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Rheological Evaluation of Cooked Rice with Milk
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Dept. of Food Science and Nutrition, Dong-A Uniulrsity

Abstract

This study was attempted to enhance nutritional value of cooked rice by adding milk in
cooking water. Cooked and soaked rice with five different levels of milk in cooking water (0%,
A; 30%, B: 50%, C: 70%, D: 100%, E) was tested for rheological parameters, fine structural
changes, sensory evaluation.

1. Water absorbance of raw rice in cooking water with varying amountes of milk, was tested
at 5°C and 15°C for 2 hours. Water absorption ratio was decreased as milk content was
increased and soaking temperature was low. Time for maximum water absorption of sample
A was 40 min at 15°C but for sample B to D, it was not reached until 120 min.

2. Electronmicroscopic observation revealed that starch granules of rice lost their regular
forms by soaking for 90 minutes, but recovered most of initial regularity after 24 hours.
Increase in milk content of soaking water decreased marginal sharpness of the starch granule,
presumably due to reduced swelling of the granule.

3. Degree of gelatinization of cooked rice was highest in sample A and progressively
decreased as milk content was increased. It was, however, increased in all samples when the
cooking water to rice ratio was raised from 160% to 180%. During 4 hour storage, rates of
retrogradation were not different between A and B samples, but those of C, D and E were about
2.5 times higher than A and B under the optimal condition of 170% cooking water to rice ratio.
This was in the order reverse to hardness order of A<B<C, D<E, measured by texturometer.
Cohesivencess and gumminess did not differ among samples during storage but they were
exceptionally low and high for sample E when cooking water to rice ratio was increased.
Swelling powers of cooked rices were in the order of B>C> A, DE at cooking water to rice ratios
of 160% and 170%, above which A sample surpassed the rest of samples.

4. Sensory evaluation conducted by fifteen university students as panelists showed that there
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were more significant differences among five samples in flavour, texture than appearance and

a notable preference for b and C over A, D and E.
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Fig. 1. Water absorption of cooked rice during hydration at (I) 15°C and (11) 5°C. @-@: A (100% water), &A-A: B (70%

water and 30% milk), [J-(J: C (50% water and 50

milk).
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Fig. 2. Morphology of starch granules of raw rice. .
Photo was taken by a scanning electron micro-
scope (JEOL/JSM-35CF). Arrow in the figure
indicates a starch granule Scale line is 10um.
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Fig. 3. Morphological changes of starch granules during soaking i
regular form by soaking for 90 minutes, however they recover almost of their regularity by soaking for 24

hours. Symboles are A-1:10 min. A-2:30 min. A-3:60 min, A-4:90 min. A-5:120 min and A-6:2 hours of soaking

Scale line is 10pm.
Morphology of starch granule at the zero time was represented in the Fig. 5.
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Fig. 4. Morphological changes of starch granules during soaking in cooking water containing milk by 30%.
Starch granules gradually lost their regular form by soaking.
Contrast to Fig. 1, it is not apparent that the granules recover their inital form.
Symbols are B-1:10 min. B-2:30 min. B-3:60 min. B-4:90 min. B-5:120 min and B-6:2 hours of soaking in cooking
water B. Scale line is 10um.
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Fig. 5. Morphologies of starch granules after soaking in cooking water of various milk concentrations for 60

minutes.

The granules lost their initial form by swelling.

Comparing to A-3 in Fig. 1, marginal sharpness of the granule is decreased. Symbols represent the sample
soaked in cooking water containing milk B-3:30%, C-3:40%, D-3:70% and E-3:100%. Scale line is 10gm.
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Experimental Materials and Method.
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Table 1. Analysis of variance for sensory evaluation of warm cooked rice

Characteristics A B C D E
Color 4,272 3.33b 2.80b¢ -3.00b¢ 2.20¢
Shininess 3.933a 4,072 3.402 2.20b 1.60b
Plumpness 3.20 3.33 3.00 2.47 2.33
Clumpiness 2.53 3.40 2.87 2.93 2.60
Roasted nutty odor 2.47 3.20 3.07 2.73 2.87
Sweety odor 1.872 3.53b¢ 3.27b¢ 2.80¢ 4.00b
Roasted nutty taste 2.202 3.270 3.13ab 3.002b 3.67b
Sweety taste 2.202 3.203b 3.47b 3.13b 3.13ab
Roughness 3.532 2.67ab 2.40b 3.00ab 2.93ab
Hardness 3.53 3.33 3.20 2.60 2.67
Stickiness 2.73ab 3.53a 3.532 2.53b 2.33b
Inner moisture 3.002 4.13b 2.732 2.602 2.332
Ease of swallowing 3.203b 3.732 3.27ab 2.60b 3.07ab

A : 100% water,
E : 100% milk -
Within a row, values not sharing common superscript letters are significantly different, at the P < 0.05.

B : 70% water and 30% milk, C : 50% water and 50% milk, D : 30% water and 70% milk,

Table 2. Analysis of variance for sensory evaluation of cool cooked rice

Characteristics A B C D ‘ E
Color 3.502 3.212 2.71ab 3.432 2.29b
Shininess 4.072 3.642 2.29bc 2.79b 1.79¢
Plumpness 3.502 2.71ab 2.792b 2.93ab 2.50b
Clumpiness 2.932 3.072 2.863 3.07a 1.93b
Roasted nutty odor 2.50 3.14 3.14 3.14 3.00
Sweety odor 2.36 2.86 2.79 2.93 3.14
Roasted nutty taste 2.712 3.21ab 3.14ab 3.14ab 3.64b
Sweety taste 2.292 3.21b 3.14b 2.863b 2.86ab
Roughness 3.00 2.93 2.50 2.71 2.43
Hardness 3.21 3.07 2.71 2.71 2.71
Stickiness 3.14 2.93 2.64 2.57 2.71
Ease of swallowing 3.502 2.86b 3.29ab 2.64¢ 2.21¢

A : 100% water,
E : 100% milk
Within a row, values not sharing common superscript letters are significantly different, at the P < 0.05.

B : 70% water and 30% milk, C: 50% water and 50% milk, D : 30% water and 70% milk,
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Fig. 9. QDA profiles of cocked rices with five differents contents of milk
A: 100% water, B: 70% water and 30% milk, C; 50% water and 50% milk
D: 30% water and 70% milk, E: 100% miik. '
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Fig. 10. Effect of cooking water to rice ratio on
hardness of cooked rice measured by textur-
ometer.

Each point represents the mean value of three
measurements. Significantly different from A, B,
C and D, P<0.01

a. Values of A, B, C and D at 160% are signifi-
cantly different from those at 170, 180, 190%, P<
0.01.
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Fig. 11. Effect of storage time on hardness of rice
measured by texturometer.
Each point represents the mean value of three
measurements.

SHA7E el Bl B AT 83

x x3kx9 A Ades A dAsH, F ==
4 AZ utE #Halelecoh 224 B, C, D, EZ & 4t
o)z} 2~38] A= &2 hardness 32 Vel es A
2ululE 2, 3, 4417 A AsPAA H A= AeE vEk
Wiz, A 2ube} 712 hardness 54X A7} 2gkwl
2 B #Hulo] 2 34k $-¢] hardnessst u]s8lA et
skt

FukE 1~4417F 3ol hardness ¥l3= Fig. 10014
BE s} 2

BE el Al7de] AHEiEA Eobgledl 53] 1
A zko| AvtmdA] B2 xeukn e 75 A7 Al
Eo| 343 A5t 223 ARFo = A5 23
o1} 3417k, A7kl =E #ule|7ke] hardnesst
Aol shabslc,

o] 49| hardness®] 7|AlA e EAAYEY 53
&, k3t o} Ao AX|F

7Hege 160~190%2 S7hEell otz cohesiver-
ness 72| ¥l A& A #Hvel7l B, C, D, E 39]
2o dAF ez g A8 A%l &
AN&7te oAl Aol & Aot $f FEIF BEF
E g e v,

283 1~4417) 7 B8l 52k cohesiveness 3
(Fig. 13) & 2 X7 77T B& kel 44T 2

5 k-
4 r
2 * *
c3
2 *
2
Sat
(&)
1 L
oL— 1 1 Y I
160 170 180 190

Cooking water to rice ratio (%)

Fig. 12. Effect of cooking water to rice ratio on co-
hesiveness of cooked rice measured by textur-
ometer.

Each point represents the mean value of three
measurements. Significantly different from A, B,
C and D P<0.05.
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Fig. 13. Effect of storage time on cohesiveness of coo-
ked rice measured by texturometer.
Each point represents the mean value of three

measurements.
®-o: A (100% water), A-A B (70% water and
30% milk), [J-[0: C (50% water and 50% milk),

O-O: D (30% water and 70% milk), A-A: E
(100% milk).
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Fig. 14. Effect of cooking water to rice ratio on gummi-
ness of cooked rice measured by texturometer.
®-0: A (100% water), A-A: B (70% water and
30% water milk), [J-00: C (50% water and 50%
milk). O-O: D (30% water and 70% milk), A-A:
E (100% milk).

Each point represnets the mean value of three
measurements. Significantly different from A, B,
C and D, P<0.05.
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Fig. 15. Effect of storage time on gunmminess of coo-
ked rice measured by texturometer.
®-o: A (100% water), A-A: B (70% water and
30% milk), (J-0J: C (50% water and 50% milk),
O-O: D (30% water and 70% milk), aA: E
(100% milk).
Each point represents the mean value of three
measurements.
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