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Abstract 

Purpose:  To opt im iz e the pr oc ess p aram et ers for the enc aps u lat io n of Clos trid iu m tyr obut yric um (Ct) 
and to deter mi ne its in vitro cha ract er ist ic s. 
Methods:  The proc es s param et ers , inclu di n g the conce ntrat ion of the wall and hard eni ng mat erial, Ct to 
gel at in rat io and har de n in g time, were st udi ed by sin gl e fact or ana ly s is, while opti m iz atio n was 
perf orme d by ort hogo nal expe ri ment al desi gn for the enc aps ulati on rat e of Ct. 
Results:  Optim al cond it io ns exh ibite d by ort hogo nal expe rim ent al des ig n at a 92. 17 % encaps ul a ti o n 
rat e wit h a via ble count of 9.6 1 ± 0.0 6 lgCF U/ g were: 6 % modifi ed star c h, 3 % sodium algi nate, and 2 
% CaCl 2  at a Ct to gelatin rat io of 1:1 with a har de n ing tim e of 30 min. The sur v iva l rat es of 
enc a psul at ed Ct were high er than free Ct in sim ulate d gas t ric (6.22 %) and intes tin al jui c es (15.55 %). 
Reduct ion in viabl e counts of Ct at 90 °C were high er for free cell s (44. 7 6 %) than enc a psul at ed cells 
(28. 09 %) after 30 min of hea t treat me nt. Corre spo ndi n gly, enca p sul at io n boos te d the capac ity of Ct to 
withs tan d the strong aci dic con diti ons of the st oma ch and improv e d the st orag e pro perti e s of Ct. 
Conclusion:  The resu lts sug g est ed that ext rusio n is a good techn iq ue for the encap sul a t ion of Ct, as it 
enh anc es the viab ility of Ct during thei r tra nsit throug h the gas tro int es tin al tract . Furt hermore , 
enc a psul at io n is fav orabl e for Ct if plann ed for use in form u lat io ns wher e high tem p erat ur e tre atm ent is 
requ ired. 
 
Keywords:  Encaps u lat io n, Acid res ist anc e, Bile salt toler a nc e, Clost rid iu m tyrobut yric u m, Extrus ion, In 
vit ro sim ulat i on , Tem perat ure tolera nc e 
 

�7�K�L�V���L�V���D�Q���2�S�H�Q���$�F�F�H�V�V���D�U�W�L�F�O�H���W�K�D�W���X�V�H�V���D���I�X�Q�G�L�Q�J���P�R�G�H�O���Z�K�L�F�K���G�R�H�V���Q�R�W���F�K�D�U�J�H���U�H�D�G�H�U�V���R�U���W�K�H�L�U���L�Q�V�W�L�W�X�W�L�R�Q�V��
� I� R� U� � � D� F� F� H� V� V� � � D� Q� G� � � G� L� V� W� U� L� E� X� W� H� G� � � X� Q� G� H� U� � � W� K� H� � � W� H� U� P� V� � � R� I� � � W� K� H� � � &� U� H� D� W� L� Y� H� � � &� R� P� P�R�Q�V�� �$�W�W�U�L�E�X�W�L�R�Q�� �/�L�F�H�Q�V�H��
���K�W�W�S�������F�U�H�D�W�L�Y�H�F�R�P�P�R�Q�V���R�U�J���O�L�F�H�Q�V�H�V���E�\������������ �D�Q�G�� �W�K�H�� �%�X�G�D�S�H�V�W�� �2�S�H�Q�� �$�F�F�H�V�V�� �,�Q�L�W�L�D�W�L�Y�H��
���K�W�W�S�������Z�Z�Z���E�X�G�D�S�H�V�W�R�S�H�Q�D�F�F�H�V�V�L�Q�L�W�L�D�W�L�Y�H���R�U�J���U�H�D�G������ �Z�K�L�F�K�� �S�H�U�P�L�W�� �X�Q�U�H�V�W�U�L�F�W�H�G�� �X�V�H���� �G�L�V�W�U�L�E�X�W�L�R�Q���� �D�Q�G��
�U�H�S�U�R�G�X�F�W�L�R�Q���L�Q���D�Q�\���P�H�G�L�X�P�����S�U�R�Y�L�G�H�G���W�K�H���R�U�L�J�L�Q�D�O���Z�R�U�N���L�V���S�U�R�S�H�U�O�\���F�U�H�G�L�W�H�G����

�7�U�R�S�L�F�D�O�� �-�R�X�U�Q�D�O�� �R�I�� �3�K�D�U�P�D�F�H�X�W�L�F�D�O�� �5�H�V�H�D�U�F�K�� �L�V�� �L�Q�G�H�[�H�G�� �E�\�� �6�F�L�H�Q�F�H�� �&�L�W�D�W�L�R�Q�� �,�Q�G�H�[�� ���6�F�L�6�H�D�U�F�K������ �6�F�R�S�X�V����
�,�Q�W�H�U�Q�D�W�L�R�Q�D�O�� �3�K�D�U�P�D�F�H�X�W�L�F�D�O�� �$�E�V�W�U�D�F�W���� �&�K�H�P�L�F�D�O�� �$�E�V�W�U�D�F�W�V���� �(�P�E�D�V�H���� �,�Q�G�H�[�� �&�R�S�H�U�Q�L�F�X�V���� �(�%�6�&�2���� �$�I�U�L�F�D�Q��
�,�Q�G�H�[�� �0�H�G�L�F�X�V���� �-�R�X�U�Q�D�O�6�H�H�N���� �-�R�X�U�Q�D�O�� �&�L�W�D�W�L�R�Q�� �5�H�S�R�U�W�V���6�F�L�H�Q�F�H�� �(�G�L�W�L�R�Q���� �'�L�U�H�F�W�R�U�\�� �R�I�� �2�S�H�Q�� �$�F�F�H�V�V�� �-�R�X�U�Q�D�O�V��
���'�2�$�-�������$�I�U�L�F�D�Q���-�R�X�U�Q�D�O���2�Q�O�L�Q�H�����%�L�R�O�L�Q�H���,�Q�W�H�U�Q�D�W�L�R�Q�D�O�����2�S�H�Q���-���*�D�W�H���D�Q�G���3�K�D�U�P�D�F�\���$�E�V�W�U�D�F�W�V��

��

�,�1�7�5�2�'�8�&�7�,�2�1��
 
Probiotics are live microorganisms that have 
beneficial effects on the host when fed in 
adequate amounts. Although probiotics have 
many physiological functions, such as killing 

harmful bacteria, improving digestion and 
absorption, and enhancing growth, productivity 
and intestinal immune function [1], there are 
many problems associated with their application 
as feed additives. These include low survival of 
live bacteria during processing and 
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transportation; difficulty withstanding low pH in 
the stomach; and difficulty in resisting adverse 
environmental conditions during feed processing, 
such as heating, pelleting and storage. 
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Bile salt resistance was evaluated by treating 
MEB or FB (1 g or 1 ml) with bile liquid (9 ml of 
0.3 % pig bile salt solution) at 37 °C for 3 h with 
constant agitation (50 rpm) [12]. 
 
MEB and FB were treated with hot water at 60 or 
90 °C, and changes in the number of live 
bacteria were counted at different intervals of 
time to examine their resistance to changes in 
temperature [3]. Acid resistance and storage 
kinetics were studied by following the methods of 
Ding and Shah [13] and Etchepare e t al  [11], 
respectively. All in vitro  analysis were run in 
triplicates. 
 
�6�W�D�W�L�V�W�L�F�D�O���D�Q�D�O�\�V�L�V��
 
Data regarding the effects of individual factors on 
the ME rate and in vitro  characteristics were 
analyzed by one-way ANOVA in SPSS 20.0 and 
expressed as the mean ± SD. To determine 
statistically significant differences among 
treatments, Tukey’s test was used (p  < 0.05). 
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Figure 1 shows that 0–12 h was the adaptation 
period followed by the growth phase (12 – 24 h) 
of C t ,  while the growth curve at 24 – 36 h 
indicated that the total number of bacteria was no 
longer growing, and the viability of the entire flora 
gradually decreased, which might be due to the 
depletion of nutrients, accumulation of toxic 
products and decline in pH. 
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The ME rate under different experimental 
conditions is shown in Figure 2 a-e. The 
maximum ME rate (77.31 %) with the highest 
number of live bacteria (3.8 × 109 CFU/g) was 
obtained by hardening the microcapsules for 30 
min (Figure 2 a). A further increase in hardening 
decreased the ME rate (10.09 %) and viable 

counts (15.79 %). Figure 2 b shows that the ME 
rate was increased by increasing the 
concentration of M-starch, and the maximum ME 
rate (89.60 %) was obtained by using 7 % M-
starch. When the concentration of Na-alginate 
was less than or equal to 3%, a positive 
relationship was observed between the Na-
alginate concentration and ME rate, reaching a 
maximum rate of 87.98 % at a concentration of 3 
%, but a further increase in the concentration of 
Na-alginate negatively affected the yield of the 
product (Figure 2 c). Similarly, the4
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�7�D�E�O�H������ The orthogonal design and ME rate of Ct . at four levels of four different factors 
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���Y���Y��
1 1 4 1 1:1 67.2 
2 1 5 2 1:2 72.6 
3 1 6 3 1:3 75.4 
4 1 7 4 1:4 69.5 
5 2 4 2 1:3 82.3 
6 2 5 1 1:4 74.6 
7 2 6 4 1:1 90.7 
8 2 7 3 1:2 66.8 
9 3 4 3 1:4 78.3 

10 3 5 4 1:3 83.9 
11 3 6 1 1:2 78.1 
12 3 7 2 1:1 88.7 
13 4 4 4 1:2 68.4 
14 4 5 3 1:1 75.5 
15 4 6 2 1:4 81.3 
16 4 7 1 1:3 74.6 

Value 
k1 71.18 74.05 73.63 80.53  

k2 78.60 76.65 81.23 71.48  

k3 82.25 81.38 74.00 79.05  

k4 74.95 74.90 78.13 75.93  

R 11.08 7.32 7.60 9.05   
Note: k1–k4 values are average rate of ME for each factor at levels 1-4, respectively; R is the range for each 
factor. A larger R value indicates a greater effect of the factor on the process 
 
In vitro





Ya q oo b et al ��

Trop J Pharm Res, September 2021; 20(9): ����������
 

encapsulate L a c t ob ac i l l u s acid op hi l u s  increased 
its resistance to the GIT environment. Similarly, 
Bi f id ob ac t er i a [14,16–18] and Lac to bac i lli  [6,19] 
showed higher viability with alginate 
encapsulation when incubated in simulated 
gastric fluid. Results of the present study showed 
that C t  is less resistant to strong acids, and 
encapsulation improved its tolerance, as 
suggested by previous studies [20,21]. This was 
due to the barrier effect of the microcapsule wall 
on acid, which prevents it seeping into the 
microcapsule. Previous studies on La ctob ac illus 
casei [14] and L ac to bac illu s acidop hilus  [2] also 
support the results in this study. In addition, the 
M-starch added to the wall has a strong 
adsorption effect and indirectly enhances the 
tolerance of the internal C t  to the acidic 
environment. However, contrasting results have 
also been reported in the literature, showing that 
alginate ME does not effectively protect 
microorganisms at low pH [7,20,22]. 
 
According to the results of the present study, ME 
has no protective effect against bile salt 
treatment, as reported by Yaqoob e t al  [9]. 
Similarly, higher mortality of encapsulated 
Bi f id ob ac t er i a  [16], Bi fi d ob ac t er ium bifid um  and 
L ac tobac illu s acidop hilus  [19] was seen after bile 
salt treatment. Contradictory findings have been 
reported in the literature, in which encapsulation 
could significantly enhance probiotic resistance 
to bile salts [2,17]. The inconsistency could be 
attributed to the use of different encapsulation 
parameters, methods and types or strains of 
probiotics. 
 
Encapsulation enhanced the tolerance of 
bacteria against high temperatures of 65 and 90 
°C, as reported by Ding and Shah [13] and 
Yaqoob et al  [9], respectively. This is similar to 
the results obtained in this study. The present 
results are also supported by the study of Mandal 
e t al  [14], which reported that high-temperature 
treatment drastically reduced the viable counts of 
L ac tobac illu s  in free form and that alginate 
encapsulation increased its viability under such 
conditions. Higher survival of encapsulated C t  
might be due to slower diffusion of water in the 
capsule at high temperature. 
 
The storage kinetics results are in line with 
previous findings [6,23]. In another study, viable 
FBs were observed after storage at room 
temperature for 7 days, but little change in 
counts was observed by encapsulation of the 
same bacteria for up to 14 days [24]. The 
increase in survival rate might be due to reduced 
moisture contents in encapsulated form because 
probiotics survive longer in a dried environment 
than under liquid conditions [25,26]. 

�&�2�1�&�/�8�6�,�2�1��
 
The findings of this study indicate that the best 
process parameters/conditions for encapsulation 
of C t  by the extrusion method are 6 % M starch 
and 3 % Na-alginate at a C t  to gelatin ratio of 1:1 
(v/v) with a 30 min hardening time in 2 % CaCl2 
solution. Encapsulated C t  produced under these 
conditions survive better in simulated GIT 
conditions with higher resistance to harsh 
environmental conditions and comparatively 
longer shelf life than free Ct . 
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