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Abstract

This investigation was divided into two individual parts. The first part was
designed to develop arare which was subdivided into two different experiments. The
first experiment was studied reduction of hardness of arare by mixing gelled flour or
gum with steamed sticky crushed-rice to form dough, prior to grilling to the final
product. Various flour and gums were used in this experiment such as modified
tapioca starch, pre-gelled waxy-corn starch, potato starch, rice flour, arrow root
starch, corn starch, sticky rice flour and gums as well as steamed potato and taro .
Within these different addition, pregelled waxy-corn starch seemed to give superior
texture of the finish product which was soft and crispy. Since its price is too high,
hence this starch was not recommended by Thai Niji. Another addition of steamed
potato also displayed soft texture, but it had relatively strong odor which covered the
original rice odor, therefore this component was also not considered. To overcome
this solution, modified processing condition or used appropriate cheap flour might be
taken into account (see second part). A study of drying dough pieces was suggested
that an optimum temperature of 45 °C could gave rise to thin crust and crumb of the
final products. The optimum moisture content of pieces of dehydrated dough (prior to
drying) was in the range 27-30% could brought about finish products with required
texture.

Second experiment : study of reducing hardness of arare as recommended
by Thai Niji, flour was first mixed with crushed rice then steamed to form gel and
mixed into dough before the grilling process. In this modified method the flour and
crushed rice were simultaneously cooked to form gel. The control finish products
made from dough added pre-gelled waxy-corn starch or pre-gelled potato starch
exhibited similar to the first experiment softer texture than those Thai Niji product (S-
03). This could be indicated that either methods of incorporating gelled flour or non-
gelled flour into crushed cooked rice (first experiment) or crushed raw rice (second
experiment) could give similar result of softer products. A study of reducing hardness
of arare by decreasing particle size of crushed rice, it was found that all finish
products did not show significantly different hardness which was due primarily to the

slight difference of particle size (60-100 mesh) of all used crushed-rice. To improve a



good pronounced texture of product, higher particle size of crushed-rice should be
introduced e.g. more than 150-200 mesh.

Second part, to develop natto using two varieties of soy bean i.e. Chiangmai
60 and Sosjo 2 were studied. The dehydrated soy bean was socked in drinking water
for 16 hr. drained and steamed at pressure 15 Ib./ in* ( 121°C) for processing time of
40 and 50 min. The cooked bean was inoculated with Bacillus natto and fermented at
42 °C for 24 hr. Physical, chemical and microbiological qualities as well as sensory
evaluation assessed by Thai Niji of finish products were performed. The basic natto
had pH 7.74-7.86, also had lighter color than those unfermented soy bean as indicated
by higher L value. The natto made from soy bean with longer cooking time showed
lower hardness (4.29-5.47 kg). Quantity of B. natto in the finish product was 9.56-
9.79 log cfu /g, spore count was 9.36-9.74 log cfu /g. Yeast and mould could not be
detected.

An investigation of optimum time for dehydrating natto and soy bean by hot
air and microwave drying, a selected type of natto by Thai Niji was made from soy
variety Chiangmai 60, subsequently, dehydrated under 2 levels of hot air i.e. 210 and
230 °C or under 2 levels of microwave heating 700 and 900 Watt. The dehydration
time of these four conditions until ay, less than 0.5 were found to be 545, 515, 335 and
305 min. respectively, whereas dehydrated soy until moisture content less than 2%
were 56, 54, 20 and 15 min. respectively.

Natto quality were assessed as follows; moisture content 4.81-4.94, a,, 0.48-
0.50. Their hardness (306-328 N) and crispiness (727-759 N.sec) were not
significantly different (p >0.5) among three conditions of dehydration, except product
dried under second condition of microwave had hardness (375 N) and crispiness (794
N.sec) significantly higher than those other products (p <0.5). For microbiological
quality, aerobic organisms were laid in the range of 9.02-9.12 log cfu /g which
speculated as B. natto accumulated in the fresh natto. The amount of coliform and E.
coli were less than 3 MPN /g which considered to be conformed with standard of
community products for toa nou (Thai fermented soy bean).

The quality of dehydrated soy bean (Chiangmai 60 variety) had moisture
content 1.8-1.9 %, a,, 0.28-0.3. Their hardness and crispiness were 350-363 N and



775-809 N.sec respectively which were not significantly different (p >0.5) among
four conditions of dehydration.

For microbiological aspect, aerobic bacteria was less than 10 cfu /g., coliform
and E. coliwere also less than 3 MPN /g. The result of dehydration of back soy bean
from Thai Niji was identical with dehydrated soy bean Chiangmai 60 variety.
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o Y Y c?JI dyd?} "o o o Y dy = 1
granule vzda10A1 1At0s NiTTUPgAUINUFUDI1I MIaae starch granule Haziinane

Tassadwveser InTandadu  Tasslddundunsuauendioon  mldamsnaiuimiae

4 ' v
amnsonena lddelunaziguynial (Jahan ef al,2003)



J
1.4 asndszneumaniiveasiauile (starch granule)
< < % o I s o
wauthwsodiaamsy  TasnldszneudlsTuanavewtluiluesndsgneundn
dyw =\ = o 1% a ~ dA j} a ~ 1 o <
wennniidaliTdsan Tviie eawesa arsdunidouns wazihlulsanuanaiedu e
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TYineanyasaay (hilum) M3 een Ui Ianatlusursousnantunan
. qs.l} A [ = . A v o 1 Y
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a 4 a o I X o Y 1< a
oz'luTanlpdu szirouaanuilunded 2 1du (double helices) Fadnyaznaeaziuusa
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yosnannIaGesdaocnuiluszidion  (crystalline regions) aaunylmanaiineg1a ludlu
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g2 diandlsigriundesganssend uflsdnilua A), uflaiudnlends @), ufldnma
(©), uilid (D)

u: 0301, 2548a



10

o o o o v A s A qYo s
?j'ﬂ 2.2 ﬁﬂHmzaﬁllﬂl’i]ﬂuﬂﬂlluP\liﬂ‘ﬂ@jﬂﬂuﬂﬂ@\1i]‘ﬁ‘ﬂiﬁﬁu‘]ﬂuﬂiﬂfa“l,ﬁﬂi‘wafliﬁ

Nu: 9301, 2548a

1.4.1 nila (strach)
s d s { s a
uilanSeamsmiuas 1ulawsanlsenoudrs msveu lalasu uazeondiou
o ' o I a s %
Tusasiaau 6:10:5 ligasaiing lde (c H,0,), udluduIndwesveng Ina Falsznoudle
. A " v 9 o . . ~ J o oA
anhydroglucose unit (BOUADNUAIINUTE -glycosidic linkage NANTUDUAWKUIN 1 UBJ
] @ 4 ) oA ] A (Y 9 =
wieng Inanuns oudwwrued 4 vewriaeng Inanegia 11 dudarevesTuanaudezil
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a1e NNauauaIAIY (reducing end) WUAD LLﬂQWﬁﬂMﬁf]ﬁ%%ﬂJﬁﬂMHﬁ reducing end 1
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oy, 2551) utldIdansayiiy 9aniiauezsn 9910412 Twa 130 waxy corn, high amylose corn
uflaazuiledaulsldunlugaamnssuomns  Jauddsiedouse luana, iuanunile
[ o a < o & "o o 1 1 . i
e ldR Tl ume Audlueruidy el Tvuades, newa (binder and stabilizer)
[l Yya 1 < dy [ a o 9 @ 9 Y
$eliRun, Hrenuanuyuluems  uildanlsueriadaldunuladuld  mszez

YR o Y = =~
ANNITANNUNAYATY (EJ']ZT;‘L!, 2548a)

1.4.1.1 o2 luTaa (amylose)
oy luTamiluTwawesiFuduidsznondionglaa 1A 250  units ApAUAIY
Wuse o -1,4- glucosidic linkage ﬁﬂgﬂﬁ 2.3 919 Ol-1,6-glycosidic linkage ’e]gJZ 0.3-0.5% 13

o 1 Y a A o Y =\ gj o 6 ]
UUN mmmmuﬂmmuﬂaﬂm LLﬁmﬂﬂﬁT‘VﬁLﬂﬁm%’u llﬂ\ﬂﬂ uumuﬂmaqa 100 Aaau
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U v o d
msdaavedluanavesnglnauiy axial equatorial 11# Inseaiwveses luTad vaiin

1 1 3 a {
(NA827UUN (helical shape) Moluvos helix dulvgvziilalasnuszaounaziuysnun

lutidszy (ouluin) diumyleasendazegauuen melulaseadinnlelofuy, nia

A

Y 3
Tyt wieTulundiwelsa cRadihidumy 1) uilailiveiios luTaadseuna 25% (o3,

2548a)

& {1-4) linkage

517 2.3 Tnseadveses luTad

= 9

Nu: qufuazioay,

2551

oz luTaaluuilausazsiaszHusunanuanaiaiu 1l dauansluaisian 2.3 isan

uilaupazsiiall degree of polymerization (DP) vedez lulaauanaeiu utlifliaeves

oz luTageunaziivua Ty lumsnes Insmnsmsuanaq

az“lﬂaﬁmmmimﬁmﬁu

a 9 [ = a A ' .
f’ﬂi‘ﬂﬁ$ﬂmJl‘IN“I$61Jﬂ1Ju1@I@ﬂullazfﬁiﬂizﬂ’f)‘U?J‘L!‘VIiEJ?J‘LlG] 1Y butanol, fatty acid, surfactant,

a 9 1 dy 1 :I o I
phenol 118¢ hydrocarbon @15U35zneUFedewmartl v luazaielui Taves luTaaseiiwilu

= Y a S . A 1
inaeIdonIoUmTUIZNOVIUNTY (Galliard tta¢ Bowler, 1987) oz luTaaddianuenaie la

1 ] A v o = YA g’ a £ 9 [ A
WINNI 45 wmﬂﬂgTﬂﬁmm’Jmfmullaiaﬂui]zelwaumu cﬁﬂﬁmﬂuaﬂymzmwwmmuaﬂ

dandlsnsioz lulamiuosdilsenou

wazllumsasnaovdsuaes luTaaluudlaSw

auiavete luTaa vazes luTanladulianuuanaaiu aaaasluasian 2.4

m3199 2.3 Ysunaes luTaaluudleariiaaie

Usuaez luTaa (% 1w, 1)

Usuaesz luTaa (% .. 1)

il Apparent Absolute
Y13 28.8 25.8
91711 29.4 225
1 25.0 20.5

T1115ad 25.5 23.6
W5 36.0 16.9
Hudlznas 235 17.8
WNFINYI 43.2 22.7
21087 37.9 30.7

117: Kasemsuwan ef al., 1999
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14.12 o¢luTanaau (amylopectin)
oz'luTawaAu  (amylopectin) Lﬂuiwamaﬂ%qﬁwmﬂgiﬂﬁ dmiidhuduasues
ﬂgiﬂmcﬁam}'@ﬁ’uﬁ’aﬂ Wuse O -1, 4 glycosidic linkage tazdrmfiunseanuniidiunaned
ﬂ@jﬂﬁ‘ﬁwgufl DP 0g1u329 10 & 60 119w iFoudefuAIBWUTE O -1, 6-glycosidic linkage
SagUil 24 wihongTaafiiiuse o -1, 6 glycosidic linkage Toflszana 5% voelSum

9 9
wihenglaaly oz luTanladunavue oz luTanladuiiihminTuenadsznanlszina 107

a

= 9 @ = A v o A A o Y 2 A
N 10 AU HAagUNITIAUAINN Lummﬂ@z“lﬂmﬂﬂmumﬂymﬂﬂiﬂﬁimﬂum

]
[

[ F
oz luTanladwimthnidulassadandnveadiaudls  duiuieles lulan)afuiisasdia
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sialudTina 75% uilunasialsenevdlves luTanady 100% 134 waxy comn starches

9
wog luTanlaAunazes luTad eunsanena ladeiuse lalasiou (o3l 2548a)

CH;OH cH,OH
OL(I 8} linkage
OH OH
o 1 &{l-‘u]llukage
CH,OH CH, CH, DH

1 2.4 Tnseadaveses luTalnan

9
fiun: AuRUazloa, 2551

s 2.5Tuanaveses ”lniazﬂﬂﬂu(cma)m oz luTanladufismdundy (1)

fiun: 9301, 2548a
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d‘ Q/le 1 % a
MTNN 2.4 fmmmmfmNﬂwumaz"luiaﬁuaz@z"lﬂmﬂﬂ@u

oz'luTaa oz'luTanladu
v Y I 9 EN Y =
1. dsznovdieTuanang Inanaenuilu iduase |1 Twanang Iaaiaeiud1eWuss a-1,4 tagl msuan
) o a gy @
AINUTY oL -1,4 AIAEWUTE O -1,6
2. lszneudiong Ind 200-6000 117y 2. ugiazaling Iaa 20-25 W1y
o v Y ' o YA 1

3. azanerh e 3. azaei1laanin

A g o =) 9 A 9 9 =)
4. wedulninsianudunilaos 4. Yuriilawnuazla
5. WaihRuiuesazae le Tedu 5. Iauuaarsemhmauasnumsazarele Todu

Y Y a Y v o 9 ] < 9 o o 9 1 I
6. Auudaane BazduaniluAunazuruniela 6. lutuadluiunazurunia

N Beynum and Roels, 1985b

1.4.2 'lvitu (Lipid)

u#1991%7 (tuber) 139310 (root) 1 uilsTunSuazsiudlevdedl lusiulualSanad
&1 (0.1% wSetlesndn) WenSouieniuutlaannsaits com wheat 1az sorghum) Fail lusiy
Uszana 0608 % (ww) msfiluiulunflesinadennauiavewtluiiosnnluiunse
alla  (ipid)  mfamsswdriues lulaaluudufadluasFadouveses luTaa-luiu

1 4 Y 1
(amylose-lipid complex) g amylose-lipid complex i'liazanein LLﬁﬂ1i§’Uﬁui}$gﬂﬁ1mULﬁﬂ

a

Yo Y A 1 = o AR A o ) o Y
Vlmummi@qummeQQ (11NN 120 DIAUK QUK YY) Wu‘ﬁzmﬂmuﬂaﬂu%ﬂﬂmmﬂwﬂﬁ

U U

druvee oz luTaaeunsoazaieeenin'ld (Davies er al, 1980) a3UsznoLFIFoUVDA

o luTaauay lusiuagiinadin 19 /aamInesd (swelling power) azAINI5aza1d (solubility)
. dy @ o o Y a s A .

voauilianas (Davies ef al, 1980) uon1nil ludiudsinliuilanamsmiuity (rancid) Ve

S o a % a 1 1 @
nuSnEIAIe (aufuaztioay, 2551) Usua luiuluuilsianie Januuanaieiull

143 Tdsau (Protein)

Y 1 = T

Tsaunasalanndaudanidlgdy 2 nan Ao Tusaunsuvegnmveuiauile

q U

5 Y] 1 { Qo’ 1 a a a 4 {
(surface protein) Fannvon laiwiguugidiniguugilumsmanadlug uazllsaun

G Q

TR = < . . = o v v aAq Yo A '
Lﬂuﬁ'll‘lﬁu\‘lﬁllﬂﬁmﬂll‘ﬂﬁ (1ntegral proteln) “If\?ﬂTﬁﬂ'ﬂﬂ@ﬂﬁiﬂfqmﬁ{]uﬂlﬂﬁmﬂﬁﬁﬁi’)QQﬂ'ﬂ

aaunnllumsiianad lus Galliard & Bowler (1987) 3181 Useuna 10% wodllsau

Q u
B4

winuaiiada ldnnutaadullsduidveginn  Tusauiogmoludiauilsdnlwa)iu

P o { [y 4 o [ v o [ a 'l;
ulginimihnduasziutls udSwazifudilzudadi TlsauludSunand) 0.1% wiw
A 9 1 A = ~ 1Y o A ] 9y 9 A X A |a ~
wioteondn) WenlSeuReudundsnntyiy wu 9 Inavazdnaa FadidsumTsdu

0.3 - 0.5% (w/w) Tdsaudeglunthzinerdestumsildinanausauazmsinaroalundle
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4 3 (A oA o <
TuntleandiiTals@ude friabilin toenimiullsauiidoiunertoaruanuudwesdn (quj

uazioIyy, 2551)

1.44 veawesa (Phosphorus)
WoaoSaluutlsninsyisinnuluglvesoanedtla (lysophospholipid) Ty
uflnsnuasinintvearlesaludSnaiiduazeglugvesrloanla ulaiudsufuutla
i]1ﬂﬁa‘ﬁﬁﬂ?mmweﬁv\la:}*a”lugﬂmmﬂamﬂmaﬁma{ (phosphate ester) g4 131184 phosphate
group lunilafunaiilszanes 1 group Ao 200 - 400 wﬁuﬂmmﬁymmﬂ@jﬂa (200 - 800 ppm)
Taovywealainlwuslsliamaiamiiu polyelectrolyte inlddiautlanszedaluiuas e

o 9. 4 [ Y
#'14@ 1ileean Tuanautlwdniues (quijuaziioaysy, 2551)

A A

145 wazd ﬁauﬂﬁﬂﬁmq (ash & inorganic components)
a oA (] a < a

asorunsdous Tuudls i ca’, K, Mg uaz zn" wulullSuaanilos YSinaves

1 dy 9 Q' Lﬂ' A Ld‘ a &% Q'J = 1
msmariim ldnindsnmaeninmawniguvgimwey  uileiudiadingvealalugilues

A z:;z:l 1 Y o'/ A Y 9 oy a 9 (% e’/ LY a

idenlieglutiudiuewse laninnszuumsdiant Usinadwewdluiudswniulsua
wirleenla UsnandruedmlunilssyiivAedSunaveanedtla (quijuazioayy, 2551)
YSandweauilan s lunamsalaenig lae arsiszrevulavzvedlmbey TodmFen

A = .
LUNULKEY Lasunalyel (Davies et al., 1980)

A .
1.4.6 ANUYY (moisture)
a dy 42/ "o dy o [ 4
ﬂimmmm%ummuﬂwuagﬂummwﬁmwm (relative humidity; RH) U9391N16
A2 a o ¢Ya £ o o 24 ~ A oy oy & <
VYMENNUNANNUN EﬂiJﬂ’JHJGIfUﬁiJWTI‘ﬁ@ﬂLL{IQﬁ]%Nﬂ’ﬂiJ‘]flm"lﬂ’JEJ mmquumuﬂwz@ﬂ
Y Y Y
Fu1i1 130 USumanuduauga (equilibrium moisture content) Yo tlaupgiuwiAvD

utls meldannzememlnautlaTaena liaziinnudu 10-20% (wiw) (aufuazioays, 2551)

1.5 MstnaaA ¥y (gelatinization)

Tuanautlilsznoudlowy leasengatiuauiin gameiudlrenuse lalasau
= A g’ A < 1 1 . [ oaj v A @ @ dy
Hauauiareuih uaiosnndautlseglugils1an micelles Astiumssasosdar luanyuzil

0o g U d S 2wy v o A W o2 & < J
winldlautlazanglminguldon  duiuluvaziuilsogluinduiiauilsvzaadiniuaz

[ < 1A Y] g’ o
WoI@2 1A1an1108 (Leach ef al, 1959) ugiijolianusounuasazarenimils wuselalasou

@ < 3’ @ 1 3’ = A 3 42'
wamedras  wWenihezgaiimesda  duwnauveniwtlvzinnuniiauniuue: ladju

A a A A ' < Ay < A Y £
!u'ﬂﬂ%WﬂIﬁJlafJ‘ﬂ@ﬁﬁgﬂLﬁﬁ@@gi@‘ﬂ‘] meﬂﬂmaauaﬂm mmtﬂﬁmaau”lm”lﬂmmm
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a

4 J a a o an A a '
Usingmsaltizonmsina wad lesu gurgiiasazaesunannuniaiEonigurgil
A a S & 1 o 1 a a a Y] a A Y
!ﬁJ!ﬁ]ﬁT@”lu‘rlf "‘]Nﬁ]gL!ﬁﬂ@lﬁﬂuiullﬂﬁllﬁﬁg%uﬂ ﬂTiLﬂﬂlﬁ]ﬁ?@hlul%’ﬂfl!ﬂl@ﬁuﬂﬁlﬂﬂL‘JJf’JGl‘Viﬂ'JTJJ
9 o 3’ a A o 1 Y I A <3 =<
ﬁ’EJUﬂTJﬁ"Iﬁagﬁ”IEJHHLﬂQ mimm%a”m"lmcwuLmﬂmﬂu RIFRAM ﬂﬂﬁgﬂmliﬂluﬂllﬂﬁﬂgﬂﬂ%ﬂ
J = 1o v a Y o Y 4 ' ' . '
Ll%ﬁluulﬁ?]}@EJNi]1ﬂﬂLLﬂ$!ﬂﬂﬂTﬁWf’J\WYJLLUUWHﬂﬂU"l??]} !ﬁi’)xﬁﬂﬂﬁﬁlﬁ’iﬁ%ﬂ?ﬁ micelles ﬁﬂwqu

Yo o A A dgl < 9 o < o [ 1
Ulﬂiﬂﬂﬂ mmwuﬂmmmmmuaaEﬁ]z"lumemumu”lﬂm Lﬂﬂltﬂﬂﬂﬂﬂﬂiﬂyizﬂiﬁllﬁg
9 2 A~ 1 S A A a o g’
Taseasuuy birefringence ]'I,ﬂ Wwelms ldasiail mamu’qmwguﬂ‘umiazmﬂumﬁwu

'
Aaa

=3 =~ Y a tﬁg} (% a A A Y A
utledaszanm 65 osruvaiBon (quugiinuiassuegnuyiavoantle) Wesuingszezi 2
< @ ll <] 1 1 J . < 1
daudlaaznesdindasinEy Taunsen e lumad  (micelles) aeludiauilaazeouoas
4 o o <3 gJ a Y o o
iesnniuse lalaswugninate Wendlsszgaduindmminiazinanswesdanuiunay
} 1 a a Y <3 { 1
T8 Fennmsmanad luesdu waudhadimsnaeunlasglsiaes Tnssads
. . A H A ' 3 A Yy A
birefringence ANUNIAvOIMITAzaiTlzivedNTIAGY  uilihazanedeziTuazay
£ Y = 1 ~ 1 Aa A 09; a dgl A~
P11 FedwdsaendIulatazneassazaisle leAuasluaulavzinadin@duau el
A Aaa = Y ~ [ < [] ]
mawguugiiae lidnswdngszezh 3 jUsadautlees imiveu msazarsvewilag
A 4?’ A o o PR a a a 9 o Y 1 a
windy ol ldeueziiana mananad lusduvewilsegi i leasengaves
o Aaaa o A yaé’ g 9 A 1 Y oy 1 1 Yy 9
uthawnsoilgnsedumsoug l1aadu souiandennazgndesdioitgosais 1aa (nd
¢ £
AUTIALALINDNA, 2543)
1 a 421 I ] a 19 1 Aa A < [ 1
m3nenanavuilurisvesguvgi bilvguugiides  wautlwualvgjienanou
o A ! Y Y o ¥ Vo q Y L:'
vaan  lumshutlnenazdesldndsnuanudon  nuimdaunlFlumslasuan
@ a d?l 1 a A J 1 ]
glassy state U89 rubbery state 9zinavunouluysMNTY amorphous 1a lid@NTOATIINY
o My A a A g = a o A
wawil 1@ iesninmavasuazateves luanalunSnauiiduman (crystal) Naamsiudi
A A ~ 1 1% qszl A =X d @ A a
waz U AN AIUNAINTINFOLUINATOY DSC IUAURNIENEINUNNADIN
Y
1 o [~ .. J
NITHADUATAIYUDY crystal mmu”lumu glass transition temperature(Tg) ﬂlﬂillﬂﬂﬂ@lﬁﬂa
o [ a dgl d' a [e) Y A oy d!
dmsumsvasuazarsves luanaos luTaeg Maduiguvgil (100-120°C) DN Faga
1 a 4 g’ g‘ < o < @
nezlulanlaau edwmiwmtle 5% uflazgaindliludand i Ividendane i
v o < oy A 0 q ¥ = v ]
wazwaniy  luaamidiaudleazuandredunusanuraz i liaaanuvtlasazdrauae 1)
A A a <3 1 oy ~
anuriaszanausos oz luladuazos luTanladuszngavesnnidautlsegluin (agdl,

2548a)



16

Viscosity

1 1
s5°C Te ST
95C

Temperature

[

@ < { o J o
?JTJ 2.6 visco/amylo/graph  curve Llﬁﬂ\‘]ﬂ']in’N@]'Jlmgﬂ']ﬂW]ﬂﬂ@ﬂﬂl@ﬂlmﬂuﬂﬂﬁﬁmwu‘ﬁﬂﬂ
A ' 9 Y
ANUKNHUAVDIDINT TUTZHINMS AN U

Nu1: 0391, 2548a

1.6 M3HAIININIATY (retrogradation)
a A @ . A A w I A
MINAT INIINTIATY  (retrogradation)  wIomsaudveutligniiluilsingmsein
a dgl d’ Yo 9 =3 ad’ a a [ 9 Y 9 1 o
matuieutl1dsuanudousntguugiinmanana luadundrIdanudoudel) i
v o A 4 " d' o & A v <
Tdidautlonesdunuiuaudannesduauiudwanoeon  Tuanaos lulagvuiman:
o o q ¥ A A 1 y2 o A 19 Yo
nszianszawesnuiiianunilaanas weildesldiouas Tuwanaes luTaafeglndiuaz
a v A Y 1Y o 1 a I [ an Y ~
mamidaiEesdanulmiaroiuse lalasnusznineluana adlusuvauia lnseased
9 gl 1 g} 9 = = A @ 42} a o =~ 9
awnsoduiiwaz lulimsgaiudndgn  Tanunilansdmniu Madnyuznamileindi
ard a [ Y 4
Wauman Sen M5INAS INTIATATY HT0NMIAUATL 1IBAT setback (Smith, 1979) (ifan
aq Yo a Y ~ o 9 ' =2 Y] s 2
gargilddaddlsn dnpazmsGesiveslaseaiieezmivunniy  (ndmssdnazinona,
[ Y ~ Y < a oI Y
2543)  msus lavesinumiled lueuduazinalsingmsels Insnsaty (Watanabe er al.,
' Y ' Y ' Y 2 Y .
1999) 19% 1@91nmsn Taveaudlafiiiouriuaunaz vy (Eliasson and Gudmundsson, 1996)
[ a A @ dydgl [ [ [} o 4 9
9N3IMINAT INTNTedY  HUUNUHaeades U uFUeU1d  (Jacobson et al, 1997,
Fredriksson et al., 1998) dadiuvestsuaes lulaauazeylulaw/ady (Wang and Wang,
2002; Fredriksson ef al, 1998; Sasaki et al,1999) NaMazguuiN19Wnla (Jacobson and
BeMiller, 1998;Ribotta ef al,, 2003) HazANMTNYUVDANT]T (Morikawa and Nishinari, 2000)
a d‘ td' 1 A 1 1 [ 1 = a d‘
sazdSunuasouinauaslgy surfactant, 1nde oz luTagaulngizndugUnan@uile
< o 1 a 1 { A o
wawudy dies lulanladuldnaiunin surfactant NienlFiloady stale vouuuile
1dun glyceryl monopalmitate (GMP), glyceryl mono myristate, glyceryl monostearate (LQ1g

I a % a os/'
sodium stearoyl OL - Lactylate (SSL) tiudu msnas Insinsiadu aldns  oz'lulaguas

oz luTauladu ez luTadazinadiendi (o3dl, 2548a)
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1.7 uilsaauals

@ a o 4 =< a o I
uilsdausmuuasgIURAAS UNYATIMNTTH WON. 1073-2535 WU1BDN WAANDINN
1danmsriudle (starch) wuudlaiudlends uilatnina utlaiudss uilsand vlaesu
wa ~ A ara 4 a g Y A 4 A A A
autianuall waz/msomanld@ndnnaudlsanuion uag/mioweu lmi uaz/vieasaiivsiia

1 A Y [ o 9 1 = [ rfdy ] 1
a9 e Tz anny msi T 14 lugaamnssuomsaieg FenuanyuzinaanFiniee

o J I o a o 4
voutlsdaulsunazilszianizdos dhuldanudefmuanasgiunansuviganaingsu
d‘ a Q'l = v ) v a

(2535) rilesninuilsau Taom lulimniauislsems lusangausumsnaanisgaavmnssu
Y [l 1% A A A a g 9 £ o I ¥
laun  hignnsasamammanuvilanniiaaeanseuiumsrantudy Fahlila
a o oda o = 9y o ' A qoomy o wa o
paasanigun g Jsdeniudlandunszuiumaie 18 ldudsntiauiamngaudy

9 @ =~ ad A ad = . . . ad .
M3 19au msdaudlsudledl 3 35 fe I5NNAN(chemical modification) 3TNNNYNIN (physical
A L4 o
modification) 1az35N19T1N M (biological modification) (WON.1073-2535; gwz lvd, 2551) i

Y] a 4 Y] v 7
17 1audladanals 3 dsziam Ao uilanSinars lud uilsdauilsmanil wazeyiuguilsainms
[} [ d‘d o w =~ o 9 L] 1 a

o TaouilsdaulsiinnudnguazimainnldedunsvateluFgaaimnssuann

nga 1dun uildaulsmandl uudmn, 2551)

1.8 uile Pregel (Pregel or Pregelatinized Starch)
I o { o a, a
uile Pregel uutledanalsildnnmsaaudsutlalagdsmemenn @udmn, 2551)
A a a [ 9 qul o Y 9 & o [ < A A
uilasumsinamaa lwssundd mniuildude Fednednsazdiauilasssumnsd aneq
Y] g’ < { (B
daazlianunidaluingy  wieluevianwionlaslumumslianudoy  (Shubham

Starch Chem (P) Ltd., 2551)

2. SnvIHRANNTY0901M131az 3T M Ta (038, 2548b)

2.1 SN T NN AUDID1¥S

2.11) anyMzITINg (Mechanical Characteristic)
< =< A o Y a a A ~
2.1.1.1) ANy (Hardness) U LLiQWVIﬂ‘ViLﬂﬂﬂﬁWﬂgﬂﬁﬁ@ﬂ’)']mﬂiﬂﬂ

(deformation or strain)
{ a o 4
2.1.1.2)  In@%w3 (Cohesiveness) 11894 1134 (strength) Batieanelunannam

= . . =~ Y @
2.1.1.3)  ANUHUA (Viscosity) HUIUDY !Li\iﬁ']u@ﬁﬁ1ul>wa
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21.14) anugangy  (Elasticity)  ¥uedasanmsnuganmianveidginagy
(deformed) iieansusanszi (deforming force)

v
(% a

aa . = d'o 9 a 1
2.1.1.5) LL@ﬂa“D’V‘I'J (Adhesiveness) W‘JJ'IEJENQ']L!‘VIVnclﬁ'lﬁﬂiﬁij‘ﬂﬂ@ﬂ‘ﬂ']ﬂﬁﬂmﬁlgﬂﬁ LBU
9
au nu lu
{ o [V §
2.1.1.6) aNulsg (Brittleness) ﬁuWﬂﬁﬂuNﬁ%ﬂﬁ}’JﬁﬂLMﬂ (fracture) ity
v o ] <Y aa a aA o '
ﬂ?WNﬁNWHﬁﬁ%ﬁ?TQﬂ?T?JLLﬂJQﬂ‘UIﬂ?JGBV\I’J 'EJ”IWT?LTJT]gﬁ]giJﬂTIﬂa"]W\h@]"I 319
' [ A o % = dy
ATNITULLUN f’)']ﬂﬁ]gqxﬁ/ﬁf’]@ﬂ m‘mil,‘iszuﬂﬁ]a:mLﬁmnmmEn
a da . =3 [ Aq ¥ csy < .
2.1.1.7)  ¥uUd (Chewiness) HUEDINAINUN 1B UAINSIDINITUUS (solid food)
™ 9 A Aa A I v o d < aA
IUNTICTNNIDUNAU %UQLHﬁLﬂUﬂQTNﬁﬂJWH‘ﬁﬂJ@Q ﬂUTNLLﬂIQ+Iﬂ§I“K‘V\I’J+ﬂ31N
A 1
BaAngY
v Aa . = [ A Y 4 <3 . .
2.1.1.8) 2UUUEA (Gumminess) NN UN 1% 1 UM UABINITNILAG (semi-solid
™ 9 A A 3 v o d <3 aA
food) AIUNTLNITNINNTOUNILNAU Lﬂuﬂ?Wllﬁll‘WU‘ﬁsllﬂQ ﬂ’ﬂ?JLL“IN-FTﬂa"Iﬂ/\h
2.1.2) ANHAUEMAUSVIAMA  (Geometrical Characteristics) 1Neadp9nUVLIALAZIT1S
9 1 (% dy = A dy 1 dy v W
VBDIDINT Vlﬂllﬂ ANHUSIUDATIDYA  (smooth) HIDIUBDWYIU, ﬂ'J’]ﬂJITJﬁ\?"U’fNLHfJﬁ?JWﬁ
(cellular), @ nuazidule (fibrous)

(Y] d‘ d' 9 [ dy a &Y o Y a
2.1.3) anHMUEBUY  VDIDINIS LﬂfJ’J“lIf’Nﬂllﬂ’JHJGIf‘LlLLﬁgﬂﬁﬂﬂlllslmuoluf’ﬂﬁﬁﬂﬂﬁlﬂﬂ

o ” o < <
anYaZHY (moist) anyaziilu'lv (oily and greasy) (Judu

asa o & U U
2.2 My iaoaude
2.2.1 Uniaxial compression test
I A v A o 1 4 A @ g Ao 14 Y ' v 2
iuIBeanionadedadens Insooas 15 1A mua 13 wlgunusanauil
] 4 1 1 4 @ 1 @ 1 @ o 1
HUAIgUINa1IN NN T UAIFUINA1NY0IRI0818 TAATIAIUMION TAR10819 ANGA
Ay Y g < A @ [l Y
YoICurve? IAITUANUUTY  (Hardness) W30 A2 (Fracture) @10819929n0AA1M
A Ay Yo YA o o . dyd Yy 9 = ~
52ozNNHIous N Iaimua IAAed 1Yo compression test HAo BidoamsulFouifieunts
Javesiednratoria A0 UATONAI9E NTVIIAANNGLELdURIgUINaIITIIAY
a QSJI o Y =) Y] [ 1 Qy 1 Y o Y d’w YA [
Haziazihld %anuesen vesdredauaazsuuananny mldmnialatinnuuanaig

@ a < a =
AU ANV U5 (f)'u:ﬂ!, 2548b)
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2.2.2 Penetrometer test

9
ax A

1< o v % Y 1 o {
B H UM compression test 0819114 Taanzaaludiede didmuaszeznan
Y] Y A a d? Y o a A 9 @ Y
12 A dausauinayy Minmualinagagaueasain i 1insseenaueInIY
a 9 o [V Qle =< A I Y A a A
Heou 15z cone V aatiuszezaniusaunzas i awidunssdwininannms lvameu
1 Y
(shear flow) Qg M3 Ivalununag (elongational flow) mgﬂ 2.7 ABzinssdnavu
2
FOINANI  LAIDOATLIIAMNAVUININANINALY ABLUD elongational flow BE1AED

(0391, 2548b)

Elongational flow Shear flow

FIUANVDINIDY D INT

+—

A v 1 <3 as
?j”ﬂ‘ﬂ 2.7 msmmmmummmmmﬂ@mmmzmq

N1 : 0391, 2548b

2.2.3 Uniaxial extension tests
Qddyd [ 9 A Y] = o [ 9 ~
AU UNITIAUTIAIUNITIAIUVIADDNIINNY HIDAALYNDDNIINNU ADIUATIN
9 v
Megesrnalvgwends  veasieniliennsiisesteniueuneuaeenanhu
Y
aatiuneuiansdadesnaliuiuaagu
2.2.4 Empirical method
v .. A A A vy 9 o R =K [ o dy
M3IAAINIG empirical Niane lArzdoamiiadananmsaadl
ldgl Y] a [ d’ [ A Y] ] d' [ < 9
D hidunurdavesiaghegianioaniaz lumsia wuaiesiannuuisvena 1
Yo 9 a
ansaldnuwaldmnanwnnyia
2) m3sdaasazdiunals llanunan
Y o o 1 ~ A [ " Ao 9 Y 2 %
3) d1iadednanmieuiy anialanisazlndineany
o .. Aa S A Y a K o a2 a (dy
4) MIIAUUVY empirical NANITVL parameter NANNIIDDNDIDIHANMIWTNTNUFIU
14 (fundamental) 1FU NIIAANUHLAVDIFDANLIUVDINAAI18IAT D Bostwick consistometer

[ @ 1 @ [ = ' ) =< o A A =
L‘]J“L!ﬂﬁ’)ﬂﬂ11@fJﬂUL?ﬁWGlLlﬂTiulﬁaﬁa\‘iﬂWﬂL'}Jﬂlmuﬂu@@ﬂ mmszaw%aﬁmma”lwam

4
=2 [ v

! Y Aa A A '
VYUNUAN Gy, napp AANAY 'Y e (Gy = ANV UNNyield T]app = mmwmmﬂi"mg] 'Y =

% =
ATUNTYA)
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3.4inlay

o 3 M A o A = Ada o A v Y
e laziudandowdnueslsemaqiiju lsamanianvazmme lanvuzduda

] ~ . o 1 ; o A A o Y
Unagmilen (sticky) ¥wnnmsldile Bacillus natto asludaunaesndiumsiildagn
[V % Y a o d o A A ~ [ Y o A [}
vasnnuineg ldnansasiialagnlidonuiionlnagu  eansasudsenuldiuiilae i
Y o ] 9 A v o Y] v 9 @ 1 o 4
doaiuniuanuion  audgiuiniudsemuia Inzduduvendy amionzia Taasa

ad 09.11 o [ I 4

uazvoajesa @svindoudnnaie (Ohta, 1986) saumiutialagdeanunsalfiiluniolsesa

18Tasmarih lidluduilszneuvessoailgasanien (Lin, 1991)

3.1 MsWandnlag (Teng ef al., 2004)

v
[ [

2
TagAunanie 0UNA0UALIF Bacillus nato

Y A

3.1.1 93lyiavy
M A Aa o W = <3 = A 9 1 [ ) Y
mmammuﬂummumim AITUUVUIRUANIUNNVUIANAN Lu@ﬂﬂ?ﬂﬂ’]ﬂ@]@ﬂ1ﬁﬂ1‘1ﬁ
o A < o g} 9 v & o 9N Yo A A ' o
f]:ﬂl!a%ﬂ')&ﬁﬁﬂﬁsllu"lﬂ!aﬂﬁ]%ﬁ"]ﬂ"liﬂﬂﬂcﬁlluflﬂ3J1ﬂﬂ'31°]5\1ﬂ$ﬂ11ﬂqﬂ@@§1ﬂ1§WQWWQQﬂ31 01
< a J a o o .
miaesvaanziliuums 1o lamsagaazsuna luiiug (Steinkraus, 1983, Ohta, 1986)
o A < A A £ 1 J 1 a a
tazduviaesviaanvziysun Stachyose N Fuuuriainsveu ﬂfaaiummﬁiymﬂm

& 0 q Y Y o Aa . S A daa .
VOUYO Bacillus natto azyin 19 aria IngNlianuvnu (Teira, 1990a) DUNADINUNILAL hila

)

=\ = d' 9 K% 9 ~ v A =\ [
fivaes weldmiinialazadwanuwmier luseaunmunzay Usarnnu wazaiuldsenavll

]
=1

A ~ 3 v ' 3 o . . . o A ad
ﬂ15lﬂaEJHLL'IJENLWENLEIﬂuﬂﬂiu53ﬁ31@ﬂ15lﬂﬂiﬂy1 (Hosoi and Kiuchi, 2003) duvaosmilun
Y o o A o A Ada A A 1 A A A a . a A 1
mmmﬂumimuﬁim ADD UM ADINUNITVADIDO U TOALVIADY LLAaZ Y helium TIVADIDOU

o A Y ] 4 Y I 1w dy .
GUL!'IW’]JE]\1ﬂ'JL'HaE]Qﬁ'lil'lﬁﬂlLfJﬂﬁ'liJﬂJU'lﬂﬂl@\‘llﬁuW']f!ﬂﬂﬂﬁ'l\? llm‘]Ju 4 NRUANU (Hosoi and
Kiuchi, 2003)

3 a A g ] 4 Y ' a a
1. YN NLAY (extra small) UFUNIFHINANUDYNI 5.5 HAALUAT
< a9 1 4 ' ' Y v a a
2. vuaan (small) maumﬁuﬂﬂmaagiumq 5.5 - UyNI7.3 UAAUAT
] 4 1 1 1 a A
3. yuIANaN (medium) Hdurgudnatseglugae 7.3 - doondn 7.9 adwas

] 9 1 4 1 1w a A
4. ynalug (large) TIAUAIGUINANINNIHIOINAD 7.9 Hadiung

| . = v o U A v o
NTATYINE® Bacillus natto ﬁ'lll']iﬂlﬁiEJMU],?]Iﬂﬂﬂ']iu']ﬂjlﬂ'ﬁ@\ill'l@lll,‘]Jul'Ja'] 10-20

9y Y

= o sldy a aAd a A [ @ o = . a
UIMN ﬂwﬂm%aqaumwuﬂaumﬂ HANVINUUNINITUYNYD Bacillus natto Iﬂﬂmﬂuﬂﬂﬁ
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dy a = 3/} ) dy y 9 = a A d A ) Y Y g
HINIFDUITNS iU reuluas u,am%’t)mﬂumiazmﬂ@u‘Lm’iﬂ ﬁﬁ@ﬂ'ﬂﬁ!tﬁﬁlﬂﬂﬂﬁ

FNTVNeN19MIAN 1@ (Teng et al., 2004)

3.1.2 ¥Haveainlng
o ] I Aa o dy
e lazutiseanilu 3 ¥ianall
a aa o . . Yo a =} a a FY
1. 9Indnrialag (itohiki-natto) lA5UAIWTEN azlimskaaluFenmsaiga

a o

2. gANg Wnlag (yukiwari natto) $1019INAISKAY itohiki natto N rice koji 11AZINAD

Uufigungl 25-30 earuaaFoaiiiuna 15 $u (Kiuchi et al, 1976)
3. e lag (hama natto)

3.2 33M 3112 INInHAINA (itohiki-natto)

o v o A
3.2.1 YUADUNITANAZHUTDIAITiIaOS
Q' [ o'/ A Q' ] 9 A A a
!ﬁJﬁ]"IﬂﬂTiﬂﬂ“lli!"lﬂﬂ')k‘ﬁﬁﬂ\illagllﬂﬂﬁﬂllﬂaﬂﬂa@ﬂ@@ﬂ!sﬂuﬂWHWﬂfﬁi@ WYY U NIY
aaj o oy v o A Y M A Y ) ] g} a a
VMO UUBIUTIUUND AU AN ﬁNﬂ’JLﬂaﬂﬂiﬁﬁgf’ﬂﬂ Lmzm"lﬂmmmqmwgmﬂﬁzmm 10
I ) o 1 3’ 31 o o A .
f’Nﬂ"ILC])'ﬁLGTfEJﬁ L‘].I‘L!L'JﬁT 20 GB'JI?N UAIHWITUNTT LB U umuﬂmmmmﬁawzmu (Welght
I Y Y

increase ration: WIR) Uszanm 2.2 — 2.7 1 Lﬁammamﬁmﬁm‘imzmﬂﬁﬂﬂ%’q (Taira et

al.,1983; 1987a)

3.2.2 TUADUMIHINUTIADY

=

M A A o ’ 2 g e A A qud A
a0 uranInanuay 15 dsudasaisnain wumnarlidini 20 wnme ldioiuuas
o = o 1 = a A . o a’.z‘ a A .
mateTsauuedury g lalnndu (hematoglotenin)  LALEITYIVEINITULY  (trypsin
o A N oA A4 A& A 2 4
inhibitor) (Chang ef al., 1987) gazienianeuuanisesuaaunluileou vseawsatanawy
o 1 a ~ I~ Qa: dy
AU 1 — 15 kg/em’ QunQN 121 — 127 oaauwaiFod 10ual 20 — 30 WIN luduaeuil
a gl Jd o Y 1 =\ o A 9 dgl =&
ﬂiﬂazﬂuuazmmaﬂzgﬂ"laimllaﬁm“lw@mmmqmmﬁaﬂm TAUONDUHADIVSIUNUU BN
9 v Ao ' Py 2 & = dy M) A A
asnlFanuaunginin’ldn 0.8 — 1 kg/cm Wunal 30 — 40 WIN ANUFUVBIDUNABY N

HIuMsiadinoglumie 58.99 — 60.37% (Wei e al, 2004) W30 58.2 — 61.6 % (Taira et al,

14 E4
@ 1

Y v 1
1987b)  TaglT1NaANUF UV UNADINAWIUMTHI INTUAUAT WIR  WAIRIUNITU]
1 % 1 I~ q'; [ 1 Q
NIOAIUMTHI LAZAINNUUAVIVDID UHADINAIHIUNTIHA (Taira er al, 1987) Wei et al.

1 £ '
(2001) §$u31§$ﬂ$!3ﬁ1ﬂ1iﬁ\1VliJﬁQWﬁﬁ’f)ﬂWﬂ’)ﬁJ%u 5@51ﬂ13llﬁﬂ%@ﬁﬁﬁlﬁ§ﬂﬂ (broken bean
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. < o 18 (A 1 = £ = A 1
ratio) HAZANNLUUIVDINI UANNANDAIAIINTIN AD MIRudunan 40 N UMANVAIN

ANNMIHEN 20 - 35 Widl egeTiviedANNEna
3.2.3 TUABUMSHNNAIY Bacillus natto
. I 491 A a A 1 1 Y
Bacillus natto (B. natto) hu¥euuanizeaadunsuuin jilsnmeu deanmsermealu
a & 2 o 3 o ¢ 2 { {
msnsy wuldmldluheduagwdasyie uaoiuiuilsvouso Bacillus subtilis 130
I { A a Aa a g
B. natto \WlwFendosmsluledu (biotin) lumsnsaaula Tuvagi®o Bacillus subtilis
siiaou 1idoams B. narto Aoams luTeAusd1a1iee 0.1% (0.001 ppm) — 1% (0.01 ppm) 3l
q'/ = A 1A a a a dd’d o'.l A 1 1 a a
aavaeddilSunaluledu 60 g/100g Induiindunlunundesszsroduasumsaiyved
v A Ady v oA o [ v @ =
B. natto MiUT0 Bacillus subtilis ianeenewugiimangdmsuniinialag taziine
Y
Gl‘L!‘ﬂNm‘i?gﬁ (Uehara et al., 1974; Emori et al., 1990; Muramatsu et al., 1995) Lm%ﬁ1n1‘iﬂi%ﬁﬂ
1 4 I
Tuz1 vegetative cell ¥30Tug1l spore ualugil spore vzfiunelumamsduiiosoinamisomy
o Y dy Y o 3 A a ~ 1< =
S lade Taasounsnsen ldnasoninufigungil 0 esrusaidod 1Wuna1 13 (Teng er
g a 1 a I
al., 2004) 1¥0 B. natto aninn3y laaluervisniilusauTaeldlsAunaznsaezid Tuilu
uviad uInsay Brato anunsaly glutamic acid, arginine, aspartic acid & proline ue laj
) (% U 4 g :’
am1501% threonine, tryptophan @ MSUNHAINTUBUVOUTD B. natto Ao 1haang Ind
3’ o & o @ ~ o =
Winlad wazglasa  TeevhanaylasaduiludmSumsaduasmilen Tagludunded
3‘ 4! ~ o 3 a dy
magy Insalszana 30% FUNsINDAMTVNITYVOUTD
1 § J f a .
m3lae TasnsalsewedSuna 10° cfu/g (Takahashi ef al.,1996) — 10° cfu/g (Teng
L R S O P - »
et al., 2004) AIVUDUNADIMWINAATY FIDUNADIINQUNNUUTZU I 80-85 DAY QT A

A [ § dy A 1 = [ dy dsl A 9
Lwaﬂmﬂumiﬂmﬂaumﬂwaauq LLGI‘HWﬂiJﬁﬂEJﬂTWGlUﬂﬁ‘]Bjﬂﬂﬂuﬂﬁﬂutﬂ@umﬂl%@@uulﬂ

=

F4 ' ]
mmm“lm%mmmmﬂizmm 45 DIAB AT E LLGI]‘hJﬂ’JiG‘hﬂ’N 40 DI ALTOE Lﬁﬁ]\ﬁnﬂ

K] U
0 q.¥ ) = ¢ & Yo ) ~
fl]ﬁﬂ'ﬂﬁﬂ'li\i@ﬂ‘l]@ﬁﬁﬂ@i“]ﬂ msnalosveuse B. natto "lﬂﬁummmuqq 100 93yl
3 = A a d 3| = 9 Y J 14
Wunan 3 UIMN iUy 80 DAL ALK Wuan 30 UM ﬁ?ﬂiﬂﬂi%@]‘uiﬁﬁﬂﬂiﬂﬂﬂqﬂ
u’j o Y3 A a =1 1 <3 A Y '
mﬂuuﬂﬂmﬂum‘wqmwgu 40 — 50 a3yl f’JEJNi'J@]L'i’JLW@GlﬁLWiﬂgﬁﬂJ@]i’)ﬂ”l'i\i@ﬂsll’ﬂﬂ
4 A o d I 1 <3 1 a dy 49/
alosuazmamuduiuvesaes ﬂ?ﬂ'ﬂll!ﬂl!ﬂiﬂﬂTx‘lﬂﬁ'\iwﬁ@]@ﬂTH{l]iﬂJusUf’leb'@ B. natto \%®
Aa Y A Y A = 1 S Y ) A A
?ﬂlﬂiﬂl%ﬁfghlﬂﬂ‘VIﬁﬂTJ$Llﬁﬂﬁﬂi\lﬂlﬂuﬂﬁﬁﬁ]uﬂ\‘]L‘ﬂuﬂﬁlﬁﬂu@ﬂ (72 - 7.6 )Iﬂﬂﬂ?t‘ﬁﬁi’)\i‘ﬂ

1
] =3

1 I U ] 1 {1 < J
AT ImANuunIaaIg agiuﬂvaq 6.4 — 6.8 AmaNnutunsaaig 4.5 @I

9
[

a dy a dy 4
ﬂﬂﬂﬂﬂTiLﬂiﬂlﬂﬂlﬂ\iL“]ﬂ@‘]ﬂUﬂuqﬂ (Teng et al., 2004)
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A 1 % 3 d? o [ dy o A
ANNECNHRVIZTUADMTUNUNUUISVYUNUTINWUTUDIUYD B. natio Tﬂﬂm”lﬂ’qmﬁgw

2

migauaeMIenvesalosues B natto  Aoguugll 40 esrnuwaltod QuuginlY
k4 v

v 3 = a a A Aq Y o 1 [ d? 1Y [y 4 e'./
e lagiiu HITWIUUN N L’Jﬁ"l!,!,ﬁg‘]_]i‘JJ"ImL“I)”E]VIGl“I)'ﬁJJﬂLLﬁﬂﬂNﬂull‘l] YUNUNUTUDID

o o { % a 1 - !
mdoan dwiin meiugronldvdn wazanureuvesdusinalunaaziuil Ohta, (1986)

a

v o W ~ a ~ [ o o o
‘mmu’s”lmimJﬂuﬂqumw{]umd 40 — 42 DI UBY T Wuan 18 — 20 %UINQ il

[
v A

) o 4 1 a o Jd o
FMIUMITNNNNTNYTM Maruo and Yoshkawa (1989) tnENmamammmuﬂm%ﬁﬂmmwﬁ

=1

@ % a { [ R < )
NAIINMINNOUNNN 42 oefsalFue mm%uﬁuwmﬁ 85 — 90% (Huan 16 — 18 SRR

Q Rl

= = a a dy ~ 1 ' [ o
N38l Mustsumoto et al. (1993) ANy IWavoIganYnazlsansenld aenuanvuziinlay

1 ~ o [y v @ 9 o A = I~ ~{ Jd A
Wllf]']ﬁﬂ’]fclgfﬂ!WﬂTgﬁﬂﬁ1ﬁ5Uﬂ1iﬁNﬂuﬁi@]giﬂﬂclﬂflﬂmc'ﬂ[luLiﬁ]\iﬁllagﬂjwullm\uﬂulﬂmcﬂ o

a ~ a

] Y v
msniniguvgd 35 esrusaea Tddeluilsum 10" - 10° cfug WioninNgumngll 40

L] a u
Y
1A @

perneartos laeludiuna 10° - 10° cfwg Tagldamsin 18 — 20 $aTue  Tasvdanin

e

ninia lazaz e B. nato Uszana 10° cfu/g

a

d‘ IS ISP d' dq, \ LYK Y4
33 nmﬂaﬂuuﬂmmw:nmmnc] ‘mnﬂmuimzmnmmunumim

1 % § A o 3 4
Tuseniumswinge B. natto aznus Y a3 udlos uazade extracellular
enzymes 1UIUIN 1aun protease, amylase, gamma-glutamyl transpeptidase (GTP),
4 kA 2
levansucrase, phytase IA8IRNE protease WULFD B. natto eansoas1e1@unninie B. subtilis
o SA = ' = ] Y A
MeRUTOUDY 15 — 20 11 (Uchara ef al, 1974)  Tuaazh gamma-GTP a$19ldnnninde
. o A = 1 A dy a d?’ dy 1 J J dy A 1
B. subtilis @eWufouds 80 i1 luvaziensyiudorzassou laimariieonuuivers
Aaaa 1 o d o a Y] d v { A A a L J
Ugnsemaniinazissmsiinuvesoulad ildnaadusiialaznldindu samna Miu
[ 4 = ~ a dgl
AANY] LaglasieunNAYY
1 % a aaa a < . .
Tusgninmswidn azmedfnsenlslas lagaveslusdu iy amino acid way

o

peptide M3AALURNTO10ONTIATUYDY amino acid Iaouuaiize ildinamsazauves

P4 E4
=

= o Y 3 1 A dgl £ U 3| 1 A A o Y dy a
wou Tudisnazi ldimanutlunsamiunuay - saanuilunsaanngeuniiiligoria
1 v 2 v
ounudlouhiaunsonia'ld (Steinkraus, 1991: 1996) FrauUsAVDINMIHIINTIA InzNAIAIWY
< 1 1 o a
WUNTAAININDY 6.4 - 6.6 3 TUSaon TuHe 1 — 3 mmol/kg (Sarkar ef al, 1993: Allagheny

(] 9 o Aa I 1 a A =}
et al, 1996) ¥1Mevesmsriuniimnnuiunsaandseua 8.0-8.5 aidSunuueonTwdle
10 - 45 mmol/kg tazazllsuamenTuilogaga 1At 200 — 300 mmol/kg (Ohta, 1986: Sarkar

et al, 1993: Allagheny ef al, 1996) naMRMIzYetin Tazuannnnautey Tuiionds dunaein
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Tetramethyl pyrazine, sulfur containg compounds (Sugawara et al, 1985) Li8g branced short-
chain fatty acids (U butyric acid 48g 2-methybutyric acid “ﬁ!’ﬁlfa‘lﬂmﬂmi metabolism VDY
amino acids (¥ leucine, isoleucine Li8g valine
t"fm%’umiﬂizﬂauﬁﬁﬂﬁﬁﬁﬂiagu1ﬁ€uxﬁﬂﬂ1ﬂﬂwiﬁ1ﬂﬁﬁugﬂllaim"la?ﬁmﬂuwﬁﬂ
TaoTusgninmsndnldsaugnlelasladalihlszana 50-60 % iy water-soluble
nitrogenous compounds (10% 1 amino acid) USu1a! free amino acid M3 Lﬂéﬂullﬂaﬂ‘ﬂ 1l
ﬂ?iﬂmﬁgjﬂlm‘ 2-26% lag leucine, alanine, tryptophan 1@i& threonine ﬁﬂ?ll”l‘éuq\iﬁ,(ﬂ aspartic
acid, praline, serine, tyrosine LQi¥ cystine ﬁﬂ?mméﬁq A TmsU glutamic acid “?Qﬁﬂﬁlﬁﬂiﬁ
a1ni TSualszana 10% 158 0.36 N3 100 NTinlaz (Nakano, 1983) AIAITAUY

u

9 J
1A Tnzinaan hydrophobic L-amino acids seviunanmimalunwaes (Wei et al,

v o J

2001) D-amino acids 18¢ peptide VN¥HA (Kato e al,1988) N3ADUNIE Uanuduiiusiu

S (A

a @ an a = Yy 9 a [}
samAveinlaz  nsaezdan  uaznsauandn  danududugeaigalasilFua
d‘ (%] 1 - =\ =) =) =) =) (% aa = =)
nlasuuilaanninluszrinemsmin asainsadlnsn nsalniileiln nsadastinilTuna
' 9
nAuIuIEr19mMINITND 0.078% , 0.007% 1AL 0.009% AUAIN1 (Watanabe ef al., 1984)
~ a a M A [ YR ] £ ) 9 o )
nsdinsadasn  azwumnludundewaswiumsie  uazgnldluwdounumsaaedves
1 dyl 9 1 4 dy =~ [
nglaa veaynluniluumasnsuenuveuss (Kanno and Takamatsu, 1987) Tuvaiz@ernues
A o Y a A a Y o A A~ Y 9 1 .
sumeii  dinanauuaz samAavenin lnzdaous fgnadialae B. naro 1AuN acetoin 2,3-
butanediol acetic propionic iso-buyric 2-methylbutyric 3-metylbutyric acid Fa1/Tuanny

4
Y @ s o
%u’ﬂ‘ﬂ I2YSINTINITUUN HASIZYSLIATINITINUINK

asmilenluinlngalseneudie polysaccharides (a levan-form fructan ¥3® fructan
polymer) 8¢ gamma-polyglutamic acid (gamma-PGA) (Hara et al.,1982; Clous and Berkeley,
I v A I 1 =
1986) Taoiilu gamma-PGA Uszana 60 — 80% As@INMANMTUNTAAN 7.2-7.4 PGA 1l
2’ o 9 . . . 4 !
wwtinTuanadsganm 15,000 1sznouAle glutamic acid U5zu191 100 units 1@1n D uag L-
) Y
glutamic acid 1¥OUABNUAIY gamma-glutamic bounds esitedtiaziivSinalszunm 2%
Y Y
vyoarhminuiaialaz (2% of the dry weight of natto beans) (Teng et al., 2004) Tag PGA 1
< A dy o ¢ & 1 M ] A
Wuenside B. natto Tueenuuenwas ¥992 linyluluduiwesdszmalne iesnnlu
) ] = dy A A A 9 P [l FY
el 19 Bacillus viaduRannsoasveu lsinamnsadesaatsans PGA lalu

FTUINMTHID
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d‘ d' i ) = ' v W
A1519% 2.5 msasuudasdivsenevvesnunaeeluszrniemsviinia lag

Component DUWAOIAY | Dandesgn nlay
Total nitrogen (%) 100 100 100
Water-soluble nitrogen (%) 31 11.2 58
Water-soluble nitrogen in 10% brine (%) 16 1.7 8
Soluble nitrogen in 75% alcohol (%) 0.8 0.9 2.5
Soluble nitrogen in 0.2% NaOH (%) 11 22 17.5
Insoluble nitrogen (%) 41.2 64.2 14

311 : Watanabe et al., 1984

nasnnninia lazilszana 6 2109 U510l reducing sugar anasilszana 15% uag
U310 soluble carbohydrate anaunounsv luny Usua sucrose, raffinose 0i¢ stachyose
A A o'.l d‘ % ) % = v o .
Nlsaanaslugluen 8 wasnnmimsninluvaz@enny  glucose, melibiose,
a < 1
manninotriose Ua fructose 1Jsmm1,aﬂﬁ'aﬂgﬂﬂaaﬂaaﬂm Tag glucose L1ag fructose i]xgﬂcl‘%)
Taunuandannninly1d 14 ¥37u9 luvaiz melibiose, manninotriose 148 stachyose %3]
Usina lun/asuuilas  Tusgninamsnimialag luimsnlasunlaaveal/sualviu  nia
o = a 9 £ a
lusi nazninly (Kanno and Takamatsu, 1987) 330991Tuaudn (Nakano, 1983) Fa1lFuna
[ Y
ngalusiu lunlasuuasin 1FUe¥ 1891 B. naro liadraeulandlawla (ipase) (Kiuchi ef al.,
L) (% 1 = @ ~ @ 9 [} 1 o A @ 9
1976) dmsvamlszneumaniveaialaznviinlde: luuanaaanaurasanminendy
Ysmadaiiun  @waedlumsi 2.6) 1Wewn B nano  dunsaadiniaiiv K,

(menaquione-7) 14 (Kudo,1990; Sumi, 1999)
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v v 9
M15199 2.6 amAm N InruImsvesn arassautazialay (Ao 100 nsurihmiinuia)

fuvineuNdAURY
mnmj 'qu United States China Itohiki-natto

Energy (Kcal) 476 490 482 493
Protein (g) 40.3 37.4 37.5 40.7
Carbohydrate (g) 21.7 24.6 222 24.7
Lipid (g) 322 32.6 35.2 29.9
Carbohydrate (g) 5.7 5.4 5.0 4.7
Ash (g)
Vitamin A

Retinol (pg) 0 0 0 0

Carotene (pg) 7 8 10 0

Retinol equivalents (pg) 1 1 1 0
Vitamin D (pg) 0 0 0 0
Vitamin E (png) 4.1 3.9 4.9 3.0
Vitamin K (ug) 21 39 39 2148°
Vitamin B, (mg) 0.95 1.00 0.96 0.17
Vitamin B, (mg) 0.34 0.34 0.34 1.38
Niacin (mg) 2.5 2.4 2.5 2.7
Vitamin B, (mg) 0.61 0.52 0.67 0.59
Vitamin B, (1g) 0 0 0 Tr
Folate (ng) 263 249 297 30
Pantothenic acid (mg) 1.74 1.69 1.87 8.89
Ascorbic acid (mg) Tr Tr Tr Tr

4

HuoLe - 5909 menaquinone-7.
= a 3 9
- Tr 1899 WUUSHanN0Y (trace)

ihE Ministry of Finance, Japan, 2000 .

3.4 msdsziiugumnvesiinlaz

o A = A . . . A A A o A A
o Tagnlnan g 3uANUKNHAgA (high viscosity) Unauueon Tuiiad Aolia10d
11999 100-150 mg/100 g Tin Tazlanyazyy (Maruo and Yoshkawa, 1989) ausnilseiiiuy
[ 9 v W v d‘d =
A nveialaz Tasnslsmsnadounmalssamduna Halaghinaningaozl
Y
ﬂmﬁ Ayazaane 1l (Society for Study of Natto and National Food Research Institute,1989)
doa.l} Aaa A a Y M A 1 ¢ = o'
1. UFUURUANEAIMIUIUNAQUAIMINUBIN ANABIDENNIDIA AN
M A ' v a A '
2. daviad hiuandndevine uazlaen liasnoon
[ A g’ A A g} 1 = ] = 09} o A AA o
3. dalazadsumiena nsemimasou aliaiseentdiieadl nolam
4. ad5inaud Uswnnauueu Tl
= dy % QU d' ]
5. uanvazeduNaNy

= a A L]
6. HIAWAA UIAIU v
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= = 7 d'
7. Uanumier luszauiminz au

Y d' 1 1 o 9 1 u'; A 1 dy d'
adendwasonunmveniala  laun  quamwesnuvaeslutaaznuiing
Y Y v ] 1 v
mzalgn nszuaumskaminlazluuaazduaou (@uaoumsuson guugil a1 ldien?
a, % ] 4
A0 IBMININ LazaeWUTY0LUANIGY) (Sakurai, 1960: Maruo and Yoshkawa, 1989)
. Vo A AA A o ' v A . .
Taira et al. (1983) WD WHaenNUsumms 1u'lamsage szdamalianumiia (viscosity)
g3 (r = 0.80) LAZANUIKHY (stickiness) §9 (r = 0.77) NAUUBN WU (r = 0.94) NIND?
miaeenllsinallsaugaazilioasidauaafuan (broken bean ratio) g4 (r = 0.98) 1Az
] dy . Ao = A o = 1
AMULUWTDEY (r = 0.84) chewiness g4 (r = 0.69) nsdinunaoInil ludiugs azlinnuuiu
dy A g @ Y a . a ) A
ilog (r=0.98) uwaziionuiialaz 1ifunauazing tyrosine crystal VUAIVDINNHAD
LLﬁﬂQﬁTﬁﬁI@zﬁﬂmﬂ1Wﬁ1 (Society for Study of Natto and National Food Research
Institute,1989)
& W A I o Y v W A
msisnavasutunauisi Inansseznamsvintia lazuazaanay
A Aa & . . v A Ao
won T HeMNAUY (Wei ef al, 2001: Taira et al, 1987) Ohta (1986) F1891UIOAKABINT
a o A ° "o { J o .
Ysmamns v lawsagaoz Idnaunen Tuiisdindandesniing lulamsadn (Taira er al,
1983)
1 3 [ a A 4 [l o a a
Tusgniumanusnumsnanausan auazlisauuvenialazinann  mMsesey
9 1 v
YYD FIza31e peptide 1 isoleusine terminal, tyrosine crystals L& modorous isolvaleric
. A A (=} Y] A A d? 1 < o A A =
acid uaznaudn luavesinTazimavuluszrinamsnusayuilesnnnauuen Tudls  nia
a ~ . . A . o A d? =
DUNTY fatty acid Uag diacetyl compounds lAYIUD tetramethylpyrazine 14T IAZINNAUDT

[ o

d! Y a Ql d‘ 1=
vauntaazi lvinanaun 1ua (Teng er al, 2004)

N
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= a a = v A
MITNN 2.7 ﬂilﬂﬂ!ﬁﬁ’fﬂ‘lmiLLﬁ%uh/\lImﬂllﬂf’]ﬁﬂWUcluﬂ’Jma@Q

Component Unit Range Typical | References
Protein % 30-50 40 Orf 1988 (7); Liu, Orthoefer, and
Brown 1995 (8)
Amino acid composition | g/100 g seed Han, Parsons, and Hymowitz 1991
)
Non-essential
Alanine 1.49-1.87 1.69
Arginine 2.45-3.49 2.90
Aspartic acid 3.87-4.98 4.48
Glutamic acid 6.10-8.72 7.26
Glycine 1.88-2.02 1.69
Cysteine 0.56-0.66 0.60
Proline 1.88-2.61 2.02
Serine 1.81-2.32 2.07
Essential
Histidine 0.89-1.08 1.04
Isoleucine 1.46-2.12 1.76
Leucine 2.71-3.20 3.03
Lysine 2.35-2.86 2.58
Methionine 0.49-0.66 0.54
Phenyalanine 1.70-2.08 1.95
Threonine 1.33-1.79 1.58
Tryptophan 0.47-0.54 0.49
Tyrosine 1.12-1.62 1.43
Valine 1.52-2.24 1.83
0il 12-30 20 Orf 1988 (7); Liu, Orthoefer, and
Brown 1995 (8)
Fatty acid composition % relative to Hammond and Glatz 1988 (10), Liu
total oil 1999 (11), Fehr and Curtiss 2004
(12).
Palmitic acid 4-23 11 Hammond and Glatz 1988 (10), Liu
Stearic acid 3-30 4 1999 (11), Fehr and Curtiss 2004
Oleic acid 25-86 25 (12).
Linoleic acid 25-60 53
Linolenic acid 1-15 7
Carbohydrates % 26-38 34 Orf 1998 (7); Liu, Orthoefer, and
Brown 1995(8)
Sucrose 2.5-8.2 5.5 Hymowitz et al. 1972 (13)
Raffinose 0.1-0.9 0.9 Hymowitz et al. 1972 (13)
Sachyose 1.4-4.1 3.5 Hymowitz et al. 1972 (13)
Taylor et al. 1999 (14)
Ash % 4.61-5.94
Vitamins
Thiamine ne/g 6.26-6.85 Fernando and Murphy 1993 (15)
Riboflavin ne/g 0.92-1.19 Fernando and Murphy 1993 (15)
Vitamin E ne/g Fernando and Murphy 1986 (16)
a-tocopherol 10.9-28.4
T-tocopherol 150-190
d-tocopherol 24.6-72.5
Isoflavones % 0.1-0.4 2.5 Coward et.al. 1993 (17), Wang and
Murphy 1994 (18)
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A15199 2.7 (A0)

Component Unit Range Typical | References
Isoflavones % 0.1-0.4 2.5 Coward etal. 1993 , Wang and
Murphy 1994
Saponins % 0.1-0.3 Arditi, Meredith, and Flowerman
2000
Phytate % 1.0-1.5 1.1 Lolas, Palamidas, and Markakis
1976
Phytosterols mg/g 0.3-0.6 Rao and Janezic 1992
Trypsin inhibitors mg/g 16.7-27.2 223 Liener 1994 , Anderson and Wolf
1995
Lectin HU*/ 1.2-6.0 3.0 Padgette et al. 1996
mg protein
Lunasin % defatted 0.33-0.95 0.65 De Mejia, Wang, et al. 2004
flour

*HU = Hemagglutinin unit
W1 Liu, 2004b
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- m?m“i’]uwﬂ U, ?}ﬁﬂ Moulinex , Model Depose, France
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UK)
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Decagon Devices, Inc Pullman, USA)
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- Lﬂi@ﬂﬂﬂwﬁﬂqmﬂﬁmﬁ (Multivac 200, Model T15, Germany)
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nsAFaNITAITUTY (Sulfuric acid, Merck, Germany)

- P5AUD35N (Boric acid, Ajax, Australia)

- ATAMSMSN (Tataric acid, Ajax, Australia)

- NIABLHAN (Acetic acid, Merck, Germany)

- nsalalasnaen (Hydrochoric acid , Merck, Germany)
- aeYulesdamla (Copper sulfate, Merck, Germany)

- anion'laoonlad (Selenium dioxide, Ajex, Australia)

- Taspengama (Sodium Sulfate, Ajex, Australia)

- Tmdonlansen loa (Sodium hydroxide, Merck, Germany)
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wnase (Methylred, May&Baker, USA)

?Jimﬁ'ﬂm%mm" (Petroleum ether, LAB-SCAN, Ireland)

Tus Tuassoansy (Bromocresol glycerine; Merck, Germany)
laonadmos (Diethyl ether; LAB-SCAN, Ireland)
wouTudionlaasonlod (Ammonia hydroxide; Merck, Germany)
Farioylaoon loa (Silinium hydroxide; Merck, Germany)
azmaﬁﬁqﬁ(mﬂﬁmﬁ’q (Pure amylase form potato; Fluka Germany)
1®N1UDA (Ethanol; Chemical & Lab Supplies, Thailand)

loTodu (Todine; Merck, Germany)

2 A
3.4 91115La8NLYe

Plate Count Agar (Merck, Germany)
Potato Dextrose Agar (Merck, Germany)
Peptone water (Merck, Germany)

Lauryl Sulphate Broth (Merck, Germany)
EC broth (Merck, Germany)

Nutrient Broth (Merck, Germany)

Nutrient Agar (Merck, Germany)
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L. Ay Ay ) a9 .
Crispioca 8119 FA1403 tiazevio FA1807 uflatnIne (waxy corn starch) pregel 8¥1® National
udlaiursa uilatnadn uilainesven  uilsduden vaz udlednnina  1dhinsasieda

Usunaes luTaaludreruilanlsnaunuTaosusuaasluy a15199 4.2

13199 4.2 Usinaez luTaaludredrautlanlgwanluIaorsus

Fiiauil snaesluTaa (%)
uflafudrlzvdadanals 8o Crispioca 29.07%£0.09
nilatiudnlzndadauils 8o FA1403 22244033
utlafudilzvdadauls 8o FA1807 24.29%+0.40
uilatnIna (waxy corn starch) pregel #¥® National 8.45°£0.08
udlaginelsa 18.73 41.97
uilathui 25.37+0.52
uilaiudlenda 20.93+3.64
uilaieeion 22.85%4+2.38
uiladen 36.20'+2.41
utlatnIna 29.70"+0.42
uileend 28.39%40.58
dhamiler Wug nue (Fns yaniuaw) 7.70"+0.38
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v 1 Y
A9 4.3 AUMNNNMENN Lazial ¥oe13 U3 TasRunlsonsidiunauuesdmiiiontis asriwazuils (National, FA1403 11a2FA1807) ey Wy uazindoe

TaowsusvinTugitu 24 3. Tap15ugAoUL1 215158150
a v 7 7 . 7 1 - 7 - 7 4 a H
U5 (Gevazvoq AT fanssuvenin | nalEmwEudse’c ANVTY fanssuveati ANVTY fanssuueari ANUUT
' PN
MIUNTUYAN (¥u.)
) (%) wet basis (%) wet basis (%)wet basis (force-N)
. hi
1. utla National 20% b a 3 2139 0.13 0.77%£0.00 1.52%:0.04 0.21%£0.02 150.91°%+11.79
o 46.15°+0.40 0.880.00
(than =1:1.7) 4 19.2940.43 0.77£0.00 1.18'£0.03 0.11%40.02 223 50"4176.02
[
2. utls National 50% a b 3 29.73 £0.23 0.80"%0.00 0.43'£0.05 0.13+0.02 95.77°+36.29
Ao 49.27%40.41 0.82°+0.00 =
(il =1:1.7) 4 21,52 +0.05 0.785%£0.01 0.25"40.02 0.12£0.02 152.83%¢£46.77
b )
3. ufly National 20%,19%] 1.2% . b 3 30.82 +0.05 0.805%:0.01 1.21%£0.02 0.31%:0.05 84.81:12.87
Hod 42.91°£0.13 0.82°40.01 =
(han=1:1.7) 4 22.00° 0.01 0.80 0,00 0.57£0.02 0.22£0.02 1512743272
4. il National 20%,11691 e b 3 34.96'+0.09 0.80*£0.00 4.10°£0.03 0.211%+0.03 156.37°+£.9.53
o 4278028 0.82°+£0.00 .
) 9§7=1-
2.4% (Wikah=1:1.7) 4 27.67 +0.27 0.78 0,01 3.07°40.04 0.212£0.04 179.59%+74 58
5.uile National 20%,inde 0.6% od c 3 26.58°40.04 0.80°£0.00 1.56%£0.01 0.211%+0.01 88.46£0.26
Hod 44.47°%:0.16 0.81°£0.00 -
(ih:=1:1.7) 4 21.96 +0.06 0.795"4+0.01 1.26"+0.05 0.10%:0.04 126.14% £10.42
b ¢
6.uflaNational 30%,1nf0 0.6% 3 30.50° £0.02 0.805%0.01 3.03%40.02 0.46*£0.01 97.25°+11.52
k4 k de
@flasin = 1:1.5) 45.03°£0.19 0.81°£0.00 4 16.35 £0.07 0.765%£0.01 270°:0.06 | 0.249+0.003 124.547+3.61
I ) - dc
5 8.5340.06 0.72"£0.00 1.03£0.03 0.16' £0.01 134.84749.01
. de
7. uflaFA 1403 20% c d 3 24.48%+0.31 0.7954£0.01 1.87%0.04 | 0.23%£0.003 116.56 © +42.23
P 38.30 +0.45 0.80°=0.00 T
uflaai =12.5) 4 24.09%£0.06 0.79%0.00 15150.02 |  0.19%£0.005 194.4277470.10
. be.
5 21.24'+1.48 0.79 40,00 1.29"0.1 0.1540.004 257.207+68.24.
f b,

8 utlaFA1807 20% d b 3 25.5240.43 0.81%£0.00 2.50%£0.03 0.33°£0.004 286.26 +13.59
P 43.93°+0.48 0.82°+0.00 5 ;
il =125 4 22.25 =040 0.785%+0.01 2.45%0.01 0.23%+0.006 446.24°+65.37

k . a
5 15.90 +0.34 0.77£0.00 23540.05 | 0.225:0.002 443.587+168.96
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