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Minolta chroma meter ( CR 300 series Minolta : )

L Power All Data Clear
2. Index set C D65
3 calibrate Xy Z calibrate
4, Calibrate calibrate
5. measure 3
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La b
L
a ()
()
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2 Texture analyzer Gujral and Kumar

(2003)
Texture Profile Analysis (TPA)

Texturometer Instron
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fracturability (brittleness) :

1
cohesiveness : 2
1 (Area 2/Area 1)
adhesiveness : (Area 3)
springiness (elasticity) (mm)
2 2 2
(L2) L2/L1
TPA test

guminess :hardness X cohesiveness

chewiness gumminess X springiness (L1 /L2)

L ( Panasonic SR-706N Matsushita Home
Appliance (Thailand) CO., Ltd. )

2. (Texture analyzer) ( TA-XT2 Stable
Microsystem, U.K.)

124 | :
2545) 20
L Texture analyzer
2. calibrate force
3. P5 = 5 mm diameter cylinder stainless
adapter calibrate probe
8 calibrate probe

Model :Texture profde analysis (TPA)

Pretest : 1 mm/s



Test Speed : 1
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Post speed : 1 mml/s

Time:

1.00 sec

Distance : 60 %

5. 1
100

(1971)

micrometer
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2. (L)

L/W ratio =

p= 7 [(

4
41

Kumar (2003)

hardness
Bhattacharya and Sowbhagya
100
(T) () micrometer
(L/W ratio)
( )
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() =y4P*L ,P=
2+ T2)12]
(cooking quality test)
(minimun cooking time) Gujral
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water bath 90
2.
1 ]
4.2 (% solid loss) Gujral Kumar
(2003)
1 2 ( 1 ) 20
water bath 90 20
2.
hot air oven 100-105 24
desiccator
% solid loss
% Solid loss = X 100
4.3 (Water uptake of cooked rice)

Gujral Kumar (2003)
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90 20



% Water uptake
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AOAC (1995) (section 32.1.03)

1. (Hot air oven, 600 Memmert , . .A)
2.
3. 4 ( AB204 Mettler Toledo

(Thailand) Ltd.)

4, desiccator

2-3 (
100-105 1 desiccator

100-105

desiccator

( ) = {on op ( )Ix 100

AOAC (1995) (section 32.1.03)

L ( digestion unit K-424, distillation unit
B-324, scrubber B-414 BUCHI, Switzerland)
2. 4 AB204 Mettler Toledo

(Thailand) Ltd.,)
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L (A.R. grade)
2. (A.R. grade) 01N
3. (A.R. grade) 4 %

4. selenium reagent mixture (A.R. grade)

5. (A.R. grade)
6.
methyl blue 0.2 % 25
methyl red 0.2 % 50
1 1-2
2. selenium reagent mixture (catalyst) 5
20
3. BUCHI digestion unit 8
(scrubber)
4.
preheat cleaning 2 4 %
2-3 condenser
5. distillation
NaOH 60 ml
Boric acid 50 ml
h 20 50 ml
Time 6 min
6.

1. condenser



0.LN (end point)

9. (control)

10.

(%) = (Va-Vh) x N x CF

Va
Vh

CF Conversion Factor

( 5.95)

AOAC (1995) (section 32.1.05)

L (M uffle finance) ( 201
2. crucible

3. hotplate

Toledo (Thailand) Ltd.)

5. desiccator

1. 3-5

2. hot plate

3. 550
4, desiccator 1

Carbolite, U.K.)

(

AB204
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( )
blank ( )

Normal

Mettler
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(%) = () x 100

AOAC (1995) (section 32.1.13)

(Soxtec Automatic) (  Avanti 2050

Sweden)
thimble
(hot air oven) (600 Memmert 1
4 (
Ltd.,)
desiccator

petroleum ether b.p. 40-60 °C (A.R. grade)

2-3
thimble
thimber
petroleum ether 80
3-4 150
petroleum ether
1
desiccator
(%) = ()

Perstorp Analytical,

S.A)

Mettler Toledo (Thailand)

Whatman No.|

silicon coil
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Memmert, U.S.A)

K.)

83

Mettler Toledo (Thailand)
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buchner funnel
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desiccator 1
(%) = ( )- ()P 100
()
(%) = 100 - (% t%  t% + % )
% degree of gelatinization (Birch and Priestley, 1973
, 2540)
iodine reagent ( 22 KI 4
100 )
10 M NaOH ( NaOH 40
100 )
05 N HCL( 41
1,000 )
a.
(autoclave) 15 psi 1
100
58 100
200 mesh
1 200 mesh
0 10 20 30 40 50 60 70 80 90
100 0.2 100
98 mL 10 M NaOH 2 mL 5
2000 x g



mL

620

2545)

NaOH 2 mL

85

10mL (volumetric flask) 100 mL 0.5 M HCI 4

(iodine reagent) 1 mL

20
20
200 mesh
| 0.2
2000 X g
10 mL 100 mL
ImL 100 mL

620

100 mL
1:24 ,
58
98 mL 10 M
0.5 M HC14.0 ml
20



<

' <
ATMNITAANAULAIVIAMNENIARYU

o

620 nm

Y

1.2000 1

1.0000 A

0.8000 4

0.6000 ~

0.4000 ~+

0.2000

0.0000

86

y = 0.0096x + 0.0745

R =097

20 40 60 80 100 12C

o a al s
% FEAUNITINALIRN m‘l‘u LU

(%)
620 spectrophotometer
(Chrastil, 1987)
4 ( AB204 Mettler Todero
(Thailand) Ltd., )
magnetic stirrer (Agimatic-N) magnetic har
centrifuge ( Mikro 22R Hettich (Zentrifugen), Switzerland
0.1-0.2 ( 4 )
methanol 85 % 5 60 30
centrifuge 3,000 x
15 3



(Thailand) Ltd., )

L
Biochemistry

2.

3.

4.

14000

0.2000

95

87

(Juliano, 1971)

(Lambda 25  UVIVIS Perkin Elmer, USA )
4 ( AB204 Mettler Todero
100,000 ( Sigma, Germany)

( Ajax Finechem, Australia) AR.
( Merck, Germany) AR.
( Merck, Germany) AR.
( Merck, Germany) AR.

56.9
1
4.0 100
96
96 100
0.0400



9
95%
blank
blank
0L )
95%

100

5-10

1

20

95%

0

0.0400

1N

100

IN

620

50

5-10
100
1,234

1N

100

10

50

5

0.2 0.4 0.6 0.8

100

o0 Mesh

blank

L

10

88

0

0



a1 620

ANMIGANAULTINANNYIINAU

-

-~

100 (

4 5 100
1N 1
620 blank
(%) = ()X 100X 20
()
Y= 0.0113x %044
R2 =0.9983 %
28
19

10

T T T T T LT T

10 15 20 25 30 35 40

Ynaeslulaa (n5%)



1
2.
(Thailand) Ltd.)

1,000

0.2000

90

(Lambda25  UVIVIS Perkin Elmer, . .A)
4 ( AB204 Mettler Todero

( Ajax Finechem, Australia) AR.
( Merck, Germany) AR.
( Merck, Germany) AR.
( Merck, Germany) AR.

56.9

2.000

4.0 100
96

96 100

9b
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A1 (Chrastil, 1990)

1. magnetic stirrer (Agimatic-N) magnetic bar

2. centrifuge ( Mikro 22R Hettich (Zentrifugen), Switzerland)
1 petroleum ether ( Ajax Finechem, Australia )
2. methanol ( Merck, Germany)
3. sodium chloride 5%
Nacl 50 1,000
4, ethanol 70 %
absolute ethanol 554.18 1,000
5 sodium hydroxide 0.02N
NaOH 0.8
0. trichloroacetic acid (TCA) 70% ( Merck , Germany)
1. acetone ( Ajax Finechem, Australia )
L 20 250 petroleum ether 40
methanol 40 magnetic bar

magnetic stirrier .
3,000 xg 15 2

albumin .



92

3,000 x g 15
3. 2 globulin
NaCl 5% 100
3 3,000 Xg 15
4, 3
prolamin ethanol 70 % 100
1-3
5 4 glutelin
oryzenin NaOH 0.025 N
6 2'5
TCA 10% 3,000 x g 15
2 ethanol 70% 1 3,000 x g
15 acetone 100 2
25
cysteine cystine Chrastil (1989)
12 cysteine cystine (Chrastil, 1989)

1. magnetic stirrer (Agimatic-N)
.. vortex mixer

3. spectrophotometer (Lambda 25  UV/VIS Perkin Elmer, . .A)
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1L Na.HASsOQ. 5% (  Na.HAs0.5
)
2. (HCOOH) v % | 99 % 884.67
! )

3. L-cystine, free base (C.H..N.O. 2

4, L-cysteine (C:H.NO. )

5 sodium cyanide (NaCN) 10% ( NaCN 10

)
s. sodium hydroxide (NaOH) 10M( NaOH 40
)
gz cysteine
a. g cysteine

L L-cysteine 0.1,0.2,0.3,0.4, 0.5, 0.6,

0.7, 0.8, 0.9 1.0 2 Na"AsO,,
5% 1 10 (
cysteine 2 50, 100, 150, 200, 250,

300, 350, 400, 450 500 )

2. 1 0.2 HCOOH 55 %0 23

3. 2 2.6 0 0.
0.01 M 0.2 2

4. 355

spectrophotometer
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02 4
E 0.18 4 .
=0.0004
= 0.16 4 d %
i R =0.94
@0 0.14 ' .
&
g 0.12
S
- - .
g 0.08
q:'é 0.06 .
(=
G
G® 004
-
0.02
0 ~
0 100 200 400 500 600
U3 cysteine (mg/l)
3 cysteine (mg/l)
b. cysteine
r 0.2 Na.Has0. 5% 1
2, HCOOH 5o %0 2.3 2
3. 0 0. 0.01 M 0.2
4, 355
spectrophotometer

cysteine (mglg) =

() xio



cystine

a2 cystine
a.
L L-cystine
18 2.0 NaCN
5% 1 NaOH 10 M
10 ( cystine
150, 300, 450, 600, 750, 900 1,000
2. 1 0.2
3 2 2.6
4, 355
spectrophotometer
b. cystine
NaCN 10%
1 NaOH 10 M
2. HCOOH ss %
3. 0 0. 0.01 M
4, 355
spectrophotometer

cystine (mglg) =

95

0.1, 0.3, 0.6, 0.9, 1.2, 15,

10% 1 Na"HAsO.,
1
2 50,
)
HCOOH s % 23
0 0. 0.01 M
0.1 , Na.HAsQ. 5%

(9) x 10
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i) y = 0.0009x

2
o R’ =0.9529

06

@4 355 unlulnms

05 4

g 04 4
&
c
[N 03 -
&?
e 02 4
=
-& o
0 —
0 200 400 600 800 1000 1200
UFununsmaziilu cystine(mg/l)
4 cystine (mg/1)
13 (sample solution) Lowry
(1951)
1 NaOH 0.1 M+ Nar0j 2%
NaOH 4 1,000
NaOH 01 M Na.C 0. NaOH
0.1 M 2 NaOH 0.1 M
2. Na-K tartrate 2.7 %
Na-K tartrate (COOK (CHOH)2COONa . 4H.0) 2.1
3. CuS0..5HX 1%

CuS0..5HX 1.0 100



4. copper reagent

97

NaOH 01w + Nar0j 2 %+ Na-K tartrate 2.7 %
CuS0..5H2 1% 100:1:1
5. Folin-ciocalteu reagent IN
Folin-ciocalteu reagent 2 N 1:1
( )
5. Bovine serum albumin
Bovine serum albumin 0.25
0, 50, 100, 150, 200 250 pg/ml ( 0,02,04,06,08
1 ) 1 1,08,06,04,02
a.
L bovine serum albumin 0-250 pg/ml ( 3 )
1 copper reagent 5.0
2. Folin-ciocalteu reagent IN 0.5
30
3. 750 blank
spectrophotometer
b.
1 ( )1 3 )
2. copper reagent 5.0
3. Folin-ciocalteu reagent IN 05
30
4, 750 blank

spectrophotometer



(mg/ml) =

3.900 4

£ 3600 -

g

INAU 750 n
g 8

-
D 2.400

750 nm X

X 1000

y =0.0126x + 0.331

2
R =0.96

98

50

T T

100 150 200

YSmnaldsau (men)

Lowry

300



1 (Equilbrium relative humidity,
%ERH ) (Equilibrium moisture content, % EMC)

salt solutions .

. water activity (aw)

Saturated -

concentration (% w/v)

A: Lithium Chloride (LiCl) 1.78
B: Potassium Acetate (CHjCOOK) 2.67 022
C: Magnesium Chloride (MgCl..6H.0) 1.67 0.33
D: Potassium Acetate (K.C03 2.23 0.45
E: Sodium Nitrate (KNO-) 0.81 0.65
F: Sodium Chloride (NaCl) 0.35 0.75
G: Amonium Sulphate ((NH.).S04) 0.75 0.80
H: Potassium Nitrate (KCO.) 0.35 0.927
11 equilibrium chamber
]. equilibrium chamber 8 chamber
2 .
3
3. chamber chamber
3012
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1.2 AOAC (1995) section 32.1.03
L (Hot air oven, 600 Memmert , USA)
3. 4 ( AB204 Mettler Toledo

(Thailand) Ltd.,)

4, desiccator

v 1 2-3 (
100-105 1 desiccator )
2. 100-105
1 desiccator
3.
4,
- () ()X woe
()

. (wet basis) (g water / g sample)

g water = (pan weight + sample weight) - (pan weight + dried sample)

wh

MC 1 (wh) = [(12.4907 - 12.3677)/(12.4907 - 10.4589)] = 0.0605

MC 2 (wh) = [(14.0454 - 13,9257)/(14.0454 - 11.9434)] = 0.0569

MC 3 (wb) = [(13.5550- 13,4074)/(13.5550 - 11.1453)] = 0.0613
(wh)

=(0.0605+0.0569+0.0613)/3 = 0.0596



2,

weight change

Weight change = (pan weight + sample weight (

A ;wt change = 5.5735- 5.6957
B; wt. change = 5.7379- 5.8309
C;wt. change = 5.8079- 5.8653
D; wt. change = 5.8254 - 5.8538
E; wt. change = 5.9157 - 5.9027
F;wt. change =5.7717-5.7196
G; wt. change = 5.8939 - 5.8267
H; wt. change = 6.0103 - 5.8640

g water

g water (0 day) = MC (wb) X g sample ( 0 day)

A; gwater=0.0596x2.1258
B; g water = 0.0596x2.1878
C; gwater=0.0596x%2.1936
D; g water=0.0596 X2.1692
E; g water=0.0596 X2.1526
F; g water=0.0596x2.1097
G; g water = 0.0596 X 2.0453
H; g water = 0.0596 X2.0689

g solid ( )

g solid = g sample (0 day) - g water (0 day)

A; gsolid =2.1258-0.1267
B; g solid = 2.1878 - 0.1304
C;gsolid=2.1936- 0.1307
D; gsolid=2.1692-0.1293
E; gsolid =2.1526-0.1283

) -

101

(pan weight + sample weight 0 )

=-0.1202
-0.0930

-0.0574

-0.0284

0.0130

0.0521

0.0672
0.1463

0.1267
=0.1304
=0.1307
= 0.1293
=0.1283
=0.1257
=0.1219
=0.1233

= 1.8991
=2.0574
=2.0629
=2.0399
=2.0243
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L F;gsolid = 2.1097 - 0.1257 =1.9840
“ G; g solid=2.0453-0.1219 =1.9234
“ H; g solid =2.0689-0.1233 =1.9456
. g water ( )
g water ( ) =g water (0 day) + weight change

A; g water () =0.1267 +(-0.1202) = 0.0065
“ B; gwater ( )=0.1304 +(-0.0930) =0.0374
c; gwater ()=0.1307 + (-0.0574)  =0.0733
“ D; gwater ( )=0.1293 +(-0.0284) =0.1009

“ E; gwater ( ) =0.1283 +0.0130 =0.1413
“ F; gwater (- )=0.1257 + 0.0521 =0.1778
“ G; gwater () =0.1219 + 0.0672 =0.1891
! H; gwater () =0.1233 +0.1463 =0.2696
6. gwater () /gsolid ()= Equilibrium moisture content (EMC)

A; g water /g solid = 0.0005/1.8991 =0.00340
B; g water / g solid =0.0374/2.0574 =0.01818
C; g water / g solid =0.0733/2.0629 = 0.03563
D; g water / g solid =0.1009/2.0399 =0.04946
E; g water /g solid = 0.1413/2.0243 =0.06980
F; g water /g solid = 0.1788/1.9840 =0.08960
G; g water /g solid = 0.1891/1.9234 =0.09832
4 H; g water/ g solid = 0.2696/1.9456 = 0.13857
plot  graph
(% Equilibrium Relative Humidity, %ERH) (% Equilibrium

Moisture Content, % EMC) 2 1
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2 (% Equilibrium relative humidity, % ERH)

(% Equilibrium moisture content, % EMC)

% EMC %ERH
0.340 11
1.818 22
3.563 33
4.946 45
6.980 65
8.960 75
9.832 80
13.857 92.7

16 -
i y=(8x107)x" + (1x10™)x° (1.72x10%)x- 0.07
R°=0.9
12 0.999
)
=
w
2
90 100
%ERH
A (% Equilibrium Relative
Humidity, %ERH) (% Equilibrium Moisture Content |

%EMC)



1

and Stark, 1989)

pH
2.6
3.2
3.8
4.4
5.0
6.2
6.8
7.4

10

citric acid

Australia)

Na-HP04
casein

trichloroacetic acid (TCA)

2.1

1%

protease (Lorenz and Saunders, 1978; Munilla-Moran

0.0 M (21.01 glL)  {

0.2 M (28.40 glL)

(

Asia Pacific Specialty Chemical,

( Ajex Finechem, Australia)

Fluka Chemie, Switzerland)

5% ( Merck , Germany)

Mcllvaine buffer solution (citric acid 0.1 M + Na2HP040.2 M)

citric acid 0.1 M x mL

sample solution
1
37
12,100 x ¢

89.10
75.30
64.50
55.90
48.50
33.90
22.75

9.15

sodium acetate buffer

30

NajHPO, 0.2 M y mL

10.90
24.70
35.50
44.10
51.50
60.10
77.25
90.85

0.2 M (pH 3.8)
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3. total protease
3.1 casein solution 1% ( /v) 0.75
+ sodium acetate buffer solution 0.2 M (pH = 6.8) 0.75 +
0.05 - 0.1 37
1
3.2 TCA 5% 2.25
2 30
3.3 3,500 rpm 10
spectrophotometer 280
3.4 control casein solution 1%
(wiv) 0.75 + sodium acetate buffer solution 0.2 M (pH = 6.8) 0.75
TCA 5% 2.25 2
30
37 1
3.5 control 3,500 rpm 10
spectrophotometer 280

protease (unit/mg protein)

280 nm - control 280 nm

Lowry method 13



ANOVA
! ANOVA

Tests of Between-Subjects Effects
Dependent Variable: AM

Type Il Sum

Source of Squares df Mean Square
Corrected Model 1159 20 5.793E-02
Intercept 51969.415 1 51969.415
AW 8.962E-02 2 4.481E-02
MONTH 1.009 6 .168
AW* MONTH 5.998E-02 2 4.998E-03
Error 1607E-02 42 3.825E-04
Total 51970.589 63

Corrected Total 1175 62

a RSguared = .986 (Adjusted R Squared = .980)

2 ANOVA

Tests of Between-Subjects Effects
Dependent Variable: 1M

Type 1l Sum

Source of Squares df Mean Square
Corrected Mool 1.647a 20 8.235E-02
Intercept 598.295 1 598.295
AW 4.976E-02 2 2.488E-02
MONTH 1573 6 262
AW * MONTH 2.460E-02 12 2.050E-03
Error 9.204E-04 42 2.192E-05
Total 590.943 63

Corrected Total 1648 62

a. R Squared = .999 (Adjusted R Squared = .999)

(% AM)

F
151.439
1.4E+08
117141
439.620

13.066

(% IM)

F
3757.561
2.7E+07
1135191
11959.76
93.525

So

88888

Sg.

88888



ANOVA

Source
Corrected Moddl

Intercept

AW

MONTH

AW* MONTH
Error

Total

Corrected Total

cysteine

Tests of Between-Subjects Effects
Dependent Variable: C3H

Type 1l Sum
of Squares df

*893a

64.285

6.423E-02

.600

229

553

65.731

1446

BRBSRonv e,

Mean Square

4.467E-02

64.285
3.212E-02
9.998E-02
191002
1.316E-02

a RSguared = .618 (Adjusted R Sguared = .436)

4 ANOVA

Source
Corrected Model

Intercept

AW

MONTH

AW* MONTH
Error

Total

Corrected Total

a RSguared = .

cystine

Tests of Between-Subjects Effects
Dependent Variable: CSSC

Type Il Sum

of Squares df
A

15.683
5.483E-02
258
2.199E-02
7.372E-03
16.025
342

BRBR/Rone,B

Mean Square
1.673E-02
15.683
2.7T41E-02
4.296E-02
1.832E-03
1.755E-04

978 (Adiusted R Squared = .969)

3.3%4
4883.856
2440
7.59
1451

95.299
89345.09
156.172
244.729
10.439

Sa

58888

Sq

58888

107



ANOVA Protease

Tests of Between-Subjects Effects

Dependent Variable: B\NZ

Source
Corrected Model

Intercept

AW

MONTH

AW* MONTH
Error

Total

Corrected Total

a RSquared =

b

Type I

of Squares 31 Mean Square
1.970E-023 2 9.851F-4
451 1 451
3.539E-03 2 1770E-03
1441602 6 2.402E-03
1.752E-03 12 1.460E-04
3.803E-03 42 9.055E-05

A74 63

2.350E-02 62

838 (Adjusted R Squared = .761)

ANOVA % water uptake

Tests of Between-Subjects Effects

Dependent Variable: WATER UP

Source
Corrected Moddl

Intercept

AW

MONTH

AW * MONTH
Error

Total

Corrected Total

a. R Squared =

Type Il Sum

of Squares df Mean Square
1112.309a 2 55.615
203589.921 1 293589.921
482.664 2 241.332
392.890 6 65.482
229.740 12 19.145
1192.416 41 29.083

298767.036 62

2304.725 61

483 (Adjusted R Squared = .230)

F
10.879
4979.376
19542
26.523
1612

1912
10094.79
8.298
2.252

Sg.

58888

Sg.

5888

.780



? ANOVA

Source
Corrected Model

Intercept

AW

MONTH

AW* MONTH
Error

Total

Corrected Total

% solid loss

Tests of Between-Subjects Effects
Dependent Variable: SCLID LO

Type 11l Sum
of Squares

1.468a

70.709

241

1170

7.023E-02

1.468E-02

72.385

1483

PRERo v, B

Mean Square

7.339E-02
70.709
120

195
5.853E-03
3.581E-04

a RSguared = .990 (Adjusted R Squared = .985)

ANOVA

degree of gelatinization

Tests of Between-Subjects Effects

Dependent Variable: DG

Source
Corrected Model

Intercept

AW

MONTH

AW* MONTH
Error

Total

Corrected Total

a. R Squared =

Type 1l Sum
of Sguares
2333.879%
455161.400
57.080
2240.158
36.641
1222
457496.501
2335101

2
1
2
6
12
42
63

62

Mean Square

116.694
455161.400
28.540
373.360
3.053
2.910E-02

.999 (Adjusted R Squared = .999)

F
204.938
197442.7
335.801
544.400
16.342

F
4010.319
1.6E+07
980.805
12830.93
104.934

Sq.

38888

Sg.

38888
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ANOVA

Tests of Between-Subjects Effects

Dependent Variable: E

Type llI
Source of Squares
Corrected Mooel 251.7443
Intercept 11315542
AW 210.000
MONTH 36.572
AW* MONTH 5171
Error 33.834
Total 11601.119
Corrected Total 285.577

df

I

\'

BLEB N -

Mean Square
14.808
11315542
105.000
7.314

517

940

a RSquared = .882 (Adjusted RSquered = .826)

10

Source
Corrected Model

Intercept

AW

MONTH

AW* MONTH
Error

Total

Corrected Total

a. R Squared =

ANOVA

hardness

Tests of Between-Subjects Effects
Dependent Variable: HARDNESS

Type Il
of Squares

223208.846a
10082457.203
33774.950
112369.251
79593.987
90450.934
10478775.795
313659.781

df

2
1
2
6
12
77
B

97

Mean Sguare
11160.442
10082457.2
16887.475
18728.209
6632.832
1174.687

.712 (Adjusted R Squared = .637)

F
15.757
12040.09
111.723
7.783
550

9.501
8583.098
14.376
15.943
5.646

Sqg

88888

Sq

88888
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