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Optimization of spray drying process of dateplum persimmon powder by

response surface methodology
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Abstract: In order to improve the drying effect of Dateplum
persimmon powder through enzymatic hydrolysis followed by spray
drying. The results showed that the total soluble solids contents of
dateplum persimmon hydrolysate was 65.89% , when the hydrolysis
was performed using 0.2 % multi-enzyme(pectinase and cellulase) for
90 min at 45 °C and initial pH 4.5; after preconcentration to 16% ,
the hydrolysate was spray dried at an air-inlet temperature of 176 C,
under adding the amount of gum Arabic of 53% and feed rate of
818 mL/h, resulting in a powder yield of 26.89 % with water content
smaller than 5%, and high suitability for long-term storage. Such
combination of enzymatic hydrolysis and spray drying could be effec-
tively used for the processing of dateplum persimmon powder.
Keywords: dateplum persimmon; spray drying; enzymatic hydroly-

sis; pectinase; cellulase

BN B ETF, FESNE BRI,
B 1T F (Diospyros lotus L) &= Ri B4l J& ( Diospyros L&

EETE:HE AR RS W ETH (45 :31671907) ; 31 F 4 &
BB A B SR 1150 %% B (48 5 - 16IRTSTHNO009)
EEBAN T/ T m B KA e B g
BREES AR BRAITI—) B T E R K2 W+
E-mail: guangyueyao@163.com
Y FE B H#3:2017—04—10

WRFRARD T, A R AR A A AL T AT AR R K 7
MY PR BB RN R KA
R R0 PR AR A R R AR G g T L 4 R 40 T A
3 IR (b R LN NS E U0 R B e R e = - i
HE T AR v L R PR R . XS B A B B
FRIE A A A E AR, BOER A M 45.70% . R IK
3.00%~3.84% E MR 1.83% HEHK 41.00% AT 0.98%,
Ve 97.9 mg/100 g, Hii Ve Fi 2 F R A B KR 1
14~32 50, Hk, BEME FM AT, 22
EE PR R EOR, TEPE L ERE TR RERR
FH B SRR 35 4 43 W5 X RN RT SR B A B R IR B E
FEEZHEN .,

T K A BT R R AR R R R
2y B T g R R R 2 R IR e B i R
W B RE R L A AT A R A B R AR R
BRI TR SR A A R W AR T A A B
R T A SR U T A o R 3B A 0 AN TR RE ) B IR L DT BRI 2R
WA M RS E S0k B LY, BIE T REAR
Hg& T et e B, ) Z R TR TR h T
PR T4 3 4 S B 55 88 25 YR ik R AR T
YR IR R R B AR AR B 3E BT A O R T
B ERG 75 I8 I8 TG A S B T A E R X B BR ROk Y
My iR, GEAHYRE LA RRET LR
Fitg 53 fif by £ 4 Wl R £F 4 B2 R OWE S5 U5 AR AT A i A 2
B o PRACK 2 BB W AN A A R EEAL PR )5 L AR B T M DR
o R AR T RO WS TR AR R R AR R

HAl. s E e F L= R EmE. WA AAL
TR B AR TR AR AR ) T 2 R W55 T8 R R T
TL2S TR AR 48 20 40 5 B FH o8 ol ke T A 7 40 R A
ISR 73 I O U A R - @ B | I A SN
FEERTS {H ST AN TR IF 5T A o BB R Y BF 5
i HRTE T . AR R 0 L SO SR, R B A T A B

207



&R

2017 5% 6 1

W5 25 - g e AR O ) P R R R A R A TR S 5F T
T AT Ak - e 1 TR B L BT R4 e s i 2 R gt R 9
S OGS0 S W S TR A AR R 0 BT AR AT R R
.
IR >} & RS R7 S
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S T E 52 T4 L SP-1500 T8, | ¥ 43 52 3% 45 A PR
NEIR
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FTI AL MJ-BL25B2 B, 5 (1 i 25 A5 PR A
1.3 A%
1.3.1 TZ A

ZR>FR IR R R B> s>
B A — 35 i (20 MPa, 10 min) > # % (—0.1 MPa,55 C)—
% TR 2 Rk
1.3.2 BAEZ R XPBAFR 70 ‘CoKEALFE 2 h, 8RR B

Fo oA E TR AT I OB L 10 2 (g/mL) ], *tfﬁﬁﬂ’\

I — 7 W B A I A R R 0.2 %, A
W pH 4.5, 183 50 °C, @i 90 min J5 . & IR K B 15 min, Z
Jo o R B AT SRR AT WSS TR AL I
1.3.3  WEZE T H A MM A R R R I Bt E i Bl
5, TR 065 55 M 1) A S B R O S B R R B 5
i 3 AT B

(1) HESREE < 15 AR & 2 900 mL/h ABHK B
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By BT e SR RAE 170 CIbib e R AH . PN R AU
R IR 23 T TR LI 32 2l Y T FRR B A R ) T
TR o 7K 5 2 2 8 S R 0 T i 8 7 ot 49 3 5 7 ok UL EE
8T 170 "CRIZZMET A R MBI B R, BARE W
W8 55 T 6 JoE B8 DR O 3 BE ) R AT T I 1R AS REAE T MR 3K
P98 4 T TR 432 T IBURL ) BE ARG RE B A, ™ i AR AR OJF B
TEME 55 T I e v SRS R A0y PR J5 R 75 by K P i 9
RHEE PEREVRRBL A s e BE IR = T 170 CRIE LT . BiR
HECULBE AT TH 5 - SR A R BRI i B T RE R E R
TR E I DR 2 {68 5 i 0T YRR 0 O B B O IR L O BB
OB PRI AE T 1R 2 N7 A B R AL B 4 L 1 B R Y
IABHBEI G 5 H R B Tl 25 1 WS 55 T R E T 4 A
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Figure 1  The effect of inlet air temperature on powder yield
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Figure 2 The effect of adding quantity of gum Arabic

on powder yield
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2.1.3  ABHAUE X AR SR Ry 3 AT B A
PR A3 O RO R R B TR e T R i TR
FE e 2 1R R A ZE M 0L T ACRH B PR XGR BE
REAR ™ BB 25 T 5 P a8 O B ST 43 B il K 73 AN RE 26 R 1)
JE I PEBE™ R RE LR 38 2 T B A AHOR 22 3 AR
B AR EEAR . ACKLL S A8 I TR AR o B BRAR L HUE R
BB . A b BRI i 800~900 mL/h,
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Figure 3 The effect of the material flow on powder yield
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Figure 4 The effect of the material concentration

on powder yield
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#& 1 BoxBehnken i3 i&itE&E 5Kk F
Table 1 The factors and levels of Box-Behnken design
i Xy # R XoBTHifa e Xs ARG &
i K P . . .
i/ C W/ % (mL+h™ 1)
—1 160 0.45 800
0 170 0.50 850
1 180 0.55 900
2.2.2 MR SRR S oS B E R

AR A1 W, LR B 2y 2 G AR - R ] Box-Behnken
I BTt AT W AT . HOR IR G AR R 2.

Z A G AR R 2 B H R

Y=30.84 — 1.54X, +5.97X, — 1.47X5 — 0.46X, X, —
X, X;+0.015X,X, —8.25X% —4.24X3 —1.64X%, 5
2.2.3  RAUKR M ATy 25400 B L i A AT R 3 AT
A IR [BIABLE (P<C0.000 1) /& B 5 %, 7 H 2 #8135 (P =
0.190 5>>0.05) /A B %, [ JH R 4 R* = 0.981 4, Riy =
0.957 5, # B % [n] I3 455 20 7] LA A B 95. 75 %6 ) Rf T A4 AR
AT b ] A A R 5 R 4L A ORI W DA
T 5 7 R AR 6 O 1R 5 R AT AT

i 3R, — YR I X, L ORI XE L XE A I B 4 5
Wi 1) B 2 — R X L X 5 RO X R 8 2 R i
E R DO N R A TR N N S5 T
T FE BT R AP B s o R AR IR B X 3 3 45 R R ) 1
o 3 AR X IR 5 45 SR R R B R USRI R A IS S
PR E > AR,
224 HHERMZEAENXNBEHERFEWNFZmE  HE S
AL B E ACEL U B 850 mL/h, 7E S BE AT BT R AR
JBEVAS T 7S DR B o ) 6 0T R RS I 4 R R S i ) U
A I HL SR B B A AR N = 4y I AE1T1~176°C |

*& 2 DBoxBehnken iIXEiZit 54 R

Table 2 Box-Behnken experimental design and results

e X, X, X, Y/ %
1 —1 —1 0 12.89
2 1 —1 0 11.11
3 —1 1 0 26.51
4 1 1 0 22.89
5 —1 0 —1 24.12
6 1 0 —1 22.68
7 —1 0 1 21.23
8 1 0 1 15.79
9 0 —1 —1 19.89

10 0 1 —1 31.02
11 0 —1 1 18.88
12 0 1 1 30.07
13 0 0 0 30.82
14 0 0 0 31.56
15 0 0 0 30.77
16 0 0 0 31.94
17 0 0 0 29.12

0.50 % ~0.55 %0 i . 52 B A M K AH 5 H1 &1 6 B 0 5 BT it
AR L Sy 50 00 I I 5 a0 <UL B 1 38 o0 4 R SRS 1
JEU MR BEAE 173~178 “CHf AR Rk i & . BB &
ABHR IR ERFEEARHMA S E B TRE HE 7
R [ BEACIRLEE Sy 170 °C L BEE ABHA I 1 KL SRk R e
TIN5 820 B R AT B R e 3G L AR R R R e TS S
e TR E 1 e 2 AORE A 5 R R A B S m 43 3 7E
870~878 mL/h.,0.50% ~0.54 % It , B ARy Y 42 03 R 55 3 o
KAHE.

xk3 BEBMEMEFESHTE
Table 3 Anova table of Dateplum persimmon powder collection rate
Ji AR 5 A ¥yor F i P {H i K
X, 18.85 1 18.85 9.56 0.017 5 «=0.05
X, 284.65 1 284.65 144.43 <£0.000 1 a=0.01
Xs 17.23 1 17.23 8.74 0.021 2 «=0.05
X Xy 0.85 1 0.85 0.43 0.533 2 TS
X; X; 4.00 1 4.00 2.03 0.197 3 NTES
Xy X; 9.00X10* 1 9.00X 101 4.57X 1071 0.983 5 NS
Xi 286.65 1 286.65 145.45 <20.000 1 «=0.01
X3 75.73 1 75.73 38.43 0.000 4 «=0.01
X3 11.27 1 11.27 5.72 0.048 1 «=0.05
Comm 72751 o 80.83 1.0z <0.0001  o=0.01
o2 13.80 7 1.97
EZ080 9.10 3 3.03 2.59 0.190 5 FNTE S
2R 2% 4.69 4 1.17
B R 741.30 16
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Figure 5 The effect of X;and X;on powder yield
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Figure 6 The effect of X;and X;on powder yield
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Figure 7 The effect of X, and X; on powder yield
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PR - BESREE 176 °C L B RL A R &t 53 %0, AkRHiR &
818 mL/h, HRHEME IE (¥ fe AR T4 A% 14, SEE 3 IR T 2 98 UE 52
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5 %% » 2% B o o 18T A6 Ak 1 2% PR FTAT Y
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