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Fig.1 Evaluation index system of drying effect of different drying methods in probiotic microcapsule
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Fig.2 Normal cloud model digital features
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Fig.3 Schematic diagram of cloud generator
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Table 1 "Evaluation factor layer" grading index weight
I5 AR C c, G ¢, D D, E E, E, E, E; F, F, F; G, G, G
HAFR 1 1 2 2 1 2 3 1 2 3 2 1 2 2 2 2 1
RE 1 1 070 070 1 050 061 1 073 061 073 1 065 065 065 065 1
ja—4 029 0.29 021 021 0.67 033 0.17 026 020 0.17 020 044 0.28 0.28 028 0.28 0.44
x2 “FMEHEER"SRIERNE
Table 2 Grading index weight of "evaluation characteristic layer"
I5 47 c D E F G
He A 4 21 1 3 3 2 1
E 1 0.61 0.61 0.73 1
)2 — 4L 0.25 0.16 0.16 0.18 0.25
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Table 3 "Factor layer" membership cloud model for spray drying method
EiRos C G, Cs ¢, D D, E, E, E; E, E; F F, F; G, G, Gs
#0411 043 042 045 045 043 051 055 052 052 053 048 042 047 051 043 047
& 0.082 0.087 0.113 0.075 0.04 0.051 0.072 0.044 0.056 0.073 0.031 0.062 0.081 0.043 0.054 0.061 0.07
#JE  0.005 0.002 0.009 0.005 0.011 0.008 0.007 0.008 0.011 0.013 0.015 0.007 0.013 0.011 0.006 0.012 0.011

x4 EHERFTRZEZATERBEEZER

Table 4 "Factor layer" membership cloud model for vacuum freeze drying
I8 AR C, G, G C, D D, E, E, E; E Es F, F, F, G, G, G
##E 055 057 056 055 054 055 056 055 058 0.59 0.55 056 0.57 0.60 0.66 0.65 0.63
¥ 0.055 0.062 0.071 0.061 0.025 0.062 0.117 0.111 0.012 0.043 0.078 0.052 0.028 0.037 0.055 0.054 0.06
#J%  0.002 0.012 0.017 0.015 0.007 0.004 0.015 0.01 0.011 0.009 0.012 0.013 0.005 0.008 0.01 0.016 0.015
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x5 RMUATEEEFEREEZERR
Table 5 "Factor layer" membership cloud model for fluidized bed drying
Ei:kod C, G, G (on D, D, E, E, E; E, E; F F F; G, G, G,
M2 0.61 0.64 065 067 0.72 0.75 0.68 0.61 0.66 0.65 0.64 0.65 0.65 0.67 0.70 0.73 0.72
A 0.085 0.054 0.077 0.09 0.048 0.071 0.101 0.047 0.065 0.051 0.049 0.044 0.038 0.042 0.041 0.053 0.05
#JE  0.011 0.007 0.009 0.012 0.014 0.017 0.009 0.007 0.004 0.009 0.011 0.012 0.015 0.009 0.016 0.012 0.008

x6 WMEEZERFATHEEIAFERBEEZKE
Table 6 "Factor layer" membership cloud model of micro vacuum freeze drying
Fikod C, G, G C, D D, E, E, E; E, E;s F F, F, G, G, Gs
#W#E 069 075 066 073 072 071 076 0.78 0.77 0.74 0.73 0.79 0.76 0.78 0.83 0.85 0.84
I 0.082 0.055 0.081 0.047 0.042 0.075 0.101 0.048 0.055 0.064 0.039 0.052 0.041 0.037 0.054 0.06 0.05
#J%  0.017 0.015 0.008 0.012 0.011 0.016 0.011 0.012 0.007 0.014 0.015 0.013 0.007 0.006 0.008 0.011 0.015
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Table 7 "Characteristic layer" membership cloud model for spray drying method

Eik oy C D E F G

I 0.4263 0.4434 0.5281 0.4604 0.4700
] 0.0895 0.0439 0.0558 0.0636 0.0634

IR 0.0049 0.0101 0.0107 0.0098 0.0099

®8 HERAFTREBUERBEZER

Table 8 "Characteristic layer" membership cloud model for vacuum freeze drying

547 C D E F G

2 0.5579 0.5433 0.5645 0.5740 0.6440
] 0.0619 0.0411 0.0842 0.0423 0.0569

R 0.0108 0.0060 0.0113 0.0094 0.0139

x99 RURTFREFUEERBEEREE
Table 9 "Characteristic layer" membership cloud model for fluidized bed drying

Eikos C D E F G

3 0.6397 0.7299 0.6447 0.6556 0.7172
] 0.0767 0.0566 0.0638 0.0418 0.0486

IR 0.0096 0.0149 0.0079 0.0120 0.0114

10 MEEERAETREFUEEREEZRE

Table 10 "Characteristic layer" membership cloud model of micro vacuum freeze drying

& A7 C D E F G
A 0.7095 0.7167 0.7578 0.7788 0.8400
] 0.0683 0.0551 0.0628 0.0452 0.0541

R 0.0135 0.0127 0.0118 0.0094 0.0119




252 hoE

i oF i

2023 455 6 W]

3.3 ZAENESH

FIEL, HOPEM AR )2 o B R IE R RSk R =
BER T JEN) AT A5 B[R] 8 0 X R RUR 1
LA T = B AR, . mESE T ZB,
(0.4624,0.0674,0.0088 ) , K %5 % ¥ T 1§ ZB,
(0.5810,0.0591,0.0106) . i fk BK T 4 ZB;
(0.6772,0.0595,0.0111) ff ik 225 % ¥k T4 ZB,
(0.7635,0.0582,0.0119) , K¢ AS[a] 48 )y v 1) T 42
BB LR A = 5 bR ifE = MATLAB ) B 2R WL
Kl 6, 2t 4 F T4 07 U255 A = 8O RRE
O3 A G5 R P AR I 2 10 43 A TR WS %5 T8 B,
BRI T B, AR T8 By 0 B 25 ¥ U

_ 10 Zn
[)
=
(5]
° 08
£
-
§% 0.6
ja
E}% =]
i’é;‘:‘ 0.4
I <
= =
s
S 02
E
2 00
= 00 1.0

Membership
(a) Wi %5 T

BRI

%

i
Evaluation value of drying effect

T

1.0

Membership
() WALIR T 1

4 g

W 2 BTN 300 45 A= TR IR 3 B AN T 4 D7
LT BRACR M B WP S5 R R 4 BT8R T7
2B IR CR A BE I DIE 21 25 0501 DAy ol e 025 04
T B LR T By H AR VR T8 B, LA K
5 11 By o BRI 45 R rT SR TR 2 5 A
RO 25 G VP IR IR R 25 60 D A B R IR 4

TR

Evaluation value of drying effect

FHRARIEH

Evaluation value of drying effect

THe By o 5lE T« THRAUR B 2% A~ TR
ALY T RACR DA A~ TIRBOR B A T
WO IEAE A4” T IRBORAF A~ T IRRBOR T
A" WTEMN G5 R F 4 Bl 20 T 35 4 i ik
JEHE () TR RCRZR B HET Tk LA v R T
B> WA IR T4 B> B 25 % 0 T8 B>Wi % 118
By” 34 B4y 2O B 9 (En) 43 311 0.0674,
0.0591,0.0595 & 0.0582, #84% (He )43 4]} 0.0088,
0.0106,0.0111 } 0.0119 4% (En) 5 4 (He ) -t
A8/, B HelEn 39/ F 1/3, 3 B IEHr 25
A5 125 AR AR A

Zg2

&=
(=

o
0

=
o

<
'S

=
¥}

o
=}

Membership
(b) L2 B TR T

Membership

(d) Blipe L2508 R T
B 6 ARETFEARTERUARGEENERZE
Fig.6  Comprehensive evaluation results of drying effects of different drying methods
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Table 11 Error analysis of evaluation results
. Lo _ WME A FESEA e o
. R FATEH E AR REA ] REAL2
FIAE A AEA
"t h TR B, (0.4624,0.0674,0.0088) 0.4645 0.4547 0.45% 1.67%
A=A ETHRB, (0.5810,0.0591,0.0106) 0.5914 0.5743 1.79% 1.15%
AACK T ¥ B, (0.6772,0.0595,0.0111) 0.6836 0.6685 0.95% 1.28%
ok A=Ak T B, (0.7635,0.0582,0.0119) 0.7739 0.7549 1.36% 1.13%
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Abstract The drying preparation technology of probiotic microcapsules is the key to ensure the stability of probiotics
during long—term storage. In order to objectively evaluate the drying effect of different drying techniques on probiotic mi-
crocapsules. In this paper, the applications of spray drying (B,), vacuum freeze drying (B,), fluidized bed drying (B;)
and microwave vacuum freeze drying (B,) 4 in probiotic microcapsule drying were analyzed. The multi-process grading e-
valuation index system of probiotic microcapsule drying technology was constructed. Based on the queuing theory, the se-
quence grades and weights of water characteristics, apparent characteristics, structural characteristics, chemical character-
istics, biological characteristics and evaluation factors were determined. At the same time, the cloud evaluation model of

probiotic microcapsule drying technology was constructed by introducing the golden section method and cloud generator
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principle, and the drying effects of four drying methods on probiotic microcapsules were quantitatively evaluated. The re-
sults showed that the comprehensive evaluation of the four drying techniques were Zp (04624, 0.0674, 0.0088), Zx (05810,
0.0591, 0.0106), Zg (0.6772, 0.0595, 0.0111) and Z (0.7635, 0.0582, 0.0119), respectively. The comprehensive or-
der of drying performance of probiotic microcapsules is By> B;> B, > B,. The research method and conclusion can provide
theoretical support and useful reference for enriching and perfecting the drying technology of probiotic microcapsules.

Keywords drying technology; probiotics; microencapsulation; cloud model



