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Optimization of the Spray-drying and Pulverizing Process of Rosa

roxburghii Tratt Juice
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Abstract: In order to investigate the effects of various process parameters on the quality of Rosa roxburghii Tratt juice during the
spray-drying process, the process for spray-drying and pulverizing of Rosa roxburghii Tratt juice was optimized. Rosa roxburghii Tratt juice was
used as raw material in this work. Inlet air temperature, feed concentration, feed flow and intake air flow were selected as process parameters for
single factor test. On the basis of the single factor test, the powder collection rate, Vc content, flavonoid content and fuzzy mathematical
comprehensive score were taken as the response values, and the response surface experimental design was carried out on the spray drying
parameter conditions using the Box-Behnken central combination method. The results showed that the optimal parameters for the preparation of
Rosa roxburghii Tratt fruit powder by spray drying method were as follows: inlet air temperature of 179 ‘C, feed concentration of 5.9%, feed
flow rate of 0.3 L/h, inlet air flow rate of 30 m*/h. Under these conditions, the Rosa roxburghii Tratt spray-dried powder had a product yield of
30.45%, and their Vc content, flavonoid content and sensory value were 753.96 mg/100 g, 277.70 mg/100 g and 85.95, respectively. It was
consistent with the predicted value of the response surface model. The Rosa roxburghii Tratt fruit powder were uniform in powder quality, bright
and shiny, and had a typical Rosa roxburghii Tratt aroma. The results could be used as theoretical basis for enhancing the spray drying
technology of Rosa roxburghii Tratt and new products development.
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Table 1 Horizontal table of process parameters for spray drying

B4
K HEN ESi i i HERA biizas
BE/C FALM) (b)) REY%
1 140 0.2 20 2
2 160 03 25 4
3 180 0.4 30 6
4 200 0.5 35 8
5 220 0.6 40 10
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Fig.1 Effect of inlet air temperature on the quality of Rose
roxburghii Tratt powder
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Fig.2 Effect of feed concentration on the quality of Rose

roxburghii Tratt powder
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Table 3 Response surface factors and level table

" KF
400 1
#RGRE/C 160 180 200
HHHRE Y% 4 6 8
H#HAEZ(LM) 02 03 04
#RGAEZ/(mh) 25 30 35

FRPER =K P2, FIH Design-Expert 10.0.4 3K+
Wik 29 Ak, RIRLE R NER 4, R
BT — kWi EEE, BEERR(Y). Ve
R HIHER(Ys) BEIES(Y)EHTFE:

(Y1)=30.98+0.63X,-0.43X,+0.012X5-0.60X,+0.37

Table 4 Response surface design experiments and results

X, X0+0.25X X5+0.62X, X,+1.47X,X5-1.38X,X,+0.22X,
X4-3.03X,%-1.77X,°-2.19X57-3.05X >
(Y)=762.81-11.14X,-0.15X,+0.092X3-4.42X,-14.3
8X1X2-9.53X,X3-20.41X,X4+11.00X,X3-50.22X,X4-0.1
4X5X4-165.07X,°-37.96X,°-44.88X57-36.24X >
(Y3)=282.07-4.00X+1.15X,-0.37X3-2.46X,-2.54X,
X»-0.95X,X5-7.01 X, X4+3.94X,X3-19.26X,X,+1.24 X5 X4

-63.13X,%-14.42X,°-17.90X3>-13.26 X4°

(Y4)=86.96-0.57X;-0.60X,+0.56 X5+0.64X,+0.23X
X5 +0.40X, X5+0.77X, X4 +0.80X,X5-2.23X,X4
+0.98X3X4-5.61X,%-3.11X,°-3.28 X42-2.20X,”

SR I B [ V3 7 R PR R AN % R R A R A
(Risem, ot [l U5 5 RR AT 0 255 R b (R 5~8).
< 4 MR AT 548

EH%  X/C X%  Xo(Lh)  XJmh) Y%  Yo(mg/l00g)  Yy(mgl00g) Y,
1 180 4 0.4 30 26.19 657.35 242.30 81.0
2 160 6 03 35 2327 579.72 211.62 79.0
3 180 8 03 35 23.46 626.15 230.80 79.1
4 180 6 03 30 31.45 761.35 284.36 86.6
5 180 8 04 30 2829 696.62 256.77 81.9
6 160 6 0.2 30 2537 556.14 204.99 78.9
7 200 6 03 25 25.49 582.55 214.72 78.1
8 180 6 0.2 35 2520 689.62 249.13 81.1
9 160 8 03 30 2451 577.37 212.82 77.7
10 180 6 03 30 30.95 775.36 280.66 87.3
11 180 8 03 25 27.68 736.42 274.44 82.5
12 180 4 03 35 27.03 731.32 269.56 85.4
13 160 6 0.4 30 25.11 579.65 203.38 79.4
14 200 8 0.3 30 27.09 540.23 199.13 77.2
15 200 6 03 35 25.77 520.45 191.83 80.1
16 160 4 03 30 26.19 562.07 207.18 79.2
17 180 6 04 25 26.04 685.55 252.59 79.4
18 180 4 0.2 30 2891 683.76 251.58 81.2
19 180 6 03 30 30.12 759.33 281.08 86.7
20 200 4 03 30 2731 582.45 203.64 77.8
21 200 6 04 30 2625 520.60 191.89 78.2
2 180 6 03 30 30.44 752.31 281.59 87.1
23 160 6 03 25 25.47 560.17 206.48 80.1
24 200 6 0.2 30 2553 535.21 197.28 76.1
25 180 6 03 30 31.95 765.69 282.68 87.1
26 180 4 03 25 25.72 640.69 236.15 79.9
27 180 6 0.2 25 26.85 684.75 252.39 80.7
28 180 8 0.2 30 25.13 679.04 250.29 78.9
29 180 6 0.4 35 25.26 689.85 25427 83.7
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Table 5 Analysis of variance of powder collection rate and significant results

AR V75 Fa SR P ¥y F 14 P& 2EE
ARA 144.15 14 10.30 38.52 <0.0001 **
X1 471 1 471 17.63 0.0009 o
X2 224 1 224 8.40 0.0117 *
X3 0.0019 1 0.0019 0.0070 0.9344
X4 439 1 439 16.43 0.0012 o
X1X2 0.53 1 0.53 1.99 0.1798
X1X3 0.24 1 0.24 0.90 0.3594
X1X4 1.54 1 1.54 5.75 0.0310 *
X2X3 8.64 1 8.64 3233 <0.0001 o
X2X4 7.65 1 7.65 28.60 0.0001 *ox
X3X4 0.19 1 0.19 0.71 0.4143
X12 59.72 1 59.72 223.40 <0.0001 o
X22 20.22 1 20.22 75.64 <0.0001 o
X32 31.06 1 31.06 116.17 <0.0001 o
X42 60.31 1 60.31 225.61 <0.0001 o
KE 3.74 14 0.27
KIME 1.55 10 0.15 0.28 0.9523
4% 2 2.19 4 0.55
p¥ic 147.89 28
R*=0.9747 R?,;=0.9494
A MR EEE<001); *RTFRE(E<0.05); £6. 7. 8F.
6 Ve BERENMREEMER
Table 6 V¢ content analysis of variance and significant results
THRR 7 Fa ABE Eoba F 14 P14 BEH
AR 193321.53 14 13808.68 89.70 <0.0001 o
X, 1488.08 1 1488.08 9.67 0.0077 *ox
X, 0.27 1 0.27 0.0018 0.9670
X; 0.10 1 0.10 0.00066 0.9799
X4 234.26 1 234.26 1.52 0.2377
XX, 827.14 1 827.14 537 0.0361 *
X, X3 363.28 1 363.28 236 0.1468
XX, 1666.68 1 1666.68 10.83 0.0054 o
XoX;3 483.78 1 483.78 3.14 0.0980
XX, 10090.20 1 10090.20 65.55 <0.0001 o
X5X,4 0.081 1 0.081 0.00053 0.9820
X, 176736.97 1 176736.97 1148.07 <0.0001 *
X, 9346.29 1 9346.29 60.71 <0.0001 o
X5 13062.41 1 13062.41 84.85 <0.0001 o
X4 8517.89 1 8517.89 55.33 <0.0001 o
KRE 2155.19 14 153.94
KM 1864.91 10 186.49 2.57 0.1882
shig £ 290.29 4 72.57
K 195476.72 28
R’=0.9890 R%,;=0.9779
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Table 7 Analysis of variance of flavonoid content and significant results

THR F 7 Am B wE ¥y F1& P& BEM
AR 28170.39 14 2012.17 213.69 <0.0001 o
X, 191.84 1 191.84 20.37 0.0005 o
X, 15.96 1 15.96 1.70 0.2139
X; 1.66 1 1.66 0.18 0.6812
X, 72.82 1 72.82 7.73 0.0147 *
XX, 25.76 1 25.76 2.74 0.1204
X, X; 3.57 1 3.57 0.38 0.5478
X, Xy 196.42 1 196.42 20.86 0.0004 o
XXs 62.09 1 62.09 6.59 0.0223 *
XX, 1484.18 1 1484.18 157.62 <0.0001 o
XXy 6.10 1 6.10 0.65 0.4343
X’ 25855.25 1 25855.25 2745.79 <0.0001 o
X? 1349.23 1 1349.23 143.29 <0.0001 o
X3’ 2077.74 1 2077.74 220.65 <0.0001 o
X4 1140.06 1 1140.06 121.07 <0.0001 o
KRE 131.83 14 9.42
K AME 123.01 10 12.30 5.58 0.0560
thiz £ 8.81 4 2.20
B 28302.22 28
R’=0.9953 R%,4=0.9907
*8 BRENNHESMREEMER
Table 8 Sensory score analysis of variance and significant results
AR 75 Fo A@E B F {8 P {8 BEM
AR 305.70 14 21.84 57.06 <0.0001 Ho
Xy 3.85 1 3.85 10.07 0.0068 Ho
X, 432 1 432 11.29 0.0047 o
X, 3.74 1 3.74 9.77 0.0074 ok
X4 4.94 1 4.94 12.91 0.0029 o
XX, 0.20 1 0.20 0.53 0.4790
X, X; 0.64 1 0.64 1.67 0.2169
XX, 2.40 1 2.40 6.28 0.0252 *
XXs 2.56 1 2.56 6.69 0.0215 *
XX, 19.80 1 19.80 51.74 <0.0001 o
X3X4 3.80 1 3.80 9.94 0.0071 Ho
X 204.39 1 204.39 534.06 <0.0001 o
X, 62.87 1 62.87 164.29 <0.0001 o
X5 69.61 1 69.61 181.88 <0.0001 o
X4 31.42 1 31.42 82.10 <0.0001 o
RE 5.36 14 0.38
% PME 5.01 10 0.50 5.69 0.0542
YhiR £ 0.35 4 0.088
p 311.06 28
R™=0.9828 R%,;=0.9656
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5 E£REREREERXREEZE SISm0 R H E
Fig.5 Response of various factors to different dependent
variables Response surface and contour map
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T3 2253 4 bR 2000 AN [ R A e S 1) Sk 2
Hi F ARSI, p (RN B BRI RS R AR R i\ 25
FEEERR . MK S, 6 Al 7 ) PEATLAEH, #HE
XER . Ve & A & SRR O
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GIFENARRD 5 ARIER S M PEFTLLEH, SHEZFXS
SRR B VEME IR T AR IO X GEERGREED>X,
GIERRREE) >X, GIERUREE) >X; GIERE) , H
R 5 (p<0.01) , 4 ANSZIGAR AL B4 5 2%
(p<0.01), ZRAUI p 1535719 0.9523.0.1882.0.0560
0.0542, ¥JKT 0.05, B, IEHREEIHRZED,
B A R AF . M OR R B RA(Y)=0.9747
R*(Y,)=0.9890. R*(Y3)=0.9953, R*(Y,)=0.9828. #fiF
PERBY s R2Ag=0.9494, Yi: R%2q=0.9779. Yi:
R%23=0.9907+ Yi: Rxq=0.9656, UtHIRIHEHEE
SRS, ERTHE AR, S ARk
BRI TR, HASHNME.

k5 BraR, e e S E EOW 4 R A )
RARE IR, P Sa~c AT, 3R R FE (X)) 5 E A
Xy 2 EAE R, SRR FE (Xo) 5 3 RHi =
(X3)s FHRMBEX)LHWDE, RIHERLEE,
M S 1T R TR B o SSEBH T ISR 55T Aok R 2t
PG SRR R AR . HHIE Sd~5f mI%n, HER
HEX) SRR EX) R B, X RX) S5
KGR (X 1)~ BERHR B (Xo) S HLARR 25« B T A ALE
ST Ve Sraxtidt RS HERRRE .. 3R R
Uk, B Sg~51 n A1, HERRARE(X) SRR E(X)
ZOAEHEE, BN X, SRR (XT). bk
W)X HAFHAWEE, Fm&EMER, T
B TRD SR & B RN R 5 i R R U, Azt
BGRFE SHERNR B K. L B S5j~5m AT LAtk
JRGHRFE (X ) Sk R B (X))« PR (Xo) 5 RN
CG)RH R, HERGEX,) SHPRIREL(X2). HERHR
BOG)E EAF MR, Ead MR, BRI A
TR VP o R AU, LR A 523 XU
B BERNREE. HERRRE IR N LR A
BN, WIS TRRIRLm AR 2 R B
RS2 AR AR R, BRI — D i B ik
AT B BENCH IO, 153 e s 55 T4 T 240

26 KRR

FI %44 Design-Expert 10.0.4 X7 [A] )5 75 F2
Yis Yoo Yao Yo HEATUEER, 19300I A48 551k e 1
T24MN: BEXIEE 179.24 °C, HERHKIE 5.88%,
BERHAE 0.303 L/h, #EXJE 30.28 m’/h, @5
SR E TN AR AT 55 T SR 2 31.00%, Ve
5 762.83 mg/100 g, FEfE A 282.02 mg/100 g, K
TP 86.99 4. FIER|SLEREERRMR, BI1ER:
HEIRSE 179 °C, HERHKREE 5.9%, #EENAE 0.3 L,
HEX B 30 m/ho AAE FABEE TR T 23807 3 Ik
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PATIRYG, 1SRN N 30.45%, RSD=2.52%; Vc
N 753.96 mg/100 g, RSD=1.12%; #E&EAN
277.70 mg/100 g, RSD=2.20%; &E 15N 85.95,
RSD=0.85%. & [AIA% & 1) S B 73 ) 18 1 v Tl
1] 98.23%. 98.84%. 98.47%. 98.80%, SLUEH HHE
WIMMEIN G B . SR Shfabaill e 45 5% 9.
9 EERIERNELER
Table 9 Measurement results of final product indicators

EEEo T E %R
IKRG2Z /% 3.28+0.11
PAFEAT Ve 4&/(mg/100 g) 753.96
%874 /(mg/100 g) 277.70
AE G <100 cfu/g
Tk D FEAT XIATH AAE
BmE AAE

FHELT RIRAE SRR, Wi5 TR & R AR
WK &8N 3.28%0.11%, KTHIZL4AH 6.91%
0.11% Sk 6.93+0.13%%, HA R T4 EY
A IR ) RIS B 5 ko, AN
I RIALAEY Ve S B (22.20%) LT AR5
K IES AR 55 T8 5 I A Ve & &1
SRE(41.70%)0 N LI HIBLmE Tkt 2 oE,
I FAE T 2 S HOM S AR BIE 3 5 AR Al
AT, HHE 2 S e B AR AR RCR L, SEER AR
A EEPE S M

3 Zhig

AT FE R 0 55 TGS A AL - BT PRy T2
W7, 7R ZERIG %A, FAH Box-Behnken H
OHETTERARIRR A B S TR SRk, e T
AL 5 T T 225 HE R 179 C,
BERHRRE 5.9%, BERNATER 0.3 L/, #EXGER 30 m’/h,
FESE AT 19 BRI A4 55 T S 32N 30.45%,
Ve # i 753.96 mg/100 g, & 277.70 mg/100 g,
IREE AL 85.95 73 FIERAS HORIZL SOk i35 50
R BA MRS, FAIRRR S AMEY)

EARPT G EFRER:  HWES TR E T (8, &d
KA Tl AE = AR FT S5 SR n] et A 5 T
BERAR KO BURIAL = AR AR FI B IR ST
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