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Breadfruit is a multipurpose tree crop. Utilization of breadfruit in Thailana nas 1ocused
on a very limited. Due to short shelf life, making flour from breadfruit can therefore extend its
shelf life. According to the proximate analysis, breadfruit flour was composed of 0.80% fat,
1.99% ash, 3.51% protein, 5.79% moisture, 13.84% crude fibre, and 74.07% carbohydrate.
Amylose content of the flour was 28.79%. Consequently, the study on utilization of breadfruit
flour to produce breakfast cereals was initiated. According to marketing survey from 200
women whose ages were in the range of 18-40 years in Bangkok, product characteristics should
be circular sheet, natural color, chocolate flavor and crispy. 15 experiments were conducted by
using Central Composite Design. Quadratic models were established to express the relationship
between ingredients and quality factors. Then the developed models were used for formulation
based on 100 g. flour (50% breadfruit and 50% corn flour). The obtained formula was composed
of 26.53% sugar, 0.59 % chocolate flavor , 5.00% milk powder, 4.00% glucose syrup, 3.00%
salt, 2.00% cocoa powder, 1.00% calcium carbohydrate .Ratio of dry ingredients and water was
1:0.8. However the estimated overall likeness of the product was still low due to aftertaste. To
improve the quality of breadfruit breakfast cereals, cocoa powder contents varying from 2% to
6% were studied. The 6% cocoa powder showed the highest overall likeness. Therefore addition
of 6% cocoa powder was selected. Finally the breakfast cereals from breadiruit flour consisted
of 2.62% moisture, 2.08% protein, 1.60% fat, 89.39% carbohydrate, 2.24% ash and 2.07%
fiber. Microbial loads of total plate counts, yeast and molds and coliforms were 1.4 X 10’
CFU/g , <10 CFU/g and < 3.0 MPN/g. From consumer test in Bangkok, overall likencss was

moderate, as well as, the acceptability was 89%.
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@I131\1°ﬁ 19 A1 water activity LLazﬂmNﬂmlmmmiﬁffjmm%gﬂm 15 diIneany

N AULTINA

G GRN a, (ﬁ’gé]’u)
1 0.3670.000 ““ 156.28+12.75"
2 0.377+0.000 * 166.35+8.80"
3 0.348+0.001 159.3542.12"
4 0.385+0.001 ™ 162.67+15.08 "
5 0.348+0.000 " 163.44+11.35"
6 0.346+0.005 ' 167.03£11.21°
7 0.373+0.003 ““ 172.80+9.52°
8 0.408+0.002 " 161.27+11.69"
9 0.361+0.000 ' 128.06+6.85 "
10 0.368+0.001 " 164.49+10.52°
11 0.414+0.002 " 95.56+3.17 ¢
12 0.412+0.001" 145.70+6.73 ¢
13 0.337+0.003 " 126.36+8.57°
14 0.360+0.001 ' 154.95+5.15 ™
15 0.370+0.003 *“ 105.37+1.22°¢

=3 U d' 9J d' ] qg/’ =
HWYNA  a-f UG mmaﬂmawagamgiuummmm

usegaliedn

NA0a (p=<0.05)

dld % 1 v A 1
NUBNHIANNUUANULUANAN



65

a 1A 1 1A 1A Y 1 '
NNMIAUATIZHAT WU AE L* a* b* ¢ uag h wu Nl Tumaueang (L*)

Aa o A = = 1 ° 1 =2 a o 4
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$13194N 20 ﬂ”lﬁﬂl’f)ﬂ’f)”l‘]ri”lil“]f”lﬁ%ii]gﬂﬂﬂ 15 ddnaaoy

a4 i
BN L* a* b* C h

1 39134134 12.72+048™  20.89+0.97°  24.46x1.01""  58.66+0.87
2 37.9240.72°  12.49+0.19%®  18.80+0.51°  22.57+047°  56.39+0.69"
3 39.83+0.56° 13.08+0.31" 21.97+0.60" 25.5740.64"  59.25+0.45°
4 38.67£0.60°  12.61£024°"  19.55+0.40  23.27+051%  57.16£0.50""
5 39.16+0.86%  12.99+021%  20.9040.64°  24.61+0.65™  58.12+0.43“
6 37.83+1.46°  12.06£0.29°“®  19.93+0.87""  23.58+0.76%  57.67+1.21°
7 39.49+0.55%  12.724022™%  19.9440.56“"  23.65+0.58  57.47+0.39°
8 38.44+1.29" 13.04+0.30 " 20.23+1.02° 24.07£0.95°  57.15+1.19°
9 37.93+0.55°  12.324026™"  19.41+039%  22.99+039®  57.60+0.62°
10 38.97+0.67%  12.86+027"  20.714049°°  24.38+0.51°°  58.17+0.54""
11 39.71+0.87°  12.35£0.24°"  19.27+030%"  22.89+032°  57.35+0.48°
12 37.92+0.65° 12.45+0.31°® 18.86:+0.44° 22.6120.47°  56.57+0.65"
13 38.70£1.00°  12.86+0.39™°  19.98+0.56“"  23.76+0.67""  57.23+0.28"
14 44.10£1.14°  12.04+035"  21.80+£0.64"  24.90:0.60°  61.08+0.95"
15 40.16£1.00°  12.82+0.14™"  20.57£0.51°  24.23+0.46°°  58.05+0.61"
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A 1 9y a A a o J Y o & ! o
M1519%N 21 ﬂ'lﬂ’ﬂll“ﬁﬂﬂﬂl@ﬂ?jﬂiiﬂﬂ“ﬂuﬁﬂWﬁﬂﬂﬂl“ﬂﬂWﬁWﬁl‘B'lﬁnﬁ‘ﬂzﬂ (ﬂaui‘uﬂiwmuu)
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14 15 @9NAaod

nOUsSUsEMUUL

5
2 o o ae -
FINANDY 3. S - de o
20 = 5 = e E
an wrd S an e;e
B 2 E s 3

pug
1 51341200 4454171 458+1.75°°  3.23+1.61°  2.94+1.53°¢
2 5344121° 450+1.30"  4.91£1.04™"  425+1.48™  3.69+1.07"
3 5672090 427131 533+1.64™  3.87+1.32™°  3.87+1.39°
4 5.63£1.50" 4.16£135°  4.66+1.52°°  3.56+1.50""  3.84+1.42°
5 588+1.24°  422+1.75% 4724146  350+1.61%  3.81+1.75"
6 553+1.14"  5.06+1.58"  3.97+1.60°  3.7241.67™"  3.81+1.31°
7 5724130 4.63+1.48"  4314226%  3.38+1.68°  3.63+1.84"
8 57241.64" 4.83+£1.65"  5.09+1.76™°  3.89+2.16™'  3.80+1.90"
9 544+1.41°  5.03+1.47"  5.63+1.52"  4.00£1.55™"  4.03+1.49°
10 6.07+1.17%  430+1.95°  4.70£1.60™  3.97+1.79™  3.90+1.47"
11 578+1.13°  475+1.46%°  4.97+1.67°"  4.03+1.60"°  4.06+1.48"
12 54041.25% 4.63+125"  5.17+1.58™"  4.47+1.57"  3.67+1.58"
13 55041.04" 423+1.30"  5.30+1.62"°  3.40+1.63°  3.27+1.48%
14 5.63+1.10°  443+1.01°  577+1.28° 373155  3.83+1.58"
15 587+1.01°  4.71£1.32%°  5.81+1.23° 4.81£1.33" 5.26+0.98"
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a o 4 Y

A 1 9 a Aa 9o < o Y
AT INN 22 ﬂWﬂ’J'liJ‘]ff]‘UéUf]\‘lPj‘UiIﬂﬂ‘Vm@Iﬂﬂﬁﬁﬂﬂlm"ll@\if]'l?‘i'lﬁl‘]ﬂﬁ'llﬁ%zﬂ (iﬂﬂi$ﬂ1uW3@N
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UN) N9 15 daNaan
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3 = ot = 2o O =
) 2D- = = e 2 2
) =)} = =) = ez o)
o N a.n o Ee
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) ® = ee A o
= = s 2 )
2 =

1 5.06£1.26"  4.13£1.52°  435:1.94° 329+1473° 332+1.64°  3.35+1.58°

2 547146 4724159  556x1.60° 447158  4.56+1.39°  4.81+1.29"

c d

3 533£091%  4.07+1.33°  5.00+1.56™  4.07£1.33%  3.80+1.37  3.77+1.49“

C

4 581£126"  456+£1.41°  5.03£1.51%  137x137°  4.63£1.45°  4.47+1.46"

d

5 588+121°  4.50£1.27" 54441327 3.81+1.40""  434+138°  4.58+1.32"

d

6 52241317 438+1.16"  4.63+1.68% 3.41£1.85° 3.97x133  4.19+1.26"

C

7 5724125 4.66:1.43"  5.13+1.83™  4.19+£1.75%  472+142°  4.41+1.52"

8  5.724138% 4724147  5.46+1.64"  422+1.74%  450£1.60°  4.5241.70

ab

9 5.59+1.29% 4724157  5.16x1.51"  3.84+1.30%" 3.94+1.46°  4.00+1.32™°

ab

10 5.97+1.22%  4.17+1.98%  5.60+1.40°  4.20£1.99°  4.37+1.50°  4.63+1.43

ab

11 5.59+1.50"  4.84+1.39%  5.75+1.57°  4.63+1.24°  4.91£135°  5.03+1.36"

b

12 5.63+1.25%  4.50£1.11%°  5.70£1.09°  427+1.55™  4.23+130°  4.20+1.40"

ab

13 5.30+1.32 5.13+1.28° 5.77+£133%  3.87+1.72%"  3.90+1.81° 4.13+1.48™°

ab

14 520+1.52" 4531257 5.77+1.36°  3.93+1.68""  4.07+1.62%  4.13+1.68™
15  587+1.01°  4.61£1.41°  5.84+1.46°  520+1.25°  5.68+1.30°  5.71+1.30°

= 1 d' 9 d' 1 3 = [ d'dw 1 v A 1
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5 P PR ANUYDL
AUANYUY uiligun thena  nausadonInuan
571
AOUSUUTEMUNTIUY
na -0.257 0.117 -0.26 0.466
nausagenInuan -0.030 0.001 0.170 0.123
ANUNTOU -0.486* 0.159 0.459 0.208
ANVHNY -0.474 0.473 0.227 0.672%*
anwianuassulsgniu -0.515% 0.99 0.113 0.815%*
% 9
PRSI R4 (RATN (ERGEVATEY
na -0.105 0.239 -0.064 0.454
nausadonlnuan -0.481 0.216 -0.384 0.380
ANUNTOU -0.690%** 0.276 -0.004 0.640**
ANUHINU -0.419 0.389 -0.255 0.859**
Anuianrass sz -0.456 0.179 -0.356 0.947%*
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ANUNN AU r MSE
water activity y ,=-0.1166+0.0084x{+0.0114x+0.0817x3
@a,) -0.00018x1x9-0.0007x 1 x3-0.00034xx3 0.6618  3.91x10"
-0.000026x 1 2-0.0000733x72-0.0069x32
AWITINA ¥,=-290.423+11.4284x1+2.4882x-0.6346x3-
0.0752x1x5-0.1269x | x3+1.14x9x3 - 0.6525 350.0623
0.0669x12+0.0311x,2-8.6797x32
ANUNTOU y,=9.6423-0.1343x+0.0552x+0.1612x3
(AOUTVUTEMUUN)  10,0024x1x9-0.001 1xx3-0.0028x 3 08858 0.0502
+0.0005x12-0.0056x52-0.0299x32
ANUNTOU y,= 5.1789-0.0046x1+0.0591x+0.4173x3
Gulszmundenun)  40,000396xx,+0.00024xx3-0.01 78x7x3 07739 0.0670
-0.00016x72-0.00082x72-0.0202x32
ANUSANNAS ys=0.1823+0.0579x+0.1679x7-0.6008x3-
Tulszmu 0.00076x1x+0.000879x 1 x3-0.0122x9x3 07436 0.1996
-0.00044x1 2 -0.00019x72-0.0849x32
ANUBDUIIN ye=-0.9235+0.0498x1+0.3137x»+1.232x3-
0.0016xx5- 0.000081xx3-0.0358x7x3 07412 0.1168

-0.00023x2-0.0026x52-0.1835x32
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H 1 1 a @ J H @ 1
M1319% 25 AN water activity LAZATINAVOINAATUNO1MITNNTZAUNA TR TNA19Y

szauInld AWTINA
9 water activity - o
(50802) (UI9U)
2 0.297+0.000° 133.6245.29"
4 0.257+0.000" 133.06+1.43"
6 0.279+0.019" 134.26+9.19"
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d’ 1 Lﬂy 1 osl v A, ! P =
AITNN UL ANNUFU (@IﬂuTﬁ'uﬂlﬂﬁlﬂ) LIag A1 water activity 1uﬂ1ﬁﬁﬂy1ﬂ317‘lﬂ1@lﬁﬁ1u

MOV
nan A Govaz) water activity
(“]?’JT?N) 50° ¢ 55°¢ 60° ¢ 50° ¢ 55°¢ 60° ¢
0 77.562 77.562 77.562 0.962 0.962 0.962
1 64.938 62.330 48.853 0.754 0.720 0.653
2 61.696 60.192 17.605 0.720 0.689 0.375
3 45.805 59.190 6.867 0.584 0.677 0.244
4 13.854 12.387 4.903 0.524 0.428 0.239
5 10.986 10.206 4.909 0.328 0.274 0.232
6 10.685 6.384 4.597 0.319 0.267 0.229
7 6.416 6.227 4.504 0.289 0.259 0.225
8 5.623 5.487 4112 0.275 0.257 0.224
9 6.211 5.040 3.992 0.265 0248 0.223
15197 22 uuﬂﬁmﬁmmmwﬁllﬁ’mﬂmsﬁmwiﬂmmuﬁwam
lde MR iveY
uflaun (Fovaz) 2500  50.00  75.00
vhaa  (Zovaz) 30.00 2653 30.00
nausa (Gewas) 212 059 040
a 0.44 0.31 0.39
ATINA (HIAU) 3859 120.00 139.68
AMUNIOY (NBUTVUTENIUUN) 5.97 6.03 5.80
ANunsey Gudsemundouuw) 5.61 500 447
anuiannassulszmuGulsznundouu) 6.10 545 483
ANUFOUIIN 5.66 5.49 5.04
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o 1 £ VA A o =
ATUIUKIAT Hue angle FUY UM NUAAINNUOUAIVOIT

Representation of phase angle using hsv color
Range of angle in degree = [0,360]

T
100 200 300 400 s00 E00 700
angle(degree)

AINHUINT 91 UHUNITNUOST (Hue angle)

J @ = @

Y A F) Y 4 1 aa a 9 9 1 a9
ﬂmﬂnmﬂﬂaﬁummﬂmnﬂqnﬁmﬂ%N ((31h)) llﬂﬁj:\‘llslﬂclﬂﬁ 60 LEAININYUAIVY LIy

Q

<3| =

AUIUNIA Hue angle (h°) Mt usmaasdayulunmsannsgnuvesa a* Faliniegszning

0-360 D4A1 NANNTT A9H (McGuire, 1992)
THETA = (arctangent (b*/a*))/(6.2832 x 360)

fa>0uaz b>0:A1h°=THETA
fa<0uag b<0:A1 h°=THETA + 180
f1a<0uag b>0: A1 h°=THETA + 180

f1a>01ag b<0:A1h°=THETA + 360
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1. MmIAnyanyazunIyaniladenIee Scanning Electron Microscope
(Sahai tlazntue, 1996)
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nApaganssMitanasou (Jeol JSM 5310, England)
11919 Aluminium Stub

milnaosninyiaug
anaAa J
B UATIZH

o @ ] a 3 9 9 o Y da ] v
1. dwihdednlsinanandesnsznedosdruuminasst NAseguuung
Aluminium Stub
° ] .. aa v Yy v A A . Aa
2. 11094 Aluminium Stub NAauTladI08190d AT UATOUAAD VN (Coating gold) NAIVDA
Y l A o ag
utledaedn emelumsinlszqdanason
3. 11199 Aluminium Stub AHIUMSIATOUNOWAD 19150 ldUN Aluminium Stub n1eTu
Y Y Ja 3 Ao 1 1 o
AIndvaganssenioanason lasAIuguan1IZMINABINAIoAITITweInNNA1ANS Wi
d' A Yo o d‘ A 1
110 30 15 kV uaz 1maaversi 1,000 130 4,000 1011
A . d‘ﬂl = Y] 1 a d
4. 1den Field vowunsyantliidesmsuaziuinnnunsyautlsdsnamasouilay

AGAFAPAN-APX 100 film
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a d a
2. msannzvidSunaezilaa (Juliano, 1971)
P REIGEY

a s Y 9 9
1. 1Naueanddea NIUsoeaz 95
= s 9 9 J o
2. asazangla@eylaason laa Wudy 1 uesia
A A 9 ) J v
3. AIALDTAMTUTU 1 UDSia
[ 4 v
4. myazawleloau wisulasldlalonu 0.2 nTu uaz Inunadey lolo'lad 2.0 nsu
3’ o Iy A a aa
azanelwinaulnulsues 100 Naaans

) .
5. ozl laduTgNT NN U

a a &Y ]
ATNMSANTIEHADE1S

s sazats Iaglddedranila 0.100n5u ldvnlsuasvuna 100 Hadans K
a s 9 a Aa aa (] a = 4
pNaueanadod sevay 95151193 1 Hadans wernANasazaie Tuden laasenlad
Y 9 4 a Aa aa Y =} g’ A A Y a a d A oy o
Wty 1 Tuans 1U5ues 9 Badaas du 10 i liniudeaie ldinamwain lus @uiinau
11851103 100 Hadaas warlimsazarednsulaa

a

Unlaasazaededaniwsouldlsunag 5 4adans asluviailsuasvuia 100
a aa a 3’ u'a a Aaa a Aaa Y 9 4 a
Haaaas wuinavlszana 70 Yaaans wunsaussanuNTy 1 1ua1s Usuias 1
a aa = Aa aa a 2’ M Y a A aa 1 ]
Haaans uazasazaelelodu 2 Jaaans Wwnnihnauliasuilsuias 100 Yadans wen ¥
Y o 3’ z:y 9 =1 o ] ~ v A 1 1 I o 1 A Y

msazaennutazaangd 20 1A uazRtusu@enudnua luldesdrograive ladl

Jd o Y A 9 a J o 1 = ci
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MIRIIUNTININATIUFWASINUMTIATONTITAZAIAIBIN  IaeFIozl laqus
4

gns 0.040 n3u Unlasrsazaroasgvesid laaimion13Suas 1 2 3 4 wags

Y v
a o 1Y

Jaaans laviadadsuiasvuna 100 Jaaass wutinaulscuial 70 ¥aaans ANNTALDE
a 4 1 Y] a Aa aa a 2’ M a aa a
andudu 1 Tuans laviadadSuies 1 Jadans winaulszuna 70 Haaans HuNIaALD

an Y 9 o a Aa Aaa =S A Aaa
Fanuu 1 luans YSuas 1 Yadans L!ﬁ$ﬁ1ﬁa$ﬁ181ﬂiﬂﬂu 2 yaaang

Aa Aaa

E4 J E4 J
mmﬁmﬁuiﬁ'ﬂmﬂimm 100 Yadans winaudszana 70 Nagaans unIaALe

v
a a o

aa 9y 9 4 a a aa = a a o Y

Fanuudu 1 lua1s Usuas 1 dadans uazmsazma"la%ﬂu 2 diadans wuihnauld
a Aa aa ] Y Y o Qa}/ zzy Y A v A

ATUYTNIAT 100 Haadns mmﬂwmsazmamﬂmmmmQlla 20 1IN IANINITAANAULLEAN

71620 I Tuwas waz@eunimszrnalsuaezilaa (nSu/uilati 100 n5u nieoziila
s

ausaniaaduiovaz 8 16 24 32 uaz 40) (MFumtlethn 100 nfu wieeziiTaatni Inaii

a Y

a g Y '
ezl Taa Sovaz 70 Amiiluiesas 5.6, 11.2, 16.8, 22.4 uaz 28.0) AUAIMTANAULAT M3
{ 1 S a a o 1 { |a v '
nlasuammsganauuaatiulsnsesilad lashmmsganauudanliuudiodie 0.100
o ' o ' = Y Y 1 =T a ' Y
nsuvewRazAI0d1 Weunun ey uudisuaiiudosazvesezilaadontledng

100 NS

MINMANUING 21 f]l1ﬂﬁﬂﬂﬂauuﬁ\‘lﬁﬁﬁ$a18%1@53}114@%171%11;7

Y
o

Usmamsazargnasgv WmiineziiTaa AMIYANDAULLE
pziilae (Wa.) NSUADAIDEIN 100 NTU i 620 Wi Tuiwas

1 8 0.108

2 16 0.208

3 24 0.304

4 32 0.391

5 40 0.493
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3. Jamsnlasunlasnnunindien3ea RVA Ju 4D (Newport Scientific Pty, Ltd., 1995)
A
RERNL)

In504 RVA (Rapid Visco Analyzer) i:l! 4D WEauLAULATINY
A da o
PTDNLFNINBDTUDD

AZUATINSIDEAVUIA 0.8 VAAAT
anaAa J
B UATIZH

AA 1 = dy 9 Y g’ o a A Aaa
1. ﬂim‘ﬂﬁﬂﬂmx‘]LL‘iﬂj\‘liJﬂWﬂ’NiJ%uﬁ@Elﬁ% 14 Tauihinaudsuiag 25.00+0.05 Jaaans

ldaslunauveanisd RVA

Y

v o ] o £ 1 A o ' o Y [l dg’ 1o
2. “IN@I’J’E’JElNLL‘ﬂ\?11Wi]WH’JHTﬁJxﬂﬁﬁxﬂullﬂuﬂlﬂﬂg Iﬂﬁlﬁnu’)uﬂl@ﬂ@’)@ElNLL“ﬂ\WH’EJEIﬂ‘U

U

a @ 1 Y o [l [l = Y @ [l 9 A A 4 9
FUAUDIAIDE1 (MBI a1aa0e19 hiaziden THuadiedmsmiowauwesiaa 1da
JOUAIIAZUNTIAZIDEAVLIA 0.8 HadnT)

4 1
3. ldwe (paddle) aslunau vyudeliiussquazasliuaaieniudiedis hildsy
[ Y Aa cf’ A A =
iWudeunanimiodnoginie
o ~ 1 9 A 4 A y A o
4. huaunlamnennged RVA nayewmesauiio 11799 RVA 111911
= A Ay Y 1 .
5. vnnsimslasuulasanuvidadenain’ld @1313911A1v84 pasting temperature
(Qungiiisulasunilasnnuniia), peak viscosity (ANUHUAFIGA), setback (AIN1TAUED)

1Az final viscosity (AWMTIAgANIG)
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M2 = (100-14) x M,
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W2 = 250+M,-M,
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