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Abstract 

This two year project is to study and develop the formulation of nano thin film 

solution containing chitosan to prolong the shelf-life of mango 'Namdokmai". The 

physiology of mango after coating with chitosan solution and stored at 25
°

C and 14
°

C

was investigated. In the first year project, nano thin film solution containing chitosan was 

developed and characterized. The results suggested that chitosan with molecular weight of 

65,000 - 410,000 g/mol is well dissolved in acetic acid with the concentration of 0.5% 

(v/v). Tween so
® 

can enhance the film to stick continuously on the hydrophobic surface of 

materials. However, overdose of Tween so
® 

caused foaming in the formulation. In general, 

nano thin film formulation containing chitosan should be added 0.1% (w/v) Tween so
® 

in 

1 % chitosan (w/v). Acetic acid with the concentration of 0.5% (v/v) should be used as a 

solvent of chitosan and the dipping technique is to be used in this project. 

Keywords: Coating; Nano thin film; Shelf life; Mango; Chitosan 
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m1iY:::vh'W11tJ11 "�m1tn�•��tl1�1"trn:::m1ttvtim:::11w\il1'Uo.:i11"9}vtfivh lttnl1t�t1 flf fn.:im1 
• • 

tr1t{o11�1111.:iGJfu�11::: 1ttm111t.:Jl.:JllJ tt'1�'U 11111h :::'Vll'W tTI'W��.:i �� 111�0�111!flfl 
mh.:i i 1n�71Jff7'J'tflt{OllN1H'1 ,��'Wtiml1m 1 i1 'Wli11�1J'W il'nt�'W ffl'j tfllJ�il.:Jtfl'j 1:::l'i'�'W ii 

t IO 'J) • d Q Q e:{ d Q.J ' 11muvt.:itrn::: ff 1'W 1 my'W1t'U1111n�w1.h:::t'Vlff 'W on111n'W 111 :::ff'Vl1i mvt 1 'W m10� m�m1 m111 mnlJ:::111.:i 
\I\ d ' &. ef .c::td d , ,:!¼ Q ?1 Q,/ , v.:i nJt U'W Yitl l'VI .:ivto 111 'W 'e)f111 lf1'W ffl'j tfllJ'VHtl 'W ff1'W 1h::: f101J'U 'e),:j ffl'j tfl '1611 H10711t1J'W O'W � 'jltJ� 0 

,, 
Hll nnr1 �.:iir 'W i17f1ff71Jl'j (l Hit� ffl'j tflt{'e)ll �--.m :::ih.:i '1 'W 'J'U'U o.:irli1lJll1.:J'J':::1'lll'W 7 ! 'W 117f11ff�951fll'VI n 
SJ SJ • 

?I I O 'J) ,!I ""' I _ I & ?I I 'J) i I 11 :::t u'W f17'i"J$1 tJ'1�f11'i'W 1t'U1ff11 tfl'1 'el1JH1111n� 7.:JlJ'j:::t'Vlff CJ/.:! 11:::t u'Wf17'i"J$1tJ'1��'W 'VJ'W 'W nnff .:ioon 
1 o q31 9/

_j A ll]'J)� � d iv �I d 11:::111.:i 'Vl7 t mn'l:l�'i mu"::: �u'j :::no11m1m10 t �tvt11mn'U'W on'Vl.:iti.:itu'Wfll'i'1�fl17lJtffti.:i111nm1 
,!I ""' ,,..Ji ?I ""' I 'J) ""''l Ill 'J)d 'J) tfl'101JH'Jtfl1JCJ/.:!0711t'U'W'Vl'l:1�0Hll l tflfl t�Of1�1tJ 

SJ 

,, 'JJ 

191.:J'W'W lr1Hm1il (2 il) ;.:iii.:ittl''Wm'i'WWJ'Wlff�'i�Tforli111111.:itr1i'io11N11:::�'U'Wl l'W111n1u� 
• SJ • 

"1 1 9/

d ,:!! cl Q.J I QI c/ : ") 'J) 'J} i "J$1fllvt 1111r11111 mm1 o 1 'Wm w�mom1tn111 n'l:111.J:::111.:ivt'W 1i'W 1�on ill vt 1 'ellJ'Vl.:Ji17ff m1:::trn::: 
• • 

11i m 1 �mm::: ff 11 tl111 f 11 m 1 t fl t{o11 N 1'Uo .:i lJ::: ih .:i'W u '{ J 1 �on i" trn::: ff nm m 1 tu� tJ'W u U'1.:i-a n'l:l w::: 
' 'j} ' • 

'Vil.:! ff1'i1'VltJ7'11:17f1tU'UO.:JlJ:::ii1.:i'W'W 1i'U 1�on i"Yi Nl'W f1l'j tr1t{o11 N1flO'W f17'j tfill 1 f)'l:17 HYiow i1 fllJ 25 
u q q qJ 

o.:imt0Jf'1t'1ftJff trn::: 14 o.:imt0Jfm'1ftiff t�o111n'1 imn.:iff1'j1'VJt11�ii11'Vl111'Vl l'W m1'lf1tiv�mom1tn11 
• 

Q/ , ,- .a.. ,:1 Q.I cv <1 , QI ei" a QI 'J' f1'1:l l1J:::111.:i t �cl1tfl'j 1:::11 fl171Jff1J'Vl'W 1j'j :::i11NflW '1f1'1:l w:::'UO.:J n'11Jll7.:! OltJf17'j tf11J'j f1'1:17trn::: f17'j 
• • 

t ii� tJ'W u "" .:i 'VI 1.:i u111'Vl 01111.:i1.h::: m 1 'U o.:i H'1 l.l::: ih.:i �" o � 11 'W ff n'l:l 111 'VI 117'Vl 'U 'el .:i vJi 11rn.:i 1 'Wm 1 "� 
A Q � t d <V 'J) ,:!! .a. ..J 'J) .d

tq 
'J} .::::::i. n, t ,f d m1muomo111now11n1J�11:::1111.:im1mm n'l:17� 1om1tfl'1 'el'UH 1 CJ/.:J'U OlJ'1'Vl i� 111nm1111 om .:i'W 11:::tu'W • SJ SJ 

1h::: ttJ'lfW loi mf .:im'l:l� 1 mtrn::: H'·1.h:::no11nwd .:ioon1J:::ii1.:i'Uo.:iu1:::rnrti 'Viti� 11::: i�rr111;�fl17lJff71ll'i t:1 
SJ 

trn:::�nomvt1'Wnwd.:ioon1ttt�lJmn�.:i�'W i'WtTiimwd.:itu111tm:::uir11ff'll'WlttH'1l"''Uo.:ii'Vltil�ri.:ioon 
, ilv.:i�m�m'j � l�f117.:J, f1'1�'Wtrn:::flm1rn1vtt1'.l'W �tJ01J1 ll�llJ'W ltJ117tJ'ff .:Jtff 1lJ'U o.:if \1117'1 

. � 

2. 1�Q1.h�a��'ll0�Tt11�m11-nr.1 (2U)

2.1 t� tl'W Wl'W7iJ �'j vi 1'l uvM ll'Ul.:Jln ! 'W 'i11f11t1�ii1mvt� fl ffll1J� m111:::u11 l 'Wm'itfln tl'UN 1ll�ih.:i 
'JJ ' 

'Winf i11�t1n 1" (ilvi 1) 
.A<!! d .,  , .,,1f ll}'JJ j! t� 11 "'"" d,.,.� 2.2 !'V'ltlfJ�tl1�f11'j 1f1'U rnl:l 7ll:::lJ1.:J'Vl'U 1 fW 1�6f1 &ll 'V'll tlll'Vl.:!Mf1'1:11f1'1 &n'VI 1.:Jff 'j'j1'Vlr.11'Vl!f1�'U'U 

117f1f11'j!fl�tl1JN1¢i'1f.lW�ll'U1.:J (il� 2) 
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3. Tiq'tJa tl'il��1ll'U H�tfl'Hl1Hl'U1rl111.Jfl�'llM 1fl·Htn11-U£J
I QI .. : 1/jW .?I di

'l 
I 1/jW 

'.IJ�'.IJ1·H1'1cl'VfW'q'Wl�Ofl t'.IJ (Mangifera indica L. cv. Nam Dokmai) t1J'W'tt'W� 'Wfl�'.IJ'\JO�f--H't t'.IJ 

tr'lrnin'il�ii il1'.IJ1w m1'.IJ\9)' o�m1111ltw1m1tiiu 'W11 iI :1J'\Jo�i1,111m1ri �mm i iltT�1,1r;iw1m1�wh�1h�mr'I .. 

t�'.IJ,'WOUl��ot<lo�'VJflil (ihwn�l'Wlr'/11'15lfl'ilfl1Wl'hl\,lj, 2553) OUl� i1n1,11'.IJ'.IJ�lh�niilu1,1fl�l�'illfl 
tq 9,1 tJJ � & , .:::. it , a d .a:i t% , d 0.1 d d 

i:-rn t '.1Jl'\Jl,lj0'W'ttrnl'\J\,lfl�O'U�'W'l1'W�O'W"j nm1r10 '.1Jfl11"1mfl�'\J'WOcll�11�l'.i1trnJl'IM'illflflljlf11Jtf1f.11 

trn�iifl11'.IJ i 1� 'il�tfl�rl11'.1Jli1cll'llcl'illflfl1'.iff�ill'Wl'l'W11 (chilling injury) tflotnuf fl'hll i 1��Wl'I fJlJ�l 

(Lederman et al., 1997) ��trl'WiJ'ilic1�iiHr;im�'Vl'U�omrn'�oon:1J�it'H iile1's11,1m��lsl'U1�t'Ylr'/ i�i!-w 

1li fllj i �fllj fllcll'l1;1sl 'illflfllj lfi tlt�cl1ll'!;l�f11'.i l\,11 cl'.IJH'!;lH� 1,1n O'W VJ 1f11'.i'U'Wri sl� ll'I '.IJ1�ffrnm�i'.i'U1�ff'Vli fil'Vl 
"i "' d ,,, ,J/ , ,,, 1/j � • 'I � w. 1 , 

'il�ffl'.!Jl'.itl'!;l� t OfllffU'(;l�fl11'.IJlff cll'llcl'Vl 'il�lf1�'\J'W\,I OH'/;l H'/;1\,1 t� 'Vil t 'ttlfl'hll,l'.if1'.i ll'!;l�rj1J'.i�flOUfl11ff s!OOfl 
., ' ' 

"�ih�tl 1�on 1,rm'.IJ11 m� '.IJ'U1'.1Jlw m1ri s1oon 1,r mm� c1�'V'1ovi 'il�\,loui1-w os1� or111:1J�os1m1unnr1 

'\J0�1,1m� i 'W �1�'U'.i�l'Vlr'li¢l 

"ttif � 1'W11'ilic1�iir111'.IJ rl1i'irutrn�trl'W ih11mou1�'.1Jlfl 1 'W fllji'Y �OOfl H'/;l 1,r 1� c1m 'V'll�OUlsltsl ., ., 
1/jW w <!I I di di ' ., .. : 1/jWW <!I <!I 'I d 

H'/;l t'.1Jl'\J\,110'Wl'110l'\Jl,IO'lJ�'W<Ml'l'.IJ1cl11'.!JtN'.IJ�'.IJ1�'V'l'W�'Wl�Ofl t'.IJ�1cl flO 01Ql110'.i�cl�l1m t'Wfll'.ilfl'U 
SJ jl ,, j/ I ' 

fomtl' 'W ii '.i � cl� iY'W (Short shelf life) 'n�'Wl 'W 0� 'illflfllcll'l1;1�flljlfltltficl1'.IJ�ii1s1 nr!s1Miim1l'llcl i 'ilOUH 

�Ol <l Os! i �J-w fllj V�OlcJfllj ln'Ufo'hl 1'V11 i ¢l¢l1cJfllj'/;j�fl\,l jlflljlt'(;lfll'U�cl'W fl19f�OU'.iOU H'!;l'.IJ�il1� 
q ., 

ttr;i�m1r11ur1:1JU'ilic1rn�1h�m1 oTvi tMfl'LI1�nou'\Jos1n19f (OOflCJfl'il"W, m1uo-w i�oon i9f� trn� q 
' ., ., 

lO'Vl�'W) 'Viou10'UH'!;l'.IJ�it1� fl11'.1Jffl'.IJ1jtl 'l-wm1cifmh"W'UOsl'Wl OWl'lfllJ fl11'.IJ;'Wi1lli'Vl'fi ll'/;l�llff� ., q ., 

trl'W�'W 1�c11TI�'l ,'l 'Wmrn11JfJ:1Jil'ilim11ci1il �o m1m1tnuf fl'm H��wtt t,;ii1�rn!o 'l i�1:1Jn-wnu 
Ad a QI 

... I Ji �I .a:i,=t � lJ) ... I ?1 .d A 
o GI 9,1 11ifl1'.ifl1'Uf.J'.IJl'l'.iO��ll1J'/;lslU11cllfllr'I (Lima et al., 2010) 9f�l1J'W11ifl1'.i'Vl1 t1Jll'/;l�l1J'W'Vl'Wcl'.IJ'Wl'.IJ1 t'lf 

til'WOUl�'.IJlfl 'l'Wm1V�Olclfl11lfiU1fl'hll'\JO�'.IJ�ll1sl 'l-wmr101,1i1rnmrn OUlsl i 1n1,11'.IJ'.IJ�il1�lil"WH'/;l i11' 
q q 

� i 1� Ofllj lfiU 1fl'hll��w VI jJlJ�l lrn�vl11-J lfl�f111'.IJliYcll'IW'illflflljff�ill'W l'l'W 11 1 �f.llfl t O�Uff �sll'I! 0 
.d , eflf:!l d Q.I , a d ,..la .... Id �I do d a llJ 3/.:::1 

Olfl1'.i'VIU�'lftlslfl11'.1Jlff cll'llcl'illflfl11���frn11 fl O ff'\JO�l 1J'/;10fl'il�l1J'/;lcl'Wl1J'W ff �1 '.IJ��tt'.i O'.i Otl t"tt'.!Jff
., ' 
o a e:::t .c:1 + a , A 

'Wl\,ll'!;lllf'.IJO'Wff\,lfl (scald-like discoloration) trn�mot1'U'.IJl'l'.iOH'!;lOO'W'W'.IJ'!;lsl (Lederman et al., 1997) 
. q 

Q/ t c:f QI f 'J) 'J) AA c:f Q/ d A. � � QI d '3J O QI d. QI 9) � QI 1 

�sl'W 'W fll':i tflU'.i fl'hl1'.IJ�'.IJ1� � 1cl�1cl11ifl1'.i lfl'U'.i fl'hll'Vl�W '11 fJ'.IJ\,ll'ilslcl�'.IJ'\JO'illfl� 'VI cl�fl �1,1 Os!'V'l�'.i g:1�0�
W I QI 

�1tll'lf'Wfl'W 
A a .:k 9 d QI )s a , a a A 9' a .a:i d 
Ofl'Vl l�l'!;l Ofll'l'W sl t 'W fll'.i lflU'.i fl'hlll'V'I Otl�Olcl'\JOsl'.IJ�'.IJ1sl flO fllj lfl'(;l OU f,,11�1tlffl'.i lfl '!;lO'U H1'Vlq 

o 91d .a (11 �Ji � , . dl , ct d (lJ 

'Vlltt'Wl'Vllff'.IJO'WH'W�l'l'.iOlclOtr;iOflHl'W (Semi-permeable barner) 9f�ffl'.IJ1'.itl'lf1cl t'Wfll'.ilfl'U'.ifl'hll 
I QI d d 1/j � <!I "' ;; QI .,,1 QI "' 

fJWfll'V'l'\JOsl'.IJg:'.IJ1�mc111 '!;ls! fll'.i lfl'Ulflcl1 t � ll'!;l�l'i lflffl'.i lfl'/;l OU H1'W'W ff sllfl '.ilg:tt '\J'W 'illfl1i1� 1i'.i'.i'.IJ'lfl\,I 
W � Q .?I d <!I di ,J,,. I I 

'l 
O � W � G QI 

� 1c1um fl'il�l1J'W Ofl'Vllslt'/;10 fl11'Wsl'Vl'.1Jff1'W'lf1tl 'W fllj'/;j� fll'.i'Vll'/;llclff slll1�'!;l0'.IJ�1cl fllj lf)Uj fl'hllH'/;l
.,

lJg:i11s1�1c1n 11 trii1flu �1c1m 1 mi1ou thi 1:1Jnu ff fl 11�i � u 1.lr;i�un t11m r'l'W'W 'il�iinr;i ininiu n19f 
o' 1/j 1/j o'dd I Gj I 1/j �� ,,;,,, 0 � d 

fll'.i'UO'W t�O Ofl t 9f�'Vl'.IJOclflltl t 'WH'!;l'.IJ�'.IJ1� t1�1tl'\J'Wl�'\JOsl'.i'V'l '.i'W'Vl'l.lfl11'.IJl '11'.IJl�ff'.IJtrng:'Vl 1tt 'W l'Vl'/;l� 
., ., q 
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V V V 

i-:it! 'W �-:itil'W f1THWI f11'.i \1t)J1 ff tl'W1l'l'W f1'\Jtl<lf!-HUJg;lj 'N 1 'W '\)filg;f11'.j'\J'W ri -:itrn� f11'.i t�'U f f1'.hl 1 'W timnnil 
"' �I ,!. "' ' 'JI ell ,!I "' ,1 o .I "'"I 'JIG) 'il7f1TI\)\91f1'.i'.il.lf11'.itu'Wff�f111'\J11�f11'.iH1'Wt'\J166f1f179f'\J6<lff7'.i1iiHltl'Um'Wff1"1'.itl'W7"1u'.i��f1\91 t'lf t'W

OJ "I "' "' d o "I 'JI"' "' "I , .1 llJ 'JI f11'.ifl1'U�lJ6\91'.i1f11'.il1W t'ilU'1�fl1'U�lJf11'.i1'il'.it'\j'\Jtl��'1'lf'W'l'l'Vl7 t'\1tf111fl11lJ1fftll11tl t'WN'1lJ�lJ1<l'\J'W t11 
d i di � \I) 'J} CJ} di A o G\ 3/0:::::. 1q 'J}d Q.I 

(Hoa and Ducamp, 2008) tlffl'Mf11'.i1fli'ltl'UN1N'1 tlJ�1tli'l'1'.i1fli'ltl'U'U7<l'lf'W�'ilg;'Yl1 tl1N1'\Jtl<lN'1 tlJlJfl17lHJ'W 
' OJ • I �I d..i "I 'JI "', "' 'JI 171 'W1'.i'IJU'.i�'l'l1'W 1u'W'l'l���11 t'il'\Jtl�N'U'.i tflfltlf1111tl 

., ., 

' 111 d al A 111 'J.ld A O G} 9'q QI Q.1 �, d d Q.I d� 

t1t11-:i , rn\911i1m1 tfli'lti'UN1Ni'l UJ'l'l'WtllJ'W 1m , 'lf t'WV'il�'IJ'WlJntu'W ff7'.i tfllJ'l'lff -:i1m1�l1'\J'Wtrn� 
d i QI 'J) O 'J) I d t I ;f A � cf, d 

m1mu-w-:i 'l'l.:it1-:i\91�M 'W7t '\J7'il7f1\917.:i111�tv1fft'U'W ff'l'W 1 Ylt)J 'W tif1'il7f1'Wil '.ig;ff'1'11i m-w 1 'W m1 v11m�m1 tn'IJ 

foE11ii�il1-:i u.:i iiltil'W�thvl-:i-wti 1 'il 'W 6f1'il1f1d ffl'.i tflii�til'W rh'Wil '.i � f1tl'IJ'\Jt),:j ff1'.i 1 fl�tl'lJN1tl1 'ill il'W 

i"W \91 '.i 1t1� ti�'U 1fofl 1 "W ti 'il 'il'U'W m1 ffn1:11�1�t11� t1-:it11Jm1wwi"W 11J 11 'ilt1w ev1Y1 � t1ff11 m�t1'Ui'.i1tl1Y1 f 'LI 
., . . 

f11'.i t�'IJ f f11:l1ll�il1.:iiimhil'W �1'W 1'W"1f1 u�m'.iW Wl'W1ff1'.i tfl�tl'U H1�f1tl 1 tt1n11vJrl'iim-:i1 ��'U'W7 t 'WU<l ., 
V V 

iitidt il"W �1'W 1u himnt! n �.:it! 'W 1 fl 1 .:i m11i riil�-:ittl''W m1 ff nmtt€lg;WWJ'W 1m1 tfl�ti'IJ i'.i1'il1n1i,-� 

1in lJ'lf7��til"WiJ\91 '.i �tilJ'WEl �trn�i .:iu 111�t1ii 1 �v'Vl1m1wwi'W 7ff \91'.i ihf 'Uffl'.i tfl�t1'UN1� mm1 ti'lf�i'lti 
. ., 

V • 

f11'.iff f1'\Jt),:jlJ�lh-:iw'W £tl 1�tlf1 ,� \91'1tl� 'il'Wfffl1:l 1f1€l inm-:i ff�'.i 1Vltl1l1 il<lf11'.i tfl�tl'IJ i'.i1-viii'U'l'l'U7'1'11 'W 
• • 

, at d Q.I , ;f o d Q.I dd t 1q 9J d ... t ,- d 

m1'lf1t1t1�mt1m1mm f1'.hl7Ni'lll�ll1-:i1rn�mn 1m -:im'.i'W m11 'il\917ll1\91t11l1g;ff .:ifl'l'l\9\<l n 'il�ttl'Wu'.i� ttl'lf'W 
• • 

V 

t1th.:imn�m1.:itfl1:J\91 '.i m tti'l��1h �nti'Um'.i ri .:iti t1nii�il1-:i'\Jt1.:i i 'l'ltl 

dd V 

4. m·n111n11n":i'H\.!fl":i'UJ/tfl'Hnwnv1 (information) n1mn'UM 
' d llJ 'Jld"' "'1 t "I "' "' ' • I t 

lJ�lJ1.:i (Mangifera indica L.) 1U'WN'1 tlJVl'Wtlll'U'.i tflfl'l'l-:i t'WfJlJfllflttlt'lftltt{l�� t'.iu '.i1lJ'l'l� 

ffl1i'Jmii1m (Baldwin et al., 1999) �-:i11�il1.:i'Ut1<lli'lt1�iifYnt1m-wi'Wm'.iri.:it1t1f1iit1dY1mt1fflt1W'W{ 
' Q.I o'd d d A A,. Ji al QI d: tq 'J) 

U\91ff7tl'W'Wl'l'l1U'W'l'l'WtllJ'IJ'.i tflfltlltli'{f1 flt! ff7tl'W'Wl'W7�6f1 &ll (Magnifera indica L. cv. Nam Dokmai) 
.

( t1nt1TI€l, 2552) 'Vl11 tt1l1ii1wm111�t1-:imrn�:J1-:i l'l'lt11'W\91m�m1Ti'1�1-:iil1�tv1ffiiflm1tt'W11 tl'11-vi 
• V • 

1 Vlll\1 -:i�'W t1�1.:i� t11il t1.:i'¥.) nil �.:i 'il�t�'W i � 'il 1niu't11Jmw.:i1'W i1il�m1 ri -:it1t1fllJ� il1.:i'\Jt1� I 'l'ltl 1118'-:i 

�1-:iil1�t'l'lff1'Wil TI.ff. 2543-2553 1�t1TI'U11 iim1ri-:it1t1f1ll�il1-:i i'l'lt1t118'-:i\91m��7�'l.1'.i�1'1'1fft'll'W 

111mm 8,754,625 - 22,369,083 \9l'Wl11t1��1ilm-J€l�1m1ri.:it1t1f1\1.:ia-:i 164,880,175 - 505,200,842 1J1V1 
V 

( il1'Wf1-:i1'Wtff'.i1:ljf1'ilf11'.i tflEl\91'.i, 2553) i-:i'W'Wf J'U1'1�<l 1��71'U'W'W ttl'U1tl'ff �1ff1lJ 1tttn1:l\91'.ifl'.i'lf11ff1'W 

lJ� :J 1<l 1 ,j <l N� \91 lJg;:J 1-:i � ij � tU fl 7-W 1 ttt 'W ti <lTI ti� 6fl11ll � ti <l f11'.i'\Jt1.:i\91'11� � 1 <l iJ1 � 1 'l'l ff 
• llJ cl "' ..J • llJ '4.1"' 'JI "I .I "' llJ ' ,!. ,1 tltl1� ,rnmiit1�'.i1fl1'.iI1�tltlf1'\JtNlJ�lJ1� t'l'W mt1.:i\91'11�f11'.ifll &'Wu'.ig;1'1'lfftt.:i &lJ1TilJ\1,:j'U'W 

t sJ SI 1 I 

1 vl 1vi fl1 '.i i.:ii11ilt1� 'il7fllJ�il1.:i1ilu Ni'! i�viiim1Y11ttl 'ilU 'l.J'U climacteric U€ll/:'il �1n�m1ttn.:it1lJtJf.h.:i 
d a1 d ,J b) 1 cv _I a1 d t 1 

'.i1�1'.i1fl1tll1'1�'il1flfl1'Hfl'l.J1fit11 &lJ'W7'W'Wf1 (u'l'�lJ1tU 3-9 1'W) (Hoa and Ducamp, 2008) tJfl'l'l,:jlJl/:l.11.:i 

u.:iiiff mTI, 1�tlfl77�� l ':ifl'il1flttif t1'.i111'1��{l;'Wt'W"1 U'1�tl1'il1fl�f111lJ 1i1ttl11tl'il1f1fl1'.i1�1Ji' n1:11 '11�
Q; : I Q ,:!t da.t I jJ t:! 

f.ltUYlfJlJ\917 (9'17fl17 13 tl�ff719f'119fttn') l1'.itl'l'l1'.ittfl17 m1g;ff�'Vl1'Wl1'W71 (chilling injury) 'Wtlfl'il7fl'W 

lJ�l.J1.:iU�n'1lJ1'.itl1f1�fl11lJ1ffttl17ttl'l!tJt'U71fftttdt1-:i'il7flfl1'.itlf1.:itJlJOtl'W11m17��7l1'W7tt (ripening) Ui'l� 



V , V 
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'illf1f11'.i\1qJtifotl!mw il l'Vltl�fllV 1 'W f·Hl'Vll 1 M 'l.J�lh:itn\Pl fll'.iflti'Wl'i 1'lltl-!I r,m (softening) tn\Pl;i'W�1V 
V • • 

ll�'W i1 m1tn'U f mi 1 m1tlijtl�mm-n1-:im1 tn'U 1iimu��11i m1 'IJ'W rl-:i'Viijtl1d1'Vlihnw t-:iijf111'l.lrl1r1qi 
• V 

t�irncli-:imn (Baldwin et al., 1999) �om1rl-:it1t1f1'l.l�1h-:i1-wt1m1�111ihv �1m11�'Wfll'.i'lf��t1 
• 

• V ' 

'.i� V�! 1mm1itn f11'.i �\Plfll'.i 1iYVl1W'Vl!fl\Pl;j'W 'il lf1-e;/W l1 tJil�ll11tlfl 11� 'ff�'fl l'W l't'W 11 fll'.i ilo-:i fl'W fll'.i�\Pl 
• • V ' • 

1 rnu��u 'il i V�Wl 'Vl'l'l 11 M!fl\Plfll'.i 1iYVl1lV'IJO-!l'l.J�l-h-:iv'rmf1-h\Plt1f) ;,� t-:i1�i1tl 'iliv'Viijfl11'l.JrllflqJV-!l�tl 
V • 

m1vf wii11r:iwm-W'llt1-:i'l.l�1h-:ii11\Plon i,"'1-wom1ri-:it1on 

11i m1 tn'Uf m,rnm�u\Pl t11V'IJ t1-:i'l-l�il1-:iij t1cl�1vni1 tt� w11i !'11'W m11n'Uf mn i, 1� owflii� 1 
q � q � 

tt!t1fl1'.i!O'Ufo1n i, 1�-qwtt tJil�Thmi'U'ff fll'W�\PlU'U�-!l'U'.iWlfllfl' (Modified atmospheric, MA) 
,. ?1 Q.I • ci , v ft'I a. 

(Baldwin et al., 1999) t\Plvt1J'W mrn\Plo�'.ilfll'.i mm'Vltrn�/11'.i Ofll'.i Nl'W!'IJlt1t1f1'1Jt1-!lf11cif'lJ1-!l'lf'W\Pl 1m� 
� ., • I , "'.1 cV ,. d. ,. & "' ''l' , ,. 

fl1'Uf:J'l.J1J'il'ilV'lJ1-!11J'.i::;fll'.i !'lf'W tl-!lfl1J'.i�fltl'U'IJO-!lf11cif'lJ1-!l'lf'W\Pl'Vl!fl\Pl'IJ'Wl1'.itltl� t\PlV'.itl'U !'lf'W tltlflcift'il'W
.. 1ij 1ij .. Qd ?I !J/ d Qd di 'I d ., "' 

fll'.i'Utl'W t\Pltltlf1 tcif\Pl u��rn'Vl�'W tlJ'W�'W (Lima et al., 2010) tlflTlif11'.il1'W-!1 t'Wfll'.i!fl'Urn111tm�V\Plt11V 
• 

1 di di a. 9)  di A .egc:1 ,31 QI tdQ.I d 

N�'l.J�'l.J1-!I flt! fll'.i!fl�tl'UN1\Pl1V't:fl'.i!fl�O'UN1 (coating) cif-!l'l.JO�\Pl1Vf1'W'l1mm.h�!fl'Vl 'Vl-!l'Vl't:f-:ilfl'.il�l1 
V • 

,!I "''I .I I d 

'IJ'W'lJl'illfl'ffl'.ilfl'l.J t'W!1J'IJO-!I wax l'lf'W Camauba wax (Shellhammer and Krochta, 1997) U��U'U'U'Vl
o, a'& o, Q I 1/j 'l' 

't:f-!l!fl'.il�l1'1J'W'l.Jl'illf11't:f\Pl1l'.irn'Jfl� !'lf'W tfl t�cifl'W (Chien et al., 2005; Rhim et al., 2006) Im�
• 

V • • 

Polysaccharide-based (Souza et al., 2010) 1\PlV't:fl'.i!fli1t1'Uthimhu'il::;'1'l111tl'1'Vi�\Plf11'.i!mrntl�v'W'IJtl-!I 
, V · V 

n1cif'Vi HT1-m110t1n N�'l-l�il1-:i �-:iir i1 t-:i1�i1 mrn\Plm 1t1qi1iYvil rnir n l 'W'IJW�fll'.i'IJ'W rl-:i im::; m11nufo111 
ef A �1 dc1 , 'JJ � di A e!Q.1 � 9/ d l 'W tlf)'illfl'W 'illfl'Wq�m '.i'l.Jfll'.i !1J'W 'ff-!! fl\Pl'IJ11-!I fll'.i Nl'i-!!'UltltltlflfllC}f'IJ o-:i 't:fl'.i !fl� tl'U N1'W 'W 'U !'lJ'W 'IJO\Pl t!Vl-!1

mnrl111f'Um1vfwii11m11rii'io'U�h�i'iin11w::;1�mrlo1i'ionf-11i1rl111f'Ufilcif'Ul-!l'lf'W\Pl (gas selective 
di o 

• I "''I !J/'I ., 

1 
"" 

permeability) cif-!l'ffl'l.ll'.itt'i-!lm 1J'.i ::;�n� t'lf t 'W f11 '.ifl1'UfJ'l.ltl� '.i lfll'.il11V 'iltm::;fl1'UfJ 'l.lf11'.i ! 'il '.iqj'IJ0-!11� 
• V 

d d o  Gj!J/<> d ') I <!I 1/j!J/ 'lf'W'Vl'Vll tl1!f1\Plfl11'l.J!'fftll1W t'WN�'l.J::;'l.]1-!l'IJ'W t\Pl (Hoa and Ducamp, 2008)
"' 

1 
'j) di A a di d Q.I , � QI d , 

1 
!J/,. "' 

'l.J'.iW-!ll'Wfll '.i 'lf'ffl'.i!frn 01JN1!'WOV\Pltll�f11'.i !f1'U'.i fl1Jl'l.J::;'l.J1-!IU���\Pl1J 'il'ilV'Vl flt! l1 !fl\Plf11'.i !'ff V'111V

'1Jt1-!IN�'l.J::;i11-:it1�!�'W�l'W1'W'l.Jlfl !'M'W Hoa and Ducamp (2008) 'l'llf11'.i!'U�V'U!'VlV'U'U'.i::;i'VlTifll'Wl'W 
di A A .d di A ' dct d Q.I .d a. 9) 

f11'.i ']f::;� ti fll'.i 'ff f)'IJ ti-!! ffl'.i !fl�tl'U N1l1 m V'lf'W \Pl'Vl!fl� tl'U'U'W N1'l.J�'l.J1-!l 'Vl 'l.Jf11 '.i !f11J'.i fl11 l'Vl t!W l1 fl'l.Jl1 ti-:! 
. . " 

t:::1 J QI 0,1 rl ,d31 , 1 d 
(21-31 tl-!lfll!cif�!cifV'ff) fl11'l.J'lf'W't:f'l.J'W'Vl1l (relative humidity) tl�'Vl'.itlV�::; 65-75 'W'U11 'l.J::;'l.l1-!li'!f1'Vl 

4 9' 1 ct : a1 1 llt'JJ , 1 d di 

!fl�tl'U\Pl1V carnauba-based mm1 tt'lf1V�\Plfll'.i �qj!'ff V'Wll't'W fl'IJtl-!I N�'l.l�'l.J1-!1 t \Pl 'ff1'W'l.l::;'l.J1-!l'Vltfl�tl'U 

�1£1 polysaccharide-based -w1rh 1 'W'IJW�!01Jfo1ni'im1 !'U�V'WU'U'1-:i 1 'W'U'iliV�'U-:ilmnlfl (fr1tli'it1n,
Q Q !J/ 1ij I ,ct I 

• 
I"' Q ... Q d d "'I I A t ., pH, TA, Total sugar) !VW-:imfl'Wtlf.J m,� t'l.J'l.JN'1�tl1J'.i'l.llW1�1'l.J'Wcif'Vl'l.ltl� t'WN'1'l.Jg:'l.J1-:i tlfl'Vl-:iv-:i

.J. ') Q ., I d_ ""!J/ 1/j!J/ & ti o, 'ffl'l.Jl'.iCll'W'l.J'.ig:tJg:nm t'Wf11'.i!fl'U'.if1111l.Jg:l.J1-:i'Vl�Wl1tJl.l'tttl-!I t\Pl'Wl'W'IJ'W '.i�l.Jlf.U 3 1'W
� a , ., o' d a !J/ "' Souza et al. (2010) l'Tf1'.l:llf11'.itl\Plt1l�'IJ'el,:UJg:l.J1-:iY1'W� Tommy Atkins 'VHf1'1'el'U\Pl1tlff1'.ilf1'1'el'U

polysaccharide-based �t�'illfl�'W Policaju (Anacadium occidentale L. tree gum) mti'l��Wl13Ji1�1l'W
Q o, d ,ff OJ o.l o''J! Q a, I d d 

m1m1Jw111 (4 f>-:ifl'WlfmCJtti'ff, f117l.l'lf'Wffl.l'W'Vl1l,'eltl'1� 82) 1ilunm 28 1u -W'U17l.lf11'.i"Jt\JL'fft1l.l1n 
I Q d 'J) li1 1-=t tl,d I d QI QI f Cl.I 1::1. 

'IJO-:Jl.J�l.J 1-:i1-wv-:imn'W vmmg: 1l.ll.lm11 n vumfo-:i t1 v1-:il.J'Wt1ff1flqJ'llt1-:i'U111'W nit'Vl'll, pH �'1t1\Pl'.i�t1�nm 
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. ., ., 

°Vi'Yllfll'.i fffllll i-:itl'u fll'.i tfl�O'UH1ll:::ll1-:1�1£Jffl'.i tfl�O'UH1'lf'W \Pl'W b17lJ1'.i tl El\PI fl1£J'UO-:llJ:::ll1-:I i�'Wl'W o-:i 

281'W��W'ttfJ:IJ 4 O-:!rl'Wlft'H�£Jff1'Wfll'.itfl'U'.ifllll 
, ll}V <!I "" • OI o' V �o' 'i' 

Medeiros et al. (2012) t\Pl'Vl\Pli'lO-:ltfli'lO'UN1lJ:::lJ1-:l'V'l'W� 'Tommy Atkins' \P11£lTii'lll'UH'Wl t'W'U0-:1 
V >I 

t'V'lfl�'Wff'ft'Ut1'U'M'WW-allrn-:iu11 u'Uo-:i ifl 1wlf7'W (fl11m<u'mi'u 0.2%) �1u1u 5 iu V1'U11mm1t1tn'U 
Q.J ' Q.J o'OJ ' d � d �9)d Q./ )  lfl Id 'J} 

'.iflllllJ:::lJ1-:l'V'l'W'Jl\Pl-:lfl'111'Vl�ill'ttSJll 4 O-:!flWlfmCJWb1 t�U'U'Wnm 45 1'W t\Pl£J tllll01fll'.iff:::'Vll'W'tt'Wl1 
., . ., 

tfl\Pl;i'WviNi'llJ:::ll1-:I 'WOfl�lfl'W Abbasi et al. (2009) l�'Vl�H'IO-:ltfl�O'UN1'UO-:!Ni'lll:::lh-:i-w'u1i 'Summer 
. . ., 

Bahisht Chuansa' 1\P1£Jfll '.i �llNi'llJ::;:1,11-:i 1 'W ffl'.i i'l::;m£J'VlihhuNffll'UO-:I l fl L\91Clfl'W°Viih.h'tt 'Wfl tllmfli'l 
• • 

51,400 \P'lli'l�'W fl17llt'Ull'U'W 1.5% 1\P'lmn'Ufoll1Ni'lll:::1h-:i��rum.;iii 1 o-:ir11tClfm�£Jff V1'U11mm1t1 
tn'U'.ifllJlNi'lll:::iJ1-:i i�d'.lunm 6 i1il\P111-1 

'I & IIJV <!I "" ' Q/ " 'I d t'Wfll'.iflfllll'U0-:1 Wang et al. (2007) t\Pl'Vl\Pli'lO-:ltfli'lO'UN1ll::;ll1-:iV1'W� 'Tainong' t'Wffl'.ii'l:::mm'l 
iiri1'WNffll'UO-:I lfl 1\91Clfl'W 2% tm::; tea polyphenol 1 % 1\P1£J1.fi tween-so® 0.5% t11'Wffl'.ii'l\P'IUH�-:IN1 
tm:::TI1m1t�'Ufo111�orum1il 15 o-:ift'1tClfi'lt�£Jff tilunm 35 1u V1'U11mm1t1EJ\P'I01£Jfll'.itn'Ufo111Ni'l 

. " . 

1.J:::1J1-:i-wir{ i-:imh1 i �� n11m1 m�o'U N1ll:::ll 1-:i 1 u ffl'.i:::i'l w�ii ri1u Nffll'Uo-:i ifl 119lClfl'Wt�£J-:i ov1-:i 
., 

t�£J1 trn::; Zhu et al. (2008) i�'Vllfll'.i'Vl\Pli'l0-:!1'Wll:::ll1-:l'W'Wfit�£J1tl'W 1\P1£J1�ifl 1\91Clfl'W'Wl'tt'Wfl 1mi'lfli'l 
• 

QI q A A qjl dt � ' Q.J rl d fJ) 9J 
80,000 \Pll'1\9l'W t'Wfll'.it\91'.i£Jllffl'.ii'l::;mm'V'IO t'lHfli'lO'IJNJlJ::;lJ'N'VfW� 'Tainong' 'Vlfl11llt'Ull'U'W 0.5%, 

1.0% trn::; 2.0% mm'hi'U u�1'Vi1m1t�'U'.ifllll�'fJW'ttt;J:1J 15 o-:ir11tClfi'lt�£Jb1tilunm 241'W V1'1.J11 
., 

ffl'.ii'l::;m£Ji fl 119lClfl'Wfl1lllt'Ull'U'W 2.0% ffllJ1'.itli'l\Plfl\91'.ilfll'.i'tt1£J1 � '.ifllllfl11lJU'W'Wti1o trn:::'.11::;i'lOfll'.i 
... 1d c:t , Q.I r/ 1JJ 'J}A d 

fll'.it1rn£J'Wff'UO-:!Ni'lll:::ll1-:l'V'l'W1i 'Tainong' t\P'I\P'l'Vl'tl\P'I 

• � � ..::i, ' Q/ r/ 'J/ 
Agmar et al. (2011) MfllllNi'l'UO-:!fll'.itfli'lO'UN1lJ::;lJ1-:l'V'l'W� Tommy Atkins \Pl1cl galactomannan 

QI d d  ' ,:!t � g) .c:l � 

fl1U'tti'l-:l�lflfll'.itfl'Utfl£11 'V'l'U11 fll'.itfli'lO'UN1\P11£J galactomannan ffllll'.itli'l\Plfll'.i�t\jtffUll1i'l'UO-:lt'WO 
I I � � f QI I 11($'� I d ,:!I d

ll:::lJ1-:ltm:::'lf1£J'lf:::i'lOfll'.i'Wll'tt'.iOOO'W\911'1-:l'UO-:!Ni'llJ:::lJ1-:I t\Plt1J'WO£ll-:I\Pltm:::ffllll'.it1U\PIOlUfll'.itfl'U 
• 

. . ., 

'.ifllll'Vl�ru'ttt;iiitto-:i (25 o-:ir11tClfm�£Jb1) i�u11m'Wn111.J:::1h-:ivii11�1'Wfll'.itfl�O'UN1 uon�1niW-:i 

'V'l'U1lfll'.i 1 ��ill 'tt t;]:IJ�l 1 'W fll'.i tfi'U '.ifllll ( 14 0-:1 fflt Clfi'lt�£Jff) �::; tiJ'U fll'.i'lf1m� llil '.i::: ii'Vl TI fll'V'l'UO-:lffl'.i 

,:!I ,t:,\ q ,t:,\ ,t:,\& I QI I ll] 'J} � QI 
tfli'lO'lJN1 t 'W fll '.i'lf::;i'l Ofll'.i tfl\Pltll'Vll'UOi'lClflltti'l::: fll'.i OO'W \911M'UO-:llJ::;lJ1-:1 t\Pl'W l'W ti-:! 12 1'1-1 

ov1-:i i '.i �\91111ih1'W iim! oumn�ffnmo-:ini'l imm:::m'.i-WWJ'W lff \91 '.i�l '.i'Uffl'.i tfl�O'U N1�7fl 
I j,/ ' . 1 JI 

lfl 119l9fl'W'Vliiil111tl'n 1llmQ't'l�l-:1'1 vino, tttn\P'lvJ-alJ'IJ1'1'Vlff1"1'.i t1'lf:::"trnf11'.i'tlfl'Utl-:!Ni'llJ::;1,b-:i i-:i'W'W 
. ., ., . .. ., . v dliJ v ,, .. ,, 'l Q/ d& ?I .I ,. ", Q/ ., ,,.., v_1 , 

'UO\j't'l'Vl t\Pl�lflf11'.i1�JU 'WflH'W 'il-:illJ'U lJ'.i::; tU'lf'W\910'Vl-:l'Wfl'l�rJ tfllJ91'.ifl'.i tm::;ijIJ'J'tflO'Ufll'J'ff -:IOOfl 

lltth-:i L'Vlmfluod1-:imt1 
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Q,,/ o A AV 

5. 'lJ'U �mu fll 'am i u u -1 nn11 £1

-nu1iouil'1:::utl.:iflflm1'.iu 2 ri1u �fl ri1u� 1 t11':i'V¥roJtJ7ff\9l':i\917fuffTHflilfl1Jtb�ihu�rm.1'Ufl.:i
"' 

1fl 11919fTW (ii� 1) mi::: ri1u� 2 m1\9l':i1'1fffl'.UfJWfl7'Vl'Ufl.:il.l:::li1.:iY1�.:itflilfl'.UH1�1f.J�\9l':i�7i''.U lfl 11919f7't-.! 
. ,, . 

'Vi'V¥rol't-.!7�'U (ilvi 2) 

5.1 m1v¥roJu 7ff\9l':i�1f 1Jm':itflilfl'.UH1�ih"i1'Wi:-1ffl.l'UV.:i ifl 11919f7't-.! (ii� 1) 
9) 3' 'JI d d 'j} <V AQ.I 

5.1.1 fl't-.!fl17'UVlJ'1 tflflff71'VHflf.J1'Ufl.:!fl'IJ.:i7't-.!1\"lf.J 
... ,1 ., ... ,J l'I 1 d • di 1!J 'J/ , 1 5.1.2 1tfl':i7:::'Vlffl.l'.U\9l'Vl't-.!Jl7't-.!'UV.:! tfl \9lGJf7't-.!'Yl't-.!7l.llfl'fll:17 t�Ufl l.11'1 l.lt'1fl'1 tm::: degree of 

,, 
,!! 1' ,!! 

deacetylation (DD) fl17l.l"lf't-.! ttl1 U'1:::fl17lJYl't-.!� 

5.1.3 'V¥rol'U7ff\9l';i�7i''.Uil'l':itflilfl'.U H1�i'.iri1tJHfflJ'Ufl.:! ifl 11919f7'U 1�f.J'Vllfl1jftfll:17V\"l'Of.J�7.:!G-) 

i�un tl1mwm�UVOJ1�fl thm!n 1"mfl'1'UV.:! ifl !\9lGJf7'U fl17l.lt'-O'l.l'-O'tJ'UV-lff7j'1� 
q 

UH�.:!H1 (tween-so®) U'1::: !lJ 1u !9fl�f.Jl.lfl\)\911tl.l\9l 

5.1.3 .1 m1ffn111m1l.lil'll.ll':it1 iu fl7':i'1:::mu'Uv.:i ir111919f7't-.! ium�uv91�fl�fl17l.l-
')I ')I ' 

l'UlJ'U'tJ\911.:!G-) 

i.:i ifl 11919f7'U 1 nfoiifri.:iiu'U1�':ili"lfl.l'Vh1u1� 250 lJ'1��\9l':i '17m!ut�l.l 
"' "' 

mrn:::mum�ttv91�flfl17l.lt'Ul.l'UtJ 0.25%, 0.5%, 0.75% irn::: 1.0% (1�uiJ1m1911) 

iJ1m\9l':i 100 lJ'1��1911 n1m':it'Ueh�ri11m�1 150 ':ifl'.U�vu1vi 11'.lunm 24 i11m 

trn:::tl1m1'1:::mf.Jlfl 11919f7'U�i�iiJ1��1vhfl"lf (pH) tlV'U'Wll'Ufl';iV-1'.U'Um:::�7'},Jf)';ifl.:j 
I f t I j/ 

GF/C vim.Jutt'.:iih;iwm:iiJ 105 v.:ifl'1tGJf'1tOJ1f.Jfft1'.itJrnn 2i'11m irn:::<ir.:itl1m!nm:::�111 
' " 1 ' 

... ')I ')I Q/ 0 dd II] 1 ''LI ')I d ... ')I ')I mv.:itrn\9ltJtm1 '17fl't-.! tJ u 1m:::�1l:lm v.:i'Yll.l mn tfl \919f7't-.! mvrnm .:im,1w mJl.l'U7.:!\9l't-.! 
?I .:, 1 I O d Iii 'J/q 1 d ,J ?I _1 d t1J't-.!t1m 24 "lf1 l.l-1 f1fl'U'W7l.lltfl'U n t'U otfl'.Ufl17l.l"lf'Wt1J't-.!t1m1J':i:::mw 30 tJTvum::: 

' 'J) " <JI 
o OJ o <V 'j} d QI o Q.I <V o o 'W7l.ll'JM'W7Yl'U flU YI .:jflflfl 1 -I ( 'tJ 7Yl't-.! nm:::�7'},J Yl'1.:!m v.:i) 'Y17tll';ifl7't-.!1W fl 17l.lff7l.ll';itl 

ium':i'1:::mf.J'17fl�\9l':i�.:i-u 

fnll.lffll.17':itl i'Wf17':i":::mcJ = 100-
,, ,, . 

0 QI Q.I O <V A 9,/ 

l! lYl'W nm:::�l'J,JYI" .:jf)jfl.:j - 'W lYl'W nm:::�Tl':H'rn\9l'W X 100 
iJ I 

'Wl'H'Wf11r111919fll!t1lJ�'U 

t o "1 'J/ 'J/ d!II d ""'°' d 
'11 f)'U 'W 'YI 1 f11 'i rn fl f)fl 11].J l 'UlJ 'U l! 'YI 'W fltl'YI �� 'U tN f1 'i � U flt)f \9) fl'YI ff7 lJ 1 'i tl m: n ltl 

'1r1119ltJfl'U '1�mnn11 95% mn1m1t\911umnrn:::n1u'1r11191CJfl'Umll.lt'Ul.l'U'U 1 % 

(J1Y1i!n9iviJ1m\9l'i) un:::n1m11�r111l.lY1U� ii11t1rn'Vit1unurc11n:::mt1'1r1191GJfl'W� 

ri11l.lt'U11.ifui'Vi1nuiu 1 % m�uvcif�n 
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5.1.3.2 fll'j1tfl'n�l1fl111J'ttU�'UV·H1'1';;r:t�irn.1ifl l1Pl9$l'W 
0 1'I 'j d 'JI "" o' ,!I I Iii 'Jld 'Wlffl'jr:t�ml'J lfl t\PlCJfl'W'Vl\PlV.:lfll'j'Jtfl'.il�'ttfl111J'l1'W�1JTU1J !1'\11 25 �:mn 

. ,, 

tCJ5"1!Clfl'Jff t�unm1hg:mw 2-3 4h 1m 'il1ntl'utl1itl1ri1'Wi1mnv1rlmi'uii1�f111ii 
� -•� � A� 0 ''L.1� <19) � 'tt'W�u';;lJl\Pl'.i 200 1Jr:tr:tr:t\Pl'.i Ur:t�'Ul tu1tfl';;l�l'i�1mmv-:i Brookfield Viscometer, 

'i cl dq 'JI& ., "I ., , 
model DV-Il+ t�l'J'UUl�t'UlJ'Vl t'lf'U'WflUfl111J'l1'U�'UV-:Jffljr:t�ml'JIPl1Vtll-:J 

5.1.3.3 fll';jfffl'J,Jl�r:l'UV-:Jffl'.ir:t�U'j-:J�,:jtb (Tween so®) \91Vff1J1J�•,rn-:i ifl l\PlCJfl'WvJi{ii 
. ,, 

t\Pl1t1iiff1'.ir:1�mt1ifl LIPlCJfl'W'Vlfl11iit'11'm1u 1% ('W7'tt'UflAVU1lJ11Pl'.i) 1�e.1r:1�mt1 
q ,,.,,. d 'JI 'JI d dlil 'JI 'JI 'i t'Uffl'.ir:t�me.im�UVCJf\Pl fl'Vlfl111Jt'U1J'U'W'Vl mm�fflJ'Vl t � 'ill f)fll'.i'Vl�r:IV-:J'U V 5 .1.3.1 t �l'J

t'Uch�m1m�1 150 rn1J\91V'Wl'Vl t'l'.lunm 24 6ir11ii-:i 'il1m!umv-:im'.ir:1�mt1ifl LIPlCJfl'U 
' ' " ' 

�1t1N'1'll11rn-:it�vmv-:iiY.:itlutilvu'tt1vri1u'Vliifo�me.1vvnur:1g:'V11m'.it�1J Tween so® 

'1 Iii 'i d "' Iii 'J/q 'J/d 'J) 'J) ' ., r:1-:i t'Ufflrn�ml'J tfl t\Pl9$l'W'Vlt\PlW1J n t'l11Jfl1llJL'll1J'lJ'Wt'Vl7flU 0.1 %, 0.2%, 0.3%, 0.4%
,, . 

Ur:t� 0.5% ('W1'l1'Ufl\91V'U1lJ11Pl'.i) 1�1'Jffl'.ir:t�mt1ifl llPlCJ57'U'Vli1ii1m'.it�1J Tween so® 

d t o 91 di , d d d ,..I 
tli'W 'lf�fl1Ufl1J 'illfl'W 'W 'Vllfll'.i fl1'U �1mfl'.i V.:lfl1'UU1J m r:lfl'Vlfl171Jt '.i1U '.i�mw 960 

q • 

,, ,, . 

I "' � "" ., "" Iii 'JI_ I "' ,!I 'I 'Jl_,1 1'1_ I 'jflU\PlV'Ul'Vl nrnnm 30 'Wl'Vl Ur:1�\Pl.:1'\11-:J t'JlJ'j�lJlW 30 'Ul'Vlt'V'IV t'ttTIV.:!Vlfllft''ttW tu 
o Iii o'd o 'i "l o' "' 'JI 'JI ' 

'Ulm�'ilflff tr:t�'Vl'Vllfl111Jffg:07� t�tlU'lf t'WUVr:tflV�Vr:t (absolute) tWU'.iVl'JUr:11 �1J 

r:1-:ilum'.imt1ifl LIPlCJfl'Wi-:inci11'11'1-:i�'W t�unm s 'Wl'Vl trn�vhittutt.:i� 
,,.'JI t o Iii o'dlil'JI• 'I "'-1 �W'l1\]1J'ttV.:I 'illfl'W'W'Wlm�'ilflff rn�'Vl t��iir:1-:i t'Wfflrn�mt1ffu'.i��r:1u (acid dye)

,, .

m1m-n'mYu 5% ('Wl'l1'Ufl\91VU11Jl\Pl'.i) t'l'.l'Wnr:11 10 1'Wl'n trn�'Vl11nmr.:i'Vl 
�W'l1 \]fittv-:i 'il1ni!'Wtl1m �'ilnffir:t��i�i UIPl'.i1'ilffVUi:lfl'l:IW�'Uv-:ivJi{um-:i ifl LIPlCJfl'U 
d ,!I Iii o''JI 'JI _,'Vltflr:I VU'IJ'U m� 'i) flff m��d tlflr:tV-:J'il r:l'Vl'.i ';j ft''U • 

"' "" o''J) ,, o' mtu'UV-:Jfll'.i1tfl'.il�'tt�11'J atomic force microscopy (AFM) 'il�;uitlvJr:1ii 
\fJ d' t\f) IA 'j/ .c:l U'Wm�'ilflff rn�U\Pl t1J1Jfll'jl'JV1Jff 

mW'llV-:Jflld1tfl'.i7�l1�11'J X-ray diffraction (XRD) Ur:t� thermal gravimetric 
,, 

analysis (TGA) 'il�;uitlvJci'lJ l�l'Jfll'.irvJvJci'lJU'Wtll�'Wmff�fl (casting film) 

5.1.4 fll'jfffl'l:ll�r:l'UV-:J 1ii l 'W lCJft�tllJflr:1\PlltlJ\Pl 1 'Uff\Pl'j\91l'jUff7'.itflilV'IJAVff1J1J�'llO-:J 
., ., 

,, .

vi1m•n911e.1llffl'.ir:t�r:11t1ifl l9lCJ51ut.«mYu 1 % ('W1'11'WflAVUllJ19l'.i) iunrnuo;91nvi 
'JI " d dlil 'JI 'JI .., ® d 'J/ 'JI d fl11llt'Ull'IJ'W'Vlmmg:ff1J'Vl 1�'illflfll'.i'Vl�r:1v-:i'llv 5.1.3.1 uma9lll Tween 80 'Vlfl11"1'U1J'IJ'W'Vl 

dlil.P " t o .., 'i 'i 'i -= d-= ,, 'JI 
mm�ffll'Vl 1\'l'illfl'IJV 5.1.3 'il1fl'W'W'W1lJlt9lllffl'.ir:t�ml'J lll ti! te:tfL�tlllflt)9l1Lll9l'V11Jf117lH'Ull'IJ'W 

10%, 20%, 40% ('W1'11'UflAVtllmm) 1�1'J1ttv'm1rl1u 1�w111r:1"1�'Vlll'J'.i�wh� ifl L9lcif1'WAV 

LlJ 1 u 1cirL�l'J:IJflt)9lltlJ9l tvi1n11 1: 1, 1 :2 ur:1� 1 :4 ur:1�ff1'.ir:1�ml'J ifl L91CJ11u�iili1m'.it91lJ LlJ 1 u
'j d 

�. t O c,I 1 'J) Ji 1 c:j 

t CJ1L� l'JlJflt)911LlJ9H u'W'Jt�fl'l'llfllJ 'illfl'WU 'Vl 1fll'.i fl1'Wff1'.ir:1�"11'J�-:J fli'l11�11'JLfl '.iV-:lfl1'WUlJL'l1"1fl 
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,nm!inh:wT1�fl11:W'l1'W� trn�i'Wri.lwtl:W'U'Wm�'ilmll€l�m,�m� (casting) t�flfffllllff:W'IJ� 

,rn�wi:w�,� 

5. 1. 5 ff flll 1 u "� 'W WJ 'W lt 'Vlfl 'U fl fll'H fl il 'el 'UW i :W1l1� 'U 'W r'.b:w � ih�

5.1.6 m1'iliYu'Ui1:w1!�'\Ju�vl�:wrn��tflilu'U'U'WH1:w�il1�
. " . 

5.2 fl1'j�'j'J'i)fffl'Uflt\Hl1'W'\Jfl�:W�ll1�'11ir�tfliifl'UH1�1fliY\?l':i\ol11'U ,fl l�CJfl'W'Yi'WWJ'Wl,i'W (1'J'Vi 2) 

5 .2.1 ffflll1H€l'\Jfl�Wi):W'U1��flfll�fl1 'j !�'U foll7U€l� fll'j t 'U�f.J'WU 'U€l�'Vl1�ff�':i1'Vlf.J11'W 
" . . 

:W�ll1�'W1�tlfl 111'-vitn'Uf fllll'Vit1W'l1 niJ-tt'u� (25 fl�ff1tCJf€ltC}ff.Jff) l�f.J'W1:IJ11�fl1 
q ., 

"

���u1'tlil 

* !uf.J€l�m1t'U�f.J'Wtt'tl€l�'\Ju�J1m!ni1� 1�wt'Vif.J1Jtl1m!n 1'W1'W� o t�'Wf Uf.J€l� 100

* mrn1f.Jh l�f.J1�'U�lJ1Wfl1CJf'fll{'Uu'Wt�flflfl tCJft�tn�i'Wi11mf1tu� Gas chromatography
. " ' 

� rt} .:=:::t.A A ,C), el 'J) ,:!! 

* fl1':iH€l�fl1CJftfl'Vl€l'W'Vltfl�'\J'W�1f.Jt'fl':ifl� Gas chromatography 

... Id ... I .c:1 ... I,:!! Q.I 9J d � QI .c::1 

* fll':i t1J€l f.J'WU 1J€l�'\JV�fft 1J€l 'elf\ 1�� 'Jf.Jtfl ':i V�:WV'J�ff 
, ,%. Q.l <JJ A 

* fl17:WU'W'Wt'Wfl 1��1f.Jtfl':itl� firmness tester 

* fvf.J€l� total soluble solids (TSS) l�f.J1� hand refractometer

* fl1':it'U�f.J'WU'UM'U�lJ1W'\JV�fl':i� (tritatable acid, TA)

5 .2.2 ffflll 1H€l'\JV�Wt:W'U1��Vfll�f\1':i !�'Ufoll 7tnl� fll':i t'U�f.J'WU 'U€l�'Vl1� ff1':i1'Vlf.J11 'W 

:w�il1�J1�t1fl 111'�tfi'U'QW't'IJJlJ�1 (14 fl�ffltCJf{ltC}ff.Jff) t�'Wnm 2 'ff'U�1'HU€l� 3 

'ff'U�l'HnV'W�lf.J l'U�'QW'IHJll 25 �NffltCJf{ltC}ffjff t�u1tttfl�fl1'j'WWJ'W1fl1':ii'{fl 'IJ'Wvifl 

H€l'\Jfl� fll':i !'U�f.J'WU 'U €l�'Vl1� ff� ':i 1'Vl f.J1t'U1 f.J'Utitif.J'Utl'W ':i�'l111�'Ji� fll':i'Vl�i'IV� l'.Jfl 7 1'W 

trlmn'U1flll1�'QW'11i.)lJ 14 'e)�ffl!CJfi'!!C}ff.Jff Ui'l�l'.Jfl 2 1'W trlt1�1f.Jhl�'QW'l15JiJ 25 
"

V�ff1tCJf€l!C}ff.Jff l�f.J'W1:IJ11�fl1 ���Vt'UU 
' ,, " t 

* fuf.Ji'!�m1t'U�f.J'WU'Ui'l�'\Jt1�i11Y1uni1� 1�m'Vif.J'U'W7m1'n 1"W1'W'Vi o t�'WfVf.Ji'!� 100
'l 1 ., • I"" w <I bJ bJ <Id "" ,1 'JJ a * fl1':i't'l1f.J t'il t�f.J1�1Jrn7Wfl1CJf'fl1':i'UO'W t�0Vfl tCJf�'Vltfl�'\J'W�1f.Jt'fl':i0� Gas chromatography

� tN .:::i.,=i d � � 9J dt 
* fl1':i'Hi'l\?lfl1CJftfl'Vli'!'W'Vltfl�'\J'W�1f.Jtfl':i0� Gas chromatography

* mrn.l�f.Jl.JU'U€l�'\Jv�i1t'l.Jti0n 1��1mf1t0�1fo1�i1
' J ., 'J) a 

* fl11:WU'W'Wt'W0 1��1f.Jt'fl'rn� firmness tester

* f 0f.J1,'l� total soluble solids (TSS) l�f.Jl� hand refractometer

* fl1'H'U�f.Jl.JU'Ui'l�'U�lJ1W'\l0�m� (tritatable acid, TA)

* fl1'Hfi�f\11�ff�'¥11'W'l1'W11 (Chilling injury) 1�fJ�'il1'jW1'il1flf\1'l1�fl1 ion leakage
GJ9' ., d.1 m'l�fll'l t'11fl�U'W'Wi'lflllW�mf.J'WVfl'Vl1J'llfl{l (Phakawatmongkol et al., 2004)
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Qld °" OJ~ Q. d' QJQ. Q.IQ. 

6.1 'il\PH\911 tlll/'il\Pll111\9ltl\Pl'UH"1~1tfl17~l1 't1'll'U\9l'U'cl~1\9ltl\Pl'U • • . . ,, 
1\?lt1~'LI'Vi1i1im11ffm-n i~ttri tfl 119lGJf7'W'Vii1ihm!n 1iimmm\9ln~1~n'W 3 1~~u, 1ii 1'W-• • ,, 

1GJft~tlllflil\9l7tll\9l U1;l~'t1'7'jj;l\9ltt'j ~~~H11\Plt11m~nwwtifon 1i Tween so® 1\Plt1't1'll'UW'U'cl~'t1'71U~1;l~~1 ., 

ttiY\Pl~L'W\91111~~ 1, 2 m,~ 3 \9l7llt17fl'U 

\91717~~ 1 U'tY\Pl~iYll'lJW'\J'cl~tfl 119lGJf7'W 3 'lf'W\Pl~ir~cff'cl'il7fl'U~'hl'Vl A.N. (Laboratory) ~1tl\Pl 
,, . ,, 

th~t'Vlfft'Yltl 1\Pltiifl 119lGJf7'Wtttci1u'tYtl\Pl'il7flttl~'clflfl~vii11~~'Ufl11fl1'0\Pll11J'cld1w1h~ 85-92% fl17ll'lf'W . ., ., 
,, " 

tl1~mm 12.5% tm~t(l1 th~mm 1.6-2.9% 1\PltitWfl\9l7ll'U7tt'Wfl 1mitf:}it ~~i'Hfo 
t 3/ I '1 

► tfl 119lGJf7'Wvii1ihwwn 1"mf:Jit1<11 tt1'cl LM-cTs ihhtttl'n 1iimf:Jmvi1n'U 65,ooo nf w1irn . ,, ,, 
► ifl 1191GJf7'Wvii1tl1tti!n 1iimf:Ji'lthwnm~ tt1'cl MM-CTS i1tl111i!n 1iimf:Jmvi1tiu 

370,000 nfo11iii1 . ,, ,, 
► ifl 119lGJf1'W'Vii1tl1tttl'n 1iimnitiY~ tt1'cl HM-CTS i1tl111tl'n 1"tmrntvi1n'U 410,000 ni'w1iiit . ., . 

,1., ' Ji °t ., 'i' ,% ' 9 9-1 "' ,% 11J_ P' 'i' 
'W'clfl'il7fl'Wtl~'V'l'U17 tll'cl'W1l1'Wfl tlltl;lf:Jillllfl'IJ'W'tY~H't'l tttm7lll1'W\Pllllfl'IJ'W\911ll !1J\911tl t\Pltl 

tfl 119lGJf7'W LM-CTS i1fl17lll1'W\Pl t'l'l7tl'U 7.6 cps. L'W'UW~~tfl 119lGJf7'W MM-CTS tm~ HM-CTS i1 . 
i::!i. I OJ o QI d 

fl17lltt'W\Pl t'Vl7fl'U 26.3 cps mi~ 38.1 cps \9l7llill\Pl'U (\9l717~Vl 1) 

. 
1 "' Ul11;l~'Ylm 

fl71fl7'0\Pl 

(g/mol) (%) 

tfl 119lGJf7'W ,, . 

,, 
"' fl17ll'lf'W 

(%) (%) 

tl1tti!n 1iititf:J1;l\ol1 ttl~'clflQ~ 65,000 89.8 ± 0.5 12.6 ± 0.1 2.1 ± 0.3 

(LM-CTS) 

,, 
tlTtti!n 1iimf:Jit 

(cps) 

7.6±0.4 

1h'Wnm~ 

(MM-CTS) 

370,000 85.4 ± 0.7 12.6 ± 0.1 2.9 ± 0.4 26.3 ± 0.8 

ifl 119lGJf7'W ,, 
tl111i!n 1mitf:J"''tl~ ttlil'clnQ~ 410,000 92.4 ± 0.22 12.4 ± 0.1 1.6 ± 0.1 38.1±0.4 

(HM-CTS) 

d " " "1 r , ., r q" "'"' " " '11l/Wl11~: *'YlrltffJ'U'Y/f/11l/l'Ull'U'tJ'Ufl,J lfl "1CJf1W'Y/W'U 1% (w/v) rill 1'1fff1'Hl~flWfJ'rnllfl"lflilfJf/11l/l'Ull'U'tJ 1% (v/v) 

1i1uv11nw~c1w 
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d I' ,, 
\91117-:!'Vl 2 ttff\91-:!ffll'U�'\JtN lll t 'W 19ft�£Jllfl�\917tll\?l'Vli1-:!9f0'il7fl'IJ�'hl'Vl Sigma-Aldrich 1.h�t'Vlff 

ff1\?lt9f0fo€lu; t\o1£J hi 1u t9ft�tJllfl�\917tll\?l'il�0tjtuitlH�m-1-:ii1'\J11 trn�ihhntl'n tllt€\fJ€l ti'l7f1'1J 

187.13 fl1ll/lll€\ 

"' o' 
tll t'W t9ft�£lllfl€\\911tll\91 'Vfl17llt\9101 

�\9111 fl1 -:iff!1-:i C
5
H

8
NNaO 

4
• Hp 

"' di 
€\ flll W�fllrl'W 0fl H€lflH-:!ff'\J71 

tlTntl'n 1m€1Q€1 (g/ mol) 187.13 

I I 'JI 'jJ 

\91717-:!'Vl 3 ttff\o1-:!ffll'U�'\J0-:imn,1\o1ttH�-:i�1i1t�tunnffnll1fli'-:iil �0 Tween so® Yl$0 
di QI 'GI • "1" � .J .Cl QI Polyoxyethylene (20) sorbitan monoleate 9fsl'il\o10g t'Wfl"Jll non-ionic surfactant t�l:Jff-:!9f0'il7fl'Unl'Vl 

Acros 1.h�t'Vlffffrl1JI0tll�fll 
@dQ.I ?1 at c t!!i Gl d , � ct 

Tween 80 ll€lflllW�t1J'W'\J0-:!trl€\1Yl'W\olfftrl€\0-:! tff llfl17llrl'W7tt'W'W W �WrliJll 25 0-:!ff7t9f€\!9frlff 
' ' ,, 

0tj'Vl 1.08 ni'll/9fll3 

ihh hydrophilic-lipophilic balance balance (HLB) 0tj'Yi 15 trn�tl1ritl'n tllt€\fl€l 

rvhn'LI 1,310 fl1ll/1ll€l 

\91717-:!� 3 ffll'U�'\J0-:! Tween SO® 

"' o' 

'V'l717llt\9101 

ff\9111m-:iff!1-:i 
qJ 

"' 

€\flllWUlll:J'W0fl 

fl17llrl'W7UU'W (g/cm3) � 25 °C 

Refractive index (n20 

0) 

Hydrophilic-lipophilic balance (HLB) 

tl1ritl'n 1llrnQ€l (g/mol) 

Tween so® 

( C2HP )20
(OHM c,sH

3PJ 1C6HgO 
� .d ,:!:I i 

'\J0-:!trl€\1Yl'W�fftr1€10-:! ff 

1.08 

1.471-1.473 

15 

1,310 

'

6.2 fl71ffflll7fl17lli1'7ll71tl 1 'Wfl71 €\�€\71:J'\JtN ,fl t\919f7'W 1um�u0ci1�n'Vlm1m'li'mi'u�1-:ia, 
d I IJJ t "' ,1 "' 'JI 'JI 

'il1fl\?ll'J7-:!'Vl 4 'V-l'IJ17fl17llff7ll11tl L'Wfl71€\�€\71:J'\J0-:! tfl 1\919f7'W'Vlsl 3 6lf'W� '\J'Wfl'Ufl17llt'\Jll'\J'W 

'\J0-:im�u09i�n i10d1-:it'lf'W 1fl 1w)1nui1m11Jmm101um1€l�mu�1trl01 �ff71€l�m£Jm�trnci1�n� 
'JI 'JI 1 -1"' 'I d IJJ 91"''1 "'"' ,J.,, 'JI 'JI ,fl17llt'\Jll'\J'W 0.25% ( \oll:J1J1lll\911) t'W'\JW�'Vlmmrn€\�€\71:J t�\91 t'Wfl'J\olU09f\?lfl'Vlllfl17llt'\Jll'\J'W0g 
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" . ' " 

i'Wi1-:i 0.5 - 1.0% 1�f.lff1m1m'l:::mf.li1!�-:i 98% 'WVfl'illt1i1v'-:ivm11dl0m11J1iu'1.1il'W'llt1-:im�t'W1J;im11itt' 

vlmGJ1'llt1-:i m1i1:::mf.l ifl t\PICJfl'W i1�i1-:i 

' ,, 

\91111-:i'Vi 4 fl111Jff1m10 t'Wm1i1:::mf.lifl t\PICJfl'W'Vi-:i 3 °M'W� ium�uuCM�nri11m<tY1J''W�1-:i1 

°M'U� iri t\PICJfl'W 

,, i 
1 

,, ,, .. "" 1 11"" 1uf.li1:::m1i1:::mf.l 'WU\Pli1:::ri111Jt'll1J'll'W'llt1-:im�uuGJf\P'lfl ( �f.l rn1\Pl1) 

0.25% pH 0.50% pH 0.75% pH 1.00% pH 

LM-CTS 66.3 ±0.9 5.05 98.6 ± 0.4 4.65 99.4 ± 0.6 4.28 98.9 ±0.1 4.08 

MM-CTS 46.8 ± 0.7 5.35 99.1 ± 0.5 4.65 98.9 ± 0.2 4.33 98.7 ±0.2 4.14 

HM-CTS 32.7 ± 0.7 5.01 98.5 ± 0.3 4.76 98.5 ±0.7 4.28 98.6 ±0.2 4.20 

G) AA d 'J} 'J} ')" A ' � d 'J} 'J} c!A 

t'Wfl':i�U69f\Plfl'Vlfl1llJt'lllJ'll'W 0.5% trn::: 1 % ( t�f.liJrn1\Pl';i) 'Vl'U11 tl.16t'Vlllmll.ll'lllJ'll'W'll6-:JflrnUVOJf\Plfl 
J} jl S,I I t jl 

0 q !J/ "I I'] ')' <V "'> I']_ I !J/ <V d "I "''I 3/d !J/ !J/ ,'¾ 

'Vil mmll.l'H'W�'UU-:J tfl t\PIOJfl'W'Vl-:J 3 °M'W�il�il-:1\PlllJ rn�1f.l 'Vl-!l'Wl'WU-:J'illflfl':i�'Vl t°MlJfl111Jt'lllJ'll'W:IJ1fl'll'W 
oq!J/ 'l'' II] 'l' "' .£ 1 q!J/ "I 

'Vll mffw t0Jf'll6-:J tfl t\PICJfl'W�fl\Pl�lJlfl'll'WUil�ff-:ivrn tr1fl1llJ'H'W�il�H'l-:J
,, ' 

i -:iir 'Wtvi ui1� Nil m �'Vl'U'll u-:i m � uuci1� fl� u �1'llV-:JlJ�lJ 1-:i 'H �-:i m1 mi1u'U�1f.l� m � 1i' 'lJ i fl l \PIOJfl'W
d..:1 .d.A d QI O � � 'J} AA 'J} 'J} !11 QI 'VllJffl':iil:::mf.lm�HUCJf \PlmlJ'W\911'Vllil�mf.l 'il-:JmUfl i 6Mi11':iil:::mf.lflrnHVCJf\91flmllll'lllJ'll'W 0.5% l 1J'W \911 

" 

'Vi1i1:::mf.l'llt1-:iifl t\PICJfl'Wt'Wfll':i'Vl�i10-:i 1�f.lfi1vlrnGJ1'llo-:ii111i1�mf.lifl t\PIOJfl'WTI-:J 3 GJ1i1�odiw1h-:i 4.65-
.Ji !J/ <V di I'] !J/ 0 llj ')' ') "'"" 

4.80 CJf-:JffO�flilO-:Jfl'Ufll':ifffl'l:ll'llO-:J Srinivasa et al. (2007) t�'Vllfllrn�ma tfl t\PICJfl'W t'Wm�UOOJf\Plfl 
..\q!J/""�lo'"l'l' 0.5% !'WO t°MNil\PITiillJ tfl t\91CJfl'W 

' ' ' 
d "I \ij ')' 3/ 3/ d ') d,=, d 3/ 3/ I 

\911':il-!l'Vl 5 mllJ'H'W�'llO-:Jffl':i:::i1:::mf.l tfl t\PIOJfl'Wl'lllJ'll'W 1 % 'Vlil:::mf.l t'Wfl':i�UOOJf\Plfl'Vlfl111Jt'lllJ'll'W\91W"} 

°M'W�'UO-:J ifl t\910Jfl'W 

LM-CTS 

MM-CTS

HM-CTS 

"I il ,,,, fl11ll'H'W�'UO-:Jfflrn�mf.l fl \PICJfl'Wt'lllJ'\J'W 1 % (w/v) (cps)

i1�mf.li'W o.5% nrnuoCM�fl i1:::mai'W 1 % nrnuoCJf�fl 

7.8 ± 0.1 7.6 ± 0.4 

33.0 ± 0.4 26.3 ± 0.8 

45.6 ± 0.6 38.1 ± 0.4 

� .: ,, "" ... 1 ii "' ,, ,, 
,, 

'il1nmrnn'l:l11110-:i\9'1u l�f.lfll':itfl"°'o11m1J�1J1-:i1-11flff11"�"w &fl l\9'10Jf7Ul'\JlJ'll'W 1 % (tl1ttirn�o 
• I"" .,j Gj ..... d j/ j/ 1 o' d <!I 1 Q I t llf Id 

urn7\9'1'l') 'Vlmrnw t'Wm�uoCJ1\9'1fl'Vlfl17lJl'lllJ'\J'W 0.5% 'Vl'U11vfo1J'Vltflnouo�'U'UN11J�1J1-:iuu tlJlJ 
, a ., t a .., , dl . "' · ,,  .. ... , a i" .. "' , a 

fl11lJ\PIOl'U o-:i �-:i'U 'Ul'Vl on� iJt\j'Hl�-:i nm 1'il-:J 'illt11u 'il�\910-:ilvllJiYl'a l\9llJU\9'1-:irno 'ttTiijlJlJfl11lJ\9lt:ll'UO-:i 
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,,. ® ?I 'JI ,k 'I d.J' "1 ® t ,1OTVl glycerol, polyethylene glycol (PEG) Uft� Tween 80 t'IJ'W\>l'W CJM t'W'Vl'Wtft0f1 Tween 80 'Vl-:!'W
A ' GI j/ " d. I d. tfJ 'J,) 'J,)i 'Jli ... 1� .d 'J,J di al QI A I QI .:A t'W o-:i 'il1nmiiTH1<J111:.1 m1foiiiifl 11ii\>lot'W o-:i t �um <J1 u 1J'j'1J1W 'Vl'W omii0t'Vl1:J'Ut1'U ffl".i t\>lil U\91-:imou "l 

V ' 

'UOO'illffW Tween so® ij',:iijm1uuft0�nmrn�'l�ii1n l'W�\>lffl'Y!O".i".iilflll'll".i 1:.11 u��tflra-:iihm-:i
& 1 QI ,/ l.fJ ,t O & � 01".ift'fflflf-.l�'\10-:! Tween SO® \>IO�ffl:lW�'\10-:ivlftiJ'Ul-:! tfl t\>ICJfl'W'W'W'VllOl".ift'mn t�l:.101".itflftfl'U

�.,, Ii)')' Ii) o' C> I O 'J/ 'J/ d.'J/ .I dt 'l'J/1 I Tiftil'UH tfl t\>ICJfl'W'U'Wm�'ilf)ff tft�U'Vl'Wl>n'\lO-:!il�il1-:!trn�mm11:.10ii�11:.1ff1:JOil1J".i��ftrn'Vrn t'INW\910
"' 'I 'JI 'JI .,, d 'I d I II] .,,.,.01".iff-:!tf)\>lflll:J t\>10�0-:!�ft'Vl".i".ift''W 'illf1Hft01".i'Vl��0-:!'VlUff�-:j t'W\911".il-:i'Vl 6 'V'l'U11 m�'ilf)ff rn�ii

V ' 

fl11il<J10'U\J1"1f1fl11�1'\l0-:!il�ii1-:ivi1'1ttffl".i��m1:.1iri l\>ICJfl'l-fviiiii�t�il Tween so® (<J1�fl1'Uflil) 
q q 

' ' V 

'i:11"7".itl��'U'WH1'\l0-:!ffi��.,,,� (fll'Vfvi 1A-3A) 1�m1uvn�ifl t\>ICJfl'W'ttijtl1m!n 1iirnflftff-:j (HM-CTS) 
q ., 

u��iri t\>ICJf1'W�ihl1m!n 1iirnn�1l1'Wnm-:i (MM-CTS) 'il�t�uvJ�iirn-:ii�oir�n11ir1 l\>ICJfl'W�"' 
q 

tl1m!n tlHftflft�h (LM-CTS) 'Y!ra�ntfo'Y!i!-:ifiavJiii�i�'illfl ifl t\>ICJfl'W�iitl1m!n 1iirnn�ff-:!f111'il�"
q q ., 

I I 'JI I 

rl1lil'Y!'Wlf117vJ�iivii�'illf1 iri t\>ICJfl'WTiiitl1m!n 1iirntlft\9lltl11
, V V 

dlm�ii Tween so® M'l'Wffl".i��ml:Jifl l\>ICJ/l'W'Vl-:!'1:11il<J1'W�'luil!mw�h-:i"l vi1ltt'i-w0vJiii
'JI I I I 

ifl l\>ICJfl'W'Vl-:i 3 <J1iJ�ijfh'li'iimn 1P1-:iui1�-:i'l'Wm'V'lvi 1B-3F 'lu'\lw�vivJ�iirn-:iiri l\>ICJf1'Wviilli�t�ii 
® "'"' d t J' A 1iJ l .,, ?t .,, Tween 80 ('l.f�rl1'U�il) ilff'ill-:!'Vlit� (fll'Vl 1A-3A) 'VM'WOl'ilt'W0-:!"7'illf1 tr! \>ICJfl'Wvl�m1J'WvJ�iiiJ1��

o., 'o., e::i.d.c=t,..( lJ')!i/c::t ,:!{ A ® o q j,lc., d\lJ3'd� & o Ci} !l,/ d QI 'U1f1'1:11"1".itl'il'Uf1'Uff'Vlil1J".i���'U t��trn�tii0t\>lil Tween 80 'il�'Vll t'Y!'il'Uff t��l:J-:1'\l'W'Vll t'Y!t'Y!'Wfll'Vl'lf� 
-1 "1 d, <V & "1 @ I GJ <V <V di d')I C> llJ.l'I O <V '\l'W 'Y!".iOOfl'Wl:J'Y!'W-:!rl0 Tween 80 ff1"1".itl<J111:J t'W01".i'1'Uf1'U'i:11".i0'W"l 'Vl�0-:!01".it\>lilft-:! rn t'W��".i\911".i'U 
1J') ,. .:A q 'J,)A QI� ,.. I dA� .c:!i d QI 0.1 i A A ,. &fl t\>19fl'Wt'Vl0 t'Y!ilffil'U\>l'Ul-:!1J".i�f11".i'Vl�'\l'W fll'Vl l:J�Oll:Jf11".ittl'Urnlll l:J-:!l:J-:!f11".it'1".itllt\>l'U t\>l'\10-:i 

q u 

itio�ii'W'Vl16 iilw�'u uon,i1tl'd'm1t�ii Tween so® ii'-:ii11:.1ltt'ir1 l\>ICJ1l'Wvlimnm1t1��'U'WH1'\lO-:i 
, 1J') 'J,)d� A , d ti � 91 & J 9J q d il�il1-:! &��'\l'WU��ilfl11ll\>10t'WO-:i'\l0-:ivJftiJ"1tl'\l'W ('\l0ilft'illtlf11".ift'tl'hllt'U0-:!\>l'W) t'W'\lW�'Vlffl".i���ll:J

., 

II] 'l' dli) Id I ® Ii) I 'JI � .,, d I ,,i "" I llJ ')I I II] cl &fl t\>ICJfl'WVl tililff1'WHiYll'\lO-:! Tween 80 tilffl"1".itlff".il-:!TiftilVl\>IOt'W0-:!'U'WH1'\lO-:!ll�ll1-:! &� 01:Jl-:! trn
\>lli!Ol".it�il Tween so® 'lull!mw�mtl�'Uri-:if--1� '1..ftnmfo-:immft'mtl�'W\>llil 111�11:J 'Vil ltt'vl�ii�i� 
1iii1�1tffiimii 0-:i ,Jltlij'Vfo-:immft'UVI ".iflflri1 'Wtd' ovJiii�-:itfl'W � -:i� iii1o10-:101".i (fll'Vl� lB-3F) 

., 

V , V 

'WOfl,JlflUV-:!'Vl'Ullfflrn�m1:.1ir1 tl>ICJfl'WTI]J\Jl'Y!Ufl liirnnftff-:!fl17,J�iiri11iiww�mnn11 'Vi1'1..f 
' V • 

q ., 

'W0-:!0101ft'Titn�;J'WtU0-:!'1lf1fll".ifl1'W]J'\l'Wl� imytrn�ti161:J".ifl11 
I ,J I I 

u1uni1mrn��w iri t\>ICJfl'WviiJtl1m!n 1m�nftTI\911n11 
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' ' " 

\911'H:!'Vi 6 N1;J'UtJ,HYl'Hl�m-.:i\9lr-.:i�1 (Tween so®) �tl'1fi'l:IW�Vhh11fl A\91CJf7'W'Viih.hntl'n hirnr:i1;1�1-.:i"'] 

Tween so® 

(%, w/v) 

0 

(control) 

0,1 

0.2 

0.3 

0.4 

0.5 

LM-CTS 

' 

r r) . 

� 

MM-CTS HM-CTS 

,....,. 
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' V 
'J) di/) 'J)'J) 'J) 'J)'°'o, <11 o <!I Gj 'J) ® 'J) 'J) o a, I 

'illf)'Ufl¾j'1'VI !�'Ul..:J11'U flW��1'ill'J'il..:J'Vllfll'H'1flf) !'lf Tween 80 fl'JllH'Ull'U'U 0.1 % ('Ul'H''Uf111fl 

iJ1m11'.i) 1'W�11'.i917frnrn�'Vllfll'.i1tfl'.il�lffl17ll'H'U�tiJ�urn'nt'.l'lJtlU�11'.i\?llfu�1ii1�t�ll Tween so® 

' ' V 

W1J11 fl'Jlll'H'U�'Ufl..:J�11'.i\?llf1J'nt�lllrn�1:1.h�ll Tween so® 11fJ},J'11m\'t�t'J..:Jtl'U (111'.il..:J'n 7) �..:JU'Ui..:i 

fll'i)'(;qiJ1�11 fll'.it�ll Tween so® fl17lH'li'll'li''U 0.1 % ('Ul'H'lJf)\9lfll11ll111'.i) 1iiiiN'1\9lflfl11lJ'H'U�'Ufl..:J 

�11'.i\?llfU 

' V 
d @ I .::!f ti] 'i 'J) 'J) 0 QI I .... IA 

111'.il..:J'VI 7 N'1'Ufl..:J Tween 80 11flfl'Jll.J'H''U�'Ufl..:Jffl'.i�'1�'1ll'J !fl t11Clfl'Ut'Ull'U'U 1 % ('Ul'H''Ufl1lfl1J'.ill11l'.i) 
d G\ .::!A d 'J) 'J) 

'Vl'1�'1ll'J t'Uf1'.i�Uflcif11f)'Vlfl11lH'UlJ'U'U 0.5% 

'lf'W�'Ufl..:J ,fl 111cir1'U 
<!I 

, 1 'J) 'J) 
fl11ll'H''U�'Ufl..:Jffl'.i'1�'1ll'J fl 11Clfl'Ut'Ull'U'U 1 % (w/v) (cps) 

, 
I

_,,. 
@ llt11ll Tween 80 

"" ® t11ll Tween 80 

LM-CTS 7.6 ± 0.4 8.9 ±0.6 

MM-CTS 26.3 ± 0.8 28.7 ± 0.2 

HM-CTS 38.1 ± 0.4 37.9 ± 0.6 

Zhong et al. (2011) 'Vllfll'.itll,J�rJfl..:Jflflfl'illfl�11'.i\?llfU1fl 111Clfl'W�iiiY1'UN1;1'lJ'Ufl..:JUfl..:i kudzu 

U'1�fl�tciffl'.ifl'11 �t'J1�'.i�1JU�t1Jt1Jlfllf'I �..:Jt�'U 11i�'Vll ,�'.i1�H�1 U\91\>l'U'V]'U 1 'U fll'.itll,J�rJfl..:Jfifl'W'li'l..:J� ..:J 
SJ JI I SJ sJ I I 

QI QI A QJ d..d .::!f d O QI ... I 
'J) QI A \rJ 'J) 'J) � .::!f ?I 9) � 0 QI ,..1 al 

�..:J'U 'U ..:J l'U 1'il t'J'U 'il ..:irnfl fl'VI 'il� fll'il� TI fl..:Jm t'Jfll '.i11..:J'Vl..:J ! 1'Ulllfl 'U!Wflt'U 'U fll'.i'1� 11'\.! 'VJ'U t 'U fllrnl'il� TI fl..:JC}f ..:J 

'(;1'fl�fl't1fl..:Jtl1Jfll'.i'Vl�'1fl..:J'Ufl..:J Abugoch et al. (2011) 1�ui:in11w�'llfl..:Jvlci':1.Jm..:i 1fl 111cir1'U�tfl�fl1J1J'U�b 
II) o' t "' II) I � •• I 'l 'J) 'J) o' ., 'l d 

'Ufl..:Jf1'.i�'ilfl'f;1' !'1�'U'Ut'.it'J1JU'1� !llffllll'.itH'H''UTifl..:Jfllfllf'lfllt'J t11fl'1fl..:J�'1'Vl'.i'.if'/'U �..:JU'(;1'�..:J t'UfllW'VI 1

HM-CTS film MM-CTSfilm LM-CTS film 

mw� 1 i:in11w�vlci':1.Jm..:i 1fl 111cir1'U'lf'W�\9ll..:J'1 �iiiY1'UN1;1'll'Ufl..:J Tween so®rvi1tiu 0.1 % 
, V V 

"' o ., •• I o ., 11J 'i' 'JJ ., .,,. 11J 'JJ 'JJ ,,. 'VI fll 'il� Tifl..:Jfl fl fl'ill f)�11 '.i 111 '.iU ! fl t 11 Clfl'U � 1t'Jfll'.i11..:J'Vl..:J !'J'Ulllfl 'U 



., t di • I 1I 'J) 11] 'J) ' 0 ., 11] 1 dq 'J/'I ,!I "" I .J 'I 'J/11] 'J) \Pl-!l'W'I-Hl-!l0l,Jff'J1Jt'UO-!l\9l'W t\Pl11ff\9l'J\9ll':i1J tfl tWtll'W'Vl t'lf t'Wfll'Jtff�01l1J'WN'lll�ll1-!ltVlV tl'I t\Pl • SJ 

16 

�a1 .eL:::1 , .:A 0 ?1 9! � ® q ll1 ,Jt � vJi-ill'Vlllfl17ll\9lflt'WV-!l,llt1J'W\9lO-!lt\9lll Tween 80 i-i.:i t'Wfflrn�mo tfl l\9lc.lfl'W U\9lt'VlVil\PlUt1jl'llf11W1\Pl 
I I d O Q.I \tJ � � � @ d 3/ 'J/ vh:i.:iui1�.:i1t1\9'1Vf11'Jt\9'1Wll'tll9lrnl'J1lffl'Jil�i1W tfl l\9lc.lfl'W,J-!lti-iVfH\9lll Tween 80 'Vlfl11llt'IJlJ'IJ'W 0.1 % 

V V V 

(tl1Mtl'n�vtl1m\9l'J) ui-i�n1�1P1v-lv.:i t\Plom"J�-!l'Vl-!l Hr-0'1ll�'W 

6.4 f11'jfff1117Hil'IJV-!l lll l'W lc.lft�Ollflil\9lltlll9l '1'Wff\9l'J\olli'1Jffl'Jtfli1V1J�VfflJ1J�'IJV-!l lfl l\9lc.lfl'WvJ't)lJ 
SJ SJ 

• V 

m1.:i,:i1nm"Jt19'11ollff\9'1Hlli'11ff1"Jtfli1v11tb�tl"J�f1v11�10 tfl t\9lc.lf1ut<fi'mi'u 1 % (ilrntl'n t\Plo 
SJ 

• I "' 1 'I 1 . I"' "'"" "' & "" ® 'JI 'JI 1J'Jll119l'J) t\Pltli-1�"170 t'W 0.5% ( t\Pltl1J'Jll1191'J) f1'J\PIUVc.lf\9lf1 Uil�llffl'Jil\PIU'J-!l\91-!lH1 Tween 80 t'Ull'IJ'W 
V 

0.1 % ,:i1ntl'ut�llffl'Ji-J�i110 tll t'W tc.lft�Ollf1\119lltll\9lm itl,:iuiitil9l'JTff1'W t\Plt1ll1i-J'J�l'111.:i tfl t\9lc.lfl'W�V 
"'l' � <i' d 1 (11  O I I ,A d  d tll t 'W tc.lft\PltllJf1\11911tll\91 t'Vllf1'U 1: 1, 1 :2 Ui-1� 1 :4 Uil�'Vllf11'Jf11'WVV1-!l\91Vt'WV-!l'Vlfl17llt'J1'JV1J 960 'JV'U 

" ,, 1 " 

�V'Wl� tV'Wt'lill 30 mvhm��.:ivi.:i H 1 �'Wtv'tvn1�\Plv-lo� ,Jlf1'U'WlJ1ll11\Plfl11lJl'l'U\Pli�uff\Pl� 1'Wl9ll'Jl� 
• • V 

'Yi 8 'V'l'U11 tijoi.im"Jt�lJ hi 1 u tc.lft�Ollf1"1\9lltll\9lil� itl'l uffm¥11i'11'1umn�u,:iuu.:itil9l'Jlff1'W'Jg;M11.:i 
SJ SJ 

tfl t\9lc.lfl'W�V tll 1u tc.lft�Ollf1�19'11mmvi1il'U 1: 2 ri�Hi-i 'lttmT!ll'l'U\Pli-1\Pli-1.:i ui-i�fl-!l�trlvt�ll tll 1-w 
V • 

1 c.lft�Ollf1"1\9l ltll\9l i-i.:i '1uff19'1'J1o11i' 11mn�u trn�tijvtl 1m"J i1�'!;l 1t1i�nri11mtfli101111uuHu ff t '!;lttrng;m"J 
SJ SJ 

& • ·� ,I I dt 1 1 1 ,d & ,d di 1 1 ,d I .:, 'IJ'Wl1JTI'/;lll'W'U17tllV tll t 'W t C)ft\Pltlllf1tl1911Lll\9llllf1'1J'W,Jg;lJ H'!;lf1'1JV� tll 1 u tc.lft\Pltlllf1�\9lltll\9lmg;,:iwv�vn 
�., ,J liJ.t<JJ ., d li]'J/ d .J ""  'J) 'J) ., ' TI"1lllllf1'1J'W\911ll rnmo \P).:j,:)g;tl'l'W t\Pl,llf1\9ll'Jl-!l'VI 9 trn�tlJV'V'l,ll'JW1\Pl1tlf1'/;le).:j,li-J'Vl'J'Jft''WU1l'UffV�m1\Pl 

• 

• ' V 

(m'V'l'Yi 2) Vl'U11 1i1m�ll tll 1 u tc.lft�Ollf1'/;l\9lltlll9l '1 'Wff\9l'J\911'i1l,lg;'l'l1 '1-Jvlill tfl t\9lc.lf1'WiiviuH1'1J'J'IJ'Jg; 
SJ SJ • 

• " ii ' 

tmg;iiHilf1'1JV� lll l'W lc.lft�UlJf1'!;l\911tll\9lm�,:iw�1mivfTn�vlill l\PlU�-!lffllll�iil'W11vlblll'Yiiiri1'WHffll 
cu qJ q � 

'UV� tll 1 u tc.lft�u:J..Jni1\9l1tll\9l'W1,J�fflm'Jt1£J\Plenum"J tri'Ufo111ll�1b� i��n11 tfl t\9lc.lf1ut-wu�mJ1�t�o1 SJ • 

• V 
,d 1 1 1 ,d I ,!I liJ 1 'J} 'J} O a, 1911'Jl-!l'Vl 8 H'!;l'IJO� tll t'W tc.lft\PlUllf1'!;l\9lltll\9l\91Vfl11lll'l'W\Pl'IJV�ffl'j�i-J�mu tfl t\9lc.lfl'Wt'Ull'IJ'W 1 % ('Wll'l'Wf1 

SJ 

�otl1m\9l'J) �'!;l�mu'1um�tm'1f&lf1�fl11llt<fi'll<fi''W 0.5% (1�utl1m\9l'J) irng;iirl1uHfflJ'IJfl-!l Tween 

SO® tvilt11l 0.1 % (lJ1l'l'Uf1�0tl1m\9l'J) 

'.lfU\Pl'IJfl-!llfl l\9lc.lfl'W ,!I 

, 1 'J) 'J) fl11lll'l'W�'1Jfl-!lffl'Jil�mu fl 19lc.lfl'Wt'1Jll'IJ'W 1 % (w/v) (cps) 

CTS :MSG = 1 :0 CTS:MSG = 1:1 CTS:MSG = 1:2 CTS:MSG= 1:4 

LM-CTS 8.9 ±0.6 7.5 ±0.5 7.0 ± 0.1 7.0 ±0.2 

MM-CTS 28.7 ±0.2 23.9 ±0.3 20.6 ±0.6 20.4 ± 0.1 

HM-CTS 37.9 ± 0.6 37.0 ±0.3 27.5 ± 0.5 32.8 ± 0.2 



' ' ,, 
�111-rvi 9 l}Hl'llt1-:i hi 1u tciH�1:J:Wf1\J�lt:w�\Pimim,1w�vJrl':wifl 1�CJ51uviihhntl'n 1:wtilf:Ji'IIPi1-:i"7 

u111'ii-d1u h1m.n1;1 

';j�'\111-:1 '11'l llllCJf1'U�V 

Ill i 'U ICJfl�flllflt"JllllllJ\11 

1:0 

1:1 

1:2 

1:4 

HM-CTS 

(n) 

MM-CTS

� 

� 

� 

('U) 

fll�� 2 !fl 1�9$7UvJcl':w: (n) !fl 1�9$7UvJcl':w�iilii1:w 1u !9$!�1:JlJf)��ltlJ�; 

LM-CTS 

('U) !fl !�CJ57UvJci':w�iiff1Uf4'fflJ'Utl-:l !lJ ! U !9$!�1:JlJf)��ltlJ�

17 

� 
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cl ,J �  I " "I d ..,  I :  � 

�lflfll'arl'fllll!'l.J'e),:j \?l'U vm 11 , fl A \?lcifl'U vi j;l:JJ ""ll.Jl 'atHJ�'e)l �fll 'a !fl'l.J'a fllllll�ll1-:J'Ul� 'e) fl ill (fll'Vi 

� 3) u�tdvt�ll All A'U Acift�t1llfl�\?11m\911'WJ;J;\911917i''l..l��ti:lum1m��'W1Mtn� Arnuvutrv1rn 1u""'l..l'UN1 
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" ' 
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Development and Application of Chitosan Thin Film to Prolong Shelf Life of 'NAM 

DOK MAI' Mango 
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1Department of Botany, Faculty of Science, Chulalongkorn University, Bangkok, Thailand 

2Metallurgy and Materials Science Research Institute, Chulalongkorn University, 
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Abstract: Chitosan solutions were prepared from 3 different molecular weight chitosans 

e.g. 65,000 Dalton, 370,000 Dalton and 410,000 Dalton. 1.0% chitosan was dissolved in

0.5% acetic acid solution added 0.1 % tween-80® as surfactant. 'Nam Dok Mai' mango

fruits were dipped in chitosan solution for 5 minutes, and mango fruits dipped in 0.5%

acetic acid solution mixed with 0.5% tween-80® were for control. Then, mango fruits were

stored at 25 °C for 10 days. The result showed that mango fruits coated with chitosan

solution prepared from 370,000 Dalton and 410,000 Dalton chitosan had lower fresh

weight loss, more green peel color and lower total soluble solid contents than those of

65,000 Dalton and control fruits. Moreover, the shelf life of 'Nam Dok Mai' mango fruits

coated with 370,000 Dalton and 410,000 Dalton was extended to day 20 of the experiment.

This study is useful for further study and can be applied for commercial scale in the future.

Keywords: chitosan, 'Nam Dok Mai' mango, fruit coatings 
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