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Abstract

The objective of this study is to find the optimal cooking condition of rice for the cold chain as home meal replace-
ment (HMR) products. Two types of rice varieties were cooked either on an electric rice cooker (ERC) or a super-
heated steamer (SHS) with different concentrations of beef bone broth added before cooking. Cooked rice was
stored at 5°C for 3 days and the quality was analyzed by moisture content, color, reducing sugar content, texture
profile, and sensory evaluation. The results indicate that retrogradation of cooked rice prepared using SHS can be
reduced during cold storage by the addition of beef bone broth. Also, the addition of more than 40% of beef bone
broth caused a deterioration in the quality of the cooked rice, and it appears that the addition of 10-20% of bone
broth is optimal for the overall quality of the cooked rice during cold storage.
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Table 1. Measurement condition for texture profile analysis.

Item Condition
Instrument Texture Analyzer (TA-XT Express)
Test type TPA (two bite compression test)
Probe type cylinder (¢ 20 mm)
Deformation 70%
Force 10 kg
Pre-test speed 1.0 mm/s
Post-test speed 1.0 mm/s
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Table 2. Moisture contents in cooked rice during storage as function of broth ratio.
Storage days
Rice type Bone broth (%)
0 1 4
0% 62.65+0.254° 64.59+2.18% 62.35+0.48"¢
20% 64.10+£1.627% 63.38+0.29 64.20£1.694
BJJ 40% 64.47+0.78"® 64.65£1.114 64.58+0.13"
60% 65.41£1.024% 63.56+0.10% 62.77+0.795
80% 63.63+0.674% 63.41£1.60* 63.99:£0.124%
0% 64.48+0.194° 63.68+0.10" 61.77+0.36°
20% 65.87+0.38% 63.24+0.25 65.12+0.08"
KSH 40% 65.37+0.004 62.28+0.99% 65.38+1.094
60% 61.41£0.00% 61.02+0.18 64.04+2.584%
80% 63.60£1.014° 62.10+0.144%° 61.59+1.01%

! Rice cooked in superheated steamer system
? Values are average+standard deviation (n=3).

3 Different letters in the same column or same raw were significantly different (p < 0.05). “B€ represents significantly different between storage periods,

represents significantly different between broth ratio.
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Table 3. Reducing sugar in cooked rice during storage as function of broth ratio.

Rice type Bone broth (%) Storage days
0 1 4
0 0.19+£0.01%¢ 0.19:£0.00 0.15+0.015¢
20 0.23+0.00"¢ 0.24+0.01%¢ 0.20+0.01%¢
BJJ 40 0.26£0.01%¢ 0.26+0.024° 0.21£0.015
60 0.34+0.01"° 0.32+0.014 0.28+0.01%
80 0.37+0.01" 0.31+0.01" 0.30+0.015
0 0.12+0.00%¢ 0.10+0.01% 0.100.00%
20 0.15+£0.01*¢ 0.14+0.00% 0.12+0.01¢
KSH 40 0.20+£0.01%¢ 0.18+0.00" 0.12+0.00¢
60 0.22+0.01*° 0.210.00% 0.18+0.00<"
80 0.28+0.01" 0.26+0.01" 0.21+0.00*

D Rice cooked in superheated steamer system
? Values are averagetstandard deviation (n=3).

3 Different letters in the same column or same raw were significantly different (p < 0.05).

e represents significantly different between broth ratio.
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Table 4. Hunter’s value of cooked rice (BJJ) during storage as function of broth ratio.

Broth (%, w/w)
Color Days
0 20 40 60 80

. 0 77.13+0.03 76.31+0.08" 74.92+0.20™ 73765025 72.19+0.19%
(Léglllf:t';fj; 1 77.61£0.05" 76.26+0.31% 74.68+0.01* 73.230.16™ 72.940.24%
3 77.50+0.01™ 76.39+0.42"° 75.0120.24 74.38+0.60" 73.5040.29
Red 0 -1.42+0.05™ -1.19+0.28 -0.84+0.23" -0.68+0.21"" -0.24=0.09"
(CeIE“ZSf) 1 -1.48+0.12% -1.19+0.08" -0.90+0.18" -0.56£0.23" -0.56:0.23%
3 -1.43+0.32%¢ -1.19+0.23% -0.89+0.13" -0.72+0.54" -0.50+0.07™
el 0 13.53£0.17%¢ 14.45+0.02°%  14.70+0.06™* 15.49+0.08%° 17.720.08"
(eCI"];V {)‘i;s 1 12.99+0.06 14.41£0.01%¢ 15.13£0.16 15.66+0.05% 16.38+0.01%
3 12.88+0.39" 13.520.02% 14.70+0.08%° 15.86+0.04* 16.13+0.05"

Y Rice cooked in superheated steamer system
? Values are averagetstandard deviation (n=3).

9 Different letters in the same column or same raw were significantly different (p<0.05). *B€ represents significantly different between storage periods,

represents significantly different between broth ratio.
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Table S. Hunter’s value of cooked rice (KSH) during storage as function of broth ratio.

Broth (%, w/w)

Color Days
0 20 40 60 80

Lioht 0 78.000.04 76.80+£0.36™ 75.65+0.23% 74.45+0.18" 73.1120.03
(égIE'}ff)s 1 78.85+0.17% 77.23+0.15"8 75.57+0.46™ 74.99+0.807 73.98+0.30%
3 79.37+0.08 77.75£0.61° 76.66:0.11°¢ 75.53+0.414 74.300.49

R 0 -1.57+0.04" “1.40%0.06™ 1.07£0.017% 20.88+0.04% 0.57£0.01%

(C"I‘Ef:is) 1 -1.720.04% -1.4020.05% -1.08+0.05% -0.90+0.04%° -0.62+0.06™

3 -1.49:£0.05" 1,440,014 ~1.1320.08% -0.98+0.01%° -0.640.09

Vell 0 9.50:£0.08 9.940.26" 11.20+0.03 11.97+0.04% 13.81£0.08"
("CI"EV Eﬁ;s 1 9.15+0.19 10.05+0.06" 11.12+0.45% 11.7240.17* 12.94+0.25%

3 10.26+0.02% 9.46:0.427¢ 10.470.03% 11.23£0.24% 12.9740.06™

D Rice cooked in superheated steamer system

? Values are averagetstandard deviation (n=3).
3 Different letters in the same column or same raw were significantly different (p<0.05). “5 represents significantly different between storage periods,
represents significantly different between broth ratio.
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Fig. 1. Color difference of cooked rice as function of broth ratio; (A) BJJ, (B) KSH.

=24 (Texture Profile Analysis) Z IAF 7 ARt =4 EAEC

APESe] HUe e FHd) o] AxE SA sk F APESe HUbe mE W] Axe §93 < A
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Table 6. Textural properties of rice as function of broth ratio during cold storage.

Bone broth (%, w/w)

Type TPA 0 20 40 60 80
Hardness (g) 2231852190 2287822946  212.5044331 2236314931  238.51236.68
Adhesiveness -17.32+1.64 -19.55+5.60 223.04+5.20 -19.49+3.72 24.96+6.13
Springiness 0.72+0.18 0.72+0.15 0.84+0.12 0.72+0.13 0.83+0.07
BJJ Cohesiveness 0.34:£0.04 0.35£0.04 0.38+0.03 0.35:0.02 0.40+0.03
Gumminess 74.46+7.83 80.58+15.89 80.56-16.80 78.52+17.74 94.014+14.04
Chewiness 53.94+4.48 58.46-19.26 68.0419.62 582542139 772548 44
Hardness (g) 3930613944 358.0067327  378.82£53.99 3103746039  335.62:5231
Adhesiveness 153141 41 -24.83£6.96 -24.01£6.39 -17.01+.49 -19.71£6.95
Springiness 0.75+0.09 0.78+0.13 0.71£0.10 0.70+0.16 0.72+0.12
KSH Cohesiveness 0.43+0.05 0.39::0.04 0.400.03 0.39:0.02 0.39::0.04
Gumminess 173.48+17.81  141.62434.05 1532582697 1206743165  132.10427.62
Chewiness 130.60+10.08  110.44+33.18  109.65+25.45 87.10+41.95 96.31:28.38

! Rice cooked in superheated steamer system

? Values are average+standard deviation (n=3).
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Fig. 2. Textural properties of rice (BJJ) as function of broth ratio during cold storage.

D Each abbreviation means that added ratio of bone broth.

? Values are averagetstandard deviation (n=3).
3) ABC

» Springiness and cohesiveness has no significantly different.
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represents significantly different between storage periods, “* represents significantly different between broth ratio (p<0.05).
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Fig. 3. Ratio of adhesiveness to hardness (R%) as function of broth ratio % (A) and storage days (B).
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Fig. 4. Summary of sensory evaluation of cooked rice (BJJ) as
function of cooking condition; % number means added ratio of
bone broth (p <0.05).
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