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Development and Formulation Optimization of
a Compound Beverage of Brassica rapa L. with Lemon
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( Cuisine Science Key Laboratory of Sichuan Province,Sichuan Tourism University , Chengdu 610100, China)

Abstract: In order to develop compound beverage of Brassica rapa L.with lemon and optimize its formula, the experimental
design selected the addition of the compound Brassica rapa L.,lemon and the fructose syrup as variables. The single factor
experiment combined with Box — Behnken design response surface experiments were used to optimize the formula. The
comprehensive quality scores of the fuzzy mathematical senses and physical and chemical indicators were the response values.
The results showed that the order of influence of each single factors was:The addition of lemon(B) > The addition of fructose
syrup( C) > The addition of Brassica rapa L ( A) .The optimal formula were: The Brassica rapa L.addition 19.49% , lemon
19.26% and fructose syrup 19.34% .Under these conditions,the comprehensive score of compound beverage of Brassica rapa L
with lemon was the highest with predicted value 0.8109 score, while the validation value was (0.8132 +0.042) score.The
beverage was moderately sweet and sour,soft in taste with the best flavor.The prediction model of multiple regression equations
by response surface analysis and the weight of corresponding indexes in comprehensive quality evaluation could realize dynamic
monitoring of corresponding index items in theory.The experimental results provided some theoretical basis for the industrial
production of compound Brassica rapa L. beverage and played a guiding role to some extent.
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Fig.1 The process flow chart of the compound beverage
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Table 1  The factors and levels of coded form
K
=
A -1 0 1
A SERTINE (%) 17.5 20.0 225
B FrBas it (% ) 16 20 24
C AT (% ) 16 19 o)

1.2.5 eIk
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Table 2 Sensory evaluation of compound beverage of Brassica rapa L.with lemon
RN YL AR R
Fr A BRI AR , 8 FE SO AR R , B R b (16~20 43)
P A AT AR, 7 IR B (11~1543)
AW B IEAR BRI , AT Ik B (6~10 43)
EELLRTY VG STERE ) Z NN 2(0~54%)
RFLA Az B R :(16~20 43)
% RILE O BL(11~15 %)
RIRIFLA f1(6~10 43)
FLE #(0~543)
A BRI , DRI A AR R . (16~20 73)
pk FrRIREIR , [0 BRI AT SEAR bR B (11~1543)
; PRk R , B B SEAR R t1(6~10 43)
PR B , SO L IR ANt 2(0~5 43)
TR HE B, XUBR (16~20 43)
oy PR E, Jo Ik B (11~15 43)
- KRR , W A7 5 TR 41(6~10 43)
PRI LR I, A W S R IR A 2£(0~543)
B SRR E (16~20 43)
R %ﬁéiﬁ%tﬁﬂa‘l‘ﬁlﬁﬁcﬁé:ﬂﬂﬁ% BL(11~157%3)
Tor 23 S EUR D R TTE h1(6~10 43)
EAREY EES RIS #(0~54%)
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Table 3 Weight analysis of various factors of

the compound beverage Brassica rapa L.with lemon

BH AWK @ ik T HEURE
1 0.1 0.1 0.3 0.4 0.1
2 0.2 0.2 0.3 0.3 0
3 0.1 0.2 0.3 0.3 0.1
4 0.2 0.1 0.3 0.3 0.1
5 0.2 0.2 0.1 0.3 0.2
6 0.2 0.2 0.2 03 0.1
7 0.2 0.1 0.3 0.3 0.1
8 0.1 0.2 0.3 0.3 0.1
9 0.2 0.1 0.3 0.4 0.0
10 0.2 0.1 0.3 0.3 0.1
11 0.1 0.1 0.4 0.3 0.1
12 0.2 0.1 0.3 0.3 0.1
13 0.1 0.1 0.4 0.2 0.2
14 0.1 0.3 0.3 0.3 0.0
15 0.2 0.1 0.3 0.3 0.1
16 0.1 0.2 0.3 0.2 0.2
17 0.1 0.2 0.2 0.4 0.1
18 0.1 0.1 0.4 0.3 0.1
19 0.1 0.2 0.4 0.2 0.1

20 0.2 0.1 0.3 0.3 0.1
FHE 015 015 030 030 0.10
R A5 R T H B P10 45 R A% IR R rh I AR g

X5, Geit 25 SF P SR, SR A G A A R A 9 52
BRLATEAT AN E(20) , 3B 5C R ARG Yo 8 5T hE AL
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1.2.6 @ELZEAEN  TENMIWHE: SSBrEE S
YOEH pH 28 Q, (AT TERBITEY & &2 Q, B ERN
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BRI 150N Qo AR SCIG 4R 2 AN STk we R,
B EFEARILE . Q, =2.0~3.7,0Q, =5.0% ~7.8% ,Q, =
2.0% ~8.5% ,Q, =0.3~0.9 g/kg,Q, =3~9 g/100 g, Q,
=34.0~369,Q, =1.28~3.71,Q, =6.81~9.38,Q, =
13~16 MY L A RO LA R R g ™" Lk AT
ORI 2R G DA
1(Q,=3.7)
U, -2
3.7-2
0(U,<2)
1(Q,=7.8)
p(Q,) = 328:2
0(Q,=<5)
1(Q,=3.7)
U, -2
3.7-2
0(U,<2)
1(Q,=0.9)
Q, -0.3
0.9-0.3
0(Q,<03)

(2<Q, <3.7)

p(Q,) =

(5<0Q,<7.8)

p(Q;) = (2<Q, <3.7)

p(Q,) = (0.3 <Q, <0.9)




@.‘ésﬂﬁ’f«il

- .
5 z fi ;h Vol.41,No.06,2020
F4  SEARBINE T A YRR
Table 4  Effect of the addition of Brassica rapa L. on the compound beverage
SEARVEINE (% ) 15.0 17.5 20.0 225 25.0
pH 3.59 £0.00° 3.67 £0.02° 3.73 £0.00° 3.79 £0.02" 3.84 £0.02°
AR (% ) 4.53 +0.04 4.30 +£0.00" 4.17 £0.12" 3.97 £0.09° 3.60 £0.08"
EHR(%) 10.36 +0.01° 11.28 +0.00" 11.99 +0.00° 12.60 +0.12" 13.44 £0.01°
SR (g/ke) 0.99 +0.00* 0.97 +£0.02° 0.90 +0.00" 0.88 +0.02° 0.90 +0.00"
BB (/100 g) 4.61 £0.14° 4.41 +0.00" 4.14 +0.00° 3.96 +0.00° 3.65 +0.00°
L 36.87 +0.06" 36.99 +0.07* 38.59 £0.04° 39.53 £0.05" 40.84 +0.09*
a* 1.72 £0.25¢ 220 +0.17" 230 +0.23" 2.34 +0.08" 244 +0.07"
b* 8.58 +0.10" 791 +0.11" 7.8 £0.18™ 7.65 £0.09° 7.39 £0.30"
BOWIRE (4) 12.81 13.43 13.46 12.98 12.35
LR () 0.43 0.49 0.46 0.43 0.42

T AT AR NG PR IR bR 2e 5 3, P <0.05,; 3 5~ 3% 6 [fl,

1(Q,=9)
Q, -3
9-3
0(0Q;=9)
1(Q,=36.9)
Q, 34
36.9-34
0(Q,<34)
1(Q,=3.71)
U, —1.28
3.71-1.28
0(Q,<1.28)
1(Q,=9.38)
Q, —6.81

9.38-6.81
0(Q,=6.81)
1(Q,=16)

Q, -13
16-13
0(Q,=<13)
SEARATARE G ORI S REE G35l -
Y=P(Q,) xa, +P(Q,) xa, + P(Q;) xa, +
P(Q,),+P(Q;) xas + P(Qy) xa, + P(Q,) xa, +

p(Q;5) = (3<Q5<9)

p(Qs) = (34 <Q, <36.9)

p(Q;) = (1.28 <Q, <3.71)

p(Qy) = (6.81 <Q, <9.38)

p(Qy) = (13 <Q, <16)

P Y SRRSO s a A TRARTEVEAT R R R
BT B A, S BRI S SCRR A E Y, A3 ) R
0.05.0.10.0.10 .,0.05 .0.10 .,0.20 ,0.05 .0.05 .0.30,

1.3 HiELE

SEE R PR AL ER R FH 2016 iR Excel ; S-N-K £ &
Poss U7 28 43 A 35 PR 22 v 40 M >R JH IBM SPSS
Statistics 22.0 ; Wi N7 18] B T 43 A7 | 18] US4 RY (19 Ty 22 5
M=% F Design—expert.v8.0.6.1 ; SEIG Y H & =K,
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211 SEAREBmmEpgsEmE bR 4 "R, BESeHR BN m
AR, B A YOS R dE b o 3 ARk, For pH
FIIEE NG 3R TS 0 ) B R SR T S 1 A, Y HE
BN & S 25.0% B I8 #) a5 KA, 43 5 D 3.84 i
13.44% , 35 5'CRAREE T B N & de /N 15 i1 3.08% 5 AT
EPEEDEY) R BE TS IR OO 2 )N, RS
= 25% B Bl /IME, 535k 3.60% 3.65 ¢/100 g; %3
b" (BHEFE)HA, L™ (SERE) va™ (LLERJE) (HIYBE TR
SIS I T s SeARSR 4l MoeR B R s —
YL, (SIS ORNE 7Silis , B2 IR, ABOR)
BE S LR G AR 43 Y S SE B S WS, 43 IHE TN
5 20.0% 17.5% AR A 13.46 H10.49 4>, 25 |-
T , oIS B N e 17.5% ~22.5% .
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Table 5 Effect of the addition of lemon on the compound beverage
FrBES N (% ) 8 12 16 20 24

pH 4.68 +0.00° 4.40 +0.00" 4.26 +0.00° 4.16 +0.00* 4.09 +0.00°
AP (% ) 4.10 £0.00° 4.10 £0.00° 4.10 £0.00° 4.10 £0.00° 4.10 £0.00°
ER(%) 20.07 +0.00° 11.40 £0.00" 6.79 +0.00° 4.43 +0.00" 3.05 £0.00°
A2 (g/ke) 0.44 £0.00° 0.64 +0.00° 0.84 +0.00° 1.02 £0.00" 1.21 +0.00°
R (/100 g) 435 +0.01" 4.68 +0.00° 4.53 +0.00" 476 +0.00" 4.60 +0.00°
L 46.29 +0.03" 43.86 £0.29" 40.74 £0.01° 38.36 +0.02° 37.85 +0.12°
a’ 2.68 +0.49° 2.40 +0.46" 2.39 £0.53° 245 +£0.2° 2.51 £0.97°
b 6.96 £0.31" 7.54 +0.35" 8.43 £0.42" 8.51 £0.02" 8.81 £0.36"

RERERE (4) 12.61 12.89 13.43 14.06 13.24

LEBARA (4) 0.55 0.52 0.55 0.59 0.48
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Table 6 Effect of the addition of fructose syrup on the compound beverage
SRARER A I (% ) 10 13 16 19 22
pH 4.06 +0.00" 4.06 +0.00° 4.04 £0.00" 4.06 +0.00" 4.06 £0.01"
Al TEEEY) (%) 4.17 £0.05° 5.17 £0.00° 6.20 +0.00° 7.20 £0.00" 8.03 +0.04"
BIH(% ) 3.07 =0.00° 3.26 £0.00" 3.4 £0.00° 3.71 £0.00" 401 +0.00°
BIR (g/kg) 1.16 £0.00" 1.16 £0.01° 1.17 001" 1.12 £0.00" 1.10 £0.01"
BBE(g/100 g) 3.88 +0.48° 4.63 +0.16" 6.07 £0.46° 6.80 +£0.78" 0.28 +1.85°
L 39.25 £0.07° 39.07 +0.06" 39.22 £0.35° 40.19 =0.11" 40.54 +0.12"
a” 3.28 +1.02° 3.69 +0.64" 3.73 +0.48" 347 £0.24° 3.51 +0.46"
b* 7.95 +0.24" 8.51 £0.52" 8.40 £0.34" 9.73 +0.24" 9.53 £0.26°
BRIRE (/) 12.59 13.39 14.10 14.03 14.01
LR () 0.41 0.55 0.65 0.75 0.70
*7 EHEUEHERETNERESTT
Table 7 The sensory evaluation votes statistics of the compound beverage
s TR 3% HEUR 1% ALV
v, VvV, VvV, VvV, VvV, VvV, VvV, V, V, V, V, V, V, V, V, V, V, V, V, V,
1 9 9 2 0 14 4 2 0 9 71 3 1 9 5 5 1 11 9 0 0
2 5 9 6 0 13 1 0 4 14 2 0 8 10 2 0 10 9 1 0
3 6 11 3 0 9 10 1 0o 5 12 1 2 7 10 3 0 9 11 0 0
4 9 10 1 0 13 6 1 0 3 14 1 2 8 10 2 0 6 14 0 0
5 7 11 2 0 5 14 1 0 3 14 2 1 7 11 2 0 11 8 1 0
6 3 7 0 0 12 1 0o 12 7 1 o 11 7 2 0 13 6 1 0
7 0 8 2 0 10 1 0 11 6 1 2 11 6 3 0 11 8 1 0
8 6 13 1 0 13 7 0 0 10 9 1 0 8 9 3 0 11 7 2 0
9 6 14 0 0 6 14 o0 0 11 8 1 0 6 14 0 0 11 7 1 1
10 m 7 2 0 11 9 0 0 9 10 1 0 10 6 4 0 13 6 1 0
11 9 2 0 9 10 1 0o 12 7 1 0 8 3 0 10 9 1 0
12 9 2 0 9 10 1 0 10 1 1 9 2 0 11 9 0 0
13 14 5 1 0 12 8 0 0 9 2 0 6 11 3 0 8 11 1 0
14 5 5 0 0 9 11 0 0 5 14 1 o 7 11 2 0 10 7 3 0
15 2 5 3 0 12 1 0 10 6 3 1 9 2 1 14 4 2 0
16 12 7 1 0 13 1 0 11 3 0 12 6 2 0 9 9 2 0
17 11 8 1 0 15 1 0 6 10 3 1 6 12 1 1 11 7 2 0

TR, AT Y B A i Y o EAS Ak A
ASH T G R M MR o i kA g ARk, Horp
pH 1375 ' 22 B 78 hI1 - 1 186 A 5 T 4 1 A A I AE R
e 24% 5B e/ IME., 5375128 4.09 F1 3.05% ;#7152
S0, S A SR R IR I SRR R AR (2 7]
VIR R A AR 0 (N, BRSO b (1)
BT, RO 54 A S MR R S e
S VR AL A I E RN A 20% B S BB, 435
14.06 F10.59 43, %5 [ Bk , i B s Jin 2 90 oy
16% ~24%

213 EEBPEAIR I 138 6 n AL pH A
TR o5k S S 47 0 2 A I e 188 o A b R W T P
[ 4 A0 5 T MR B R S Y B
SRR S I g, T M R R, 2 IR
Ty 22% ), HoE i iR 8.03% 5 SR 2
SRR 7 W TR T R 1 — N, SR B i
AR, ORI B e e R s IR RS, Pl R
PERSBR , VS I SR I 1 Ok B EE s ) R Y R
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&R 16% F119% B B I 14.10 F10.75 45 4%
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221 EE MR K=K ZKAER Box—
Behnken M N [ {4 17 4~ S2 56 40 19 J8CE 45 SR 3E 47 7F
M, HAPE M g AR A, 1T Se T, g5 SRR T .

222 FURWIREENSER SE5ER7.01 SR
W7 —& S, 9 A4k 16~20 43,9 ATF45r
J11~15 43,2 A#E4rN 6~10 43,0 APFE4rM 0~5
55 BTV SR AL, SRS H 4 VR4 AR
FITZEELL 20( S 5 M) Rl 45 3] U, =
10.45,0.45,0.1,0} ,[A]¥rl 43 U, = {0.7,0.2,0.1,0} ,
U, = {0.45,0.35,0.15,0.05} ,U, = {0.45,0.25,0.25,
0.05},U, = {0.55,0.45,0,0}, ¥E%5Mm U,,0,,0U,,
U4 »Us %ﬁb&ﬁ?%ﬁ% Y] s lﬁjiiﬁfﬁ% Yz ,Y3 P Y|7o
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045 045 0.1 0
07 02 0.1 0
Y, = (045 035 0.15 0.05]--
045 025 0.25 0.05
055 045 0 0
055 04 005 O
075 02 005 O
Y,=|03 05 0.15 0.05
03 06 0.05 0.05
0.55 0.35 0.1 0

MR B0 5 27 5 VP B R Y TR B, 45 B AR
£ K =1{0.15,0.15,0.3,0.3,0.1 | , F%E PE IR 1158 4%
eI s SR . BVA P, =Y, xK

045 045 0.1 0
07 02 0.1 0
P, = (045 035 0.15 0.05| x 10.15, 0.15,
045 025 025 0.05
055 045 0 0
0.3,0.3,11 =10.4975,0.3225,0.15,0.03 | ,

[FIHEAT45: P, , Py, -+ Py

P, = 10.3125,0.5700, 0.1175, 0.0000 | , --- P, =
10.4300,0.4550,0.0850,0.03 | ,

WO B4 25 A s T =P (i HFES SR ) x V!
(118,13,8,3 "), & iT 5 1 MUCRHFE & I IERE
PPo:

T, = 10.4975,0.3225,0.1500,0.030 | x {18,13,8,
31" =14.4375

[FFEA[ 45, T, =13.975 T, =14.8 . T, =142 T, =
13.8875 . T, = 15.7 . T, = 14.9375 T, = 155375 T, =
15.875 . T,, =15.625 . T,, =14.9875 T, =14.7375 T, =
14.8625 T,, =15.9 T, =148 T,  =14.2 T, =14.425
2.2.3 Box-Behnken ZZ4 % 1T 545 5% M HE Box—
Behnken design JF 3, 7242 17 ASSEEG2H , AR 38 X550
b G T IC ], AR AR 257 5 VF A O BB Y 45 20 ) R
18, 45 5 032 8., f#i [ Design—Expert8.0.6.1 R 4-Xf
8 MELHE, ZE Sy R Zon gAY 15 8] Y (L5515
43) HERZRSEAREME (A) ArEEEinis (B) R4
BEI S INEL (C) Z Al 2 W 250 Bl I 4878 Sy

Y pmy = 0.80 — 0.036A — 0.051B + 0.045C +
0.01AB +0.068AC +0.032BC—-0.07A” —0.14B* -0.11C*,
224 FERIEEST SR EM FESPrEE R IR 9,
AT Ty 25 45 M4 R s, P <0.0001 , 136 B 32 56 2 ~7 1)
R Z 1 B )9 7 FRAR A 38 B AR 2K, P (AL
=0.0797 >0.05, FTHH L 0.05 KFE L A3 R =
0.9759 ,R?, =0.9449 {5 0 AR U ] DU i B¢ 94.49% 1Y
ma N AE AR, AT SR 5 1Y 5.51% ASfig B iz A% 18U fif
e, R U UG B AR R 4005 R B 4T, RE A2 UL TR 1 43 7
BAREISEAR IR (A) ArER I (B) R
FE N (C) WA LAER ., 3R 9 BRI A B.C L)
MAZH I AC R I A* (B (C* FLmatl 2 3%, FRIA 4%
H A5 5255 1P 45 Z B AN 2 18] BB g 2R M OC &%, T )
HA —E M B, KT AB . BC Xt Z5 & 114y 5%
ma A2 (P >0.05) o ARYE F{H R/ LEL, B 8 45
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Table 8 Design and results of Box—Behnken

e A B C LEAPESY (47)
1 0 1 -1 0.43
2 1 -1 0 0.59
3 -1 0 -1 0.66
4 1 1 0 0.48
5 1 0 -1 0.49
6 0 0 0 0.79
7 0 1 1 0.60
8 0 0 0 0.78
9 0 0 0 0.82
10 0 0 0 0.79
11 -1 0 1 0.60
12 -1 -1 0 0.72
13 -1 1 0 0.57
14 0 0 0 0.82
15 0 -1 -1 0.57
16 1 0 1 0.70
17 0 -1 1 0.61

PRI 2500 525 RS T 1) 2 RISy < AT A T (B)
> AP AN (C) > SEREIE(A) .

., 19.50 I==="22
205050 s T5 g 9 o 0.051-00"%
2z - 7 . . N
2) 22.50 16.00 .00 CO%%]X%,}%@/O)

B2 SeMES I S5 R AR A e i me B 1 2 . ]
Fig.2 The interaction diagrams of the addition of

Brassica rapa L and fructose syrup
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PR AR i 2 BAR T o FE RV SE MR B &L A1
SRR BN 52 5 ORI 25545 A5 43 15 B 5 )
B, BEAE W A8 0 9 38 O, S8 B2 W X B2 A R
B 355 50 1 A 2 W Dok 553
225 HACBCTT PN S5 86 E 8 id Box— Behnken
SEHG PTATSE I R 2 0 8] J5 R S A B Se AR
FAE S G CRHBE 5 A5 B I R I e S BN - 56 R
R (A) 29 19.49% Frig s init (B) 2 19.26% ,
SRR INEL (C) i 19.34% A FE T 45 21 A0 25
B PP B FUAE A 0.8109 3y 6 ik nii )7 17 452 75 FY
T PR AN R, X U e PE I O BEA T 56 UE S 5, TE
OB T A6 T BEAT 5 IRCFAT S8R, IR S IRAT IR R S
PR B Z5 P2 (0.8132 +0.0042) 73, 55 Tl il (e &
AR —F, RN T Iz R ) S BRI R
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Table 9 Result of variance analysis regression model
T AR 7 A F FAH Pid BFEME
Y 0.24 9 3147 <0.0001 * %
A 0.012 1 13.80 0.0075 # %k
B 0.020 1 23.55 0.0019 #
C 0.016 1 19.20 0.0032 # %
AB 0.0002 1 0.33 0.5841
AC 0.018 1 21.52 0.0024 # %
BC 0.0041 1 4.92 0.0621
A? 0.024 1 28.07 0.0011 * %
B? 0.075 1 89.11 <0.0001 # %
C? 0.053 1 63.02 <0.0001 #
A 0.0058 7
Je TR 0.0046 3 4.89 0.0797
a2z 0.0012 4
S 0.24 16
R 0.9759
R, 0.9449
CV.(%) 4.47

T fURZEFBE (P <0.05) ; #x ARESMEE (P <0.01),

3 #Hig

S S BT P G E AR BRI A AT AR TS A R
TIHE B B Sy S o AR B, Gl B # L Box —
Behnken Wi B/ TAT S 56 , DASDRI R 7 80 E FIEEAL T8 4 00
LR BT 43 S W N AE, X S AT A, A
Design— expert8.0.6.1 {4, g 57 — ¥k 22 11 =X, [\ 9 £
T ARYE J7 2253 BT A5 R R i BB AR W25 (P <
0.0001) , <10 (P >0.05) A @3, R, =0.9449 i B
A R Z AR A L) 5 R B -, T LA B 94.49 % 11 i
22, T (B) R G (C) 5
ARSI AE B 2R AR S i (AC) 125 22 S
Fo SHEFEZW EIT R g i (B) >
PGS (C) > SEMREIE (A) o 25Uk
AL )7 : SEAR W IN &= h 19.49% AP B = R
19.26% , RATHEIK BRI & N 19.34% , 2555 V43 T
B R, B S 56 -5 T B HE A — Z, R W 2R T Box
—Behnken 0 N A DA S 5 SE MR AT ORHAC 7 BY AT
ATPEFMER YL . H AR N PR EC H  E A SRS
YROBHIR T3 B, RGN, UK A, S 80 45 3R 2 56
RGBT Tl A A= 7= $2 4k — @ 5 = AE M, B
38 3o i 7 TET A N7 22 T[] S R 4 AR 43 TN ASE R R 2
G i BT P AR N 48 AR AR, T X AR N 8 AR I H 52
B2 W
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