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Abstract: It is difficult to directly observe the structural transformation inside of soft capsules if their shells
are opaque. This study was designed to noninvasively in situ measure the structural characteristics of the soft
capsules and internal particle distributions to reveal the intrinsic quality of the soft capsules and develop a new
technique for reverse engineering and the physical stability evaluation of the soft capsules. In this research, the CT
projection images of soft capsules, namely, propolis soft capsules, were collected via synchrotron radiation X-ray
micro computed tomography (SR-puCT). After three-dimensional reconstruction, the structural differences of the
soft capsules under long-term test and accelerated test for 6 months were quantitatively analyzed by calculating the
three-dimensional structure parameters such as volume, number and distribution of the particles inside and the
thickness for the wall of the capsules. There were only a small number of particles evenly distributed in the soft
capsules stored under common storage condition without layering. On the other hand, the shell wall of the soft
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capsule turned thinner locally at the occlusal portion and the particles with strong X-ray absorption were densely
distributed at the edge of the capsule wall after the accelerated test. This study revealed that the structural parame-
ters of soft capsules obtained by SR-uCT could be used to evaluate the influence of storage environment on the
physical stability of soft capsules. The technology provides a new method for quality control and evaluation for the

soft capsules.
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Figure 1  Slices of propolis soft capsules. A: Propolis soft cap-
sules under common storage condition for 6 months, referred to as
CQ; B: Propolis soft capsules under accelerated environment for 6
months, referred to as JS
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Figure 2  Three-dimensional structure of propolis soft capsules.
A and C: One-half and one-quarter three-dimensional reconstruc-
tion images of CQ; B and D: One-half and one-quarter three-di-
mensional reconstruction images of JS
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Figure 3 Three-dimensional extraction of particles in propolis
soft capsules. Aand C: CG; B and D: JS
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Figure 5 Thickness distributions of propolis soft capsules walls
(n=3)

PR AR, IR IR, ALy (8 R ELSE M, AT 38 4
T ARLAR AR AL AT Ay J2 SR BRAS SE AR AL, RETT R
Wi 24 R0 ) R o A 0 B T SLAR S R Ry e 1k 1 (]
I3 A 22 4 7 TR AR FEBE LN ARRORL IR S5 4, DL B
R BE ) N AE 5B, DRAEASE VE S5 V6 T BUR

N M I i 6 i R 2 A v (X3 ok AT
HH 73 J2 DX sk B) R 2R, 43S rh T L Aok 73 A7 18] 15 B BE
JEEJBE A R HEAT B (11 6), T I B B A X A (AL
DX 3) it A2 SORE B 20 2= 0 DX (2 i (X R)  ASHIE 7T
X R M 0 0 B 1) 445 ) E R M R WA i T e
IS 0 — ) B AR ) T A R A A FEBE AR, JF H 3
BEAR 3 XI5 R BT S A% 20 2 DX S 6 2 (5 Sk T
FEAL), R REANEIA BT T FEBE K 7 B A A A AT
o, ok 8 B [ A1 9 JSE AT AT SR SRR, S AR ]

Figure 4 Three-dimensional extraction of propolis soft capsule walls. A: CG; B: JS
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Figure 6 Corresponding diagram of the shell area getting thinner and precipitated particle layer area in JS
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