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Preparation of fish oil micro-capsules by spray freeze drying
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Abstract: Spray freeze-drying (SFD) is a new method of micro-
capsule preparation, which combines spray drying (SD) and
freeze-drying (FD) processes to obtain a high-quality powder.
The encapsulation efficiency, moisture content, productivity, re-
pose angle, solubility, total drying time and total drying energy
consumption were taken as evaluation indexes, and the best pa-
rameters of vacuum pressure and air volume were determined by
weighted comprehensive score method in the process of spray
freeze-drying. The composition of the fatty acid composition of
fish oil before and after embedded was compared and analyzed.
The results showed that the quality of fish oil microcapsule pre-

pared by vacuum pressure of 35 Pa and cold air volume of
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5.5 m®/min was superior, and the particle size distribution was

concentrated, which was concentrated between 117. 13 ~
200.06 pm, and the fluidity of powder was great and the overall
quality was superior. The fatty acid composition of fish oil
changed little before and after embedded, and the relative content
of saturated fatty acids decreased, and the relative content of un-
saturated fatty acids increased. The relative contents of DHA and
EPA increased by 0.966 % and 0.037 % respectively.

Keywords: fish oil micro-encapsulations; spray freeze-drying;

vacuum pressure; air volume; fatty acid
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Quality characteristics of fish oil microcapsules

Table 1

dried by SFD under different vacuum conditions

H 25 R J1/Pa R/ % EIKE/ TR/ %
30 89.84+0.02°  3.1740.06>  43.7740.13"
35 90.034+0.06"  3.214£0.03*  45.2240.09°
40 89.8740.03*  3.4040.09*  52.15+0.09°
45 89.74+0.02>  3.4540.02>  56.0440.11"
50 88.9540.04¢  3.4440.02*°  57.0740.10°
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Y,=1.647 1+0.070 457X X —0.000 686 X X*(R* =
0.910 7, €D

Y;=3.731 1+1.635 3X X —0.011 086 X X* (R* =
0.946 1), (10)
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Table 2 Energy consumption of fish oil microcapsules
dried by SFD under different air volume
K% JET]/Pa BT BRFERS /h RHEFE/ (K]« kg™ )
30 11.0040.40" 61 827.83+520.00*
35 11.00+0.25¢ 63 802.014760.00"
40 12.0040.25% 68 828.874640.00*
45 13.50+0.10" 71 806.59+570.00*
50 14.004+0.20% 77 842.31+950.00¢

T BN [ R 22 57 8 3 (P<0.05)
2.2 RARRNEXMNBEELFTRAEHUMKENZ N
# 3 WA T AR KRG & 0F T 855 % O 1 1
Tl I A ) AL HE R B KR RV R R AR
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Y,=3.469 9—3.469 9 X e [(X—30.000 0)+458.820 9] 0313 387
(R*=0.976 0), 12>

Y, =65.886 8 X Exp(—0.005 228X X)(R*=0.984 4),
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Table 3 Quality characteristics of fish oil microcapsules  Table 4 Energy consumption of fish oil microcapsules
dried by SFD under different air volume dried by SFD under different air volume
% MUK/ Ry P— AL Y 7% KU/ ST R G/ MAEAE/
(m?® « min ! (m® « min~ 1) h (k] « kg™ D)

4.5 89.04+0.04° 3.4740.02" 56.144-0.08* 4.5 13.00+0.25% 67 653.554710.00*
5.0 89.4340.02¢ 3.41+0.03% 55.2740.09° 5.0 13.00+0.20% 66 935.55+450.00"
5.5 89.87+0.03" 3.3640.02% 53.1540.12% 5.5 12.00+0.50% 66 383.61+510.00¢
6.0 89.6440.02"  3.2640.04°  52.2240.07¢ 6.0 11.504+0.30> 66 334.51+420.00°
6.5 88.6540.012  3.2440.02¢  50.6740.08 6.5 11.000.25" 65 352.24360.00"

T T TR ) R 2 5 3 (P<C0.05) .
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T B D E T RS A R R, R KUK R R
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Dry conditions

a. 5.5 m?/min,30 Pa b. 5.5 m®/min,35 Pa c. 5.5 m®/min,40 Pa
d. 5.5 m*/min,45 Pa e 5.5 m*/min,50 Pa f. 4.5 m*®/min,45 Pa

g. 5.0 m*/min,45 Pa  h. 6.0 m®/min,45 Pa i. 6.5 m®/min,45 Pa

H1l RETFBR&HTRFLATREY
PR I AR 4% AR A
Figure 1  Weighted comprehensive score of fish oil mi-

crocapsules by SFD under different drying con-

ditions
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A U FR R AR 0 A O B o R R R AT EAE4.03 ~
324.35 ‘um,%q:‘ﬁ?ﬁ 117.13 ~200.06 ;Lm,ﬁt?%%%
AUV P BT U T A £ TR R A L AR 3 AR S T (20 ~
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B At
Interval percentage content/%

1 1 1 1
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LA ]
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Figure 2 Particle size distribution of spray freeze dried

fish oil microcapsules
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Figure 3 Total ion chromatogram of untreated fish oil

by gas chromatography
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Figure 4 Total ion chromatogram of fish oilmicrocapsules

(SFD) by gas chromatography
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WS MR (DHA) . — 5k 0% R (EPA) LM ER . A — +
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£ g D R R A A5 R A — o 200 B AR IR R
R TR TR R (DPA) %5, 3 b 5 R 2 IR O BT SR
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Horpr W 55 Ve VR T 04 A5 T BRS8N T T
T (AR X £ HE Ol 24.596 06, B oK 4 Ak BT IR AT
29.112%) /0T 4.516 % , B AN M0 i i R 14 AH o 4 >
36.355% . b Tl B L HT ( 32.553 %) @/ T 3.802%, £
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x5 BEEHEEHBBKERENL GCMS 4
ZH R B 5 LE B
Table 5 Comparison of untreated fish oil and fish oil mi-
crocapsules (SFD) methyl esterification by GC-
MS analysis
- Gﬁ%ﬁﬂj‘ *EX‘JI/E\E/%‘ 7
] /min WA UK % (SFD)
PR W R R 7.363  1.31840.320  0.84440.011
(REIRSH 7 7.816  0.262+0.006  0.25440.002
VAN A 8.232  5.953+0.035  5.39740.056
R 8.331 21.16840.513 17.291-0.434
F—Le iR 8.680  0.243+0.011  0.22040.008
F-E e 8.909  0.46240.013  0.395+0.010
TR =R 9.304  2.866+0.121 2.776+0.097
RN L3 A 9.455 18.138+0.682  17.967+0.631
MR 9.506  5.55240.791  6.0560.680
RWAY T/ 9.612  5.01640.412  4.97340.394
P R 10.304 0.2354+0.014 0.35340.011
R DU I R 10.819 0.64340.038 0.48740.042
RAN 3R 10.908  22.62840.856  22.46740.882
A1) TR 13.698  1.1652£0.001  5.39720.009
B TR 11.455  0.643+0.031  0.619+0.027
TSR R
(DHA) 13.100  10.49974:0.253  11.46520.281
B R S TNl 3
CEPA) 10.908  1.46420.003  1.50120.000
— R R 13.688  0.234740.010  0.21740.007
I 0k 5 2 13.875  0.87340.060  0.744740.071
I Bk s 2 13.865  0.638+£0.008  0.577+0.011

075 TR P9 AR 5 S Ul o [T A R0 R A R T o 1 o,
HROROR R R L O B R . Ah BEET S R AR RIR DR . R
MO FAG 7 1R - 22 AN 1t R0 B U5 B2 09 5 A X & & 5k Sr IR
A5 PRRIE S AS T 8 A 6 0T R B 3 A 5 SRR R — B

W% 25 Vo U T M £ Y R0 20 R A 4 Ak R Y AR Ak i
BT AR 2B T S BRIG BRTE SFD #F A ik o 11-+
ST R Ab H A 4> T8 AR AL Hod A RS R IR
(DHA) , =+ B T % B2 (EPA) 43 B 34 m T 0. 966 % F1
0.037 %0 » 7 B M R 0. 7 158 R 91l 2 1) AH X6F B o IR A T
T AR R L ) SR TR R AR A R S 0 A A A TR R
434 HG D5 FRL AT R 2 A T R 3 A A 0 T A BB B L T
FLALTHIR MG W5 R R TR 2 — D ES &0 BN
JE VR VR A 2 4R B8 B[R] 6, WOk 52 3 RE A2 Ak Y 5 e,
SRR BEAN Y S], B2 3 Wk 8] e s i o 845 9 43 R 7 R
PR b 2 gl 2 W 4 0 T 4, A TT S5 BBOMR I I8 A 43 18] A %
T RETA,
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