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Research progress of nutrient content, flour properties, cooking
and sensory quality of rice with different milling degree
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QIAO Cong-cong, TIAN Xiao-hong, LIU Yan-xiang
(Academy of National Food and Strategic Reserves Administration, Beijing 100037)

Abstract: Rice is the largest staple food species in China, which is closely related to national health. For a
long time, it is common to over-process rice which caused serious nutrition loss since pursuit of taste and
appearance quality. Because rice bran is rich in nutrients, the milling degree of rice has a significant impact
on the nutritional value of rice. Milling process and milling degree will also affect flour properties, and
cooking and sensory quality of cooked rice. The effects of milling degree on nutrient content, flour properties,
cooking and sensory quality of rice were summerized in order to provide references for the proper processing
and milling of rice.

Key words: rice; milling degree; nutrient content; flour property; cooking and sensory quality

2017

i HEA: 2019-10-6

EEWH: ” ” (2017YFD0401103)
6192028
31972113
fEZEE N 1981
BIAEE: 1972

40



RHREER 275 2019F FH6 5

TARE

5%~6%
92% (2]

DOM

1 AEMIFEERKFEFIR

cc »3[3]

1.1 T¥RKR

9% DOM

2%~3%

[5]

4 K
Mg P Ca Co Cr Cu Fe Mn Mo Na
Se Ze [61
Ca
P Fe
DOM=0% 1.6%
71 Reddy ™
2062.1~
2 529.7 mg/kg 1 546.8~1 843.6 mg/kg
743.5~976.1 mg/kg 377.2~387.6 mg/kg
77.6~136.2 mg/kg 47.2~88.8 mg/kg
34.9~53.9 mg/kg 27.5~33.4mg/kg
0.75~2.5 Itanictal '
61.0%
11.6%
0 10 20 30 100 s
(9]
Liang [l

(1]

1.2 BERA%

DF

[12]




uh
=
=
&

RHRERR 8275 2019F £ 65

0.28%
Kim
10%

[14]

[2]

4

Bhattacharya

1.47%

5.25

49.5~63.4%

50%

P>0.05

[13]

(6]

10%

0%

30%

[16]

1.3 BRYIRRERENESE

[17]

0.22

3%

6.68
0% — 5% —

6%

[18]

[19]

9% 4

I 201
[21] 6
0% 4.2%
10.5% 0%
P<0.05
-3-0- (22] Ti I
5.4
50 5.3 36.8 19.1 325
6.8 3.8 6.1
4
67.0%~76.6%
57.0%~ 87.7%
[24]
CAA
208.6 15.0 I mol QE /100 g
DW DPPH  ABTS
23] Reddy
4] DPPH
DOM=9%
Paiva [ DPPH
0% 6%




RHREER 275 2019F FH6 5

TARE

10.17
E /g
10%
95%
100%
[27]
1.4 y-BHEE
[30]

Tuncel

12.19~3 296.5 mg/kg

94% V-
[31]
3 430~5 380
330 mg/kg
’Y_
'Y_
V_
’Y_

[35]

4.48 ymol TE
Zhu B%
10% 10.4%
100%
P>0.05
[33] Xia [15]
y- 6% 9%
Kim B4
[28] v-
E 4 @
4
'Y_
1%
’Y_
’Y-
Butsat (371
'Y_
410~950 200~

[16]

0% 6.6%

Mariotti

0% 3%

95

Desikachar (361

9%

[35]

3 TREMIBERERNRRRR

2 AREIMIEERERERG T

Bhattacharya [s1




RHRERR 8275 2019F £ 65

Mohapatra [38]
3 2%~18%
4
10%~13% 3
DOM
3% Desikachar B¢
2%~3%
3 6 9 min
50.7% 73% 79%*"
Park (41 14

[42]

4 NEERE

SEH
[1] , ,
[9]. ,2014,22(2): 1-5.
[2] KIM H W, OH S K, KIM D J, et al. Changes in contents of

[3]

(4]

[3]

(6]

(7]

(8]

]

[10]

(1]

[12]

nutritional components and eating quality of brown rice by
pericarp milling[J]. Korean Journal of Crop Science, 2012,
57(1): 35-40.

[J]. ,2012, 28(5): 2-5.
REDDY C K, KIMI L, HARIPRIYA S, et al. Effects of polishing
on proximate composition, physico-chemical characteristics,
mineral composition and antioxidant properties of pigmented
rice[J]. Rice Science, 2017, 24(5): 241-252.
[C]. .2015.
BHATTACHARYA K R. Degree of milling (DM) of rice and its
effect. In Rice Quality, A Guide to Rice Properties and
Analysis[M]. Woodhead Publishing Series in Food Science,
Technology and Nutrition, 2013, 100-115.
LAMBERTS L, BIE E D, VANDEPUTTE G E, et al. Effect of
milling on colour and nutritional properties of rice[J]. Food
Chemistry, 2007, 100(4): 1496-1503.
ITANI T, TAMAKI M, ARAI E, et al. Distribution of amylose,
nitrogen, and minerals in rice kernels with various characters[J].
Journal of Agricultural and Food Chemistry, 2002, 50:
5326-5332.
LIU K, CAO X, BAI Q, et aL. Relationships between physical
properties of brown rice and degree of milling and loss of
selenium[J]. Journal of Food Engineering, 2009, 94(1): 69-74.
LIANG J, LI Z, TSUJI K, et al. Milling characteristics and
distribution of phytic acid and zinc in long-, medium- and
short-grain rice[J]. Journal of Cereal Science, 2008, 48(1):
83-91.
SAENCHAI C, PROM-U-THAI C, JAMJOD 8, et al. Genotypic
variation in milling depression of iron and zinc concentration in
rice grain[J]. Plant and Soil, 2012, 361: 271-278.
EMAGA T H, ROBERT C, SEBASTIEN N. RONKART, et al.




RHREER 275 2019F FH6 5

TARE

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]

[26]

(27]

Dietary fibre components and pectin chemical features of peels
during ripening in banana and plantain varieties[J]. Bioresource
Technology, 2008, 99(10): 4346-4354.

SAVITHA Y S, SINGH V. Status of dietary fiber contents in
pigmented and non-pigmented rice varieties before and after
parboiling[J]. LWT - Food Science and Technology, 2011,
44(10): 2180-2184.

LAI VM F, LU S, HE W H, et al. Non-starch polysaccharide
compositions of rice grains with respect to rice variety and
degree of milling[J]. Food Chemistry, 2007, 101(3): 1205-1210.
XIA W, LIU C, LUO 8, et al. Effect of low temperature on the
retrogradation behavior of rice gels with different milling
degrees[J]. Starch, 2015, 67(11): 1044-1052.

YILMAZ N. Middle infrared stabilization of individual rice bran
milling fractions[J]. Food Chemistry, 2016, 190: 179-185.

MIN B, GU L, MCCLUNG A M, et al. Free and bound total
phenolic concentrations, antioxidant capacities, and profiles of
proanthocyanidins and anthocyanins in whole grain rice (Oryza
sativa L.) of different bran colours[J]. Food Chemistry, 2012,
133(3): 715-722.

SAURA-CALIXTO F, SERRANO J. Intake and bioaccessibility
of total polyphenols in a whole diet[J]. Food Chemistry, 2007,
101(2): 492-501.

WANG L, CHEN J, XIE H, et al. Phytochemical profiles and
antioxidant activity of Adlay varieties[J]. Journal of Agricultural
& Food Chemistry, 2013, 61(21): 5103-5113.

OKARTER N, LIU R H. Health benefits of whole grain
phytochemicals[J]. Critical Reviews in Food Science and
Nutrition, 2010, 50(3): 193-208.

LIU L, GUO J J, ZHANG R F. Effect of degree of milling on
phenolic profiles and cellular antioxidant activity of whole
brown rice[J]. Food Chemistry, 2015, 185: 318-325.

CHOI S, SEO H S, LEE K R, et al. Effect of cultivars and
milling degrees on free and bound phenolic profiles and
antioxidant activity of black rice[J].
Chemistry, 2018, 61(1): 49-60.

TI H, ZHANG R, ZHANG M, et al. Effect of extrusion on

Applied Biological

phytochemical profiles in milled fractions of black rice[J]. Food
Chemistry, 2015, 178: 186-194.

TI H, LI Q, ZHANG R, et al. Free and bound phenolic profiles
and antioxidant activity of milled fractions of different indica
rice varieties cultivated in southern China.[J]. Food Chemistry,
2014, 159(13): 166-174.

KONG S, JUNSOO L. Antioxidants in milling fractions of black
rice cultivars[J]. Food Chemistry, 2010, 120(1): 278-281.
PAIVA F F, VANIER N L, BERRIOS J D J,

Physicochemical and nutritional properties of pigmented rice

et al.

subjected to different degrees of milling[J]. Journal of Food
Composition & Analysis, 2014, 35(1): 10-17.

SOMARATNE G M, PRASANTHA B D R, DUNUWILA G R,
et al. Effect of polishing on glycemic index and antioxidant
properties of red and white basmati rice[J]. Food Chemistry,
2017, 237:716-723.

[28]

(29]

[30]

[31]

(32]

(33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

LERMAGARCIA M J, Ramisramos G, Herreromartinez J M, et
al. Classification of vegetable oils according to their botanical
origin using amino acid profiles established by direct infusion
mass  spectrometry.[J]. in Mass
Spectrometry, 2010, 22(7): 973-978.

TUNCEL N B, LMAZ N. Gamma-oryzanol content, phenolic

Rapid Communications

acid profiles and antioxidant activity of rice milling fractions[J].
European Food Research & Technology, 2011, 233(4): 577-585.
PATEL M, NAIK S N. Gamma-oryzanol from rice bran oil: a
review. J Sci Ind Res India, 2004, 63: 569-578.

BUTSAT S, SIRIAMORNPUN S. Antioxidant capacities and
phenolic compounds of the husk, bran and endosperm of Thai
rice[J]. Food Chemistry, 2010, 119(2): 606-613.

ZHU S M, HU F F, RAMASWAMY H S, et al. Effect of high
pressure treatment and degree of milling on gelatinization and
structural properties of brown rice[J]. Food and Bioprocess
Technology, 2016, 9(11): 1844-1853.

MARIOTTI M, SINELLI N, CATENACCI F, et al
Retrogradation behaviour of milled and brown rice pastes during
ageing[J]. Journal of Cereal Science, 2009, 49(2): 171-177.

KIM S R, AHN J Y, LEE H Y, et al. Various properties and
phenolic acid contents of rices and rice brans with different
milling fractions[J]. Korean Journal of Food Science &
Technology, 2004, 36(6): 930-936.

CHAMPAGNE E T, MARSHALL W E, GOYNES W R. Effects
of degree of milling and lipid removal on starch gelatinization in
the brown rice kernel[J]. Cereal Chemistry, 1990, 67(6):
570-574.

DESIKACHAR H S R. Effect of degree of milling on water
absorption of rice during cooking[J]. Journal of FoodScience &
Technology, 1965, 11: 110-112.

JULIANO B O, PEREZ C M. Major factors affectingcooked
milled ricehardnessand cooking time[J]. Journal of Texture
Studies, 2010, 14(3): 235-243.

MOHAPATRA D, BAL S. Effect of degree of milling on specific
energy consumption, optical measurements and cooking quality
of rice[J]. Journal of Food Engineering, 2007, 80(1): 119-125.
CHAMPAGNE E T. Rice: Chemistry and Technology[M].
American Association of Cereal Chemists, Inc. 3340 Pilot Knob
Road. St. Paul, Minnesota55121-2097, U. S. A.

[J]. ,2016, 37(18): 58-63.

PARK J K, KIM S S, KIM K O. Effect of milling ratio on
sensory properties of cooked rice and on physicochemical
properties of milled and cooked rice[J]. Cereal Chemistry, 2001,
78(2): 151-156.

BILLIRIS M A, SIEBENMORGEN T J, WANG Y J. Rice
degree of milling effects on hydration, texture, sensory and
energy characteristics. Part 2. Cooking using fixed, water-to-rice
ratios[J]. Journal of Food Engineering, 2012, 113(4): 589-597. &

(2045 #®x; WAk FME;
=

i I %)




