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Introduction 

The use of enzymes to increase pig feed digestibility has become a commonplace. 
However, among digestive enzymes, dietary proteases are not yet widely used. One of 
the reasons is the belief that endogenous proteases are enough to achieve optimal 
protein digestion. Several studies, however, have now shown that the addition of 
exogenous proteases can achieve feed cost-saving and maintain optimal animal 
performance. The supplementation of diets with proteases is especially important 
in certain life stages of the animal. For example, it has been shown that piglets 
have a lower endogenous protease expression during the weaning period. Along 
the gastrointestinal tract of the animal, three types of proteases are produced. 
Those proteases vary in terms of substrate specificity and pH optimum. All 
the proteases are needed for the protein digestion to be completed and to 
occur in all the compartments of the digestive system. To improve protein 
digestibility with exogenous enzymes, the addition of a single protease 
is not sufficient and, therefore, a multiple-protease enzyme is more 
suitable to complement the efficacy of the endogenous enzymes. 
A novel protease consisting of three coated protease activities 
(acidic, neutral and alkaline protease) was reported to be able to 
improve performance, AME, DM, GE and nitrogen retention and 
gut morphology of broilers fed corn or sorghum-based diet. In 
the study presented here, we report the different features of 
multi-protease and single protease and evaluate the effect 

ALEX WU and CHRISTOPHE BODENREIDER* present 
in vivo and in vitro data to support multi-protease 
enzymes perform better than single protease 
enzymes.A
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Benefits of applying 
multi-proteases in 

piglet diets



ASIAN PORK MAGAZINE – November/December 2020 3

of multi-protease on the standardized 
ileal digestibility of AA and CP in 
weaned piglets.

Treatment of soybean meal with 
single proteases and a multi-
protease

In an in vitro study mimicking 
the different pHs encountered in 
the digestive tract of monogastric 
animals, the effect of single protease 
is compared to the effect of a multi-
protease (KEMZYME Protease Dry, 
which contains acidic, neutral and 
alkaline proteases). In the study, 
single and multi-proteases were 
incubated with soybean meal in 
acidic conditions followed by neutral 
conditions to simulate the transition 
of feed from the stomach to the small 
intestine. The digestibility of soybean 
meal by different combinations 
of proteases was estimated by 
measuring the amount of free 
amino acid at the end of the double 
incubation.

As shown in Figure 1, not all 
treatments were equal for protein 
digestibility in soybean meal. 
All treatments are comprised of 
endogenous enzymes (pepsin) with 
or without the addition of single 
proteases or multiple proteases. Both 
acidic (C) and alkaline (E) proteases 
improved protein digestibility 
compared to endogenous enzymes 
alone. The neutral protease (D) 
added alone did not improve the 
amino-acid release when compared 
to pepsin. Endogenous enzyme 
added with multi-proteases generated 
the highest amount of free amino 
acids. A synergistic effect was 

Figure 1: Effect of single and multi-proteases on protein digestibility in soybean meal.

A = No enzymes added

B = Endogenous enzymes added (Pepsin) 

C = Endogenous enzymes with acidic protease

D = Endogenous enzymes with neutral protease

E = Endogenous enzymes with alkaline protease

F = Endogenous enzymes with multi protease
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Table 1: Coefficients of standardized ileal amino acid digestibility of CP and AA in 
piglets1.

Item 
Treatment2

SEM p value
Control Protease diet

CP 0.804 0.845 0.007 <0.001

Indispensable AA 

Arg 0.873 0.889 0.008 0.101

His 0.814 0.812 0.008 0.914

Ile 0.841 0.866 0.009 0.025

Leu 0.818 0.836 0.009 0.096

Lys 0.844 0.884 0.009 0.001

Met 0.856 0.908 0.010 0.018

Phe 0.809 0.826 0.008 0.070

Thr  0.799 0.843 0.011 0.002

Trp 0.830 0.881 0.013 0.010

Val 0.801 0.805 0.009 0.692

Dispensable AA 

Ala   0.782 0.931 0.013 0.005

Asp 0.789 0.818 0.007 0.003

Cys 0.793 0.848 0.013 <0.001

Gly 0.821 0.856 0.009 0.012

Glu 0.835 0.850 0.012 0.141

Pro 0.910 0.926 0.007 0.082

Ser 0.814 0.844 0.008 0.011

Tyr 0.865 0.865 0.009 0.962

Total AA 0.833 0.866 0.008 0.011
1 data are means ± standard error of means. n=6. 
2 control=diet without protease supplementation, protease diet=diet supplemented with protease 200 mg/kg 
protease
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observed when the three exogenous 
proteases were added, showing the 
highest response among all groups. 
This confirmed the hypothesis that 
a combination of all three proteases 
with optimal activity under different 
pH conditions would outperform 
each single treatment.

Multi-protease increases ileal 
digestibility of protein and 
amino acids in weaned piglets

A trial was conducted in piglets 
at Sichuan Agricultural University 
to confirm the advantages of 
supplemental multi-proteases in 
protein digestion. Eighteen Duroc 
× (Landrace × Yorkshire) crossbred 
barrows with initial body weight 
(BW) of 13.5±0.2 kg were surgically 
fitted with a T-cannula in the distal 
ileum. Pigs were randomly allocated 
to 3 diets with 6 replicates per diet. 
Diets were formulated to meet 
the requirement of NRC 2012 for 
swine (all diets contained 3 g/kg 
chromic oxide as an indigestible 
marker). Control and protease diets 
were typical corn-soybean diets 
supplemented or not with 200 
mg/kg multi-protease (KEMZYME 

Protease Dry, which contains acidic, 
neutral and alkaline proteases). 
A nitrogen-free diet was used to 
measure basal endogenous losses of 
AAs and CP.

The standardized ileal digestibility 
(SID) of CP and total AA in Table 1  
demonstrated that there was an 
increase in ileal digestibility when 
multi-proteases were added to the 
diet. In terms of indispensable AA, 
the supplementation with multi-
proteases significantly increased 
(p < 0.05) the SID of Ile, Lys, 
Met, Thr and Trp. Similar results 
were observed for some of the 
dispensable AA (Ala, Asp, Cys, Gly 
and Ser). During the weaning period, 
a decrease in protein digestibility is 
normally observed, and the main 
reason is the lower expression of 
endogenous proteases during the 
weaning stress period. This study 
demonstrated that exogenous multi-
protease supplied in piglets’ diets 
could compensate for the poor 
protein digestion post-weaning.

Summary

The in vitro study showed that 
a multi-protease is more efficient 

than a single protease in degrading 
protein in soybean meal. The efficacy 
of this multi-protease was further 
demonstrated an in vivo study on 
weaning piglets. The supplementation 
of a multi-protease increased the 
standardized ileal digestibility of CP 
and AA. Multi-proteases can work 
better in the different conditions 
encountered in the gastrointestinal 
tracts and complement each other 
with broader substrate affinity. A 
combination of acidic, neutral and 
alkaline proteases can be considered 
as an effective means to reduce 
crude protein in swine diets and 
improve digestibility and performance 
during the post-weaning period. AP

*Alex Wu (alex.wu@kemin.com) Product 
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bodenreider@kemin.com) Scientist are both with 
Kemin Animal Nutrition and Health, Asia Pacific.


