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Effect of Drying Methods on Rehydration of Bacterial Cellulose
ZHENG Meixia, XIAO Rongfeng, CHEN Meichun, CHEN Yanping, ZHU Yujing '
(Institute of Agricultural Bio-resources Research, Fujian Academy of Agricultural Sciences, Fuzhou, Fujian 350003, China)

Abstract: [ Objective] Effects of drying methods on rehydration property of bacterial cellulose (BC) were investigated.
[ Method]l BC samples dried by means of hot air, microwave under vacuum, and freeze-drying were compared on the
swelling and reconstitution rates upon rehydration. A scanning electron microscope (SEM) was used to observe and
characterize the BC microstructure. [Result] The varied dehydration processes affected the microstructure and rehydration of
the dried BC. Among the untreated control and treated samples, the freeze-dried BC displayed the highest rehydration rate of
44.79%. It was followed by the hot air and the microwave-vacuum dried specimens. The SEM images showed the freeze-drying
rendered BC with a loose but well-defined fibrous network, while the other two methods produced a tight structure with
clusters. Insofar as hygroscopic property is concerned, freeze-drying BC at —80 °C was superior to all other methods. The
dynamics of the water adsorption and swelling of BC followed the Fickian diffusion law. A better maintained 3D structure
would have greater diffusion coefficient, and therefore, more efficient water absorption for the dried BC when water was
added. [ Conclusion] The freeze-dried BC could be rehydrated most desirably among all tested samples. The processing
technology was recommended for the dehydration.
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Note: a: BC-DD70: BC dehydrated by 70 “C hot air drying; b: BC-DD50: BC dehydrated by 50 °C hot air drying; c: BC-MVD: BC dehydrated by
microwave-vacuum drying; d: BC-FD20: BC dehydrated by —20 C freeze-drying; e: BC-FD80: BC dehydrated by —80 °C freeze-drying. The same as

Fig.2.
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Fig. 1 Appearances of dried BC samples
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Fig.2 SEM micrographs of dried BC samples by various dehydration methods
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Table 1 Water absorption of dried BC samples

TR AR K E
T Rehydration mass of K2

Samples per gram of dry bacterial  Swelling ratio/%
cellulose/g

I Contrast 751140112 7411.54£11.00
70 °C PRk

+ +
BC-DD70 18.12+0.18 ¢ 1711.93+18.07 ¢
50 CHRFHE

+ +
BC-DDS50 33.74+0.24d 3274.10+24.10d
Bk T 8.0540.15 f 704.49+15.23 f
BC-MVD
20 CHIA HATA K T4

+ +
BC-FD20 42.63+0.13 ¢ 4162.74+12.74 ¢
—80 T H A R T1

+ +
BC-FDR0 43.79£0.19b 4279.34+19.34 b

T R RGEIREA NG TR ERIERFEKF (P<0.05) .
Note: The same column of date in the table followed by lowercase letters are

significantly different (P<0.05).
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Fig.3 Swelling rate of dried BC samples
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Note: a: BC-DD70: BC dehydrated by 70 °C hot air drying; b: BC-DD50: BC dehydrated by 50 °C hot air drying; c: BC-MVD: BC dehydrated by
microwave-vacuum drying; d: BC-FD20: BC dehydrated by —20 C freeze-drying; e: BC-FD80: BC dehydrated by —80 C freeze-drying; f: untreated (CK).
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Fig. 4 Morphology of rehydrated BC samples
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Table 2 Rehydration indices of BC samples dried by different methods

ENCRE: YiE 70 'C AT 50 'C HURTJE TR L2 T Je =20 C TivA H A VR T 15 —80 C Ti¥A H Ao VR T 15
Different drying species BC-DD70 BC-DD50 BC-MVD BC-FD20 BC-FD80
BRI IERE R n 0.4400 0.4942 0.3173 0.3610 0.1245

0=276.75(5+2 233.1 (*=0.976 9)
0=476.521"5+328.18 (°=0.989 7)
0=401.58/"5-538.82 (°=0.866 6)
0=140.6915+2.404 9 (°=0.885 8)
0=66.54505+79.207 (>=0.908 2)
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Fig. 5 Water absorption rate after fitting
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Table 3 Diffusion coefficients of dried BC samples upon rehydration
ENERRE:" 70 C FRFL 50 C AT T A TR =20 °C T HA R TR —80 C P BT
Different drying species BC-DD70 BC-DD50 BC-MVD BC-FD20 BC-FD80
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