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Optimization of Plant-based Almond Yogurt Formulations and
Characterization of Their Physical Properties Based on the
Principal Component Synthesis Evaluation Approach

MA Jie, ZHANG Ting, ZHOU Zhiyi, ZHANG Tao, YU Junfei, KONG Lingming,
LI Xuewen, ZHOU Jianzhong

(College of Food Science and Pharmacy, Xinjiang Agricultural University, Urumqi 830052, China)

Abstract: This study aimed to optimize the formula of plant-based almond yogurt to improve its quality and storage
stability. Using sweet almonds as the main ingredient and adding conventional yogurt stabilizers such as emulsifiers and
thickeners, plant-based almond yogurt was produced through lactic acid fermentation. The optimal stabilizer formula for
yogurt was determined using principal component synthesis evaluation analysis and response surface optimization
methodology, and the physical properties were characterized. The results showed that the optimal formula for plant-based
almond yogurt was 0.4% tartaric acid mono-diglyceride, 2.0% hydroxypropyl distarch phosphate, and 0.1% glutamine
transaminase, with a comprehensive score of 0.990. The predicted and verified comprehensive scores of plant-based yogurt
were close. The quality and acceptability of the plant-based yogurt significantly improved after adjustment, and the micro-
particles of the mixed plant-based almond yogurt (MPBAY) were fuller, the distribution of milk fat was more uniform, and
the texture was richer. This study provides a certain research idea and scientific theoretical value reference for the
development of plant-based yogurt and the study of plant protein gel aggregation systems.
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PR JEFLIR B (LAB) R XU S T2 )77 i, BT
e i 8 1 BT B R LR RN o IR, A
FIT NARTE A, BRI B SR Re B 5,
—ERREE AT R IR A B s s | BRI [ | o)
W RGN A W B, TRZ AT 22, A
Bf, T A e AR T U o3, FUBEASTIRE A AT
BHRRYTAS 23 3 B IR METE FHAR 5 AR
SRPREARM LA, BEE AATTXE U AR TS 1 ) AR,
BRSNS B 5, TSR YIAS S F Uk . JCH[E
Pist DA R B 8 S 2 DR E SR, ek sz 2T oG
FEP, AR 2021 47, KRIHFNSE FEIER EAH ) FE R W5 1Y
T B A PR AE A, RO L 38.2% 1Y e KT S5 405 40
A7 S 55—, 825 [ A A0 TR 7% ot R VA 50 A A 5
250,

EVF Y (PB) £ i (B anAs 4 B R 45 ) Hh,
XU R 5 M) 2l 35 T 22 52 M1 0l 45 Mk ) SR 22 e g T
R LS A, A e AR 475 A A
P ity v, JBHBRN FSAE R AR R 2 M i A 2200
HEYVE o (B BB R WG T R BT Rl 4 B
YRR A N AN — 1 B AR E B . Stk
W2 W9 T S5 J7: Sirison F5M WS IE L S
Jin A5 )5 e 4 P B TE ZK AR SR i s AR T RS 5
Delikanli 55" fiff 55 3 W S2 WK g (T8 A= 0 45 2 Ik e e
L F, TGs) TEMNGIR W5 vl A4 2 B2 19 85 11 I 28 2%
¥y, AT LA ARNERR W i 25 A6 T8 LIS D TRE 2
R FNFASPE . Nehaa 5803 FI IR | FREZE FNAHE
W T — A LR W5 122 B H AR A WAL 40 238 S
T E A 2R B N AR S R R A T 2 . BT
AT LIRS, PR R, B A AR L RIR I &
s 6% wiv Bl 5% wiv), A3 BEEE IR 5 5t
Hb . BEIN AL B R D F LI AU SR, 53
FL b Sh BR WA LY, AH ) FEBR WY 5T M AL S AR AT 4R
AR

AFFE B TEIRIIAEZL AT B IR X A 4 et
BRI AR . MR WRCAE Fs 7K I 7 B4 i By XS 54— 40%
R HEL BT R WA I N3 AT L WOMFLIR ST | Ui
AREEREPE R SER . DA RAR Y BT IR W T & M
TP AR R BE R A S R A — e B S e

SRS
1 #RERE
1.1 MRIEEE

NS AV RERE . AARE DA XN TR
BARFTITRRETT )5 ZLER T AT : (RN A N FLAT
(Lactobacillus bulgaricus, L-b) . WgHEEER B (Strep-
tococcus thermophilus, S-t)  JLINELTT R 25 EE
FA BRI LT AT TR oS H R TR T S
MV A BRZS F s RPN RE Gk BRI B TE By 05k
BHEA BRA W 2 2% 200 (120 U/g) - Z82%
REEEYRIHECA IRA T DL R ARSIy &
o

ZYJ-7090 FIRFFHIMAL  ARSETH 7 KHEAFHE
B2 ] FW-100 7 7 AL dbat ik G R
TPALES AT FR N F]; SF-GL-16A SR .ol
WA IR T A A BR A F]; dj12-p658 TRIASRAERH
Bl WL IRIAIR B A BRZS 7l AH-100D 44 K345 57
Bl InEER ATS Dl REEA R H); HSX-150 THIR
TEMEREFEFE VR SE R ) MCR 302 7iAE
1 B F| Anton Paar 23 F]; TA. X Tplus #PEM 52
A db 5 3O A ER B R A BR 2y 5 Leica TCS
SP8 OGRS MU IR RS R
FJ; Mastersizer 2000 JOGKLEEAY IR SCIARLE
i P B B H] o
1.2 EWHE
1.2.1 AEPIAS IR Y&
1.2.1.1 AHYIPER BRI T 20 T 20 15
AP IR — G — IR — T — 2 B — PR — K
PR R > A 15— (4 C) —
2/l
1.2.1.2 FAEZS T PP B IoH A5 . TG
o M T | T A AR 1) S8 R I ET S A A 8B K v
2~3 min, PREET AR K ), F AR 2 I8 Tk
4y, S

WiRg . BEIK . T AR R AR AMEAS 65 °C
TR 3 h BAKIFIE 3%~5%, T FHEAMEAT MM LEEST
W, WAL R MERI =) A5 4K, 4B EE 1:10
(g/mL)FTEE TR, N 0.5% IR EENZHL 12 h
PR FEMLEE IR TG A5 B A%, 78 80 °C Z& A K il
7. 10~15 min, BRI EERR, B4k PR 7 1
JE WP A SR, TR B T S S B IR S A, i XU B
InAefiB, Ja 29 AL 50 MPa ¥3J5 2 K.

VEBC . Y5 ARSI 6% REVE A 2% FiZE
B LA X5 I EE AR 4 AL 2 TP A iR B 0 H IRl . 87
L TUE R W R TR . A 2 Tk B B AT S 2 M8 TR L
50 MPa )5t 2 K.

B R OB AW E T 90 °C A R KB
5 min, FERFEIRIGHEEA 0.6%(w/v) ZLIRH & BEHE
AN ZUATEE . FEREEBREA (1:1) o

KWE. Ja 3 R SE S A RS e TE
IR IRAR 401 °C K2 10h, J5 BT 4 C )55 24 h
1B FEATA TR o
1.2.2 ANEERYFES TS T Y(PBAM): 77/
2 WALF S F 1 0 AT B AR B A EFL s R
REBINF . AL KRB AR A

YT IRYT(PBAY ) : T WA G INAEFLL,
YR IS IR e Pl R . S il nl i A ) ik
WL

2 ECAEYIFETA IR U (MPBAY) : 7/ WA Fic s
TINAEZLE A3 RS USRS B PP A 7 e il e =2
FCAH ) FA AR Y
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1.2.3 PARIZESLE

1.2.3.1 M A4 R eaXCH whfs (DATEM) B
FUBMRE IS RR WA SRR RN 0.6%, 3PN

TERYBEBREE TSN 0.15% , 25 WEI% 2 BN
oM 0.15%, KBEIRE N 40+1 °C, K BERTE] A 10 h
T, AR A R SR CH Y BR S I 0. 0.20%.
0.40%. 0.60%. 0.80% X7 -ERWIJTTA R . F7K
TELUS IR E PR BRI

1.2.3.2 FEWNEIEMBERNS (HPDSP) B IN&E 195
R PCRRYY R R R 0.6%, AL IR A TR
PACH MRS TIN5 0.40%, 2 S e i % 2 s i &
K 0.15%, KEEIRJE N 40+1 °C, KBERfE] A 10 h [/
DL, BEER I e B IR ER A IR 0.5%. 1.0%.
1.5%. 2.0%. 2.5% XTSRRI M BRAG FRE . ki
DL R BE PR BRI

1.2.3.3 HEBF AR (TG BInEMhE A5
BR A, & B AT Bl 0.6%, $L 2 PTG £ TR B U H i
Pl 75 T i 0.40%, ¥ DY 3k TE By B R IR S 0
0.15%, K B2 EE R 40+1 °C, B EZETE] N 10 h 5L
N, %% TG BFAIIE 0.05%. 0.10%. 0.15%. 0.20%.
0.25% X AT FRWS I BTk ARe A« Fe ket LU R BB PP
M o

1.2.4 ma i alee 45 AR E R SLI AR, R
Box-Behnken 056 51T R HR, DL A- X2 BETES £ ik 5
KCH MBS E: . B-3N 3 3Bl s e . C-
TG BEGS N AR R R 2, LAY IR 05 A et | 355
IKT) BBV ISR ST A SR i B AE, Li-1. 0.
1 435 iR 4528 i i 7K SE1E, SR A Design
Expert V 8.0.6 @37 — K2 =I5 X A5 A5
PR NGB S A T, BRI2R R Ko gmtd =R W,
=1,

%1 Box-Behnken if5 [H & 5 /KF

Table 1 Factors and levels of Box-Behnken test
7K
-1 0 1
A-XL BRI R B RCH YIS (%) 0.20 0.40 0.60
B-REE IR B IRTR (%) 1.00 1.50 2.00
C-TGHf# (%) 0.10 0.15 0.20

1.2.5 YRS RN E 2% Yang
SEUT { s, I iAs M. (i FHAC 4 A/BE-45d £
Sk Y SRS T A R S EA 43 AT, RS An T - )
AR 1 mny/s, IR 1 mm/s, IS 10 mm/s,
MR AR A 30%, fih % J1°k 10 g FERRWIHEEEAR
I A R R R R, R RORE RS BSOS R Y
SRR TR o

1.2.6 MY RPFEFRKPEGENE =% Wang
SRS R, FRER 10 g BESRE T ELLAR, LA 4000 r/min
B0 15 min, 3525 LIS, IR BSOS EIFNTEDELR -

FE 10 min, i8I A (D HHEAAE EAS A BR YA
7K o
R= % x 100

A R R (%) s M|, UTTE S B8O B
(g); M, NIRWRE R R B O i (g) o
1.2.7 YRR UVEE TN B R iErLay ek
BT ARHES % (RHB 104-2020 & 2L B P 441
WY, fEdb e T b, OE YRR . RELESTT
Sy S ASFERAT AR, #0010 24 BCE PR AN B (H
5 A BRI 5 AL MR X & TEERLIES T ERE PEAT,
ZERBOEME ., PR 2,

= (D

R 2 YRS CRRYVEE T E

Table 2 Sensory scoring criteria for plant-based almond yogurt

PP VS S
L AR G ERE, RAPREARE 16220
SR s ARG, SRRERIRE 11

B, AT R EREASIR G 010
ATHAB A TR RIS, KR 21-25

OV Ak TR REHILE R 1120
FEA B AR R TR 0-10

‘ MR LG T, FRHNE H, A AR, T ik 21~25
K ORI, T ORER, BORIEIRAIER 1120
IS FREGE A, WA IR, WA R AR R 0~10

H

ARG S), RGN, TEILRH, 26-30
AAT B ~
4141 MG ORI R R
W2 (3049) SEIERS ~25
LLVRLRE, AT LT, FUA R R A P4/
SRR 0~15

1.2.8 AHYIEAA PRI AR RN E A LA
PRI AR 2F RN e 275 SCk [16,19], 43 HIFREL
20 mL RE5,, FIHBE#F] Anton Paar MCR 302 Z%71)
AN, T CC26.7 BRI DIN53019&
1SO3219, FEEAAF T, MIE LB (PR 5
FE), PRI E Ay [ 28 AR i A3 sk, 18 e B )
0.1%, FiFAFALIE FE 0.1~100 Hz,

1.2.9 HEYFEIIRYPRIAE I/ N A ME  FEY3E
PATFRYPRAR R 2 225 SCiik [20]. M7 kR
TR &L, Sy 180R K o BURESS 1 g, [/ NEIRE )
PEFERRAE 50 mL EESLERR LA 15 r/min JE4T H53
20 min. SrEGHHTHIREEE N 1.34, Prhidr i3
PEE N 1.45. EIFAE 5 °C F LA 1000 r/min 3k 2
SR i 20 YR HTRLEE, BiAE 2 0.1~1000 pm.
XHEEFAPES AT IR AT

1.2.10 YIS FRYNHO IR ANE ARy
AR W THOG I BR AL (I 2 22 Sk [21] I L&
2, RO R A2 RS ES 4 °C AR YT
TR RS, B 1 mL BRUYEE S, TS mL AR, FHJe 2 41
(0.1 mg/mL PSER) B R8T, HBOGIEH " 488 nm;
FHEZ #.(0.1 mg/mL PNER)FRICER AT, Bk 1<
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S 633 nm, YLk S5 FRE IR G S 7 SR IR P
30 min 2247, IR 40 1585 EHARE
1.2.11 ZERSGTHT  SHEYIRAT IR Y 5 BSFR PR
T SPSS Statistics 27 #4757, 15 2 R 5L
Yo RRAEAE . DTRRR A BRLBTHERR, XHERE(E KT
1 B, $RECE .
1.2.12 HYEESABRIIEEGIVST AR Y TER
BVPSE Q)T A SRR LR AT (3)
PR BNLEA VRS F A TR A A 3, 43533
LEAESY F FUALLE BV Zo
F=CF, +GF, +C,F, A ()
b F RLES VS By E, Al Fy 43 51k K1
1. W7 20 HF 3 9159555 C,. Cy. Cy I FEALST 1.
2. 3 X 25 BTRRE

Z = (F=Fo)/ Foe = Fuin) F W &D)

X Z MG A LR G V555 F REE G V47
Foax HEEEVEr i KAE; F oy NERG T35/ ME -
1.3 B

{di i SPSS Statistics 27 XJE IR AT E 7 22
53HT (ANOVA) B 45537 (PCA) , HABE R ]
Microsoft Excel 2016 {7 AN EHAEFH, 45 R JZEEAH 3
UOVAT, S5 5RFRN: P EMEAREZE(SD) .
2 HBRESH
2.1 BEERENER
2.1.1 DATEM %S X AR 9 335 R 05 1 52 1y
KL PP A iR PR XA H VR (DATEM) S&— ) iz i
FHR e FLER, B R fase . Dtk S EH, nT
HE e P PERE . B EThARSEERA, ER 3 ar,
K% DATEM WS DI (A3 10, A4 it B | 83 Az
Rk 134 5 35 (P<0.05) T RaEa s, kR S o i 2
(P<0.05) Fhirka®s, BT PR SRS MSe LIS TR

BOFRSR . YIRS 0.40% B, ARSI R W B iP5
FAROE 2 = T ARSI MGt 524 DATEM (AR
BR WS (P<0.05), WA, A4 1R 4% )0t Hb AR 15 B 22 %K
A, F5hRr Bk E] 20.55 g, 257.03 g.sec. —16.39 g,
—12.02 g.sec. 54.45% K. 82.80 43 1M 24 1 0.40%
I, 25 FR 281k 22 F 88 0.40% Z3 N7k SFAS 1 g 2%
(P>0.05), BRE P> FRE, X —45 Rl aef2

FRULRIE I A B KV, FUAaFEIR Rk
B TSP RIS, i E— I8 AT 0 S = I A

2= VR ZLAR R 0 BT RN L Fk ke, i EL

eI gk s ingt, o 2zl S8k
W G IR BRI, Il A AR AR 22 oK 5343
F iz sl H R, HE LR R K S i Rk e gE R

HEZETE LT, BN LA it n] 5E AT HARSZ PR

REE, LR % )&, & DATEM #IN&E~ 0.20%.
0.40%. 0.60% HEATIFLEE05

2.1.2 HPDSP GG XTAEY A iRy 52
PAEEINR — TE R WL NE (HPDSP) & —Fh ke 52 &5
K, HAE A )12 B PR w4 A= =4, HPDSP
B RAFOREEE | AES e M . R R BT BT VI fig

H1, XA B PR RHR Y FEASRIELRE | IREE IS U ) 4%
R rRETE. 3 4 PT%, BE3E HPDSP @SnE i
O, FEIR W) SRS R L R AR AR RS
KA AR (P<0.05), AT | RS TE R SURE
PEOr RS TSR TRt ss, B . KoK 2

Bk 3 (P<0.05) T i, Rl R AR A 22 S AN BT i

MEHINEN 1.50% B, AB Y IELAA IR YIECE PF4rik
B, SIS RS IAE] 79.10 g, 1044.63 g.sec.
—42.54 g, —46.53 g.sec. 57.51%. 84.10 43 . TEZZPR
EET T HPDSP 5l A, & SFEUAMIIR YT & 4™
ST Z NG, (515 555 P HRS AR & v, 5T HbkH
K, A2 B TR, DO 7L S B TER A
38 3 IR K R KSR e 4 25 1 BT R IO, IR IR 45 445

%3 DATEM I XA HEA A~ TR W BRI | 5K P RE B BB V-2 52
Table 3 Effect of DATEM addition on textural properties, water holding capacity and sensory scores of plant-based almond yogurt

DATEM A (g) BRI (g.sec) R (g) AL S £ (g.sec) Frk 71(%) JE
0% 33.40+4.55° 343.74+33.29" —18.84+2.68° —14.3242.60° 63.07+3.64° 73.10+£3.54°
0.20% 25.24+1.21° 357.83+28.13° —15.44+3.07° —16.50+5.55" 57.89+1.61%® 75.00+£2.79"
0.40% 20.55+1.14° 257.03+33.29° —16.39+1.51% —12.02+1.07* 54.45+5.17" 82.80+4.10°
0.60% 19.070.72¢ 283.52+84.33% —14.81+2.24° -16.31£16.49° 53.16+2.18" 76.00£1.76°
0.80% 17.35+0.20° 258.67+11.79° —-11.97+1.57° -10.92+0.11%* 51.24+0.60¢ 74.30+1.89™

T RS RNG iR 22 57 135 (P<0.05), 34, 51,

4 HPDSP UShE XS A RRYI TR | F5 /K PERE SRV E PRI 8520
Table 4 Effect of HPDSP addition on textural properties, water holding capacity and sensory scores of plant-based almond yogurt

HPDSP BERE(g) HAJE (g.sec) Kl (g) RS (g sec) Fik (%) TS
0.50% 60.66+5.48° 816.86+37.39¢ —36.13+4.42% —44.61+£5.27° 51.51+4.78° 75.40£1.43%
1.00% 103.31+1.93* 900.44+35.02° —40.48+5.41% —32.11£2.78° 54.94+2 83%® 76.70+1.25°
1.50% 79.10+£2.93° 1044.63+78.25° —42.54+4.12° —46.53+8.25° 57.51+2.78%® 84.10+4.77°
2.00% 69.89+1.91¢ 1072.55+30.33" —34.02+6.47 —47.09+8.31° 60.21£4.26 72.50+2.01¢
2.50% 82.80+4.57" 1264.12+46.72° —52.53+8.14° —76.02£976° 61.64+£4.22° 73.301.70%
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¥4 53— I, L ETE R BN A EEREAIS T R A BT
FHXT i, X RRAREEIR TR E, 1hSh, HPDSP IR T
IRGF TR 3, (8 1 FR KA 2 K P, st fid e T
HPDSP & FHE IR U5F57K itk fe X —&45 0%, ikes &
&, £ HPDSP @S-~ 1.00%. 1.50%. 2.00%
BT IS 52

2.1.3 TG [ % I XA 9 356 75 1 B2 0% 1) 5 i
TG Fif§, =FR¥% WA ( Transglutaminase ), | {Z A 1E
T A Sy AEP R, SRR SR A
ARSI, TG Pl m] 2 1 D BB R, 191 Qi it
B FpKEE 1 (WHC) . ZUILRE TS . &, AR sk
FUBERE, %) 12 BT B S T 4RO, 3R 5 )
H, TG S AT b 55 558 AR 420 R I 5 o F A P
FEOKPERE, WO LBV E MR (P<0.05), IXEH T
TG B AR 29 1% AR 22 vh 2R 1 BT 43 2 [A] i 3 B
AR, JB T A S A T e — A T B Al
BRI R I LS 4518, PP T+ ek AR 2] (B i 2544
FIThRERFAERT, HAR BRIy 0.15% Bsf, 45200 5 T4
kR 4y 913k #] 250.31 g, 2285.64 g.sec. —94.95 g,
—88.47 g.sec. 61.91%. 82.00 4y. Hr, FrokEfedE
AT (P>0.05), HAESLEPRAL R 2B, Y
it TG F, AR YA R R AT E IS5 A | #E
2, TTHHD RS & fh, SAREESZ T R R, XANUATF
BRI EAL T E IR SR AR . B SE TG il
M 0.10%. 0.15%. 0.20% HHFT/5 5252560

2.2 MM E-ERS TSR

2.2.1 YIRS E S5 FIH SPSS X
P AEY IS AR Y S TR BRI T RS54 HT, 38
i KMO F1 Bartlett %7 & 7] /1, KMO=0.674>0.60,
Bartlett #:56 il 4 P<0.001, JE & 38 S 3= 84
SyMT, BN T 22 DTRRUNEE 6 Uras . FIEE 6 nI A, X4
HHEL 2 A~ F 4B, 7 2= STER SR 43501 O 56.56%.
29.26%, ZEF TR AT 15 85.83%, L34 T MRy
RS R ) R L, AR 6 oK 2 sy
FRAEE S BN 3.394. 1.756 YT 1, WomE g 2 4>

ARSI A R M R BB A ST TR Y SARRRE
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Fe 7, SRHZEG VRS 5 Esr15 5 VEE— 28 b B 55
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FAFBNEE SR R, T — A HEA5 21 (19 192 95 5T i
PR 25 G A, 2 A4S 4y 235405k F L F,,
M AL, A2, A3, A4, A5, A6 5 BRFEIR AT B |
FREE . RGEE ORNETRE . R L BEE TR A —fkbR
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=0.5Z,,,—0.51Z,,,4+0.527, , ;+0.40Z , /+0.17Z , <+
0.17Z .4

,=0.1Z,,,+0.12Z,,,—0.09Z, , ,—0.40Z , ,+0.63Z , s+
0.65Z .4

F=0.566F +0.293F,

2.2.2 WA RGBT LR RS =Sl
R, DIRIEACSS LRG58 Ze V5 R0 07 T8 S5 240
{8, it N=17 i Box-Behnken &4, #%< DATEM.
HPDSP. TG [ i — PR 2R 1 38 HAE M el
Jr(FE 7).

XIS BEAT Jr 225007, NSk 8 P, 57U i 2
(P<0.05), RAIUA ik 35 (P>0.05) , BB e xF 22 EL
R> 24 0.8384, R,y A 0.6807 i3 WS B $UL 45 B2 45 4,
TEVRZE SRV L, 7 RS RY B D IR, AR R
U R RN R 5255 PR 2Z MI e 5/, I
(A2, C?) (P<0.05) BLHAXTEE R A2 2, — IR K.
A& H A A FEIH b M

LRGPP R N AE 5 PRI 2R i [T 5 R

Z (BB LE & 15 )=—6.25+27.75A+10.72B—
69.96C+3.17AB—53.00AC—39.30BC—31.26A>—2.89B*+
511.80C?

38 S X RIAH SC T, e AR BB Y I 1%
Wy F A A ) e 97 9 DATEM 4RI+ 4 0.451%,
HPDSP #An& N 1.987%, TG RS &~ 0.100%,
LRGP 0559,
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Table 5 Effect of TG enzyme addition on textural properties, water holding capacity and sensory scores of plant-based almond yogurt

TG TR (g) PR (g.sec) HBE(g) Al e (g.sec) ik J1(%) BE V5
0.05% 145.66+3.84° 1515.73+26.55°¢ —51.79+1.15°¢ —60.58+3.55% 56.82+3.09° 74.60+1.84°
0.10% 196.30+3.32¢ 1813.81+70.06° —63.62+9.82¢ —72.51£10.03" 59.06+1.82™ 77.50+2.01°
0.15% 250.31+11.57¢ 2285.64+63.40° —94.95+6.89° —88.47+06.07° 61.91+1.18" 82.00+3.37*
0.20% 381.48+5.44° 3357.60+104.76 —159.39+3.18" —146.22+9.69° 62.45+1.32% 72.90+1.52¢
0.25% 539.24424.50* 4044.22+131.17° —206.01+15.53° -156.42+11.36" 63.39+2.56" 70.50+2.55¢
6 FRMG RN S DTk
Table 6 Characteristic values and contribution rates of related components
" LRSI PRI J7 H
EE J=San FZEHTH FR (%) Bt FEHH FR(%)
3.394 56.561 56.561 3.394 56.561 56.561
2 1.756 29.264 85.826 1.756 29.264 85.826
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Table 7 Box-Behnken experimental design and result
%5 DATEM(%) HPDSP(%)  TGH§(%) BHE(g) FE(gsec) HKilE(g)  Ainriesk(gsec) FikJi1(%) BEEWS Zp
1 0.40 1.00 0.10 62.04 698.98 -37.1 -36.10 62.75 79.60 0.47
2 0.40 1.50 0.15 43.92 601.57 —24.81 —25.87 54.42 75.70 —0.01
3 0.60 1.50 0.20 71.14 793.62 -29.05 —20.64 58.26 80.10 —-0.10
4 0.40 1.00 0.20 46.45 764.89 —27.30 —38.96 62.45 93.00 2.50
5 0.20 2.00 0.15 87.93 890.90 —42.25 -17.59 44.22 66.30 —4.00
6 0.40 1.50 0.15 64.31 847.72 —40.89 —52.71 63.97 87.90 1.20
7 0.60 2.00 0.15 120.92 1283.68 —68.24 =76.27 57.64 74.70 -3.25
8 0.20 1.50 0.10 57.21 836.71 —43.67 —53.94 56.57 84.90 -0.25
9 0.40 1.50 0.15 64.31 847.72 —40.89 —52.71 60.98 82.50 0.44
10 0.60 1.00 0.15 74.29 839.42 -37.18 —37.94 60.55 81.00 0.07
11 0.40 1.50 0.15 67.92 907.69 —40.02 —45.28 63.89 82.10 0.82
12 0.40 2.00 0.20 92.67 1143.05 —53.97 —55.15 63.45 73.10 -0.67
13 0.20 1.00 0.15 42.07 597.04 —22.16 —16.33 65.15 68.40 0.59
14 0.20 1.50 0.20 53.48 750.98 —33.58 —45.16 62.83 87.10 1.43
15 0.60 1.50 0.10 59.21 856.09 —40.62 =57.50 57.08 85.60 0.34
16 0.40 1.50 0.15 67.92 907.69 —40.02 —45.28 58.26 83.30 —-0.82
17 0.40 2.00 0.10 67.73 878.79 —37.46 —49.27 62.45 90.20 1.23
2 8 Box-Behnken {56 [ T4 K 5 225007
Table 8 Box-Behnken experimental regression model and ANOVA
k== 3/ Nl A ¥y FlA Pl ITE2 c3
AR 34.01 9 3.78 4.04 0.0397 *
A-DATEM 3.66 1 3.66 3.91 0.0886
B-HPDSP 2.41 1 241 2.57 0.1527
C-TGi 1.03 1 1.03 1.10 0.3299
AB 0.4032 1 0.4032 0.4307 0.5326
AC 1.12 1 1.12 1.20 0.3095
BC 3.86 1 3.86 4.12 0.0818
A? 6.58 1 6.58 7.03 0.0328 *
B? 2.20 1 2.20 2.35 0.1691
C? 6.89 1 6.89 7.36 0.0300 *
B 6.55 7 0.9362
KA 4.11 3 1.37 2.24 0.2262 NS
iz 2.45 4 0.6118
MRS 40.56 16
R 0.8384
R 0.6807

adj

TE: *FR 253 W P<0.05; #* TR 2 R UL #E P<0.01; NSFRIR 2253 A L3 (P>0.05) .
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