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Abstract
Tryptophan is one of the essential amino acids in animals and the third limiting
amino acid in poultry, playing a crucial role in poultry growth, development,
and metabolism. This review summarizes the sources, metabolic pathways, and
metabolites of tryptophan, poultry tryptophan requirements, and research ad-
vances in the application of tryptophan in poultry production.
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Abstract

Tryptophan is one of the essential amino acids in animals and the third lim-
iting amino acid in poultry, playing a crucial role in the growth, development
and metabolism of poultry. This review summarizes the research progress on
the sources, metabolic pathways, metabolites, requirements and application of
tryptophan in poultry production.
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The chemical name of tryptophan is �-amino-�-indolepropionic acid, with the
molecular formula C��H��N�O� and a relative molecular mass of 204.33. It ap-
pears as white or slightly yellow crystals with a distinctive odor. Tryptophan
contains 13.7% nitrogen and has a metabolic energy value of 23.9 MJ/kg for
poultry. Tryptophan exists in three isomeric forms: L-type, D-type and DL-
type. Naturally occurring tryptophan is exclusively L-tryptophan, while syn-
thetic tryptophan includes both L-tryptophan and DL-tryptophan. Since L-
tryptophan exists in the form absorbed by the small intestine, its digestibility is
100% [1]. In vivo, DL-tryptophan can be converted into L-tryptophan (80% in
pigs, 50–60% in chickens) and then metabolized to synthesize various physiolog-
ically active substances [2]. This review summarizes the sources and metabolic
pathways of tryptophan, its effects on poultry production performance, nutri-
ent metabolism and immune function, and compiles recent research progress
on tryptophan and digestible tryptophan requirements in poultry, providing a
reference for the rational utilization of tryptophan in poultry production and
scientific research.

1.1 Sources of Tryptophan

Tryptophan serves multiple physiological functions, but poultry cannot synthe-
size it endogenously or can only synthesize it at extremely low levels insufficient
to meet their needs, making dietary supplementation necessary. High-protein
feedstuffs such as fish meal, soybean meal and peanuts are rich in tryptophan.
Since corn contains low levels of tryptophan (0.07%), corn-soybean meal-based
diets are often deficient in tryptophan, which is therefore considered the third
limiting amino acid in poultry after methionine and lysine [3]. Poultry exhibit
substantial differences in tryptophan digestibility from various sources, making
formulation based on digestible tryptophan more accurate for diet preparation.
Table 1 lists the tryptophan and digestible tryptophan contents in major protein
feedstuffs for poultry [4–5].

In addition to natural feed ingredients, tryptophan is primarily produced
through microbial fermentation, protein hydrolysis, and chemical synthesis
combined with enzymatic racemization, with microbial fermentation having
become the dominant practical production method [2]. In the feed industry,
tryptophan is mainly used as an additive.

Digestible tryptophan content = tryptophan content × ileal amino acid di-
gestibility of chicken.

1.2 Metabolic Pathways and Metabolites of Tryptophan

Tryptophan is metabolized in poultry through three main pathways: (1) The
5-hydroxytryptamine (5-HT) pathway, where tryptophan is converted to
5-hydroxytryptophan by tryptophan hydroxylase and then decarboxylated to
form 5-HT [6]. (2) The kynurenine (KYN) pathway, where tryptophan is con-
verted to KYN by indoleamine-2,3-dioxygenase or tryptophan-2,3-dioxygenase,
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and through multiple enzymatic reactions generates quinolinic acid, picolinic
acid derivatives, nicotinamide adenine dinucleotide (NAD) and NAD phos-
phate (NADP) [7]. (3) The indole and skatole pathway, where L-tryptophan
undergoes deamination and decarboxylation by various microorganisms to
produce indole, indoleacetic acid, indolepyruvic acid and skatole [8]. The major
metabolic pathways of tryptophan in poultry are illustrated in Figure 1 [Figure
1: see original paper].

[Figure 1: see original paper]

The main metabolites of tryptophan include 5-HT, KYN, melatonin (MT), NAD
and NADP [6–7], indole and skatole [8]. 5-HT is a potent vasoconstrictor and
smooth muscle contraction stimulant that also acts on the central nervous
system to regulate feeding behavior in animals. Research has shown that al-
tering hypothalamic 5-HT concentration can regulate feed intake and energy
metabolism in ducks [9]. 5-HT exerts its effects by inhibiting gastrointesti-
nal regulatory peptides and synergizing with other appetite-suppressing factors
[10]. Viljoen et al. [11] demonstrated that KYN is converted to kynurenic acid
in animals and oxidized to nicotinic acid, serving as a precursor for NAD and
NADP synthesis. During severe inflammatory responses, vascular endothelial
cells produce large amounts of KYN, which has potent vasodilatory and blood
pressure-lowering effects [12]. MT is an indole hormone synthesized and secreted
by pineal gland cells from L-tryptophan through a series of enzymatic reactions,
regulated via both sympathetic nerves and the hypothalamic-pituitary-adrenal
axis. It plays important regulatory roles in controlling circadian rhythms, sex
hormone secretion and immune function [13]. Indole is the primary metabolite
of L-tryptophan, formed when indolepyruvic acid removes �-ketoglutaric acid.
With enzymatic participation, the C–C bond of tryptophan breaks to produce
indole, indolepyruvic acid and ammonia. Indolepyruvic acid is decarboxylated
by various microorganisms to form indoleacetic acid, which is the main precur-
sor of skatole. Skatole is formed when indoleacetic acid loses its carbonyl group
under the action of specific microorganisms and an unidentified decarboxylase
[14]. Indole and skatole have strong fecal odors with strong diffusibility and
persistence, making them among the most malodorous compounds in pig and
poultry manure [15].

2.1 Effects of Tryptophan on Poultry Growth Performance

Wang et al. [16] reported that dietary tryptophan level showed a significant
quadratic relationship with average daily feed intake (ADFI) and average daily
gain (ADG) in 1–21 day-old broilers, with optimal tryptophan requirements of
0.248% and 0.234% for male and female broilers, respectively. When dietary
tryptophan reached 0.202%, ADFI in 1–21 day-old Peking ducks was signifi-
cantly increased [17]. As dietary tryptophan levels increased, ADFI in 1–28
day-old Sichuan white geese first increased and then decreased, reaching max-
imum at 0.190% tryptophan [18]. These findings demonstrate that appropri-
ate L-tryptophan supplementation can increase feed intake in poultry, while
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excessive supplementation inhibits feed intake. According to Birkl et al. [19],
tryptophan deficiency reduces plasma tryptophan levels, affecting serotonin syn-
thesis and consequently decreasing feed intake, even leading to feather-pecking
behavior.

Beyond affecting feed intake, both deficiency and excess of dietary tryptophan
can reduce ADG in broilers [20]. Opoola et al. [21] found that dietary tryp-
tophan supplementation improved ADG and ADFI in 1–28 day-old and 33–56
day-old broilers, with optimal dietary tryptophan levels of 0.24% and 0.21%,
respectively. The apparent ileal digestible tryptophan requirements for maxi-
mum ADG and minimum feed-to-gain ratio in 1–21 day-old male broilers were
0.174% and 0.186%, respectively [22]. Ma et al. [23] observed that adding 0.18%
tryptophan to the basal diet increased the body weight of newly hatched yellow-
feathered broiler chicks by 3.99%. The mechanisms through which tryptophan
affects poultry growth include: (1) as a nutrient, tryptophan directly partici-
pates in protein synthesis, promoting growth; and (2) the tryptophan metabo-
lite 5-HT influences growth and development by affecting the synthesis and se-
cretion of thyroid hormones [triiodothyronine (T�), thyroxine (T�)] and growth
hormone [24].

2.2 Effects of Tryptophan on Poultry Egg Production Performance

Yuan et al. [25] demonstrated that appropriate dietary tryptophan levels pro-
moted gonadotropin release and improved protein utilization and laying per-
formance in Lohmann layers, with an optimal tryptophan level of 0.20% in
corn-soybean meal diets. Huang et al. [26] found that adding 0.04% trypto-
phan significantly increased egg weight in 33-week-old dwarf layers and brown-
shell layers, but egg weight decreased significantly when tryptophan reached
0.06%. Hou et al. [27] reported that adding 0.20% tryptophan to low-protein
(15%) diets improved laying rate and reduced feed-to-egg ratio in 35–40 week-
old Hy-Line gray layers. He [28] showed that supplementing 0.06% and 0.08%
L-tryptophan to corn-soybean meal diets containing 0.15% L-tryptophan sig-
nificantly improved laying rate in 29–40 week-old XinYang green-shell layers.
However, tryptophan effects are less pronounced in ducks and geese. Zhang et
al. [29] reported that dietary tryptophan levels of 0.12–0.32% had no significant
effects on laying rate, egg weight or daily egg mass in Shanma laying ducks (120–
260 days), though curve fitting based on laying rate and feed-to-egg ratio indi-
cated a minimum requirement of 0.20% during peak production. Yu et al. [30]
found that adding 0.03% tryptophan to the basal diet increased egg weight and
laying rate in Changbai breeding geese, though differences were not significant
compared with the control group.

Overall, substantial research has been conducted on tryptophan’s effects on poul-
try production performance, particularly in broilers and laying hens, yielding
relatively consistent results. However, further research is needed on tryptophan’
s effects and optimal supplementation levels in duck and goose production.
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2.3 Tryptophan Requirements of Poultry

Determining optimal tryptophan requirements depends on poultry breed,
growth stage, sex, environmental temperature, stocking density, lighting and
dietary amino acid balance. During inflammatory responses, tryptophan
catabolism increases, raising the requirement [31]. Recent research on tryp-
tophan requirements for major poultry species in corn-soybean meal-based
diets is summarized in Table 2 . As shown in Table 2, optimal tryptophan
requirements are 0.21–0.25% for broilers, 0.19–0.22% for laying hens, 0.20–
0.30% for laying ducks and 0.22% for geese. Optimal digestible tryptophan
requirements are 0.17–0.19% for laying hens and 0.11–0.23% for broilers.

3.1 Effects of Tryptophan on Poultry Protein Metabolism

Tryptophan is one of 11 essential amino acids in poultry, participating in protein
synthesis and metabolism. Its source, level and balance with other amino acids
directly affect protein synthesis rate and nitrogen excretion. Hou et al. [27]
demonstrated that adding 0.20% tryptophan to low-protein (15%) diets effec-
tively reduced nitrogen excretion in Hy-Line gray layers. At 0.19% dietary tryp-
tophan, nitrogen retention was significantly improved in 28-week-old XinYang
green-shell layers [28]. Tryptophan deficiency reduced body protein deposition
in yellow-feathered broiler cocks and hens, while crystalline tryptophan supple-
mentation increased protein deposition by 21.0–31.8% in cocks and 5.4–27.9%
in hens during 1–21 days [43]. Tryptophan supplementation to low-tryptophan
diets also improved protein utilization in Yangzhou geese [44].

Since poultry lack carbamoyl phosphate synthetase in mitochondria, they can-
not obtain ornithine and carbamoyl phosphate, limiting citrulline synthesis and
preventing a functional urea cycle [45]. Consequently, the end product of pro-
tein metabolism in poultry is uric acid rather than urea. Liu [46] found that
increasing dietary digestible tryptophan from 0.17% to 0.19% elevated blood
uric acid content in broilers, though blood uric acid decreased with reduced
dietary protein and increased digestible tryptophan levels. Rao [47] reported
that compared with the control group (0.17% tryptophan, 15% crude protein),
0.19% dietary tryptophan significantly increased serum total protein and albu-
min while decreasing serum urea nitrogen and uric acid in laying hens. Wang
[39] showed that adding 0.04–0.06% tryptophan to the basal diet significantly
increased serum total protein and reduced serum urea nitrogen in Xichangma
ducks. These results indicate that appropriate tryptophan levels improve di-
etary amino acid balance, enhance amino acid utilization, reduce nucleic acid
catabolism and promote protein deposition in poultry.

3.2 Effects of Tryptophan on Poultry Lipid Metabolism

Dietary tryptophan level affects not only lipid metabolism but also plasma
triglyceride and cholesterol concentrations [47]. Zhou et al. [48] demonstrated
that dietary L-tryptophan supplementation significantly reduced abdominal and
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liver fat percentages, promoting lipid metabolism in late-stage laying hens, with
0.04% supplementation showing optimal effects. Davoudi et al. [49] reported
that tryptophan increased activities of lactate dehydrogenase, alanine amino-
transferase and alkaline phosphatase in liver, thereby reducing blood triglyceride
levels in broilers. Dietary tryptophan supplementation at 0.06–0.09% signifi-
cantly reduced serum triglyceride content in 1–3 week-old broilers [50]. Serum
triglyceride and total cholesterol levels were lowest in laying hens at 0.24%
tryptophan supplementation [34]. Adding 0.04% tryptophan to the basal diet
significantly reduced serum triglyceride and cholesterol levels and decreased fat
synthesis and deposition in Xichangma ducks [39]. These findings demonstrate
that beyond protein synthesis, tryptophan participates in lipid synthesis and
cholesterol metabolism regulation by influencing hepatic fatty acid metabolism,
thereby reducing fat synthesis and deposition in poultry.

3.3 Effects of Tryptophan on Poultry Immune Function

Harden et al. [51] reported that dietary tryptophan deficiency suppresses im-
mune function, significantly increasing morbidity and mortality, which are al-
leviated by tryptophan supplementation. Wang [50] found that dietary tryp-
tophan supplementation significantly increased serum immunoglobulin G (IgG)
and IgA contents in 1–3 week-old broilers, peaking at 0.06% supplementation be-
fore declining. Tryptophan supplementation also significantly increased thymus,
spleen and bursa indices in ducks [52]. Wei [53] demonstrated that tryptophan
significantly increased serum IgG and IgM contents in Yangzhou geese. Di-
etary L-tryptophan supplementation significantly increased serum interferon-�,
interferon-� and IgG contents in broilers, enhancing humoral and cellular im-
mune responses to infectious bursal disease [54]. These results indicate that
as a limiting amino acid related to immune proteins, tryptophan affects both
cellular immune regulation and directly participates in humoral immunity.

4 Conclusion

In summary, tryptophan is the third limiting amino acid in poultry. Appro-
priate dietary tryptophan levels can promote feed intake, improve production
performance, enhance nutrient metabolism and boost immunity. However, re-
search on the effects of tryptophan sources and levels on product quality and
malodorous compound concentrations in excreta remains limited. The potential
interactive effects between dietary tryptophan and carbohydrates on production
performance, nitrogen excretion and metabolic mechanisms require further in-
vestigation. In-depth understanding of tryptophan’s nutritional and physiologi-
cal functions at the cellular and molecular levels will have important theoretical
significance. As tryptophan synthesis technology matures and production costs
decrease, along with continued functional research, tryptophan will play an in-
creasingly important role in poultry production.

chinarxiv.org/items/chinaxiv-201812.00700 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00700


References
[1] 李德发. 中国饲料大全 [M]. 北京: 中国农业出版社,2001.
[2] 蔡辉益, 王晓红. 饲料添加剂研究与应用新技术 [M]. 北京: 中国农业出版社,2016.
[3] KRIVENOK M J,ILCHUK I I,MYKHALSKA V M.Optimal in-feed
threonine and tryptophan ratio for replacement chickens:the theoretical back-
ground[J].Ukrainian Journal of Ecology,2017,7(3):111–115.
[4] 熊本海, 罗清尧, 赵峰. 中国饲料成分及营养价值表 (2016 年第 27 版)[J]. 中国饲
料,2016(21):33–43.
[5] 熊本海, 罗清尧, 周正奎, 等. 中国饲料成分及营养价值表 (2017 年第 28 版) 制订说明 [J].
中国饲料,2017(21):31–41.
[6] OSAWA Y,KANAMORI H,SEKI E,et al.L-tryptophan-mediated en-
hancement of susceptibility to nonalcoholic fatty liver disease is dependent
on the mammalian target of rapamycin[J].Journal of Biological Chem-
istry,2011,286(40):34800–34808.
[7] XU K,LIU H N,BAI M M,et al.Redox properties of tryptophan metabolism
and the concept of tryptophan use in pregnancy[J].International Journal of
Molecular Sciences,2017,18(7):1595–1622.
[8] DESLANDES B,GARIÉPY C,HOUDE A.Review of microbiological and
biochemical effects of skatole on animal production[J].Livestock Production
Science,2001,71(2/3):193–200.
[9] 刘华珍.5-羟色胺对鸭摄食调节作用机理的形态学研究 [D]. 博士学位论文. 武汉: 华中农业大
学,2005.
[10] TAKEDA H,NAKAGAWA K,OKUBO N,et al.Pathophysiologic basis of
anorexia:focus on the interaction between ghrelin dynamics and the serotonergic
system[J].Biological and Pharmaceutical Bulletin,2013,36(9):1401–1405.
[11] VILJOEN M,SWANEPOEL A,BIPATH P.Antidepressants may lead to a
decrease in niacin and NAD in patients with poor dietary intake[J].Medical
Hypotheses,2015,84(3):178–182.
[12] 孔红, 朱鼎良. 色氨酸/犬尿氨酸代谢途径与心血管疾病 [J]. 中华高血压杂
志,2012,20(5):433–435.
[13] 何宗亮. 禽类褪黑激素的研究进展 [J]. 家禽科学,2017(3):47–51.
[14] JENSEN R L.Feed interventions and skatole deposition[D].Master
Thesis.Copenhagen:University of Copenhagen,Department of Large Animal
Science,2012.
[15] CHO S,HWANG O,PARK S.Effect of dietary protein levels on composition
of odorous compounds bacterial ecology manure[J].Asian-Australasian Journal
of Animal Sciences,2015,28(9):1362–1370.
[16] 王波, 闵芝智, 李晓敏, 等.1~21 日龄肉鸡色氨酸适宜水平研究 [J]. 中国家
禽,2014,36(22):24–27.
[17] 韩旭峰. 日粮色氨酸与烟酸互作效应对生长前期北京鸭生长发育的研究 [D]. 硕士学位论文.
杨凌: 西北农林科技大学,2010.
[18] 王文策, 雷慧, 林祯平, 等. 不同水平色氨酸对 1~28 日龄四川白鹅生产性能和肠道色氨酸转
运相关基因表达影响 [C]//中国畜牧兽医学会动物营养学分会第七届中国饲料营养学术研讨会论文
集. 郑州: 中国畜牧兽医学会动物营养学分会,2014:387–387.
[19] BIRKL P,KJAER J B,SZKOTNICKI W,et al.Acute tryptophan deple-

chinarxiv.org/items/chinaxiv-201812.00700 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00700


tion:the first method validation in an avian species (Gallus gallus domesti-
cus)[J].Poultry Science,2017,96(9):3021–3025.
[20] DUARTE K F,JUNQUEIRA O M,DA SILVA FILARDI R,et al.Digestible
tryptophan requirements for broilers from 22 to 42 days old[J].Revista Brasileira
de Zootecnia,2013,42(10):728–733.
[21] OPOOLA E,ONIMISI P A,OGUNDIPE S O,et al.Effect of dietary
tryptophan levels on growth performance of broiler chickens reared in the hot
season under tropical environment[J].Tropical and Subtropical Agroecosys-
tems,2017,20(3):429–437.
[22] 王波, 闵芝智, 呙于明, 等.1~21 日龄雄性肉鸡表观回肠可消化色氨酸需要量研究 [J]. 中国畜
牧杂志,2015,51(11):27–33.
[23] 马玉娥, 占秀安, 朱巧明, 等. 饲粮色氨酸水平对黄羽肉种鸡生产性能、抗氧化功能及血清生化
指标的影响 [J]. 动物营养学报,2011,23(12):2177–2182.
[24] 刘肖挺. 色氨酸水平对 0~4 周龄蛋雏鸭生长性能及血液生化指标的影响 [D]. 硕士学位论文.
哈尔滨: 东北农业大学,2013.
[25] 袁超, 宋华惠, 蒋媛婧, 等. 饲粮色氨酸水平对蛋鸡生产性能、抗氧化性能及内分泌激素的影响
[J]. 饲料与畜牧,2013(1):26–29.
[26] 黄逆, 宁中华. 日粮中添加不同水平色氨酸对蛋重的影响 [C]//第十三届全国家禽学术讨论会
论文汇编. 郑州: 中国畜牧兽医学会,2007:450–454.
[27] 侯海锋, 李茜. 低蛋白质日粮添加色氨酸对蛋鸡生产性能、蛋品质及蛋白质代谢的影响 [J]. 中
国饲料,2017(13):13–15,23.
[28] 贺强. 饲粮色氨酸水平对新杨绿壳蛋种鸡生产性能、蛋品质和繁殖性能的影响及其机理探讨
[D]. 硕士学位论文. 杭州: 浙江大学,2016.
[29] 张罕星, 陈伟, 李燕, 等. 蛋鸭产蛋高峰期色氨酸适宜需要量 [J]. 动物营养学
报,2016,28(4):1060–1067.
[30] 于彦辉, 徐桂英, 徐本全. 色氨酸对长白种鹅产蛋性能影响的试验研究 [J]. 山东畜牧兽
医,2011,32(5):3–4.
[31] 李华伟, 祝倩, 吴灵英, 等. 色氨酸的生理功能及其在畜禽饲粮中的应用 [J]. 动物营养学
报,2016,28(3):659–664.
[32] WANG B,MIN Z Z,YUAN J M.Apparent ileal digestible tryptophan
requirements of 22-to 42-day-old broiler chicks[J].The Journal of Applied
Poultry Research,2016,25(1):54–61.
[33] BORGES B S,DA CUNHA NUNES R,STRINGHINI J H,et al.Digestible
tryptophan levels for male broilers in pre-starter and starter diets[J].Semina
Ciências Agrárias,2016,37(Suppl.4):2529–2538.
[34] 周斌. 日粮色氨酸水平对蛋鸡生产性能与蛋品质的影响及其机理探讨 [D]. 硕士学位论文. 杭
州: 浙江大学,2010.
[35] CARDOSO A S,COSTA F G P,DE LIMA M R,et al.Nutritional require-
ment of digestible threonine for white-egg layers 76 weeks age[J].The Journal
of Applied Poultry Research,2014,23(4):724–728.
[36] CALDERANO A A,GOMES P C,LELIS G R,et al.Digestible tryptophan-
to-digestible lysine ratio in diets for laying hens of 42 to 58 weeks of
age[J].Revista Brasileira De Saúde E Produção Animal,2016,17(2):139–148.
[37] 贺强, 丁阳, 袁超, 等. 饲粮色氨酸水平对新杨绿壳蛋鸡生产性能、蛋品质及血清生化指标的影
响 [J]. 动物营养学报,2015,27(8):2388–2395.
[38] 谢明, 韩旭峰, 侯水生, 等.1~14 日龄北京鸭烟酸与色氨酸互作关系的研究 [J]. 动物营养学

chinarxiv.org/items/chinaxiv-201812.00700 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00700


报,2012,24(12):2335–2341.
[39] 王福明. 色氨酸对西昌麻鸭生长性能和营养物质代谢的影响 [J]. 黑龙江畜牧兽
医,2014(13):92–94.
[40] 张括. 不同水平色氨酸对后备蛋鸭生长性能及生化指标的影响 [D]. 硕士学位论文. 哈尔滨: 东
北农业大学,2012.
[41] 魏宗友, 王洪荣. 色氨酸对 5~10 周龄扬州鹅生长性能和屠宰性能的影响 [J]. 中国饲
料,2012(12):29–34.
[42] 高巧仙, 周晓容, 宋代军. 日粮不同氨基酸水平对 0~4 周龄四川白鹅生长性能和血清生化指标
的影响 [J]. 黑龙江畜牧兽医,2014(1):70–71.
[43] 席鹏彬, 林映才, 郑春田, 等. 饲粮色氨酸水平对 1~21 日龄黄羽肉鸡生长、体成分沉积及下
丘脑 5-羟色胺的影响 [J]. 动物营养学报,2011,23(1):43–52.
[44] 喻礼怀, 张军, 魏宗友, 等. 饲粮色氨酸水平对扬州鹅蛋白质代谢的影响 [J]. 动物营养学
报,2014,26(1):81–89.
[45] 呙于明. 家禽营养 [M].3 版. 北京: 中国农业大学出版社,2016.
[46] 刘锁珠. 低蛋白饲粮中添加色氨酸对肉仔鸡生产及营养代谢的影响 [D]. 硕士学位论文. 杨凌:
西北农林科技大学,2007.
[47] 饶巍. 低蛋白日粮添加色氨酸对蛋鸡生产性能与蛋品质的影响及其机理探讨 [D]. 硕士学位论
文. 杭州: 浙江大学,2011.
[48] 周斌, 李慧, 邹晓庭, 等. 色氨酸对产蛋鸡脂肪代谢的影响 [J]. 中国畜牧杂志,2011,47(7):50–
53.
[49] DAVOUDI P,DANESHYAR M.Effect of different levels of tryptophane on
performance,carcass characteristics and blood parameters of broiler chickens
under heat stress condition[J].Journal of Veterinary Research,2017,72(2):157–
164.
[50] 王鹏. 饲粮中色氨酸对 0~3 周龄肉仔鸡生长及生化指标的影响 [D]. 硕士学位论文. 哈尔滨:
东北农业大学,2001.
[51] HARDEN J L,LEWIS S M,LISH S R,et al.The Tryptophan metabolism
enzyme L-kynureninase is a novel inflammatory factor in psoriasis and
other inflammatory diseases[J].Journal of Allergy and Clinical Immunol-
ogy,2016,137(6):1830–1840.
[52] LIU Y,YUAN J M,ZHANG L S,et al.Effects of tryptophan supplementation
on growth performance,antioxidative activity,and meat quality of ducks under
high stocking density[J].Poultry Science,2015,94(8):1894–1901.
[53] 魏宗友. 色氨酸对鹅组织蛋白质代谢调控机制的影响 [D]. 博士学位论文. 扬州: 扬州大
学,2012.
[54] EMADI M,JAHANSHIRI F,KAVEH K,et al.Nutrition and immunity:the
effects of the combination of arginine and tryptophan on growth perfor-
mance,serum parameters and immune response in broiler chickens challenged
with infectious bursal disease vaccine[J].Avian Pathology,2011,40(1):63–72.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-201812.00700 Machine Translation

https://chinarxiv.org/items/chinaxiv-201812.00700

	Sources, Metabolic Pathways and Applications of Tryptophan in Poultry Production (Postprint)
	Abstract
	Full Text
	Sources, Metabolic Pathways and Application of Tryptophan in Poultry Production
	Abstract
	1.1 Sources of Tryptophan
	1.2 Metabolic Pathways and Metabolites of Tryptophan
	2.1 Effects of Tryptophan on Poultry Growth Performance
	2.2 Effects of Tryptophan on Poultry Egg Production Performance
	2.3 Tryptophan Requirements of Poultry
	3.1 Effects of Tryptophan on Poultry Protein Metabolism
	3.2 Effects of Tryptophan on Poultry Lipid Metabolism
	3.3 Effects of Tryptophan on Poultry Immune Function
	4 Conclusion

	References


