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Abstract ;: The objective of this paper was to develop nutritional seabuckthorn meal replacement powder( hereinafter called meal
replacement powder) primarily with seabuckthorn fruit powder, adzuki bean powder and adlay powder mixed with stevioside,
erythritol , inulin and konjac flour.The optimal formulation was determined by means of one—factor—at—a—time experiments,
Plackett—Burman design, steepest ascent path design and Box—Behnken design combined with sensory scoring method, and its
rheological roperties were analyzed. Results showed that the best formula of meal replacement powder was: Adzuki bean powder
8.89 g,adlay powder 6 g,seabuckthorn fruit powder 3 g, stevioside 0.05 g, erythritol 1.01 g,inulin 3 g and konjac flour 0.49 g.
Sensory score was 91.0 0.6, and the intrinsic viscosity values with 20% meal replacement powder tended to an increase in
0~15 min and flattening out in 15~30 min at settled shear rate , the mixtures with meal replacement powder and hot water were
nice sweet and sour,rich in protein,vitamin C,flavonoids and other nutrients.This study would provide meaningful knowledge
for more easier industrial process.
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Table 1

one—factor—at—a—time experiments

K-

Factors and levels of

1 2
LN G (g) 3 6 9 1215
BRI (g) 3 6
UARB IS I () 345 6 7
ARSI (g) 003 004 005 006 0.07
HEEWERRNE(g) 03 06 09 12 15
B (g) 1 23 45
JEEE RN (2) 03 04 05 06 07
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Table 2 Factors and levels of Plackett—Burman experiments

KV AdUhER BEIORE CUBERE  DEMEEHT  E R F 4583 G BTy
i (g) #hni(g) A (g) @ (g) #ni (g) B (g) BN (g)

-1 8 6 4 0.03 0.9 3 0.4

1 12 9 6 0.05 1.35 4.5 0.6
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Table 4  Sensory evaluation criteria of nutritional seabuckthorn meal replacement powder
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Table 3 Factors and levels of response surface experiments
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on sensory score of meal replacement powder
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Fig.2 Effect of adlay powder dosage
on sensory score of meal replacement powder
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Fig.3 Effect of seabuckthorn fruit powder dosage
on sensory score of meal replacement powder
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Fig4 Effect of stevioside dosage

on sensory score of meal replacement powder
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Fig.7 Effect of konjac flour dosage

on sensory score of meal replacement powder
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Table 5 Plackett— Burman design with experimental results

S A LI/ B FEY e S i} C TR by D [ELa E TREERE F Kk 6 Ry Y IERE
mmE(g)  HE(e)  BmE(g)  BE(y) BNE(g) BmE(g) BIE() (73)
1 8 9 6 0.03 1.35 4.5 0.6 78.3
2 12 9 4 0.03 0.9 4.5 0.4 82.0
3 8 6 4 0.05 0.9 4.5 0.6 80.4
4 12 9 6 0.03 0.9 0.6 71.5
5 12 6 6 0.05 1.35 0.4 88.2
6 8 6 6 0.03 1.35 4.5 04 90.6
7 8 6 4 0.03 0.9 0.4 88.7
8 8 9 4 0.05 1.35 0.6 83.6
9 8 9 6 0.05 0.9 0.4 84.8
10 12 6 6 0.05 0.9 4.5 0.6 66.2
11 12 6 4 0.03 1.35 3 0.6 76.9
12 12 9 4 0.05 1.35 4.5 0.4 84.4
7.2 27 Box—Behnken XI5 M 45
6.3 Table 7 Experimental design and results of Box—Behnken
i g X1 ENE X AREERRRE X, BEFR) Y T
s LS A I (5)
- 27 1 0 0 0 89.5
18 2 -1 0 -1 84.5
00 3 -1 -1 0 82.6
00 4 1 -1 0 728
G A E J C EIF/% B H L K D 5 0 _1 _1 784
6 1 0 80.5
%18 Plackett—Burman % 1 K % & Z 1 HEF 7 0 0 0 90.8
Fig.8 Significance ranking of factors tested 3 0 - | 716
in Plackett—Burman design 9 0 | | 799
=5, 434324 90.5 43 BRI B T AR AL 5 R R <0 10 -1 1 0 6.8
RS BEREER 2 ¢HIRIGALFERI LT /NS s i 10 g 11 -1 0 1 84.2
IREEPHBEAS AL 1.0 g JEARAS NG 0.5 o, 7RI HEA 12 0 0 0 91.2
PEPRI w5 IRUL KO B 2R 3 2H g b By 254G, NE 13 1 0 1 78.6
IR BB —17 Fn“1” IR, #4)5% Box— Behnken 14 1 0 _1 79.8
PeAliR B B A 15 0 0 0 90.4
#6  IBEEHRR BT 545 16 0 0 0 89.8
17 0 1 -1 80.0

Table 6  Steepest ascent path design with experimental results

AZUNER EREEHER: G RE R

gy L AAEE E3 JEEB s
SE RN RWE M I
(73)
(g) (g) (g)
1 12 0.9 0.6 72.4
2 10 1.0 0.5 90.5
3 8 1.1 0.4 84.0
4 1.2 0.3 82.6
5 1.3 0.2 66.8

24 REMEAFRLLEER

iz [ Design—Expert 10.0.3 #4-%F 32 7 1056 45 51
AT ZCEIEIE, LG SAER B B VR4 (Y) 1Y
ZIC R ENEHF R

Y = +90.34-3.30X, +2.39X, —0.89X, +0.87X,X,
-0.23X, X, +1.00X,X, —2.85X} —6.82X} —5.72X}

X2 1] =1 A5 60 J G 2R KR AT S AR I, 4 SR
L3 8,

A 8 m ARy F {H M 38.91,p <0.01, 3L HH
AR IR, 5 3 T 5 G M G R 4% DR 22 i o7 4 2 [
Y ELSZ e 21, B LA A% 01 U3 JF B 6 2 A H e A
BoJ7 o RPUTTE 0.05 /KF AR B35 (p =0.0552) , it
B R 2% 4/ BE AL IR 22 51k, A AR IE s G B B
R, =0.9552, i}i B 455 %Y RE 0% fiit B 95.52 % Wi 37 (B (Y
ARAk, ; A (14 B P E R K R = 0.9804 , 136 W 1% 451
55 SRR B, S P T A YR 86 AR RE 7 B
T o A — R I X, (X, AR I X
X3 X5 XA B R T4 B9 5 IR 38 B 3 OKOF,
HA 30 5w R 3, BB 3 A4S PR AR gl ST Y
AR

I I A B PE A AR A R X R R 2R AT
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Table 8  Analysis of variance( ANOVA) for the results of Box—Behnken design quadratic model

SRR I H ¥7 F 18 p 1B Bk
%l 551.28 9 61.25 38.91 <0.0001 -
X, 87.12 1 87.12 55.34 0.0001 o
X, 45.60 1 45.60 28.97 0.0010 e
X, 6.30 1 6.30 4.00 0.0855
X, X, 3.06 1 3.06 1.95 0.2057
X, X, 0.20 1 0.20 0.13 0.7304
X, X, 4.00 1 4.00 2.54 0.1550
X: 34.08 1 34.08 21.65 0.0023 .
X3 195.84 1 195.84 124.41 <0.0001 s
X2 137.76 1 137.76 87.51 <0.0001 e
Be2: 11.02 7 1.57
S 4D IT 9.07 3 3.02 6.19 0.0552
a2 1.95 4 0.49
el 562.30 16
R* =0.9804 R, =0.9552
e o+ + ARREF W ,p <001,
#9 REHIEZRI>
Table 9  Major components of meal replacement powder
BE 5 i Ko AN HLIE i fgiEERC H i
(%) (g/100 g) (g/100 g) (mg/100 g) (mg/100 g)
WIE T 5.16 £0.21 13.52 £0.16 3.61 0.12 96.84 +0.55 72.15 £0.78
Y ANGE 3 S ) 4.86 +0.30 8.12 £0.21 7.88 +0.15 16.58 +0.38 34.64 +0.45
Ak, 45 U0 20/ NS B 8.886 g AR SIS N 0 __ 25
5t 1.0135 g JEES BRI 0.4945 g BT FUI Y 7 Py .
T

Srilak 91.2 4y, B SLBRA PR ERAE R AT AT MR o
RS SIS 1IE N . /NS RN 8.89 g Rk
SEPEIE NN 1.01 g B ATINE 049 g, SR L
WAL BE I B FEAT 3 IR BT, 10 & 5L Br ek
EIF43A 91.0 £0.6 43, 5 FWN{E A —L
2.5 REMWILE

9 JEACAEKIAE 6 v/ min SRR B BORL B iR
2. MNIE 9 ha] UE Y, ARAS B RS BEFE 0~ 15 min
PN ZGE K, #E 15~30 min T2, — 7 HITER)
SR W K S I L TR R AL R B F 4R T, TE R Ak 1)
—E AR, WSS TP 5 55— 5 T BE M A v Ak
Bk IR AL T R R P14 K AR A5 28 R B, 24 OK S R g S
Y S B0 5 S P 00K B L R AR AR . X L 9
H = 2 2 WY 0, AR R RS R BE 25 IR B T T
ARG, 35 T SCIR A 56 F I AL M 10 K 13 0T 98 4% SR
—3,
26 REMMWEREMS

e 9 Al 1, ST [« L7 BT iy — K40 S
KMIAH L, A VPSSR RE M B A R0 E A 4E
A ER C OB A58 IR A MR U 14 & e eIk, 2R
ZACE R B IR AR, =D EE

3 #Hit
EEL IR 8 S VAR I RS N

TR RNBE 5 T Al Ve FRAE Ay o i D R S
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Fig.9 Viscosity curves of meal
replacement powder at different temperatures
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