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Abstract: In the spray drying with rotating wheel atomizer of cheese powder, the relationships among variables were
analyzed with Response Surface Methodology in which several independent variables such as total solid content, wheel
rotation speed, and outlet temperature influenced dependent variables such as particle diameter, moisture content, bulk
density, and viscosity of suspended liquid. Significance and correlation were tested according to central composite de-
sign. As a results of analyzing the correlations between independent and dependent variables, particle diameter and
moisture content of cheese powder were decreased with increasing wheel rotation speed, and bulk density was decreased
with increasing outlet temperature. Viscosity of suspended liquid were increased with increasing wheel rotation speed
and total moisture content. In correlation among dependent variables, moisture content was proportional to bulk density,

and particle diameter was inversly proportional to moisture content and bulk density.
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Table 1. Level of Variables for Experimental De-
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Table 2. Dimensions of Spray Dryer

Specification Dimensions

sign
Definition Variabl level
efinition Variables = 0 :
Moisture Content(x;) 36 43 50
Wheel Rotation Speed(x,) 9000 { 12000 | 15000
Outlet Temperature(xs) 85 90 95
& oj&3ld T & Qo H7leld AL H-A
o Hd we= HiAHe] ENT ¢ 2 FE FIlHd
HE y& xZ ArjEste] 002 £& o 242 x, ¥,

27 Yod oo 2.
Yo= B+ Xo+Bx, . (2)

7]l B B B 2 e WEf ¢ Afolt}. A7)
o] #E% AAAH(stationary point)ejztz 3, A
Aol A, FH4H 2L k¥ (saddle point) 2|
A A7 Qe b, 2 EXL AFE A (canonical
analysis) & ¥3to] & 4 <Qlt} 23 2dg 443
7] YA 74 A7) Hxdg Al A oliky 2 &
7FA ok 3le olF H3le 71 W A AYA
gw.e = AgA A 3 (central composite design)o)t}.
£ dTMe duAdEE B8l dojdl EHHSE
X, X B %9 AYF7HL Table 13 o] dAstxn
2’2 AZer ot webd k=30|22 £ 4¥
oA B F AErE b 2o 15/HE s

n=2%+2n,

old 2o AFH (29 &M, FAH (2O 64, F
AR (n) Dlole}. ofel] wg Aw wjd o] o3}
o Table 19 =71 ejdlA AAstect.
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A=
Ao A4 A2ETE BE7] 95t F
£ dANEAZ(FIRA(FNE A
2o tAstel FA}E Mt iR AdEEg
A4 74 EA(LEH2ER), 1A Q4, kA
s, A2, 23 W 2ol 5 AL
oldf ZxFo] AF] eIt 24 A 1YL F
% 50%, ZA4(crude fat) 29%, ZA 59, et
T2 15% % pH 6.1°]%ich

e e

* Drying Chamber | Diameter : 5,000mm

Cylindrical Height : 6,120mm
Conical Height : 4,070mm

Conical Angle : 60°

Type : OCA 201W

Wheel Dia. : 155mm

Number of Pin ; 24

Pin Height : 16mm

+ Fan and Blower | Type : Turbo Fan

Air Flow Rate : 70m*/min(150mm Aq.)
1,270,000 kcal/hr

Type : Turbo Fan

Air Flow Rate ; 118m*/min(300mm Aq.)

+ Atomizer

- Air Heater
+ Exhaust Fan

1. Pump 2. Double filter
3. Wheel rotation atomizer 4. Prefilter

5. Fan 6. Air filter

7. Heater 8. Final filter

9. Fan 10. Air distributor
11. Drying chamber 12. Cyclone

13. Power valve

Fig. 1. Schematic diagram of spray dryer.
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£ Age A3 27 Zzv)e 42 Ohkawara
KakohkiA} Model ODA-50% 9] wheel8¢] ®F Az
7124 Fig. 13} o] AzxA, ¥, $£%7|, 27
7kd7] 2 w7l Mo FAH gl Azl &
ol 10m, 4L 5melgx, BF7]e A upxg
7712 wheele] 7L 155mm, wheel?] ping=
2478, pin®} Folx 16mmolgitt. £FAZI|e =
8 AYL Table 29} ze},
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3.3. 22U M=y

oy FAFA AA= AR (Z¥LFF 36~50
%)E BFAZRNA FFI JTLx 170~180,
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QYFEAZ $ARQY AAQYG, okAsH o
29 9 AFHAE A5G| Fste] 50
~B0CNA 30~6027F 1,800rpme 2 &3], 13} F
AN NE 75 ARt 23 294 471
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3 £AL ZHMNEE ETAZ
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field, RVF-96865)% AM4-3te 20C #2214 3
A&T 0.5~128rpmo 2 WHIA|A S=ujel 34
<o) Wzl W& Ah3HE nlTste 4319

Ht& e Mo

*

AFEH =288 VAX 11/785 software SAS ver-
sion 5.18(Digital Equipment corporation, DEC, U.S.
A)E A, o]&3 software= ANOVA(Analysis of

F43E, A 74 A 635, 1996
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Table 3. Results of t-tests between Total Solid Con-
tent and Dependent Variables for Spray

Dried Products
Independent
m epen. on Total Solid Content(x,)[ %]
Variable
I—’SDO,OS
Dependent " 43 50
Variable
MC 2.433<| 3.314| 4.179°|0.2876
BD 0.392¢| 0.425"] 0.518°|0.0180
PD(Dw) 70.200° | 81.760° | 84.940° | 3.3370
VIS 12.520° | 11.910° | 12.9707 | 0.9707
% Means with the same letter are not significantly
different

variance), CORR(Correlation), RsREG(Response
Surface Regression), G3D(Graphic 3-Dimension) ]
cH19].
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4.1, ¢H2 oMol o3t BRAZ SN Wao
sl vt

Y4l A5l B AE PUAE FRUFE
1.2~4.8%0°]5%, AB7|E% 0.321~0.594, A3
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cPe] T HolElZ ol§dte] RRAZ $AZA WS
o §94, 4 9409 ARV ¥ SPA5Y
F4usd HARAE AESGT

NUE 2 dAE Flged, dgde) M
£ TYEYF 13%14 Haghe dehisich ol
A5 §94E 5% Wl $lHe 38 Bol
%3 itk Table 3014 LSDywi $914-% 5% W)
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G Ee] BE FHUG 3, BIAZ B2 B4
A9 FFAU WHEA, wheel HASE7} F74eS
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Table 4. Correlation Matrix Among Dependent
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Table 5. Terms of Significance in Response Surface

Variables Analysis for 3-dimension Graphics
Dependent MC BD PD VIS Process Variable Dependent Variables
Variables Terms P D(y,)|M C(y,)|B D(y,) | VIS(y.)

MC - 0.8695*** -0.3317* | —0.2615 Linear :
BD — - —0.5318** —0.0180 TS (x)) ns ns ns ns
PD - - - —0.4249 N (x,) (=) [(=)***| ns (+)*
VIS - - - — OT (x3) ns ns (—)* ns
*significant at 5% , **significant at 1% , Quadratic :
***significant at 0.1% TS* (x?) (=) ns () | (+)*
N? (x5 (H)* | (+)** ns ns
5 EFAZ 2He £EEE, AEUEE 9 da=m 0T (x5) ns ns | (+)* | ns
e 2adin, dede AE Z7ehe A%e Crossproduct:
BAFD geh ol FUME Table 33 wigebA TSN () | (M s (e
QA gl TSXOT (xx3) ns (+)* ns ns
£7eEd 48 484 5, Az puyg g NXOT Gax) msooms | oms | ()"
439 BFAe W%E e Aoz FPese  umberof
Zobe] web SEger A UE: Zastdy, Significant Terms:
Max 9 4 4 3 4

JAtz7)z dgde] Axs= 90 ¢ A 2A
F& AR 314tk o] AGoE $2J4e 5%
flellA QA = e}
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2EAZ7) $AZUY SPAFO] BE 2RAZ
22 B4 5, FHUSEN AVRAT §9
FF 5 1 2 0.1%l4 A A= Table 49 7+
onf, YAZ FSE 5% oW §o4o] A
Sich. Table 4sl4) Bt s} o] £FAZ Lol

FERRE ALUEHE 0159 foi5EA4 A

AR, D271 5% §l bl 4
AE 2olF3 goh ABIIUEE 1% $25
A4 39 ABBAZA L $94¢ viehis)
I B2 Yl FERY
ARVBAT BiF otk gA=olE W
Ao %4 ARBAE ehiglo.

&z o M ox
JzJE.E.&rL

+ Table 59} 2ok EFHAZY qalmr|s 1394
E Aol A& wheel HHLT o JFg utor} 2x14d
3%

A A E B nYEFETY wheel AT
A %S FAL, F AT} Tl gt A

*significant at 5%, ** significant at 1%,

*** significant at 0.1%, ns : not significant.

= 4%E Foo 27z Xﬂ%‘f’i TR
wheel FAH&z o oJsto] 7} =
2 2 Jvephtod, wheel 3A
Al &8 AY dg9 13
Aol 283k 01‘3—5 VIS e e E Yeht
7-!_1;1_7]1:]5:_94 AL L 3y
dgg tom wheel 3 A
Hoich. dgodo Ao =
Al A wheeld] &gl Jgg o},
A 3T e dEe nYEded wely e
o] "3%3’- THEFETE wheel 3|AEEsL EA]of
4% W JFE o] e Ao E vehyr)
ojsh Zo] A8l FAIGAA LYo wpe} ARG
F 4“ "‘*Wr?%lé A 7"44- & ‘_-’F-%ﬂl o
gl

Lo

w3}
el

ool Susel FLuigo] ApaAel| ] Bt
&9 2|t +EPHL wheeld] LT, An
7]%5{— ETLE, EE wheeld fAEc9 73
THFA st s A=A G} ok =, 9l
A7) wheel9] A% %7} 9,000 4 15,000rpm .
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Fig. 2. Effect of total solid content and wheel rota-
tion speed on particle diameter of spray
dried products.
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Fig 3. Effect of total solid content and outlet tem-
perature on particle diameter of spray dried

products.
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Fig. 4. Effect of wheel rotation speed and outlet
temperature on particle diameter of spray
dried products.
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2
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olo
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1)

yi=—16.861+3.057 x,—(1.58 X 107%) x,
+7.49 x3—(9.89 x107%) x,°+(3.53x1077) x*
—(5.039x107?) x4 (1.09%107) xix,
+(3.41x107%) xx3+(1.929%X107°) x.x5 (3)

AAF7NE= HEFYF 38.7%, wheel HAET
13,942rpm, 7 €% 90CA 824m=+ HAA
& et Foow, ol A IARLY RAV|E
o224 IAMEY AAHFE e AAAs
(coefficient of determination) R’ 0.88650¢|glth.
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Fig. 5. Effect of total solid content and wheel rota-
tion speed on moisture content of spray
dried products.
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A e et skt

y.=14.7214—(4.067 X 107*) x,—(7.968 x 107°) x;
—(1.171 x107%) x2—(9.13 X 10" )x’

+(2.515x107%) x,x; (4)

oo oigh uteEH TAL EF A2E £E ¢
Fe nYPLFFIY 2T et 2A g P
£ Ao vepi,

h wheel 42650 2Lz e W

THETEE 3% 2 TAAE 9, 29 FHA
SR AL A(5)9h 2o a4 &V—i ks
Ed$ dehidd

y>=19.235—(8.4018 X 107*) x,— (9.085X107") x3
+(2.2414x107%) x,°+(9.13 X 107*%) x4
+(7.77 X1077) X5 (5)

Wheel 50455t $7250 92 W5E 3
WSEW TAE BN, FUAFY S
257} wheeld] RLERT O 2 e ¥
o2 et

% SRR AR 3R PSED ¥4

EAZ B2 FRUP ool 1LY,

$Az
| E]zd: x;_g Z?-_?_E —‘] ‘-%3_}—73.% 31’%

whee

Az7|dA wbeEdyd odg A= £ 54 4 1153

Fig. 6. Effect of total solid content and wheel rota-
tion speed on bulk density of spray dried
products.

Hoz Jeld A% $4EY HANE A(6)F 2
oo, ¥AelA 24 PEED TAE ey

v,=29.4698— (1.876 X 107") x,—(1.498 X 1073) x,
—(1.729%107%) x;+(1.171 X 1073) x,*
+(2.241 X107%) x,2+(9.13x107*) x5’
—(1.529%x107°) x,x,— (2.515 X 107 %) xx;
+(7.77X1077) Xp%5 (6)

7d Y] e d FHHAFEY o
—3.- +2F 69%, wheel 3A&EE 8161rpm
% 5"C°ﬂ*1 HH-AHE JHAH, ojufo
2 538%°]¢r R*:= 0932324 Eyus ]
%4@% Az slsie.

B e o
fu ot rzo e

4.2.3. A&
7} 13 2ge$T wheel A& T o2 W3}
Az7] 7L E WCE A3 E o, 1YL
353 wheel A& G TFAZ 2049 A
Brldr o] HA whg-FAAL Fig 63} on, %
oA HA wrEHE Jehldx g 2y
3} wheel 3H&EEI} F71E5E Solskqin).
v 28R S o2 Wil
5 AzEY wheel E]XV‘ =03 12 ,000rpmo 2
HREEHS FHaA A
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Fig. 7. Effect of total solid content and wheel rota-
tion speed on viscosity of suspended liquids
of spray dried products.

o FTLE7F A FUHP g g HEw
Frhstgon MEERL AN HA WeEd
& 7hioh
. dgtde) Axol fat x4 WeEY EA
THAZE 2T A=l Aol st 1¥ed
%, wheel 4% 9 725 59 A2 3
Aoz vehd A3 R AN 8%

Zor, AR A HA uheEAE bl st

yi=—48.7769—0.2841 x,+(3.513x107%) x,
+2.0352 x;+ (1.64 x107%) x,’
+(3.0562 X 107%) x,*—(8.558 X 107?%) x4’
— (4568 x107°) x;x,— (6.058 X 107%) x:x3
—(2.2947 X 107) X5X3 (8)

EFAZ A Jgade] Axol g SPAF
Hgek 34.88%, wheel 3H&ET 5716rpm, &
TLE 988ColA HA wh-gEHoZ 105 cPE
ehlgdon ojue] R 0.8147¢)%]}

al

dx=71eh FEFFLS wheeld] HALETL A
E Zadd, AR/ EEs 275 Foh
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Hhe|E A @ QxAr|el ABU|EE s whlE3A
£ Jehdigdch

3. & AN AZETE AGRolol A AH4EHE
Y82 £ R=vle 83um, FEFH 7% o)
8, AR7|UE 0.382 P el AT 115 PR
AED glod, wheEHEA Ay zzh 824um2
A 538%A4 HHHE 2Ax, 0.326941A
FHaA 9 105 cPollA kA Jehliglz, ojn9
AARAS R*e 747 (.8865, 0.9323, 0.9349 2
0.8147¢13jch. Z2v} 2Ry U5y oo Ax
A Ao]Ho| Yelytom, Rz AEAal
AR AHz2AL A& & glod, vlA EAA
£ Al REse HAzAL 73] ogdyh.

7|50

fob

=2 o
LSD : least significant difference[ — ]
=ta/2, N—t) /2
R? : coefficient of determination
=SSr/SSt[ — ]
x(=TS) : total solid content[ % ]

x2(=N) ! atomizer wheel speed[rpm ]
x3(=0T) : outlet temperature[ C ]

yi(=PD) : weight mean particle diameter[ % ]
y2( =MC) : moisture content{ kg/m?®]
ys(=BD) : bulk density [ zan]

y«(=VIS) : viscosity of suspended particle[cP]

Greek Letters

a . significance level
Bo . regression coefficient
Bij : regression coefficient
35 . error
0 . density
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