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Development of wheat bran suspension beverage by fuzzy mathematics
ZHOU Li-Ming’
(Chongging Center for Drug Evaluation and Certification, Chongging 400000, China)

ABSTRACT: Objective
wheat bran. Methods

To develop a whole wheat bran food by using active ingredients such as ferulic acid in
Using the uniform experimental design principle and the fuzzy mathematics comprehensive
analysis method, the optimal formula ratio of a wheat bran suspension beverage was discussed. Results The optimal
formula ratios of wheat bran suspension drink were as follows: white granulated sugar content was 3.5 g/100 mL,
wheat bran: water was 1:100 (g:mL), composite stabilizer content was 0.08 g/100 mL, and xanthan gum: konjac gum
was 7:3 (m:m). The total dietary fiber content was 0.872 g/100 mL, the flavonoid content was 0.92 mg/100 mL, the
ferulic acid content was 2.81 mg/100 mL, and the diphenyl picohydrazide radical scavenging rate reached 63.9%.

Conclusion The prepared wheat bran suspension beverage has a smooth taste and a rich wheat flavor, and the wheat

bran particles can be uniformly and stably suspended.

KEY WORDS: wheat bran; compound stabilizer; suspended beverage; fuzzy comprehensive evaluation
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AT I8, WA Bk BTBIRR . S . KIS PR AT 4RSS
ABEFR RSB IT IR, 45 S RMIEC: 228 7 H )y
TR E PP A R BEA T 20 B, B0 HH 22 kB PR ORI e
Fie ], %87 ik v S e A3 S A T E ), L
WO e — SR RERE 050 P FH 22 B8 5% oy B0 22 B2 7 UORY
N A HR AT AR IS

2 MH5EREE

2.1 #RL KFISNEE

S i FH 22 2k R R L T AR X B AR R 2L
A RITRSRES . EREEAS. K. difhartiort. S
B RTT

BB ERR (AT B R AL Tk ), B3 e (i
4 BA A VL B BT R AT B |, B D e (B 7 /3R A )
FHE A B2 R, J =BT B 8 A o S (4% >99%, 18 [
SIGMA-ALDRICH /A #l); HU¥R MR AR i (21BN 99.9%,
JE SUPELCO A wl); Bl A% HbRESh (LERE A 99.9%, [
FA 04 R KB F R G, BT bR S (G
9 99.9%, S MUST A d]); HER(EIE%4E, 3¢E Sigma 24
R )y R T G E AL Al % (diphenyl picryl hydrazyl
radical, DPPH"), Jo/KZ . IKZHR . BiliR . #illk . WARF
1an . SR tral, BRI AR ).

XYF-2E iBL MR &S IE (7N 28 i A & A ADD;
FW-100 77558 J7 RER E WL M8 IR AN A% BE 45 A4 BN 7))
SYQ-DSX-280B AU TR AMN TN 1 28 K I A (RN
FEW LRSI 2515 RN F)); Sartorius CP225D Rl 7K
(1% Sartorius 2 ]); DHG-9031 FY ly HiE 18 T 446 (
NG TS 2 A BR N )); Thermo BR4i BV R B UL
(36 Thermo 74\ l); Shimadzu 72 AH %X (SPD-10A
VP £E4h-0] DLAGIN %S . LC-6A )% . CTO-10AS VP H:if
(& 77251 BT REAR ) ). WK I N2000 AR, |
UV-3100PC %8 4h 1] UL 43 S 5% B2 3 (B A B HE 2 ) );
Millipore Milli-Q H4fi7K{% (3% E Millipore 23 F]); Sartorius
BP-20 %! pH 1 (f%[% Sartorius 2 #]); RE-2000 HI g8 Kk
(TR AL A BRA ) o
22 /5 &
22.1 IEAA

2 BRTAL B TR A T — AT - H) - b

1
52 AR e

HERPAL BN, g R R 40 H, 51 g ZFmA
70 mL /K, MMAFFEEERIAT pH £ 4, 120 °CFE& 3 h, il
H ERTAL BRI A5

ARG BT PR R 51 A 5 i e R A A
ANIA 30 mL KH, @ 45FE 30 min, iU A ERE A H

RA: BTN S Z E5RERIRG.

HERE: PR E ST 0 e AR O S % B

Z: 121 °C, 15 min.

B B E R = IR 7 RS RIS o
222 BRI

MO HE 22 Bk B iR O A 72 T2 R R A, 76 i 7 i
IS H R ARPBRR IR (X)) . ZERKR (X)) . BEARERIT
et (Xs) 25 5 JBE 2 IR 1A Tt Fh (X g)4 A T R R
K UgOO AR BB T T ¥ 513058, LUBCE PR 45 R
FERHIWARE, SR BRI B ATk T PR 25 SR 1 7
GIHT, IR E Bl P02, B kg 1 R,
TRE TR RN 2 i,
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Table 1 Table of uniform design test scheme(Us(9°)

? 1 2 3 4
" (ITHEPHE /100 mL) (2 %k/K, gimL) (4, g/100 mL) (#:J)
1=}

1 1(0.5) 2(1:60) 4(0.06) 7(3:1)
2 2(0.5) 4(1:80) 8(0.1) 5(3:1)
3 3(1.5) 6(1:100) 3(0.06) 3(7:3)
4 4(1.5) 8(1:120) 7(0.08) 1(7:3)
5 5(2.5) 1(1:60) 2(0.04) 8(3:1)
6 6(2.5) 3(1:80) 6(0.08) 6(3:1)
7 72.5) 5(1:100) 1(0.04) 4(7:3)
8 8(3.5) 7(1:100) 5(0.08) 2(7:3)
9 9(3.5) 9(1:120) 9(0.1) 9(3:1)

#2 RETNIRE
Table 2 Criteria for sensory evaluation

Ef 7Y AR IE

FQI~25) A EE®, FREMARK, BHLED
(ﬁi)¢ahw) AT E B, FiRE
TO0~10) LRI, 47— W0k, Hvki st vk
(7-10) BEEHDIG, LIREE
oy 6 B0 BEVR, Wi (o
T (0~3) BERER, Rk
I-(26~35) A FI AR, TR, T o
(;§)$Uhﬁ) AU ORI, e R
T(0~10) A B R R R, A e o Je%
L(7~10)  HAEBFES, TN, ARk
ﬁﬁ) 1 (4~6) R B, SR
F(0-3) REAEBFS, Mk
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g2 i, i DPPH-WBRFES/NLLER, HE ™ A b Rg
Ei=Ean P b FIRER S
|- (4~5) FATAT Sk DPPH -7 bR (0 7 2 B STk ik, weEekesh .
ﬁﬁﬂi(S%) ':F'(2N3) ﬁiﬁi‘(ﬂﬁ;ﬁﬁ% Eﬂﬁﬂﬁgf‘j 0.2 mmol/L H(J Dppii‘gﬁ'f%ﬂq, H% 3 ﬁii_\‘—i
VKT 15 mL HIEBIAE T, £ 28 CKIAS
Fonl) JEpR—— ﬁﬁl@é?‘ m %ﬁ%aflf“ k{T#T
o #E 30 min, FRJFTE 517 nm A5 R I sk Yot A,
1 A ATV it He R an
F(iletsy SRS, YRR, St ATATIE 3 W, SRR HENTR A BERT
O RUIE A A
AV 10 RTINS, KRS, TiEHS W) = (17— =) x100

RELEMRE, WG ERR, A

FO-5 S

223 FaRARERS S EML
(1) BREELYE. TV A e PE RS (2 4
A
HiHE GB 22224-2008"2rpr 55—z, W5 A2 Boek 72 1Ok
T BRE B £ 4k (total dietary fiber, TDF), AV PL:RE & £F 4k
(soluble dietary fiber, SDF)FIA ¥ PE i & £F 4k (insoluble
dietary fiber, IDF) &1,
(2) SLBETR I E
SR FEVBR 2 b 7 P00 2 22 kR VR R A L B TR
o
(3) PAIBRR & i
I 5RAEITTE, R RSO €52 (high performance
liquid chromatography, HPLC)illl & 2 £k B YR L 4G R
o ] A S R A A B B 5 ) B R 11 U
(4) s fbae 14
1) S J 7 4
R Fed W S 72 22 Bk B TR ORI BRIl 24
2) [T OG ™ i e o i
i DPPH-Y§BRASHYM E, 73 M7 22 B T UORHE A
Ll DPPH-ERR R, JERITIHE 6 Aok T

s

224 SRR AR

SR PN e PR 0 v o 22 B TR R T 0
Bl M BB IRRL, A AT 5. 250 35 °CIRES:
HF, B 15 d e — R RV SR AR, IFXk
AR RRT ST TR .

*®3 DPPH-EMRIIMEKE S RE
Table 3 Experimental scheme of DPPH free radical scavenging

capacities
WoLE  DPPH/mL  FRIN/mL 95 %Z EE/mL #4li/K/mL
A1(FEdh) 4.0 2.0 — _
A2(%F i) - 2.0 4.0 -
A3 (BT 4.0 - - 2.0
3 HR57M

31 EEAMHARLE

TR XT 9 2 FRYOR A TR E MY, SR ot A A
Srigeit, AR 4 PR,

3 4 5 5V BN EUTBR LA 10, IS4 AURE S iS4t
B, BN 1 SRS RIZE G 1T E5 R R

x4 BRETMNG
Table 4 Results of sensory evaluation

Wk 25% T 10% Mg 35% FR10% Sk 5% HEUEA 15%
sy

£ * £ &% FT r & F £ H T kE H T k R
1 0 2 8 2 8 0 2 4 5 4 1 8 2 0 7 3 0
2 1 1 8 6 4 0 3 4 1 8 1 8 2 0 6 4 0
3 4 4 2 9 1 0 3 5 7 3 0 8 2 0 8 2 0
4 2 5 3 5 4 1 3 5 3 7 0 8 2 0 9 1 0
5 2 4 4 0 9 1 3 5 6 4 0 7 3 0 6 4 0
6 4 4 2 1 8 1 2 5 7 3 0 9 1 0 6 3 1
7 3 6 1 9 1 0 1 7 8 2 0 9 1 0 2 7 1
8 7 1 2 7 3 0 5 3 8 2 0 7 3 0 8 2 0
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F10 &

y=(025 0.1 035 0.1 0.05 0.15).

0 02 08
02 08 0
02 04 04
05 04 0.1
08 02 0
07 03 0

TR 9 AR NZEA TN ARG, AR AT 35 J5 ) %

GERVEATMRAE (V=35 Vo=2; Va=D)FRP-I9ME, Fefmxdh i sy

HIMACE I E B THE Y, BAARHE P45 0% 5.

HI2E 5 AL 58 8 AR N E TN HER S 1, Rt
WE S 8 MR S EONRAERC T, B Eb R 0
3.5g/100 mL. #E%k:K A 1:100(g:mL) . EAfEFHInE
7 0.08 g/100 mL ., &R EFER N 7:3,

Fig e me AR 7 LU 081 T T 4 ) o T P 22 Bk I 4 4R Tk
BRI, BAWASR AR, 77 b 22 Bk N0k BE %
Yoy kase B IF .

32 FEmIEEMRS S ENE

32.1 TDF. SDF. IDF #a%

M4 GB 22224-2008 S — R TN E A TAE, 8k
TEUORE i £ 2T 2 5 i LR - TDF o4 0.872 /100 mL

=(0.285 0365 0.35)

(FEXFFRUEN = relative standard deviation, RSD=0.2%); IDF &
0.671 /100 mL(RSD=0.5%); SDF } 0.186 /100 mL(RSD=
0.6%).
322 EEEAZHME

SR FR A 0 B 0 30 0 45 22 8k Ak 7 AR v B
4 0.92 mg/100 mL(RSD=0.4%).,
323 FERERAFAM T

ST, FFGE TR BT ER S R BT #
B TRYCR P BB M 2.81 mg/100 mL(RSD=0.1%); # %k
EF OB A TP TR 0.1 mg/100 mL(RSD=0.8%); %
HRETR YRR A BT BEER N 3.25 mg/100 mL(RSD=0.1%).
3.2.4  HAAKE A AT

ZEMEREHETF ORI Fe® BB IF A4 T 40.9 ug/mL
(RSD=0.5%)VC %} Fe* flif J5fE T

FERETRUCRE I Tl DPPH- ISR AL, LU
K IR) 6 Al 51k DPPH- 3 BRERAY HLE 45 5L N 6 FiR o

F 3 6 W%, F2EkI5URH 2 WiAb S DPPH- T bR % h
T, A ZZ Bk IF IR B DPPH- I BR R ik #|
63.9%(RSD=0.1%), /& T Z EkE R FTAL B G 22 8k, %
AR TIAVE L R 15 22 3k 80 DPPH- 75 bR 215 21 0 4%
1, XU AR N T A A e 2 R A AR A B TR

LT 6 RO, BRIERES LIS, Hedork

®5 HRLGAHFSER

Table 5 Nine samples from uniform design ranked by sensory score

Her 5 1 2 3 4 5 6 7 8 9
JEacy 8 3 9 4 7 6 5 2 1
SRy
i 2.535 2.405 2.295 2.255 2.245 2.205 2.160 2.015 1.935

* 6 DPPH- ERRELLEILIER
Table 6 Results of DPPH- free radical scavenging capacities

R ZEYR RAEIZ R BALMG AR BkSh  gEfbarpoRt SRR ROPRITHLEE RTRIHGOR FRHEUS
DPPH-{#F4/% 63.9 39.1 22.6 95.9 95.6 113 88.6 833 87.9

DPPH {5 R R KT 50%. BIRFZHEIRYORAY DPPH T
BREEARIE 5 PR, RZ2 BRI T Bt A ik
M, WHE S MRS Ve Sk, — e R
U 2 BB IR AR BT AL B B R PR R AR G PR
3.3 RERHEIRIGEER

TEME WA, 180 d N, 5. 25. 35 °C 3 M FRYZ
BRI ORI R B VR BB K I A AR RS, HLR
B IRE S B R BT S B AR Ak, ABRgRIE 12 A
AEFRRY FIRFRFR B AR 1. BT SCIRRE S AE 180 d UK
SRR MBS R, Bt AT Q10. A5
337 Kk S POEFLRR ORI A 1 Q10 {H 2 1 R i bRifE . 45
BAMIERRTR 180x2=360 d, IKIHI4 I iZPoRH R

SRR 14,
4 &

AMIFTER 22 2R N ISR, B8 T 422 SRR fre
BTy Heil, Frds=ah BA 22 bR . U | RERSI SIRE
FRERTE, FTE IR B 1. 77 b M T 22 ki) 4l 8 37
IRy, SARE R AT I K B T —E AR . (LRSS
TE7 ity FUAH T2 =5 M5 T ™ i S RE DA ) Th A A
FURAT R, BRI i JE ST I 2T 1)
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