o als a ]
msWaAnD InTiidulaanmsgeuaswasusl
DEVELOPMENT OF HIGH DIETARY FIBER AND LOW CALORIE COOKIES

UNHIE NRIAN
MRS. MALEE  THONGKUM

- - oY 1 ad [ - - o
Fnendnufiiudruniivrasnisfnmmunangnslf yard nenAransumiiuda
s3I I NeAEasnIsaIIng
QW -, &

TuAnIngan

Lo L] $ L &
an1tunalulatinszaaunanaunmITaIANSE1N
N.A.2541
ISBN 974-622-097-7
- of @ m  m ar [ - [V ) o
Arangreuindininean anniunalulainssanuinaingunmsaianseiiy



DEVELOPMENT OF HIGH DIETARY FIBER AND LOW CALORIE COOKIES

MALEE = THONGHKUM

A THESIS SUBMITTED IN PARTIAL FULFILLMENT
OF THE REQUIREMENT FOR THE DEGREE
MASTER OF SCIENCE IN FOOD SCIENCE
SCHOOL OF GRADUATE STUDIES
KING MONGKUT'S INSTITUTE OF TECHNOLOGY LADKRABANG
1998
ISBN 974-622-097-7



uanIMAgELNINUsTanANa maaqnﬁﬁu‘lﬂmmsqqmeﬁemuﬁq Tnafa
%mﬁaaﬂ'lum;amwumum 79U 100 AW WuTe 23 AW MEN 77 AW WU
ASIWLAINTALINEEITWIN TRY T TOLNIA HANTSASISARLNNATEAIN WL
qnﬁtﬁu‘lammsqaua:wa’wwciiﬂﬁm Spread ratio A1 Direct density WAZAN Water
Absorption Index WinfiL 4.46 , 0.55 AFN / NA. UAY 9.21 AINASL HANNE3 1AL
asfilsznaumaiall geenniduluemegeuasndinudn wudr Ffanaudule
a1y 8.62 A3 / 100 AFM Ay Wwdeeu 3559 uaaaf / 100 nin Feille
wWisyFufuanfuegrnind asiufuaduleanadndu 12506 % uagld

WANTUAARY 27.76 %

II



Thesis Title Development of High Dietary Fiber and Low Calorie Cookies

Student Mrs. Malee Thongkum
Thesis Advisor Dr. Yuporn Puechkamut
Level of Study Master of Science in Food Science

King Mongkut's Institute of Technology Ladkrabang
Year 1998

ABSTRACT

Development of high dietary fiber and low calorie cookies is aimed to enhanced the
nutritional value of cookie: In the present study, increasing of dietary fiber content in
butter cookie was done by replacing 50 % of all-purpose flour by whole wheat flour.
Various sources of dietary fibers as soy bean residue , pineapple core , red kidney' bean ,
jew's ear , sweet white egg plant and raisin were used. Those of dietary fibers were
added to cookies at 70 % of wheat flour weight. The resulting cookies have the overall
sensory score of 7.80 while the maximum score of sensory test was 9.00. However,
the spreading ratio of high dietary fiber cookie was significantly decreased compared to
that of control. In this study , therefore ., white egg were increased three times to
make good shape of cookies.

A study on reduction of cookie calorie was done by using cellulose powder.
Cellulose powder at 6 concentration ( G, 1, 2, 3, 4 and 5 % ) were replaced 50 % of
butter in the cookie butter. The result from texture analyzer shows that the maximum
compression force of the batter using 2 % cellulose powder were similar to that of
control containing full fat. In addition , the calorie of cookie was reduced by using

polydextrose instread of sugar. Polydextrose was replaced 0, 50 , and 75 % of sugar in
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the batter. The result from sensory test shows that cookies using polydextrose and
sugar at the ratio of 1:1 was more acceptable than other cookies.

The sensory test for high dietary fiber and low calorie cookies from the present
study was done by using 100 panelist living in Bangkok {23 men and 77 woman). The
average sensory scores from those panelist were like to extremely like. The spread
ratio, direct density and water absorption index of the resulting cookies were 4.46, 0.55
gm [ ml and 9.21 respectively. The chemical composition of high dietary fiber and low
calorie cookie was analyzed. Total distary fiber content and the calorie of cookies were
8.62 gm and 355.9 cal per 100 gm of sample, respectively. When compared to that of
control butter cockie, total dietary fiber content increase 125 times and the calorie

decreased 27 times.
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Chemical component

Fiber Main chain Side chain
Polysaccharides

cellulose Glucose None

Nonceliulose

Hemicellulose Xylose Arabinose
Mannose Galactose
Galactose Glucuronic acid
Glucose

Pectic substances

Mucilages

Gums

Algal Polysaccharides

Nonpolysaccharide
Lignin

Galacturonic acid

Galactose- manose
Glucose-Mannose
Arabinose-xylose
Galacturonic-acid mannose
Galactose

Glueuronic acid-mannose
Galacturonic acid -rhamnose
Mannose

Xylose

Guluronic acid

Glucose

Sinapy| alcohol
Conifery! alcohol

p- Coniferyl alcohol

Rhamnose
Arabinose
Xylose
Fucose

Galactose

Xylose
Fucose
Galactose

Galactose

ﬁm: Schneeman: 1989
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1. Lﬁu'lﬂmmﬁ’mzmﬂﬁﬂ (Water-Soluble Dietary fiber) AR Li’(ﬂﬂﬂﬁﬂﬁi“?ll
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A1919N 2
ARaNTANIATILATNNATI T nE TR TR TRARS

Assay, % cellulose 97.0-102.0
pH 5.0-75
Loss on drying, % <70
Ash (total),% <03
Heavy metals,ppm as Pb <10
Fat,% 0
Protein, % 0

Starch Negative
Total dietary fiber,% >09.0
Caloric content {kcal/100 g) 0
Sulfite,ppm NMT 10
Water activity,25C 0.1-0.3
Standard plate count,per g <1,000
Yeasts and molds,per g < 100
Staphylococcus aureus,per 25 g Negative
Pseudomonas aeruginosa,per 25 g Negative
Escherichia coli, per 25 g Negative
Salmonella and Shigella, per 25 g Negative

'T":m : Solka-Floc,James River corp., 1991
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1. ullesnfeiinaunilsasd ( All Purpose Flour ) 989u5 iniad anl

2. ufledrnanBiaiidn ( Whole Wheat Flour ) SeannTsangnunadindu

3. wreanATuLE ( Non-Fat Dry Mik ) Saannfwsnes@nfnsfiuined
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4. BNY ( Baking Powder ) msniuav|ad

5. 1Bag1aaks { Powder Cellulose } 3MnUT Evnaumesind

6. tuAnginsa ( Polydextrose ) mnu?ﬁmua‘?’qmnﬂ{

7. \eian ( Butter ) mwamoﬁ

8. infelu { Salt)

9. 15’191’1’&7!?’191%0 ( Sucrose )

10. ﬁﬁmawﬂaum ( Brown Sugars )

10. 14919 ( White Egg )

12. uwhuiuLlesn ( Pineapple core )

13. WIAYWYE1a ( White Jew's ear )

14, ﬁ."Jl.Lmﬂﬂ'N (Red Kidney Bean )

15. ﬂﬁnﬁl"lmaﬂﬂ ( Soy bean residue )

16. §nLNA ( Raisin )

17, urdesnutan {Sweet white egg plant )

18. INAANTHIIINNIUA ( Cashew nut )

19. 274AN ( Vanilla )
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WiAYUYII9 10.0 350.00 3.50
wrFesnutan 10.0 100.00 1.00
qnnm 10.0 100.00 1.00
WAANTNS NN 30.0 200.00 6.00
$1ATAUYM

snA/ T (35 )
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utifanm 70 niusiagas ieduFunuduluemms

3 mm@wé’ammamnﬁ nlneldimaglaane 2 % wndladu 50 % lugas
Und uagldiwdindlnsaumainnng 50 % lugnsnd

4, qnﬁ"u’{u'lﬂmmeqqua:we"a'«ﬁuﬁh AN Spread ratio, Direct density.
Water Absorption Index (Yinfiu 4.46, 0.55 NFN / HA. UAY 9.21 AINANAL

5, anﬁnﬁuiﬂa'\meqauazwé'«ﬁuﬁq Winisen 3559 unaned / 100 nfu
ediaundngnuendte 27.76 % unsiliduloatms 8.62 N 7100 N Faannndn
Anfiunfle 12506 %

8. sansVAsALVNLsTaMANds  angTulungumwamauas 100 AU
WAL 23 AU INAUGN 77 AW WUGI rﬁuaw?ﬂuqnﬁﬁu’lummeqauazwﬁ«qu
A1 ATUUUAINTELSN REjssvne TaufmausnnTige
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MARUIN N.

aaao L4

383 131eMUT I Total Dietary Fiber

#u38 Enzymatic - Gravimatic Method { AOAC, 1995 )

.

giinsal

1. \nfasdenndun

2. Crucible 91U P2

3. §au 105°C v¥a Vacuum oven #70C
4. Desiccator

5. \nf seLAdagtng

8. Flask diuldfnatng

7. Water bath # 100°C

8. Thern%ostat shaking water bath { Tecator model 1024 )
S. pH meter

10. Filtration module { Tecator model 1023 )
11. Yidmaunn 50, 100

12. 9 ﬂﬁ"lﬂﬂ:’u
13. Muffle furmace 71 525°C

14. Aluminium foil

15. Magnetic stirrer

NITIAT HNA2LNS
1. FaagraRauinund e InsedneWiduileieaiu eyl
gouuni 105 £ 2°C  uiean 3 dlie
2. §rsnatineilladuman > 10% ) Wafalueanfan Petroleum ether 3x25 mi
(fuiudaate 1 nfN)

3. upsnetne Widawm 0.3-0.5 uu. Wusmetlursauladiingen
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N19LAS BN Crucible
- 14 Crucible 111 Porosity No1.
- &9lazenn wnlu Muffle 525°C 1l ( Aieuieneanann Mufle sali
fuunl A1A4 130 °C ) IlBRTY ‘ium'luﬁﬂnéu 45 A3 UBE rince fat
fnndu Waven uwdafiel3liutke
- 1Bl Celite Yazunnd 0.5 A3y aufignumaf 130°C all&viavinaedt dszanm 2
Falig
- $ I Fulu Desicator Tatinwin ukeifulAlu Desicator aundnazld
- 1fi 78% ethanol 47N wash bottle , suction (e iiaza4 Celite Fuu
Reagents
a. 98% ethanol { Volume/ Volume ) Technical grade
b. 78% ethanol { w5 enTan 1diin 207 ua. acl volume flask 7114 1 B2 LA
95% sthanol aulALF1ms 1 Ams
c. Acetone reagent grade
d. Phosphate buffer { 0.08 M, pH 8.0 )
( wianlne azaty 1.40 g Na phosphate dibasic( anhydrous ) { Na,HPO, ) wia
14 dihydrate 1.753 g LAY 9.68 g Na Phosphate monobasic monohydrate
(NaH,PO, ) w3 14 10.94 g dihydrate utin 700 ml W5 annsWHld 1 Bms
Faenin msaagaLAn pH
e. Termamyl { heat-stable } > Lﬁu'lw:I:Lﬁu( kit No.100 Sigma }
f. Protease{ kit No.100 Sigma )
g. Amyloglucosidase { kit No.100 Sigma }
h. 0.275 N. Sodium hydroxide solution
( ;3 ealanazany NaOH 110 g Tl 700 mi Wt anmstiiagy 1,000 mi
Faesin
i. 0.325 M. hydrochloric solution
(wieadlan 1 1M HC 325 mi USuUFunmsldinsy 1,000 mi faerin
]. Celite C-211-Acid Washed
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A8n197 1R31EMTLT 104 Total Dietary Fiber

al
UHUDHN 12

RIS LAY

Homogenize = M ¥utie = ua <> afnleiu

2

d e . n
aunguAl 105 + 2°C Uszanad 3 dalie

2

T T
FIFDHNDIMIZUN 2 D1 GrassTHInd 1 nfN

{ Tmassinefufin 0.02 nfy)

$ e
incubate FUWN 1

Gelatinization UWAY &8¢ Starch =¥ Oligosaccharide

¥
14 Phosephate buffer { pH 61 50 ml U5u pH W14 6 + 0.2

uwarld Termamyl solution { Amylase ) 0.1 ml TALan Beaker fiat agRilienen s

4

) A - L4 ]
Lisd §rumgi 100°C 16 Wl ( 198 5 Wil )

L Q‘ J [ ] - o »
( dusniFuiulfiaanyssunnd 30 wii e lifaetngIdFuguug il 95-100°C)

-

il UFu pH Whdw 7.5

{ TReAN 0.275 N. NaOH Uszxntd 10 ml )
. 2

T o
Incubate 9UN 2

taelysAiu

7

{AiN Protease 5 mg { Just before use )

( @ramdanlnatn protease 50 mg azatlu buffer 1 ml udadiwmlEnfens 0.1 mi)

v
Uman Beaker fiar agliflunviand

7



« 4 a e « o . d
Lin? geumaR 60°C 30 1T ( atinatinesiaiins )

o A‘ » b3 d V o ] o a .
( duannuduldinauszann 45 wil e lifedwIdFugnmugiiie 60'c)

2

P IiEuudaiAnnga 0.325 M HCI Uszantd 10 ml

99FA1 pH AL9RE SEMIN 4.04.6

2

T a
Incubate 9uUWN 3

tingutla@nadeltiidy Mono, Disaccharide

7

VAN Amyloglucosidase 0.3 mi Hatn Beaker Kot agRittinumansd

v

1 A -, L] 1} 4 § J
v geunafl 60°C 30 WA ( 1EateReIiies )

(vusnFuduldasnismnn 45 1f Welimedndldiigamgdit s0'c )
L
i 95 % Ethanol AT 60°C ( Uszanna 15 wiit ) el 280 mi
%
feilimnmcneufiguugiivies Ussanm 1 b
W

P 7 d
neaslnelEiAs aq Filtration

7
Anemsnavudae

- 78 % ethanol 20 mi 3 ﬂ%sl
- 95 % ethanol 10 ml 2 ﬂ%‘l
- WAY acetone 10 mi 2 ﬂ%ﬁ
( 9 &radnn acetone atindeal Beaker il nanfin

AIT0RAEIUA crucible 28N 1419 Taldge suction )

7
9 v A L] . : » & .
auuvia?n 105°C { Over night ) #eIviifiulu desiceator
7

FIUMLNIALMNAN crucible WAY celite 88N

WAAIUSNAISE 1AL Total Dietary Fiber
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- Duplicate usn wnluwnTusiiu Tmﬂ'ldqmﬁq'aziwﬁ'qwm Tl celite UA fiber B9
TunaantenTlsiiu Aasl#38 Kieldah protein iaes1niiLs iasatinann
o Duplicate fiagarintuin ash Taevindh muffle fumance M 525°C uusznmy 5
FaTa Feliduly desicoator Tewin AU TinTes crucible UAE celite aanuite s
‘lﬁ’\iwﬁﬂ'ﬂm ash .

VNEME  NMSYIFiRd Run Blank nATa

NITARATUIN

Blank = mg blank residue { { %protein in blank + % ash in blank ) X mg blank residue
100

% protein in blank = (_mg protein in blank ) X100

mg blank residue

% ash in blank = (_mg ash in blank ) X100

mg blank residue

% TDF= mg residue - blank X 100

mg Sample

% Protein in Sample =

g residue in sample

% Ash in Sample = X 100

mg residue in sample’
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ANANUIN 1.
-~ < ¢ o8
a2 ATIsuaIRlsEna MRl

1. M3 ATEIMNT InmAMNTY { AOAC, 1990 )

atnsal
1. fauanfou
2. Desiccator
3. Aluminium dish
4. Tong

J ; :' o o c e ]
5. 1A% a9 Tau VNI RARZIELA 4 AN

r . .| - U4
28n15ALATIEN
- B . A - L ] .y~ -~ J
1. @ Aluminium dish wWiasel NIgamMai 106'C autminas?
v
2. U lu1dy desiceator Rl v
] ¥ ¥
3. TN Aluminium dish whaneh aptufinuamin'y
b -~ [} - .y o A [ . . -
4, Fesnang 2-3 ANl Wnsrutnwninudues ) Tdaelu Aluminium dish
L] A r-Y L ] $
5. tleulugeusieu iqnmail 105°C Uszann 2 dala
6. Mty desiccator FRrMInUEIanTUANTS
. v " PILOY ;T . v .
7. W ldeudngn 1 4l v eauiavidnash Taaiawindeld 2 afsAafu
Sunwinsnefuliifu 35 Sadndy
-l o
AU

wefmufpaniu = [ (A+B) - c]x 100

B
4 Yo, o o
WA A = UIMIA Aluminium dish Wiy
B = uawiindnetng Wuniu

.’ L . . . .y o o~ ] J -
C = uAMIn Aluminium dish WaTHAMTIRFqatnenauwieuds undu
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2. n921As1zulT v TusAu ( AOAC,1990 )

adnsal

d) .'r o al

1. AT ANINTURARYIBE A

2. vaantasuasnaulusiu
d a

3. wiaddasevidsfiu

4, Burett 50 mi

5. Erlenmeyer flask 250 mi

8. Glasses beads

#9\AN
1. neafan? Aadngu (Cone. H,SO, ) réagent grade
2. ASATAIENIALETA 4 %
3. asazanensalalasaeasm Amdidu 00138 oN 7 mi ( winwlag 49 NHCI
0.06 -0.07 AFu (W) nerurinuinflutiuey daninndu 50 ml ran methy! red
3 ven ldaq
lunae andulusiu ndulifldansazanolszanns 200 mi vl immsniy Hol
Alainsrupaauidadu (Y1 aathudin mi of H T (X)
uSavinllAaduau
NHC 835 nfuillulaneu 14 nfu
NHC (W) afu Blulmsieu 14 xw

535 .
HCl (X) mi #lulmsiau = 14 x(W)
53.5
HO 1 mi @lulmsiau = 14 xW gN / mi
53.5x( X )

4. peazBaiuan 7 nfu (Ussnauan ) Tiadundamn ( KS0,) 8 dau
aatilefdamia 1 dou
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5. Mixed indicator
- wfEN 0.1 % Bromazresol green { 14 95 % WRANAARA ) WAL 0.1% Methyl
red ( 1 95 % waANaIaq )

- H@N 10 ml 299 Bromocresol green fiU 2 ml 194 Methy! red ‘lﬁmmwﬂm

-~ (4

any,
TENITILATIEN

L 4
» e

1. darwmindneene 1 nfN a9lu Kjeldahl flask 2tinlvisatinaaasaadn

2. \fu ATmEAas 7 N nm*ﬁ'mj?mi’uﬁu 25 ml UAY Glasses beads &y

3. 111 Kjeldah! fiesk ldlugmtinatulsiiu tenadldansaraudfinlaubaie ¥ iidu

4. ldasavanensaued A 4%aslu Erenmeyer flask UFwuAme 100 m fivei mixed
indicator a¢lt] 2:3 viua warinlane B\ e aendu

5. 111 Kjeldahl flask Ritiatiaauialuldluend sandulusfiu Widanduadly

Fantaeuszanad 30 ml (Felusunsuannied aqr Falnid esllansenlad 32 %

Uszanty 60 mi { Aelusunsuaaniad as ) innnendilagdanarls 57 undl

Wufrouenlufle T8 luansavanensauede 4% ndusuldansacanedfinlaly

Erlenmeyer flask  122NN84200 ml

6. inarsazateindulgl lmmentunsalalasaneda aufsqagine indicator

Wzt ladhudmysey

7. #n12MARBIAY Blank wiilaufuaatag Tae Blank 14hiandu 10m! lduny

fnatng

28AuIn

wefmudusiiu

L 73
HAwinFaaLg
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3. 193 AT1EM L13iu { AOAC,1990 )

atnsal

1. \iaeafaleiu Soxtherm autometic
2. Thimble

3. N2LANKNIEN

4. Beaker 4849/ Soxtherm

5. fauAnUfuussaruAug g
6. Tong

7. Desiccator

J -'» a al
8. 1A% NINTUAALIBLA

A9iAl

Hexane %39 Petroleum ether

Y- - ¢
AEN1TILATIEN

1. & ngzann Beaker udnoulutauinminasit ialidilu Desiccator
Fovnwinudaantufin'ly

2. Fasaattegams 5 nfu winfuiuew ldlunssanunsasudaussqaslu
Thimble 1A Thimble daednAnusiaannlath

3. 1d Ring alU Thimble 11 Thimble il atingldnqly Beaker

4. .14 Hexane 130 m! &<y Beaker

5. ti1gn Beaker lhlssnaufuindag

6. Manrzafalatuldnandssunn 2 fale Weafnataudalvisrve Solvent
28N

7. 111 Beaker Wavlugeu fignmgd 100°C aulddnineed felidulu

Ly v ) v
Desiccator TAUNUINTAY Beaker anAT udrArvnawtinwinfivneu
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ITAUIY
wafirusi e ={ W2 - W1 Ix 100
W

v
W2 A8 uwinasg Beaker ualasiu undu
W1 A9 41wnineas Beaker \unsu

P-'] :’ o ar 1 o
W A UIMINTA9AIDENY (uniy
4. 3IEn1TATIMTINa { AOAC,1990 )

atnsal
1. Porcelain crucible
2. Hot plate
3. Tong
4. Muffle furnace
5. Desiccator
8. Hood
7. nszanmnsesia Hid
8. foulia SalfuuazrunugnmnRld

J - o a
0.1A% ANINTUARTIBUA

ATN191ATIER
1. % Porcelain dish aulu Muffle fumace ﬁthqﬂ 550°C autitminacd i
Wifiulus Desicoator Fevinuiin aatufintinnin's
2. Fafnataeanmns 25 nfu ( towdinfwiuey ) ldlunszansnsedEidn d
a4l Porcelain dish

® . R J -~ 1 -
3. W1 Porcelain dish NiA2ti19 Twuu Hot plate 14 Hood auunArdu
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4. w2l lu Muffle fumnace fignimgfl 550°C auldifrdenauf adim (rau
\2198n410 Muffie AslYigRuMNRARAIRINGT 130°C ) fieliiidulu Desiccator

wdrdh ldgeinudn aatuiinBudariniuAadtw imndF unaidn

Mol o
A8 AU
weafiruddn = Wa - Wi x 100
W
4 7 e ) \ o
W2 A2 Ui Porcelain crucible wadn unfu
W1 ﬁ'a 1N Porcelain crucible wunfu

P~ r o o T o
W A8 tudndaadtsaiuns wunfy

5. A8 n193LATIEMLT I adflulaasa

FsimuF et fiulamss idainnisdauan

'lumw?é'ﬂL?aqﬁuﬁuL"ﬁ‘lm'naqm?ﬁ'mmqnﬁiﬁﬂtﬁu’lﬂmm?qsauazwé'amuﬁ"\
UFunreaduly  Swseilaedfvufuans Total Dietary Fiber (TDF) wefimusans
WulsatwsasAnanidafirusiaes Total Dietary Fiber wrelwndsed Snnsen
waselne WnaindTnse Felindnufies 1 weed / 1 i aunuiitnma
vediu mezaniy lunnsAsdnuansnyFinnandlulamss  asiudefinusae

Wuleatms uazilefirudaseinddindinsaunAnanuanidig

wafimudanfiulawmem

= 100- (% AYNTU+% TUsHu% TaTue % 10+% TDF+% Tndfindlnga )
wﬁwmmqu%‘ﬂumamnﬁw’t’u’lﬂmm?qauazwﬁ«ww’héﬁmtuiﬁmn
Alauened 1100 nf = wefmudmflulamen x 4

= wWefurudn@andinga x 1

= wefirusMlsiux 4

= wefiuwilatux 9
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ATARUIN A,

ar <l '
aaaf andngAuliluuvadsreadulaaims

nndavdas dudfvdennmsininadavies ﬁauﬁﬁuglﬁﬁaqﬁamn
favdes Tael¥levindanuiu 30 wnit iedrdanduds udaivldindeuns 4 uuaa
u1ldeuly Cabinet Dryer ﬂq:wqﬁ 60", unanszins 6 4l azldnanda
witasRfnwiz udainiluaWasdun fauind eeuaiia

unudinlssa luntsmassendell Wunudurlzsaanusenslst il e
wdoviumeny 7 ieudnitllAilulvesdendaeedasluinde udnseuaiusidou
gaenn hindaune 7 uunnmudeaulu Cabinet Dryer figruvnil 60", e
g 6 dalie alBunududlzanfiidnwniuts udiThlualasdunfuiaias
uatrAa

daummane Andenaidataiids uavdandsnasn &aiilazenn tilus
‘luﬁﬁ%‘aw‘?‘\qmmﬁ g0'n. funer 1 falw 45 wiit wbainlidnldan (Wom
dszanms 45wl #nFudrevin Adlfiandadn dnllindeung 1 vuanaudaauly
Cabinet Dryer gaumail 60's. luaanszanas 2 dalue ukavinlluaveny 1 fot
w3 aeunnfin

Waywyma il wiinUszanns 30 wift dreliazanaudeiis Wasdaia fald
Wududn 1 wlin@eune q yuaaudaanlu Cabinet Dryer fiquugd 60e. lu
naszanng 4 Falig

nFarnutan waz gaina seaniufineddasusioned dlfaed

Relazdatin ndaeuuaiavrhlaufigumg 100 assnns 20 wit uhasilu

VEIL
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AMARUIN .

<
NMTATINHDUAMNNLAN NI A NIBIAND

.-3 4 J 2 J o j o . .
1. aeamageuliedudaresanl  Toalfind aeinlledudaiu ‘Stable Micro
: A L 74 - 4 £ - Y o o .
Systems TAXT2 WAsantzaesndasliflusenssying 5 Alansu Taeldvidn 3 Point

Bending Rig  ( HDP/ 3PB ) WALAIANT94ANT ARt

Mode: Measure Force in Compression
Option: Return To Start

Pre-Test Speed: 2.0 mm/s

Test Speed: 0.5 mm/s

Post-Test Speed: 10.0 mm/s

Distance: 5 mm

Trigger Force: Auto - 20 g

Data Acquisition rate: 400 pps

2. Direct density mﬁ'qﬂs_iﬁwﬂqqnﬁlﬁanﬁm ldfatnaslunszuanmaufia
wein 1w 1 WekiliiAatwssanan safufinFinmsuasdeinninsessaagn i 3
41 AL Tvnianiu nFYNA. ( Parott, 1978; Toms,1979 UAY Chen 1988 )

3. Water Absorption Index { WAI ) 1ae38189 Anderson, 1969 ﬁ?ﬁﬂﬂ:lﬁ‘ﬂﬂﬂ"ﬂﬁ
Folindastinefunuda 20 A%y Gadandu 20 ua. AunseAnan (14 Magnetic
bar | e lansarazaglugninutousesug 30 WH anduseivll 10 Wil uhe
atinlUl Centrifuge 71 2000 x g gomgll 20 evAngadua uwead 10 wid wndavit
durinla ( Supernatant ) el vrdaufimnmenan( Gel Vluivn Water content (%) Tae3%
avlugay mnudeu fignmgll 110 asrada Aruanidt WA laingas
WAI = Water Content (%) 194 (Gel)

100 - Water Content (%) 184 (Gel)
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4. Spread ratiof AANAAY/ATNYIMN ) vinlandBaRg AACC, 1983

. & g & o v Y &

Fapaundnetesanilaeaneanil 6 Tu Fudlirauauiu damnundterasgni
Y o XX, . o4
Tevna SuanAusiasTumuing 90 evan daratundrednafauils mAvadyAN

k4
3 o J ] o o
nd1ewsiasiuresanifmbhaduiadiing

S
o~

[ : J : o o o *

Famanmunaaegnilaenisneanil 6 u dawiudu damanvunsesrnfv

o g ] 1 e [} { =3 o 3 ] 1
wun quanfintefeelnildagludrumisineainiin damatumndnafanile wen

AJ :I : [} o o
wdzANNIReAnise 1 3w dwaidu Hadwns

6. MenasaunNlszamANda utveaniilu 2 ArrwzAa

6.1 nmaseuludiewnsasss  Tnedssdiianininmedssandudauuy 9
Hedonic Scale (Lﬁtuﬁty, 2536) Hazuuszuing 19 Fufuazuuiitedeanumey
ua:mwaué’uamﬁmsmzmq']‘nmﬁ'qaeifm'lut?awmgﬁs‘ﬁa 3 ndu samnd AN
uazarimaysan T 1 nufivkizeuiiga uas 9 wanefisrausnniiga

82 vesaufuilnalaelfuuuaauaindaniudaasneiitssdionn  nsqu
Faat N HunusaAtia ( Useys 12515 ) Lﬁuﬁﬁmﬁ’mqmﬂq«mwumum {21e1¥re
WaunIAnduE awinfu 5,000 um ua:mmmé’uﬂe::muqnﬁ"lﬁ’é’\mu 100 AU

A3IAAALANNLANFIIAE DMRT ( Duncan's Muitiple Range Test )

FwemzvinanieaifdaeTdsunsudndagy SAS



96

MARUIN Q.

LLUNARDUNNUTSANANNS

- ¢ & v o 3
HAANTUN ANTIAULEZIMITAIUASNAIUAN

A [ ‘ > » ¢ [ o 14
n{uninAratNRnNudd AsUNUARNAMNTaUTewinY TasviuaTawmune / W

v al o
ﬂi\inUiﬁQﬁzuuuﬂVﬂu ﬁ'@q nng

9 gauuniign 6 gauldnvas 3 lLitau
8 fauuIn 5 1an 2 lsitausan
7 gauthunan 4 Liigawdniday 1 liveuunilgs
fnwu NAELAT ATLUY
Aran 9 |8 |7 |6 (5 |4 |3 |2 |1
Falin)
]
nauiflany
Te1RAlaETIN
ATAYY
ATUTBLTIN
b 4
FOURUBUUE e
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AAHUIN A.

uuLdaUaH
(NMTMAgaUN1TEaNTUTa L5 LnA)

- -~ [ 4 (g & val v -
TrsensTnmiinug : nswruana loilidulaamnsgeuasndesuna

Aliuas : wudeunmidwndduiteyssnausnentinudaes wend wasda
AnwssiulFgatn aedmgeatvnssuinens anmaluladininnems anqdu
waluladl  wezasndndrqummsaiansui saAlNdanfiasnnvitutemaLLLL
asunIN daya 14naehq‘?'whumaumﬁqnﬁuﬂ?z?mﬁaem‘e‘iqaimm%é’m?qﬁ WAz
Liflualasefnavidu

. aew . A . cle A4
'na‘uﬂuwnﬁmvjn'muvu'lumﬁu?quuﬂﬂmqﬂmm U 'nuﬁw

UNNIR VB9
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Lﬂawlnﬁizﬂu‘lwaluqaﬁqqﬁuﬂ?:mmudqu'lmjaq‘lumq:ﬁﬁmLéq?u il
fuslnaliranudndtyienisuftnrenmnstions Suinfudlssmueimsfifudssmu
Wasaanuarsada desenisufing wastlssudanan Tnedauluglidenddilet
AuAMmMNTATWIAYININTN Sqﬁa'lﬁ’nﬁmﬁmmviammwéfu i Tspdau lsmagindu
Tatings Bsavilaznniden Uelawawmesealudengs Tsawimiu T}ﬁﬁmqn o
Fadnoemns Judu Faleasine o Aelldnsnanudatl dulsannssnunsoton
faefiild fuilnauaunsaaieiu bR uLssmuamnsiifidulane Aatiarive]
fing q i u Weasfudsemuinuessal  hireufunlssmuatnsfilidulelug
18981913 qnﬁﬂwuuauﬁé’uﬁmﬁauuﬁmﬁ’umn Ak esanfudlssmiy
Rirauazazaansantmmnnn Aniiaevititwieuge uasiidlaanmetiaennn
Lweﬂzaz&uﬁﬁQ’uﬁnﬁuﬁnﬂn‘]usiﬁmumnu?ﬂu?‘l‘nﬂﬁammaﬁalﬁuﬁﬂﬂtymm'a
grnmsnaneld §35uAnThisquamasedus tnadludndty Seinmsiamnaani s
dilsaegeuasndenudn Waralfifansdrequnmeesduiing Tﬂﬂqnﬁ'ﬁuam
%uﬁtﬂuﬂﬂﬁﬁﬁtﬁuhﬂﬁuﬁ?@q ( WS mnnuduilaamsigus tnamas il snnasiuas
2025 nfuredu | wiwud Taramesesannn (lesaniudounenliididdou

1 LA .l - 1 : : o d
1e4lgunq) Taduin widFunalusfuasgendaaniiue uazanfailagus

ag 3 - o
TEasBtAAUATMINTUINITIMNITILATIEN
& ] '
AnnidulgamTUAs NN

nARAUT Ufuneudule | wéseau | Wsiu| mflulawse | e

mma‘/qnﬁmon?u wased) | () (%) (%)

AnAiLY 3.83 1927, | 796 §5.77 26.42
AnMLduly 8.62 3559 | 1182 | 5494 12.92
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