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Table 1. Chemical composition (dry basis) of brown rice, milled rice, and bran
(Resurreccion et al 1979; Singh and Juliano 1977, Cagampang et al

1976).
Constituent BT Milled rice  Bran,
Starch (% anhydroglucose) 75.9 89.8 9.7
Amylose (%) 30.8 32.7 6.7
Total sugars (% glucose) 1.3 0.4 6.4
Crude fiber (%) 0.8 0.1 9.7
Dietary fiber (%) 1.9 0.7 28.4
Crude fat (%) 3.3 0.6 22.8
Crude protein (%) 8.4 7.7 15.7
Crude ash (%) 1.5 0.56 10.6
Phosphorus (%) 0.27 0.09 1.7
Phytin phosphorus (%) 0.14 0.03 1.1
Iron (mg/100 g) 2.0 0.67 15.7
Zinc (mg/100 g) 2.1 1.3 10.9
Lysine (g/16g N) 4.1 3.8 5.6
Threonine 3.7 3.7 4.1
Methionine+cystine (g/16g N) 4.7 4.9 4.7
Tryptophan (g/16g N) 1.2 - 1.2 1.2

*Abrasive milling fraction of brown riice (%by wt) o
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Table 2. Summary of Mechanisms of Aging of Rice Grain®

Substrate Storage Changes Cooking Effect Sensory Effect
Starch Increase of strength —>Inhibit swelling —»Texture
of micelle binding of starch granule

Fatty acid-amylose
Hydrolysis complex
*Free fatty acids

Lipid {
Oxidation (air) | oxidation (air)
*Hydroperoxides Increase of volatile
Carbonyl compounds /carbonyl compounds\
Aroma
Decrease of volatile/

Oxidation (air) / sulfur compounds
Protein —p-SH-»5-S

=—»-Inhibit swelling

. of starch granule—>Texture
Interaction among proteins . —» Appearance

* Source: Moritaka and Yasumatsu (1972b): used by permission.
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Table 3. Changes in the hardncss index and whiteness of milied rice stored in
various forms at 2°C and 29C for 6 months.

Tyfr:)engfsléi(::reegnd Crop Hz(l)rdness mger;l(:mths th;trennoe:tst:s(%)
season 2C 29°C 2°C 29°C
Nonwaxy
Milled dry 36.6 41.7 41.7 — —
Milled wet 26.5 31.9 34.1 39.6 36.8
Rough wet 26.5 40.6 45.8 37.5 35.5
Defatted milled® wet 20.6 20.3 21.6 49.6 46.3
Waxy*
Milled dry 26.6 24.8 22.4 — -
Milled wet 26.7 26.7 25.9 — —

Percent of powder retained in 80-mesh sieve after grinding in a Wig-L-Bug
amalgamator for 20 s; LSD (6%)<2.4%.

* LSD (5%) <0.7%.

Values are mean of two rices.

One rice line at each season. (From ref.17)
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Table 4. Means of translucency under different storage periods and storage
forms (From ref. 2)

Storage storage form (rice from lIst crop)
Variety period cold sack bulk storage bulk storage
(months) storage storage (with fan) (without fan)
0 3.0 3.0 3.0 3.0
3 3.0 3.0 3.5 3.5
TNG-67 6 3.0 3.0 4.0 4.0
9 3.0 3.0 4.0 4.0
12 3.0 4.0 4.0 4.0
0 3.0 3.0 3.0 3.0
3 3.0 3.0 3.0 3.0
Sen-3 6 3.0 3.0 3.0 3.0
9 3.0 3.0 4.0 4.0
12 3.0 3.5 4.0 4.0
1.20T Rice from 1st crop
TNG 67
-------- Sen 3
@ : Cold storage
aso+
~ ® . Sack storage
R
~ * : Bulk storage
£ (with fan)
E K
® 060+ O: Bulk storage .// ]
32 (without fan) /./‘ .
8 i
o]
Q
]
(o]
0.304

Months after storage

Bl—  FrROHR Bk R S )

Fig. 1. Change in the percentage of discolored grain as
affected by different treatments during storage.
(From ref. 2)
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Table 5. Changes in head rice yield and hardness index of nonwaxy brown rice
stored at 2°C and at 29°C for 6 months.

Head rice yield

Rice (% of milled rice) Hardness index”
2°C 29°C 2C 29C
IR 1529-680-3 15 64 36.5 42.2
IR 480-5-9 28 60 44.0 50.3
IR 24 79 72 41.4 44.9

* Percent of powder retained in 80 mesh sieve after grinding in a Wig-L-Bug
amalgamator for 20 s. LSD (5%)=1.5%. (From ref. 22)
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Table 6. Change in lipid compositions of polished rice during storage

g/100g of rice* g/100g of extraneous lipid

Extra- Fat-by- _ Free e
Miowd Toaro Pheses oy Newral Gnsaponif

lipid  ysis acids
Koshiji-wase 9C 0.35 0.53 1.5 30.6 49.9 5.7
(Niigata) Room temp. 0.34 0.54 0.4 51.9 30.8 6.0
Asahi 9C 0.35 0.55 1.5 32.0 54.9 5.6
(Okayama) Room temp. 0.36 0.54 0.6 51.6 33.0 4.9

* Moisture content: 13%. (From ref. 22)

N R O e R DR B T EAROR, B L (amylogram) M&AKE (maximum
viscosity) (B3 ~E4) o HAFIAX-rayiiit (diffraction) #2 X-ray BEHTH » K
0 T IR IR R R IR R B R AR B EER RO (E S ~ 6 » 7)0



§> Brown rice
20 -/\//
@]
X
g) Milled rice(90%)
z
5 10 |
I
[\]
= Milied rice (85%)
w
A 1 L

KRR S o 287

20 40 60
Length of Storage (days )

W= FeRk IR Re B 1 st 4L,

Fig. 2. Changes in fat acidity during storage. (Norin No. 29)

(From ref. 14)
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Fig. 3. Amylograms of rice powder and defatted rice powder

prepared from rice grains having d
temperatures. (From ref. 22)
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Fig. 4 Effect of rice extract added back to
amylogram. (From ref. 22)
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Fig. 5. X-ray patterns of rice powders taken at 31c.
(A...... raw starch) (From ref. 22)
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Fig. 6 X-ray patterns of rice powders taken at temperature of
viscosity increase. (From ref. 22)
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Fig. 7 X-ray patterns of rice powders taken at temperature
of maximum viscosity. (From ref. 22)
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Fig. 8 Amylograms of undefatted brown rice flour (UBR) ®). ether
defatted ‘brown rice flour (EDBR) (®). methanol extracted
ether-defatted brown rice flour (MEDBR) ©. and brown
rice starch . during storage of brown rice at 35C.
—, flours or starch at storage time of 0 month
------ , flours or starch at storage time of 12 months
(From ref. 15)
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Table 7. Amylose activity in various brown rice flours during storage of
brown rice at 35C

Amylose activity

Type of flour® (mg maltose/min/ml extracts)
Before storage After 12 months
Undefatted brown 0.206+0.012 0.114+0.009
rice flour (UBR)
Ether defatted brown 0.170+0.015 0.090+0.009
rice flour (EDBR)
Methanol extracted Nil Nil

ether defatted brown
rice flour (MEDBR)

* Mean+S.D. based on 3 samples. (From ref. 15)
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Fig. 9 Change in alkali spreading scores of milled rice during storage.
(From ref. 2)
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Table 8 Cooking quality of stored rice¥*

Expanded Water uptake pH of residual

Sample volume (ml) ratio liquid

Brown rice storage 39.6 3.08 6.72

Manryo {Milled rice storage 38.4 3.05 5.66
Control (4C) 36.2 2.64 6.98

Brown rice storage 33.8 2.66 6.33

Koshisakae, Milled rice storage 35.2 2.77 5.54
1 Control (4C) 32.6 2.51 6.70

SBrown rice storage 33.6 2.85 6.75

Norin No.29{ Milled rice storage 32.5 2.76 6.18
lControl 4C) 32.2 2.54 6.85

* Milling yield, 90%, After 50 days storage. (From ref. 14)
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Fig. 10 Change in gel consistency of milled rice during storage.(From ref. 2)
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Table 9. Mean changes in cooked rice properties during storage of milled rice

of six nonwaxy varieties at 28-30°C*

Storage Cooked Rice Gel Amylograph Viscosity (BU)
Period Instron Consistency " Final Cooled to

(mo) Hardness (kg) (mm) Peak at 94°C 60°C

0 7.4 65 541 359 703

1 7.5 60 592 379 750

2 8.4 54 620 400 793

3 8.8 53 652 440 820

4 8.8 52 649 426 835

5 8.6 50 678 441 851

6 8.4 56

* Source: Perez and Juliano (1982): used by permission.
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Table 10. Texture of cooked rice prepared from 4C-stored and 40°C stored

rice samples

Property 4°C-stored rice 40°C-Stored rice t-Test®
Texture of cooked rice®
Hardness 2.92 +0.145 3.49 +0.162 *
Stickiness 0.51 +0.054 0.10 +0.027 *x
Cohesiveness 0.681+0.0440 0.715+0.0341

* Texturometer unit.

® #p=0.01 and *p=0.001. (From ref. 16)

Ht+—  FRBBEET QCH29C) fri 6 Ak &BEAKINERL

Table 11. Stickiness of IR24, IR29, and IR833-6-2 milled rice after storage for
6 months at 2C and at 29C.

Variety or Form of Crop Stickiness (g/10 grains)*®
line stored rice season 2°C 20°C
Nonwaxy
IR24 Milled dry 196 9
IR24 Milled wet 173 83
Defatted milled wet 168 106
Rough wet 128 114
Waxy
IR29 Milled wet 208 262
IR833-6-2 Milled(7.4%protein) dry 168 160
Milled(9.3%protein) dry 127 120

* LSD (5%)=18. (From ref. 17)
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Fig. 11 Gas chromatograms of headspace volatiles of cooked rice
). 4C-stored rice; ®). 40°C-stored rice. (From ref. 16)



234 RREEWEERE

FA= S KR EEHEB AR R & &

Table 13 Relative amounts of major volatile components of cooked rice

Peak Relative amount of volatile component
no. Compound ~Headspace analysis® _ SDE method”®
4C-Stored 40C-Stored 4C-Stored 40C-Stored
Alkanals A B) (&) B)
15 Pentanal 13.0 (4.4) 27.0 (5.7) 4.2 12.4
24 Hexanal 95.2 (31.8) 204.1 (43.2) 65.9 226.6
35 Heptanal 5.8 (2.0) 7.9 Q1.7) 7.4 16.6
50 Octanal 6.9 (2.3) 6.1 (1.3) 18.2 24.8
63 Nonanal 11.6 (3.9) 8.7 (1.8) 40.9 48.9
76 Decanal 6.6 (2.2) 3.4 (0.7) 14.4 19.7
Alkenals
41 trans-2-Hexenal 0.6 (0.2) 1.3 (0.3) 1.3 3.6
55 trans-2-Heptenal 3.6 (1.2) 6.6 (1.4) 13.7 47.0
66 trans-2-Octenal 3.4 (1.1) 5.9 (1.2) 22.2 63.3
81 trans-2-Nonenal 1.0 (0.3) 2.0 (0.4) 12.2 38.1
106 trans-2-trans-4-Decadienal 1.9 (0.6) 1.2 (0.3) 132.5 193.4
Aromatic aldehydes
79 Benzaidehyde 1.0 (0.3) 3.0 (0.6) 4.7 16.5
95 Phenylacetaldehyde 0.5 (0.2) 0.9 (0.2) 18.7 43.4
Ketones
7 Acetone 12.0 (4.0) 15.3 (3.2) — —
34 2-Heptanone 2.3 (0.8) 6.1 (1.3) 1.7 10.8
49 2-Octanone 1.5 (0.5) 1.4 (0.3) 2.8 4.1
62 2-Nonanone 0.3 (0.1) 0.6 (0.1) 1.5 3.7
56 6-Methyl-5-hepten-2-one 1.4 (0.5) 2.3 (0.5) 2.0 11.9
Alcohols
43 1-Pentanol 11.5 (3.8) 9.1 (1.9 30.5 44.9
57 1-Hexanol 26.1 (8.7) 10.3 (2.2) 127.1 93.3
69 1-Heptanol 1.2 (0.4) 1.5 (0.3) 12.4 23.9
82 1-Octanol 1.5 (0.5) 1.8 (0.4) 23.0 41.4
96 1-Nonanol 0.6 (0.2) 0.3 (0.1) 12.1 14.8
68 1-Octen-3-ol 2.2 0.7 5.3 (1.1) 9.1 40.9
112 Benzyl alcohol 0.4 (0.1) 0.8 (0.2) 14.6 35.0
Miscellaneous
42 2-Pentylfuran 13.0 (4.4) 18.1 (3.8) 11.5 30.3
155 4-Vinylphenol — — — — 66.3 126.7
Total peak area 299.0 472.4 — —

Relative amount of each volatile component in the headspace vapor of cooked
rice:(A). Peak area on the gas chromatogram;®). peak area % (total peak area
=100).

Relative amount of each volatile component in the extract obtained by sim-
ultaneous distillation-extraction of boiled rice (peak area of each volatile
component X 100/peak area of internal standard). (From ref. 16)
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Table 12. Lipid composition of stored rice (From ref. 20)

% Composition

Storage temperatures of total lipid

5C 40°C
Mpyristic acid 0.6 0.6
Palmitic acid 17.0 17.9
Stearic acid 0.6 1.5
Fatty acids  Oleic acid 30.4 33.2
Linoleic arid 47.1 44.8
Linolenic acid 4.3 2.0

Total lipid (mg% of rice) 390 310

SRS AR H B R 4T (texturometer) WIH 2B KR HEM (cohensiv-
eness) HEHEHE (sensory test) WIEATEELINMGE o HEERGE AT ESEE AN
B o TR MBI S M R B AR o (3k14)

F+pg - %ﬁﬁﬁﬁb%ﬁ%@ﬂﬁﬂ%%%ﬁﬁﬂ'E’E‘E»%:E:%ZFE?E’\J?FHEQ%%‘(
Table 14. Correlation coefficients between texturometer measurements and
sensory score (From ref. 4)

Cohens- Hardness/ Stic- Hardness/ Mean
Hardness iveness cohensiveness kness stickness stickness
Sensory score —0.50% 0.82%% —0.77%* 0.81%* —0.73%* 0.81%*

B DL EMOARE R o IR K AR E SR o A BSE o I RIS o TS0 KA R R MR
R A EBTRRT AR LN (B12) » HRMEAZA R o

s r Moisture conent 16.5%
Air(10C)
101
2 .
3 30
) ~Vac
v -—4 CEM
a N d N ——— " — A COy
% // ............ * Ny
s X .
o
S
(e}
-10F ¢
QOdor Taste Hardness
-15 -Appearance Cohesivenss Over all

B+~ ke 3 fH A Rk 2 EhETIE

Fig. 12 Organoleptic evaluation of rice stored for 3 months (From ref. 19)
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BRI WA KRS AT, 0 (£16) o

FAAH e U S AT 2 0 M R OB AL
Table 15 Change in free amino acids of rice grains (Nippon bare) during
storage under air (mg/100g dry wt.) (From ref. 15)

1 year 3 year

Amino acid Before storage Paddy Pady Paddy Brown

30°C 4°C 4C 4C
Lysine 16.5 10.1 13.4 1.8 1.9
Histidine 4.8 3.2 4.7 0.7 0.9
Arginine 14.9 10.5 14.0 3.8 4.4
Aspartic acid 32.6 23.8 21.9 7.4 8.3
Threonine 10.5 5.1 7.2 2.0 2.0
Serine 15.9 10.2 12.3 7.1 9.2
Glutamic acid 58.3 36.8 45.4 7.2 10.3
Proline 10.6 7.2 8.1 1.9 1.9
Glycine 5.6 3.7 3.9 2.0 1.7
Alanine 10.0 12.2 10.9 14.4 10.8
Valine 8.2 4.8 5.7 2.5 2.4
Methionine 8.1 5.1 6.1 1.5 1.3
Isoleucine 4.6 2.7 3.0 0.7 0.6
Leucine 9.0 5.1 5.9 1.1 0.9
Tyrosine 5.7 3.3 3.7 1.0 0.8
Phenylalanine 4.5 2.6 3.0 0.7 0.7
Total 219.8 146.4 169.2 55.8 58.1

#+< A MAES @Rt albumin B globulin &
Table 16. The amount of albumin and globulin by maes method (From ref. 9)

Material Albumin % of total N Globulin % of total N
Check 3.80 6.92
Storaged rice 3.35 6.68

Heated rice 3.17 6.56
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&¥3R (riboflavin) RFEM (niacin) & 99 o hRMIRB R AR B, & BAVKEMKEE T X
NRERME o RILZA » BRI » b RMAEDNER  EEME%H %R (mycotoxins) (fH
EEE (fungi) FTES) - HpZ®BEH (aflatoxin)] (MME (mold) FiEL) WAENE
BWERRERRKRD o
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Table 17. Effect of storage Temperature on thiamine content of polished rice.

Variety treatment (r-%) Thiamin content
Before storage 66.2
Koshijiwase (Niigata) 9C 58.3
Room Temp. 33.2
Before storage 98.6
Asahi (Okayama) 9C 68.0
Room Temp. 57.7

(From ref. 21)
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Changes in Rice Grain Quality During Storage

L. H. Wang and S. C. Hsieh

National Chung Hsing University and Taichung District Agricultural

Improvement Station

ABSTRACT

Physico-chemical properties of rice is known to change during the storage
period. The mechanism of aging during storage and the effect of storage time
on grain appearance, milling quality, cooking and eating qualities as well as
nutritional value are reviewed and evaluated.

Free fatty acid is increased in parallel with the increase of pH value. Free
fatty acid and amylose are then forming the fatty acid-amylose complex which
contributed very much to aging of rice grains. Gelatinization temperature,
Water absorption rate and expansion volume are increassed with the prolong-
ation of storage period. Harder gel consistency and reduced stickiness of rice
grains are resulted due to storage. Free amino acid and vitamin B contents
are reduced with the prolongation of storage period. However, no change in
the rate of water and alkali soluble proteins occurred during the storage
period.



