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Abstract: Black rice embryo is rich in nutrients. However, reports on its separation and preparation are
scarce. In this study, unpolished black rice was used as the raw material to establish a preparation process for
defatted black rice embryo (DBRE) based on the solvent density flotation method. By utilizing the difference
in relative density between bran and embryo, low-polarity lipophilic solvents were employed to achieve bran-
embryo separation, defatting, and nutrient enrichment. The results showed that dichloromethane, dichloroeth-
ane, chloroform, and their combined solvents could all realize flotation separation of bran and embryo. The
yield of DBRE was 5.63%-11.33%, the yield of defatted black rice bran was 67.88%—80.45%, and the yield
of rice bran oil was 12.17%—15.13%. The overall recovery rate ranged from 92.87% to 99.51%, and the sol-
vent recovery rate ranged from 68.33% to 87.00%. The prepared DBRE exhibited a regular and uniform mor-
phology, with a lipid content of 1.69%-2.02% and lipase activity of 5.50-6.19 mg/g, both significantly lower
than those of black rice and black rice bran. No obvious solvent residue was detected, and the acid value
showed no significant increase after 60 days of storage at room temperature. The anthocyanin content of DBRE

was 4.03-6.58 mg/g, the y-aminobutyric acid content was 21.02-28.37 mg/100 g, and the total phenolic con-
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tent was 9.60-11.89 mg GAE/g DW, all significantly higher than those in black rice. This process is simple,

and the resulting product exhibits high stability and nutritional value. The study is of positive significance for

promoting the deep processing and high-value utilization of black rice.

Key words: rice processing; black rice embryo; density flotation; rice bran and embryo separation; stabil-

ity ; nutrition

HE W

R, AHR, B, F T H LG R RGPS ZAIER S L[] R RATRLE T A ,2026,47(13) : 155-162.
LIANG Shan, ZHU Zimao, MA Qin, et al. Preparation Process of Defatted Black Rice Embryo Based on a Density Flotation
Method[J]. Food Research and Development,2026,47(13):155-162.

IKHE (Oryza sativa L.) J& —Fh 85 2 1) KO B AE
Y, o gt fE i FOREAEY S 3 00, 28k 50% Ll B A
HUAREKH E 8 KR REASRE R Syt
YT IRN2, BEAE R S AR SR
FELA it i, LA (R EEOKO) B DL SR8 3 S e
R LYE 4= W B DL R AR S R AT
HAR WA HME L 208 SRR DR, 9
B PR MK T K KT TE IR E B A KA A
FE A D7 351, AR 2= R B, JEOK A iR
A B = TR O LA OR P R 2 R e )
S IR, Bl A AT SR AR R BRI e 5, 2B
KRN T 5 H 2552 BT 6 0 FIH 28 Bk

R KA 2= 250 (1) F IS (R b
2= CREE Fh Rz R JZ RIS 2 0 S FR ) IR FIIREL , H
o IR TR A RIS B & e R ZE AR IR
S22y G REAS R 2%~3% , SRR TS SR
LWz — 8ok eEY EA T e i
R YA E SR - TR A IR A 4
Y S S EYE S, 805 R IGE SR
TR S o NS | I B = N O S DS K
{021, AR HA LUK IRAE TR K 2 P TR0 h ok
152 38 43 FF & Ao R B DR DR AE TR o0 2
PRI X LA K = U0 12 i 77 7 5 a3 B ) 4 BT 45 A8 [) T, G
T REOK Y 3 5 o 5 SR LU PRt AR g ST
T 3 T R 9 R VR 1k A R ORI A T R
FEMNE KRR S Ao Pk 2B IR S et R b, LU
SR R SRR RN T e (B A R FH B A B8 55 5
HeHE

1 M#EEFZE
L1 MRS

MK (SRR AR IERE 15 U TR R AT R
Al A O A R A e DU I U
RO ke B AR (36%~38%) VA AALA A EE . 0
KT TEK Tk NER RN EE LR LR (X9 R B

Eia
N il

B 1 FEREREEN

Fig.1 Schematic diagram of rice grain anatomy
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Fig.2 Schematic illustration showing the principle for separation

of rice bran and embryo based on the density flotation method
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Table 1 Efficiency of different solvents for the separation of rice

bran and embryo

A BT SO OIS MR U /mg

A ik X - 111.63
ECkE X - 110.70
ke X - 111.70
DY G Ak e X - 141.03
3 X - 111.80
A N - 137.77
e N - 128.64
1 X + 118.17
LR TR X - 112.23
SR X + 112.63
=T N - 128.67
PR x - 111.03
FH e X 109.50
K X NA
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Table 2 Efficiency of solvents with different densities for the

separation of rice bran and embryo

IECL - PO LBk

RV (gfom®) AR BRI A52/%

(EFLL)
53:47 1.10 /
47:53 1.15 /
42:58 1.20 3.63+0.39¢
37:63 1.25 5.04+0.55¢
31:69 1.30 7.80+0.25"
26:74 1.35 10.55+0.85¢
21:79 1.40 11.60+0.85¢
15:85 1.45 11.16+1.18¢
10:90 1.50 11.04+0.49¢
5:95 1.55 /

/RN R LI 5. RSIAR SRR G B EEER
(P<0.05)
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Table 3 Comprehensive evaluation results of the separation efficiency of rice bran and embryo
T B (glem?) il LEA TR/ % BRI TR %
JE R FRA A JBE AR A KA
TRk 1.257 5.63+0.32¢ 80.45+0.51" 13.43+0.980 99.51+1.63 87.00+0.87°
TR 1.325 10.42+0.61" 75.23+1.48 12.17+0.51¢ 97.8142.42% 68.33+4.25¢
=S 1.489 11.33+0.54* 70.04+0.18% 12.90+1.37¢ 94.26+1.23" 79.30+2.21"
RO B (R 1:1) 1.291 6.51+0.27° 78.87+1.77" 12.70+0.90 98.08+1.08 74.33+5.48b
A AR B (RBUL 1:1) 1.373 10.66+0.67 67.88+0.60° 14.33+0.80" 92.87+0.62° 81.17+2.84
AN = E B (ARRLE 1:1) 1.407 11.33£0.71° 71.09+2.871 15.13£1.29" 97.54+2.50* 76.00+5.77>
ek 0.659 / 83.64+0.24" 13.07+0.06 96.710.18* 65.83+5.80"
PR e 0.791 / 71.52+3.391 20.13+1.27 91.66+4.59¢ 77.50+4.27>
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Fig.3 Macroscopic and microscopic morphology of defatted black rice embryos
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Table4 Stability and nutrition indicators of defatted black rice embryos and their control samples (black rice and black rice bran)

B W ke ISR (mgle) A FF A (mele) Vﬁ(i/ffgji’ (mfffﬁi’w)
1 1.80+0.32¢ 5.79+0.87¢ 4.34+0.17¢ 21.02+5.15¢ 9.76+0.224
1 1.79+0.15¢ 5.50+0.46¢ 4.26+0.28¢ 23.86+1.16%¢ 10.66+0.14¢
1l 2.02+0.13¢ 5.84+0.82¢ 6.58+0.46" 27.21+2.33% 11.89+0.19"
\% 1.94+0.48¢ 6.19+0.51¢ 4.03+0.95< 21.02+3.89¢ 9.85+0.15<
A\ 1.82+0.44¢ 5.93+0.63¢ 4.12+0.30¢ 21.93+4.46" 9.60+1.264
VI 1.69+0.28¢ 5.97+0.45¢ 4.20+0.35¢ 28.37+3.76* 9.83+(.29<
oK 2.93+0.25" 11.45+1.64 2.16+0.15¢ 6.59+1.46¢ 7.94+0.07¢
%?Kﬁ% 14.81+0.417 21.24+1.81% 25.04+2.97¢ 9.04+1.744 32.99+0.37*

TE: T~VIZR B =5 ke M e =5 b\ S S+ M (RFRLL 1:1) 5 S+ =S T (ARFR L 1:1) 58 g = S0P Be (R
L 1 DRI R BIRERNE . [FIFUA R PR 7R B 35 128 5+ (P<0.05)
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il A2 FEE SRR AR T I, R K IR AE B 5 &
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100 g) FLE S & 5 (9.60~11.89 mg GAE/g DW) A% T
TEOR AT B B 4 v, R ] B3 R o e AR
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T T AR SRR . e oh , JBERAR EKR -2 B T R
i AR AT RO R B, X O y-A
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TCE MR B 28 o 7 o ok R v L s A/ g
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A B SRR E I, R TR . SRR — W
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Fig.4 Acid value changes of defatted black rice embryo and its

control samples (black rice and black rice bran) during storage
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Fig.5 'H-NMR spectrums of defatted black rice embryos
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