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47403216 : MAJOR : FOOD TECHNOLOGY
KEY WORDS : BROWNING/MANGO/OSMOTIC/WATER ACTIVITY

WANITHA TREEHUT : THE REDUCTION OF BROWNING OF SULFITE-FREE LOW
SWEET DRIED MANGO SLICES DURING STORAGE. THESIS ADVISORS : ASST.PROF.
BUSARAKORN MAHAYOTHEE, Ph.D., DOUNGJAI THIRATHUMTHAVORN, Ph.D., AND
ASST.PROF. PRASONG SIRIWONGWILAICHAT, Ph.D. 129 pp.

In this study, the browning reduction of sulfite-free low sweet dried mango slice
during storage was investigated. The humectants compounds and their amount were applied
for reducing the water activity of products. Mango was soaked for 3 hour in different concentrations
of humectants in osmotic solution, glycerol (10% and 20%), sorbitol (10% and 20%), glycerol (10%)
with sorbitol (10%), glycerol (10%) with sorbitol (10%) with sodium ascorbate (1%) . The solution
was adjusted with sucrose until reaching 30°Brix of total soluble solid. Mango slices were dried at
temperature of 75°C for 3 hours following decreas temperature to 60°C for 7 hours, continuously.
Sensory evaluation was conducted employing 7-point hedonic scale using 30 panelists.

It was found that, glycerol (20 %) was the most effective for reducing the water
activity and the most acceptable to customers. At the ambient temperature for 3 months, it
took long time mango that soaked in 30 °Brix sucrose solution to develope browning reaction
but sorbitol (10%) and glycerol (10%) received the highest linking score. The effects of
coating solution, 1% of CMC (Carboxymethylicellulose) and 2% of HM-P (High methoxyl
pectin) to browning reaction during storage were observed. The result showed that the
coating solution and 5 °C could reduce browning reaction in dried mango during storage. The
comparison of coating mango and non-coating mango at 5°C of storage temperature, coating
mango took longer time than non-coating mango to develop brown color at ambient temperature.
Mango coated with 2% HM-P (High methoxyl pectin) stored at 5°C for 3 months acquired was

the most acceptable.
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Aldose + amino acid

1

N - substituted glycosylamine

1

N substituted 1 - amino- 1 - deoxxy- 2 - ketose

Pathway 1 / \ pathway 2

Methyl dicarbonyl CH, CHO 3- Deoxyhexosones

intermediates | | intermediates
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dicarbonyls 2 - furaldehyde

+ amines + amines
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31 : Braverman (1963)

CHz(OH).CH(OIle C=0H

C.C=0
|
0

O

N

dehydroascorbic acid

|

H,C—C=0

HOCH  C=0
\ \

HOCH, COOH

2,3-diketo-hexuronic acid

l 2H,0
-CoO,

CH C.CHO
\ o /

furfural
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RELATIVE REACTION RATE

01 902 03 04 05 08 07 08 08
WATER ACTIVITY
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A <3 VoA 4 Qddyol ' a o Jd 9 =1
VINNMNA 11 HUNNANBNDILOAAIAAINIT 0.3 HaRNUNABUT LAY
asdiamemsTeNdaiiesnnlseeendmduved lviy mamal§sodihmaiioann
4 1 [ PPN zg ] 9 = a a Y VA 1
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3.2 M3Ail
Fomilay fifo
Sucrose Mithpol
Glycerine P & G Chemical
Sorbitol Siam sorbitol
Citric acid monohydrate WEC
Sodium ascorbate (Na-As) Siam-phama
Carboxylmethyl cellulose (CMC) TPC
High methyl pectin (HM-P) Nutririon
Acetic acid JT
95% Ethanol Merck
Trichloroacetic acid Merck
2-Thiobabituric acid Fluka
5-Hydroxymethyl-2-furaldehyde Fluka
Sodiumphosphate monobasic Ajax
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3.3 gilnsal

Sodium phosphate dibasichydrate Ajax
4-metylcatechol Fluka
Sodium hydroxide Merck
Hydrochloric acid Fluka
Copper sulphate Fluka
Potassium sodium tartrate Fluka
Methylene blue Fluka
Polyvinylpyrolidone Fluka

nseamnlas I ladiwmes (Spectrophotometer)
(j: W Geneys -10 UV/VIS Thermo Spectronic, USA)
nseamnlas I ladiwmes (Spectrophotometer)
(j: U Geneys - 20 Thermo Spectronic, USA)
W1AIARSHUYNYM (Hand refractometer)
(Atago Co.Ltd., Japan)

A [ 1 I 1
Lﬂif]\i')ﬂﬂ'lﬂ')'llllﬂuﬂiﬂ-ﬂ'l\i (pH meter)
(9% PHM 210 Metro Lab, France)
m?mm’%wmummuqmﬁgﬁ (Refrigerated centrifuge)
(U Sorvall RC 6 N.Y.R, USA)

4 4 ,
INTDUNIYN (Centrifuge)
(a;'u Universal 16 U5HN Hettich, Germany)

A g ..
5ol unay (Homoginizer)
(g'u UltraTurrax T25 Basic, Malasia)

ﬁ’auatyﬂymﬁ (Vacuum oven)

U q

(34 Vacucell 22, Germany)
a ~ .
195NYUET (Colorimeter)
(f.g' U Miniscan XE Plus Hunter Lab, USA)
[l v v
IATDIFINNINYHAZIDEA 4 AU

(f.g' 1 BP 221S Sartorius, Germany)

23



24

Bearaihminyianen 2 dumis

(KERN & Sohn GmbH D-72336, Balingen, Germarny)

Lﬂ"iﬂ'm%’ﬂﬁnmﬁﬂimﬂaag (i: U Thermoconstanter TH 200 Novasina, Switzerland)
Texure Analyzer (Stable Micro systems 'j: U TA-XT2i U3HN Charpa Techcenter Co,

LTD., England)

3.2 3 5MInaaog

a

3.2.1 AnAaanliavesingay
AnTzinanmisuduvenyiegn neumseuui Insdnsziauianig
= o a dou 1 dy
menmaziall Tagiimsamsiziaaas 11l
Ed k4
AU U UDIWZNgNIHA 1a8]F texture analyzer (TA-XT2i, Stable
Micro Systems, UK) Tagms1iwzaiae 5 wa anianmsagega (nsu) drevriansanszuendu
] 4 a A { @ 1 a A < 1 [ A A a
FUEUENAN 5 Tadmns NIzezN1anaAaIng1a 8 Jaamas ANU5INBUIA 5 Haduns/ Ui
< @ a A a < v o a A a
ANUTIVALIA 5 Hadawas/ TN ANWEIMAIA 10 Hadwas/ Ui
v E4
-Fuouaen Tuszun CIELAB daf1 L* a* b* (Tagf luszund L*a*b il L*
UEAIAIANUATN a* uaz b* UONNANINURIT 1TU +a* WuedseglunAvesdua —a*
=< 1 a a A =2 1 a S A = 1 a =
nuedeg lunavedived, +b* nuedeglufinvesdman uag —b* viuedseglunaued
:’ a 9 = = v A A 1 [] [ =Y o [l
1R Aemaseud Teeiadnlaenveanziiag 5 wa Tasuzaaa 1 wa 9 3ama 3 Aumua
TAuA duuu A9 HAZANNANZUIN (LEAITIHaBIANINTIATAINANLIN N 9D 1)

= da' v Yy = = ) ay
-HUDIUUD M‘izun CIELAB 971 L*a*b* a8u1asinagud Tﬂﬂuﬂﬂ&

Y
BN 5 FU MIIamd 2 a1 Tuudazauda 3 Auru (VY nand uaza)

O Uu r# O

O naN O
O aNn

9 a A FY a <
ﬂ”ll!@]m‘ﬂﬁ@ﬂ ATUARLNARA

M 2 v
Ml 13 Ausndsmsiamasuuzansgnnowi lugo
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a dy Y Aas =) (%
-AFUANVFUAIITIT AOAC (2000) (LAAITIHALIDIAAINIANUIN
V0 4)
a <3 { 3
“AJSnaveavanazais IaNIua (total soluble solids, TSS) Taelds
WATAFIUTAIN (Atago Co.Ltd., Japan) (LAAITIAZIDIAAINIANUIN N U0 9)
A v
AFnansananuai 1nmsa 'l (titratable acidity) Taens Inmsniy
=S PR Y 9 Y = [
msazae laaey laasen lesaniinnududu 0.1 wesia (LaneT1sazBeadanIANLIN A
99 2)
o [ < A 9/09./} Aa g A
-Muramveantanazais ldnaua/ Usuansanavua (TSS/TA) ellszinu
M Sugar-acid ratio
Y
3151121191918 (Lane - Enal method L@A951882108AAINIANYIN N
99 8)
a o ax a ..
-Aanssuen ol Inatluoanendiaa (PPO activity) (Zauberman Lagale, 1991

HEAAITIHAZIDIARINIANUIN N 0 5)
3.2.2 MatasguNaliinouydN

wzingnilFlumsanyihmsusduazeuuie fmuaszauANugn lag
Aa 1 a 3 A 9}3 A a 4
nsannmlsinavewisiazae lanimuane 15.33 +0.52 o9uTndG
Tagtimziegninde denldenudnnimswumuennveswauzaina v 1a
Qy 1 YA Y [ QSI [] A o Y Y o Y oy ogJ‘ o Qy 1
5 - 6 Fugona lNvina Indifsady Fuuzinniuedr i lddrah indmhduuziaa

a =

oy { [ o 1 091 1 4 1
ﬁ?ﬂﬁ?ﬂu?%}ﬂi‘!ﬁﬂmﬁﬂﬂ 99 paf a1 2 mﬁ ﬁ}?ﬂ@ﬁﬁ']ﬁ'luu']ﬁﬂlﬁﬂllgll')ﬁ 1:1

a u
Y
v

udr0i lusdumutuaoulude 3.2.3
33 Q'J a v Y, v d 'Q' Y
3.2.3 Tupeum lflumsnaauziinsiuglvaeiuiurdnounia

= dy Y Aa ] IQ' Y 09/1 [ d‘
“luﬂ”lsﬁﬂmu”lﬂwammmmm@muummmumaumuﬁm“lumwm 14



YZUNGNHAIRIN (1INT0 3.2.2)

H¥AITATAe00d luAnALaAd lua1519N 1
A ] 9 =
NHIUNT AN U 80 DA AL e d

Funan 3 $2Tue

Mesaza1ed IuAnoN

Yy Aa ] 9 Z’ [
ANAINZUNgE e

MSIIUUASLATIFAUIa

a =

Yy 9 v Yy A < o
E]UL!WQ@’JEJ%E]UZ‘]NS@HV]QW%QN 75 ﬂﬂﬁ?&“]ﬂﬁ!%ﬂﬁlﬂﬂﬂﬁ? 3 “lf’ﬂiN

udranguuniaunie 60 osrwaIFod

£l
a o I J aag
IUNANNUNUANIBIADILDANIN 0.6 — 0.7

M 14 ﬂ‘i%ﬂ’)uﬂWiWﬁ@MWJ'JQLL“]}aM@U!,!,1(9?’\1
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M519N 1 MsazaigeaalNAnNIFlumMsAnE

dnaaod gasanazaleood luan pH
control a1sazaney Insa 30 IAUINT 3.0

gly 10% A15A2019NA¥0T0A10% + 1A = 30 0IFMUTNG 3.0

gly 20% A1502010NA¥0T0A 20% + FIATE 30 BIAMTNY 3.0

sor 10% A15AZ010¥05UNOA10% + 9 1A5H = 30 DIFNUING 3.0

sor 20% A15A2010%03 N0 20% + Y 1ATE = 30 DINUING 3.0

sor 10% + gly 10%  @1582@10naly030a10% +¥030Nnona 10% + ylasa = 3.0

30 99PN N
sor 10% +gly 10%  @1582@10nalyeioalo% +wo5inea 10% + ylasa = 3.0 AoUAY

+ Na-As 1% 30 PIAUTAY Na-As 1%

= Y b éa = 1
3.2.4 fiNPN Nﬁ‘lli’)x‘lﬂ“lﬂ‘]ﬂ!"lﬂ]ﬁﬁiﬂiﬁ cm‘;‘u‘n'e)auaznawasaﬂunsxmumszw

v %

. (VA o d w
DUNDAMANHUNZHIIWUE YA HUANAINITOUIRS

o 1 Y a 4 a Y] 4 9 1 a dy 9 an
ummawmmmnmﬂwﬂmmwwaﬁﬂmm IJ]J@l,l,ﬂ ‘]JiiJ'lﬂ!ﬂ'J'liJG]fuﬂ'JEJ'J‘ﬁ
~ a =\ 1Y 1 I 1 Y]
AOAC (2000) Water activity 1@ 25 sarniyaiised IaA1nnuilunsa-a1a( pH) Ia
Y
1511219191 (Lane - Enal method) & 145211 CIELAB A1 L*a*b*@28 Colorimeter
a 4 a a Y] a
Anssuveueu lyineailueasendiaa (PPO activity) faudada1nItmMsved Zauberman
9 a Aa A 09; o ax
azae (1991) (AIANUIN N UD 5) ﬂiﬂTmﬂTi!ﬂﬂﬁuTﬁTa ﬂﬂl!ﬂﬁ\iﬁﬂﬂ?ﬁfﬂiﬂlﬂﬁ Baloch
a 4 a
aza (1973) (MANUIN N 10 6) gazans1z vl s 5-Hydroxymethyl-2-furfural
(HMF) ﬁﬂllﬂaﬂ%Tﬂﬁ%ﬂTiﬂlﬂﬁ Rattanathanalerk tiagaste (2005) (AIANUIN N sijl}@ 7) Gluﬂ”l'i
Y
a o o a 4 o . .
AATITHMUATIINSIATIZH 2 H1 1URUMINAROIUUL complete randomize design
a J aa a Jo . 9 o
(CRD) amiwzﬁwammamﬁaﬂﬂmmmaummmmmgﬂ SAS Version 8 4 117U
. =~ = J U d‘ 9 as d' [
Windows 11580 unnuuana1NveIn I asn1eIs Turkey’s Range Procedure (HSD) Ny al
A o v
ANUYOUUIDYIAL 95
MMInageun1lszamduRaueadi0e 19Uz i IBDNOVUTITIUIY 100
o I a ™ o 1 1
AU A28 7 point hedonic scale AaMANUIN ¢ Tasdnaaeuiludus Tnanaly uaziihwziinws

a Y Ay [ A o =< A a 9 4
@ll@‘]_lLL‘I(N‘VIEJ‘VIﬂﬁ’ﬂ‘UEJE]?Jiﬂﬂ?ﬂﬂi’!ﬂﬂ?ﬂTﬂ?ﬁﬁﬂHTﬂﬁLﬂa’f)‘llN'Jﬂ’lﬂﬁ'"lillﬁiﬂiﬂ’ﬂaﬁ’ﬂﬂﬂ N
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a 4 aa
HAUNITNAADILLUD randomize complete block design (RCBD) ARTITHHANADANAY
a o . ) Y . 1
Iﬂiuﬂihﬂ@ﬂ?‘l’)!@l@iﬁuiﬂzﬂ SAS Version 8 @1%3U Windows Lﬂ%mﬁaummummwm

1 A v ax A @ A o v
AURAYAIYID Turkey’s Range Procedure (HSD) NILAUANUFDNUIDIAS 95

H ¢
3.2.5 An¥1 waveamsliimaylasa vesineanaznaryesealunszuIumsny
a J = v w  J o d v b4 ' -
ausemsfasunlasuzanaiuglyaetiuandsmssundisluszninamsiiuinm

[ 4

o ' o Z A Y Y = A A
mmmawuﬂ%ﬂ@uuﬁu%mmmwmm@ 324 mﬁﬂuqﬂwmwauﬁﬁw Iag

=

S o a 2 4 [ Y4 )
nusnuNgungines (31 — 33 osraaiFed ANUFUdURNSS0oaz 55— 60) ttaz1i N
a L4 a o JNY 1A dy Y an .. A
AnTIEHRuUMWHaasMal 1aun YsuannuFua1els AOAC (2000) Water activity 9
a @ 1 [ 1 @ a g’
QM 25 eeruraliea JaniAnuunsa-a1a( pH) Ia3uiaiieia (Lane - Enal
[ 1 a L4 ax
method) & 143211 CIELAB 3@ L*a*b* @18 Colorimeter nan3ssuvedey lainedwue
aoongad (PPO activity) Aaudad91nIsnsued Zauberman tazane (1991) (MARNUIN
9 a a A g‘ [ an
198 5) Usmamsnadiiiaa aaudatnindsnisues Baloch uazame (1973) (MANUIN N
a 4 a [ a,
U0 6) uazunIEYvsnaes 5-Hydroxymethyl-2-furfural (HMF) aauasnndsms
1 S o
Y94 Rattanathanalerk HAZAL (2005) (MANUIN A U9 7) NILILIAMTIAVSAYIO0 15 30
9
o a s o a 4 o
45 60 1Az 90 M TUMIUATIEHMAARAINTAATIEH 2 B IUWRUNITNABBAULIDY
a ' aa Aa do
complete randomize design (CRD) UAIIEH Wammamé’haiﬂmﬂimaummasﬁm%gﬂ
SAS Version 8 11151 Windows 1158 Uiieuanuuana19vedn1naea1eds Turkey’s Range
4 o 4 Ly
Procedure (HSD) NI<AUANUILBNUIDYAL 95
Mmsnageunalszamdudamssousududuazanyuzlingveiiedis
] A Y o Y . . [ 9/ 1< Y
VLUNLFDOVLHITIUIU 30 AU A28 7 point hedonic scale AINIANUIN A TAsANATOUITI LA
{ { o Aa o 1A o a o { <
ANuFBINefURaAS it NeuLie TaskiminadeunansunszeyaIMsiy
FNB10 30 60 1AL 90 U MUWNUNITNAADAULLY randomize complete block design (RCBD)
a td aa a Jdo o o
AnszirananaadieTUsunsunouimosdu5931 SAS Version 8 d115U Windows

FeufeunuuAnA19UeAINA8AI83T Turkey’s Range Procedure (HSD) N5¢AUAY

A o 9
[FoNUIDYAL 95
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A A v Y v ¢
3.2.6 N3N VAN VURIA W5 lalnsnoaassn
4 a a
3.2.6.1 Ma@3oNAIsTaza1ens UenFawiaryag lad (Carboxymethy
cellulose : CMC) ANNYNYUT00AL 1
Y
ihmsvengawiawag Tas 10 n3u wazateluiii 1000 Tadans au
I dy = Y
asazaneladwiiomedniu
3.2.6.2 MIA3enaIsazate lamnnensa imady (High-methoxyl pectin :
Yy 9 9
HM-P) ANudutusooay 2
Y
ihnsvengamfiawag Tas 20 n3u wazateluiii 1000 Tadans v
I dy = Y
asazanelawiiomednu
9 [ 1 = Y I 9
Yandsszieluseninamawmsoudoaunars lalasneaassnnasiios uas
A o v o o I v
umsazargnaeanatietlesnumsdudnuiudeu
3.2.6.3 ThuzirugoueuuisignadousousunnigaaIndo 3.2.4 mgu

Y Q

A o % a A <} )
Gl,umiazmﬂum 1 UM mmﬁwumuﬂﬂmmmaﬁ 1 u1ﬂlﬁﬂﬁ$mﬂﬁﬁlﬂ§®‘ﬂ uazuﬂﬂ

=

a [~ =
’é]‘]JLLﬁIQVI UNHY 60 mmmalﬁma Wuan 45 UN

Q

= d‘ ] Y U d 1a Y A v A
3.2.7 ﬂn‘ymamssﬂaﬂmaﬂawaau3uawm131‘15ﬂeuumwauammm‘lmﬂaau
a I a v \ S W d' a Yy d‘ a <:
W7 !!ﬁzlﬂﬁ’f)‘UN’Jﬂ]ﬂﬁ]ﬁl‘laiﬂﬁﬂﬂaaﬂfﬂuigﬁ’n&ﬂ1§!ﬂ‘1J§ﬂ‘H1Tli’).m‘HQN‘ﬁﬂQ HazNIUHNA

Tuszrnamspusom

° ' Y A A Y s Y ° v
HTNS'JJ'N@ULLWQVILﬂﬁi’)‘U@I'Jflﬁ']ﬁllﬂiﬂﬁ‘ﬂ@ﬁﬁ@ﬂﬂﬁ]']ﬂ‘ll@ 3.2.6 llay 'Ll"lll']ll'iiﬂﬂ')ﬂ

a =

a a a s o { { [ 4
gananadnyila Indlenaudih vazinusnu Mngungl 5 esswaFea (ANuFUFUINS

QU

Y
$ooaz 85— 90) argUUYUINDI (31 — 33 srualFod ANNFUANINT 0882 55— 60) LAY

U

o

a 4 a Y] 4 9 1 a dy Y an .. A
N AATEHAUMNNHAAN N 1dun Usnannud¥uaieds AOAC (2000) Water activity N
A @ 1 I 1 @ a 21
QUNYU 25 parnaIFed  IAA1A N UNTA-A1( pH) 91/5u121191a (Lane - Enal
= [ U 9 . a 4 ax
method) & lus2UU CIELAB 3af1 L* a* b* @18 Colorimeter Nan33uvatou laineauo
aanFIad (PPO activity) aau1la991nI5N15Y09 Zauberman tazAML (1991) (MANUIN N
v
99 5) YTnamsnadthnia daulainniTmsved Baloch wazaae (1973) (AANUIA N
a 4 a @ ad
19 6) WnTITHMITIINES 5-Hydroxymethyl-2-furfural (HMF) aaulanInIsnmsves
a d (a =~
Rattanathanalerk tagae (2005) (MAWRUIN N ek 7) waz iz ilsuanudiualsiu 910

35M3U84 Schuep Az Schierle(1997) NT282IAMIAVTAYI 0 15 30 45 60 taz 90 Ju Tu
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Aa 4 o a 4 g’ . .
MIAATIEHMAATIINGAATIEH 2 FIINUHUNTNAADIUUL complete randomize design
a 4 aa a do & . ) @ .
(CRD) AnT1zHHanuanaale 1lsunsuneuiiuaes 15931 SAS Version 8 #1450 Windows
ASeufeunuuANA19UAINABAI83T Turkey’s Range Procedure (HSD) N5¢AUAIY
A o v
FoRUIvEaL 95
Mimsnadeumalszamdudanmseousuauduazdnyazlsinguediedi
' A Y o v . . o Y I Y
UEUIWFDUDUUHITIUIU 30 AU A28 7 point hedonic scale AINIANUIN I TABANATO LI UL
{ { o a o S 1A ) a o s I
ANUTOINYNINUNAAH UNLFDUO VLT TAstIMInaaoUNandaNTLeznaIMIND
FNB10 30 60 1A 90 U MNUUWNUNITNAADAULLY randomize complete block design (RCBD)
a 4 aa a o < . ) [ .
AnTiHanNanaaIs TUsunsuneuiumes 1531 SAS Version 8 @115 Windows
ASeuReuANNLANA19YDIANRALAIBIT Turkey’s Range Procedur (HSD) N52AUANY

A o o9
IBDUUIDYNY 95
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4.1 AMMWMAAN BAZMINNUBINZHNIAANUE YA HUANBUNISUFDN
va =1 1 d' 9 = qu dyd 1A A
AuauanemenwiaziaiveszingnilFlumsaniassiiimadveuildon
o Y 1 1 1 I~] [ I
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Javenunin AuaulianameninuazmMuniiveauza g nwus lsaotiug
TSS, ®Brix 1533 £0.52
TA, mg/100g 0.35 +£0.04
TSS/ TA 44.88 + 4.88
(sugar-acid ratio)
Mmanudlunsa-ang 4.03 £0.05
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ﬂ%%&ﬂmmw Control Glycerol 10%  Glycerol 20%  Sorbitol 10%  Sorbitol 20%  Sorbitol 10% +  Sorbitol 10% + Glycerol
Glycerol 10% 10% +
Sodium ascorbate 1%

TS (%) 26.63+1.52"  2334+0.75°  19.17+1.14° 22.59+0.96" 20.59+ 1.77°  19.55+ 1.16° 19.69 +0.55°
RS (%) 290+1.74"  3.11+2.09°  347+0.18°  138+0.14°  286+0.10°  2.55+0.04" 2.59+0.09"
SC (%) 22204038 1922+2.12°  14.91+1.00° 20.15+1.00° 16.84+1.77°  16.15+1.13° 16.24 +0.52"

RA 1.19£0.10°  1.22+0.13" 1.28+0.02°  1.11£0.01°  1.22+0.03°  121£0.01" 1.21+0.01°
TSS (%) 26.70£0.77° 2580044  25.60+022" 26.00+0.22° 24.00+0.66  24.70 + 1.42" 24.70 £ 0.77"

pH 4514008  446+003  432+0.03°  442+0.07°  424+0.04°  430+0.04" 494+0.15"
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Tedaaunnadanszauanureuiosas 95 (n=2)
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fﬂ%%ﬂﬂmmw Control Glycerol 10%  Glycerol 20% Sorbitol 10% Sorbitol 20% Sorbitol 10% + Sorbitol 10% + Glycerol
Glycerol 10% 10% +
Sodium ascorbate 1%
TS (%) 2090+ 0.70"  19.89+1.78"  19.19+3.42"  2029+229° 18.13+126"  16.68+1.76" 16.53 +0.23"
RS (%) 4474075 422+0.65°  4.18+021°  356+0.06  4.00+0.07" 3.61+0.30° 3.90+0.66"
SC (%) 1561 +£1.32°  14.89+230°  14.27+3.06" 15.89+2.13" 1343+ 1.14" 1242+ 1.84" 12.00 = 0.60°
RA"™ 1.34 £0.07 1.34 +0.09 1.28+0.03 1.35+0.02 1.35 +0.06 1.38+0.07
TSS (%) 21.85+4.14  18.55+£3.67  2042+2.62  18.90£2.60  18.19+2.65 16.79 £ 3.35 21.78+0.11
pH 451+0.08°  4.60+0.06" 454+007°  4.44+0.03° 4.47+0.09" 451+0.12"
b fasnushuanaetumuIueuiianuLandaiuedi 5o

Ted AN 1Na0anNsEaLl

ANUF0IUT DAL 95 (n=2)
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éﬂﬂ%&ﬂmmw Control Glycerol 10% Glycerol 20% Sorbitol 10% Sorbitol 20% Sorbitol 10% + Sorbitol 10% +
Glycerol 10% Glycerol 10% +
Sodium ascorbate 1%
TS (%) 60.93+7.89°  61.61+3.35 57.02+3.61" 5830+ 5.77" 55.93 +3.76' 57.18+2.27" 59.79 +1.37°
RS (%) 1598 +4.63° 1564 +1.77" 1668+ 135" 1690+ 1.75°  16.63+0.16"  14.09 +1.12° 18.00 + 3.88"
SC (%) 4270 +3.16°  43.66+1.73"  3832+2.17°  39.33+424™  3734+3.44° 4094 +2.02" 39.70 +2.62™
RA 1.424+0.08™  1.41+0.03" 1.48+0.01° 1.48+ 0.03" 1.50+ 0.04" 1.39+0.03" 1.51+0.13"
TSS (%) 68.51 +3.64"  7135+391°  7457+1.54°  69.03+4.75  7049+3.54°  69.03+534° 74.54 + 1.45°
pH 453+0.09"  4.52+0.02" 434 +0.03" 4.56 +0.06" 4.26+0.04° 4.28+0.07" 431+0.13°
Moisture content (%) 14.59 + 118" 14.07+1.02™ 1446 +0.99"  13.51+0.99°  13.91+030™  13.70 +0.53" 13.29 + 0.59°
Water activity 0.659+0.03"  0.541+0.09°  0.437+0.04°  0.540+0.05 0524+ 001"  0.515+0.01" 0.470 + 0.04%
Browning index 0.04 +0.01°  0.03+0.00° 0.04 +0.02" 0.06 +0.01° 0.05+0.01"  0.05+0.02" 0.05+0.00™
(OD/g db)
PPO activity (units/gdb)  0.63 +0.38"°  0.75 +0.63" 0.85+0.52" 037 +0.06™ 0.90 +0.50" 0.47 +0.28" 0.09 + 0.02°
HMF (ppm.) 2433+2.06'  24.89+2.63  2052+3.38°  18.36+6.23" 18.89+4.54°  21.65+3.48" 22.79 + 4.75"

ISICY v
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Treatment
0" 15 30" 45" 60" 90"
Control"~ 21.44 + 1.51 22.16+ 143" 22.76+6.29 22.90 +6.13 22.61+0.75 25.09 + 3.84
glycerol 10% 20.85+0.74" 1936+ 143"  23.03+0.68"  21.62+096"  22.10+0.78"  23.06+1.53"
glycerol 20% " 21.02+4.18 2191+ 1.19°  20.18+2.22 20.35+3.18 19.75+ 1.91 21.22 +2.02
sorbitol 10%" 22.87+1.31 23.10 + 0.56" 2423 +2.26 24.96 +2.46 22.98+0.83 2535+ 1.74
sorbitol 20%" 24.07+3.50 23.54+0.99° 25.56+5.21 22.10+ 1.38 2238+2.78 24.69 + 1.85
sorbitol 10%+ glycerol 10% 2290+ 1.54°  20.64 +1.93"""  2359+147" 1916+ 152"  2048+1.27" 2230+ 1.88"°
Sorbitol 10%+ Glycerol 10% 2215+1.16  21.62+1.05"  22.94+223 22.30+1.75 22.19+1.36 23.45+1.62
+ Sodium ascorbate 1%
b SsnuriEnTnendeiL unsainand S uodaiitede yNNadanTy sunuFeiudesaz 95 (n=2)
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Uﬂ’ﬂm‘lﬁ@ll‘lﬁ@ﬂaw 95 (n=2)
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4 a g ] 1A { 3 o <3| [
ﬂ1‘§1\‘i°ﬁ 17 ﬂimmmm%u (%) "]J'E]\?ﬂJng"JQL!,G]f’E]ll@ULLﬁ}Qﬁigﬂ%!]ﬂ'lﬂ'lﬁlﬂﬂﬁﬂy'l!,ﬂuﬂa'l 0 15 30 45 60 uag 90 U

S o o
FLYLINMITNUINYI (AIN)

Treatment
0 15 30 45 60 90
Control™~ 10.05 +0.19™ 10.57+0.52" 9.84 +0.78" 9.98 +1.07" 10.45 +0.32° 11.59 + 0.35
glycerol 10% 9.12 +0.30 7.70+0.23% 8.76+0.58""  8.15+036"°  7.97+032" 10.12 + 0.39
glycerol 20% 11.00 +0.50”  9.37+0.90°" 981+ 141"  1055+046"  849+0.52" 10.28 + 1.07
sorbitol 10% 9914026  11.26+0.40™  10.08+0.15"  11.21+0.96" 9.83+0.31" 10.77 +0.52
sorbitol 20% 958 +0.66""  9.40+033™""  972+047"  9.04+039""  852+053" 10.41 + 0.50
sorbitol 10%-+ glycerol 10% 10.78 + 0.67°"  8.57+0.43“° 970+ 0.44™"  9.01+037°"  8.38+0.54 10.24 + 0.65
Sorbitol 10%+ Glycerol 10% 9.86 +0.32" 8.72+ 1.15% 9.10 +0.57" 9.85 +0.52" 8.66 +0.31° 9.86 + 0.19

+ Sodium ascorbate 1%

E4
a,b,c,d [ % [ [

@ a < 3 { 1 [ ' @ 1 ) aad @ y o
G]'J@ﬂ‘]eli‘Wll‘WLaﬂﬁu@ﬂ@ﬁﬂu114!&1!’J@Nﬁﬂ?”lﬂll@ﬂ@ﬂﬂﬂuﬂfﬂﬂﬁuElf‘ﬁ ﬂJ‘V]Nﬁﬂ@]ﬁiS ‘]Jﬂ'J”IiJL‘Tf’E]?Ju%)ﬂEJﬁg 95 (n=2)

A,B,C (% S v [ (%

[ a ( = 1 Y 1 Y 1 ) aaa 4 o
’J@ﬂBiWNWiﬁiy)ﬁtmﬂ@]Nﬂuiutmiu@u;jﬂ’J"IZJLMﬂ@]Nﬂ‘L!@fJ"I\HIHEJﬁ"I a;maﬁa@ﬁsz@mmmg%uu%’@aaz 95 (n=2)
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S o o
FTYLINMITNUINYI (AIN)

Treatment
0 15 30 45 60 90

control 0.611+0.009" 0.634+0.011"" 0.644 +0.012"  0.658 +0.011"  0.654+0.010"  0.634 + 0.09"*"

glycerol 10% 0.495 +0.025°C  0.513+0.012°°  0.530 +0.002"*" 0.533 +0.004"""  0.552+0.005"  0.544 +0.010""
glycerol 20% 0.483 +0.007"  0.523 +0.010°C  0.534 +0.002™  0.555+0.018*"  0.561+0.008"  0.536 + 0.003"C
sorbitol 10% 0.578 +0.009™ 0.626 +0.010""™ 0.608 +0.011"  0.645+0.011""  0.635+0.016"" 0.619 +0.010™°
sorbitol 20% 0.555 +0.008""  0.582 +0.008°  0.589 + 0.004°°  0.609 +0.004™  0.601+0.005™*"  0.588 +0.05"°
sorbitol 10%+ glycerol 10% 0.527 + 0.014“°  0.540 + 0.005°""  0.556 + 0.002"*®  0.559 + 0.007*"  0.568 + 0.013**  0.558 + 0.04"*"
Sorbitol 10%+ Glycerol 10% 0.494+0.022°"  0.549+0.013"  0.545 +0.005°"  0.571 +0.014"  0.566+ 0.003"*  0.568 + 0.003""

+ Sodium ascorbate 1%

o w a [

a,b,cde v W a Jd A 1 [ zd ' @ 1T Ao aa A o v
ﬂ’J@ﬂHiWﬂJWLaﬂmmﬂﬂNﬂualu!m’J@’NNﬂ’ﬂiJLMﬂQNﬂu@ﬂNﬁJuﬂﬁ1ﬂﬂJ‘ﬂNﬁﬂﬂﬂigﬂﬂﬂ’ﬂm%ﬂuuiﬂﬂaﬁ 95 (n=2)
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A o % aad [

A,B,C,D Y a o = [ o - ' o f o A 4w
ﬂj@ﬂyiwuwﬁlwmuﬂllﬁﬂgnqﬂulutlu’)u@uuﬂ?WNllﬁﬂgn\?ﬂu@Eﬂ\?3Ju&lfﬂ‘ﬂﬂlWqﬂﬁﬂﬁﬂigﬂﬂﬂ"nnvvﬂyui@ﬂag 95 (n=2)
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M1919N 19 ﬂi]ﬂiillﬂl@ilﬁ]ullclfNIWﬂWuE]a@@ﬂ"‘]ﬂﬂﬁ (PPO activity : unit/g db) VOINTUIFDNOULHULTouNsVAaE NTNNUANTZELIAINSINUN 0

15 30 4560 11ag 90 MU

S o o
FZYLINMITNUINYI (IN)

Treatment
0 15 30 45 60 90

control 1.142+ 0661 0.444 +0.088""  0.484 +0.120"°  0.449+0.121"  0.508 + 0.031"""  0.456 +0.070"

glycerol 10% 1.306 + 0.101""  0.321 +0.143""  0.497 +0.043"  0.485+0.022"  0.490 +0.126"  0.504 + 0.037"
glycerol 20% 0.784 +0.171"" 0397 +0.043™ 0.416+0.076"" 0.489 +0.142" 0.519 +0.162""" 0.608 + 0.116""
sorbitol 10% 1.068+0.130" 0241 +0.023"  0.322+0.080™C 0.341 +0.040°° 0.513+0.072"  0.505 +0.122"
sorbitol 20% 1.093 +0.175"  0.489 +0.141"  0.439 +0.066""  0.384 +0.097"  0.388 +0.133"  0.492 + 0.052"
sorbitol 10%+ glycerol 10% 1167+ 0213 0.411+0.098" 0424 +0.042"  0.534+0.142" 0398 +0.011  0.492 + 0.046"
Sorbitol 10%+ Glycerol 10% 0.010 + 0.003™*®  0.005 +0.000™"  0.003 + 0.003  0.005 + 0.004™**  0.000 + 0.000°°  0.003 + 0.003"*

+ Sodium ascorbate 1%
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[ a R~ { 1 [ 1 v ] A o'.l
1eaysnusannuana iy lundiianuuanaenued s v anadansauaNuFeI U psaz 95 (n=2)
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v @ a ( 1A 1 Y 1 [ |l Y { o
maﬂmwuwiwmﬁummqﬂu‘luumuauﬁﬂ”nmmﬂmqﬂuamaﬁuﬂmﬂmmqﬁﬂmmzﬂummmﬂauu%’aaaz 95 (n=2)
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M3191 20 151188 HMF (ppm) veeuzainaugonouuiaiszeznamanusnsudunai o 15 30 45 60 uag 90 Ju

S o o
FLYLINMITNUINYI (IN)

Treatment
0" 15" 30 45 60 90"™
Control 2131+257 21.40+1.93 1823 +3.00°  1835+052°  2270+1.03°  22.18+0.73
glycerol 10% 21.87+236™  23.63+2.00"  23.02+051""  19.08+0.64"  24.92+294™" 2259 +4.06""
glycerol 20% 21.66+1.82"  2007+229"  1951+0.64™"  2321+038"  2153+083"  21.86+1.23""
sorbitol 10% 21.91+0.49™  21.63+1.39°  2040+4.12"°  25.18+1.43""  27.70+435™  18.68+1.23°
sorbitol 20% 20.78+0.99°  21.53+0.80°C  1572+0.96"  24.66+ 195"  26.17+2.63™" 2032+ 185
sorbitol 10%+ glycerol 10% 22.66+2.70°  2135+1.20° 1696+ 1.75"°  26.58+0.65""  29.50 +3.26™  20.90+ 1.53
Sorbitol 10%+ Glycerol 10% 2074 +2.70"  2129+235" 1858 +4.36™ 2677+ 1.88"  26.85+3.26™"  22.52 +4.62""

+ Sodium ascorbate 1%
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@ a d 3 { 1 @ v @ 1 aa 1% y o
Mmonysnuaniuanaenuluuudlanuanaenuedelivednynegoanse mmm%uu%’@&az 95 (n=2)
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a’aﬂyiwuwiwmﬁummqﬂu‘luumuauﬁﬂmmmmmﬂu@mqﬁuElﬁ"mmmmaﬁmmummv%uu%’@aaz 95 (n=2)

g

A,B,C,D @

'
o w aad g A

Y 1 v
S N9 llllﬁﬂ’ﬂmmﬂ@]Nﬁ‘LlGLuLLH’Jﬁﬂl!ﬂ&&uﬁuﬂu%13\lé1ﬁ‘ﬂﬂEJNﬁﬁﬂﬁ”lﬂiljﬂNﬁﬂ@‘iﬂixﬂﬂﬂ’ﬂm%ﬂﬁu%ﬂﬂﬂz 95 (n=2)
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M3199 21 MIAATEIAA (Browning index : OD/g db) VBN N LU INTZoznaManusayuiuna1 0 15 30 45 60 tag 90 Ju
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Treatment
0 15 30 45 60 90

control 0.074 +0.007"  0.096 +0.007"  0.100 +0.009"°  0.124 +0.010°  0.142 +0.006"  0.198 + 0.007"*

glycerol 10% 0.116 +0.022""  0.112 +0.014°>  0.123 +0.016™®  0.133 +0.029"*  0.169 +0.031™*  0.171 + 0.030°*
glycerol 20% 0.127 +0.024  0.117 +0.027"°  0.138 +0.016™"  0.170 +0.012**>  0.180 +0.022"*  0.167 +0.007°*®
sorbitol 10% 0.139 +0.023  0.151 +0.007"C  0.136 +0.019"°  0.146 +0.014™"° 0.177 + 0.011"™"  0.195 + 0.020"*
sorbitol 20% 0.145 +0.010™  0.102 +0.023°  0.133 +0.033""  0.114 +0.011°  0.160 + 0.022” 0225 + 0.022™
sorbitol 10%+ glycerol 10%  0.144 + 0.010™°  0.144 +0.002"C  0.148 +0.014™°  0.159 +0.008"* 0.167 +0.016""  0.182 + 0.006""
Sobitol 10%-+ Glycerol 10% 0.121 +0.008"  0.123 +0.016™  0.164 +0.008"  0.179 +0.005"  0.244 +0.021" 0237 +0.017"

+ Sodium ascorbate 1%

o w a [
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AONYINUWANNLANANA U THLUIAIIANUIANA A URE TN IAYN T DANTZAUANUFRI UTDEAE 95 (n=2)
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Treatment

S o o
FTYLINMITNUINYI (AIN)

ns

ns

ns

15 30 45 60 90
glycerol 20% QNN 21.02 +418 2191 +1.19™ 2018 +2.22 2035 +3.18 1975 +1.91 2122+ 1.74"
glycerol 20% QNN 5°C 20.13 +1.01° 2552 +527" 2073 +1.38™ 19.51 +2.95° 20.85 +0.50"" 20.77 + 1.00"""

glycerol 20% 1AABY 1% CMC guInginos

E]

18.52 +1.21°

17.28 +1.85°

19.95 + 1.16°

21.20 +2.42™°

21.15 +0.88""

23.88 +0.51"

glycerol 20% 1AAR1 1% CMC Qmﬁﬂﬁ 5°C™ 1831 +1.36  19.60 +021™ 1958 +0.46 1742 +2.18 1879 +1.14  19.83 +1.03°

= 9) c al

glycerol 20% 1nAv1 2% HM-P QoUNY W?NNS 20.17 +0.74  17.05 +0.83 21.93 +2.95 1893 +2.96 21.87 +2.63 22.58+1.10"

glycerol 20% 1AADY 2% HM-P gauvighl 5°C™° 1879 +1.71  17.35 +0.56°  19.14 +2.03 1848 +2.39  20.08 +4.53  20.73+0.76"
* Gsnusnuiidniuanseiulundelinnuuanaduedaiisdidgnadanszauanuyesiuiesas 95 (n=2)
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FTYLINMITNUINYI (AIN)

Treatment
0 15 30 45 60 90
glycerol 20% QUMY 11.00+0.50"  937+090"" 981 +1.41"™ 10.55+0.46" 849+052" 1028+1.07
glycerol 20% QNN 5°C 947+0.85"  7.93+0.12"  9.04+1.06"" 838+028"" 7.86+040"  8.70+0.28
= 9} a. al a. a al

glycerol 20% 1AABY 1% CMC gaN iND9 17.69 + 041" 1476 + 139"  16.17+0.35"" 15.95+0.52° 15.84+0.55" 15.70 +0.37
glycerol 20% 1AARY 1% CMC QUHQN 5°C  1572+0.66° 1528 +0.63° 1556 +232° 1443+033° 1550+037°  15.17+0.72
glycerol 20% 1AGOU 2% HM-P Quuiinod™™ 1448+ 056° 1448+ 026° 1483 +2.00° 1447+125° 13404083 1326+ 0.97
glycerol 20% 1AADY 2% HM-P gauvigil 5°C™°  13.87+0.23°  1222+0.17°  13.59+0.74" 1296 +0.60° 12.60+1.59°  13.60+0.51
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waFemiumnal 0 15 30 45 60 taz 90 Ju

S o o
F2YLIANMTNUINEI (AIU)
Treatment

0 15 30 45 60 90

glycerol 20% faNYIH0 0.483 +0.007"  0.523 +0.010C  0.534 +0.002"  0.555+0.018"®  0.561+0.008*  0.536 + 0.003"C

glycerol 20% QUMY 5°C 0.525+0.007®  0.511+0.003°  0.520 +0.003  0.520 + 0.004™°  0.532+0.006" 0.519 + 0.006™"°

9
B

glycerol 20% AfOU 1% CMC Q¥R o 0.631 +0.008"  0.659 +0.005"  0.657+0.016"  0.659+0.014"  0.663+0.007"  0.642 + 0.006""

glycerol 20% QDY 1% CMC QuAN 5°C 0,627+ 0.002°°  0.650 + 0.015"  0.650 +0.010™  0.647 + 0.004™" 0.645 + 0.013™*>  0.619 + 0.040"C

= 9) a. C. C
glycerol 20% 1AADY 2% HM-P QUUQUNOY 0,618 +0.003"°  0.622 +0.006™° 0.627 + 0.019°"  0.634+0.020™  0.632+ 0.027"*  0.588 + 0.004°>

glycerol 20% 1AADY 2% HM-P gauvigil 5°C  0.597 +0.008"  0.608 +0.003"" 0.605 +0.003""  0.611 +0.009™"  0.618 +0.005™"  0.598 +0.007"

ab, c,d,e & o a PR 1 o zd 1 o 1 A v o w aaa o A o v
maﬂyiwuwsaﬂmmmwﬂuiuLLua@mﬂ’amgmﬂmmuammuamﬂmmma@mz UANUFDUUIDYAL 95 (n=2)
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319 25 Nanssuvesen ol Indilueasendiad (PPO activity : unit/g db) veuziwdNeuune hindouRtazindouiIR1e CMC oy HM-P

3 o A Ay A ~ A o
Lﬂ‘]JSﬂBW]Qﬂ!W{]iIWENLmZVI 5 mmwawﬂamﬂunm 0 15 30 4560 t1as 90 MU

3 o @
FLYLINMINUINYI (AIU)

Treatment
0" 15 30" 45" 60" 90
glycerol 20% QM0 0.784+0.171"  0.397 +0.043°® 0.416+0.076"  0.489+0.142° 0.519+0.162™" 0.608 +0.116™"*"
glycerol 20% QMM 5 °C 1.178+ 0.658" 0.623 +0.127*" 0.597 + 0.081*" 0.615+ 0.068™" 0.775+ 0.240"" 0.448 + 0.037"

A a9y ¢
glycerol 20% (AQABY 1% CMC gUNHUTDI 1.387+0.835"  0.287+0.055" 0.573 +0.229° 0.615+0.123" 0.744+0.104"> 0.456 + 0.065"
glycerol 20% 1AAB1 1% CMC Qmﬁqﬁ 5°C 0892 +0.112° 0.503+0.157"  0.622+0.365 0.635+0280  0.563+0.107  0.605 + 0.108"
a 9y c
glycerol 20% 19ADY 2% HM-P QuUUR09 0953 +0.246" 0341 +0.057° 0271 +0.144> 0477+ 0.104° 0779+ 0.069" 0417 + 0.045"

glycerol 20% 1AABY 2% HM-P gl 5°C™  1.037+0.295 0.690 +0.161""  0.678 +0.124  0.655+0.048  0.755+0.103  0.810 +0.195"
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a,b, ¢ [ % v o w a

[ a R~ 4 1 [ 1 [ ] A [ 4 o
fonysnuannuanaeduluuudilanuuanaanusg e liisddaneaaanszduanugeiusosas 95 (n=2)

9
'
A, B o o aad o

[ a ( = 1 Y 1 Y 1 Y 4 o
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k4 1 v
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3 a 1 A [] a Aa < [ { a {
M5191 26 13118 HMF (ppm) veeuzinausonouuns lindouAuazindeudinie CMC wag HM-P inusnunguygiveuazi 5 ssrisaidod

durnat 0 15 30 45 60 uaz 90 Ju

S o o
FLYLINMINUINYI (AIN)

Treatment
0" 15" 30 45" 60 90
glycerol 20% QUMY 2179+ 1.82"°  21.40+243""  22.44+0.84" 19.46+0.50° 22.93+0.83"*" 20.32 + 1.23"""
glycerol 20% Qg 5°C" 21.66+0.71 2007+2.11  19.51+2.82" 2321+ 138 2153+131" 2090+ 1.61°

glycerol 20% 1RG0 1% CMC QU101 21.92+2.79°  2031+1.55° 17.24+222" 18.89+0.76" 24.19+0.55" 24.82+3.50"

glycerol 20% 1AADY 1% CMC gl 5°C 2157+ 1.05% 2253+ 1.85° 23.01+ 1.48™% 20.54+2.05° 2444+ 088" 23.43+0.55™
a 9y a
glycerol 20% 1AG01 2% HM-P gautifiiie 22.01+327°  2053+038%  18.73+0.84" 19.43+0.24° 23.00+0.73"" 20.25+0.80"C

glycerol 20% 1D 2% HM-P Quugil 5°C  20.94+0.69" 2043+ 1.44™  17.02+1.26™ 2520+ 1.56"" 2524+ 1.77" 23.76 + 0.64™"

a,b Y a P 1 o zd 1 o 1 A v o w Aas o A o v
AronyINNNanAuana i luAaNuuenANAUes T IAYN NAdANTEAUANNFON U3 08D 95 (n=2)
A,B,C Y a o 1A 1 o = 1 o 1 A v o w aaa o A o
’ FonEINNN v Ruanaeiu v uliaNuIana AU NIITsdMAYNITIANIZAUANUIFRIUTOYAL 95 (n=2)
A H i1 v
=N et lufianuuanaiulunudwazuuiveumudwuediiied Ay nuatanszauanuyeliuiesas 95 (n=2)
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4 a :} 1 a 1 a a 3 o { a
M3197 27 MInad1ia1a (Browning index : OD/g db) ¥ouzaiusono Ut hindeuAuazndouAia1e CMC tag HM-P nusnigamvgiives

U

wazdl 5 eseaFediiumnal 0 15 30 45 60 tag 90 Ju

S o o
FLYLINMTNUINYI (IN)

Treatment
0 15 30 45 60 90
glycerol 20% QN0 0.127 +0.024™  0.117+0.027°  0.138 +0.018"*" 0.170 + 0.012*® 0.180+0.022"* 0.167 + 0.007**"
glycerol 20% QUMY 5°C 0.097 +0.002°*® 0.104 + 0.014™*®  0.120+0.005™*  0.121 +0.012"* 0.089+ 0.006" 0.116 +0.018™"

A = 9} C C
glycerol 20% (AADY 1% CMC QUUANYDI  0.034 +0.007°  0.035+0.007°C  0.061 +0.008"  0.041 + 0.009"> 0.058+0.011" 0.094 +0.014™

B

glycerol 20% 1AABY 1% CMC ¥l 5°C 0,034+ 0.005"C 0.035 + 0.003™  0.044 + 0,004 0.027 + 0.004 0.040+ 0.006™*® 0.049 + 0.003"

C C

a 9 al c
glycerol 20% 1AADY 2% HM-P QUUUNOY 0,080+ 0.006 0.093 +0.018C  0.111+0.011" 0.090 + 0.018" 0.168+ 0.000™ 0.107 + 0.011°"

glycerol 20% AQOU 2% HM-P
QNN 5°C 0.083+0.007 0.101 +0.009"" 0.120 +0.013"" 0.084 +0.009" 0.121+0.010" 0.111 +0.004™
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Lﬁﬂ‘ﬂ!t@]ﬂﬁmﬂﬂuiuuu’f]@]\iﬁﬂ’ﬂmmﬂ@ﬂ\‘lﬂu@EJNﬁufJﬁ"lﬂfU‘VlNﬁﬂ@]ﬁig ']Jﬂ'J”IllL‘If’E)?Ju%)ﬂfJﬂg 95 (n=2)
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q‘ 1 1 1 A 9 I~ ~ ~ 2 A Y
M1919N 28 AU (L) YNz UIFoNeULHUlSsuNeuNsTazaIMSNUN 0 15 30 45 uagz 60 I

Treatment szaznaIMInAUTHE (1)
0 15 30 45 60

control 59.24+5.19" 57.96 + 4.20™" 55.08 +5.28"C 56.02 +5.44 56.30 +2.72

glycerol 10% 61.85+5.01"" 60.03 +3.81" 57.23 +4.72" 55.16 + 6.64"" 5426 +7.90"
glycerol 20% 62.31 +4.71" 56.55 +4.26™ 55.21 +4.59"" 52.74 + 534" 52.17 + 1.84°
sorbitol 10% 63.49 +5.10" 56.49 + 4.83" 53.45+5.89" 52.37 +4.61" 5257 +235""
sorbitol 20% 63.90 +5.05™ 57.76 + 8.72"" 55.57 +4.48""C 5297+ 5.89"C 52.80 +2.28"¢
sorbitol 10%+ glycerol 10% 63.78 +5.50™ 60.14 + 424" 56.92 +4.24™° 54.67 +7.87"" 52.74+2.95"
Sorbitol 10%+ Glycerol 10% 63.34 +6.07" 57.02+5.54" 54.49 + 532" 5240+ 6.56"" 5127 +224%

+ Sodium ascorbate 1%
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UANUFOIUT DA 95 (n=2)
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q‘ 1 [ ] A 9 1 = a A a 9 S o ~ a9y ~ =~ I
M990 29 AMANUEIN (L) Gummmuwauamma"lilmaanw’auazma@umma CMC uag HM-P (DUTNYINQUNDUHDILLAZN 5 NG BIG I

G

81 0 15 30 45 uag 60 U

Treatment 52a2IMINUTAY (1)

0 15 30 45 60
glycerol 20% QUHRINBA 6231 +4.71  56.55+4.20™" 5521 +4.59°" 5274 +534° 52.17 + 1.84°
glycerol 20% QUUAN 5°C 60.64 +4.87"" 5971 +3.81"" 58.66+5.75""  58.12+6.22" 5257 +1.60™

glycerol 20% 1AGBY 1% CMC guHngiifed 57.37+ 66.84°"  56.01 + 4.26™"" 54.65+4.80°° 5122 +5.14C 49.92 +2.52°
glycerol 20% 1AABY 1% CMC QHfil 5 °C 55.86+6.13°"  54.88 +4.83" 53.89+ 621" 52.16+5.57" 5221+ 1.77"
glycerol 20% 1A@0U 2% HMPC QunQifod 5572+ 526" 54.17 +8.72° 52.61+722% 5129 +4.98" 52.11 +1.90™
glycerol 20% 1A@B1 2% HMPC qaitiqi 5 °C 58.48 +4.68°"  57.68 +4.24™"° 56.88 + .53 56.02 +5.44"¢ 54.74 +1.05%
shed - gagnwsiiuananduluueuiinnuuandusueduihivdfyneadaissfuanuieiudesas 95 (n=2)
ABC  w o o e .

[ a ( 1A v Y 1 Y 1 ) aaa 4 o
:1@ﬂyiwuwiwmﬁttmﬂquﬂu‘luumu@uﬁﬂ”;mu@ﬂmqﬂuamwuﬂm a;mmmﬁamummv%uu%’@aaz 95 (n=2)
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q' 1 I ~ 1 A 9 ~ =1 ~ 2 A o
M13519N 30 AN UFLA (a*) YoIusUIFB N ULHUlTauMeUNTTazIaIMTIAUN 0 15 30 45 uag 60 I

Treatment sraznaMIAUSE (1)
0 15 30 45 60

control 742+ 1777 828+ 1.73""° 7.96 + 1.85™" 8.35 + 1.99"* 8.54+337"

glycerol 10% " 8.40 +2.22% 8.77+2.26" 8.35+1.96" 9.04 +2.02° 9.13 +2.55°
glycerol 20% 836+ 1.77°" 8.58 + 1.72""° 8.32 + 1.68" 9.25 + .78 9.42 +1.73"
sorbitol 10% 7.89 + 1.58"° 826+ 1.71"¢ 8.54 + 174" 9.01 +1.65™° 9.52 + 1.13""

sorbitol 20% 8.43 +2.00" 9.06 +2.06" 8.92 +1.78% 8.80 + 1.68" 8.68 +3.20°
sorbitol 10%+ glycerol 10% 7.74 +2.08™° 8.32 + 1.99™¢ 8.05+1.77"¢ 8.95+1.96™" 920+ 1.12™
Sorbitol 10%+ Glycerol 10% 8.78 + 1.89™ 9.65 +2.04™" 9.47 +2.03" 10.17 +2.35""  10.51 + 1.00™

+ Sodium ascorbate 1%

a,b,

A,B,C
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VANULTDUUTBYAL 95 (n=2)
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A10nHINUANA1NU THUUIUBUTANUUANAN UBE1INTIA AN A DANST

ee
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v a o 1A [ (% 1 % 1 o Aas 4 o
AonuINun Ina iuanasnulunuiueuiinnuuanannuediivdnyneanansgauanusetiuiosas 95 (n=2)

= = J [ 1 A v o w aaa o A o v
UNUIYON ”luummzmﬂmmuiuumuauamwuﬂmﬂtymaﬁaﬂmzﬂummwauuiaaaz 95 (n=2)
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q' 1 I A ] A 9 oA a A a vy 3 o A a9 A ~
M19194N 31 MmN UFUA (a*) ﬁummmm%auammﬂumaaumuazmaaumma CMC itag HM-P NUINEINGUNIUVDILASN 5 DIAUGALF YT

dunar 0 15 30 45 waz 90 Ju

Treatment sraznaMIAUSE (1)
0" 15" 30" 45 60
a 9 a

glycerol 20% QUNNNNO 836+ 1.77" 8.58 + 1.72"" 832+ 1.68" 9.25+1.78" 9.42+1.73"

glycerol 20% il 5°C™ 7.69 +1.70 7.78 +1.33 7.70 + 1.76 8.09 +1.54° 8.43 +1.68°
glycerol 20% 1AABY 1% CMC gungilfio 8.45+1.89" 8.45+1.53" 8.56 +2.33" 8.97 +1.98"" 10.28 +2.03"

glycerol 20% 1AABY 1% CMC gaunfii 5°C" 775+ 1.64 7.78 + 1.51 7.80+2.18 7.99 +1.99 8.08 + 0.88°

glycerol 20% 1AROU 2% HM-P gaivifiiiog

8.15+2.00° 835+ 1.60° 8.55+2.16¢ 931+ 1.93"" 9.64 +1.70™"

glycerol 20% 1A@B1 2% HM-P gautigii 5 °C™ 7.63 +2.01 7.94+1.53 825+ 1.81 8.35+1.99" 8.46 + 1.80°

a, b, v [ aa

f10nyINUANA1NU TuLUIUIUTA NUUANAINNUBEN LTI IAUNNADANTE
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) maﬂyiwuwiwmmmmnﬂu‘luumuaumamm‘ﬂﬂmqﬂu@mmu

SIS
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NUIYIN llmm’nmmﬂmNﬂuimmmmammuaummmmmmuﬂmﬂ
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AT UT DAL 95 (n=2)
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q' 1 I ~ A [l A 9 I~ ~ ~ S A o
M1919N 32 RGN ITGAGEN (b*®) YoINzU SN ULHUlSsuMeuNsTezaIMSNUN 0 15 30 45 uagz 60 I

Treatment sraznaIMInUSHE (1)
0 15 30" 45 60

control 3515+ 6.01™"  36.62 +5.18" 32.73 +4.82° 39.40 +5.06™ 41.87 +3.45"

glycerol 10% 3573 +7.10°""  36.84 +5.94" 33.00 + 6.08"° 32.63 +4.97" 3139+ 1.96"
glycerol 20% 34.50 +6.15" 33.94 +5.80" 32.31+5.48 32.20 +6.30" 32.43 +0.84"
sorbitol 10% 34.54 + 6.23" 32.72+6.42° 33.26 + 6.14 31.91+4.82° 32.94+ 1.19
sorbitol 20% 37.47+7.45" 36.75 +6.93" 34.96 +6.68" 3214 +5.68"°  31.44+2.80"

sorbitol 10%+ glycerol 10% 34.59 +6.26" 35.06 + 6.00" 33.68 +5.77 33.73 +6.38" 34.00 +0.78"
Sorbitol 10%+ Glycerol 10% 33.68 +7.89" 3452 +7.25"" 33.26+7.31° 33.17+7.19" 3332+ 1.12"°

+ Sodium ascorbate 1%

T ]
a,b,c,d v o A ad (%

aonpsnuananulutuiueulinnuuanasnuesgniiisdAgneatanszauanudeluioens 95 (n=2)
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fonyINu g nuananu Ty IveuliaNuLanA AU Bd

aaa @ A o v
NNADANTSAUANNITONUIDYAL 95 (n=2)
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NNADANTZAUANUF I UTDIAL 95 (n=2)
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q' 1 I ~ A [l A 9 ] A a A a 9 S o ~
M19194N 33 RGN ITGAGEN (b*®) meqmmm%muu,m”lmﬂaaumuazmaaummﬂ CMC uag HM-P 1NUTNHINGIUN

waFemiunal 0 15 30 45 uag 60 Ju

U

a9y A
DUNDILATN 5 93/

Treatment

S o o
F2YZI[ANMINUINEI (AIU)

0 15 30 45 60
glycerol 20% QUNIHOI" 34.50 + 6.15° 33.94 +5.80° 32.31 +5.48° 32.20 + 6.30° 32.43 +0.84°
glycerol 20% QN 5°C™ 3524 +6.87 34.56 +5.13" 33.71+7.26" 35.73 +5.89" 35.76 +2.11°

glycerol 20% IAADY 1% CMC QuINgiH09 40.85+7.61" 3974+ 544" 38.75+8.53"  38.08+5.71"" 37.94+0.87""

glycerol 20% 1AADY 1% CMC Qaungil 5 °C 41.87+5.89"  40.74 +4.96" 39.61 +7.75""  36.95+ 8.54™C 34.84 +1.95"
glycerol 20% 1AL 2% HM-P gaukiines” 37,18+ 6.69" 36.78 + 6.12° 36.38 + 8.19" 35.25+5.29" 34.95 +1.82%
glycerol 20% 19AD1Y 2% HM-P gungil 5°C™°  39.88+6.23°  39.82+4.39" 39.75 +5.14° 39.40 +5.06" 39.13 + 1.80"

a,b,c,d % [ aa
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=3 (=) 1 Y 1 A w oo aaa A o 9
¢t "liJiJ‘ﬂ’ﬂiJLMﬂG]Nﬂuimluﬂu@u@EJNlJLlEJZ‘ﬁﬂilmNf’fﬂ@]‘ﬂizﬂﬂﬂ’nm%ﬂuuiﬂﬂaz 95 (n=2)
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3 1 [ 1A 4 < 4 Y]
A19199 34 A1 Hue Y9902 UF0U0UURINTZo2a1MIAUN 0 15 30 45 tag 60 Tu

Treatment sraznaMIAUTIE (1)
0 15 30 45 60

control 78.06 +2.23""" 77.23+2.31"¢ 76.38+2.48™ 78.11+1.88""" 78.53+4.43"

glycerol 10% 76.73+2.80™" 76.69+2.44™" 76.03+2.40™" 74.49+2.69" 73.79+4.53""
glycerol 20% 76.29+2.26™"° 75.69+2.46"" 75.45+2.54" 73.8442.12™° 73.88+2.47"

sorbitol 10% 77.02+2.23"" 75.08+7.97"" 75.45+2.60" 74.14+2.53"¢ 73.90+1.79™°

sorbitol 20% 77.18+2.40™" 75.94+2 82" 75.48+2.49" 74.60+2.00" 75.01+4.20"
sorbitol 10%+ glycerol 10% 77.37+2.87"" 76.64+2.59"" 76.43+2.87""" 74.44+5.68"C 74.90+1.46" "

Sorbitol 10%-+ Glycerol 10%"" 74774537 74.18+2.68° 73.33+7.86" 72.82+2.78° 72.54+1.00°

+ Sodium ascorbate 1%

a,b,c, - [

fonysnuana i lunusuiianuuanaaiuegiiisdfan e ananseauaNuFe U vaz 95 (n=2)
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M15197 35 A1 Hue voauzinuronouns lindouAnazindoudidie CMC 1oz HM-P nusnuiigu

30 45 uaL 90 1

G

a g A = <3|
AUULLAEN 5 permaFa ey 015

Treatment

[~ Y
FLYLINININUINYT (AU)

15

30

45

60

glycerol 20% fUNYIR0

glycerol 20% Qmwgﬁ 5°C
glycerol 20% I1AABY 1% CMC gunginos
glycerol 20% 1AABY 1% CMC gauHigi 5 °C
glycerol 20% 1AROU 2% HM-P gaivifiiiog

glycerol 20% 19ABY 2% HM-P gungil 5 °C

B

76.29+2.26™
77.55+2.38""
78.24+2.28""
79.46+2.12"
77.68+2.60""

79.21+2.03"

75.69+2.46 "

77.24+ 1.72°"
77.98+ 133"
79.23+ 1.53"
77.20+ 1.51

abAB

78.77+ 1.60

75.45+2.54°"

76.48+1.78""

abAB

77.60+1.68
78.94+1.65"""
bcAB

76.72+1.62

78.34+1.43""

C

73.84+2.12"
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sorbitol 10%+ glycerol 10%' 35.49+6.38 36.06+6.13" 34.67+5.81 34.95+6.44° 35.23+1.02°
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glycerol 20% QUUUNDI" 35.52+6.25 35.04+5.88" 33.39+5.55 33.52+6.42 33.80+1.25

glycerol 20% BN 5°C" 36.10+6.91° 35.44+5.19° 34.66+7.04" 36.66+5.94" 36.75+2.43"

glycerol 20% 1AfBY 1% CMC gaingiiHed 41.74+7.68" 40.65+5.53" 39.72+8.71° 39.14+5.88" 39.31+0.87"
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