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Abstract; In this study, dehulled flaxseed kernels were used as the main raw material, and soluble protein yield and L were used as
indicators. The effects of liquid-material ratio, baking soda dosage, grinding temperature, baking time, baking temperature and number of
grinding on the quality of dehulled flaxseed puree beverage were studied on the basis of single factor experiments. The preparation process of
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dehulled flaxseed kernel puree was optimized through Plackett-Burman design screening and Box-Behnken design to provide high-quality raw
materials for dehulled flaxseed kernel beverage. The results of response surface methodology showed that the regression equation established by
the regression model had a good fit to the data, and the optimal process of dehulled flaxseed kernel puree obtained from this model was as
follows: grinding temperature50 °C, material-to-liquid ratio 1:8 g/mL, amount of edible baking soda 0.25%, baking time 45 s, baking
temperature 120 C, and coarse grinding once with a soybean milk machine plus fine grinding once with a colloid mill. The actual soluble
protein yield was 70.15% and L was 77.32. The experimental results were similar to the theoretical values, with the relative errors being 0.046%

and 0.012%, respectively. The prepared puree was fine and milky white with roasted aroma, indicating that proper dry heat treatment could

improve the quality and nutritional value of the puree of dehulled flaxseed protein beverage.

Key words: dehulled flaxseed kernels; dry heat treatment; response surface; raw materials
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Table 4 Plackett-Buman test design results
A% A4 B C D E F G THEWEAFEYN TEEEHBMIY% L
1 1 1 -1 1 1 1 -1 48.68+0.51 2.56+0.00 75.240.07
2 -1 1 1 -1 1 1 1 63.97+0.26 4.59+0.01 76.66+0.05
3 1 -1 1 1 -1 1 1 52.42+0.21 2.46+0.01 74.32+0.16
4 -1 1 -1 1 1 1 1 32.27+0.15 2.89+0.03 72.25+0.15
5 -1 -1 1 -1 1 1 -1 65.06+0.44 3.5840.02 77.23+0.09
6 -1 -1 -1 1 -1 1 1 64.14+0.14 3.57+£0.03 78.47+0.20
7 1 -1 -1 -1 1 1 1 20.18+0.48 0.84+0.02 68.70+0.05
8 1 1 -1 -1 -1 1 -1 55.19+0.14 3.09+0.01 75.73+0.02
9 1 1 1 -1 -1 1 1 28.96+0.14 1.32+0.01 69.62+0.28
10 -1 1 1 1 -1 1 -1 37.34+0.26 2.42+0.01 74.29+0.01
11 1 -1 1 1 1 1 -1 19.74+0.14 1.89+0.02 66.73+0.07
12 -1 -1 -1 -1 -1 1 -1 34.52+1.08 2.31+0.14 74.19+0.03

158



MK EmBHL

Modern Food Science and Technology

2022, Vol.38, No.5

=5 ALRMEHSE Plackett-Burman IRIGIZITEER FENHT
Table 5 Analysis of variance of soluble protein yield Plackett-Burman test design results

FERR R 7 Am heE ¥z FAE piE B

AR 3107.97 7 444.00 18555  <0.0001 *x
A -6.01 433.60 1 433.6 181.21 0.0002 x
B 0.86 8.94 1 8.94 3.74 0.1253
C 1.04 13.09 1 13.09 5.47 0.0795
D -1.11 14.71 1 1471 6.15 0.0682
E -1.89 42.81 1 42.81 17.89 0.0134 *
F 1470  2594.65 1 259465 108433  <0.0001 x
G 0.12 0.16 1 0.16 0.069 0.8059

KRE 9.57 4 2.39

Ait 3117.54 11
R? 0.9969

E: *RTEFEE (p<0.05); **RTFEFMEE (p<0.01). TA6. 7. 9. 10 Fl.
% 6 TR MEY Plackett—-Burman XIS IEHERFENR
Table 6 Analysis of variance of design results of soluble solids Plackett-Burman test

7 ERR AR 75 Fa B W 7 F1a pla REH
AR 10.50 7 1.50 5.75 0.0551

A -0.60 4.32 1 432 16.56 0.0152 *

B 0.18 041 1 041 157 0.2784

c 0.083 0.082 1 0.082 0.31 0.6055

D 4.725E-003  2.679E-004 1 2.679E-004 1.028E-003 0.9760

E 0.099 0.12 1 0.12 0.45 0.5401

F 0.68 5.57 1 5.57 21.37 0.0099 *x

G -0.015 2.800E-003 1 2.800E-003 0.011 0.9224

KE 1.04 4 0.26
£t 11.54 11
R 0.9069
7 L' Plackett-Burman IR ITHEER =TT
Table 7 Analysis of variance of L” Plackett-Burman test design results
7 ERR AL F 75 A= B AR 2k FAa pia BEH

AEA 140.88 7 20.13 3021 0.0026 **
A -1.90 4333 1 4333 65.05 0.0013 **
B 0.34 1.40 1 1.40 211 0.2203
C -0.47 2.69 1 2.69 4.04 0.1148
D -0.071 0.061 1 0.061 0.092 0.7770
E -0.82 8.09 1 8.09 12.14 0.0253 *
F 2.65 84.36 1 84.36 126.63 0.0004 **
G -0.28 0.94 1 0.94 141 0.3000

KE 2.66 4 0.26

£t 143.54 11
R 0.9814
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FTHRRRLE R, REL Plackett-Burman 5236151t
U3Y i 35 o it 3z IV JRROFTA— R 5 5 o e S 3% 1) [
Fo MR 4 K5 RE6MRT alm, BAFRML
) Plackett-Burman {4 iR B3 (p<0.01),
AIYATERE Y Plackett-Burman 156 AR AR i 2%
(p>0.05). K1tk 7E /5451 Box-Behnken skia it i,
ANHEFEATHEEEIED S EENERE.
Plackett-Burman iX38:45 SR B, TRURIHLANEE SR 00T
FIIETEE SR LR 23 (p<0.01), HUCHt
P T I R RN L 3 (p<0.05), /)
IT I BRI E AL I (R s AN R 25 . R,
EREMUORIEE . EBIR R, BERIKEL 3 AR AT
Box-Behnken i B AL AT

23 FETZAMHNERUERG

2.3.1 Box-Behnken iX3ai% it A 7 £ 547

R4 Plackett-Burman 3045 5K, DAt EE ARG
KR LPehiiE, 347 Box-Behnken iR, Wiz
8 Fi7n. Box-Behnken ik it & T2k H Y
s @ EA AR T SRR T ES5. %
DR 2% () B A 4L A FAR S B A A

< 8 Box—Behnken {{ki%itER
Table 8 Results of Box-Behnken optimization design

S A .j c %ggzl% L
1 -1 -1 0 6867+0.22  76.91+0.02
2 1 -1 0 5085+0.19  74.79:+0.03
3 -1 1 0 7010£019  75.64+0.02
4 1 1 0 47762024  74.31%0.01
5 1 0 -1 37342062  74.91+0.01
6 -1 0 -1 2256+047  68.87+0.03
7 -1 0 1 61.81#1.05  76.37+0.08
8 1 0 1 42304066  74.48+0.04
9 0 -1 -1 3439#016  71.93+0.04
10 0 1 -1 34124016  71.74%0.02
11 0 -1 1 53944033  7558+0.07
12 0 1 1 50584033  75.42+0.02
13 0 0 0 5025¢#021  76.58+0.05
14 0 0 0 5305014  76.99+0.04
15 0 0 0 5025022  7658+0.04
16 0 0 0 5305#0.14  76.98+0.06
17 0 0 0 5026+024  76.61+0.07

R9 AMERSERLMER S EN

Table 9 Analysis of variance of regression model for soluble protein yield

7 2R BEF A B A ¥)7r F1& p1a BFEH
AR 2357.54 9 261.95 81.32 <0.0001 x
A-BHH 692.79 1 692.79 21507 <0.0001 x
B-JA R B 3.50 1 3.50 1.09 0.3317
C-FER R I 804.41 1 804.41  249.72 <0.0001 x
AB 5.12 1 5.12 159 0.2477
AC 557 1 5,57 173 0.2300
BC 2.39 1 2.39 0.74 0.4174
A2 34.44 1 34.44 10.69 0.0137 *
B 110.09 1 110.09 34.18 0.0006 o
c? 736.80 1 73680 22873  <0.0001 x
RE 22.55 7 3.22
KIIE 13.20 3 4.40 1.88 0.2737
YTt £ 9.35 4 2.34
EBE 2380.09 16
R? 0.9905

2311 T HEMEEASER Box-Behnken A%
THER K T7 E AT

M 9 LA, F=81.32, p<0.0001, AU G
% .181d ANOVA 731, 3-453 514 772 ¥=51.37-9.314-
0.66B+10.03C-1.134B-1.184C-0.77BC+2.864°+5.11B*
13.23C%.
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WRIGLE R, EmkEE (p<0.0D KTHHA: 4.
C. B5. % ®WRE (p<0.05) A A% #HEZEX
It B2 SRR TV 1 B I R A RE S C (B8
KB >4 CRHRED >B (BUEIERE ., $ATEYS
brfE 2 2 —FraELR R R . HRER R R 3L
R*=0.9905, IEWIRAA RIF, fHT 99.05%/1k
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WHUEE A% RE . LIS IE R R Aq=97.83% %
IIZA R Sk T R R &R BRI, ARG
BRI R I RRF A ORI S T3 dR A 2 A
HIR R AT LMEAlZ IR Rk &R . 48 g, BLA]

TR RN TENR, AL R R 2 1)
il T2, AT AR AT 7005 537

2.3.1.2 T L'f1 Box-Behnken 136 5 it45 5L % 7 7
Paxil

F 10 LEIHERFEDH
Table 10 Analysis of variance of L regression model

% £ KR BEFTA  BWE 7 FA& pAE 2EM
bl 77.38 9 8.60 20.47 0.0003 *x
A-BFFb 16.16 1 16.16 38.48 0.0004 *x
B-WEER 0.54 1 0.54 1.30 0.2924
C-FE R 25.93 1 25.93 61.75 0.0001 *x
AB 0.16 1 0.16 0.37 0.5614
AC 431 1 431 10.27 0.0150 *
BC 1.369E-004 1 1.369E-004 3.260E-004 0.9816
A2 1.90 1 1.90 453 0.0710
B? 1.85 1 1.85 4.40 0.0741
c 24.63 1 24.63 58.64 0.0001 *x
A 2.94 7 0.42
K BNE 2.75 3 0.92 18.94 0.0079 *x
3Tk E 0.19 4 0.048
B E 80.32 16
R 0.9634
M 10 ATLLEH, F=20.47, p<0.0001, AR P BAEFA R o
. WL ANOVA 7, 3RAR [ I8 7 4% - T
Y=76.75-1.424-0.26B+1.80C+0.204B+1.044C+(5.850E- ‘ :
003)BC-0.674%-0.66B>2.42C°. ; “ ' f 5
RIGLEHeb, LR (p<0.01) FISHA: A E E |
C. G WUISE (p<0.05) [yt AC: #FZRE S
B RRFA= L ISR A: C (BB >4 Ok
WEL) >B (LR, J7rR2H R IH £ %k R?=0.9634,
R BRUA B IF, At 96.84% 1 I8 E G 1% M
i, BUIE IE R R2ag=01.63% KW ZHUL 1T
H S BR T & RG24 p=0.0079<0.01, %
MR, R, MR, AT N
HE TR A8 00
2.3.2 B F 86 R ZAF A AT BRI RATA= E 8 KEEZEIERXBE ERF I R A EEE
AR e S 6 B o YN S

2321 WV AR N ARG S i 4 R S
vaxin

TEPRRZ B =4 (ILE 8), 2 HAEFH®
55 7] A 2R SO ok, IR R 28 BAE W
2, BESEREEARESE BAE AN RE . S5 E R
J7ZESHTRI AN, FEPI R R IAS AR R B A
W o, p.s=0.2477>0.05 . p,=0.2300>0.05 .
ppc=0.4174>0.05, BHIVERILL. BUEIRE ., BEIR UEH

Fig.8 Response surface diagram of the effect of interaction of
various factors on the yield of soluble protein from raw pulp of
peeled flax kernel beverage

2322 LWRIHH RIS 45 R 5 90T
EPIR R B =4 (WLE 9D, dhiéma i Ty
FZESNTAT AL, TEPTPIN 2 1028 FAR R LR,
p45=0.5614>0.05. p,4=0.0150<0.05. ppc=0.9861>0.05,
EINBORE BRI RE IR L | Rt T AT B S B 52 ELA R
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FIANGE OB EERBER RBE A 2, X507
ZIHT e

78 - | ™1 | T
76

B9 SEFRZEERAXBE T RMFFIORHR SR L2200 5 E E
Fig.9 Response surface diagram of the effect of interaction of

various factors on L" in raw pulp of peeled flax kernel beverage
24 W& T L& MHR A RIRIE

GRS AR o e B SO 7 A7
HCRHE IR il e 208 BRIREN 50 C, W
BHEE N 8.03:1 mL/g, /INIRFT &N 0.25%, L& [A]
N 45s, HEEERFE A 120.03 °C, BERIKECN 2.2 1K,
TEULAAE T, B MERRF A OB R 2 AT R 19
N 70.104%, L™ 77.332. Jgidt—HBIeIEm R T AR
g R SEt, BB RERISIRE T, 153
P E L2 AE N BRIREN 50 C, KRN
1:8 g/mL, /NI4T RN 0.25%, HLIERTE]Y 45's, 4t
JEIEN 120 °C, BEIRIRECN 1 IR IRH U EE+1 i
IRBEAES, AT T = ICPATIRUE SRS, WIS VAR
SR IEME N 70.15%, L-FHME N 77.32, Wik
SR SEWREAIE, HAHXNRZE A 0.046%F1 0.012%.

3 ZHig

ASCWEFT T I FE B B SRR A~ 2R O
WEASE. BBV EMEREN R, [FRXS
it 5 S0 RFFA S ) 2 T 2647 T DU R 0 R
FAE AR AT e R 8 (R E LR
Fr, i#id Plackett-Burman ¥itiiik. Box-Behnken ¥
AR BRI B BRFFA 2R OB EURRL R S ) 4%
BT 244N BN 50 C, RHRtLA 1:8
gimL, /NIRFTHIE N 0.25%, Hpsmtiah 45 s, Hiks
TN 120 °C, BERIRECN 1 UG AL +1 R4
PRANEE, TEULPRALZEAE TR, & R R B ST Rk A= iR
T A5 T R 3 RN 70.15%20.046% , LN
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77.32%+0.012%, SELREAHIT, UBEREDRE
wiE, BFEAE, FREEREES. FresRa
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