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Optimization of Prebiotic-rich Meal Replacement Powder Formulation

Using the Response Surface Methodology

DING Li’na’, LI Shugian®? NING Jie', GU Haiyan*?, YANG Ying*, DING Wenyu*, ZHANG Xiandang?,
WANG Zhibin*
(1.Endocrine and Metabolic Diseases Hospital of Shandong First Medical University, Shandong Institute of Endocrine and
Metabolic Diseases, Jinan 250062, China)
(2.Shandong First Medical University & Shandong Academy of Medical Science, Jinan 250118, China)

Abstract: A meal replacement powder formulation rich in prebiotics was optimized using the response surface methodology (RSM) in this
study. Since konjac exhibits a high swelling coefficient as well as high satiety and prebiotics, such as inulin, fructo-oligosaccharide, and
isomalto-oligosaccharide, which can improve the intestinal flora, it was used to produce the meal replacement powder together with soy protein
isolate, phytosterol esters, xylitol, taro powder, and sucralose. The single-factor, Plackett-Burman, and Box-Behnken designs, and steepest ascent
method were employed to optimize the meal replacement powder formulation. Subsequently, the optimal formulation of the powder was
evaluated based on its sensory quality. The formulation of the meal replacement powder optimized using the RSM included 3.42 g konjac, 0.80
g soy protein isolate, 0.23 g phytosterol ester, 8.00 g prebiotics (combinations of 2.50 g inulin, 2.50 g fructo-oligosaccharide, and 3.00 g
isomalto-oligosaccharide), 1.00 g xylitol, 1.20 g taro powder, and 0.005 g sucralose. The actual sensory score of the optimized meal replacement
powder was 93.16+0.73, and the powder could fully dissolve in 50+6 s. The meal replacement powder could dissolve well with no particles left, and
it exhibited a uniform color, delicate texture, moderate viscosity, pure taste, and no strange smell. Moreover the physical, chemical, and microbial
properties of the meal replacement powder were determined according to the national food standards, and the results met the requirements.
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Table 1 Factors and levels of single-factor design
7K-F
2 3 4 5
B HaAnlg 2.0 3.0 4.0 5.0 6.0
#BAEAMLSE 60 7.0 8.0 9.0 10.0
XanBEalg 06 0.7 0.8 0.9 1.0
AR 5 B BE/g 0.1 0.3 0.6 0.9 12
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KB /g 0.5 1.0 1.5 2.0 25
¥ 8g 0.4 0.8 12 1.6 2.0
=ZHEAE/E 00025 0.0050 0.0075 0.0100 0.0125

1.2.3  Plackett-Burman B & i it X356
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%% 2 Plackett—Burman it 3G FEZE 5K
Table 2 Factors and levels of Plackett-Burman design
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Fhng/g) Fomnglg) Tglg) hng/g) RMieglg) Teglg) IeElg)
-1 3.0 8.0 0.7 0.1 0.75 1.0 0.004
1 5.0 10.0 0.9 0.6 1.50 14 0.006
% 3 Box-Behnken i I E & 57K F
Table 3 Factors and levels of Box-Behnken design
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Table 4 Sensory evaluation standards of meal replacement powder
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%% 5 Plackett-Burman ifii&it 5458
Table 5 Experimental design and results of Plackett-Burman design
A BEALAS CRESBEE DHEMEHEE EGMEER FEFH GEAREE RETH

i Tomglg) Tnglg) Fhng/g) Fomglg) Bmglg) HeElg)  mE/g) 1%
1 5 10 0.7 0.6 150 1.4 0.004 76.19
2 3 10 0.9 0.1 1.50 1.4 0.006 82.38
3 5 8 0.9 0.6 0.75 1.4 0.006 65.21
4 3 10 0.7 0.6 1.50 1.0 0.006 75.16
5 3 8 0.9 0.1 1.50 1.4 0.004 91.69
6 3 8 0.7 0.6 0.75 1.4 0.006 87.35
7 5 8 0.7 0.1 1.50 1.0 0.006 83.04
8 5 10 0.7 0.1 0.75 1.4 0.004 79.35
9 5 10 0.9 0.1 0.75 1.0 0.006 63.19
10 3 10 0.9 0.6 0.75 1.0 0.004 73.85
11 5 8 0.9 0.6 1.50 1.0 0.004 70.80
12 3 8 0.7 0.1 0.75 1.0 0.004 85.88

%% 6 Plackett—Burman it3& i8N 4

Table 6 Results of statistical analysis for the Plackett-Burman design

IR B Am B )75 Aa F p BEM
AR 791.46 7 113.07 8.24 0.030 *
A-FEF AR 285.48 1 285.48 20.80 0.010 *
B-# A TaA 95.49 1 95.49 6.96 0.058
C-RanB%Ed 132.34 1 132.34 9.64 0.036 *
D-#i4 & B B 113.90 1 113.90 8.30 0.045 *
E-KABEE 49.74 1 49.74 3.62 0.13
F-&34r 76.26 1 76.26 5.56 0.078
G-Z2UEHE 38.27 1 38.27 2.79 0.170
RE 54.90 4 13.73
B Fa 846.36 11

E: ARTEREF (p<0.05).
xR 7 BEMERSRERKRIRIT 5%
Table 7 Experimental design and results of steepest ascent path experiment
KEET  ARFAENRINEL CRENBEARME/R) DAY GEIEME/R REFNHD

1 3.00 0.70 0.10 85.42
2 3.50 0.75 0.15 90.61
3 4.00 0.80 0.20 88.90
4 4.50 0.85 0.25 75.86
5 5.00 0.90 0.30 61.34

T U U U aiT, BEIENEGE: BE S R1=92.92-2.27xX;
24 HEEERARERES +0.5863xX,+3.24x X5-1.86xXX,-3.33%X X5-0.855%X,
24.1 Box-Behnken X321% 3t X5-10.24%X,%-9.29%X,%-6.52x X 5>

7E Plackett-Burman {56 Al % BENC I 15K fr 3L ik M 9 w4, BRI KA R L
I, FIFH Design-Expert 11.1.0.1 #4347 Box-Behnken p<0.0001, AR AEZEKF, RFBAHRIILA
RIS BT SRR 8 P, WL — AL R )7 2 FERHF o AT p fEM 0.128, KT 0.05, FAUNIAG 56
SRR 9 Fiom. XHAIEEE RHAT Ik Z o EAfA AR, USRI ZE SRR AR E
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SE RH R'=0.9983, RWNZBAME FERAF, KRIEUE
RE R 14709962, FHTIZBIALAT LUHRE 99.62%%0 v

ERA. P, AR AT A I PR Y
SIHTANTIE .

%% 8 Box-Behnken it 5451
Table 8 Experimental design and results of Box-Behnken design

K g  ARFMHH BT CREpBEAFNE DHYEBEIE REFNS
1 3.50 0.80 0.20 92.76
2 4.00 0.80 0.10 74.38
3 3.50 0.80 0.20 92.45
4 3.50 0.70 0.30 80.89
5 3.00 0.80 0.30 84.61
6 4.00 0.70 0.20 72.56
7 3.50 0.70 0.10 71.87
8 3.50 0.80 0.20 93.44
9 4.00 0.80 0.30 73.36
10 3.50 0.80 0.20 93.15
11 3.50 0.90 0.30 80.64
12 3.00 0.80 0.10 72.29
13 4.00 0.90 0.20 69.73
14 3.00 0.70 0.20 73.34
15 3.00 0.90 0.20 77.94
16 3.50 0.80 0.20 92.79
17 3.50 0.90 0.10 75.04

F9 RERINAESR
Table 9 Analysis of variance (ANOVA) for Quadratic model

SR F oA oA ¥y F1& i 2EH
AR 1283.09 9 142.57 467.78 <0.0001 Ho
A 41.18 1 41.18 135.11 <0.0001 Ho
C 2.75 1 2.75 9.02 0.020 *
D 83.98 1 83.98 275.55 <0.0001 Ho
AC 13.80 1 13.80 4528 0.0003 o
AD 44.49 1 44.49 145.97 <0.0001 H
CD 2.92 1 2.92 9.59 0.017 *
A? 44131 1 44131 1448.01 <0.0001 o
c 363.21 1 363.21 1191.74 <0.0001 o
D’ 179.00 1 179.00 587.34 <0.0001 ok
KRE 2.13 7 0.30

KR 1.55 3 0.52 3.52 0.13

®RE 0.58 4 0.15

EEA 1285.22 16

E BRTFERMARE (p<001); *RTLEREZ (p<0.05).
242 R L&A 2 AR AR, H p=0.0003, 8B EkHAI

K:H Design-Expert 11.1.0.1 #2F DAMRE R R 1T
Gy bR e B T 45 ST b, 453 T R E AR
BRI E PN IS 2 B A B A, DL 8. il 8a.
b 7R, BEEERR IR &0 B B EO AR I B 1A
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Fig.8 Response surface and contour plots showing the mutual
effects between candidate variables and d the sensory score of
meal replacement
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262 REWET RO
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Table 10 Quiality evaluation of meal replacement

%5 AT B Hriml g R ARIIRIE airER
1 RHERAE, % 30.0+£0.53 GB/T 18104-2000 -
2 EaR, g100g 4.80+0.31 GB 5009.5-2016 >0.7
3 Ko, g/100 g 4.96+0.33 GB 5009.3-2016 ( %—i%) <7.0
4 A5(vA Pb it), mg/kg A (<0.05) GB 5009.12 (% =i%) <2.0
5 BAR(A As i), mgke 0.020+0.01 GB 5009.11-2014 ( % —i%) <1.0
6 A% &4, CFU/g <10, <10, <10, <10, <10 GB 4789.2-2016 <10
7 K ##, CFU/g <10, <10, <10, <10, <10  GB4789.4-2016 ( % —i%) <100
8 FW, CFU/g GB 4789.15-2016 <50
- WIKHE, CFU/g A GB 4789.4-2016 <0125¢
o m A#®EFEARE, CFUE <10, <10, <10, <10, <10 GB4789.10-2016 (% =i%)  <025g
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Table 11 Nutrition composition of meal replacement
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4 flg 438 8
R/ 0.9 2
B S Mg 16.9 6
REAT Yt /g 69.5 278
4h/mg 84 4

2,63 MR

B 15 g AR&H, I 400 mL 50 C A2 AR /Kb,
BMlRE, 5056 s AT CARES], ToRkL. Togh .
3
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RRME 2.50 g, (IR AZZZFHE 3.00 g AHERE 1.00 g-
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