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Abstract: Besides Lysine (Lys), Threonine (Thr) and Methionine (Met), Tryptophan (Trp) is considered as the 
fourth limited amino acid in swine feed and the second limited amino acid in corn-soybean meal diets with low 
protein level. As crystal Lys, Met and Thr are widely used in animal feed, the restriction effect of Trp on swine 
feed has become more obvious. This article has reviewed researches about the application of Trp in swine feed 
and provides theoretical basis to determine the proper Trp requirement for piglets, growing and finishing pigs.  
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In recent 20 years, a lot of researches have been 
conducted to study the ideal amino acids profile for 
pigs and the accuracy of the profile has been improved 
further. However, little research has been conducted to 
study Tryptophan (Trp) requirement in the profile. 
Most existing researches only focused on the study of 
the mechanism of feed intake regulation by Trp but 
little focused on the study of the requirement based on 
the profile (Burgoon et.al., 1992; Lin and Jiang, 1999; 
Su, 2004; Zhang, 2006).  
As one of the essential amino acids for pigs (NRC, 
1998), Trp is considered as the fourth limited amino 
acid for pigs besides Lys, Thr and Met, and the second 
limited amino acid in corn-soybean meal diets with 
low protein level due to its considerable effect on 
nutritional restriction (Wu, 2003). Therefore, it’s 
important to understand Trp requirement. This article 
has reviewed researches about the application of Trp 
in swine feed and provides theoretical basis to 
determine the proper Trp requirement for piglets, 
growing and finishing pigs. 

 

1 Trp requirement for piglets 
 

Weanling can result in a series of stress responses 
including considerable drop of feed intake, suppressed 
growth performance and poor health condition in 
which the drop of feed intake is considered as the 
main factor leading to the reduction of growth 
performance and health condition. Trp is the precursor 
of the hypothalamus synthesis of 
5-Hydroxytryptamine which is a kind of 
neurotransmitter participating in the regulation of 
animal’s feed intake. Therefore, not only has Trp the 
impact on protein accretion, but it’s also the key 
nutritional factor of feed intake regulation in piglets.  
Proper Trp content in diet and ideal protein profile 
play very important role in piglet’s growth, but it has 
been reported that there is a great discrepancy of 
Trp:Lys ratio in the model for piglets in the existing 
researches (See Table 1).    
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Average weight kg Initial-final weight kg CP % Trp % TTrp % Trp/Lys TTrp/TLys Source 

5-10 kg 

4.0  3-5 26.0 0.27 0.24 18.0 17.9 NRC, 1998 

6.3  5.2-7.3 - 0.24 0.21 - 15.6 Guzik et.al., 2002 

6.4  3.8-9.0 20.0 0.28 0.25 19.5 18.0 Lin et.al., 2001 

7.5  5-10 23.7 0.24 0.22 17.8 18.5 NRC，1998 

8.3  6.3-10.2 - 0.23 0.2 - 16.8 Guzik et.al.,2002 

Average value    0.25 0.22 18.4 17.4  

10-20 kg 

11.0  6-16 22.0 0.19 - - - Burgoon et.al., 1992 

11.0  6-16 16.8 0.24  21.5  Hsia, 2005 

11.0  7-15 18.8 - 0.22 - 21.0 Ettle & Roth, 2004 

12.0  7-17 19.0 0.26 0.23 21.0 20.5 Pluske & Mullan, 2000 

13.0  10.3-15.7  0.22 0.18 - 17.8 Guzik et.al., 2002 

14.0  8-20 18.5 0.21 - 17.8 - Lin et.al.,1999 

15.0  10-20 - 0.22 - 18.0 - Chung &Baker, 1992 

15.0  10-20 18.0 0.16 0.14 - - Hanet.al., 1993 

15.0  10-20 20.9 0.21 0.18 18.3 17.8 NRC, 1998 

15.0  10-20 17.5 0.16 - 14.0 - Sato et.al., 1987 

15.5  8-23 18.4 0.24 - 20.0 - Su et.al., 2004 

Table 1 Trp requirement for piglets weighing 5-20 kg 



 

 

 

 

 

 

 

 

 

 

Note: CP, Dietary Crude protein; Trp, Total Tryptophan; TTrp, True Digestible Tryptophan; Trp/Lys, Total Tryptophan/Total Lysine ratio; TTrp/TLys, Tue Digestible  

Tryptophan/True Digestible Lysine ratio.

15.8  8.7-22.8 18.0 0.22 - 17.9 - Wu et.al., 1994 

16.9  9.8-24.0 16.3 0.2 - 18.2 - Wu, 2003 

18.0  10-26 17.0 0.26 0.23 22.4 21.5 Jansman et.al., 2002 

19.5  11-28 19.2 - 0.23 - 20.5 Castaing et.al., 2002 

19.5  12-27 18.4 0.23 0.19 19.0 18.0 Le Bellego & Noblet, 2002 

20.0  10-30 18.5 0.29 0.25 23.0 22.0 Lynch et.al., 2000 

20.0  15-25 17.8 - 0.22 - 23.0 Ettle & Roth, 2004 

22.5  15-30 22.0 - 0.23 - 19.2 Buraczewska et.al., 2005 

Average value    0.22 0.21 19.2 20.1  
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It can be found in Table 1 that there is a great 
discrepancy of Trp/Lys ratio in amino acids profile for 
piglets reported in researches issued since 1987. The 
change of Trp/Lys ratio and TTrp/TLys are similar. 
TTrp/TLys ratio ranges from 16-23. The average value 
of TTrp/TLys ratio for pigs in 5-10 kg is 17.4 which is 
slightly lower than NRC estimate and TTrp content is 
0.22% which is similar to TTrp estimated by NRC 
(1998). The average TTrp/TLys ratio is 20.2 and TTrp 
content is 0.21% for pigs weighing 10-20 kg. In this 
growth phase, both TTrp/TLys ratio and TTrp content 
are higher than NRC estimate (1998).  
Burgoon et.al., (1992) has carried out researches to 
study Trp requirement for pigs weighing 6-16 kg 
which were fed corn-fish meal-corn gluten meal diet. 
Results showed that as dietary Trp level was increased, 
the growth performance of experimental pigs was 
improved and a clear plateau phase existed when 
Trp/Lys exceeded 18. The best growth performance 
was achieved in the group with the Trp level of 
0.205%. Lin et.al., (1999) has reported total Trp 
requirement for 8-20 kg pigs fed similar diets of 
0.205% (Trp/Lys=18) which can meet the requirement 
for the best growth performance. Results suggested by 
both two researches are lower than 0.22% which is 
shown in Table 1. Guzik et.al., (2005) suggested in 
their research where piglets weighing 10.3-15.7 kg 
were fed by corn-pea diets that dietary Trp supply 
should be slightly higher than the recommendation in 
order to regulate feed intake by using excessive Trp 
and thus improve the growth performance in the 
whole growth period of pigs. As Trp level was 
increased, although daily weight gain was varied 
within the range of 0.18-0.255%, feed intake was 
increased correspondingly. With regards of the effect 
of feed intake on piglets, researches tend to suggest 
higher Trp requirement estimate and that’s why Table 
1 shows higher estimate of Trp requirement.   

2 Trp requirements of growing and 
finishing pigs 

 
Trp requirement of growing and finishing pigs 
reported since 1992 are summarized in Table 2. It can 
be found in Table 2 that the average true ileal 
digestible Trp requirement is 0.15% for 20-50 kg 
growing pigs and the average ratio in ideal amino 
acids profile is 19%. In the feeding experiment where 
pigs were fed corn-corn gluten meal diet, Lin et.al., 
(2002) reported the optimal true ileal digestible Trp 
requirement for 24-54 kg pigs of 0.14% which is 21% 
of dietary true ileal digestible Lys. Guzik et.al., (2005) 
has conducted research using corn-soybean meal-pea 
diet and reported true ileal digestible Trp requirement 
determined using plasma urea N for 30.9 and 51.3 kg 
growing pigs of 0.17 and 0.15% respectively which 
are similar to the dates shown in Table 2. 
Eder et.al., (2003) has conducted researches focusing 
on 50-80 kg early-finishing pigs and reported the 
standard ileal digestible Trp requirement of at least 
0.17% which is 21% of dietary standard digestible Lys. 
Meanwhile, Eder et.al., (2003) also conducted N 
balance experiment in 56 kg pigs and found that when 
the optimal protein accretion:protein efficiency ratio 
was achieved, standard ileal digestible Trp 
requirement was at least 0.17% which is similar to the 
data determined by animal feeding experiment. Hahn 
and Baker (1995) reported the true ileal Trp 
requirement of 0.11% which is 20% of dietary true 
ileal digestible Lys. Dietary true ileal digestible Trp 
requirement of 50-80 kg pigs shown in Table 2 is 
0.13% and the average ratio in ideal protein profile is 
20% which is significantly different from the data 
reported by Eder et.al., (2003).  
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Table 2 Trp requirement for growing and finishing pigs weighing 20-120 kg 
 

Average weight kg Growth phase kg CP %  Trp %   TTrp %   Trp/Lys    TTrp/TLys   Source 

20-50 kg 

30 25-35 17.92 - 0.17 - 0.19 Zhang et.al., 2001 

35 20-50 18.00 0.17 0.15 0.18 0.18 NRC,1998 

35 20-50 13.30 0.23 0.20 0.22 0.23 Eder et.al.,  2003 

36 22-50 15.50 0.13 - 0.14 - Burgoon et.al.,  1992

39 24-54 14.20 0.15 0.14 0.20 0.21 Lin et.al., 2002 

45 30-60 14.00 - 0.14 - 0.18 Tang et.al., 2008 

46.5 38-55 12 和 16 0.16 - 0.20 - Henry et.al., 1996 

47.5 35-60 15.43 - 0.12 - 0.18 Luo et.al., 1999 

47.5 35-60 16.67 - 0.13 - 0.18 Luo et.al., 2003 

Average value   0.17  0.15  0.19  0.19   

50-80 kg 

65 50-80 15.50 0.14 0.12 0.19 0.18 NRC, 1998 

65 50-80 13.10 0.20 0.17 0.20 0.21 Eder et.al.,  2003 

67 55-79 12.00 0.09 - 0.13 - Burgoon et.al.,  1992

73 56-90 11.00 - 0.11 - 0.20 Hahn & Baker, 1995 

80 60-100 12.00 0.13 0.11 0.21 0.21 Lin et.al., 2002 

80 60-100 13.20 - 0.11 - 0.20 Luo et.al., 2001 

Average value   0.13  0.13  0.17  0.20   

80-120 kg 

97.5 80-115 10.70 0.16 0.12 0.22 0.22 Eder et.al., 2003 

100 80-120 13.20 0.11 0.10 0.18 0.19 NRC, 1998 

101 90-112 10.00 - 0.10 - 0.20 Hahn & Baker, 1995 

101.05 88.5-113.6 8.70 - 0.08 - 0.15 Kendall et.al., 2007 

107.25 91.2-123.3 9.30 - 0.09 - 0.17 Kendall et.al.,  2007 

111.1 98.8-123.4 10.00 - 0.09 - 0.17 Kendall et.al.,  2007 

Average value   0.12  0.10  0.18  0.19   

Note: CP, Dietary Crude protein; Trp, Total Tryptophan; TTrp, True Digestible Tryptophan; Trp/Lys, Total Tryptophan/Total Lysine 

ratio; TTrp/TLys, Tue Digestible Tryptophan/True Digestible Lysine ratio.    
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Kendall et.al., (2007) has conducted 3 experiments 
including 3 weight ranges to determine true ileal 
digestible Trp requirement for 90-125 kg pigs. They 
reported true ileal digestible Trp of 0.08, 0.09 and 
0.09% which are equivalent to 15, 17 and 17% of 
dietary true ileal digestible Lys for pigs weighing 
88.5-113.6 kg, 91.2-123.3 kg and 98.8-123.4 kg 
respectively. After the complied analysis of the data 
from three experiments and the comparison with the 
data from previous researches, Kendall suggested that 
the range of the ratio of true ileal digestible Trp 
requirement in ideal protein profile of 90-125 kg pigs 
is 14.5-17%. However, as shown in Table 2, the 
average true ileal digestible Trp requirement of 80-120 
kg pigs is 0.10% and the average ratio in ideal protein 
profile is 19% which are different from the data 
reported by Kendall et.al., (2007). The difference may 
be resulted from the different breeds and weight range 
of pigs used in the researches.  
It has been reported by NRC (1998) that true 
digestible Trp requirement of growing pigs weighing 
20-50 kg, 50-80 kg and 80-120 kg are 0.15, 0.12 and  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0.10% respectively and the ratio in ideal protein 
profile are 18, 18 and 19% respectively. These data are 
basically consistent with the average value shown in 
Table 2 which indicates that the estimate of Trp 
recommended by NRC (1998) for pigs in different 
growth phase are of guidance significance.  
Figure 1 shows the changes of true digestible Trp 
requirement for different growth phase of pigs 
summarized in Table 1 and 2. Specific amino acids 
requirement can be estimated using the model 
determined by the figure: 
 
True digestible Trp requirement (TTrp, %) = 
0.2346×e-0.009BW (R2 = 0.821) 
 
The true digestible Trp requirement calculated by the 
above formula and the NRC estimates (1998) are 
compared in Table 3. It can be found in Table 3 that 
true digestible Trp requirements calculated by the 
formula are close to NRC (1998) estimates in which 
the requirement of 5-10 kg and 80-120 kg pigs are the 
same.  
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Table 3 Comparison between Trp requirements calculated by the formula and NRC (1998) 
recommendation 

 

 

 
3 Trp requirement of pigs fed low 
protein diet 
 
Swine low protein diet is the diet in which the dietary 
protein level is decreased by 2-4% but meets the 
requirement of the type, ratio and amount of amino 
acids without affecting animal’s growth performance. 
In actual production, low protein diet plays very 
important role in saving feedstuff resource, reducing 
production cost, improving protein utilization and 
reducing the environmental pollution induced by 
excessive N excretion (Tang et.al., 2008).  
Su et.al., (2005) reported in the study of weaning 
piglets weighing 8-22 kg that when dietary protein 
level was decreased by 2.5% compared with NRC 
(1998) estimate and total Trp level was 0.28% and its 
ratio to total Lys was 2:3, there was no significant 
difference of growth performance between low protein 
diet and high protein group. However, when dietary 
protein level was decreased by 4.8% and total Trp 
level was 0.20%, best daily weight gain and daily feed 
intake were achieved (Wu, 2003).  
Normal growth performance of growing pigs can be 
achieved when dietary protein level is decreased by 

2% and total Trp is 0.19% (Chen, 2005); however, the 
optimal growth performance can be achieved when 
protein level is decreased by 4% but total Trp is 0.18% 
which is equivalent to 0.14% of true digestible Trp 
(Liang, 2005). It has been reported by Kendall et.al., 
(2007) that the true digestible Trp requirement of 
88-123kg finishing pigs was ranged within 
0.08-0.09% when dietary crude protein level was 
decreased by 4.5, 3.9 and 3.2% compared with NRC 
(1998) estimate.  
It can be concluded that all studies of Trp in low 
protein diet are based on ideal protein amino acids 
profile issued by NRC (1998) and therefore all results 
of Trp requirement are similar to NRC (1998) 
estimate.  
 
4 Prospects 
 
Protein resource is deficient in China. It’s estimated 
that the shortage of oil-cake protein resources is about 
20 million t. Meanwhile, as the development of 
animal husbandry and social progress, more and more 
attention has been paid on environmental protection. 
Therefore, it has been a global concern to save protein 

Weight, kg True digestible Trp %  

Range  Average Calculated NRC（1998） Relative increase  %  

3-5 4.0 0.23  0.24 -4.17  

5-10 7.5 0.22  0.22 0.00  

10-20 15.0 0.20  0.18 11.11  

20-50 35.0 0.17  0.15 13.33  

50-80 65.0 0.13  0.12 8.33  

80-120 100.0 0.10  0.10  0.00  
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resource, decrease pollution and protect environment. 
It has been reported that the reduction of dietary 
protein level can help reduce N excretion and improve 
the environment without affecting animal’s growth 
performance (Yue and Qiao, 2008; Yin et.al., 2008; 
Yang et.al., 2008). Each 1% of protein level reduction 
can reduce urea and ammonia gas excretion by 20% 
(Knabe, 1995). Therefore, the reduction of dietary 
protein level and its rational preparation have become 
important subjects in animal nutrition researches.  
The study of the effect of Trp which is the second 
limited amino acid in swine low protein diet on feed 
intake and growth performance can not only provide 
theoretical basis for determining the optimal Trp 
requirement and preparing swine diet more 
scientifically, but also can improve the ideal protein 
amino acids profile. Therefore, the study of the 
optimal Trp requirement of pigs in different growth 
phase based on ideal amino acids profile is of great 
importance and practical significance to reduce the 
shortage of protein resource and the environmental 
pollution induced by animal husbandry.  
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