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Abstract

Yogurt contains many microorganisms that are beneficial to human health, and is a probiotic that supplies many
nutrients such as calcium and protein. It is difficult to safety preserve for a long time because it possesses a high
content of water. To address this problem, powdered “instant” yogurt has been developed, but it has flaws low
flowability and solubility. Therefore, yogurt was granulated using a fluidized bed granulator to increase flowability
and solubility. The fluidized bed granulator was designed by using response surface methodology (RSM), whose
variables were feeding rate (FR), atomization air pressure (AP) and product temperature (PT). After being granulated,
the yogurt was analyzed for yield and lactic acid bacteria count. The maximum yield of yogurt granules was 79.42%,
at FR of 0.54 mL/min, AP of 2.64 kPa, and PT of 58.18°C, and the colony count for lactic acid bacteria was
more than 6 log10 CFU/g. Therefore, spherical granulation of yogurt using a fluidized bed granulator could be
used for making convenient probiotic products with improved flowability and solubility.
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W QFEE AFE 75 1,000 mLE autoclave©l]
A 121CoAM 1587 DA SFHE0] SRR 300 g&
Yu & 59l 5, &34t (Kookjeayouup, Seoul, Korea)
& 93 5] 40TAA 12A13F HEAA starterS A5
3 RT2E AXE S 4 eF2EE Y
A B-go] F 3eko] 8 12, 16, 20, 24%7} EHE= dlo] o F
2EZ Alxsta, U] Al HE SR gt
U210 starter A2 WHEI 2
ST2ES] fAHtS 742 pour plate methodE ©]-8-5}
o] St 47 A8 8 e frelEo® 2 33
T EE A= 10 mLE Ed-87]dl FH3l ovEe] HiEA
2] Aot £3e AS AR Yo St A8
1 mLo} At ] AR 348 2F @A) 3149 1mLA
S Ht HEFAC =8k, oF 4345T2 #2]8 MRS
1| 2] (Difco, MRS™, Difco, Becton, Dickinson & Co., Sparks,
MD, USA)E &3t W2 &ud A EHA = Ar=
ate] 35-37°Cell A 7243413 F A GE frabkare] fgtom
A S3FATS).

pHE Zt7te] QT2 E 5 o8 FH3lo] 45 mLe] SRT=
3]A 3k & pH meter(Mettler Toledo 340, Postfach, Switzerland)
g ol gl Zgaenh

7 %+ Brookfield rotational viscometer(Brookfield DV-II,
Engineering Lab. Inc., USA)E ©]-8-3}] rotational speed
20 rpm oA FE =7}t 50%0]dd W] BEY] HEE
centipoise(cP)Z A SFATH?T).

A
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Of

=4y FEE M=

HFY F2ES ARSIl E5-31%71(500 gh capacity,
L-8 Model, Ohkawara Kohoki 168 Co., Ltd., Yokohama,
Japan) & ©]-&3lo], YFLE 90C, 7%= 70C, oFEn}
°]A BHEE 20,000 rpme] EFAZEAS A EEY
QTFEEE A Z3ATH16,17).

TEHYH SF2E AZE 9 5579 71(GRE-Lab
1. GR Engineering, Kyunggido, Korea)2] 4 & 27
2+513l7] $13l response surface methodology(RSM) *
AMgsll o, 228l A2 Table 191 A8
TEHYH QF2E A x| S A= FLUAARE
feeding rate(FR, mL/min), atomization air pressure(AP, kPa)

A24A A5Z (2017)

9} product temperature(PT, C)& A% sl5om, 4
27 9o 737y 2 F2EQAT7]: 025 mm-0.59
mm)] 3|FE&2 A sATH19).

Table 1. Yields of spherical granule type yogurt made with RSM
experimental design

Run Process variable” Vi
number R AP ields of granules (%)
1 05 20 %0 427
2 05 20 7 6529
3 05 30 50 7.84
4 0.5 30 70 62.95
5 07 20 50 58.67
6 07 20 7 59.02
7 0.7 30 50 62.30
8 0.7 30 70 60.69
9 06 25 6 8291
10 04 25 6 751
11 08 25 743
12 06 15 6 5663
13 06 35 6 T641
14 06 25 40 54.17
15 06 25 80 5643

PR means feeding rate (mL/min), AP means atomization air pressure (kPa), PT means
product temperature (C).
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QF2EQ] A= color difference meter(Chroma Meters
CR-200, Minolta Camera Co., Ltd., Osaka, Japan)S A}-&-3}
o] " =(L, lightness), 22 %(a, redness), S (b, yellowness)
= ST

STEES {54 BAL Fad 479 A Fel 150
mm, =79 A&°] 12 mmSl 27| & f2] v 2iE
o] 80 mmo] ol Ax|et §, FuE 9 FIHY aF
ZE 7}7} 20 g5 F st Zuf7]o) AAE] F-& the, v
o A7l= ¥ 2] AFRT HeIHE ST F UL
Zt(angle of repose)= oFef 22t o] 3 TH(19).



Production of spherical granule type yogurt with improving convenience and preservation 561

H(height of cone)
R(diameter of cone)

Angle of repose(°)=Arctan

ST2ES] g4 ¥4 +EE 9 7Y 8T 2E
ZY7F 1 g& 50 mL A2 E
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Table 2. Lactic acid bacteria colony number, pH and viscosity in the yogurt according to different addition amount of skim milk powder

Concentration (%)

8 12 16 20 2%
Lactic acid bacteria colony number (CFUJg) 8.67+0.02 9.00+0.00" 9.48+0.01° 9.60+0.01° 9.64+0.02"
pH 4.03:0,02° 4,09:0,01° 4.19:0.01° 4.28+0.06° 4.32+0,02°
Viscosity (cP) 2,500+200° 5,300+608" 10,000+820° 12,667+1,154° 19,333+1,145"

Values represented the mean (n=3).
'Any means in the same row followed by the same letter are not significance (p<0.05).
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Table 3. Comparison of Hunter L, a, b values among fluid type,
powder type, and spherical granule type yogurt

Variety of yogurt Fll}l]l(? glgztpe Po“y/il)egrmiype Sp}tlggalloggrzgule
L value 90.41+0,00"” 87.770.00° 84.22+0.00°
a value 6.63+0.00" 5.904022" 4.67+0.00°
b value 5.2120.00° 4.4240.04° -33040.00"

"MeanstSD (n=3) within each column followed by the same letter are not significantly
different (p<0.05) at same column.

2 UEhIAL b #h2 EoAlE 3= YERiglev
AX SR Frolafe UehfiA] &3ith £23d 872E9
3N, fred B ks 5% 23K Table 4) ikt
T 7.41 log CFU/g°| 21t} Bielecka®2} Majkowska(18)7}F
STEES EFAE A ETREE T0CE 3< W S.
thermophilus= *JE57F 9.32 log CFUjg ©|%a, L
delbrueckii sub sp. bulgaricus = *3E57} 8.77 log CFU/g
olUTH Histe] E AAAITL o] A Al H]3)
W AEFE U od o= o] FRel 93 AR
ddEnh 2y QY e F2ES % Fo=

510
Fde] =2 31\‘9] ‘?l‘}t]."_ﬂLo] A@%@'T—E & T }\ME}’
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Table 4. Solubility, flowability and lactic acid bacteria colony
count number among fluid type, powder type, and spherical

granule type yogurt

Fluid type ~ Powder type Spherical granule
yogurt yogurt type yogurt
Solubility (Second) 182442.11"  628+1.18°
Flowability (Arctan °) 12.34+0.28" 9.02:0.71°
Lactic acid bacteria colony 9.640.00° 741£001° 6210.01°

number (log CFU/g)

"MeansSD (n=3) within each column followed by the same letter are not significantly
different (p<0.05) at same column.
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gAY (RSM design)= ©] &-st] A sh9l or
(Table 1), 1 Z3}= Table 59 2T} Table 504 2= le}
Z+o] feeding rate(FR) 0.54 ml/min, atomization air pressure
(AP) 2.64 bar, product temperature(PT) 58.18C2] f55=

g7 wgdxzadstl A At sFEe 79.42%=2 S A

Table 5. Predicted levels of optimum preparation conditions for
the maximized yields of the spherical granule type yogurt by the
ridge analysis and superimposing of their response surfaces

Levels for the maximum

Preparation conditions response surfaces Significance
Feeding rate 0.54 0.68
Atomization air pressure 2.64 047
Product temperature 58.18 0.23
R 071 -
Morphology Maximum -

Predicted value

TYLE 2F2E E2|5EE 854
Ty, dary gl Iy
75&}— Table 37} 2t}
A aF2ES] A2 £UY
ot =AW AS B Ae, ol 7 2
BEO| A AR o] 22 PL?LE Ho} dof, Al 23
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o ¥ @Wo| dojt o= {]rx_%‘:}(%)-
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2Eo= 9], FUFE 75% B AFLE 25T 2315}
A N B AR AL TR 8TEES ikt A
= olF mnlg Aoz SAH e, ol EY 87 E
Es} 3 Aol ofF Fds & 4 UATh Schell
9} Beerman(8)< fHitt= FFa3ksto] A gsisls o frat
el Wghe SAH R FoAvt glitha Basto]
= ATl Avpeh AR & ¢ Al

Table 6. Changes of colony count number of lactic acid bacteria
during storage of fluid type, powder type, and spherical granule
type yogurt at 75% RH" & 25T

(unit: log CFU/g)
Storage period (month)
0 1 2 3 4
Fluid type yogurt ~ 9.64£0.02” - - -
Powder type yogurt 741£001™ 731£001° 7.18£001° 7.11£001° 7.07:001°
Granule type yogurt 621+001™ 6.14:0.00° 6090.01° 6.070.00° 6.00:0.01"

RH means relative humidity

"MeansSD (n=3) within each column followed by the same letter are not significantly
different (p<0.05) at same column.
NS means not significantly different during storage.
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