fl bbrt::: b "{) 'l'Vf 11 tJ ?l1 'U G'l fl1)'Vl (;)?l ti 'U 'W 'U 11 1 ?l (;)fl 'U fl)::: bb 'Vl fl 'Vl 

' ' 
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b V1:w1:::?1:w 1 vm m 'Vlfl 

th:::dJw•n1:w?11:wTrn1'Wfl1jDeJ-:J tJVl1tJ1(1) tJ 1 bb uu bb(;l::: 
'U 

1 ?! (1) n'Ufl j :::bb vi fl.yj b V1:1.J1:::?1:w 1'Ufl1jDtJ-:Jtl'Ufl11:W -:i bbn fl vi bbfl::: , 
5 :w:w. bb61:::'LJjj\J 1 blJ'U 

'I 'U 'I 'I 

ri11:w?t 1:1.J1jfl6lJtJ-:Jl?f (1) n'Um :::bb vi fl brn :::jt.J bb uu fl1jvJtJ 1mJ1 ollb tJ e:i1 \#imj?f tJtl1V1ii' fl bbi;l::: 
'I 'U 'I 'U Ill.I 

5.09% bb61::: 0.61u (M1n\91\#i ?l1tJ?f'UVlj ' , 
bb61:::ururulij Jl'vij£'ltn'V'ljfl61, 2554) 

' 
fl1j ?l tJVl 1j bn rnM tJl 1'UhieitJ'Vl1'U "U e:i-:i:w::: b m vi I"! ii'1 n tJ11 bb\91-:J m 1 bb61::: 'V1 

'U "' ' 

erjl'LJjl:IJ 
'I 'U 'U 'U 'U '11 

(2%) t:rj1'LJj1:w o %) (7%) 
'U 'U 'U 

(7%) (8%) t:rjl'LJjl:i.J (1%) (1%) 
'U v 'U 'U 

(3%) (2%) t:rjl'LJjl:i.J (1 %) 
'U 'U Ill/ 'U 

I.Ill' I I.Ii.' lq Q IV d d ..:::., dil ( ) CJfl1?l-:J (0%) (6%) flt! ,5%, 
'U ' 'U 'U v 

t:r·nujl:IJ (1 %) (1 %) (4%) (Genova et al., 2006) 
'U 'U 'U 

"Uru:::vi fl1j?f -:imj bnrnM 'LI 161ie:it.Jvi1'U 'Wt.Jj:::b vi l"l 
'U ., ' 

fl"Uv-:Jt.Jj::: b 'Vl\"!6111 '1Al'Ul1 fl1j£'l ru -:Jfl1jbnrnM ru 48.4% 
'U., 

bfi 1'LI161iat.Jvi 1w11tJ1 'Wt.Jj::: b vi I"! bbrt::: 1'LI161iat.Jvi -:ia an ?l tJ 52.5% 161ieit.Jvi 1'U"Ua-:i 
't 'I 'U v 'I 

(1jt.Jj:::mru 32% b 1flm1:w?1 b tJ 
'U QI 'U 'I 'U.., 

161iat.Jvi1'U.rnt.11 'Wt.Jj:::b (3%) (9 .6%) 
' 

( 4%) n"Ua-:ir'.f jl'LJjl:1.Jvim1iJmj?f ru (8%) r'.Jjl'LJjl:i.Jvit.Jj:::b 'Vl l"!L vit.1 
, 'U 'U (LI 'U 

vi 51'U fl' 1 tJ bb61 :::51 'U f11 -:iiJ m j ?t v ( 14%) ?t 1 b Vl l'lvl 'V1 utJ a vvi ?I (1)6lJ a-:i fllj ?I tJ b ll 'Uri11:w 
'U QI q 'I 'U v 

(Chanthasombath et al., 2012) 

"Uru:::vltrmb61 :::e.J61 t.11m\l n \! fljj:i.J fl1jV11t.1 h 
'U 

LL61::;LmL 1 u'Wa 1 

b Vlrt' 1diJe.Jffvi11 I "UB flCJ61 (1)fl1j L tJ'UbL t.J61-:ia L oU'U 

j'J:1.Ji1-:iriruf1Tvn-:iln'1J'U1fl1j 1(1)tJ Kader (2002) , 'U., 

20 - 50% 
'U 'U ' 

m fl1j'1 -:Jfl1jbtl'U LM tJlb ll'Ufl11:W5L l tJ1 ollrl'LJfl1j na'U 
'U 'U 

b'li'U a1mnrnMmLL(;l:::j::;tJ:::b1611vlbVl:IJ1:::?t:w fl1j'LJjj\) 'LJjj\JJlru.,.Jvi , , , 
b 1 u 1 rn ll'U 

'U"' 

bn(1)fl1jb tJ1"161B(1)b 1611 U\!'1vvlnei1 

t.Jj::: flB tJ i1\!'1tJ.fl1 tJ'UB flbL(;l :::i.1\!'1tJ.fl1tJ1 'LI 1(1) vi.1 \!'1 tJ .fl1 tJ'UB fl\! :::iJ B vi 5'1Alrt m::: tii''U 1 f\(11 m j 
' 

b tJ tJ'UbL tJ (;l .:J 1 n i1 \! '1 t.1.fl1 tJ'U a fl tJj::: fl au vi iJ 5'1Al rt fllj ?I tJ"U n-rutJ j::: 'Vl 1'U 1 u b oU'U 
'U., 

e:i ruVlnlJ a .:ifitJj:; flB 'LJ'LJjj t.11ml"! Lb?f-:J hribb61::: bb:W rt-:i bL61:::i.1\l vm t.11 'WvllJB'Vl5'1Alrt 
' 'U 

fl-rut.Jj:::'VJ1'U 1u b 'li'LI fl1j ri1vJ1 fl1jVl1tJ h fl1jL tJ'UbL t.Jrt-:i 'U., 

e:i r1t.Jj::: nauvi LfllJ LL61 :::m LL rt :::fl 1j L ru 1"1 ( n'Ufl'IAJj u ru ru :::e:i 2558) 
v 'I Ill.I v 
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'lJ ".i P11vlCJ b \le.J CJe:J b Vl Pl e1 fl 'U11\I 
'U 

'11V1ii1CJ fl11!?i'l9lbb;;i'I b 'li'LI 1 vi 
' ' 

\91'11 blJfl \I 1fl i!'Uer fl1) m 1 CJ bb'1 B fl fl{ '11 'lJ 61 bb;;le1 fl 
' " I 

1 rn 70 - 95% lieJ'l'l11m1V11CJ 

fltJb 11Xe1fl fl11 bn'U 
'U 

bti1 2538) 
m1LJ1 bli'Um1"'ru b?i CJ"lJfl l'le.J CJi5 b '1i'LI1\91tJl'l".i1fl11'1 ru b?i CJtl1V1ti'fl zj\I 

'IJ v 'ti v 

b CJ'Ubb D'1'l?ie:11 
q 'IJ 'IJ v 

1 b CJ'Ubb qi b 'li'LI fl'1e:J 

'VJ'1fl€lb 1m zj'llim1 b 'lJ'1 b 'li'LI 1 .Uri1 
'U ' 

fl'1 e:i bYJ (Chlorophyll fluorescence) b e:i flbb'1 ty b?i CJ 

(Bron et al., 2004) 
' ' 'U 
I cf c:ir, tJ' 1 \91'Mj (Ferrante and Tommaso, 2007) 

(Pompodakis et al., 2005) fl1".i 'U".i b Vl1J1 'Un'11 CJ (Song et al., 

2001; Fan et al., 2011) (Prang et al., 
2002) (Yang et al., 2011) 

fl'1fl 11YJmlvJ'1eim U'Ub VJ fl Mekwatanakarn and 
'U 

Chai rat (2009) uu 
' 'U ' 

' 



.,; 
'U'Vl'Vl 3 

3.1 

2 m1V1\11'1t1-:i fie:i 1 
' ' fo fl 6'11 'U1:;uum1 i:.i i;itr fl m \?l'll 11'1Jt1 ":5' -:i'Vl1\11-;,i'1tl 1 ?11511 ruf 'ln5tl1 i;i CJtl1 

"' 
LL6'l 11V1\11'1 2 m1tl1 CJ'lltl '1c1fl CJ1-De:i'1 num1:5' " ... 
1 'llt1tlV11'U'IJt1 fl ?11511 , "' 

3.1.1 nT'.l'VI fl6'1 fl \I.vi 1 n1 ':i1 Lfl':i1::\11flim..J'Vl1'U na1 'U':i::'U'U a IJl • • 

2 fiv , , , 
'Ub '11'Ul'U 30 )1CJ 

'U 'U , \J 

-;J1V1U1CJ '11'UTU 5 )1CJ LflCJ1otlLb'U'U?ltJ'lJ(')11J 2 'IJ\11 flt! (11CJfl:5LBCJl1l1'Uil1 , 
d o Q.I Cl.I < I.I .Q. CV 

LL uu?1e:iutn1J'IJ\11V1 1 (mflc-J'Ulfl fl) , " 
LL uu?1e:ium1J'IJ\11Vi 2 (.fl1flc.J'U1fl fl) , " 

II V ' II Q CV 3.1.1.1 fl11Lfl'U11'U111J'IJtl1JflLL'1:5fl11?11J.fl11'-f;Ubfl1"1Jl)fl)c-Ji:.J'1\Jlc-Jflfl1\11'1J11 
" " d o U CV tf I.I Q 4J 

1) fl11tltlflLL 'U'U?ltl'Utl11J'IJ\11Vl 1 ?11Vl':i'U?l1J.fl11'-U!Lfl1"1111fl1c-Jc-J'1\Jlc-Jflfl1\11'1J11 
' " 

1.1) vi 1fl1)11'U )11Ji tll,Jfl EJJJii (Secondary Data) LM m-D tl\I nu 

fl fl "1 fl 'Vi ti LLfl :5)1 CJ \11'U'l.ltl \!VI tl1 CJ\11'U 'I.If) \I 

(?ltltl '111) 
"' 

er fl fl 1 \11'1.111 b-d' ti ttbM E.11ti''U?I.fl1'W fl fl-iie:i '1:5' \!Vil \11 
" 

?ltltl. m1 

1.2) vl1fl11tltlflLL 'UlJ?ltJ'Umll fl1tl'Ufl6'11J 1 , ,, ,, ' 

1.2.1) L -d'U L 'Wf'! tl1EJ " ... , 
b 'W 1 tJ '1 fl tJ 1:5?I'Ufl11 ru1'Ufl11b'W1 '1 fl bb 1\1\11 'U LL 1\1\I1'U fl111 oU ti \lvl 'Ubb 1'11'Ufl11 " " , 
b 'W1:5U'1 fl L 

" 
1.2.2) it1l,j'1 LM 

L-ii'U bb m 'Ufll)L lBfl1) 1 'U 'U , , 
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1.2.5) .Um..1mM ti1n'U h.irhi m11f 1J1e1 flfl1\9l'lJ11 b 'li'W 
" 

m1tJ'1fl m1\9lbb'1foi31 b 
" " 

1.3) vl1fl11'Vl\9l?lv'Ubb 'U'U?l v'Ufl11f bb 'Vl'Ubfli3"11fl1 
' 

fl6'i1f\;]1e:i 81..:ib yjvtJr'UtJ1 \lbb 'U'U?lv'Um1f 1 
' ' " 

2) 1 m 'Ufl11Plfli31 b\9ltJ15m1?i1f bfli3\Jl1fl1 
' 

'11'W1'U 30 11ti ?11n11rur;i " 
tJ1:::'ll16tJ11J1utJ1:::'ll1'll'Um1 b yjm lJ'U\;]1bb 81..:i 

' ,,, 
3) v11fl11'11f.n 1i3tUbb'1 :::11u11'U-irv1f'1 \Jl'lJv ..:i b ..:i 

" ' ,,, 
30 11ti vi'..:iu 

3.1) 11'U11iJ-LJm.jfl fl n11'!"1J11 bbfl (;) 
1'1111f ?I '1 \I \9lfl11flru.fl1'1"l 'lJ€l\liJ fl \I fl11 tJ1 , ' ' 

11 tJ'1 tJ\9lbM l'le1 n fl1\9l'lJ11 

L-ii'U 

fi1bb1..:i..:i1'U m1tJ;;in bb'1:::mw1rnMm 
" " " 

3.2) 1 bri11:::ih V1 1-dvtJ'Vl1'ULL'1 :::1 \9lfl11 '1'llv\I , 

i'\'1 u1 ru fa ?11 u?i1'U bfl i3mm b\91 t1f11'U1 fa n'1 ml.lf11ii tJ11f "IIB .:i fi-;y m11f , ' 
4 fiv Lrn::: 

q , , 'I , 

4) lLfl)1:::"1-ifv1f'1 :Uti'U11CJ\11'UL 
" II Q.I ,- I.I Q.I 

3.1.1.2 
" " .d 0 IV V ,..., 4=:t, Q.1 

1) m1vvnLL 'U'U?lv'Uml.f'll\9l'VI 2 , " 
11'U111foLJv1fn b 1 \9l'lJ111 uL 'lJl'l " " 
tJ1:::b 'Vll"l1 'VltJ '11'U1'U 5 11CJ 

1.1) (Secondary Data) 

11 tJ \11'U'lJ€l vhfi t11-iJv \ltl 'Un 1111'U11 n fl1\9l'lJ 11 LLn C-Jn t:.J \91 

n fl1\9l'lJ11 mn'U15m111'U 111f n i;im1 ri ru.n1'W 
' ' ' 

"' i.2.1) L-ii'U mti b'Wl"l 
\J "'"' '\J 'I 
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i.2.2) -Um.rnLMti1n'Ufl1111'U11:w"UB\ler11'U11:w L"li'U 
\J \J 

11'U)1:1J !Kfl'l!tru:::Lrn:::i5fl1))1'U)1:1J ):::tJ:::V11\11'Ufl1))1'U11:1J (G'ltJtJ. ft11 

LL ft :::th:::L 'Vll"11 'Viti) 'Ufl 1111'U11:1J 

m1'11\ILL) \l\11'U L 
I.Id v v v G:d v 

1.2.3) "lJ B :IJ ft bfl tJ1fl'Ufl11'1VIfl11flrufl1'W'Vlft \I fl 11 Lfl 'UL fl tld"lJ B \I r:-J 
\J ' \J 

)1'U11:w L"li'U fl1)'U))'1 m1"1J'U?i\I "lJ'U1Vl'U))'1 
' ' 

1.2.4) -u B :wft LM tJ1n'Ufl11"1J'U?i \lcJfl m Vl"U11?i \9l ft fl L-tl'U 
\J \J \J 

Lb )1fl1bbft:::fl11n1Vl'UVl11fl1 tJ1'U'W1Vl'U::: 1 'Ufl1)"lJ'U?i\I )::: tJ:::'Vl1\11 'U 

fl11"U'L.l?i\I rhtl1lJ''U LLft:::m1'11\ILL1\l\11'U L 

1.3) v11m1V1V1?1BrnL uu?1Bum:w 'Vl'UflG'i:wer11u11:w LLft::: 
' \J 

t11mtJf utJ1 \ILL tJtJ?1m.m1:w 1 
' \J 

2) n B v1\l"lJB\ler11u11:w 
\J , 

5 11tJ ?!iJtl. '111 
\J , 

3) s )1tJ 
\J \J 

'l bLft:::tJ1:::Lii'U 1'livtJ'V11'Ubbft::: 
' \J ' 

"lJB.:Jc1 fl \911 'UL fl ?1151) ruf \itJ1:::6l115tJ11'1 tJUW6l11'l!'L.lm1 
"" 

4) lbfl)1:::"1.LJ'Bl.Jft bbft:::L :Uti'U11tl\11'U 
\J . . . 

3.1.2 2 v ., 

1 fl n a LL fl:: L 'ii m.IVI 1 'U • 
2 f11)'VIVlftB\IVBtJ fiB 2.1 m1tJ1:::dJ'U 

m1?1n' tJ111l"lJB\lc1 fl Lil m1-:5' Vlfl11 1'1iBtJV11'U"lJB \lc1fl fl1V1"1J11 ' 
2.2 

3.1.2.1 2.1 (Total loss) \J ., 

Lfl fl 11"5'VI fl 1) fl'1 LL ft::: 161iBtJ 'VI 1'U"lJB .:ic1fl fl 1Vl"lJ11 ii15fl 1)'VI Vlf!B .:i il\1-d • 
(Il1'W11tift:::L5tivi 1 'Umflt:.J'U1fl fl) 

1) vl1fl11fl11U1:::Lii'Ufl11?1 ru tJ"lJB.:Jc1 Lfi "5' Vlfl11 
\J., 

3 '1VI fiB eJ1bfleJU1fl"liB\I -:il\l'VllVI 
, • \J 

eJ1LflB L 'W'U'VIB.:J (th:::L 'Vll"lm1) LLft:::\9lft1VI • • 
eJ1Lfl -:il.:iV1i'V1BtJm16lliHU ( tJ1::L 'VI 1"11 'Viti) ti 

CV 'I '\I Cl.I 

J1 Viii' fl fl 1) tJ)::: Lii'U fl rufl 1'W 1VItJ1 ii' rl1 fl::: Lb 'U 'Ufl111JG'I VJ bbft::: ?11 L VI \9l"lJ B \I fl1)"' tJ 11 :IJ fi \I f11) 
't "I 'U CV 

L ti'ULL tJft\16lJB\IBruV1flii"UB\IB1ml"lLLfl:::muV1fliJfl1ti 1 'LI"UB.:ic1fl fl1V1"1J11rr.:i 3 '1vi 
'I 'U , '\J " 

2) (Weight loss) ru 'l 
< t,;' I IJ' 

brl tJ B V1\!erflfl1Vl"lJ11'11 fl Lb tJ ft\I LL ft :::vl1fl11 LntJ Ln mc1 fl fl1Vl"lJ11 'U 'Wf B:IJ11 fl '11 'U1 'U 

60 lVltJLb D\IBBflL U'U 3 .a1 'l ft::: 20 !'i''U bbft:::i;i1 

bbft::: 1 tJ '11 fl bfl-W611 bL:IJft \I m1iX fl fl 1 fl 11 b tJ1bb LL ft::: 1 u LLn b l!'U 
\J 
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I.I CV I l .d CV d d QJ I t.I 0 

Lb'11 LW fl'11'1 'LI1Vf 'LI fl'lJ a -:i LL 1'1'1 :::?11m aV11a19111 m1 ?1 ru b?I tJ lfl fl 11 Lflt.J Lfl tJ1 Lrn :::191i;i Lbl'l'I Lb'11'LI1l.J 1 
'IJ"' 

1"11mruL (Weight loss) ru 

" ' " Weight Loss(%) = - UlVIUfl ru x 100 
,, ' 

" Total Loss (%) = ru 

3) m1tb :::blJ'Ufl11?1ruL?i Li;JtJ 1 i15m1L11 :::Ll1'Utii'1tJ?l1 tJ\911 (Visual 
'IJ"' • 

Evaluation) Lrn::: 1 'U'Ul"nll.J?li;J (Rating Scales) 5 ., 
"' .. i;J'l'U 

fl:::Lb'U'U 1 = 1 u hJ?1i;i L 20% 

fl:::bb'U'LI 2 = LL'1:::?1i;ith:::mru 21 - 40% 

fl:::Lb'U'LI 3 = 1uiJfl11l.J?li;JLJBtJ'1'1 LL'1:::?1i;iatJ1'U'li1-:i1:::w;h-:i 41 - 60% 
'IJ 

fl:::LL 'U'LI 4 = 1 uv-:ii1rn1l.J?1i;J ?iL LL'1:::?1i;ith:::mru 61 - 80% 

fl:::Lb'LI'LI s = 1ut'J-:ii1m1l.J?1i;i Lb'1:::?1i;imflfl11 80% 

4) fl L L1 tJ'Ubb tJ '1 'l'lJ a -:ia ru VI fl i1a lfl 1 f'1 bb'1::: a ru V1.ni1 'lJ a -:i , \I , '\J 

eJflfl1i;J'lJ11 3 
' 'IJ "' 

Li;JtJfl111'1l Data Logger (Huato Electronic (Shenzhen) Co., Ltd., Shenzhen, China) i.11 

Data Logger 1 m 
3.1.2.2 2.2 ,, 

.c::il.c::t.d c6 QJ .c::il 

(;).:J'U 

1) e1flfl1{;)'1J11vh 'Ub 'lJ{;l 
'IJ 

u'1 -:i i;i :5' -:iV11'i;i"il 1th '1 fl "1511 ru-r :::"IJ15u1.{;l vtl1 :::"IJ1"11u'111 LL'1:::'lJuGi-:ilJ1Vf m 1 

mfl11L vtfl 1 u LL'1:::vh 
' 

fl11Vl(;)'1tJ'l 1 

2) 'll'Uli;J 
' 'IJ 

tl1V1i!fl m "ii'1u1u 120 • 
3) 1 'UaruVl.nil 3 L "11.J , '\J 

-lLrn :::15fl Vim::: m..11 1i;ivm1Lnu-rfl 

anrn.nil 3 fia fl) s a-:if'11L'11'1L6iiv?1 (aruV1.ni1LLu:::i11 , 'U , 'U , 'V 

'll) 1s a-:if'11L'll'1L6iiv?1 
• 'IJ 

aru'Vf Vim u fl11'lJ'UGi-:ie1flfl1i;i'lJ111 'U1 vt'UL ua ru'Vf.niJ) 
, " '\J , , 'U 

LL'1::: fl) 25 a-:if'11L'l!m6iitJ?1 
' 'IJ 

8 (tl1:::mru '\J , , \I , , 
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2% '11'U1'U 1 (1 1 m1lJ15 (e:iru'Vlnil) 
' 'U ' "' "' 4 1 A1''l 

4) Completely Randomized Design (CRD) 
boii'U 3 m1ll15 (Treatment, T) =Ti (5 T2 (15 T3 (25 e:i-:im 

b6llm"lit1?1) 4 40 
' 'U 

5) vi'1m1u'WVin 1 ( o) 1 
'U 

1, 3, 5, 7, 10, 15, 20, 25 
' ' 'U ' "' Q..I i.I .:::::ii o CV .:::f .::::i IV .::ii .di! 

lJ\11-:J'U AB 
'U 

5.1) (Weight loss, %) 

1 1 ud 
' 'U 

"' ' o CV .c::i, i.I 

'U1Vl'Uflb 1lJl'l'U 

5.2) m 1 b tJ t1 'Ubb tJ -:i m Vi tl'U 

mm:01'U (Colour Chart) 1111t1 The Royal Horticultural Society L a 
"' 

b hi'bbri 

5.2.1) L (0 - 100) L 0 L 
100 

5.2.2) (-a) (+a) 
"' 5.2.3) ( +b) (-b) 

La b 1111t11-ii' Royal Horticultural Society 
Colour Charts Edition V. (Version 2) (http://rhsd. org free. com) (Royal Horticultural 
Society Colour Charts Edition, 2015) 
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d tld tl ..... "I .., .fl1'V'4'VI 3.2 n1'H iUJ'Ubb 

5.3) f111ltilrt1 Chlorophyll fluorescence bYJi;:ici' 
(Chlorophyll fluorimeter Handy-PEA Hansatech Instrument, 

th:;b 15m11til lJ'Unm 30 'UTVi (clip) 
vri'.h.J 1 ViLl..:im bb 

' 
rl1 Fa Fm Fv bbi;'l:; Fvl Fm 

Fa= 
Fm= 
Fv = 
Fv!Fm = 

minimal chlorophyll fluorescence 
maximal chlorophyll fluorescence 
variable chlorophyll fluorescence (Fm - F0 ) 

variable : maximal chlorophyll fluorescence 

..... 
.id I U 

.fl1'V'4'VI 3.3 Chlorophyll fluorescence 

5.4) (Respiration rate) Hh:;uulltil (closed 
system) Vimbtl1'U'U1til 6,500 Utilc.JUm U'Llnm 2 off1 hM bbi;:i:; 
vl1f111ltilf111b Vii;'l,]1'U1'U 20 

" 
bb 15tilb.LJ11tJ1 'LI b e:i \I Packaging Atmosphere Analyzer 'U MAPtest 3050, Hitech 
Instruments, th:;bV1\3\bt1B1:1.Jil) bb?ltil\lrt1bU'U ml C02/kg/hr 

R = [ %C02/100%) x [ V/W) x [ 1/E] 

R = Respiration rate (ml C02/kg/hr) 
V =Void volume (ml) 
w = Weight (kg) 
E = Elapsed time (hr) 
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5.5) A.O.A.C ( 1990) 
Spectrophotometer (Shimadzu iu UV - mini-1240 

"I.I) 

I 
' . j. ', !· 

I 

.fl1'W;1 3.5 fl1111fi AO.AC (1990) 

5.6) 'lh::Ll1'URrun1-w LflEJn1'i (Visual , 
evaluation) LtlEJfi1'i 1°l1R1fl::LL 'IJ'IJ (rating scale) 5 ., .., ... 

fl::LL 'IJ'IJ 1 = L 'lJ L 20% 
fl::LL'IJ1J 2 = L'lJL\:im 21 - 40% 

fl::LL1J'IJ 3 = 41 - 60% ,, 
fl::LL'IJ1J 4 = 61 - 80% 

fl::LL 'IJ'IJ 5 = 1 aL ;ia1L "li11 WL 80% 
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3.2 
'II 

(Analysis of variance: ANOVA) 95 
Least Significant Difference (LSD) 

d 
3.3 'l::tr::L16'11bb6'1::6lm'U'V1 

\ldfi bb'1:: 161ieitlV11'U bb'1::m1tl1:: L:i1'Ufl11?1 t.iflrumi'.j , \I QI , 

'Vl'1" m1 bnu LM t.11'Uei "er fl 1?11 'Ub \l'Vllt'l'11tJ1i fl ... 

l"l'U 'Vl'1" m1 bfl rnM t.11 flru:: bfl i 'Vl11 VI t.11'1t.1eiu'111'llu1il 1 'LI1 'LI 
'IJ , 

'Vi.1"1. 2557 V'Ll"l. 2558 



d 
'U'Vl'Vl 4 

f!..J'11111 Pin 'tf111111bfl11 "lie:i U'\111 'Ubb'1:5 fl ?11'U1:5'\J'U m fl fl 11?16ll11 bb'1:.; 
' ' 

m1tJ 1:5biJ'Un11?1 t.16/Jei .:i fl bn :.;V1--J1.:i 11 bb'1:.; l61ie:itJV11u "., ' 
1m6/Jt'lB 1b.ll e:itJ1 fl'liei .:i .:JVll fl ?11u11ru-r '5t11 " ... 

(?1tJtJ .'1TJ) bb (-iJe:i:1.1;;:itJ1.:ie:i '1i'm1b 
" 

'\J))tJ1tJ 1 i.Jb 

1511 rui' 5Ul. \ii t1tl1:;'U1iiu£111 ... 
bbu.:ieie:imll'LI 2 fle:i 1 

' 
1 'LI1:5'\J'U fl fl11?161J11 11?1 tJ11'U11lJ) :5'\J'UoLJeJlJ (l fl fl fl11?161J1161JeJ .:Jbfl'l'Jt'l) t'l 

" " 
30 11CJ :u1fli!'Utl1:1.11 

' 
1 161ie:itJ'\111u 

' ' ' 1 bMv1-ile:i.:i l?lfl 11 fl 1 bfl'l'Jt'l1 m bb'1 2 m1 
' 

lbfl11:5 'U l;;:i bb'1:.; fl11:ij'l?lfl111 sdeitJ Yl1'U 1 'Ufl11fl1:5:U1 fl fl11?161J11 :U1 fl bb tJ '1.:JU '1fl6/JeJ .:J , ' " 
bfl'l'Jmm 6'ltJtJ .m1 " ., 

2 mruflei ' , " 
1 ?1tJtJ.m1 '11u1'U 3 11CJ 2 2 11CJ 

" " 
zj.:i b 

" 
4.1.1 

b de:i tJ1bJleJ 
'\J 'U 'U , 

tJ1n'lie:i .:i 'V'lu11 1 Vl'!iL t'lL 11 

11?1viitJ1:.;b YJf'f1YJm (tJ1:.;:1.11ru 70 - 80%) (20-30%) 

6'ltJtJ.m1 b'ti'U b61lnei.:i 

5t'li'.'lei 6/Jt'l ,, 
4.1.1.1 " ... 

i;l1e:i 81.:iLfl'l'Jm vi' 1m1Pl 'Ufl# .:id .:i'Vll.J 1?1 
' 

;;)1'U1'U 30 11V (23.33%) bb'1:5b'V'lf'f'll1CJ 23 11V (76.67%) e:it.1t'U'li1.:i 
., " 

eJ1CJ 15 - 30 tJ \i1'Ul'Ll 7 )1tJ (23.33%) e:i81'LI'li1.:JeJ1CJ 31 - 45 tJ '11'Ul'U 11 )1() (36.67%) ei8 
'I 'U 'I '\J 

46 - 60 tJ ;;)1'U1'U 12 11CJ (40%) ;;)1u1u 
' ,, 

20 11CJ (66.67%) ;;)1'Ul'U 4 11CJ (13.33%) 6 11tJ (20%) 
" 

1'U'11'Ul'Udii 1 )1tJ 4.1) U1:56'1Ufl11ru ., ., 
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t!m.1n-i1 10 tJ il'11'U1'LI 10 ';i1CJ (33.33%) 
'IJ 

t)';l:::?l1Jf11';ltU';l:::V111..:i 11 - 20 tJ il'11'U1'U 10 ';l1CJ (33.33%) bbnn11nn11 20 tJ '11'U1'U 10 ';l1CJ 

(33.33%) 

'Wu11 1 Vlqj 

(16 ';l1 CJ 53.33%) bM mnum';lt.ln ntrn CJ 1 
'\J '\J 

(14 ';l1CJ 46.67%) 
"' 'IJ 

1'U"(Je:J n :::bbniJruV11 
"' "' 

('11'U1'U 20 ';i1CJ 66.67%) 

1 uvf ( '11m'U 10 ';i1CJ 33.33%) ' 
1muiJn1';i 1 ..:Jvl'Ubb ';i -11 'Llf11';le.J \9ltr n 

"' ' 
b "li'LI ';itJ hi bb0::: ·rn b ';l oUb U'Ll"(Je:J \9l'Ube:J ..:i'11'U1'U 

' 
21 ';i1CJ (70%) V1m'11m'U 9 ';i1CJ (30%) ';i..:Jb m 

' 1 -ii1-e:itin brn::; 1 
'\J 'IJ 

tl0 tiu·rw1 n 6 A e:i nTHnu 
'\I \I , 'U 

bM ?i1'Um';l t.J0..:itl6'ln'1::: 1 ';l 
'IJ 

'11'U1'Ubb 1 2 - 5 ';l1CJ 
'IJ 

5 ';l1tJ il'11'U1'Ll 14 ';l1tJ 

(46.67%) 6 - 10 ';i1tJ il'11'U1'U 14 ';l1CJ (46.67%) 

10 ';i1CJ il'11'U1'U 2 ';l1u (6.67%) 21'Ll 
' 

5 200 ' "' 
4.1.1.2 

«'Um 'Ufl1';ib V!tUb um b U'Ub 6()1 
'U -.i '\J 'U 

1 m 'Uf11';ib 3-10 1 
, 'U 'U 'U 

5.571 
'IJ 

2 - 3 4,028 
'\J ' '\J 

3,250 nfan1'lll'ie:i 1 5,ooo 1 
'IJ ' 'IJ 

662 ( 4.2) 



m.h.J.a11 

1 tJ 2 - 3 

3.1 - 4 
4.1 - 5 
3 - 7 

7.1 - 11 

11.1-15 
2-3 

0 v d 2.1 3.1 - 4 

4.1 - 5 
10 tJ 

11 - 20 tJ 
'IJ 

mnn11 20 tJ 

23 

7 
20 
4 

6 

19 

9 

2 

18 
10 
2 

22 

4 

4 

10 

10 
10 

76.67 

13.33 
66.67 

13.33 
20.00 
63.33 

30.00 
6.67 

60.00 
33.33 
6.67 

73.33 
13.33 

13.33 
33.33 

33.33 
33.33 

(;11'.l1.:ivl 4.2 
r;ttltl.a11 

3 - 5.33 

5.34 - 7.67 

7.68 - 10.00 

12.00 - 21.33 
21.34 - 30.67 

30.68 - 40.00 
3,250 - 3,833 

3,834 - 4,416 
4,417 - 5,000 

15 

9 
6 

15 
11 

4 

10 

10 
10 

.... 

50.00 
30.00 

20.00 

50.00 
36.67 

13.33 

33.33 

33.33 
33.33 

28 
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4.1.1.3 

b'li'U bb1Jtl1 

(14 11tJ 46.67%) b'li'U (16 11tJ 

53.33%) 1 

23 11ti (76.67%) 
' '" 

'i11'U1'U 4 11ti (13.33%) 3 11ti ( 10%) 
' ' v 

vi.fl rusYi fl1':i ; 'I b Vll"11 Vl tJ 
' v 

m 5 100 
' ' 

500 'U1'Vl 1 
" 

3,500 

fl1':i m.J bb fl"UeJ ':i fl 1 '1::; 11111fl1-:i ':il'U tlbfl Wl'Ubb 1 'I 
" ' 

l fl'1::.v111 mm hJ b fl 1-:itl'1 ne'.rnn1 t'l"U11 bb\91\)::; 1-ilbl ')' '1'11'Ufl'Ub U'U 
" V1'1n 1 15d'1::;-tl1ti 1 vh 

" 
ti"Ue:i-:icY fl fl 1 bb 't.Jfl-:i'IJ 

" v " 

2 - 3 
" 

111 'l.J-tl1-:ib fl11"1bEJ'\.J 1::;ti::;vh-:i 1 fl 
" " 

'lJ-:i::;mru 30 x 30 
" 

2 - 3 At-:il'ie:il''\.J 1 At-:i 
" ' 

'1::;iJfl111ilJmfliJ?1vi1 
" ' " 

lvi '1::; 15-15-15 7 - 15 l'\.J 
CV , \I " "U 'I I 

vi fl bMti1 -:i 1:5' 
' 

mv 1 13-13-21 , 'U , '\J 

100 - 150 
' " 

1 m '1.Jfl11bnrnM 

45 - 60 A11mbU'U"Ue:i-:iir1 
' ' " 

irfl fl i-:i bfl u'l.Je:i n?l fl e:i fl m':i bn u bfi v1c1fl fl 
' 

'1::;iJm1,J1-:ibb 1-:i-:i1'1.J 1'l.Jfl1w'lrnfim1 m)vi':i1 200 1 'l.J 

"111-:ib i1i'i-:ib b b Vil.J1::;?f l.J mru1'\.Jfl1-:ibn'U bfi t.11ir flfl 
'' 

vi::;fl.r1 i5fl11bnu 

bMti1 '11flJ'l.J'vi'1fl 1 u1 ti 
" 

1 
' ' 

b fl-r1 ri 1 mru 
' " 

-:i 
" 
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·'in flmi1 -:in\) mi&.J m \91'lJe:i -:i 611 -:i b 
q 

q q 

t.1mi ri1?11ibfliJtJi1'U q v q 

Prmvh ri1 um fliJ ri 1 J1 l!'U bb d -:i -:11'U '11 b t.1 rn Vi ti'U ti' 'U mi i;..i \91 -:ivi&.J VJ 
'\J q q 

'11'LI1'U 12,357.88 'U1'Vlvie:i11 (100%) f1e:i 3,811.53 'U1'Vlvie:i11 
q '\J • 

f1VJbU'U 30.85% ri1:il1-:ibbi-:1-:11'U 3,405.53 'U1'Vlvie:i11 flVJbU'U 27.56% ri1J1l!'U 

3,252.53 LJ1V1vie:i 11 flVJb ll'LI 26.31 % '11'U1'LI 1,656.67 LJ1V1vie:i 11 AVJb ll'LI 
'\J 

13.40% 231.62 LJ1'Vlvie:i11 AVJbU'U 1.88% 4.3) 
' q 

d IQ O::::.CV I I.I QJ O 

bd.J e:Jbb 'U -:I \911 d.J fl \I fl ii d.J fl 1 i (;..J '11'1 (;..J fl fl1VJ'lJ11 'U 11 \11fl\91'UVI'Ui1 d.J 'Vl -:I Vl d.J VJ \11'U1 'U 
q 

12,357.88 'U1'Vlvie:i11 (100%) 
'\J 

bb'!Jf:l,nJcin ri1'!.J1i!v f11'H1'1'1'\91l61J'lll'1J) -;,\'1'UTW 
'\J • '\J 

1,990.00 u1V1vie:i11 AVJLU'U 16.10% mi1VJJ1 ri1J1l!'U 
'\J ' 

'11'U1'U 6,401.73 u1'Vlvie:i11 AVJLU'U 51.81% 
'\J 

( l?!Vle:J'Ufldru iohJ1l!'U) '11'UTU 1,342.33 U1'Vlvle:J 11 flVJb U'U 10.86% 
'' 

(fl 1i'lJ'U cl 1 tJ\11 flbb tJ '1-:1 tJ '1 fl Lb i -:1-:11'U tJ rl 1 J1lJ' 'U) iJ '11 'U1 'U 2,623 .82 
'\J 

u1V1vie:i11 flVJLU'U 21.23% 4.4) 

'Ui1&.Jvi e:i 11'lJv-:Jfl 1i (;..J fl fl 1vi'lJ11 ti 12,357.88 u 1V1viv11 q 

3.09 u1vivivnfafl-r&.J 29,921.85 'U1'Vlviv11 7.40 u1'Vlvivnfan·fo 

17,563.97 u1V1viv11 4.31 u1vivivnfanf&.J 4.5) 

4.3 
• 'U 'U 

(U1'Vl/l • (%) 

231.62 1.88 

1,656.67 13.40 
3,811.53 30.85 

3,252.53 26.31 

3,405.53 27.56 

12,357.88 100.00 
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4.4 l'lirn n1 n , .. .. 
m.ltJ. 

"' "' (U1'\ll/l (%) , 
bl. tJ'1-:itJ0n 1,990.00 16.10 

6,401.73 51.81 
o; "' 1,342.33 10.86 m1 bntJbmn 

' fl1) "IJ1.J ?I -:I 2,623.82 21.23 

12,357.88 100.00 

4.5 
'I 'I 'U 'U 

'11'W1'U '11u1u (U1'\ll/nn.) 

12,357.88 3.09 

29,921.85 7.40 

17,563.97 4.31 

m11 "iie:i nir n fl11'1"lJ11 c!1Tu11iie:J1 ti ?ltltJ. 
, 'lJ 'U 'U 

'111 l.L'1::cr11u11iie:J1ti 1vm 1 tJd 
'U 

4.1.3.1 , 
-:1\11 mnrnM ti1ir n )\I :d1n 11"ll1.JV1tJ\I1n LL U'1-:JU'1n1 tJ V-:1\1 

'U ' 

l'ltJ'1Vl'11 tii611tJ LL uu 11fltl U'1-:JU'1 fl n 
'U 'U ' 

L .U1i1-:1LL c!11u11lJ\l::'l.11wu11VJm i11 U'1-:IU'1 fl 1 ·iiL 
\I '\J , 'U 

1?1 l'ltJ'1\11flLL t.l'1-:JLL'"11'1.111 t.1-:ill'IL bJiJm)tJ11\IL ti"ll'U 
' ' 

81v\9le:i 1 t.I 5 ti1 mn) 
' 

1vtru\l::e:iv1·1..me:i-:imruLL1n 
' ., 'U 

fl11"lli.l" -:iir fl fl I.I. Uffvl-:1 
'U ' ' 

t111..ne:itJ1n"lie:i -:i 1 1 i1f!u11V1fl 6 '"1 e:i 'Ui.!11'1tJ)1\I 5-6 
' ' ' 

\9lmviv1 1::ti::m-:ith::mru 
' 'U 

vl?ltJt.1. '111 \1::11u11iitJi'il'lt:.m 1 ul'l e:im fl m -:ii'u ri111 Hvi" e:iuvi 
' 

\l::v11fl11'Ui.!'1-:iirfl m n m-:i A'U e:i n" 1 n tr 1 L.flti'lh n'lie:i -:i 1u1. 1 m 

t.11::mru 19:00 u. 
' ' 

131'1fl1n1"lie:i,:) n-:u::iJ fll)"lJi.!ir n flll'l'U11'1-:l\11n)f)LJ))VJfl11'1ti1 i1.1.),:) nuvh fll) bbt9i-:J 
' ' 

1m ;u1::1 ru 1 O nfafl rii \9l tif! -:i favi::/11u)1lJ\I 1 flU) ::b VJl"l 
'I .. 'lJ 'I , 'lJ 
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1 vwvl1 tlf lJtJeHut'j\11"1lBU 1tJrn1-;ij\m1-:i-:i1tJ1 tJn\Jm1:wb 
'IJ 

?ltltl. ri 11 b 1 tJ\;l€J'LJb '5'1"UB\l 
' ' ,, ' 

\l:LJtJ ' ., ' 
4.1.3.2 

' 'IJ 

1 U\l€le:lnb U'U 2 ril'U er11u11:wvl 
' " 'IJ 

?1tlt1.m1 'Vll"11 'V1CJ 
'IJ 

1) er11u11:w ?lUU. 6'111 ?lUU. 6'111) 
'IJ ' ' 

81\ler11u11:we.Jri 3 11CJ 
' 'IJ 

b'\AJl"l'VIW'I 2 11CJ (66.67%) l 11CJ (33.33%) B81tJ"li1'1€l1CJ 30-40 lJ 
., 'IJ ' 

bb n1\1l"U111 tJb "lJ(;)B1bilBt11n"liB\l 
'IJ 

5 11CJ 4,ooo n1rin'!:wl'ie:i1tJ 

'IJ 'IJ 
Cit, .::ii I I c:.:: I Q<j 'V 
eNl'l!:WC!f!Tl"ff!'Ll'Ll ".l f!1fl1611€l-'lb:Wfl'L )::::1-JW.J 100 fHn )f!'VWV 

' ' 
1 tJni".l11u11:w b U'U'Hl 6 '1 €l CJi'J 11'Vl1\l \;! nri \l11 ri1nu 

\;]6'J1\11Un1CJ'Vl1\l i'Jm1:5'1-:Jbb 1'1.:!1tJ1'Un11"ll'UV1CJ1\11CJn11:5'1\lb 'Vl:IJ1 200 u1'Vll'iB1'tJl'iB11CJ hJi'Jm11'1\11 

bbl'i\le.J n \;! btl'U mm l"ltl 1 m 'V1 bbn hJi'J bb?l 'I n11"U'Uri -:in n11"U'Uri nu 

lJtJ'11'LI1mnn 1\11CJ hii'Jn 11L·1hffi tJm111u11m lJtJm11 \lU1tJer11u11:w rn \l 
'IJ 

8 u1'Vll'iBilfanf:w 5-10% 

fa CJri1tJdb lJtJ ri11:w f u t'j U"U B 'I bn -:i:w l'i1tJ l"ln m n 1-dB-:i n b €l "U1 CJri \l 
' 

1 'Vll"11'V1CJ1 tJ11ri1 1 o u1'Vl\;)Bilfanf:wn1 h 2 u1'Vll'iBil1rinf:w 1'Wn1 
'IJ 

n fh 1 tJ I b "litJ -:i 1-:i bb 1 -:i \l1'U r111'11tJ ni n 1 bbn r11 :W?l.!11'\AJ 
cl ti 

bU'LJ\;J'LJ 

2) er11u11:w (tJ1:::b'Vll"11'VlCJ) (i;'ltltJ.ri11) 
'IJ , 'IJ 

(tl1:::b 'V1P11 'V1CJ) ., ' ' 
tJri#-:idbum 2 11CJ (100%) " ., 

B 81 tJ-tl1\l€l1CJ 35-45 u n cu q 'lJ , 

?ltltl. m1 3 11CJ 
'IJ 

6,ooo ilfanf:wl'iei1tJ 
' ,., 

d I 4 I.I I .:ii 
o:v1n m1u11:we:/1 CJ i;'f Utl. m1 1\lo:v1n-:v m1u11:wm'Vl\;lnl\1ltlm CJ'V11-:itJ1 ru 

'IJ ' 

90 ilfab:W\;11 4 10 

1 'V11 bbn n11 \;Jn n n i'J n 11f \;l,ff 11'U11 :W 
tJ' iJ \J I 'lJ 

CJ'V11'1 bb 1\l\l1'U 1 

lltJm1'11\lb 1tJm1"UtJri-:i1 -il1fl"UEJ.:l\;l'l.Jb€J\l 1\lb 'Vlml'iei 

2,000 L'?JtJ r11tl1iltJ 

Polyethylene (PE) 
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vITn f111"1.l'WG'i..:iil f111"1.l'WG'i ..:if.i:wnu b tJm) 1'W1'W:W1niln11b 'Wf11Tvl1 

11fnf 1 o u1'Vll'ie:infa nf:w 

1 b yj e:i "l.l'WG'i ..:i 1 tJ (911:11 ru tl1 bne:i11 "11111 u ..:iVt1 vi ' ., 
1tl"1.11t.11'W11rn 12 n1h 2 

b"li'W rhtl1ir'W"1J'W?i..:i 
d v 

m1161ie:itl'Vl1'W"1Jti..:ieY n 1 m:hbnm.hmie:i..:i ..:iV11'vi'11tJ 1 
' ' in ' 

b °ll'W n1Vt'Wvifi1-:5'1..:ibb 1 ..:i..:i1'W 11f11'il1Vtt11mf1ililrusfi 

1 'Wl'Vll..:Jbb 'VlA'Wfl 1 mvi"l.1111 

Vtmt.1'1ie:i..:i'V11..:i 6lie:i..:i'V11rn6ln f1e:i 70 - 80% 

20 - 30% 6'\tltJ. m1 1'11:W(9lf11Vl 

Vf 1tl'1'1V1tht111mn1V1Vf 

'11tJ1in 6'1tltl. m1 , , 
1 20 il11:1nf111'ivm ?i.:i 1 tl'l.Jf11 , 

35 - 40 

?! ..:i 1tl'il1Vttl 1mtl'WeYn6'I vim:w 1'11:11 v 1 .:iVt1vi'il 1tl 1 in 1 'W m1G'i .:ie:i v n b 'V1 f'11 'Vl tJ 

'U 

1 6'\tltJ. 1:111 lvit.1 LLl'i..:iil L t.1..:i LLrim1 LL tl'1..:i 
'U 

m 6'\tJtJ. m1 f \I , , , \J 

'V1 f'1 , , 
1vm 5 - 10% 

tJV11t.11 u?i1ud n 
'U 'U 

f'1'1mm61ie:i..:iLl1n 1 'Ul'lv'Wf11:11.:iA'l.J L Ylv?i..:i'1J1t.11 'V11"11 'Vlt.1 
' 'U 

22.00 'l.J. ' , , 
(PE) 10 'U11'1 'U , , 

'Vll"l1 'Vlm 1 u?i1ud:u1nif u 
'U 'U 

6'\tJtl. 1:111 b 1 u 
' 'U , 

l'ltl 'l.Jb i1'lJtl ..:i·fo 1 mJ n el :u ..:J(:J'1(:J (;l:IJ '11nif uil f111 

eiuc11 bnuf 11'il1Vtt11tJ 1 ul'l1:11V1VJ v tM"lJv 

hJtJ1u 

6'1tltl. m1 b Yle:i?i ..:J'lJltJ 1 'Vlf'11 
"' "' "lJ1'1'U'l.J (Dl'W'Vl 4.1) 
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4.1 1 'LIL "ll\9leJ11J1e:ithmie:i.:i • 
... 

4.1.4 i:.J a 6'f n6f "ll i:..ia \9l Lrn 11'U1'HJ 

4.1.4.1 ' 
(91 1 ' ' 

30 11CJ 
' 

11l.J 2.25 'U1V1l'iBnfafl-rlJ 000%) 1.28 'U1V1l'iBnfafl-rlJ 
q ' 

flt'lb U'U 56.89% L 
'l , 'U 'l 

o. 96 'U 1'Vl l'iB nfa flrl.J ( 42.6 7%) bb ri t'lbbl.J i;:i l'li'vi1 '1l 

0.19 'U1'Vll'iBnLi;:ifl-rlJ (8.44%) o.o7 u1'Vll'iBnLi.'lflrlJ (3.11 %) 

bbi.'l ml.l t9l'W''U5 0.06 'U1'Vl l'iB nfa fl f l.J (2.6 7%) fl 11 B 'U81 CJl?t t91 
q ' q 

'11'U1'U o.33 'U1'Vll'i€lnfafl-rl.J fi111bU'U 14.66% 
' 
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o.3o u1V1t'itinfantlJ (13.33%) o.o3 
' 

u1V1t'itinfantlJ (1.33%) o.s1 22.67% 
' 

o.47 u1V1t'ieinfantlJ (20.89%) o.o3 u1V1t'ieinfantlJ 
' 

0.78%) '1i'Ll1'Ll o.13 5.87% 

b m b 

llmfliJ 1'1lV1'1l 4.6 4.2) 
' ' " 

4.6 • 
el11.flBU1n'tieH 

1. (Procurement costs) 
' 

1.3 

l"IJV1'1l 

1.4 

2. , ' 
(Material handling costs) 

(u1V1/nn.) 

0.06 

0.96 

0.07 

0.19 

1.28 

0.30 

0.03 

0.33 

(%) 

2.67 

42.67 

3.11 

8.44 

56.89 

13.33 

1.33 

14.66 
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(;1111.:ivi 4.6 • 
a1l.fleitl1miei.:i ath..l.6l11 (\Piei) 

3. (Transportation costs) ,, 
3.1 

4. 
' 

(Inventory costs) 

4.3 

l'l1-W'l1 

(U1'Vl/nn.) 

0.47 

0.04 

0.51 

0.13 
2.25 

(%) 

20.89 

1.78 

22.67 

0 
5.78 

100.00 
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,, 
---"·····c ... ,. 

LI V 
56.89% 

bAfl tl'Utntnf'l VJ 

14.66°10 

4.2 • 

" 

4.1.4.2 t.Jr;:i f11(1l"U11 
' " 

1) (?tthJ. fl11) , " 
1 , 

, " 
?1thJ.fl11 '11tJ1'U 3 11tJ v.iu11 

" ' 
0. 9 7 tJ 1 'Vl €l n fa n -r lJ (11 b lJ 'U 100% ?I 1 lJ 11 Cl bb ti .:! b lJ 'U 'U 'Vl 'U n 11 (11 VI 1 l Cl U ,j 1 'U 1 'U , ' 
o.24 (24.74%) Fi1tl1il'U1tJm111u11l! (13.40%) 
(6.19%) Fl 161! eJ lJ tJ 11.:11 Cl (5.15%) tJ 1 fHl U tJ 'U'Vl 'Un tJ l?I (11-;)l'U 1 'U , , , 
0.31 u 1 'Vl €l nfa n f lJ ( 31. 96%) bb ti .:i b lJ 'U Fi 1{)1.:1bb).:i.:i1'U1'Un1) b eJ 'U tJ 1tJernn1(11"U11 

0.21 (21.65%) 0.10 ' , , 
o o.31 %) 'ii'1tJ1'U o.38 (39.18%) Fi1tl1l!'U 1 tJm1 , 

"U'U?i.:i 0.25 (25.78%) 0.08 
(8.25 %) o.o5 (5.15%) , ' 
i°1'Uf11'ii'1'U1'U o.o4 ( 4.12%) b 'Vl1PlwV11 

' " 
11U 1tJ ?ttJtJ .r;:i 11 'Ll m1 b b .:ith 'Vl m lJ'U 

" 
Alb 1 'Ufll) b nuf n fl1 m"lie:i.:i n 

" ' 



4. 7 m.h..J.a11 . " . 
ru m.h..J.a11 • • 

(Procurement costs) 

1.3 ri1'1ivl.JU1'a\l'H1 
' 

(Material handling costs) 

2.1 ';l\l\11'U 

eJnn11WlJ11 

2.2 
' 4 V I V 

3. 
' 

(Transportation costs) 

' .... 3.2 

3.3 
' 

(Administration costs) 

(Total logistics costs) 

"' "' ' "' t'l 'U'VI 'U n1 'a • • 

(u1'Vl/nn.) (%) 

0.13 13.40 

0.06 6.19 

0.05 5.15 

0.24 24.74 

0.21 
21.65 

0.10 10.31 
0.31 31.96 

0.25 25.78 

0.08 8.25 

0.05 5.15 

0.38 39.18 

0.04 4.12 

0.04 4.12 
0.97 100.00 
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39.18% 

24 74% 
' 

\ 
\ 
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4.3 (ath..l. . .. . 
.cs I I G 

• 

2) nT{3 bfl11 :::v1(;)tJ'VltJ ?I &ln?t1 ('th::: b 'V1 l'f lvm) ' 
m1f11m ru(;)u'VltJm m1 fa n?t1 \9l ' 

y.iu-J1 ' 
o.88 (100%) o.48 u1V1l9ie:infan-r11 

' ' 
(54.55%) 0.26 (29.55%) 

0.22 (25%) 
'11t.11tJ o.31 (35.22%) 0.19 
(21.59%) o.o7 (7.95%) 

' 
o.os (5.68%) o.o9 u1V1l9ie:infanf11 oo.23%) 

' 
'l..11:::ne:iuvi'1tJ o.o4 (4.55%) o.o5 u1'Vll'ivnfan-r11 
(5.68%) 'VltJ hJii b 1n 1 u-ru 

q q '\J '\J 

?1'lJ'l..l ?1'l..l'l..l , \l \J , 



i;J1";i1.:!vl 4.8 (th:a'Vlrt1'V1£J) . 

(Procurement costs) 

.... d t.I Q.I 

2. lil'U'Vl'lJn1";ibflfftl'UE.J1tn?IVI . ' 
(Material handling costs) 

2.2 
' 

(Transportation costs) 

' ""' 3.2 

(Administration costs) 

,, ' 

4.2 fl1b "li1-W'UVi 

(Total logistics costs) 

. 
., ., ., . ., 
lil'U'Vl'Un1':i\lliln1':i ";iel£Jf;l • • 

('U1'Vl/nn.) (%) 

0.26 29.55 

0.22 25.00 

0.48 54.55 

0.19 21.59 

0.07 7.95 

0.05 5.68 

0.31 35.22 

0.04 4.55 

0.05 5.68 
0.09 10.23 
0.88 100.00 

40 
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rn'Ll'Vl'...; r 
' 

.-.··- ;-" ... ,- - ·:-·. 

4.4 (t.h:a 'VIAL 'Vl£J) L . 
Aamm"liv.:idin (atltl. a11) (tl-a::L'VIAL'V1£J) . 

c .. mm1Pim·ni1'L1.u.:i1.llu 2 flie:i 1 1.rn::?111.V1"1'1Je:i.:im1 
v ' 

t.1'1Je:i .:iir n 1.n ::1 "lim.Jvnu 1111m t.11 ' 
tl(l.:itJ(ln ?fl.Ju. m1 2 

v 

3 )::vi'u f1ti s (e:iruV1.11iil.1.'U::tl11'U d.J , \I , \I 
d Cl.I 0 <V CV ..::ii <Qc:i!Q 0 Q.I 

m11.nu1 mn1:: t.1:: t.111?11V11uCJn m 111'1J11) 1 s e:i .:iiai11. 61J'(l 1. 611t.1?1 ( e:i ruV1.fllJ'Vl11ri111Jm111:: ?11J?11vt1um1 ' 
'IJ'U?i.:iir n m111'1J111 'W1:: uu ij m1 mu ri11?11t.11 'ii ri11mv'U) 1.1.(l:: 2s fl .:im1. 611m 'Bt.1?1 (fl ru'Vl.11 iJVI e:i .:i ' ' 
zj.:i fl ruV1.11ii'IJfl.:Jfl 1m iai1 'W?f m-w m111'1J111 'W'Li'il 'il ut1) 1. 1-nCJ (l ' ' 
m 1.iJ 'W 1.1. 'W1'Vl 1.:i n V1111:: ?I lJ 1. (l ?I bb(l:: 

1'1ieitJ'Vl1'U'IJfl.:JcJf1f11111'1J11 
' 

4.2.1 n 1-aa ru El 'l111'YJ n 1-a 1a na ua:: 
him.l'Vl1'U • 

'iJ 1 f1CJ(l f11) Pi f1'131 f11)G'f ru tJ'IJf) .:iir ::'Vll1.:J ?I &i f1 bl.(l:: 
v 

1 'lie:iu'Vl1'U ( m1?1 n 'l3ru::1.rn:: 
't 'lJ IL> '\J CV 

?11 I. 'Vll'l'IJB .:J f111?1 1.n f11111'1J11 1.1.(l ::tJ1:: 1.lJ'Uf111?1 ru L111 t.llBf111U1::1.ii'U , 'U V 'U IV '! 

(Visual evaluation) 1.rn::1.nrhri::bl.'LI'Ui'1111!?1111 (Rating scales) 1'Wm1tJ1::1.iJ'U 1111t.1 

v11m1Pin'lj1 3 Afl ?1tJtJ. m1 
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(6ll1mb111'UtJd:::b'v11"11 vi CJbbfl::: ?ttJtJ. m1) (tJd:::b vil"ll m.1) ., ' 
'Y'l-reillntJfl1dm1'il1'111mdb t.J'Ubb 61 b 

"' 
'iJ 1 rnrn fl1 d Pl 'Y'l lJ l 1 fl1d ?I t.J Ji' 1'U 1 ru 'V B.:J e'.J n 18.62% 

'\J ., 

bb u.:ib U'U fl1J?lru t.1vi bb 'l.Jf!.:JtJfl n'l.IB m vi1nu 8.54% bfll11'il1n 
'\J ., '\J 

(2.25%) 1rnu1 (3.08%) (3.21%) ?i1'Ufl1d '\J., 

(?ttJtJ. f!11) :Wri1bvi1nu 7.03% 
'\J., ' 

irnfl1111'V11 b °1i'U 1 u'!Xn b nti'Uvi'il:::vl1n1JlJdd'il 1?im'Y'lfl :::?i.:Jb -U1tJd:::b Vll"11 Vlt.J bbfl::: 
' ' 

(tJd:::bvil"llvit.1) :Wri1bvi1ntJ 3.05% bfll11'il1nfl1d 
'\J-., CV , 
tJ' ' ' v ' 

'!Xn '111 (md1.:iY1 4.9) 
'iJ 1n fl1dtJd::: biJ'Ufl1J?I t.1Jl1'U AnJ.fl1'Y'l'lJB .:icr n fl1(1)'1J111111tJ1 mBfl1dtJd::: biJ'UJi'l t.1?11 t.Jm 

'\J., ' 

1111t.11ifi1A:::bb'U'UA11lJ?ll11 5 d:;:{;ltJ 5 :Wfi1A:::bb'U'UA11lJ?f(1)?1.:Jvi?1111 bbf!::: 1 'U , 

3 
, 'I 'U 'I 

(?ttJtJ. m1) (tJd:::bVll"llvit.1) 'Y'llll1 

hJl11flUfl 1111t.1fi1ri:::bb'U'UA11lJ?f(1)vcivi 5.0, 5.0 brn::: 4.5 
'\J 'U ' 

( vi1d1.:ivi 4. 9) 

?f l'Ufl 1J b t.J'Ubb tJ fl .:J'IJB.:J B n.JVI JliJd :::Vll1.:J 1 'U fl1J (1) fl1J bbf!::: 161itiUVl1'U'lJtl .:! 
' '\J ' 

trn n1111'1J111 n 'Y'ltJl1 B nJVIJlil'lJB.:J?!Jl1'Y'I bb tllJJl 1t.J'UB n?t .:Jnl1Bt"UViJliJJl1tJ1 'U 
'I 'U '\J 'I 'U 

VJCJfl 1111 t.1ri1ei ruViJlilvi1(1) 1Jlvi bb t!fl .:itJfl n'lJti 1Yi1'Ul"lflfl 1 mociei (?tut! .m1) bbf!::: 
, 'U 'U , 

(tJd:::bvil"llvit.1) bvi1ntJ 36.9, 34.6 bbfl::: 28.0 bbf!:::ri1 

ei ruVIJlil bb 'l.Jf! .:itJfl n'IJB.:J bn d m IY11'Ul"lfl fl1 mociei (?tu tJ .fl 11) 
'I \l 'U 'I 

bvl1tltJ 24.1, 25.2 bbfl::: 26.2 

(VJ1J1.:ivi 4.9) 

4.9 n1':i't.h::dh..1m':iaruLat1';i'U1 Lrn::.n1t1L'U 
v ' v 

n n1fl"ll11) Lb6i Lb 'U'Un 1':iaru La tiflru.n TW a1-H15n 1':i " .. . 
am ';i::V111.:i L 'Un1';i'111ln1';i fa mfo6i:: 1 "iit1tJ'Vl1'U"ll • 

" .. 
(%) 

0 

( C) 

8.54 5.0 36.9 24.1 

7.03 5.0 34.6 25.2 

3.05 4.5 28.0 26.2 
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4.2.2 ... ., ""' 
fl1'jU 'j:; d'.i 'Liil qj tJ fl illi11 'W61J el-:J er n n 1 Vl61J111 el-:JU n 1'j iil'\91 U'j fi 

b Pin t.Jrt l'!elfl1 'j?l tJ61Jel-:J b 1ib1J'Ubb 'U1vi1-:i 1 'Wfl1 fl1 'j 
'I \I 'U QI 

1 tJ 3 , , '\J 

Atl 5 tl-:J 1311 b61lrt b; tJ?l (ti ru VI i1 iJ bb tl1611vif 'lJ fl1'Hfl 'lJ fo 15 tl-:) 1311 
, '\J 

c:::ij Q.,I I .dd i.J If Q 

b"l.ffl b "lltJ?l l'lflti'WbVl'Wb 'Wm) bbrt 25 ti-:Jfl11b 6/lm 6/lt.J?l ( 191111 fl1'j 
'\J 

-:i) vJi'1'Ul'i1-:i 1 
1) (Weight loss, %) 

fl1'j?f vJ1viun61lti-:ier nm l'l61l11ii bb 'U11 i!11?1 ti(;J'j b 1m61Jti-:i fl1'j 1 
• \I" 'U 

1 'Wvin ti ruvini'J 11'1 tJfl1'j?l vJ1viun 1 'U'1i1-:i s l'mb 'jfl61Jti-:in1'j bnuf n n el ruvini'.i 111iifl11ll 
q , 'U 'U v q 'I 'U 

bbl'ln 1'11-:iti bbl'l 1 7 61lti-:Jm'j bnuf ru v v 

5 el-:Jl311b"11m6ilv?l Ati 2.01 % 
, \.I \J CV 'I 

IV de;;; CV d .c:t, el d f' .c:::il Q.I IQ.I 

15 25 eN!'llb61lflb"l!tJ?l mtlB1b"l!'Ll\9lll11?lrub?ltJ'U1Vl'Wflb'V!1n'U 
q 'U 'U v 

3. 75 4.11 % 5 a-:il311b"llrtb;tJ?l 1 
, '\J '\J 

fav'Wu11 5, 15 
'\J., " 

25 B-:Jfl11b611rtb6iltJ?l 30, 15 7 l''W 

bvi1nu 17.5, 14.64 4.11% '11vifu elruvini'J 5, 15 25 , , '\J 

ti-:Jfl11b611m6ilv?l 4.5) 

[J 5°C 15°C f2 25°C 

24 ! 

0 .......... 
18 c: };:! 

i 

[ .. .., 
'I c- 12 

;;;::) 

6 
'(t;;> 
If" c-c: 0 

Fl 
:_.,_j 

! 
i ' ! 

i l 
' I 

'. 
I 
I 
l ' \ ! 

0 3 5 7 10 1 5 20 25 30 

4.5 5, 15 25 ° c v v • v 
0 

(n = 40, 28 and 20 for 5, 15 and 25 C, respectively) 



44 

2) fl1'H 

fl1'H u (rll L a b) v 
1 'Ll Vl fl tJ ru VI fl iJ'lJ tJ \I fl l'H n lJ fo 'lfl bb iJ fl \161 rl 1fld1lJ61l1 \I ( L) 'lJ tJ \I 

' ' 'IJ 

trflmvi'lJ11vleiruV1niJ 5 ti\1Pllb"llm61lv61 L 68.67 bU'U 82.501'Ll1'Uvl61viVf1v 
' 'IJ ' 

15 ti\lf'!1b"llm61lvl."l 69.50 bU'U 77.67 , , 
25 67.33 bU'U 77.50 a vleiru'VlniJ 5 

' 'IJ 

-36.67 bllu -17.17 15 -34.33 bllu -23.83 
' 'IJ 

25 B\lf'l1b"llm61lv61 -35.17 bU'U -24.33 b vleiruV1niJ , , 
5 ti\lf'l1b61lm61iv61 16.oo bU'U 8.331uvleiru'Vlnfanu 

' 'IJ 

15 ti\lf'llb"llm6/lvl."l vi161ti\lb 12.33 b uu 7.6 71 'Ll1uvl 

25 ti\lf'!1b"llm6/lv61 13.00 bU'U 10.17 (n1'V'lvl 4.6, 
' 'IJ 

4. 7 4.8 

n S"C 3 15°C 8 2S°C 

100 

80 - 60 _J -RC 

' 40 -ic 

20 

0 
0 1 3 5 7 10 15 20 25 30 

(J'U) 

4.6 L (L Value) 5, 15 . "' 0 0 

ua::: 25 C (n = 40, 28 and 20 for 5, 15 and 25 C, respectively) 
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0 

-10 

-20 
"«;: 

30 

-40 

D S°C 1 S°C i1J 25°C 

4. 7 a Ca Value) 5 15 
0 0 

ua:: 25 C (n = 40, 28 and 20 for 5, 15 and 25 C, respectively) 

0 S°C 15°C 31 2S°C 
20 

- 15 ..Q ......... 
ro; 

10 

5 

0 

0 1 3 5 7 10 15 20 25 30 

111wVi 4.8 b Cb Value) 5, 15 
• \I 

0 0 

LLa:: 25 C (n = 40, 28 and 20 for 5, 15 and 25 C, respectively) 

3) m11'vifi1 Chlorophyll fluorescence 

m11'vifi1flae:i (Chlorophyll fluorescence) 'Uv\le1nmvi'U11 
'IJ 

A1 minimal chlorophyll fluorescence (Fa) 

'Uv\le1nn1Vl'U11L 1 'Ll'Vln e:i ruviniJui uf l'i1.:i1 ruVJniJe:i 81 ru 
, 'I 'ti , 'ti IV 

(p 0.05) 1viCJA1 Fa 'Ue:i.:itrnn1vi'U11viLnufrnflvie:iruviniJ 25 e:i.:if'11b611"L<ati?i 
' 'IJ I .... I I I 

d I Q. C:I c::I i.I Q. c::ij I Q..I q C:::0: Q.I Q 

1.lfl1b'W1.l'U'U?l.:J'Vl?IVI "111.lmtivruVIJll.l 15 e:J.:Jf'11L61lm61lt.J?I Fa 'V , 'I '\J 

5 e:i.:if'11b61lm61iti?i 1vitifi1 Fa s v.:Jf'11L61!'1L<ati?I 
' 
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239.67 bU'U ri1 F0 ' 
15 25 e:J\!PiW1lm6iltJ?! 311.33 bU'U 573.17 

359 bll'U 900.50 1.5, 1.8 2.5 bvl1 4.9) 

maximal (Fm) and Variable (F) chlorophyll fluorescence il 

f11'j b tJJtJJ1'U 1 'U'Vlne:irul1nii"Ue:i\Jm'jbfl'Uf hJilfl11mbl'ln (>)1-:in'U 
' ' \I 

Fm (F) 
3 

d d 
(Jl1Vj'VJ 4.10 4.11) 

ri1 variable: maximal (F./Fm) ri1 

minimal chlorophyll fluorescence (F0 ) 

(p 0.05) 1111tJri1 F./Fm "Uti-:ieTnn1111"U11vlbn'U 

25 e:i-:iPi1b"llm6ilm'f iJri1f!l1lf!\lmnvl?1111 15 ei-:iPi1b"116'lb6iitJ?1 , '\J , , 'U 

d I Q.I d OJ d c::::il I.I d di! 1 ltj F./Fm 5 

f11'jb tJ'Ubb tli;:i tJA1 F ./Fm 6UB\leTn fl11116U11vlbn'Uf 
' \I 

s B\lP11b"llm6iltJ?! iJri1f!1116'l\l'il1n 0.83 bU'U 0.81 15 ti\!Pllb"llm6iitJ?! fl1116'l\l'il1n 
' \I 

o.s2 bU'U o.68 2s a\!Pi1b"11m6iitJ?1 o.82 bU'U 
' \I .,; 

0.42 (.fnyjVJ 4.12) 

-0 
LL -_, 
It! 

c 

1600 ..., 

1200 -' 

800 j 

. · 5°C 0 1YC fil 25°C 

T , 
0 3 5 7 10 15 20 25 30 

n1'Y'lvl 4.9 fi1 minimal (F0 ) 
'U 

Q 0 0 
5, 15 bbi;'l:: 25 C (n = 40, 28 and 20 for 5, 15 and 25 C, 

respectively) 



3000 -

..-..E 2500 -

2000 
IU E 1500 

1000 
2 

500 

0 

0 

= 5°C E 15°C tf 25°C 

l 3 5 7 10 15 20 25 30 

4.10 fi1 Maximal (Fm) 
"' "" 0 0 t!W'Yl.tl:IJ 5, 15 Lta:: 25 C (n = 40, 28 and 20 for 5, 15 and 25 C, . "' 

respectively) 

5°( m 15°( !Z 25°( 

2500 
....... 2000 -> 
LL -<li 1500 - :-i 
J5 i i rt-

: ...... ; /l.. ro 1000 .... 
1 ·.::: ' ' ro > 500 ; 
' ! 
i 

' ' 0 

0 1 3 5 7 10 15 20 25 30 

6ul 

4.11 fi1 Variable CFv) 
"' "" 0 0 tlW'Yl.tl:IJ 5, 15 ua:: 25 C (n = 40, 28 and 20 for 5, 15 and 25 C, 

• \I 

respectively) 

47 
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0 5°( 15°( '.Zl 25°C - 1 
" LL- I '> I -LL 0.8 I ........ 1 Fi f'O ri 

E 06 i / I ·x I i 
ro I I I 

0.4 11 
(l) I , I 15 I I 
f'O 0.2 I ·;:: 
ro > 

0 

0 1 3 5 7 10 15 20 25 30 
(i''U) 

4.12 fi1 Variable: Maximal (F./Fm) "llt1\le'rnmfl"ll11l'U ... 
'"' Q,,I cf . 0 

n1':ibn't.J':in'l!l1'VltlWVlmJ 5, 15 25 C (n = 40, 28 and 20 for 5, 15 and . ... 
0 

25 C, respectively) 

4) h (Respiration rate) 
fl1)ll'leJ m1fl 1)vi1v h6Uti\le'rfl fl 1vi6lJTJilll 'Uvtflv ruviilil61Jv \!fl 1) bn u 

\J q , 'ti 

-rn'l!l1 (p ::; o.o5) 
CV c:il Q d dCV d 1i I d f.J 

) fl'l!ll vt ti ru Vlil:U 25 v \lf'11 b'11'1 b'll ti ?I :u v ti?! \!'VI ?I l'lbb'1 L 'W :U6ll'Uv t11 \1)1\11 L )1 1:u m ti 
, 'U \J 'I 

Q..I .dd CV d c:t. d du dd CV d Cit. 

t.J fl fl 1\1161J11'Vl bn'U) fl'\flVI v UJVI il:U 15 v \11"!1 b61l'1 b 'lltl ?I 6lJ t.J fl fl 1 \1161J11VI bfl'lJ) fl'l!llVI v UJVI il :U 
, '\J q 'U 

5 
tl\I 1"11 b '11'1 b "Sti?I i)e) ml fl 1)Vl1tJ1 ?I \11 bb'1 l'ltl1 tlfl1) bn'lJ-rfl 11'1 mr fl fl1\1161J11 • • 

5 15 25 tJ\li"l1L'llm"5ti?I 1.64, 3.33 4.43 bvl1'11fl 
CV d CV o Cl.I d 

m:U'11\111J (i11'WVI 4.13) 



- 40 -

0 u 
....I 
E 

30 -
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5°C 15°(_ E 25°C 

0 

4.13 5, 15 bb&'I::: 25 ° c . " 
0 

(n = 40, 28 and 20 for 5, 15 and 25 C, respectively) 

5) (Vitamin C content Analysis) 
(Vitamin C content) 

' 
mn 25 i1bb 'Ul 1 

' 'J 

t1'UbVlt1'Un'UBn 2 e:iruV1.niJ 
'I '\.I o,J 'I '\J 

5 10.07 mg/100 g FW bU'U 8.52 mg/100 g FW 

15 9.97 mg/100 g FW bU'U 8.46 mg/100 g FW 
d d d 

25 9.90 mg/100 g FW biJ'U 7.83 mg/100 g FW 4.14) 

6) 'lh::: biJ'UfJ t1n 111-ilri1 ri::: bb n 11 (Visual quality 
evaluation) (rating scale) 

(Visual quality evaluation) 
(Rating scale) 1 - 5 1 bbfl::: 5 LU'Ufl1fl:::bb'U'U 

ri1ri::: Lb nm 'U11 ill.I fl 'Ll'Vl n e:i ruVl.niJ \;)fl e:i (;) 
'U 'I , , \J 

):::tJ::: b 1 bnur n'U n 
CV d QJ t I ..::ii I I Q Q.I 0 CV C:::..Q. I Cl! 

3 bb bbl'l 

i1m-11fi'qi (p s o.o5) 25 
.d .d ct Q./ .d c:: Q.I .d d d 

(;) LLG"l::: b )'J'Vl ) e:i 1flv e.J f) f11 bf) 'U) 15 tJ 'llru :::VJ 
' ' QJ o::iid Q./ d d di I I.I d 

5 l.lfl1fl:::bb 'Ll'U bf1'U 

4.15) m1 n 1 -V'Ln rusvi ri1 
.d d 1 QJ d d Q./ d d 

(2.5) 5 15 Lbi;:t::: 25 



IT: 15°( c 2s·c 
5:: 
L;_ 

c,; 12 -. 
c c --...... 

8 ..... 
•>" - 4 
s: 
::; 
r 0 ;:i 

1i..1""1J 

0 1 5 7 10 15 20 25 30 

4.14 5, 15 25 ° C 
• 'II 

0 

(n = 40, 28 and 20 for 5, 15 and 25 C, respectively) 

S°C 15°C fl: 2YC 

6 

0 3 5 7 10 15 

i ! 
• I 
I I 
I • I I 
I I 
I! 
! I 
I ! 

' 

r=: 
I i i i 
! ! 
! l 
i 1 
i ! 

i ! 

20 25 

: i 
i i 
! 1 

i ! 

30 

50 

4.15 5, 15 25°c 
• 'II 

0 

(n = 40, 28 and 20 for 5, 15 and 25 C, respectively) 

v-ru11 ri1 minimal chlorophyll 

fluorescence (F0 ) 'U'Vl1-:JU1n CJtl1wun 

variable : maximal (F./Fm) 
1 CJtl1wun h 'Ll'Vl1-:itnn "., 
'Ii (p .s 0.05) 4.10) 
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d 4.10 Correlation between minimal (F0 ) or variable: maximal (F./Fm) 

chlorophyll fluorescence and weight loss, respiration rate and 
0 

vitamin C content (n = 40, 28 and 20 for 5, 15 and 25 C, 
respectively). 

Parameter Minimal (Fo) Variable : maximal (F/Fm) 
0 0 0 0 0 0 

5C 15 c 25 c 5 c 15 c 25 c 
Weight loss 0.423* 0.917** 0.707** -0.668** -0.908** -0.754** 

Respiration rate 0.384* 0.647** 0.729** -0.754** -0.714** -0.771 ** 

Vitamin C -0.384* -0.821 ** -0.708** 0.496** 0.851** 0.783** 

content 

**· * Significant at p ::; 0.01 and ::; 0.05, respectively 



d 'U'Vl'Vl 5 
e>.Otl-a1v t:.J '1e> .:i 

5.1 n 1'j1 bfl'j1 i;i''LJ'Vl'LJ fa n 6f1 'LJ'j::'lJ'U fi1'je.J n n 1 'J"ll • • 
d3 

5.1.1 
?!'lltJ. m1 

'\J 

?it.ltl.f111 (tJJ:;inru 800 - 1300 bl.lm 
v '\J 

'1J11 'V'J 
'\J '\J 

Vll.11:: i1 n1J b 'i"J1 iAi'lJcr n 'Ub'll \91.Q' 
, \I \I \I 

?i1'U1viqj (tJJ::mru 80%) 

crnn1\91'1J11b nlbb 'V'J ... ... 
Y'lj..JJ 

\I v , \J 

::'i"J 1-el v B1b.fl eitJ n11t:.J \9lcrn b \91 ei ei n 
'\J 

1191t.Jth::mru 70 - 80% 20 - 30% 

1 'Ut.JJ::b VlP11 b 'li'LI 

L"lfn B\91UB ?1::'\lll'U'U:;L 'lJ\91 
'\J 

2555 - 2557 'i"J'Ul1 
'\J ' ' 

'Vlmt.Jt.l1::m1 fiei 
\J 'I \I \I 

11ri1tr n 11l.11 el' 1 b.fleitJ1n'llei -1 V-1 b lJ'Ub 
'\J '\J 

bLf1::.niJt.J1::b VlPlb vh 1 rut:.J \91 
'\J 

trn n1\91'lJ11'1Jti n ij bb 'U111Jl.J'lJ b (bb 'lJ'U-1'\Jfi n 
'\J 

bLfi::ll11:U 2556) 

n \9lcJ n n L 
' 

'i"J'Ul1 m 1 Vlulb lJ'UL 'i"J\31 
'I '\J 'U CV 

61l1t.Ji'.imt.Jmnn11 46 ll 
' " 

' 
1 L 'VlilB'LI 1 'U.fl1fl\9l::·fo\9ln Lbfi:; 

'\J " 

Vl\311 tJ1::mrudie:iu?!1ii 77. 78% LlJ'Ufin 1 
'\J 

22.22% (B'Ulw.Jtl LLf1:-5Aru::, 2553) 
" ' '\J 

'V'Ju11 t.J1:;mru 22% 
" " " 

78% b 1 bLfi::lim1t.liJu&iml.JLL 

Agricultural Practice (GAP) (Kramchote et al., 2010) 

?!'lltJ. fill 
'\J " 

'LIB ml.l 1 n n11?! 1'LI?!1l.J?i1'Uiit.J1::?1um1 ru1 'U ntr n n n11 
" 

2 - 3 
" " 
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\)::; fl1rJ'U fl1'1bb8::; b 'Ulll'U 1nV1th v 

'LiruV111 bbtlt v v 

b-d'U 1ti1ti bb8::;1tiu11vin 6 '11'U1'U 
' ' 

bb1..:J,:n'U1'Ufl1rJ'Ufl1'1iJtb::;mru 2 - 3 11ti 1tr5m1 

rh'<il'1..:i 200 u1vil'itil''Ul'iti11ti 
" " 

1n ::;if 1titii''Un bb Ll8 ..:itl8 n 1\91 \9l b n b oih 
'U 'U q qcu 

\11niJ1::;b vi1211 vi ti nti'Utl8 Ll8..:itl8n 1\9lti'<il'1..:i bb1..:i,:n'U 1'Um1mtiV1ru1 "ll\91Vl8:w 
'U 'U v q q 

tl8 n n bb8::;tl8 n b n hitii'ti ..:im11 mm 
" ' " 

di'U 1 tJzj-:i\J::;vJ11 Vf rlB 1 Vlbfl tJVlltJl'iB 

tl1::;m1\9ltil'Uvi'U1'Um11ti-w11'Ubb tl8..:i bbl'i\J::;iJtil'Uvimb 1-:i..:i1'U 1'LI'<il'1..:i bb 1-:i-:i1m tiV1ru11 'Ubb LJ8 ..:in ti'U 
' , v 

" " " 
1 Lntiib ti " , , 

\911·1rw6ll bb8::;tlti-:in'U 1:w 1VfiJbb:w8..:il'i1..:i1 b 

m1LnrnM 111\l -il1fi-:ib ti-:i m 'Um1 ti1 

n n1\9l"ll11 LJ1::; n m11Ati"llti..:iV!1 m1mL U'U"llti..:iVf 1 
" 

1 m\J::; 

1..:it>i1..:i1 -d1ti 1 'Um1bnrnM 1-iliJ\9lfl:w 1 nm\91"1J11vl'1m1 

dti..:itii''U 1 iJ 
" 

bl'ltiivh..:ib 1 

fiti 
, 'I 'U , 

"' (30.36%) 1..:i..:i1'U (28.68%) (25. 91 %) r11?111briiJLJ'J1uP!1111Y46ll (13.20%) 
" 

(1.85%) -wu11 , " , 
"' " r11'<il'1..:ibL1..:i..:i1'U 1\9lt'l1 ?i\9lbll'U 51.81% 1ti..:i8..:i:w1 fiti <m1"1J'U81ti\11n , 

rh'<il'1..:iLL1..:i..:i1'U fl\91LU'U 21.23% 
" " 

r11'<il'1..:iLL'J..:i..:i1'U fi\91Lll'U 16.10% <r11'<il'1..:ibb1..:i..:i1'U l'?1\9ltitlmru , , 
fl\91LU'U 10.86% 4.4) , " 

12,355.88 3.09 u1'Vll'itinfan1':w 29,921.85 
" 

7.40 u1vil'itinfanr:w 17,563.97 4.31 

u1'Vll'itinfan1':w 4.5) 2 1tlLb'U'U 
" " 

fiti 1tlfil\9lti 1 
" 

offtinil Lbi;:i::;riru::; (2554) 
'U .. v 'I 

2. 72 Lrn::; 1. 70 'U1Vll'irJ nfa nr:w t11tii''UVl'UD\l \9lG1..:J\J::;lJe,J(;l m::;viu 1\9ltJ\9l1 ..:i fiti vl'11 Vf , " 
'Ufi'1vi1..:i 1G1 ..:i n 11:w16n 11 Lfl b Vll.ll ::;?! :w 

" " 
161ltitlvi1'U zj.,:ivl'11 Vf fl , , " 

(Ongkunarak and Chonlachart, 2011) 
" 
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' 
5.1.2 • 

'1'11 n btltJ bM i:n m "il :-:"lJ'LlcJ1 nm n bb n fi 'l"il m1LJ11:iJ e..i 191e.J '1 
'U ' 

.C::..<:;:i I Ci Q dat .dat Q.J I d 2./ di V 

vimt.11u nm1rm 4 m:i Vl18 6 '1 ei 
'U ' 

b "1i1fi'lbbU'1'l'\J'1n U'1'1'\J'1n btltJ 
'U 'U q 'U 

1 oVb U'1'1 tJ:il t.i'ILJ'Ll1t:ltJ11'Vln 1:J 
' 

ilm1u11v 1 tJ 
' ' 

1 tJri'ltJ'1 
' • 'U 

U'1'1'\J'1n 1ii 1 off 
' 'U 

1m B ( 1t:l bb utJtJ1:-: t.ifl l'iei-W1'l '11Vl-ru 'I) t.1 • 
7 il1miim 

' 
4 6 

' 
?11ii11m-il11 tJfi'ILL U'1'1Urt n 1ruL 1 V1'1 L "ll1 

'U 'U 'U 

'Ll'li1'1t] fll'iei m1:5' :ilw11t.1'Llei n 'lt:-i'11 '!Xii 
l'i'tJ'Vl'U Lb'1 'lvl11 '!Xii 

' 'U 

1 fl11"lJ'LlcJ1t.I fl1";j-ti'-'.J 
' ' 

tl1wufl zj'I Kramchote et al. (2010) 

1";itJ'1fl ii 1";ib fl 
q 'U 'U 'ti 'U 

LL'1 fl1";j:5' '11 tJ ?ltJD ruV11 fl1";i?I t.1 flrum'l'IJ L '1'11fl1 'li8 tJ'Vl1'U 
'U .... \I.... 'I 'I 

6Vtl 'lfl t.111 bb'1 :-:6iltJolJ8 'Ll 1 '1 lJ 
'U 

n 11?1 ru fl zj'I m fl fl 
'U... ' 

1 'Lll918'LlboV1 
'U 'U ' 

thfl'liei.:i n 1 
' 

88fl"il1fleJ1L.ll8tJ1fl'liei '11m1m fl'11'1fi'UtJ 19:00 'LI. Lrn 1i°i'l"il 
' 

6 s - 6 
'l 'I , q 

3 off11ii'I zj'll5fl1";j 

:il 11-diiei b lJ 'UoLJtJU 'lc.J 191 e.J '1 L '11 'Ll'li1'1nri1 'I fl'Ub lJ 'Llfl 1 d 
Q d l d.::.1 Cl.I Q d Cl.I ,,J I d 

Vlrt fl L'1t.i'1"111'1L1'11'\fl:iJ Lb?! 'I LL'1 ru'Vf.lll.!Vl?l 'l6Vv'I l'lv 'Llfl'11'11'U 611'1'1 :-:"1l1t.1'1 fl11ii L?l t.i 'l"il1fl m d 
' 'U 'U 

?I t.itl1Vl'Ufl 1";i b tl1 \9le.J'1"i11 fl tJ Lb'1 '1 n '11 'Ul'lv'Ll fl'11'1 fi'Ll 
'U ClJ , 'U 'U 

'Lll'lti't.Jn'11'1l'Ll mm 
q 'U 'U ClJ q 

'liei'I 1 oVLL d 
'U ' ' 

10 nfafl-riil'ivm 
'I 'U 'I q 

?1tJtJ. m1 L 1 
' ' 

1VIU1 eJLJ rt ";i1'1lli11'1 fl1 db CJ'Uri1 CJ 
"' ' 
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bb'1 iX bfl\9lrrn:w .:ier fl fl1\9l'lJ11 Hi t11?1.f11'Wfl11 btlU1' fl '131 " ., 
1'W1fl$1.:i hJ b 

fl 11 'lJ'W ?I" :W'lJ'W 'lh t1'1\91B1>111fl1 

?l b\9ltJi:.J'1 1'1ititJ'Vl1'W'lJB'1-if 111 BB'W 1 'W " ., ' 
(2553) 'WUl1 

' 
U'tit1fl11 10 nb'1b:W1?11 (62.50%) 

h'1'11'WUBCJfll1 10 fi1m:w1?11 (25%) 11 - 30 nfab:W\?11 (37.50%) "., 
\?lt:-l;;'l 1 'Wmru'lJv'1er "., 

'11fl bb tJ;;:i .:itJ;;, fl 1 tJ Ci.:i" \9111u11:w :w 1 l'W f'l '1 mm'liti" blJfl ru '1Vll \91 
'lJ 'l 'l IU 

200 fi1m:w1?11 1 
' ' 

lJ'Wri11:w 1 'Wmru'lJv.:ier flfl1\9l'lJ11 fl "., 
bb U'1'1U'1fl1 tJ \9111u11:wm mm'liti.:i blJfl ru 'll , , v 

1.28 (56.89%) 1B'1'1'1:w1Hibbrl 
' ' ' 

0.51 (22.67%) 0.33 (14.66%) 
' ' 

1 0.13 (5.87%) 

rh 1ti.:i'1.:im 
' " ' 

'U ' • 

l?l\91 b 'Wfl11bnubMm . . ' 
"1 fl ri1 tim1fl1 bb'1 -:i1t1 19i''UVl'Ufl11 

' ' 
b m b 'liu tlmflii 

' ' 
u1..11tJbb 1 iVli..rVl 

" " 
?lUU. '111 'W'Ul1 0.97 

'U , 

bbD'1bU'U 0.24 (24.74%) 
'I , 'I , 

o.31 (31.96%) o.38 (39.18%) 
' 

bb'1 0.04 'Ul'Vl fifa nf:w ( 4.12%) fa ' . 
1 'Wfl1';i11u11:w 'l1fl ' ' . 

1'l'l1'U1 'Wfl11 ' . 
\91Bum ru 'Ufl1)'lJ'U?i.:i 
'' ' 
ri1'1iti :wu 11" fl fl . ' ' 

'WUl1 0.88 
" q 

bbD'lbU'W o.48 (54.55%) 
' ' q 
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fl1 j"1J'U?f-:J'11'Ul'U 0.31 'U 1'Vl l'ie:i nfa fl-rl.J (35.22%) :5'vi fl1j?\ 'Ufl1 '11'Ud'U 0.09 • 
'U1'Vll'ie:infafl-rl.J (10.23%) ri1:il1-:ibbj-:J-:J1'Ll1'Umj . ' 

e:i'Llthmr flfl1\91"1J11 ri1 ru1 'Ufl1j mbf.1::; ri1 

tl j::; fl tJ 'U tJ ri 1J 'Ll fl1 j"lJ'U ?i-:i ri Vl'U::; bbi.1::; ri161i tl l.JD 1j-:! tJ 1'U'V'l1 Vl'U::; 
' 

tJj ri11 'VljPl'V'l'Vl1 'Umj 
' 

'11flt..1i.1 mj1 (9]'U 'Vll'U11 (9]'U'Vl'U \91e1 fl tl1\91"1J11 2.25 
• 'll 

'U1'Vl l'ie:infa fl-rl.J 1\91 fl Atl \91Vl1 (56. 89%) bbfl::;jeJ . ' . 
(22.67%) o.97 Ae:i 

' 'll ' 
l.J I odii I.I .d I.I QJ i.I I.I 

\91'Ll 'Vl'Ll fl1j"1J 'Ll?l-:J (39 .18%) j 8 \91'Ll'Vl'U fl1j bfli.18 'UCJ1tn?l \91 (31. 96%) \911l.J \911 CJ\91'Ll'Vl'Ufl1j 
'I 'I , 'I 

:5'\91V11 c24. 14%) bbi.1 fa 'Vll"IL 'VlCJiJ o.88 nfafl-rl.J 
' 'll ' 

Ae:i (54.55%) (35.22%) 
' ' ' 

"llti-:i 161i8tl'Vl1'U ?ltltl .m1 'VlCJ 
, 'U 'U '\I " 

m-i::;'\J'Vl'U1'Vl 1 'LI 
' • 'll 

fl1j"1J'UV1CJe1fl ?l'IJ'IJ .f.111 -:i 
'U " '\J '\J 

?ltl 'IJ.i.111 bM m.Ue:i-:i n'U 'Llfl1111'U11l.Je.J \91t.Ji.1 bbi.1::; bn'U-rfl 

m8 'Vll"IL 'Vl CJ 1fl,1'Uer11'U11l.J'11 fl 
• 'll 

tl1::; b 'Vll"IL 'Vl CJ'1 ::;1''\J \916/ju'\J 'Ll m1 bbl'i-:i A\9l'U11 '1 bbi.1::; m1 b 11l.Jti 'LI 
' ' ' 

b 'Vll"IL 'VlCJ 

'11fl 'Ufa 11l.J"1J8-:J 16/lu 'IJ'Vl1'Ue1 fl fl1 \91"1J11 (bfl trtJ i.1 fl er fl fl1\91"1J11 er 
, 'I 'U 'U 'U 

?l'IJ'IJ. m1 'Vll"IL 'VlCJ) 11l.J 3.09 fl-rl.J 
'll 'll 

b 2 1'1Jbb 'U'U Ae:i m1 
• 'll 

1'1Jfil\91CJ 1 1 'Ll 
'll 

iCJniJ brn::;Aru::; (2554) 
'U , v 'I 

1.54 0.96 U1'Vll'i8nfan-rl.J 
'll 

1'\J LL '\JU m1 t!m 1 \91fl 19l 1'Utl111 :5' CJJl1 tJ'Utifl 
'll • 

Lbi.1::;v]11,X fa L i1'Ul1n':i \91e1flfl1\91"1J11"1Jtl fl 
' 

?l'IJ'IJ .f.111 m'1 'VI 'Ufa fl11er11u 11l.Jm fl 81 '1 ::;l.J1'11fl M11'Vll 
• 'll 'll 

tJU'LlJlb "1J1?l-:J Lbf.1::;1::;U'\J fll.J'U1Al.J b .W 
'U 'U 'U 'U " 

L-il1 tl-:!Lb tJ -:i'11 b \91e.Ji.188 n :u1 V-:J'1\9lj1U11:U 
'll • 

1\91CJ b ll'U1mb 'Vl1flb\91u1vh-:i • 
ii'1 ?i'VIBJl1'Vll bbi.1::; i.1 fl1i.1-:! 1' '1U1i.1"1J8-:! ?l'IJtl .i.111 . ... 
'11 b n CJbuV'11::; n11"1J'U?i \91e.Ji.1'Vl 1-:i fl ' .... 
b vi n ::;"li1 CJ 'Ll m1 :5' \911111 bbi.1::; b vi :u'IJ1 'Vl5n1'Vll"ll 8-:i 1111 :5' \9lm1 fa bbi.1::; 

' 
' 
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s.2 \91e..i6l bn 'LI m n1 n&t Lbiil:: " ... 
' 
ern l'l 1 m 'U\91B1bilBtJ1n'liB .:i :3' n ?i1'UV1i1.:i'1 .:i €l Bn 1 tl'11wu1 tJ t!.:i 

\91611111il1tJ1 mh vi Pl b 'li'LI 'Wfla'V!'11.:J b ltJ.:J :3''Uviu ?I b 'U\91 .:JV!l bfl tJ.:J 

20 - 30% fllam 'U\91'11111.f11tJ 

?I tJtl1b niim.1 b vn.:i 1'Wf11a'U'U?i.:i1l.I 1n" b "., 
tJ1'111lbb UG'l.:IUG'ltl 

I " " 
m.h.:i 1 an\911l.I 1 ma11.:i:ii'1V1ti1t.1'UB.:i 

e1n m111'U11mtJ 1 VIP! 1 vif'l1 vim vhi!'U 

'11nn1a 1a :3'111n 1a ?I "., ' 
bb tlG1..:itJG1n'U€l .:i n ?1'1.JtJ .'111 Ci.:i\91m B'1 l'U " ., 
:3'-:JV!l\11€J'Um16ll51U wu11 ern f11\11'U11i1f11a?I 18.62% 1111m 

'I '\J IV '\J IV 

8.54% 1ubbn 
'U . '\J " 

(?itJtJ. m1) 7.03% b'li'LI 
' 

Vlf'l1 VltJ , , '\J v qJ 

€JU'1116ll51U 3.05% i1 
' 

4.9) 

Genova et al. (2006) "., 
\J v , 'U " 

bb'1:5LL\91.:Jf111 AB 17, 13, 11 Lrn:: 9% 'U€Jn'11n-d 

V-:Ji1al t.J.:J1'Uf111?1 ru .:Jf11a t.Jl'U€J.:J h.!Vll.:J tllafll .:J.fll tJ 1 L Vl\11 LLG'I 
'\J., 

Chanthasombath et al. (2012) " ... 
n 48.4 LLG'I 52.5% 

' ' 
t!LL 32% ( '11n mav\'1mt1'Uel-:!LLl.l'1-:J LL'1 ::nl'H ti1L tJ) " ., " 

1'LI161ieltJVI 1'U.f11tJ1 3% 9.6% 
' 

4% ?itltJ. m1 8% 
, '\I "" 'U 

b vi 1311 VI EJ n LLG'I ?I° .:ii1 m1?1 ru ti 14% ?llL 'VI \91'Uel.:Jf111?1 ru EJ L U'Ufllll.I 
'\J "1 'I '\J IV 

q t c:il .... 0 c::ild d d 
L?I uvnEJvi1.:im L tnL?I EJ'11nn la L 'U1Vl1'1ltl'Uel.:JLL UflVlL a tJ f111'1111fl11l.l?I ruL?lm 'UB-:!'11 n "., 

:51 L U'U LLG'I m1 m .ff tllatHutJa .:iu1a'1 
' ' . ., ' 

Q/ ff Q.I Q..I .:!ii d I d QQ Q.I ci_ 

.nru't1 f11a'Ut1?1.:i f11afll'lJfll.IL "llmL u flVl L 1t.1 ma111 
" ' " 

-;iJ1bU'U1 t115m1t:-.1i'i\91 t1€J n'11nd fl11l.I Vl\11 
' 

ma?l°.:iel €Jtl'U€Jf1 L VIP! L .:i 1 €J m ' 
Lrn L zjell.I 1t.J.:i 1111vm .:i ma t:-.1i'i \91 bb'1 ..:i m1 Ln tll €J ti1.:i 

.:i 1 ru LLG'I fll ll.I €J .:i m a'U €J .:i\91m L U'U flll l.J Vi'1vi1tJ1 'LI €J 'Ul fl \91 
' 

(Chanthasombath et al., 2012) 
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1A1.:im1V1m.:i 5 Fie:i 
'\J v ' 

'\J v ' 

bb tJ0.:itJ0 m 
'I '\J 'I 'U 

1A1.:in11V101 .:i '16UB .:i.:i 1'UAVl'U11 b t1 .:i1 A Vl'U 11\I6U e:i .:i.:i 1'U A VI 'U 11 '1 
q q q 'I 

m.:i b 'Vl'Wl.1Vl1'UA1 bb0:;vif 1ri1 .:im1V1m.:i 'W'Ul1 n 63. 79% 1VICJ 
q '\J 'U QJ 

G11b 1 i 
q 'U q , 

bbl.10.:J b 59 .14% 
'\J v ' 

1 mb tJ0 .:itJ0 n6Ue:i.:i bn 1 ?11bVll'lm\J1n t1V11t1'Vl1.:i 
'\J ' 

mw11'W -U111 t1 3.85% iJ?11b Vl\9ll.11'11flbbl.10\l 
'\J "' ' 

?lru 39 .3 7% .:ib 'Vl'Wl.1V11uA1 ?11b b 'lJ QJ 'U v , q q 'I 

bb0 bbl'l.:im1tll llu?i t1 59.11 % G11b Vl\91 b e:i urumn t11 bb0 
v 'I '\J v 'I '\J 'I 

2555) n "Um 'Vlfl 
'\J "' ' 

bb\9l.:Jn11 Genova et al. (2006) 
' 

er11'U11l.1 'W'Ul1 
q 'U 'U '\J 

.:::ii Cl.I c::;l: d di dil ,_, t.I I.I I 

m1?1rub?1t1V10.:im1bnrnnt116Ue:i.:il.J:;b6UmVJfl AB (2%) m1'U';lll.1 (1%) (7%) brn:; 
'\I" 'U '\J 

(7%) Fie:i (8%) er';l1'l.J';lll.1 (1 %) 
'lJ '\J V I '\J 'lJ 

(1 %) (3%) Fie:i (2%) 
'U 'U v 'lJ 

(1 %) (0%) (6%) Fie:i (5%) 
'lJ 'U '\J QJ 

(1 %) (1 %) (4%) 
'U 'U 'lJ '\J Cl.I 

mbl'i0 Vl6UB .:i 161/e:i tJVJ1'U b vi 1 n 'LI ;'LI f) cinu15m';l:il VI fl111'U161/e:i bM m-U f) .:i 
"I "I 'U , 

1 'Un';) ru6U e:i n n 1V16U11n11 ?I b n bb tJ 0 .:itJ0 n bb0 i;i1'Ufl 0n1 m "lie:i .:ibiJniJl"i 11nA bfi t1.:i n 'U 'U QJ 'U 'I 

b vli 1 
.d 
VlbbtJ0.:itJ0n 

'\J 

'I 'I 'I '\J v 

dJ'Un 11?1ru 'W'Ull 
'\J "' ' 

ru 4.9) 
&rn mb Er.:ie:i ci 

'\J v '\J 

1 bb0 \lfltu.fl1'W f) 1\1 b m fl11 fo bb0:; 
' 

1'1ie:itJVJ1'U 1 1l.11n0mn-un 
' '\J 

(tJ';J 200 nlml.lm) tJ1:; m.:ifi'Uzj.:i b t1.:i 

bbf1:;i1e:i G'itJtJ. m1) 'LI\9leJ'Ub 
, 'lJ 'U 'U 

6UB.:Jl'U zj.:i b e:i ru'Vl.fl ii e:i1mfl Er.:i 1e:i ci bb?I .:i Er Lb ';l .:ilnni!n t1i1 '1 :il tlb'Vl 
' '\J '\J 

'Vi'11 Ln ru t1U'e:i t1 LL0:; A.:ifl run1'W :v1n ru'Vlnii e:i 1m fl Lbf1:; 
'U Cl.I 'I 'I 'U 

3 'W'Ull B!11Vlil:iJ6UB.:JB1n1fl.fl1tl'UeJne:ici1:;V1-J1.:i 
'I '\J 'I 'I 'lJ '\J 

28.0 - 36.9 e:i.:ifl1b"llf1b'St1?1 ru e:ici1:;V1-J1.:i 
'U 'I 'U 'I 'U 

24.1 - 26.2 e:i.:ifllb"llm'St1?1 4.9) 

m1LnrnM t11\J lflbb tJ0 .:itJ0 'U l'leJ'U b iJ 1m111 ( 
'\J '\J ' 
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b iAle:i1e:ifl v\'11 Vf bJ b\91'Wbb?l bb\91\91 bbft::;e:iruvt.nilm tl'We:J nvi?l ' 
v\'11 bbft::;iJe:i ruvt.nilm t11 b U'W 

'U v '1 'U 'I '\J 

b m b e:i 1 Vlbfl\91fl11?l m'l!ei 
v 

(Kader, 2002) 8ruvt.nil.n1t11 
'I 'lJ 'I 'U 

m1'lJ::;ftein 11?1ru bbfl n bbfl::; 161imJ'Vl1'W 
'lJ Q.I 'I 'i 

1 

t11 3 5::;vi''lJ 

fiei 5, 15 25 30, 15 bbfl::; 5 1'W ' 
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"" 
1. 2% 2,4-ditropheninhydrazine (DNP) l\;lt.Ji\I DNP 2 n-rlJ sulfuric 

acid (H2S04) 25 100 
2. 5% methaphosphoric acid l\;lt.Ji\I methaphosphoric acid (HP03) 5 n-rl.l 

1'utl1ni'W 100 
3. f11 ';l b\91 t.J l.l lndophenol 1 \;! t.J i \I 2,6-dichlorophenoli ndophenol salt 50 il n -r 1J 

84% sodium carbonate (i\I NaHC03 84 

ni'U 100 200 
Whatman # 2 4 B\11311b"lfm61it1?1 

' " 
4. 85% sulfuric acid (H2S04) l\;lt.J\911\l?l1';l 96% sulfuric acid (H2S04) 88.5 

1 i.5 100 
1 

"" 
5. 2% thiourea l\;Jt.Ji\I thiourea 2 n-rl.J 1 'Lltl1ni'Ll 100 

"" "' . 
1. 1 

1,1 I rV Q.I 

5 mlJ 
' 

2. 50 5% methaphosphoric 
acid 20 Homogenizer (Polytron PT 21001'U PT-MR 
2100) 

3. Whatman # 2 0.4 
" 

lndophenols 0.2 8 
b"1Jci1tJ<;i::mru 2 - 3 'UTVi 

" 
4. 1,&i 1J 2% Thiourea 0.4 il \91 ';l 1,&i 1J 2,4-ditropheninhydrazine (DNP) 0.2 

i.11 h.hJllvleJflJ'VIJliJ 3 7 tl\11311b"lfm;t.J?l 1 b U'Ub 1m 3 -&11m 
'I 'lJ .. q 'U 

85% sulfuric acid (H2S04) 1 
J1LL 1 l11,-il1n'U 

5. m!'Uullvl ei ru VIJl iJi1ei.:J 1, um 1 30 'U1V1 1tJl'\;!fi1 m<;i VIVI 'Ubb?l ti \I 
' " " 

Spectrophotometer 540 'U1 l 'Ub1Jl'l';l 
;1m4nf11(;1"1.111 Standard curve "l.ltl\I ascorbic acid Ylfl11l.l 
L-iJlJ-iJ'U 0 20 40 60 80 100 µg/ml Lb?lVl\lfl1blJ'U mg/100 g FW. 

t.J ::?l l'l';l r\'1'U1 ,, 
6. fl1';llVlfl1 blank total ascorbic acid m 0.4 

" .c:::t. C),C), 1 clil 4 d QI 

lndophenols 0.2 b"l.lt.J1U';l!51J1ru 2 - 3 'U1'Vl 
" 
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2% Thiourea 0.4 37 blltJnm 3 
' " 

-&11l.l'l 85% sulfuric acid (H2S04) 1 

DNP 0.2 30 tJ1V1 
' " 

Spectrophotometer 540 tJ11tJ 
" 

fi1 Standard curve "llel.:I Ascorbic acid (n=36, 6 rep/1 concentration) 

Stock lµg/ml 5% methaphosphoric Ascorbic Acid Absorbance 
(ml) Acid (µg/ml) (OD 540 nm) 

0 5 0 0 

0.1 4.9 20 0.203 

0.2 4.8 40 0.426 

0.3 4.7 60 0.551 

0.4 4.6 80 0.743 

0.5 4.5 100 0.881 

... ./'..)corbic acid -Linear (A:.corbic acid) 
.--;t. 

......... 0.8 E "'/ y c 0.0088x + 0.028 c: 
0 0.6 . - R2 : 0.9931 
'l;f' 

..Ill/ 

II) .,,.·· / 0 0.4 
0 ........ 
Q) 0.2 A u c: ro 

-€ ..0 0 ..... 
0 
V1 0 20 40 60 80 100 120 ..0 < Ascorhic acid 

fi1 Standard curve "llel.:! Ascorbic acid 
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