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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 Xj, 60.00 mL/min of X; and 17.00 mL/min of X;. A maximum total phenolic compounds
of 298.02 pg/mL was obtained at 90C 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, 90C; 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 pg/mL) were estimated.
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ZA2td A=

A9 7HER-E Al g A, Ak, HAE AAT T
Hao] ] 859 89 30 g, 5+ 70 g= homogenizer
(Ultra-Turrax T25D, IKA, Staufen, Germany)E ©]-8-3}<]
10,000 rpm, 5 min &<+ A S5 distilled water} 1:1
HlER At Alzd A E 527 (Mini
spray dryer B-290, BUCHI Labortechnik AG, Flawil,
so] Ruastech

Switzerland) & ©|-&

FAue) 27 PRz 28E o33 dal B
MEAHRSMS AN, 4P duaE Ans

EWE 34134 A 2 (central comp051te design)= A18-3}
o sttt BFdzxdd d&FS vX = 3 AKparameter)
ol Ao SHHFEX)E EFA 2719 inlet temperature
(X)¢} air flow rate(Xo), EFA 27 H]E == AlEe
&£x9] feed flow rate(Xz) % 23 3FA 11, SHHSol tigh
Ad HO = 3TA I, 0, DE F35.3}5} tH(Table 1). ©]| 3
A AT H o2 %ﬁ@—’u‘—t 20, &9t e W 4o
AR s] 22H 1672 BRAZ A4S T2k9 2 2
Hste] sl SA 2hd 2 ﬂ?%’c, T EF A S (water

absorption index), total phenolic compoundsE =7 351 T

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

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

”Xl, Inlet temperature (‘C); X, Air flow rate (mL/min); X3, Feed flow rate (mL/min).

= 53

Al Az Y wet Alxsta B § &
FAz719 35 ded SAg 2] FAE 54
skt
T2ETXT(WAI &3

FEETTAG(WAD) 572 phillips 5(23)2] Wl &
st Aokt BFdx B¢ 0.5 goll distilled water

(DW) 20 mL—g H71ske] 47T, 10,000 rpmol| A 2057 14
£-2)(Himac CR21G, Hitachi Koki, Tokyo, Japan)&F 3, 32
Eol FAE ol ofeet o] Aitetairt.

hydrated sample weight-dry sample weight

WAL= dry sample weight
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Total phenolic compoundse| &2 &3

Total phenolic compounds &3 =72 FolinZ} Denis(24)
o) Wel F3ld st em, A& 1 mLell 95% ethanol
1 mL¢} distilled water 5 mLE 3 7}3}3L 1 N Folin-Ciocalteu
reagent(Sigma-Aldrich, St, Louis, MO, USA) 0.5 mLE ¥
2 AolE F, 5% NaCO; 1 mLE 7tk S8 %=
(UV-2550, SHIMADZU, Kyoto, Japan) 725 nmel 4] 1417k
ool FH3l] gallic acidE °©]&3 FET214{total
phenolic compounds in gallic acid(100-500 pg/mL),
y=0.0061x-0.0823, R*=0.9971} ©. 2 FE] kS gakalg]ch
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(Y3)= Table 29} 2t} #FUXE 53 SAlghd| 2o
SHHFE] T, &A1, total phenolic compounds)
o] gt 3]914]& Table 37} 21 AHAFR)FE 217}
091, 0.71, 0.73°| At} EFAx A] A g Fde] &4
o & 7t 534 93 S Ve = Fratior Table
4o YepfiIth 229 33y FEEFATE 74
= 1y T A189 FAFE I Bl = air flow rate®]
F&FE 7H Wol wrekom, total phenolic compoundse

A7) YR fds e A5 3355 feed flow

L
5
H

FRx 205 47 defsto] &2 S e

H A3 L inlet temperature(X;) 90T, air flow rate(X2)
51.82 mL/min, feed flow rate(Xs) 7 mL/min & wj, 2 gk
8.11 go|lti(Table 5). Fratiox 891 W4 3 air flow
rate(X)7t 251212 71 & ghe YERASLY] wEel
- oz 7P & JFFs Lotk slAste e, 1 vy
< inlet temperature(X;) 7.83, feed flow rate(Xs) 3.815= |}
TH(Table 4). Z12] 3L Table 32] 3] 2]3} o] U} A
Z YWl inlet temperature(X;)$} feed flow rate(Xs) = 7+
2 Q010 7 air flow rate(Xp) = 712210 & Vel &=
3l inlet temperature(X;)<} air flow rate(Xo) = F-8 291 A&
Z2+-8-5- 1Ol WA feed flow rate(X3)E inlet temperature(X;)
<} air flow rate(Xz) 257 2840 F5 &2 Bk &
23 | A& inlet temperature(X,)7} S7FHE A 2|
T2 B4 7H26le] Papadakis 5(25)°] A3
o} FAke AES Btk e B A

AzEA] &z dxr)e] ] Wi 128 2
2} v st F2kele gl B2 Ao 11
o} fr2] Aol 2% Apole} Fhdo] 2l om Futol
SEHT A 2571 10T o1 =5 u, 9t

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
(ug/mL)

1 120 3 7 371 071 246.39

2 120 45 12 5.52 0.75 290.66

3 % 60 7 137 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

8§ 120 60 17 6.36 0.57 270.98

9 0 60 17 6.33 0.60 293.11
0 105 45 12 578 0.65 261.97
1 105 60 12 6.04 0.69 267.70
105 4 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
5 105 30 12 225 0.67 243.93
16 0 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') 'S
. Y=-8.2-0.205X;+1.275X>-0.804X5+0.00122X;X; - 0.01046X,X,+0.0146X3X5-0.00234X,X,+0.00283X,X3+0.00258
Yield (g) XoXs 091
WAI Y,=1.20-0.0138X+0.008 1X,+0.0056X3+0.000079X;X;+0.000005X,X-0.00162X:X - 071
0.000107X,;X,+0.000256X,X3+0.000056 X, X3 :
Total phenolic compounds (ug/mL) Y3=1174-18.61X,+1.69X,+4.53X3+0.0848XX;-0.0336X,X,+0.080X5X3+0.0188X, X5~ 0.0337XiXs - 0.0282X:X;3 0.73

DY =yt X b Xo+bsXtbu X +bm XoX +bXa +bs XaX +biXaXo+byXs'.

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

F-ratio
Responses X . <
Yield (g) 783" 251217 381
WAI 636" 31.04™ 1350
Total phenolic compounds (jigml)  7.66 679" 2106

Sionificant at 10% level; “significant at 5% level; " significant at 1% level.

LA air flow rate(X2)7t 575 3| o] Sk
A Belon 53], fejxo] 2xe AW 2x0] Ao
7} 718 242 90C9] inlet temperature(X))<} 71 =
mL/min®| air flow rate(X;)oll A ZHAzke] 3|5
Aok EFAxE oA 2 Gk J2E 9
Az27] "of| #olx E}" v‘i'—“* 3 S
1

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

Extraction condition

Responses

Xi X3 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 (11g/mL) 90 43.33 17.00 298.02 Maximum
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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.

B AL FRIETH26). o8t 542 vhrsiEe] g3k
& Wol wov, 53] #d, TuTH 22w TR
EFE AFE o] 57t Bk, o2 nlFo] Ko}
B Ao e Al g JE HFog o Bt
o] & fejdo] 2xof B %o P v B
712719] inlet temperature(X;)<} Aol 7} 2H&45 3|57
o] Tkt Aow FHHT) H3h Fg 1A9] W3 18

28). Wb B A= B date] HAHS H 433
7] 913} inlet temperature(X;)7} FSFE, Ho) AT-3EH S
3l air flow rate(Xo)7} =252 3#Fo] Zrlsle Ao
= gddd

E47IT(WAD)
ol F4go] W caking A BHL FEsn A

2

4 HII



Optimization of spray drying conditions of soft persimmon and milk mixture using response surface methodology 961
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© 0570759 92 YL o ™ (Table 2), <54 2 4F
< inlet temperature(X;) 1017C, air flow rate(X;) 60.00
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o] tHTable 5). Fratio= £.¢1 ¥4 3 air flow rate(Xo)7}
314= 7MY =& @k e vl freld e s 7t
2 s wdtha s o, 1 tha feed flow
rate(Xs) 13.50, inlet temperature(X;) 6.36 =°] %1 TH(Table
4). 712] 3L Table 39] 3]#] 213} o] Ldapatel|A] SRS
inlet temperamre(Xl)t 7&5:8.?1 © 2, feed flow rate(Xs)2}
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Phenolic compounds= 2] & Aol EAl3t= 22 A
2A] flavonoids, catechin, tannin 72 27| 7%, 53]
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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.

phenal con. (ugfmL)
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B: Arflow(mimin)  * ™ "% A et Temp. ()
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A et Term. = 105
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T
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Fig. 3. Response surface analysis for the effects of spray drying conditions on total phenolic compounds contents (1ig/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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5ol U= AR AR UTh38,39). SHAIRF total phenolic
compounds®} Z-2 8482 A glol sty wfitol

7 Z #31%7] 4 Th40). Leon-Martinez
@D A7 mEY, Brdxe ARt 1edsd
HEshe AlRte] & dxapgol v §- whapa 2]Fo] g,
Al oJokio] £xlo] Homg Fo M7kl 2Ee] Bkl
off f&sltta & A Sl old & A= EFdx
Al Agleh= 120T o) 1129 dFox Foll "iztst
phenolic compounds®] SHHEE  LolH 1Al total
phenolic compounds &< St 1 23 2F0x
Z719] WE total phenolic compoundst 243.93-293.11 p
g/mLe] M E YEFHTH(Table 2). olw] 873752 inlet
temperature(X;) 90°C, air flow rate(Xz) 43.33 mL/min, feed
flow rate(X3) 17.00 mL/min® i, Z gk 298.02 pg/mLO =
of| =% tH(Table 5). F-ratio= 29 W 3 feed flow
rate(Xs)7} 21062 71 =& k= UERA7] Wl <]
Ho= 7Pt & Gk Wttt slAetgl o, 1 v
inlet temperature(X;) 7.66, air flow rate(X,) 6.79 <= ©] I th
(Table 4). Z12]31 Table 39| A2} o] Lx|goA =7
=2l inlet temperature(X))© A8 02 feed flow
rate(X3)<} air flow rate(Xo)= S 7F8.91 0 2 VERJTE 3k
inlet temperature(X;) 9} air flow rate(Xo)& &4 291 J 52t

L

A24A A7Z (2017)

42 HQl WHH feed flow rate(X3)+ inlet temperature(X;) 2}
air flow rate(X;) 27 T8 242 Fs2-83 H3Th Fig.
3Bo] Whg-3EW 1|2z e} o] FU3h inlet temperature(X;)
oAl feed flow rate(Xs)$} total phenolic compounds %42
HH A E glsiant. 53], 7 @2 2591 90T
inlet temperature(X;)2} 714 =& 60.00 mL/min2| air flow
rate(X2) o A 2 3] total phenolic compoundsS- £H1&}
$At}. Fang®} Bhandari(42)2] bayberry juice®] %713 3}
%) % total phenolics compounds®] A& 96% = 2 A&
I FrAkgk 733Fe gRlsksith o= inlet temperature(X;)7}
31 feed flow rate(Xs)7} =255 9 A= AlTto] ot
2 Wk ope} el 4 %0t GrobA] el ofgh i
o] st A7) feez Attdr

EAEtHe 2Us xHo| A
HEER Al ] BEe =2 35 H total

phenolic compounds, 2 FE-EFFAFE 2=

Aoz meslHth Fig 4% ZH7e] 9w

A 9] FERALE x=, y2 o7 A sle] I O

24 =& 3433 total phenolic compounds, St 4=

A5E e Qe WIkae] AN O R BT

< HAS ARyt BE B tigk BRE HdAF R

Tnlet Temperature Alr floww vafe Feed flowr rafe
90 96 102 108 114 120 30 36 42 48 54 60 7 =} 11 13 15 17
L L 1 1 1 1 1 1 L L ] 1 1 L 1 1 1 L
Design-Expert Software 1000 : s
Factor Coding: Aetual Ee onannd S J P
“ I -“"'--._\___'_,_.-——"
A1l Responses g 0.600 - )
ﬁ 0.400 -
Actual Factors g 0.200
-Inlet Temp.=90.0001 0.000 |
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Desirabilily=0.925977 g i / e B -
Yield (g)=7.46395 4 /
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= L - N g R
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'¢ 340
2 Y | I ~
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= o — o
g 220 -

Fig. 4. Process optimization curve for spray drying conditions of soft persimmon and milk mixture.
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ete Y=g ovshke HEED)E 0922 HluA =
& 542 Uehigith 7t $4mse HA4 2dow 3
2 8}gt A3} Fig. 49} 7o) inlet temperature(X;) 90C, air
flow rate(Xz) 53 ml/min, feed flow rate(Xs) 17.00 mL/min=
AREA, 0|9} e AHY 270 o ZH FEu4
t 35 746 g, FEEFSF

ox

FEZFA4 0.54, total phenolic
compounds= 294.75 pg/mL 2 o 5= Sl

o ok
hd =

X

ro

T SAle EEste] HAxd A4S flete
TAHRSME o83kl on, S inlet
temperature(X,), air flow rate(Xz), Al 52 FHFE =S feed
flow rate(Xs) 2 A5t FEATEE 3|FRHY), TH&
FA]97(Y2), total phenolic compounds(Ys)= 2% sttt 7t
TEU ] WE 3942 BF p<0.001 FEollA] o)A
o] AF ATt SAlgtw o] 7F- Fo] FHt] EHe
T2 o] 7] wol| fElde] RxoF gAte] W &%
ztol 7} GE4E I moly o, e A%
SHE Tt FEFTAITE Holslth wEk v
inlet temperature(X;) %t =& feed flow rate(Xs)v= A+
W 2x9 do] HE AIZHE B5F Y30 total phenolic
compounds®| =45 438} siqith ZF SRveet 5
o] IS el = RS RHIOYgZE o] 83l A
sl 2718 =3 23 inlet temperature(X;) 90C, air
flow rate(Xz) 53 ml/min, feed flow rate(Xs) 17.00 mL/min=
A% =] ]t

(¢}

T2 238 H ZEATAN (PI011629062017)
3 o

T
2
)
po
inss
)

References

1. Lee SW, Lee OS, Jang SY, Jeong YJ, Kwon JH (2006)
Monitoring of alcohol fermentation condition for
‘Cheongdobansi’ astringent persimmon (Diospyros kakai
T.). Korean J Food Preserve, 13, 490-494

2. Rhee CH, Park HD (1997) Isolation and characterization
of alcohol fermentation yeasts from persimmon. Korean
J Appl Microbiol Biotechnol, 25, 266-270

3. Bian LL, You SY, Park JJ, Yang SJ, Chung HJ (2015)
Characteristics of nutritional components in astringnet

10.

11.

12.

13.

14.

15.

16.

persimmons according to growing region and cultivar.
J Korean Soc Food Sci Nutr, 44, 379-385

. Hong JS, Chae KY (2005) Physicochemical characterization

and antioxidant activity of astringent persimmon
concentration by boiling. Korean J Food Cookery Sci,
21, 709-716

. No JH, Kim JM, Zhang C, Kim HJ, Shin MS (2014)

Effect of astringency removal conditions on the quality
of Daebong persimmon. Korean J Food Cookery Sci,
30, 351-359

. Joo OS, Kang ST, Jeong CH, Lim JW, Park YG, Cho

KM (2011) Manufacturing of the enhances antioxidative
wine using a ripe Daebong persimmon (Dispyros kakai
L.). J Appl Biol Chem, 54, 126-134

. Jeong CH, Kwak JH, Kim JH, Choi GN, Jeong HR,

Kim DO, Heo HJ (2010) Changes in nutritional
components of Daebong-gam (Dispyros kakai) during
ripening. Korean J Food Preserv, 17, 526-535

. Byun GI, Kwon YJ, Park ML (2008) Development of

granular tea by using astringent persimmon and
persimmon leaves. Korean J culinary Res, 14, 273-285

. Jeong YJ, Lee GD, Kim KS (1998) Optimization for

the fermentation conditions of persimmon vinegar using
response surface methodology. Korean J Food Sci
Technol, 30, 1203-1208

Lee YR, Chung HS, Seong JH, Moon KD (2011) Quality
characteristics of Tofu with added astringent persimmon
powder. Korean J Food Sci Technol, 43, 329-333
Chung JY, Kim KH, Shin DJ, Son GM (2002) Effects
of sweet persimmon powder on the characteristics of
bread. J Korean Soc Food Sci Nutr, 31, 738-742
Kim HO, Moon HK, Kim GY (2005) Properties on the
quality characteristics of Selgidduck with various
concentrations of dried persimmon extract. J East Asian
Soc Dietary Life, 15, 591-597

Lee HH, Koh BK (2002) Sensory characteristics of
Maejakgwa with persimmon powder. Korean J Soc Food
Cookery Sci, 18, 216-224

Im CY, Jeong ST, Choi HS, Choi JH, Yeo SH, Kang
WW (2012) Characteristics of Gammakeolli added with
processed forms of persimmon. Korean J Food Preserv,
19, 159-166

Ratti C (2001) Hot air and freeze-drying of high - value
foods: A review. J Food Eng, 49, 311-319

Tan LH, Chan LW, Heng PWS (2005) Effect of oil
loading on microspheres produced by spray drying. J
Microencapsulation, 22, 253-259



964

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

P2 FALTETEA A48 ATZ (2017)

Kim JW, Kwon YR, Youn KS (2012) Quality
characteristics and antioxidant properties in spray-dried
and freeze-dried powder prepared with powdered
seaweed extracts. Korean J Food Sci Technol, 44,
716-721

Han MW, Youn KS (2009) Quality characteristics of
spray drying microparticulated calcium after wet-grinding.
Korean J Food Sci Technol, 41, 657-661

Hwang SH (2006) Studies on the stability of squid liver
oil by microencapsulation and fluidized bed micro-coating,
Ph D Thesis, Catholic University of Daegu, Gyengsan,
Korea, p 5-7

Bezerra MA, Santelli RE, Oliverira EP, Villar LS,
Escaleira LA (2008) Response surface methodology
(RSM) as a tool for optimization in analytical chemistry.
Talanta, 76, 965-977

Kim HIJ, Yun HJ, Lee JH, Heo KN, Kang BS, Jo CR
(2012) Optimization of processs condition of boiled
Korean native chicken by response surface methodology.
CNU J Agric Sci, 39, 195-202

Lee WC, Yusof S, Hamid NSA, Baharin BS (2006)
Optimizing conditions for enzymatic clarification of
banana juice using response surface methodology (RSM).
J Food Eng, 73, 55-63

Phillips RD, Chinnan MS, Branch AL, Miller J,
Mcwatters KH (1998) Effects of pre-treatment on
functional and nutritional properties of cowpea meal. J
Food Sci, 53, 805-809

Folin O, Denis W (1912) On phosphotungastic-
phosphomolybdic compounds as color reagents. J Biol
Chem, 12, 239-249

Papadakis SE, Gardeli C, Tzia C (2006) Spray drying
of raisin juice concentrate. Drying Technol, 24, 173-180
Bhandari BR, Datta N, Howes (1997) Problems
associated with spray drying of sugar-rich foods. Drying
Technol, 15, 671-684

Collares FP, Finzer JRD, Kieckbusch TG (2004) Glass
transition control of the detachment of food pastes dried
over glass plates. J Food Eng, 61, 261-267

Samaneh K, Mohammad HM, Wan RWD, Nourouzi MM
(2015) CFD modeling of air flow on wall deposition in
different spray dryer geometries. Drying Technol, 33,
784-795

Chung HS, Hong JH, Youn KS (2005) Quality
characteristics of granule prepared by protein-bound
polysaccharide isolated from Agaricus blazei and selected
forming agents. Korean J Food Preserv, 12, 247-251

30.

31

32.

33.

34.

35.

36.

37.

38.

30.

40.

41.

42.

Moon JH, Kim RS, Choi HD, Kim YS (2010) Nutrient
composition and physicochemical properties of Korean
taro flours according to cultivars. Korean J Food Sci
Technol, 42, 613-619

Hogekamp S, Schubert H (2003) Rehydration of food
powders. Food Sci Tech Int, 9, 223-235

Lee DH, Hong JH (2015) Antioxidant activities of
chlorella extracts and physicochemical characteristics of
spray-dried chlorella powders. The Korean J Food
Preserv, 22, 591-597

Beleia A, Varriano-Marston E, Hoseney RC (1980)
Characterization of starch from pearl millets. Cereal
Chem, 57, 300-303

Santhalakshmy S, Bosco SID, Francis S, Sabeena M
(2015) Effect of inlet temperature on physicochemical
properties of spray-dried jamun fruit juice powder.
Powder Technol, 274, 37-43

Phoungchandang S, Sertwasana A (2010) Spray-drying
of ginger juice and physicochemical properties of ginger
powders. Science Asia, 36, 40-45

Adhikari B, Howes T, Bhandari BR, Truong V (2003)
Characterization of the surface stickiness of fructose-
maltodextrin solutions during drying. Drying Technol,
21, 17-34

Grabowski JA, Truong VD, Daubert CR (2006) Spray-
drying of amylase hydrolyzed sweetpotato puree and
physicochemical properties of powder. J Food Sci, 71,
E209-E217

Cha JY, Ahn HY, Eom KE, Park BK, Jun BS, Cho YS
(2009) Antioxidant activity of Aralia elata shoot and leaf
extracts. J Life Sci, 19, 652-658

Kim YJ, Lee SJ, Kim MY, Kim GR, Chung HS, Park
HJ, Kim MO, Kwon JH (2009) Physicochemical and
organoleptic qualities of sliced-dried persimmons as
affected by drying methods. Korean J Food Sci Technol,
41, 64-68

Mona ES, Langrish TAG (2016) Spray drying bioactive
orange-peel extracts produced by soxhlet extraction: use
of WPI, antioxidant activity and moisture sorption
isotherms. LWT-Food Sci Technol, 72, 1-8
Leon-Martinez FM, Mendez-Lagunas LL, Rodriguez-
Ramirez J (2010) Spray drying of nopal mucilage
(Opunita ficus-indica): Effects of powder properties and
characterization. Carbohydr Polym, 81, 864-870

Fang Z, Bhandari B (2011) Effect of spray drying and
storage on the stability of bayberry polyphenols. Food
Chem, 129, 1139-1147



