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1.4 EFRHEMRHL
1.4.1 EFRFMNELLE

LSPE SR T A S T 2 D e B4 B, Xk AS [ R 26
M) & 77 &K 3847 Plackett-Burman iR % % i1, Plackett-
Burman B iHJ& 5 20 A L, vl £ — il g h it £
AN S AT R A S A e T S B AR 2 R R v O
XIS R B E R R AL n =
19 fJ Plackett-Burman % it , X} 15 F @ LR E *
RO, 5300 4 DR (x5, 200,205, %,0) 1FE R I
AR SR A 1R 225 W B n =26 A9 Plackett-Burman
Bt % 11 A AR R 2R 10 FlifcRE TR K E
RIATHITE, 3O S AR (25,200,205 5220 1226 ) 1EH
HE P B o A TR 2%
1.4.2  fBENYOLY Bt

A Plackett-Burman 12X %5 /9 i 1% 45 2R 83t F
SR 2R ) e B E 3 % A%, DS SR B R TR Dy
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Tab.1 Factors, levels and effect results of

Plackett-Burman design for selecting amino acids

IAK 1R K
A7 F p
/(mg-L=") /(mg-L7")
RARR x, 15 40 0.9331  0.3888
RABERE x, 15 40 0.3754  0.5732
TRAR x, 20 50 2.6415 0.1794
RNAR x, 15 30 0.5653  0.4940
PR x 50 100 2.6297  0.1802
AR x 15 30 0.0039  0.9533
SERIR xg 10 30 8.6807  0.0421
SRR x 10 30 0.5051  0.5165
W& x, 40 100 2.3031  0.2037
B AR «, 40 100 8.6807  0.0421
HAR x5 15 35 0.3681  0.5768
AR x4 5 12 0.5472  0.5005
2R 16 10 30 3.6418  0.1290
2R x,, 20 60 0.0005  0.9832
AR x 5 10 0.4403  0.5433

1 IR I R B 28 ¥ 1Y Plackett-Burman 32 56
Bt LIS e 3R LR e ik e B AR R 2
TR AR A A T VR R IR X R R
TR AR R B AL EE LR B R B A IR I K |
SALER ARG AL SRR R gl 3k 21 s IR R
il , AR 2 i BOIR (- 1) A (1) P4k
S W A A R R B R R R (Y) o P AT
W 3 U, R K 5RO AE IR 2 Frs .

MR TR 2 MR LR, Se &R (p =
0.0421) B & BE ik (p =0.042 1) MW EE (p =
0.024 1) M AAE (p =0.030 2) X3¢ FIH A i) S i
Ji B PR W 2 XX 4 B E SR R AT iE—
AL IS
2.2 mBEREKIKE

HR4E Plackett-Burman 2 %6 1) 25 2R %6 52 &R
A i I IR SR A B 4 S 0 3 SR Y R TR B
R LR R R Y A R R AT R BE I B A, A BETE
Yol ge B it g Rk 3 s

FR A8 5 BE MRS 50 iy 25 2R I )y 5 7 15 2801
PSR SR TR B, BT LA 4 AN R
ORI N SRR 35 mg/L AR AWK 90 mg/L i
W 0.3 me/L AIULEE 1.25 me/IL,



230 & A Bl B ¥ i

2014 4
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Tab.2 Factors, levels and effect results of
Plackett-Burman design for selecting trace

elements and growth factors

AR %7K
iy p
/(mg-L™") /(mg-L™")
WLEE 2, 20 40 4.6708 0.0740
WM E 2, 0.3 0.9 0.6555 0.4491
JHTHE N 25 1 5 1.3458 0.290 1
N g B 2, 0.3 0.9 8.9794 0.0241
YR 2 0.2 0.6 2.2989 0.1803
2R 2, 1 3 0.9999 0.3559
B #E 5 0.2 0.6 1.6583  0.2453
% fi BB 2 10 40 0.0202 0.8916
il # 2 0.3 0.9 0.7053 0.4332
BRFRAN 21 1 3 0.4992 0.5063
TR EE 25 100 300 3.5139  0.1100
FAEE 2, 0.9 1.5 7.9693  0.0302
B 26 0.2 0.6 5.5773  0.0562
R4 2, 0.2 0.6 2.5749 0.1597
i B 42k 2,5 7 14 0.6005 0.467 8
A 2 0.2 0.6 0.1333  0.7276
AT 2, 40 80 0.7570 0.4177
WALHR 25, 0. 64 1.92 1.4089 0.280 1
MR 2,5 0.2 0.6 2.1848 0.1899
X A H R 2,4 0.2 0.6 0.6286 0.4581
TR 255 0.2 0.6 0.0848 0.7807
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Tab.3 Design and response of steepest accent experiment

S AR weRE AkEE HEREE

BB g REE RS REEE
T L) gl ) /(gL ™) /(gL ) /(L)
1 5 30 0.9 2.4 4.14
2 10 40 0.8 2.2 4.16
3 15 50 0.7 2.0 4.32
4 20 60 0.6 1.8 4.35
5 25 70 0.5 1.6 4.37
6 30 80 0.4 1.4 4.37
7 35 90 0.3 1.2 4.55
8 40 100 0.2 1.0 4.43
9 45 110 0.1 0.8 4,34

2.3 ZAREEDPLAEGRE

A Plackett-Burman 35 %5 i 26 ) (19 2. 25 1 &K,
4547 B BENC B 5045 21 04 e A0 DX s bl o5, B o
O LRI AR 1Y Gl I 5 Oy O (L A
FRMAEFR KRB . s h.oH G R Bot
PRI 4 Fros , ol g Bt g b5 K &5 2R sk 5
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Tab.4 Factors and levels of quadratic rotating

combined design experiment mg/L

S Y )
-2 -1 0 1 2
SEER xg 25 30 35 40 45
B BB «, 70 80 90 100 110
N g B 2, 0.1 0.2 0.3 0.4 0.5
FAEE 2, 0.8 1.0 1.2 1.4 1.6

RS ZREFEFOLAGREBER
Tab.5 Results of quadratic rotating combined

design experiment

Ry G O A R
e e % i /(g lh)
1 -1 -1 -1 -1 5.09
2 -1 -1 -1 1 5.29
3 -1 -1 1 -1 4. 80
4 -1 -1 1 1 4. 65
5 -1 1 -1 -1 4.25
6 -1 1 -1 1 4,31
7 -1 1 1 -1 4.79
8 -1 1 1 1 4.39
9 1 -1 -1 -1 4,82
10 1 -1 -1 1 5.06
11 1 -1 1 -1 4.25
12 1 -1 1 1 4.54
13 1 1 -1 -1 4,53
14 1 1 -1 1 5.07
15 1 1 1 -1 4.98
16 1 1 1 1 5.06
17 -2 0 0 0 4.23
18 2 0 0 0 4.57
19 0 -2 0 0 4. 68
20 0 2 0 0 4.50
21 0 0 -2 0 4.78
22 0 0 2 0 4.43
23 0 0 0 -2 4.77
24 0 0 0 2 4.99
25 0 0 0 0 5.00
26 0 0 0 0 5.00
27 0 0 0 0 4.99
28 0 0 0 0 5.04
29 0 0 0 0 4.79
30 0 0 0 0 4.99

X ZRE R 0 LA IR i 25 SR UEAT O 22 0 B
MW E R, 45 Rk 6 fE 7 ram, NEHpHA]
D g IR o T3 R 0 N E e N7y o6 1
YR IR I ASE R 3 24 1), [0y Y G G 2
P fs BRI 225 (p < 0.01) , 5 B A2 B4 () 35 00 1
9 PR AR # WA, B SZ (RT =0.94) 5 th & B
TR T b A 5 e R 2 0GR 5 R e 2
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Tab.6 Analysis of variance of regression model

JrERW AmE  FITA iy F P

TR 14 2.445134 0.174652 17.77333  0.000 1
L1k 4 0.435554 0.108 888 11.08092 0.000219
Ty 4 0.568895 0.142224 14.47326 0.000 1
3 HAEH 6 1.440 685 0.240 114 24.43497  0.000 1
B2 15 0.147 400 0.009 827

2 3L 35 10 0.106695 0.010669 1.310591 0.403 476
gl 22 5 0.040 705 0.008 141

Joy P 29 2.592534

x7T ODRABEBERHEEZERE(:RE)

Tab.7 Test of significance of regression coefficients

A
28 i Tl fe P iffe 22 ’ pe> el g

11.844 19

-0.136413 0.020235 3.099 645 0.007 323 ok
-0.059885 0.020235 -3.69985 0.002 14 ok
— 8.478 119 0.020 235
- 0.773787 0.020235 2.832877 0.012595 *

k3
1
1
1
1 -3.6058 0.002 595 ok
1
X3 1 - 0.004604 0.018928 -6.08095 0.000 1 ok
1
1
1
1
1
1
1
1
1

Xg X, 0.004221 0.024782 8.516827 0.000 1 ke
XsZ, — 0.029451 0.024782 -0.59419 0.561 242
XsZy 0.083457 0.024782 3.367614 0.00423 Hok
X3, - 0.0008 0.018928 -4.22797 0.000 73 ok
X2, 0.186776  0.024 782 7.536659 0.000 1 ok
X122y - 0.006 111 0.024782 -0.49321 0.629 005

VA - 7.660 121 0.018928 -4.04701 0.001 054 ok
ZyZyy - 2.862104 0.024782 -2.30979 0.035 545 *

z, - 0.188311 0.018928 -0.39796 0.696 269

AR A Y PR 28 A g e 4 R 22 TR 1Y) 5 e G
REJAEE, SRIHE G, 125 P 0w A6 Y
20 AT H ] 0H 5 fE R R
Y =11.844 19 0. 136 413x, —0. 059 885x,, —
8.478 119z, —0. 773 787z,, —0. 004 604x; +
0. 004 221x,x,, —0. 029 451x,z, +
0. 083 457x,z,, —0. 000 8«7, +
0.186 776x,,z, —0.006 111x,,z,, —

7.660 121z; —2. 862 104z,z,, —0. 188 311z,

Xf WA 7 BEHEAT SAS W 73 M, 74 H O A A5 1
BTG B o 0 B . A Y A5 B I AR E
FRHEEN ST H R 34. 8 mg/L AW 84 mg/L,
ML I 0. 24 mg/L FGAALEE 1. 30 mg/ L, 75 I Fe It 2%
A S SR A SR o R R T Gk B 5. 29 me/ L
2.4 IEIRIE

e e L 4B T 28 TP S I 4% 4 AT 3 R
HAZ NI 6 WK, A5 3 S SR Y SR B R O (R
5,34 g/, SR HONME 5. 29 mg/L A HEIE,
SE AR USG5 3R K e I A 39 2R3 114 5 TG SO 6 YK 35 1Y
1. 66 %,

2.5 ERBEMNEUSTFIRETEH

e OB 32 RARALTT 28, S IIRH L 1) 7 9% R AT
SR Y A X K A B S R AT BRAL 4 B
FURCE PR, LUK BRI 57 38 A A 30 10 3 SR 0 2R
XF B IR IEAT 22 S W VRO A S RN SR 8 RISk 9 B
R o
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Tab.8 Physicochemical results of cider

*51 FRALAE AR
pH 4 AR Y R/ Brix  MERFTEWE/ (g L7')  HESFREWE/ (g L") TR i/ %
ERAI] 3.95 £0. 04" 7.10 0. 20° 4.91 +0.10* 3.21 £0.09° 11.05 £0.11°
wm 4,02 +0.03" 6.75 +0. 15" 4.85 +0. 10" 5.34 +0.08" 11.21 0. 12°
e [ B B AR BN AH R 2 25 5 3% (Duncan B & 2515 ,p =0.05) , T [A].
xR EREMRBRETHER
Tab.9 Sensory evaluation results of cider
. B A
255 — N
SN R Wk oA P B

ERAI] 18.5 +0.95* 19.5 +1. 04" 34.5 +2.76" 7.0 £1.04° 79.5 £4.54"
wom 18.0 +0. 56" 26.5 +1.75" 36.5 £2.36" 8.0 +0. 74" 89.0 +4. 12>

M8 nl LU WS INE IF 3R A WA SR
P o fek A 52 W 3 B R, (HL pHL (L TR PR B 4L R
R TG 5 RIS IS SR R I R L, BeA B
Ph 22 5, BEWTHS IS I7 3N 235 Wi 39 50 1 BAR Tk
Jot s e rp ol g R R R AR, DO IR IS 9 R
Jai o BB X ST SR F 8 B 20 R0 ) SIS, {68 Y

JEMA P o MG 9 BCE ARG S5 2R Al 0, S
TINE SR 3R A B 30 2R T R TR R B e, 3
R A A U 20 S R R % R R S TR P 75 3
P Tt 3R B A TR AT B I R 2, B A B
R R T RIS SRR MR Hit,
S IINE 57 3R 09 7 36 oA w38 39 3T Jo 2 A o 17 B
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Song Jian, Li Demei, Deng Xiaoming, et al. Transactions of the

Optimization of Nutrients and Improvement of Esters Content in Cider

Ye Mengqi  Yue Tianli  Yuan Yahong

(College of Food Science and Engineering, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: The improvement of esters content in cider by adding the nutrients into the apple juice during
fermentation was investigated. By conducting the Plackett-Burman experiment design, the factors affected
the production of esters significantly, were selected, i.e. leucine, glutamine, pyridoxine and zincchloride.
Subsequently, the steepest accent design was conducted to determine the central points of the four

0.3 mg/L for

The factors were optimized further by conducting the

selected factors. The central points were 35 mg/L for leucine, 90 mg/L for glutamine,

pyridoxine and 1.25 mg/L for zincchloride.

quadratic rotating combined design experiment. The optimizing condition was that adding 34. 8 mg/L of

leucine, 84 mg/L of glutamine, 0. 24 mg/L of pyridoxine and 1. 30 mg/L zincchloride to the fermentation

liquor. Under this optimizing condition, the content of esters in the final cider achieved 5. 29 mg/L.

Key words: Cider Content of esters Nutrients Optimizing



