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Processing condition optimization of Premna Microphylla
Turcz Tofu by response surface methodology
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Abstract:Leaves of Premna Microphylla Turcz from Shizhu of Chongqing were dried artificially as raw material,the
research was made on processing conditions of Premna Microphylla Turcz Tofu by a single factor experiment
method and response surface methodology. The results showed that the best processing conditions for Premna
Microphylla Turcz Tofu were the drying temperature 50°C, drying time 24h, calcium carbonate concentration 0.08% ,
liquid/solid ratio 0.04 (1:25)and pH 4.0 ; Premna Microphylla Turcz Tofu was obtained under those conditions which
its hardness was 115.121g, gel strength was 89.502g, exudates was 28.5mL/100g and yield was 1263.2% ,and the

appearance and texture of the production were good.
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Table 3 Effect of drying methods on the quality of the formation of Premna Microphylla Turcz Tofu

ff T

T THREE KK

BRI S

fifi J5E Bl

TR (& (& (b (%) (2) (2) (mL/100g) ~HERE
X 45°C 1000 320 28 68 83.364 +0.122 98.356 +0.050 25.6 £0.2 WA
HXL 50°C 1000 280 24 72 94.285 +0.077 103.479 +0.034 23.0 £0.3 oSl
X 55°C 1000 260 20 74 102917 £0.073 110.792 +0.065 20.2 £0.5 LR
T (k) 1000 300 0.05 70 111.652 +0.031 119.501 +0.030 139 £0.3 23T,
W+ (=5 35C) 1000 250 32 75 75.041 £0.032 87.624 +0.028 28.0 0.6 + 3
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Table 4  Effect of liquid/solid ratio on the quality of Premna Microphylla Turcz Tofu

B

BT

52 B

i JEE

(m/v)  (ml/100g) (g (g RS
1:15 13.5 £0.6 101.576 £0.073 105.586 +0.086 AR AR, G A
1:20 21.8+0.5 92.652 +0.086 104.327 +£0.105 TeA, B, e E R
1:25 28.5 0.7 85.393 +0.092 91.584 +0.097 ToRHL, B, G A
1:30 345 0.6 71.279 +0.053 79.852 +0.045 oA, B e E R
1:35 51.2+0.8 56.418 +0.102 62.743 +0.122 ToS, T OB [ R
1:40 - - - [aRl
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Table 5 Effect of calcium salt and the concentration on the quality of the formation of Premna Microphylla Turcz Tofu

Rz Bk

BRI

i i

BERERL () (mis100g) (8) (2) SRS
0.01 2.5£0.1 85.654 +0.013 96.129 +0.086 ToRHL B, 6 A
CaCO, 0.02 4.8 +0.2 101.489 +0.025 115.371 +£0.049 TEAH, B, e E A
0.04 157 0.4 117.325 +0.038 129.058 +0.028 ToS, T 6 E R
0.08 204 +0.4 128.692 +0.112 137.504 +0.023 ToRHL B, G A
0.01 5902 80.291 +0.086 89.853 +0.105 TR, B, R R AL
0.02 10.0 £0.3 97.375 +0.092 104.517 £0.097 TeAML, B, B R EAGH
CaCl, 04 21.6+03 114.176 +0.053 118.442 +0.122 T, T 2 S
0.08 28.5+0.2 120.942 +0.102 127.390 +0.050 TR, B, BRI AL
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6 AN[A] pH X ELIE S I S A SE
Table 6  Effect of pH on the quality of Premna Microphylla Turcz Tofu

pH % i (ml/100g) e e B () fififE (g) SIS

4 6.5 +0.3 135.822 +0.035 147.408 +0.112 TeAM, B, e A
5 7.8 £0.1 126.747 +0.009 133.402 +0.059 TOAHL B, G A
6 243 £04 103.691 £0.013 114.097 +0.124 TOH, B, G AR
7 - I - -

8 - Gl - -

KT GG G AN T SR i N A A SR B S A
Table 7 Experimental design for response surface analysis and corresponding expenmenta] data

of the processing parameters of the Premna Microphylla Turcz Tofu

s X X, X5 X Y, B (g) Y, BERIIRE (g) Y, & (mL) Y, A (% )
1 1 1 0 0 116.32 85.464 29.5 1222.8
2 0 0 -1 113.480 81.020 28.7 1228.1
3 0 0 0 0 113.008 85.632 28.2 1224.0
4 -1 -1 0 0 108.104 83.988 28.0 1216.5
5 0 0 1 1 113.271 81.106 27.5 1243.0
6 0 1 1 0 116.110 83.051 30.8 1245.2
7 -1 0 0 1 106.947 82.402 27.0 1220.3
8 1 0 1 0 116.477 81.489 28.7 1234.3
9 1 -1 0 0 113.495 82.246 25.5 1221.6
10 0 0 -1 1 109.418 86.471 28.0 1236.2
11 0 1 0 -1 111.957 83.026 30.2 1226.7
12 -1 1 0 0 110.928 85.222 29.7 1217.4
13 0 0 -1 -1 110.524 85.810 28.1 1226.8
14 0 0 1 -1 112.129 80.001 30.5 1230.2
15 -1 0 0 -1 106.947 81.396 28.7 1225.7
16 0 0 1 113.480 82.955 25.0 12233
17 0 0 0 0 112.487 85.830 28.5 1262.0
18 -1 0 1 0 111.085 82.748 30.7 1226.6
19 0 -1 1 0 113.286 81.545 28.5 1219.7
20 0 0 0 0 112.832 85.929 29.2 1260.0
21 0 0 0 0 113.225 85.870 28.5 1266.0
22 -1 0 -1 0 107.230 87.680 27.0 1219.5
23 0 0 0 0 112.004 85.346 27.8 1263.0
24 0 -1 0 1 110.289 82.226 23.7 1227.0
25 0 1 0 1 113.151 85.721 27.5 1226.4
26 0 -1 0 -1 109.148 81.596 28.0 1230.1
27 1 0 -1 0 112.737 86.098 26.5 1217.5
28 0 -1 -1 0 109.546 86.919 26.2 1222.2
29 0 1 -1 0 112.256 89.189 28.0 1220.8
22 EEETHEBHWMITZSH00mmA AL Y, =85.56-0.35X, + 1.10X,-2.96X, + 0.67X, +
S HTSCI 0.50X,X, + 0.081X,X, + 0.23X,X, — 0.19X,X, +
22,1 [IERERGEES  THRER (X,) . CaCo, ¥ 0.52X,X, + 0.11X,X, — 1.17X,* = 0.23,X* — 8.967E —
JE(X,) VEREHE (X)) (pH(X,) Dy A AR f, i 5 )5 i A 003X,’-2.29X,” H(2)
BECY,) BEERZSRE (Y,) B H W (Y,) L& H &R Y, =28.44-0.600X, + 1.32X, + 1.40X,—1.60X, +
(Y,) J P& 87 [ YA [a] )9 5 R4 51 K - 0.58X,X,-0.37X,X,-0.50X, X, +0.12X,X, + 0.40X,X,
Y, =112.72 +2.80X, + 1.40X, + 1.72X, + 0.29X, +0.20X,X,-0.18X,'-0.11X,* +0.017X,*-0.93X,>
+2.500E-004X, X, -0.029X, X, +0.29X,X, +0.029X,X, (3)
+0.013X,X, +0.56X,X,-0.90X,*> +0.17X,*> + 0.10X,’ Y, =1263.00 + 1.80X, + 1.85X, +4.67X, +0.72X,
-1.71X,’ (1) +0.075X,X, + 2.43X,X, + 0.15X,X, + 6.73X,X, +
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Table 8 Variance analysis of regression model for hardness of the Premna Microphylla Turcz Tofu
T3 ZEHR U H75 FI B ¥I7 FE pia L
R AY 180.74 14 12.91 56.94 <0.0001 e o
X, 94.11 1 94.11 415.09 <0.0001
X, 14.42 1 14.42 66.76 <0.0001 ok
X, 35.52 1 35.52 156.68 <0.0001 ek
X, 1.03 1 1.03 4.54 0.0514
X, X, 2.500E-007 1 2.500E-007 1.103E-006 0.9992
X, X, 3.306E-003 1 3.306E-003 0.015 0.9056
X, X, 0.33 1 0.33 1.44 0.2504
X, X, 0.033 1 0.033 2.64 0.1481
X, X, 0.12 1 0.12 0.46 0.5208
X, X, 1.26 1 1.26 5.57 0.0333
X,? 522 1 5.22 23.04 0.0003
X,? 0.18 1 0.18 0.78 0.3916
X, 0.065 1 0.065 0.29 0.6006
X,? 18.94 1 18.94 83.52 <0.0001
s 3.17 14 0.23
E=iven 2.31 10 0.23 1.07 0.5163 VNTES
Al 0.86 4 0.22
EXl 183.92 28
W RE(R) 09827
TR E(R,) 0.9655
C.V.(%) 0.43

T e FORZEFMEE p <0.01; = FRZERLH ,p<0.05,%9~%K 11 [,

0.70X,X, + 0.85X,X,-23.46X,2=20.61X,> - 14.91X,> -
14.69X,’ H(4)
222 [H|USAEER R T 25550
2.2.2.1  BERE [ YL Jy 22 Sp T LW NE T PR 8
AL, BRI A 25 (p <0.0001) , RIS B 55 T 54 [{ A8
T2 IR TEE R 35 (R =0.9827 ) , #5075 I 44 42 A
KRB R, =0.9655 , Ut I 1A I EFR R 96.55 % i )37
{HRAEAL, LA TR B 4 5 R U L 25 (p > 0.05) ,
i B AR ] 22 X6F S g 25 SR TN, 3R 22 3 i BE LR
25 ; BHCREC(C.V.) 3R S50 oks o 3, HO (B B
7N SRR EE S T S R, AR S V. =0.43% ,
TE AT 2232 Y0 BP9, Uh WA SC 08 45 SR Al &, S50 r s ik
(5] = T o B AR L bt o W 7 B A 7 TR0

P [0 U5 7 2 AR 00 25 PR AR 98 mT e, AR (1) ) —
WL X, X, Al X; (p <0.01) 2 mg i 2 3%, X, (p >
0.05) S AN & 35 5 30 X,* Al X, (p <0.01) 51
Bt 35, X, AL X7 (p > 0.05) 20 ANt 35 5 52 B I
X,X, (p <0.05) 52 g 25, F = 38 H IR W 2 A ik
o B ERESE NP 07 B, X — I a9 2R R
B L B I /INEAT B e W1 261, X T8 4+ i 5 A
FERZ AR RNBT R X, > X, > X, > X, BEFUXL
THRIRE > BRI L > CaCO, HEEE > pH,
2222 HERCHRE BB R Jy 2% 40 0T S N T R
2% 8 WA, BAUAR 25 (p <0.0001) , RAEH 5 H A8 &
ZIAI LR TS R 3 (R =0.9803) , #5075 I & 52 HH 5%
FBR,, =0.9606 , L5 R BEM 4T, R PAITAR B2 (p >

0.05) , B FEE C.V. =0.55% , 5256 r A3 kWl )9 77
A2 BEAR - bib T w0 AE HE AT F0000 43 AT D v A 2.2.2.1
X R IR 5 R 52 AR T B RO 2 X, > X, > X, >
X, , VB b > CaCO, ¥ BE > pH > $UXU T B 1E B
2223 B ENABEI DY 225007 Ko i iR
10 FT A, B AU B 2 25 (p < 0.0001 ) , RIZE K 5 H 748
ZIAILRPESC R B35 (R* =0.9765) , A5 AY I 44 42 1 56
FEB R, =0.9530 , A L LML 4, JSHUIH A .35 (p >
0.05) , BB BB C.V. =0.40% , Vi W SCBG 45 L Al 4,
SLBG AT AT vk (81 U I R BE AR 4T M X i 5 B 3 4T 70
Mo AATIE] 2.2.2.1 AT AIGHS H W ma 4R FH B8 /NI
FHR:X, >X, >X, >X,, B pH > BHE I > CaCO, HRJE
> TR TR IRLEE .
2.22.4 W SR AR Dy 225007 o i T 3R
L1 ATFA, KRB 2 25 (p < 0.0001) , IR &5 {728 4
Z IR PLRPEIC R 3 (R =0.9550) AL RY 4 53 4 3¢
FE R, =0.9100 , LA FE AT, RIS B35 (p >
0.05) , BSHLZR % C.V. =0.38% , i3, B 52 0 4% S8 m] # |
SEEG AT AR uR 81 U Dy B2 BB AR 4T M X i 1 B 3 47 70
M, SrHTIE] 2.2.2.1 RTAISH H i 2R B m R FH A6 R /NI
B Xs > X, > X, > X, BB b > CaCO, ¥ JEFE >
AT ERIRLEE > pH,

ZE_ L TAR  ORNFIN T A4 X 5 BRI 5 (B
TR HE LRIV ), AR R B DY) 22 S 50445 39 1) e A 5 iy
JLH, £ 5 2% 1B I R 1 Design Expert 7.0 1, i i
Box—Behnken Hu0>2H -G R BTS2 0E B BE IS5
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Table 9  Variance analysis of regression model for gel strength of the Premna Microphylla Turcz Tofu

-3 175 A R Yo7 FAH p1H 2

Y 150.42 9 10.74 49.57 <0.0001 * %
X, 1.44 1 1.44 6.69 0.0215
X, 14.42 1 14.42 66.76 <0.0001 *
X, 86.55 1 86.55 400.78 <0.0001 *
X, 5.38 1 5.38 24.89 0.0002 *

X, X, 0.98 1 0.98 4.56 0.0509

X, X, 0.026 1 0.026 0.12 0.7334

X, X, 0.22 1 0.22 1.00 0.3345

X, X, 0.15 1 0.15 0.68 0.4248

X, X, 1.07 1 1.07 4.94 0.0433 -

X, X, 0.049 1 0.049 0.23 0.6402

X,? 8.82 1 8.82 40.83 <0.0001 e o
X,? 0.34 1 0.34 1.59 0.2275

X, 5.215E-004 1 5.215E-004 2.415E-003 0.9615

X,’ 33.96 1 33.96 157.26 <0.0001 S,

Bz 3.02 14 0.22

05 2.52 10 0.25 2.02 0.2602 NTE-
alifR2E 0.50 4 4 0.13
Jo¥ii| 153.44 28
MXRB(R) 0.9803
PR SR, 0.9606
CV.(%) 0.55

10 SIS EIE B W I AR ) 25 0 R

Table 10 Variance analysis of regression model for exudates of the Premna Microphylla Turcz Tofu

e 3 105 RS ¥r FAE p1H i 2
i8] 89.03 14 6.36 41.53 <0.0001 5
X, 432 1 4.32 28.21 0.0001 * %
X, 20.80 1 20.80 135.86 <0.0001 5 o
X, 23.52 1 23.52 153.61 <0.0001 *
X, 30.72 1 30.72 200.63 <0.0001 * %
X, X, 1.32 1 132 8.64 0.0108 *
X, X, 0.56 1 0.56 3.67 0.0759
X, X, 1.00 1 1.00 6.53 0.0229 *
X, X, 0.063 1 0.063 0.41 0.5322
X, X, 0.64 1 0.64 4.18 0.0602
X, X, 0.16 1 0.16 1.04 0.3240
X,? 0.22 1 0.22 1.41 0.2547
X,? 0.075 1 0.075 0.49 0.4956
X,’ 1.986E-003 1 1.986E-003 0.013 0.9109
X,’ 5.64 1 5.64 36.84 <0.0001 -
B2 2.14 14 0.15
He 435 1.09 10 0.11 0.42 0.8817 ENTE
a2 1.05 4 0.26
peg i 91.17 28
MERB(R) 0.9756
P ML RE(R,,) 0.9530
C.V.% 0.40
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Table 11  Variance analysis of regression model for yield of the Premna Microphylla Turcz Tofu
Ji ZEARIR B FI & oy FH pii BEN
iR 6623.76 14 473.13 21.22 <0.0001 e 3
X, 38.88 1 38.88 1.74 0.2079
X, 41.07 1 41.07 1.84 0.1962
Xs 261.33 1 261.33 11.72 0.0041 ek
X, 6.61 1 6.61 0.28 0.6073
X, X, 0.023 1 0.023 1.009E-003 0.9751
X, X, 23.52 1 23.52 1.05 0.3218
X, X, 0.090 1 0.090 4.036E-003 0.9502
X, X, 180.90 1 180.90 8.11 0.0129
X, X, 1.96 1 1.96 0.088 0.7712
X5 X, 2.89 1 2.89 0.13 0.7242
X, 3570.74 1 3570.74 160.11 <0.0001 ok
X, 2755.95 1 2755.95 123.58 <0.0001
X,? 1442.48 1 1442.48 64.68 <0.0001
X, 1399.28 1 1399.28 62.74 <0.0001 * ok
2= 312.22 14 22.30
R AU 292.22 10 29.22 5.84 0.0518 NTES
ARz 20.00 4 5.00
BN 6935.97 28
ES L) 09550
PRSI REL(RS) 0.9100
C.V.(%) 0.38

B RS TR CaCO, ¥e & ORI L . pH
KRBT T AL S, 15 B 05
FE T4 0 BROX T BV B 2y 50.24°C, CaCO, ¥ 3
Sk 0.08% , B R Lt Sl 0.042 (B 1:25), pH4.02, it B
N 115197, & B 58 B 2 89.728g, & W N
28.497mL/100g, H %Ky 1263.54% .,
223 EUESREY RIS SRR SE R 5 ESLE L —
Bt Xk R R Ak S% A4 AT 58 UE T2 56 I X5 56 IE S 56
PR S A TIECE TP g o [A] B 25 B 3 S R4 Ve i
F B AE T2 A8 15 8 $UXCT H R 28 50°C,
CaCO, ek 0.08% , B LR 0.04(1:25) ,pH Ky 4.0,
TEMAAE T 34T 3 ROPATS2 5, 15 21 92 bR i )& ok
115.121 g, BEBCTRE 7 89.502¢ , 328 Hi Wk M 28.5mL/100g ,
H 2N 1263.2% , 5 Ry 1 O 46 BT 45 45 2R 48 L,
HARITIR 22 7E 1% Z N, HIECE PEU 45 048 Fr B9 7F
Sy BNk 40 (W53 45) o T LD i )iz 1T O A6 T A5 4%
SR AH X5 22 FUBCE VT4 1A, 480 7 T 5 PR 46 BT
B RAE TS EORHER T 5, B 2 A SCBR A
Hird .
3 Zig

LA ST SR A X B ) 5 4 ik ) i A 1 S
I, NRGHFSE T OCER R 2R TR IR RS R L pH
\CaCO, ¥ J& X 55 4 i 5 88 F2 a0 o o 52 i) g A
i PR R R SRS E T AR E H E 2 e A, dE—
2R A N TG AL, 43 A T A Fh R R A 19 25 A AE
o AR HEEEE T B8 W REHE L Z S5

S BRI RRIELRE 50°C CBH EE S 0.04(1:25) (pH 2l
4.0.,CaCO, ¥ Ky 0.08% , 155 P4 15 51 14 7 )5 4
T S RS BE R 115121 g, BERG SR I R 89.502¢, 78
H A 28.5mL/100g, HY 5 Zk 1263.2% , H 7= 5 &%
=g o A=y aon
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Table 4  Analysis of variance
J7 2RI V5 FSS A f ¥77 MS F i P
HPMC 315.932 3 105.311 47.176*" 0.005
KRS LT 4R N 104.352 3 34.784 15.582" 0.025
FRsRIR I 74.047 3 24.682 11.057" 0.040
PR In = 10.032 3 3.344 1.498 0.374
R2E 6.697 3 2232

TE P T s TR R AN R[] U RAT R B P22 5 (p <0.05) A i 3 225+ (p <0.01) o
xS HNFKFHZHILK

Table 5 Multiple comparison of various factors and levels

HPMC %tk (% ) AN Fr 2T 4t Ak (% ) TR (%) AR Nk (% )
KF - CFHIE ERBEVE KT PHE EREEN KT CFEE ZREENE KF P ZRBENE
1 75.5 c 1 779 b 1 77.9 b 1 81.6 a
2 71.9 c 2 79.5 b 2 79.9 b 2 79.5 a
3 82.47 b 3 80.8 b 3 81.2 a 3 80.8 a
4 87.1 a 4 84.8 a 4 83.9 a 4 81.0 a

TE A RN R LSD 5 2 U R A B 255 (p <0.05) .

IS TRV o0 2 ok oK A T L 5 SR O [RI AR BE A R ) . 5
Al KR I £ £ 4 1 K M 1T 0 3 AR R ik 21 /N 27 1T A0 1
o BT, R ROk FE AT I B AT 4, 1 R4
T A AW 0 =y, B A R R R, FE
ES R 0 e S BT S i - 0 ] el S (7 N - S A (TR )
I BAERL 75, Bl HPMC ¥ N8 2.5% KM RS £ £F
HEFINE R 6% i TT B REES i T e B 2.1% 8]
2.5% .
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