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Formulation Optimization and Protein Nutrition Evaluation of
Agriophyllum sargassum Compound Meal Replacement Powder

TIAN Li, ZHAO Yuhui, ZHANG Li, SONG Yuxia®

(Centre of Agricultural Biotechnology, Ningxia Academy of Agricultural and Forestry Sciences, Yinchuan 750002, China)

Abstract: With Agriophyllum sargassum powder, mixed grain powder, mixed beans powder and filling powder as the main
raw material, the D-optimal mixture design was used to study the effect of different mix proportion on the comprehensive
score of simulated Agriophyllum sargassum compound meal replacement powder, the regression model was established
between comprehensive score with distribution proportion, the interaction effect of each raw material in the formulations
was researched, the optimal formulations of Agriophyllum sargassum compound meal replacement powder was determined
as follows: Agriophyllum sargassum powder 22%, mixed grain powder 39%, mixed beans powder 35% and filling powder
4%. Under this formula condition, the protein nutrition value analysis of meal replacement powder showed that the SRCAA
and EAAI values of meal replacement powder were 82.02 and 63.14, respectively, indicating that the protein nutrition of
meal replacement powder was better. Combined with BV, NI, SRCAA and EAAI indexes, the nutritional value of meal
replacement meal protein was comprehensively evaluated. The results showed that the Agriophyllum sargassum compound
meal replacement powder had higher nutritional value.
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K MU, R MR B L BORE BTFEL 5505
Ay . 2R, e 13:16:13:16:26:3:6:6:1); 4%
TR (R G EE R ZUEE O . R/ 1
P22 088, Fufd sl 33:47:5:15) FIE 708 58 285 .

By, el 1: 1),

1.2.3 U BBt PUSRE TP dE
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Table 1 The range of Agriophyllum sargassum compound meal
replacement powder

s (g/e)

i o AR AE A
A [z S ) 0.10 0.25
B PR 0.25 0.40
C S5k ) 0.25 0.40
D A 0.00 0.10

1 A+B+C+D=1,

1.2.4 VR ESREB VRTINS B & 9L
FHYH 150 mL 80 °C /K, PhikA w24y #
10 N(B LB 1:1) HREE EE /N, 31 7
PFEER 2),
1.2.5 EFIEHRNE  mKIeAGY S ES% GB/Z
21922-2008 H F AT AT S ERH GB
5009.5-2016 Pl [ &2 A3 2 5 A Wi & 2R GB
5009.6-2016 2 FGAH $2 72 0 202 5 Ji% 2 £ 4k & 5 R
GB5009.88-014 Fiff 85 E M a2 ; 443 C &=
A 2 GB /T 5009.86-2016 2,6- 48 HE i & 2=
S5 RSB I E . 208 GB /T 5009.89-2016 =554
WAH AR E; TP FnRE M ELSEITTESER
JH GB 5009.268-2016 ICP-MS 1l 5E ; 2 5Lk & &
FIISE: 2 MR GB /T 5009.124-2016 S5 -
1.2.6 ARFEMEC I A g i T8 P 5 SR E VT
My RS IERTEEN(EAAD . AR (BV) . 5554
B0(ND) SR Bano Fll FAO AR T LT84
PR bk B &R 2 (RCAA) A& FE R bb 1 &R 20 oy
(SRCAA), RJTARZFERGIAZM) T35

RAA = A /A

RCAA = RAA/RAA

SRCAA = 100-CV x 100

EAAI = +/[(100A/A;) x (100B/By) - - - (1001/1,)]

BV = 1.09 x EAAI-11.7

NI= (EAAIXPP) /100

A A SRR B TS E SRR A
mg/g Pro ; Ag "~ FAO/WHO FriEAR AR N 075 28 FE
fiz () & &, mg/g Pro; RAAR /R HAFH{H; CV R
RCAA H97E 5 Z2 80 n N bbis EHREMR %G AL B...1
Sh R A R R A A T 2 TR 7 1, mg/g Pros Ag.
Bg... Iy i FAO/WHO FRifidbi=i) 2075 22 Bkiig & i,
mg/g Pro; PP NFESLEE I BTRY A 433 &, % o
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Table 2 Sensory value standard of Agriophyllum sargassum compound meal replacement powder
st ik /45 (51)

PEFE S i SR 16~20

hEPERE(2045) TR G5, ik e g 11~15
SYE L, NGV 1~10

BIER, RS B, OB TR 35], FE AN 2 16~20

HEURAS(2043) BIR, B REHR, A ey, BURLM AR 345], e AN or)2 11~15
BIIR, BB REAR, A SR, AN S, AMRE S 52 1~10

urES I LIETNE Y Y ul 16~20

% (204)) GRS, LR A 11~15
G, e R 1~10

FIRACEN 16~20

R (2043) B, TAMERR 11~15
SRHGE, HRRE 1~10

PR ANANIR, JCRPRLIER, SEBRIEE, Rl O 16~20

PR (2043 ) AR, RS A PRI, BERRELA, RRFITT O 11~15
PR LR, A R MERAE ., o RER A R 1~10

1.3 HiEALE

EFRMSTFEPR EZIE 3 IR, BOPIAMHE, BiRse
53R Excel 2010 #E17.
2 EREHh
2.1 CERHAIGIRIHAR SR EYAFIEREL

fdi FHGE 57 B /4 Design Expert 11 X1 EH
B AR HEAT A 53T (3R 3), 1R BB E VRS (Y) 5
KWy (A) . ZeBr(B) . 2583 (C) L EFEA (D) iy [E]
HITREA:

Y=68.23A+63.2B+74.56C+18.45D+21.66AB—
2.4AC+122AD—-1.88BC+149BD+150.64CD+200
ABC+73.08ABD+91 ACD+80.45BCD

ER IR Y S e 2 W YN e
Table 3 Design and the results of D-optimal mixture
e AWKy BZKU  CHREM DHERK  YEET:
(g/9) (e/2) (g/9) (g/9) (1)

1 0.16 0.39 0.40 0.05 80
2 0.18 0.40 0.33 0.09 78
3 0.16 0.39 0.40 0.05 80
4 0.25 0.40 0.25 0.10 75
5 0.25 0.33 0.33 0.09 77
6 0.25 0.36 0.35 0.04 88
7 0.10 0.40 0.40 0.10 68
8 0.25 0.40 0.30 0.05 89
9 0.23 0.30 0.38 0.10 72
10 0.25 0.25 0.40 0.10 63
11 0.25 0.40 0.30 0.05 89
12 0.18 0.33 0.40 0.10 74
13 0.15 0.37 0.38 0.10 75
14 0.25 0.33 0.33 0.09 73
15 0.23 0.39 0.38 0.00 65
16 0.18 0.40 0.33 0.09 71
17 0.23 0.38 0.30 0.10 76
18 0.21 0.35 0.39 0.05 86
19 0.23 0.39 0.38 0.00 68
20 0.25 0.31 0.40 0.04 81

X [ENARERYSZAT 7 2200 WLk 4, = 4 ml A,

RELAY ) 25 (P<0.01), ZRFUE A B3 (P>0.05), MR AH
PAPERE 2REL R*=0.9637, Ui FHiZAES R RS e iinf HL &
SCHUASAEL . TIPSR E A AE R BB TS -

®4 NIRRT 2200

Table 4 Analysis of variance for regression equation model

Z55R FhaM AmE ¥y FE P BENE
BT 1074.35 13 82.64 1226 0.0028 *E
LMRAHI 1921 3 6403 95  0.0107 *
AB 13.48 1 13.48 2 0.2071
AC 0.0112 1 0.0112 0.0017 0.9688
AD 28.63 1 28.63 425  0.085
BC 0.1031 1 0.1031 0.0153 0.9056
BD 46.37 1 4637 688  0.0395 *
CcD 57.48 1 5748 853  0.0266 *
ABC 3.67 1 3.67  0.5451 0.4882
ABD 0.6646 1 0.6646 0.0986 0.7642
ACD 0.0857 1 0.0857 0.0127 0.9139
BCD 3.85 1 3.85  0.5711 0.4784
37 40.45 6 6.74
AU 3.45 1 345 04665 0.525
alifR 2z 37 5 7.4
R 1114.8 19

e [RERE T B E, P<0.01; % fCRE T, P<0.05,

22 = cEhmE S
EHSETH I3 AT 81 Design-Expert 11 1E [B] 45
FUPFEAR T, V02K (A L KK (B) . 22585 (C) LU
J I TR (D) U 232 HAE g ihm 3D &, vk
A3 AT 4% I R S B AR X BB PR Y
FEMANE 1 s, MUK 9. 2R IR TE
B BGE B R LB, 3ok SN BB RN
A AR AL, TR A AFAE T Mo 17 A P4 T0L 5 o
2.3 IEHIFSCES

ST 84 Design-Expert 11 , LUBRETF
M Ry AR B AL G VoK By 22.15% . 2608
39.85%. 4% M) 34.7% MIAFTHT 4.3%, HIR T PES
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Fig.1 3D response surface of the effects of sensory evaluation of Agriophyllum sargassum powder(A), mixed grain powder(B),mixed
beans powder(C) and filling powder(D)

TOMAE Ay 82.75, HHG S B 15 VA1 & g Vb KWy 22% .
ZEHKY 39% . 22 THY 35% MIIFEHRY 4%, & 3 Ik
SOUESC Y O, EMRBC T SR T, YR E SRR
BB E VR M 83, STHIIME Y&, FRIHI S
PRI G RS = o
24 IRREVHNEFTROSEE

2 5 A, VoK E SAVE e R B B
JT . R AT 4k & SLAR e, 7R R AR B IR AT SR I A
HF, B s pp R R, v HAL B i FE A, HLAE 3R
FEMY I 24 A3 T A0 R IR 0 RN 1 BB, BTG 5 ML
HB B &5 Wi B AU 042, F A, vk AARE My
4 2 C F R ik 210.68 mg/100 g, M T E T+
Ca, Mg il Zn & 5248, 53 58 211.76. 164.64,
22.83 mg/100 g,

x5 ARHEACE RN S i

Table 5 Contents of basic nutrients of meal powder

WiH Tt WiH ot

fEfR (kJ/100 g) 1692 || #iEFECEH 2= (mg/100 g)  210.68
WKL B & (g/100 g)  72.90 AR & (mg/100 g)  442.70
HEAFRAE(Y100g)  17.27 545 i (mg/100 g) 211.76
Bl it (/100 g) 430 B £t (mg/100 g) 164.64

JE A4S (g/100g) 43,74 85 (mg/100 g) 22.83

2.5 REBEM
LR INER 6 PR, YRR G SRR AT S
W, HAMR . 7FRAMR KA . WE R IR
o PR DRI N TG A IR, TR 2
PR — A IR 2 LR, X N UL IR AN G 2 Ak
I, (HHHA ZFpAE BROIRE, anfe gt O @s | ey
RS 145

* o6 UEMEIERAN S AR

Table 6 Amino acid composition and content of meal powder

TR F(g/100 g Pro) || HILMFZE & (g/100 g Pro)

REHR 122 Jig Z R 1.58
KA 0.37 bR 0.20
225 0.16 R 5.20
HER 5.50 it 2R 3.39
2R 1.02 RNER 5.15
IR 422 R 3.70
LAt 7.90 SR 3.69
AR 0.02

EY) AR P ) B SR I T 2 SRR 1) ZH B
L), LR 1 Eb kT FAO/WHO HEFRAEELE,
HA PR EFMES . RCAA BFENEIR S
FAO HEzCaFEMR AR XS 5 0y FU(E, 5% EE AT 1,
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DA e B i A =, 36 7 Yok E S REm
AR RCAA {HEAKN 0.45, WY AKRE AACE K
FIEE— R S 3EIR 7R .  SRCAA {HIE LIS Fh
AT i 5 S L AR =X 1) B OB SR PPN B P R ) e
i, PRI AR BV ok ZE S5 E M 1Y SRCAA R
82.02 ,5 FAO/ WHO HE#Z AT ZA T AT SR 4%
4f. EAAI #8515 FAO/WHO AR Y
Hn e, vk E S RE M EAAL{E R 63.14; 4
Pt (BV) 5 &9 & [ B & AL WO 89 A1) R
B, BV ks, 2R R SO A S 4 ) AR ek
B, Yk E SAVER BV (H N 57.12, GBS B A
BT AN B IR FE B (ND 25525 18 T R PR
P& AN LR A A, VPR E & RE R Y NIE R
10.92, J&—FiE R & i, HEFUE IR EE 1Y
—FhE RS
#®7 ST ASFRA S AR LE R E(RCAA)

Table 7 Essential amino acid composition and amino acid ratio
coefficient (RCAA)

WKEAREN FAO/WHO

FILIRANA (/100 g Pro) N MERX RCAA
INATR 422 4 5.1 0.90
= R+ =R 3.59 3.5 55 0.88
AR 5.20 5 73 0.89
AR 3.69 7 8.8 0.45

RN AR+ R 6.73 6 10.0 0.96
iR 3.70 5.5 6.4 0.57
(X1 1.02 1 1.6 0.87

3 g

K D-Ie IR BT I s, DIV R IZ G A
BBV E VPO B EAERR, RUPKR L ARk | A8
Aoy P e S5 EOR TR & S S LU I EA T . it
[T USSR (4 e N7, ATl 25 2H 43 ISR AR I 7 - VKoK
22% . ZARHBT 39% . AREHT 35% . BTEHT 4%, Lt
UERES, SEPRE-S E &, 152 ABR AT &, AT L
AR TR E S B S50iik. TRk
WE 7 554 H A v oK B2 S Ay, BAIREERE . =
HE . ERE RS U0, X A S IR T
PEMT AT, 115945 5] SRCAA H 82.02, EAAT{H K
63.14, BV {H>4 57.12, NI {E} 10.92, ZE 5 IFH EE
Jor B B A SR A, S5 AR R, YRS S Ay H
AR ETNE.
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