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Abstract

The purpose of this study was to determine the optimum spray drying conditions of soft persimmon latte using
response surface methodology that is a statistical procedure used for optimization studies. A central composite design
was applied to investigate the effects of independent variables, inlet temperature (X;), air flow rate (X;), and feed
flow rate (X3), on responses such as yield, water absorption index, and total phenolic compounds. Statistical analysis
revealed that independent variables significantly affected all the responses. A maximum yield of 8.11 g was obtained
at 90C of X;, 51.82 mL/min of X, and 7.00 mL/min of X;. A minimum water absorption index of 0.58 was
obtained at 101°C of X;, 60.00 mL/min of X, and 17.00 mL/min of X;. A maximum total phenolic compounds
of 298.02 ug/mL was obtained at 90°C of X;, 43.33 mL/min of X, and 17.00 mL/min of X;. In conclusion, the
best spray drying conditions were as follows: X;, 90°C; X,, 53 mL/min; X3, 17 mL/min. Under those optimal
conditions, the powder’s yield (7.46 g), water absorption index (0.54), and the content of total phenolic compounds

(294.75 ng/mL) were estimated.
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EAl2tE m=

A 7HR-E Al e A, Aot BAE AAT F,
HE A £Z5H &9 30 g, 7 70 g= homogenizer
(Ultra-Turrax T25D, IKA, Staufen, Germany)E ©]-&-3}<]
10,000 rpm, 5 min &< W23}l distilled water} 1:1
H& & SA83th Alxd SAI g E 7127 (Mini
spray dryer B-290, BUCHI Labortechnik AG, Flawil,
|ote] LEsela

Switzerland)Z ©]

s FAZ 2L oS3P] Slel WeE
HEAAHRSM) S AAISH 3, A8+ dudd da9E
B2 $413 A1 € (central composite design)< A3}
o] AAstlth Bz 932 A= ) AH(parameter)
T SHHETFX) T 72719 inlet temperature
XD} air flow rate(Xy), +=F1%7] H}i U= = A15Y
£59] feed flow rate(Xa)E A3t 1, EH A gk
AE el 321, 0, DE ng}o} J CHTable 1). ©] %
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B ARt =2 10719 £ x 218 FAR A
Asto] FEstd SA gt o) 3w, 5T A G (water
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absorption index), total phenolic compounds&

Table 1. Independent variables, and their coded and actual values
used for analysis

. i Coded level
Symbol” Independent variable " 0 "
X Inlet temperature (C) 90 105 120
Xy Air flow rate (mL/min) 30 45 60
X3 Feed flow rate (mlL/min) 7 12 17

VX, Tnlet temperature (C); Xo, Air flow rate (mLjmin); X;, Feed flow rate (ml/min).

A2t Az HHo uet A28k

7A2709) 31580 358 FA o] TAS &

FEETAF (WA &3

R —r(WAI) %— < phillips 5(23)2] ¥l &=
slo] =Hslant. BREAZ B2 0.5 gol| distilled water
(DW) 20 mL=E 7}—6}04 4T, 10,000 rpmoll 4] 2087+ L4
2] (Himac CR21G, Hitachi Koki, Tokyo, Japan)d+ &, %%
o] FAE ot e ol et o] ALtetal

hydrated sample weight-dry sample weight

WAL= dry sample weight
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Total phenolic compounds?| &&k &3

Total phenolic compounds &3 =% -2 FolinZ} Denis(24)
o] Wl F3le] Sl em, A8 1 mLol| 95% ethanol
1 mL*} distilled water 5 mLE % 7}8}3L 1 N Folin-Ciocalteu
reagent(Sigma-Aldrich, St, Louis, MO, USA) 0.5 mLE ¥
Z HoE F, 5% NaCOs 1 mLE 7Ietith §3=
(UV-2550, SHIMADZU, Kyoto, Japan) 725 nmo]| 4] 1A]3F
olfel ZA3sle] gallic acidE ©]&3F F=4{total
phenolic compounds in gallic acid(100-500 ug/mL),
y=0.0061x-0.0823, R?=0.9971} ©. 2 5B} %2 A3t}

SAHX 2

HESRHEAS BF 2719 inlet temperature(X;) 2}
air flow rate(Xo), 7127 W2 = A5 $5<
feed flow rate(X3) = SHWATE A5, SHHAFEA
o e &89 IFHY), TEETAT(Y,), total
phenolic compounds(Ys) & TEHMTE 31 Th Egt o] 59
SHHFX) GFE e FEAFY)E obie 22
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Y =bo+b; X +byXo+b3X3+b1 X1 +byy Xo X +b2n X" +b3; X5X
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2 Age] nE BAREMI 2 3}= Design Expert
Ver.10 software(Stat-ease, Minneapolis, MN, USA)& o] &
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2n o D@

2RUXE 0|28 EA2tHe] 225t
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o2 dAste] =EH 16719 AEFof Az e
H &~

S| (Y1), TEFTA4(Y>), total phenolic compounds
(Y;)= Table 2¢} 2t} #7025 53 SA| g 2o
SHUFE] T, F25545, total phenolic compounds)
o th3t 39 2]2 Table 37} 21 AYAFR)F-S 217t
091, 071, 0730190ch. EFAZ A FAehy Fe] 54
of mh2 7 SY¥MGe] dFH S Y& Fratios Table
4ol GERNSITE Be] 35 RFAF BR0
[e]

Z 3 F A5 EAE I #Ho] & air flow rate®]

o)

dakS 78 Zo] ¥gkom, total phenolic compoundsE

[e}
TRAZ UE s = AR F35ES feed flow

B|=at

PPz 20 247 gt 42 A g Bl
3| 2.17-8.03 g9 W& UEFSE O 1 (Table 2), ¢l 3
H AL inlet temperature(X;) 90T, air flow rate(X)
51.82 mL/min, feed flow rate(Xs) 7 mL/min & wj, o) 3k
8.11 g°]TthHTable 5). Fratio= {21 W4 ZF air flow
rate(Xo)7} 251212 7P & gk YERY] wEel|
ojFog 7MY & P Wttty sl on, o o
£ inlet temperature(X,) 7.83, feed flow rate(X3) 3.815= ©| %]
TH(Table 4). Z12] 3L Table 32| 3]#2]3} Zo] Ua}g}ol A
EY 49l inlet temperature(X;)$} feed flow rate(Xz) & 7+
280102 air flow rate(Xo)= =71221 02 Yelylt) =
3l inlet temperature(X;)<} air flow rate(Xp) = F3 21 &
2h-g-5- 1.0 1HA feed flow rate(X3)£ inlet temperature(X;)
9} air flow rate(Xy) =F o4 Fo48-3 Bt
A& o) A= inlet temperature(X,)7} S71&55 A 2hy|
Bubo] 3kl 7HAdlo] Papadakis 5(25)2] AE®E F2

% FAH AFL etk AT BRAR A F2
Az5A 93 A27)9) ol e waske g
3} ek, RaelE el S4e dnte] BY e
o) fre] o] £ Ajo]s) welo] Bom, Bie] 2Kl
ewnhEW w7} 10T ol &, oo A2z

Table 2. Experimental points of the central composite design and
the experimental data of soft persimmon and milk mixture
manufacture under different conditions based on the central
composite design for response surface analysis

Variables
No. X X X total phenolic
Yield (g) WAI compounds
(g/mL)

1 20 30 7 37 071 246.39

2 120 45 12 552 0.75 290.66

3 0 60 7 1317 0.65 268.52

4 0 30 7 242 072 275.35

5 120 60 7 4.99 0.60 272.62

6 105 45 12 591 0.65 248.85

7 120 30 17 274 0.72 269.34

§ 120 60 17 6.36 0.57 270.98

9 9 60 17 6.33 0.60 293.11
10 105 45 12 578 0.65 261.97
Ir 105 60 12 6.04 0.69 267.70
2 105 45 17 6.29 0.63 275.08
13 90 45 12 8.03 0.64 27426
4 105 45 7 744 0.65 255.68
15 105 30 12 225 0.67 24393
16 90 30 17 217 0.59 292.30
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Table 3. Polynomial equation caculated by RSM for spray dring of soft persimmon and milk mixture

Responses The second order polynomial” R
. Y=-8.2-0.205X,+1.275X,-0.804X5+0.00122X,X; - 0.01046X,X,+0.0146X3X3-0.00234X,X,+0.00283X,X5+0.00258
Yield (g) XX 091
WAI Y,=1.20-0.0138X,+0.0081X,+0.0056X5+0.000079X,X,+0.000005X,X-0.00162X3X;- 071
0.000107X:X,+0.000256X:X;5+0.000056X, X3 ‘
Total phenolic compounds (ug/mL) Y;=1174-18.61X,+1.69X,+4.53X3+0.0848X,X;-0.0336X,X,+0.080X;X5+0.0188X,X,- 0.0337X, X - 0.0282X,X; 0.73

DY =btby X by X+ bsXstby X b XoX b Xo bsi XX +bss XsXatbssXy

Table 4. Regressive analysis of variables used to determine
optimal spray drying conditions

F-ratio
Responses X, % %
Yield (g) 78370 251217 381°
WAL 636" 3104 13.50™

Total phenolic compounds (ng/mL)  7.66™ 6.79" 21.06™
“significant at 1% level.

VSignificant at 10% level; “significant at 5% level, ~

LA air flow rate(Xo)7} S7FEFE 3| o] F71et=
AEe Bolon 53], fEldo] Xt B %9 2]
7} 7V 242 90°C2] inlet temperature(X))2F 7 =2 60.00
mL/min®] air flow rate(Xo)o A HHgte] 3rd= Ielst

Foh BEAz ol B Ak H 2 i) BY
Az7] ol ol thg B AAlE A&H o S
o}, SR 9 ERA 2] 88 B3} air flow rate(Xo) 2]
S50 AE-gES vHEolA] dof| FaE JAtE wef st

=l
Hm

_I
F

Table 5. Predicted values for optimum condition of maximized responses to variables by ridge analysis of their response surface

Extraction condition

Responses

Xi Xs Estimated responses Morphlogy

Yield (g) 90 51.82 7.00 8.11 Maximum
WAI 101 60.00 17.00 0.58 Saddle point

Total phenolic compounds (j1g/mL) %0 43.33 17.00 298.02 Maximum

8
=
z
=

Yield g

<. Feed flow (mbmin)

Yield (g

A lnlet Temp. (1) C: Feed flow {m¥min) B: Air flow (mi/min)

Fig. 1. Response surface analysis for the effects of spray drying conditions on yield (g) of soft persimmon and milk mixture.

A, response surface plot of yield showing interaction between inlet temp. and air flow rate; B, response surface plot of yield showing interaction between feed flow rate and
inlet temp.; C, response surface plot of yield showing interaction between feed flow rate and air flow rate.

LA A- o] FRIHATH?26). o|H 3t EA2 erslEe] gk
< Bo] wron 53] I, ¥ =3y} 22 o dHIE
FEE AEF2 fElde] 9‘4—7} uﬂ( 7). o2 m]Fo| Hol
2 Ao FAl TiEo] e HBoz Qg
o] g feEldo] 2ot W &k JEE = B
A2719] inlet temperature(X,) ¢} 2fol 7} 2S4= 348k
o] Z713F Ao w FHH) w3 Fg 1A2] Whe-Fw 1

@) TEpA B Aol E B gre] AAE S Hasks

=
7] 9%l inlet temperature(X;)7} FSFE, A AT-H S
913 air flow rate(X,)7t ESFE 3|Go] Zrlets o
2 ddEch

TEETAIT(WAD

wLe) F490] A9 aaking A YL Fredtn A
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do] ol (29), F& FEFTAFE T8

aQlo R delA] UTH30). Wi HES AFshE o
o]-§=|7] wjiZel Eell A AY g8lE = Aol

@Bl HZ2ZY 54L& EAL AERA R wjEHA] &
JE| 2 fre] 2 Ael(glassy state)2] 1A S olnlsl=t] B Z
A Fatol Aa 2R ol 245 YA AdErt
FolA7] wiol| FEFTAITTE SolrIth32). webA
E5TAT7E B FE2 UF dAE A dst =& &
FaEE 9 793 AL EE UERITH33). FEETAIT
£ 057-0.759] M2 JEFE oM (Table 2), <l S5H HA4H
< inlet temperature(X;) 101°C, air flow rate(X;) 60.00
mL/min, feed flow rate(Xs) 17.00 mL/ming ™, & 437t 0.58
g | tHTable 5). Fratio= 821 W4 3 air flow rate(X,)7}
31042 7HE =2 #s YERHSY] wiZel frelH e s 7t
2 e TuTa skl em, 1 v feed flow
rate(Xs) 13.50, inlet temperature(X;) 6.36 <=°] 1 TH Table
4). 18] 31 Table 39] 3]A2]3} o] Lafgtol|A Sy
inlet temperature(X;))© #4200 2 feed flow rate(Xs) 2}
air flow rate(Xo)® F7leQoz Yelgty T3 inlet
temperature(X;) <} air flow rate(Xy)= 829 F o288

dexniFanr
C.FoudfowT 12

WAl
WAl

T

T2
/ A nlet Temp. (T}

B: Air flow { ml'min) o

s . -
b 2
L) * B: Alr flow {mlmin)

ey C: Faed flow {mimin)

HQl vk feed flow rate(Xs3)E inlet temperature(X,) <} air
flow rate(X;) 25 S8 AQ Ao 28-S B3t Fig 2A9)
WS- o] 74 air flow rate(Xy)7F 60.00 ml/mind
ul, inlet temperature(X,)7} oA 45 FESFAFE T
43199 2™,  Santhaalakshmy 5(34)2] jamun 353
Phoungchandang®} Sertwasana(35)2] A7rS5 % FAFSH 73
2 YeRNIIT) olefgt dute £Ee freldo] &9t
inlet temperature(X,)2] 2|7} S71&4E Al2e F282
el (glassy state) = P& WgkE|o] o] IH HAG S
HstA 7] = A3 Aol 3Utk36). olH g B HEA <
W= Bx 5 AR S84 Erdxr] e
o] A 7| BR SA e 7 Ao 7 B

2o] AstE A HLhET).

-

Total phenolic compounds

Phenolic compounds= 2] & Aol EA|sk= 22 dAMHE
2 flavonoids, catechin, tannin F2 3A E£FEH, 3]
742 gallic acid, catechin, epicatechin, epigallocatechin,
catechingallate, epicatechin gallate 2 epigallocatechin gallate
ol FrEo] wEhA], Add A9 oy % e 59

Fig. 2. Response surface analysis for the effects of spray drying conditions on WAI of soft persimmon and milk mixture.

A, response surface plot of WAI showing interaction between inlet temp. and air flow rate; B, response surface plot of WAI showing interaction between feed flow rate and
air flow rate; C, response surface plot of WAI showing interaction between feed flow rate and inlet temperature.

an (pgiml)

phenol con. (ugimb)

p

A Iniet Temp. { )

C: Feed flow {mémin)

phenol con (ngimby

= z

A Inlet Temp. {2} C: Feed flow (mimin) A A & E: Air flow {miémin}
7750 30

Fig. 3. Response surface analysis for the effects of spray drying conditions on total phenolic compounds contents (ug/mL) of soft persimmon

and milk mixture.

A, response surface plot of total phenol contents showing interaction between inlet temp. and air flow rate; B, response surface plot of total phenol contents showing interaction
between feed flow rate and inlet temp.; C, response surface plot of total phenol contents showing interaction between feed flow rate and air flow rate.
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o] e Aew A Avh38,39). 3T total phenolic
compounds?} #-2 82 Aol Wty el
Az, 7t 59 3 5 el =l 7] 4 rh40). Leon-Martinez
T@De] A W2, FRaxeE A8t 1285
HEshe AlRte] & dxapgol - wheba 2)F9] g
A ookho] £24lo] Aom R ol W7HE A Eo] B

of F&3ttta LA Ut olof & ARdA = EFdx
Al Ak 120T o]y n2o] dFox= dof wzhst
phenolic compounds®] SHHEE YolH 1AL total
phenolic compounds ¢+ S8kt O A¥ ERHAZ
Z71e| mE total phenolic compoundsE 243.93-293.11 n
g/mLe] M Z= YEFHTH(Table 2). olw] 8342 inlet
temperature(X;) 90°C, air flow rate(X,) 43.33 mL/min, feed
flow rate(Xs) 17.00 mL/min¥ ], 2tk 298.02 pg/mLo =
o] 2% 1 tH(Table 5). Fratiox= 291 W = feed flow
rate(Xs)7} 21062 71 =2 k& YeRIZ] wfZel <]
Aoz 7P & Jas wdtta siAsg o, 1 v
inlet temperature(X,) 7.66, air flow rate(X,) 6.79 <= ©|th
(Table 4). 12|31 Table 39| 3]7]2]7} o] U A] 51
=9 inlet temperature(X))E A0 2, feed flow
rate(Xs) 9} air flow rate(Xp) & 5712910 2 YElhylt) et
inlet temperature(X;)¢} air flow rate(X;)= &8 2 <1 52t

Inlet Temperaiure
90 98 10Z 108 114 120

3|2 A24A A7E (2017)

25 129l W feed flow rate(Xs)E inlet temperature(X;) <+
air flow rate(X;) 27 44 F&28-2 B Fg.
3B9] WHE-EW )39} Zo] FU 3t inlet temperature(X;)
o[ A feed flow rate(Xs)$} total phenolic compounds %+2]
Hlg|#A S geletelth. 53], 7P 22 2%21 90T
inlet temperature(X;)¢} 7} =2 60.00 mL/min®] air flow
rate(X,) 9| A1 2 HEk2] total phenolic compounds= 29135}
%t} Fang¥} Bhandari(42)2] bayberry juice®] H%-11% 3}
% % total phenolics compounds®] 4] &2 96% % 2 A¥
7 A 73S Rk th o] = inlet temperature(X;)7F
W31 feed flow rate(Xs)7F =352 G HE A7to] go}
Z Wt ol g} o] A %7 vl do oJdt JE
o] Wigly} 7] WjFom HAtEh

EAl2tm e 22st x719| &35}

FHF =el g e B 2 3
phenolic compounds, F& TESFTATE 2= F
Ao me|atth Fig. 4t ZH7te] EgRls
271 9] FERTFE xF, yFH o8 Aste] 3
24 =2 353 total phenolic compounds, St
FAFE zhe A2 wtAe] Al o2 FH 6T
< HA At BE v digh HRE dAA o

23} total

i

¢

Alr flow rate Feed flow rate

20 32E 42 4B 54 BOD ‘£ o 11 13 16 17
1 1 | I | 1 1 1 1 1 1 I | 1 1

Design-Experd Software 1000
Factor Coding: Actual
All Rezponses

0.600 -

0.400 <

Desirability

Actusl Factors 0.200
-Inlet Temp.=920.D0041 0.000
-Afr flow=33 0703

. .
0.800 \\_/ :

-Feead flow=17

=
Desirability=0.923977 = ¥4
Yield {(g=7.46393 - 4
WA=D.521905 2+
Phenal con. {Lginl =204 752 0
094
o 0.8+
ﬁ 0.7+
4

Phenonl cencentration

Fig. 4. Process optimization curve for spray drying conditions of soft persimmon and milk mixture.
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d

N3l F 28 9]l HEED)E 0927 YA &
< FAE YRt 2 550 HAH 202 H
2 3}et A3} Fig. 49+ 2©] inlet temperature(X;) 90C, air
flow rate(X,) 53 mlL/min, feed flow rate(X3) 17.00 mL/min=
AR E AT o]¢F 22 HAH A oA SFH FEAF
= 35 746 g, FEEFAS 054, total phenolic
compoundsi= 294.75 pg/mL 2 o= ¢l

i

2 o

AT Al EEste] HAxd A e At
TS A EAAHRSM) = o] &3t e, SHATE inlet
temperature(X), air flow rate(X,), A &2 FHFEE] feed
flow rate(Xs) = Aot TEHTEE SFHY), TEF
FA]4*(Y>), total phenolic compounds(Y3)E A% 331t} 2+
TEH | E 3 A2 BT p<0.001 FEolA 79143
o] JNAHIUTE. TAletw o] 75 HFo] FHale] EHe
Aol 7] Wi frejde] 29 ixte] ¥ 2%

Aol7h ess Hede golzlon, Bk 24w
SR e Z7hee] FREFATE Sobirh B e

inlet temperature(X;)$} =2 feed flow rate(Xz)= YA
B 2r9l do] HE AI7HE BF 30 total phenolic
compounds®] &4 # 48] slGith 7t SHETet TE5H
o] 9SS e = vt RH IO 2 E o] 83l A
B3l 275 of| =3 A3} inlet temperature(X;) 90T, air
flow rate(X;) 53 mlL/min, feed flow rate(X3) 17.00 mL/min=
A% = At

ZAtel 2
B oepe w254 3EATARI(PI011629062017)
o) A9 <& o] Fold APk
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