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Table 1 Composition of DESs
%5 A% & (HBAs) SR (HBDs) 0 R E VieseV x
DESs-1 F AR B WA A 1:1 80:20
DESs-2 F AR 28 I F 1:2 80:20
DESs-3 A AL i g, W =B 1:4 80:20
DESs—4 FAf2 5% =8 1:4 80:20
DESs-5 A AL R A, 1,4-T =8 1:4 80:20
DESs-6 F AR 3 1,2-%" =A% 1:4 80:20
1.3.2 P I B /KB 6 22 By i S B v B %2 BBD MEEITEEKFER

B 1 g /KRB AR BT B0 A 40 mL 4212
VS, T HR S, HB/NRAE K SR BUA FNR &
BIo)  B B0 B TR N TR A BT AP A N S
R AT R, $RELSE LS L8 000 r/min B0 10
min, B iE W
133 /NKRBERZE S ENNE SR FC @
P AR RS B A B 1 mL 2 BUR, T 760 nm
Ab I E L Abs, /NRBRZ B & DR B TR Y R
(mg/g) IR,

S B (mg/g)=

FERL T RE ()

1.3.4 DESs KAWL HHFKIR 1.0 g /NKHE
A 6 1y, 20 BILL 6 Fh DESs N BUA ], % 2 A
IF) 442 BB 390 6T /N DKM 22 B Sk 1) 5 T
1.3.5 PRPIRSIE 0 FR ORI A 2 KR A
K, HERWIH (1:20,1:30,1:40,1:50,1:60 g/
mL) , $& B A (10,20,30,40,50 min) , $2 B
(20,30,40,50,60 °C) X /NKAF L2 W & 5 1 52
M, AR E R 3 W,
1.3.6 MRS HT AR IR L DESs AL 2R
SO A A e, SR FH R 7 T I X B ISR A il — 25
Ak, o A B .C 2 5 F B L | 52 B[] A
PEHCE B 3 SR, -1.0.1 Bt R A A
FI 3K (R2), LULBZE & & R b AE , i
1117 YO 5, AN A A 3 Wk, i dAR b
LR R BC(R?) R PP Ak 000 22 301 2 A5 AL (1 o

Table 2 Factors and level value of BBD response

surface design

B % o FL AR o
-1 0 1
ik Yo /g e ml! A 1:30 1:40 1:50
F2 A 1] /min B 20 30 40
RIBE/C C 30 40 50
TPk

1.3.7 HEikEe 2458 Box—Behnken i35 5% 1T 1Y
(] U= ASS AU 3 47 T, 45 B8 75 4 Bh DES—1 2 50/
KR L2 0 0 e R T8 25 S PR B 2 1, $R IR
FETHR/ IR BE S Z W B i, X L BUE 5 L
EZ w22, A EIEBR A AK E R 3
W
1.3.8  /NKMEZ M e el & K ToAL R AT A I
B} 240 FOK R 22 193 VR T8 — A A 10 mL B0 55
A S mL B F KA A I, $8 A S
ATERFER 5 h G HGE , RREIE VRO E BT 2
20 6 5 B2 B N RO 22 T S 7
1.3.9 /NKIRZ B 2K S ElmilE 2%
FEHE EEPI I RS B FREL 4.00 g 19/ KHE £ ) L
JEEHERE 72 105 °CTF MET 2 B i AR IR )R R ]
e o 2B 2 TR NRE, WS EeT
G B A M, AR T M, T i
SR AT S AT
ﬁ%%@mﬁJQ%imm% (2)
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% WL ¥ 2% Cheong S5PRY T EE R AE B 2,
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TR E B, 20t 5h EE O LEER
B ACHC 4 (9 20 mL BEAU W, T8 55 S5 1 R R
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Fig.1 Effect of DESs type on total phenol content
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Fig.2 Effect of water content on total polyphenols content
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A 209 7K B, 22 19 48 B B 5, ) DESs Ao
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DESs [ 25 ¥4, i 5 43 2 5 24, DT R AR T 26
B, 5y — AR ] B K B i v S BRI OK
PERR 2210 Z W 7F DESs "H IR i P BRI 2 40, %
K& R 10% ) DES-1 %5 W & B o ey | il S #2E JC
BT Rt IR RS K& 20% DES-1 1E
Sk /N 28 W B ICTY o AV TR R AT S 25

222 RO ILXT B2 AR RRR AR
WO R h O AT 20 B PR 3R, A RN R
Vi) P £ JoT 38 238 25 A7 ZIDRHAR LU A 52 MR, AT 52 T 42
WO . wge o 17BN L 430 R 1:20,1:30,1:
40,1:50 F1 1:60 g/mlL B X /N KA S 22 1y 45t L o
52 25 WK 3a iR FEE R L 1:20 of
mL $2 5 #] 1:40 g/mL, 2 HUSCR 5 BT B ka3,
MORMR L R 1:40 g/mL B, B 2 W $EHUE R 10.58
mg/g , ik B B BN LA 2] 1:50 g/ml DL,
AWOSCRANFEIG I, SR AT BEAE T B 2 B ik
SN, AT BT 2210 5 22 1 43 5 RN 1:40 g/ml,
(BHA LS T T A5 2 B 25 A6 5 W 4 B

223 PERMUST RN S 2 S S TR 4R
T A 40 °C,BHR R 1:40 g/mL, X8 75 I [A] 41
fb., S5 E 3b Fron, PR FEECET A 10
min 34N E] 30 min, /N KB 20 & =R W s,
Fie i AT 3A 10.32 mg/g, 24 52 UK [H] SE 1< 2] 30 min
ZJa, EEIFHEEAL, AR T 4R B ESY 30 min
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IR B, NS T 2 W A5 W i 1 T
i FRUA R b, i — A K e PR 4R O ] R 30
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SR #1051 me/g, EHEBUGREE 20~40 CZ
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Fig.3 Effects of solid-liquid ratio (a) extraction time (b)
extraction temperature (c) total polyphenol content

in millet bran
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(20~40 min) , Wi R IAT5E T 17 Ycial g6 00 1 42 B %
fF, LA W& iy AR, U s sk 3 By
7~ o T Design—Expert 8.0.6 #X {4 5 #7154 , 75 5
TZMEEYR 2,

Y=10.10-1.164 +0.044B+1.14C+0.027A B -
0.46A4 C-0.12BC-1.914°-0.238’-1.28C*
Horpy O HAR2E 2B 9 & & me/g;A B .C o1

9 BRI LG, mg/mL; 2 SR 1] | min s $2 BORLEE ,°C.

#*3 BBDRB&ER
Table 3 Experimental and results of BBD

" &% Be aE &5 EBe
KIS AR/ BERERE C(HRIUR Fimg-g” KT AR BURERE CORIA Flmgeg”
g ml! f)/min E)IC W)lg-mL?'  F)/min  JE)/C
1 1:40 30 40 10.2520 10 1:40 40 30 7.4900
2 1:30 40 40 9.0317 11 1:40 30 40 10.1192
3 1:40 30 40 10.1194 12 1:50 30 30 5.0235
4 1:30 30 30 6.7116 13 1:40 20 30 7.2265
5 1:40 30 40 9.8756 14 1:30 30 50 9.7230
6 1:40 20 50 9.9433 15 1:50 30 50 6.2030
7 1:40 30 40 10.1471 16 1:50 20 40 6.8371
8 1:40 40 50 9.7111 17 1:30 20 40 8.9260
9 1:50 40 40 7.0489
F4 REEHPHEPEFESH
Table 4 Regression variance results of the experimental model
F E KRR T A= B WA ¥ 7y FA1a P& 2K
R 46.18 9 5.13 113.03 < 0.0001 2%
A 10.76 1 10.76 237.11 < 0.0001
B 1.50x107 1 1.50x107 0.34 0.5808
C 10.42 1 10.42 229.45 < 0.0001
AB 2.82x107° 1 2.82x10° 0.062 0.8105
AC 0.84 1 0.84 18.48 0.0036
BC 0.061 1 0.061 1.35 0.2829
A? 15.35 1 15.35 338.21 < 0.0001
B? 0.23 1 0.23 5 0.0604
c 6.87 1 6.87 151.43 < 0.0001
% £ 0.32 7 0.045
& R 0.24 3 0.08 4.21 0.0992 rREFH
sk £ 0.076 4 0.019
£ 46.5 16

WIAT7 2200 B3 (R 4) KBTIl TR 1 2%

Beih. I 4 FT0 S0 6.2 ) Rt 19 3¢

(P<0.001),R?>=0.9932, “#lHHK"H PEKT
0.05, R RFEAE 2 1 LA Bk | SEBR A -5 T
EEMAF ARG RS EE, WA, AR R
B(CV)H ALK, o 2.51, 26 W3R 56 B 0 o off i

K/NE DR (A)>TRBUGRE (C)>F2 B[R] (B) .

AR A [0 U1 A TR0 22 i) = 4 o )3, AT 1 D 4 g £k
P, AR A 2% 72 e 1 55 3 K B O &R T 4%
AR 2 W R S HAE AR TR R 3
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JEE AT L S5 e b 38R 2R %F i 7 L P9 20, 3B R BR
PRCAISE SOPEE AU RS iiE A h Y N e’ 3 5
Lo A & N i R =2 e 2 N P = 0
M 7 L 1 52 il A 3 A 9 DD G 2R o 45 T 2R R [
A ) — R R A TR e 3

ME 4 e B el LUE 1, BHE X B2
Ty H5 1) S 00 R JBE K T AR UL B, P 22 ) A A
AR 3 (P=0.0036<0.05) . 78 $2 BUR B 2y 45
C, B[R] 2924 29 min B, /N KM B 2 ) % 55
o
2.4 WIERI

py Tl SRS A 0, HS b S I R AR R R
W 1:36 g/ml, 45.2 °CF#75 H# Bi#2 5 29 min,
TEMAEIET B2 W0 & #t ] ik 10.61 mg/g, BT

IEEA

SEPRERAE R R BRYE , BON B EE 1:36 g/mL,45 C
TR A BRI 30 min, fEXAHENLT AT T 3
AHE WIS, RS 2 & i 10.58
mg/g., 45 AP 2B BB v B M T S PR R
15
25 WREXSESEMNE

EEAE T2 40T, Prilsis 8l m /K2
3 B 3 7 il BRI 7K 43 5 iR (3.2840.02) % . XA
BT e BE b 1 Tk A ) U S A LAk T —
AR K 33K U WY T o 2 3 ) e
PR A T WD T AR AR K T Re M X T
TR 77 it P9 DR B0 A — o A R
2.6 SEM £z

hE 7 o EE FERFRME T, T /K

ISE AN
Total polyphenol content/mg- g™

C: FR UL
Extraction temperature/°C

0.0
A B L
Solid-liquid ratio/g-mL™
(b)

B4 Rkt (A)FRIUEE (C) D MEEERESLE

Fig.4  Solid-liquid ratio (A) and extraction temperature (C) 3D response surface and contour diagram
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Fig.5 Extraction time (B) and solid-liquid ratio (A) 3D response surface and contour map
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Fig.6  Extraction time (B) and extraction temperature (C) 3D response surface and contour map

(a) T 4

(b) 40
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Fig.7 Microencapsulation and microstructure observation

of polyphenol in millet bran

22 T 1) P50 240 i A R A B g IR 2 9% A Ak B 1Y
PR 20 P 25 B L2 B IR, o] R 2 AL, X 2
PR A0 M A O AR RE BT 1 — KA L, TR A
JAS B R INE A, i LB A HE 4 RS 2 OR
B R ¥ ) i EL AR BT FLAR B[R] i WL E R
£ TN AR 22 W 1) T R A 2 L B 3 ) Rl G 4
REJE, XA TN R A T BEAT
FiE-B 240 Y oA S DAL AT ol BOAE B D AL, e T
el o EIFAREUL I — B 2 B KW B AT
ANKHR B ER T, WA I R R S A T
R R Sl I 2 B 2R OCE HEA o BT A
G R ULHCL I B9 W) T Al BB R, AR
Gt A AR LSS A b i R] LUK B R B
{EAEMR BN BIFRA X R R K, KEHT
FA 5% L B2 IR I 3R AL B B I R, R
K 200 g = i o A 3 R

2.7 INKBRESERHEERLIN LS

PR 200 BB A | E B L B U 5 /N KRR 22 T
MILLAMGIE , WE 8 FTr .

CL A 1 2 v S 28 5 4 7 1) RE b AT B
WS ES SCEk[15)25 0,3 408.13 cm™ 4b
14 i g T T Je T U0 5 /N OROBE 22 T 114 3 R A 47 ik )
WU 52 927.87 em™ Kb N S £ By C—H AN X) FR il
a5 R B WO L /N OKOBE 2 1O 2 rh O R
1 654.88 cm™ Ab W FRkIFE-C=0 5 45 41 2 WLl
1 190.32,1 064.68 cm™ F1 927.74 ¢cm™ AbHy C-0-
C B (1% o 408 i 20 WG A0 0t 2 /N KA 22 T R A1 06
XU A 5 {H P9 59 TR /N OROBE 22 T Bk (0 3
TE ¥ B 20 B o T AS 2 e B A LA 3R T, A5 U A
B8 PR /IN KM 22 T3 A0 R AIE 06 17 25 BT R B, DR
i P B 200 i . T A /N KA 2
2.8 HIUEINE B E L BRI

M9 RIAT,  FERE 20 R HE TR /N KA 22
1y 7 AL AUL 1 Y TP R IR SR AR, T E pH 7.4 A
UL V8 H e Y £ B AN [R) T 7 B R 4 R
25, DX T B R T 2 B R SRR 25 5
FEGRME PR T AR S e M s R A . DN IR
LILTF W, IR Z W AR 2 h N
BEHRIR 96% LA I /INKME 2 By A2 B R 25
A — o B A, X — i A n] LA 22 9 )
FR 453 ¢ AT 2 380 /N K 22 T 7 e e
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A5 LA DESs 1 2 4 B 70 0 4k /N KB
Z T 25 45 28 75 i B DES-1 $2 B fe fE
T2 MR 1:36 ¢/mL, 45 CEHEHL 30 min, fELL
ZET W B U IR F) 10.58 mg/g; i 56 i 15
/N A 22 W SRS 8 LA B RS e M, Ko
TR, 5 T 3 AT A A A R A AR 2T
PGS RIEUR R A ROR R4, RSN
W A I 25 SR R B, /N AR 22 T Tl 28 A A
PLE W PR R TR . /N KRR 22 15 U
1€ 2 h NI RERCR IR 96% LA 1,5 h Ji /N K BE £ 1)
CAREARER e 4 o /NN 22 1y 1 1L R B BE AT A%
Bij 1 LA AR N RO 72 b R AR AR Ak, B v AR
WPER) BT B AT S /N AKORE B T2 T R A 4
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Low Eutectic Solvent Extraction of Polyphenols from Millet Bran
and Its Microcapsule Preparation

Zhu Junling, Liang Kai, Wang Chunyan, Wang Xiaowen"
(Shanxi Agricultural University, Jinzhong 030801, Shanxi)

Abstract Millet bran is rich in nutrients and bioactive components. Polyphenols play an important role as one of the
active components, but their properties are not very stable and are prone to oxidative degradation under certain condi-
tions. In this paper, we extracted polyphenols from millet bran by ultrasonic combined with DESs and prepared micro-
capsules by embedding them to study their physicochemical properties. The results showed that the total polyphenol con-
tent of millet bran was 10.58 mg/g under the conditions of ultrasonic—assisted extraction for 30 min at 45 °C with a mate-
rial-liquid ratio of 1:36 g/mL. After the microcapsules were prepared, the structure of millet bran polyphenol microcap-
sules was analyzed by scanning electron microscopy, and it was found that the outer surface of the microcapsules was
smooth and the particles were of uniform size. The infrared spectrum showed that the yeast cells had a good effect on
the encapsulation of millet bran polyphenols; in the simulated gastric juice, the release of millet bran polyphenol micro-
capsules was faster than in the simulated intestinal juice, and the core material was released up to 96% within 2 h, and
the core material was basically released completely after 5 h. Microencapsulation increased the stability performance of
millet bran polyphenols, and provided the theoretical basis for the deep development and utilization of millet bran.

Keywords millet bran; polyphenols; low eutectic solvent; extraction; microencapsulation



