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Process Optimization and in vitro Lipid-Lowering Activity of Pyrus bretschneideri Rehd.
High-Dietary-Fiber Meal Replacement Powder
FAN Fubao', HAN Ziyi!, ZHU Ziwei', WANG Shulin', FAN Yongmei?, WANG Donghu', YE Ying!"
(1. College of Agriculture and Animal Husbandry, Qinghai University, Xining 810016, Qinghai, China;
2. Tongren Gelala Trading Co., Ltd., Huangnan 811300, Qinghai, China)
Abstract: To investigate the optimal formulation of a high-dietary-fiber meal replacement powder made from
Pyrus bretschneidert Rehd. and its in vitro lipid-lowering activity, a high-dietary-fiber meal replacement pow-
der was prepared using Pyrus bretschneideri Rehd. pomace, konjac powder, xylitol, and aspartame as the
main raw materials, with soy protein isolate as a filler. Using sensory score as the evaluation index, the formu-
lation of the Pyrus bretschneideri Rehd. meal replacement powder was optimized through single-factor experi-
ments and response surface methodology. The in vitro lipid-lowering activity of the Pyrus bretschneideri Rehd.
meal replacement powder was analyzed via pancreatic lipase inhibition tests and cholesterol adsorption tests.
The results showed that the optimal formulation for the Pyrus bretschneideri Rehd. meal replacement powder
was based on a fixed total mass of 10 g, with soy protein isolate as the filler. The optimal amounts were: Pyrus
bretschneideri Rehd. pomace powder 4.2 g, aspartame 20 mg, konjac powder 1.1 g, and xylitol 1.00 g. The meal
replacement powder prepared under these conditions, when reconstituted, exhibited a pleasant sweet and sour
taste, rich fruity aroma, and uniform texture, achieving the highest sensory score of 90.4. The soluble dietary
fiber, insoluble dietary fiber, and total dietary fiber contents of the meal replacement powder were (8.36+
0.25)%, (44.61+0.70)%, and (56.19+0.60)% , respectively. In vitro experimental results indicated that the
maximum inhibition rate of pancreatic lipase by the Pyrus bretschneideri Rehd. meal replacement powder was
(67.57+0.60)%. In a simulated small intestinal environment (pH7) , the maximum cholesterol adsorption rate
was (64.138+0.667)%. In a simulated gastric environment (pH2), the maximum cholesterol adsorption rate

was (8.070+0.346)%. Therefore, the Pyrus bretschneideri Rehd. meal replacement powder exhibits good in vi-
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Table 1 Sensory evaluation index of meal replacement powder
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Table 2 Factors and levels of response surface test

ES
KF 4w B RTHREUE C BE ¥
It /g VRN /mg IRt /g
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Fig.1 Effect of Pyrus bretschneideri Rehd. pulp powder addition

on sensory score of meal replacement powder
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Fig.2 Effect of aspartame addition on sensory score of meal

replacement powder
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Fig.3 Effect of konjac flour addition on sensory score of meal

replacement powder

Wi 3 7w, B BE AR A p R, R Sy



202647 A
BATEHE 13

104

RattaSHR

B R AR

BHE LR TR ERE R A B
R AR B AN 5 R B i e W) 5 (AR
ER I TR, s R, SR BRI
1.0 g B AR RYBE L, BB PR 85 , A 90.0.
R, BEHL 0.5.1.0 1.5 ¢ FEF RS b 17 J5 221056 .
2.1.4  AWEBEGS & A

AWEBEGS I X G A B I i s DL R 4

100
80

60

TEE TSy

40 1

20 F

025 050 075 1.00 1.25
ABEBEAR AL /g

ARG FhlFoR 25 573 .35 (P<0.05) o
B4 KREERNENTREHRETSHZM

Fig.4 Effect of xylitol addition on sensory score of meal

replacement powder
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Table 3 Box-Behnken experimental design and results

s A ﬁ%?ﬁ%iﬁ B Bt et g%%%‘ E&E
AU g WL /mg g P

1 4 20 1.0 91.0
2 4 30 1.5 75.2
3 4 20 1.0 88.8
4 4 20 1.0 90.2
5 4 10 0.5 65.0
6 3 20 1.5 73.0
7 3 10 1.0 69.0
8 4 10 1.5 79.4
9 5 10 1.0 72.0
10 3 30 1.0 70.0
11 4 20 1.0 89.0

43R 3 Box-Behnken iX38i%it 54 R

Continue table 3 Box-Behnken experimental design and results

R e A ;ﬁ%ﬁﬁ%@ B oy St57 L i C@?*ﬁ "EEE
B /g I /mg Wi /g o

12 5 20 0.5 72.0
13 5 20 1.5 81.7
14 4 20 1.0 93.0
15 3 20 0.5 70.8
16 4 30 0.5 75.0
17 5 30 1.0 80.0

i 12 Design-Expert 13 2047 815 53 Br , 153 —
WL M7 FE . ¥=90.4+2.86A+1.85B+3.31C+1.75AB+
1.884C-3.55BC-8.46A2-9.19B2-7.56C2. 75 2243 #1 L
# 4,

R4 MRIEEIEET E S

Table 4 Response surface regression model variance analysis

FEW PR AmE B FE P BEME
IR 1259.87 9 139.99  65.01 <0.000 1 ok
A 65.55 1 65.55 3044  0.0009 L
B 27.38 1 2738 1272 0.009 1 L
C 87.78 1 87.78  40.77  0.000 4 i
AB 12.25 1 1225 569  0.0485 i
AC 14.06 1 1406 653 0.0378 i
BC 50.41 1 5041 2341  0.0019 it
A? 301.53 1 301.53  140.04 <0.0001  **
B 355.41 1 35541 165.06 <0.0001  **
c? 240.81 1 240.81 111.84 <0.000 1 ok
% 15.07 7 2.15
AT 3.39 3 1.13 03873 0.769 1
iRz 11.68 4 2.92

4t 127494 16

T #7835 (P<0.05) 5+ R S AR .35 (P<0.01) .

2% 4 A AR P<0.000 1, Ui B IZ A AR 3
16 IE A 56 R ECF J7 (R2,4)=0.960 6, R?=0.982 8, 2k 48137
A3 (P=0.769 1>0.05) , & B Jr F2HUL45 72 B 4 i, 5K
BB 55 S0 PR SR 55 v, e 86 Y 1 o i B SR AL i
RO e AT CEL R i | R A i A X v SR AR
AN B VT2 O RE R P IR R T LT AR A ) e
HET A, AB.C.BC F IR A2 B> C2 XHREH
BBV R M R 525 (P<0.01) ,AB \AC $40i i 3 (P<
0.05). H1 FAERTHL, 3 AP R XAE K BCE P43 195%
Wi T J3 A C>A>B, RIS 2 3 Vs i i > 78 SR AL SR M3 S
Jonie> BT EUEAS

iz ] Design-Expert 13 845 1 % & Z 7] 58 B
AE R SRR BT 143 5 i) A0 5 2 4 R D) o7 T M)
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Fig.5 Response surface and contour lines for the interaction

between Pyrus bretschneideri Rehd. pomace powder addition and

aspartame addition
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Fig.6 Response surface and contour lines of the interaction
between Pyrus bretschneideri Rehd. pomace powder addition and

konjac powder addition
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Fig.7 Response surface and contour lines of the interaction

between konjac powder addition and aspartame addition
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Fo FIREER S0 R 2.

222 KiEiE s R

2 o 1A A A5 2 AR R B A R B R AL AR
RSN IR 4.202 g BT 4 ELET AR i 20.76 mg -
M 111 g, i & N BV 5 WIAE R 91.13,
X BN PR A 7 BT SEUE I D BRI B TR
Jinte: 4.2 g BT ELERAS I 20 mg JE RN 1.1 g,
PISLAA R T B G, S B E PE4r R 90.4, 55 i
T FUME SEA AR ST , 2 iz i L T S50 17
2.3 EELFYES R E L

FRAH I B 1 2t S e e S5 R L3 S

x5 REMERA4LE
Table 5 Dietary fiber content in meal replacement powder
%

AN TERE BT 4

MR AR

56.19+0.60 8.36+0.25 44.61+0.70

M2 5 0l e S 8O E T AR B AR R AT
BIERE R A 4 & N (8.3620.25)% A VETERE 41
Y iR (44.6140.70) % | S RE 1 245 4k 5 1M (56.19+
0.60)%., REM 1 G 2T 4 & ik — AR R T 7
IR NG RE F7, T I £ 27 4 1 3 B ol 6 S 4B 2 B
I T RS P WM, AN e £ T A R A1 0 B s 20,
S YR i T A5 B IR, O R R I B AT G A Ty
[l
2.4 FEK 7 FE T KR K i e g5

FRASH BRI B 5 45 9 L3 6.

Fo6 KREMEUMR

Table 6 Physical and chemical properties of meal replacement

powder
Sl 1/ (glg) K S11(glg) MK Bk F/(mL/g)
1.37+0.03 2.15+0.01 1.69+0.00

H13% 6 I AR RIK 1114 (2.1540.01) ofg il
7135 (1.37£0.03) ofg WK B2 7135 (1.69+£0.00) mL/g,
BT RE 7K 7 R K B K 0 2R W2 i AT LA 5
S SR 2 RS D SR SRR A . B 1R )
Wl B IZ ™ i BEAR 4 W B £ 4 v 803l i, 2 i 1 I
WL
2.5 JRAR S R AR 5 25

[ i B AE -+ A8 M AT LUK G R A R 2

BDT IR L T AE i BE 52 U T W MAT o A1 3t , 49 ot IR A 7 i

SEUR/D AR T R R — A R Tt AR M IR 17
it 10 ) 3 %) S e L&) 8.

701
60t
50t
40t

301

W g J R ) /%

0.1 05 L0 15 20
AR /g

ARG FREROR 255 135 (P<0.05)

8 LB MY R A A BRI HI R R0

Fig.8 Effect of meal replacement powder on pancreatic lipase

inhibition rate
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adsorption rate
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