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项目名称：石斑鱼营养研究及功能性饲料开发
提名者: 海南大学
提名意见：本项目在国家科技攻关计划专题、国家自然科学基金、海南省国际科技合作专项等资助下，深入系统地研究并确定了石斑鱼营养需求特征、非鱼粉蛋白源对石斑鱼生长、饲料利用和健康的影响特征和新型绿色添加剂对石斑鱼生长、饲料利用和健康的影响特征，构建了石斑鱼常量、微量营养素和必需氨基酸需求量数据库，创建了饲料营养素配伍技术体系、基于单一或混合非鱼粉蛋白源的石斑鱼低鱼粉饲料配伍技术体系和石斑鱼饲料中多种新型绿色功能添加剂的应用技术体系等创新性成果。
本项目技术成果于2015-2020年进行了广泛应用和推广，推动了我国石斑鱼优质配合饲料的产业化发展和技术进步，产生了广泛的经济和社会效益；饵料系数低至1.0，可替代国外同类饲料，降低了成本。
[bookmark: _GoBack]本项目共发表了高水平论文55篇，其中SCI论文49篇（SCI一区收录29篇，SCI二区收录8篇，Top期刊论文19篇），国内一级学报4篇，核心期刊2篇；获授权国家发明专利8项，其中已完成技术转让专利2项；共培养了博士研究生6名、硕士研究生16名。
提名该项目为海南省科学技术进步奖一等奖。
项目简介：
石斑鱼是海南省乃至全国主要的海水鱼养殖种类，2019年养殖总产量约18.3万吨。优质饲料是石斑鱼养殖的主要物质基础和养殖效益的关键因素。项目组以“石斑鱼营养研究及功能性饲料开发”为核心，针对石斑鱼营养需求参数缺乏、养殖长期高度依赖鲜活小杂鱼、非鱼粉蛋白资源应用不够、肝脏和肠道健康易受损的瓶颈问题，聚焦石斑鱼营养数据库构建、低鱼粉饲料、保肝护肠型绿色添加剂开发三个关键技术，以其作为突破口进行了系统而深入的特点探究、机制发掘及营养调控策略的制定，有力地推动了石斑鱼营养研究的发展，并通过产学研联合成功将科研成果在国内多家大型水产饲料龙头企业进行转化，开发了功能性石斑鱼饲料并进行了大面积的推广应用，产生了突出的经济和社会效益，同时也保护了生态环境，。
一、主要技术成果：（1）构建了石斑鱼常量、微量及必需氨基酸营养素需求量数据库、创建了饲料营养素配伍技术体系；（2）创建了基于单一或混合非鱼粉蛋白源的石斑鱼低鱼粉饲料配伍技术体系；（3）创建了保肝护肠型绿色添加剂的应用技术体系；（4）本项目共发表了高水平论文55篇，其中SCI论文49篇（SCI一区收录29篇，SCI二区收录8篇，Top期刊论文19篇），国内一级学报4篇，核心期刊2篇；获授权国家发明专利8项，其中已完成技术转让专利2项。
二、专利授权和转让情况：本项目研究成果已获授权国家发明专利8项，其中已完成技术转让专利2项。
三、技术经济指标、应用推广及效益情况：2015年至2020年连续六年应用于广东粤海饲料集团股份有限公司和广东越群生物科技股份有限公司的功能性石斑鱼饲料生产，并进行了广泛推广。这些优质石斑鱼饲料的推广应用产生了良好的经济和社会效益。
应用情况: 
本项目技术成果包括石斑鱼常量和微量营养素需求量数据库和营养素在饲料中的配伍技术、石斑鱼饲料必需氨基酸平衡技术、基于非鱼粉蛋白源的低鱼粉饲料配伍技术及新型绿色功能添加剂在石斑鱼饲料中的应用技术体系，已于2015年至2020年连续六年应用于广东粤海饲料集团股份有限公司和广东越群生物科技股份有限公司的功能性石斑鱼饲料生产，并进行了广泛推广。这些优质石斑鱼饲料的推广应用有力促进了海南省石斑鱼养殖产业的科技进步。
主要知识产权和标准规范目录:
1. 授权专利
（1） [bookmark: _Hlk87181604][bookmark: OLE_LINK8]刘永坚，田丽霞，肖伟平. ©石斑鱼亲鱼营养强化饲料及其制备方法，专利号：ZL200410026449.1。
（2） 刘永坚，田丽霞，王胜. 石斑鱼鱼苗微颗粒饲料及其生产工艺，专利号：ZL03114176.5。
（3） 刘永坚，田丽霞，高煜杰. 一种石斑鱼低鱼粉饲料. ZL201110194362.5。
（4） 刘永坚，田丽霞，王胜. 一种石斑鱼诱食剂及其制备方法，专利号：ZL200410052044.5。
（5） 牛津，陈旭，林黑着，王珺，王芸，黄忠. 一种石斑鱼苗期海藻功能性配合饲料，专利号：ZL201410551957.5。
（6） 黄俊娃，刘冬娥，阳会军. 一种鱼类肠道组织切片的评价方法，专利号： ZL202010233431.8。
（7） 叶超霞，邹翠云，孙珍珠, 谭小红. 柴胡提取物作为石斑鱼饲料添加剂的应用，专利号：ZL201810882247.9。
（8） 洪宇聪，洪宇建，洪越群，赵书燕，孙恺辉. 一种东星斑增色饲料及其制备方法，专利号：ZL201810008680.X。
3.论文
发表期刊论文共53篇，其中SCI 49篇（Top期刊19篇），中文核心期刊论文4篇。
（1） [bookmark: _Hlk87181184]Ye Bo, Xue Min, Wu Xiufeng, Wang Xiao, Ma Lei, Mu Wei, Geng Lina, Cai Qinxiao, Zhang Lu, Zhai Haoyun, Zhou Zhiyu, Misbah Irm, Wu Xiaoyi*. Replacing poultry by-product meal protein with soybean protein isolate in low fishmeal diets for juvenile hybrid grouper (Epinephelus fuscoguttatus♀×Epinephelus lanceolatus♂). Aquaculture Nutrition. 2021, 00, 1-11.
（2） Misbah Irm, Wei Mu, Lina Geng, Xiao Wang, Bo Ye, Lei Ma, Zhiyu Zhou, Wu Xiaoyi*. The optimum dietary methionine requirement of juvenile humpback grouper (Cromileptes altivelis): effects on growth, micromorphology, protein and lipid metabolism. Amino Acids, 2021, 53, 1065-1077.
（3） Lina Geng, Xiao Wang, Zhiyu Zhou, Wei Mu, Bo Ye, Lei Ma, Wu Xiaoyi*. The IGF-1/GH-GLUTs-plasma glucose regulating axis in hybrid grouper (Epinephelus fuscoguttatus♀×Epinephelus lanceolatus♂) fed a high-carbohydrate diet. General and Comparative Endocrinology, 2021, 307, 113744.
（4） Ma Lei, Ye Bo, Geng Lina, Zhou Zhiyu, Wang Xiao, |Mu Wei, Wu Xiaoyi*. The optimum threonine requirement in diets of juvenile hybrid grouper (Epinephelus fuscoguttatus♀×Epinephelus lanceolatus♂). Aquaculture Nutrition, 2021, 27(3): 829-840.
（5） Zhiyu Zhou, Delbert M. Gatlin III, XiaoWang, WeiMu, BoYe, Lei Ma, Wu Xiaoyi*. Dietary valine levels affect growth, protein utilization, immunity and antioxidant status in juvenile hybrid grouper (Epinephelus fuscoguttatus♀× Epinephelus lanceolatus♂). British Journal of Nutrition, 2021, 125(4), 408-419.
（6） Zhiyu Zhou, Xiaojun Li, Yu Dong, Xiao Wang, Wei Mu, Delbert M. Gatlin III, Yong Zhang, Wu Xiaoyi*. The optimum dietary isoleucine requirement of juvenile hybrid grouper (Epinephelus fuscoguttatus♀×Epinephelus lanceolatus♂). Aquaculture Nutrition, 2020, 26(4), 1295-1310.
（7） Zhiyu Zhou, Xiaojun Li, Yu Dong, Xiao Wang, Wei Mu, Delbert M. Gatlin III, Yong Zhang, Wu Xiaoyi*. The optimum methionine requirement in diets of juvenile hybrid grouper (Epinephelus fuscoguttatus♀×Epinephelus lanceolatus♂): Effects on survival, growth performance, gut micromorphology and immunity. Aquaculture, 2020, 520, 735014.
（8） Wei Mu, Xiao Wang, Xiaojun Li, Yu Dong, Lina Geng, Lei Ma, Bo Ye, Wu Xiaoyi*. The optimal arginine requirement in diets for juvenile humpback grouper, Cromileptes altivelis. Aquaculture, 2020, 514, 734509.
（9） Zhiyu Zhou, Wei Yao, Bo Ye, Xiaojun Li, Yu Dong, Wu Xiaoyi*. Effects of replacing fishmeal protein with poultry by-product meal protein and soybean meal protein on growth, feed intake, feed utilization, gut and liver histology of hybrid grouper (Epinephelus fuscoguttatus♀×Epinephelus lanceolatus♂) juveniles. Aquaculture, 2020, 516, 734503.
（10） Xiaojun Li, Yu Dong, Yujie Gao, Wei Yao, Zhiyu Zhou, Wu Xiaoyi*. Effects of dietary lysine levels on growth, feed utilization and related gene expression of juvenile hybrid grouper (Epinephelus fuscoguttatus♀×Epinephelus lanceolatus♂). Aquaculture, 2019, 502, 153-161.
（11） Zhiyu Zhou, Xiao Wang, Yujie Gao, Xiaojun Li, Yu Dong, Wei Yao, Wu Xiaoyi*. Effects of dietary leucine levels on growth, feed utilization, neuro-endocrine growth axis and TOR-related signaling genes expression of juvenile hybrid grouper (Epinephelus fuscoguttatus♀×Epinephelus lanceolatus♂). Aquaculture, 2019, 504,  172-181.
（12） Yujie Gao, Senda Lu, Mingjuan Wu, Wei Yao, Zibo Jin, Wu Xiaoyi*. Effects of dietary protein levels on growth, feed utilization and expression of growth related genes of juvenile giant grouper (Epinephelus lanceolatus). Aquaculture, 2019, 504, 369-374.
（13） Senda Lu, Yujie Gao, Delbert M. Gatlin III, Mingjuan Wu, Wei Yao, Zibo Jin, Xiaojun Li, Yu Dong, Wu Xiaoyi*. Effects of dietary carbohydrate sources on growth, digestive enzyme activity, gene expression of hepatic GLUTs and key enzymes involved in glycolysis-gluconeogenesis of giant grouper Epinephelus lanceolatus larvae. Aquaculture, 2018, 484, 343-350.
（14） Wei Yao, Yujie Gao, Mingjuan Wu, Senda Lu, Xiaojun Li, Yu Dong, Zibo Jin, Zhiyu Zhou, Wu Xiaoyi*. Effects of replacing fishmeal protein by hemoglobin powder protein on growth performance, food intake, feeding-related gene expression and gut histology of hybrid grouper (Epinephelus fuscoguttatus× Epinephelus lanceolatus) juveniles. Aquaculture, 2018,488, 235-243.
（15） Mingjuan Wu, Senda Lu, Yujie Gao, Wei Yao, Xiaojun Li, Yu Dong, Zibo Jin, Wu Xiaoyi*. Dietary arginine affects growth, gut morphology, oxidation resistance and immunity of hybrid grouper (Epinephelus fuscoguttatus♀× Epinephelus lanceolatus♂) juveniles. British Journal of Nutrition, 2018,120(3), 269-282.
（16） Yujie Gao, Yuan Luo, Xiaojun Li, Yu Dong, Yan Liao, Wei Yao, Zibo Jin, Wu Xiaoyi*. Effects of Dietary Carbohydrate/Lipid Ratios on Growth, Feed Utilization, Hematology Parameters, and Intestinal Digestive Enzyme Activities of Juvenile Hybrid Grouper (Brown-Marbled Grouper Epinephelus fuscoguttatus♀× Giant Grouper E. lanceolatus♂). North American Journal of Aquaculture, 2018, 80(4), 418-426.
（17） Mingjuan Wu, Senda Lu, Shuntian Jiang, Yuan Luo, Wei Yao, Zibo Jin, Wu Xiaoyi*. Effects of dietary amino acid patterns on growth, feed utilization and hepatic IGF-I, TOR gene expression levels of hybrid grouper (Epinephelus fuscoguttatus♀× Epinephelus lanceolatus♂) juveniles. Aquaculture, 2017, 468, 508-514.
（18） Shuntian Jiang, Yuan Luo, Mingjuan Wu, Senda Lu, Zibo Jin, Wei Yao, Wu Xiaoyi*. Optimal dietary protein level and protein to energy ratio for hybrid grouper (Epinephelus fuscoguttatus♀× Epinephelus lanceolatus♂) juveniles. Aquaculture, 2016, 465,28-36.
（19） Yuan Luo, Weifeng Li, Shuntian Jiang, Senda Lu, Mingjuan Wu, Wu Xiaoyi*. Effects of different corn starch levels on growth, protein input, and feed utilization of juvenile hybrid grouper (male Epinephelus lanceolatus× female E. fuscoguttatus). North American Journal of Aquaculture, 2016, 78(2), 168-173.
（20） Shuntian Jiang, Weifeng Li, Mingjuan Wu, Yuan Luo, Senda Lu, Haoran Lin, Wu Xiaoyi*. Effects of dietary protein and lipid levels on growth, feed utilization, body and plasma biochemical compositions of hybrid grouper (Epinephelus lanceolatus♂× Epinephelus fuscoguttatus♀) juveniles. Aquaculture, 2015, 446, 148-155.
（21） Yu-Jie Gao, Li-Xia Tian, Hui-Jun Yang, Gui-Ying Liang, Yi-Rong Yue, Yong-Jian Liu*. The influence of ghrelin and des-ghrelin on feed intake, growth performance and hypothalamic NPY mRNA expression of grouper Epinephelus coioides. Aquaculture, 2012, 364, 19-24.
（22） J.W. Huang, L.X. Tian, Z.Y. Du, H.J. Yang, Y. J. Liu* . Pyridoxine deficiency of grouper, Epinephelus coioides: physiological and biochemical alteration. Fish physiology and biochemistry, 2005, 31(4), 331-337.
（23） J.W. Huang, L.X. Tian, Z.Y. Du, H.J. Yang, Y. J. Liu*. Effects of dietary thiamin on the physiological status of the grouper Epinephelus coioides. Fish Physiology and biochemistry, 2007, 33(2), 167-172.
（24）  Junwa Huang, Lixia Tian, Xiangyun Wu, Huijun Yang,  Yongjian Liu*. Effects of dietary riboflavin levels on antioxidant defense of the juvenile grouper Epinephelus coioides. Fish physiology and biochemistry, 2010, 36(1), 55-62.
（25） Z. LUO, K.S. MAI, L.X. TIAN, D.H. LIU, X.Y. TAN, Y.J. LIU*. Optimal dietary protein requirement of grouper Epinephelus coioides juveniles fed isoenergetic diets in floating net cages. Aquaculture Nutrition,2004, 10(4), 247-252.
（26）  ZHI LUO, Kang-Sen Mai, Li-Xia Tian, Dong-Hui Liu, Xiao-Ying Tan, Hei-Zhao Lin, Yong-Jian Liu*. Effect of dietary lipid level on growth performance, feed utilization and body composition of grouper Epinephelus coioides juveniles fed isonitrogenous diets in floating netcages. Aquaculture international, 2005, 13(3), 257-269.
（27）  ZHI LUO, Kang-sen Mai, Li-xia Tian, Hui-jun Yang, Xiao-ying Tan, Dong-hui Liu, Yong-Jian Liu*. Dietary L-methionine requirement of juvenile grouper Epinephelus coioides at a constant dietary cystine level. Aquaculture, 2005, 249(1-4), 409-418.
（28）  ZHI LUO, KS Mai，LX Tian，XY Tan，HJ Yang，GY Liang，DH Liu, Yong-Jian Liu*. Quantitative L-lysine requirement of juvenile grouper Epinephelus coioides. Aquaculture Nutrition, 2006, 12(3), 165-172.
（29） ZHI LUO, KANG-SEN MAI, LI-XIA TIAN, XIAO-YING TAN, Yong-Jian Liu*. Effects of feeding levels on growth performance, feed utilization, body composition, and apparent digestibility coefficients of nutrients for grouper Epinephelus coioides juveniles. Journal of the World Aquaculture Society, 2006, 37(1), 32-40.
（30）  ZHI LUO, K.-S. Mai, L.-X.Tian, X.-Y.Tan, H.-J.Yang, Yong-Jian Liu*. Effects of dietary arginine levels on growth performance and body composition of juvenile grouper Epinephelus coioides. Journal of Applied Ichthyology, 2007, 23(3), 252-257.
（31） ZHI LUO, K.-S. Mai, L.-X.Tian, X.-Y.Tan, H.-J.Yang, D.-H. Liu, Yong-Jian Liu*. Influence of dietary amino acid profiles on growth performance and body composition of juvenile grouper Epinephelus coioides. Journal of Applied Ichthyology, 2008, 24(2), 208-212.
（32） Niu Jin, Liu, Y. J, Tian, L. X, Mai, K. S, Zhou, Q. C, Yang, H. J, Ye C X. Maize Oil Can Replace Fish Oil in The Diet of Grouper Postlarvae (Epinephelus Coioides) Without Adversely Affecting Growth or Fatty Acid Composition. American Journal of Agricultural and Biological Science, 2007, 2(2): 81-87, 
（33） 谢诗玮，田丽霞，张海涛，牛津，梁键钧，方蔚平，苏积财，刘永坚*. 斜带石斑鱼对实用饲料中维生素D3的需求量. 南方水产科学，2019, 15, 61-67.
（34） Chaoxia Ye, Lixia Tian, Kangsen. Mai, Huijun Yang, Jin Niu, Yongjian Liu*. Dietary magnesium did not affect calcium and phosphorus content in juvenile grouper, Epinephelus coioides. Aquaculture Nutrition, 2010, 16, 378-384.
（35） QiC Zhou, YONG J. LIU, KANG S. MAI, Li X. TIAN. Effect of Dietary Phosphorus Levels on Growth, Body Composition, Muscle and Bone Mineral Concentrations for Orange‐Spotted Grouper Epinephelus coioides Reared in Floating Cages. JOURNAL OF THE WORLD AQUACULTURE SOCIETY. 2010, 35, 427-435.
（36） ChaoXia Ye, Lixia Tian, Kangsen Mai, Zhenyu Du, Huijun Yang, Jin Niu, Yongjian Liu*. Effect of dietary calcium and phosphorus on growth, feed efficiency, mineral content and body composition of juvenile grouper, Epinephelus coioides. Aquaculture, 2006, 255, 263-271.
（37） Chaoxia Ye*, Yongjian Liu, Kangsen. Mai, Huijun. Yang, Jin Niu, Junwa Huang, Lixia Tian*. Effect of dietary iron supplement on growth, haematology and microelements of juvenile grouper, Epinephelus coioides. Aquaculture Nutrition, 2007, 13, 471-477.
（38） Chaoxia Ye*, Lixia Tian, Huijun. Yang,, Jianjun. Liang, Jin Niu, Yongjian Liu*. Growth performance and tissue mineral content of juvenile grouper (Epinephelus coioides) fed diets supplemented with various levels of manganese. Aquaculture Nutrition, 2009, 15, 608-614.
（39） 叶超霞，刘永坚*，田丽霞，阳会军，王安利，周立斌. 斜带石斑鱼（Epinephelus coioides）饲料中铜的适宜添加量研究. 海洋与湖沼, 2013, 44, 461-466.
（40）  叶超霞，刘永坚*，田丽霞，阳会军，王安利，周立斌. 饲料中高水平铜对斜带石斑鱼(Epinephelus coioides)生长和铜、铁、锰、锌含量的影响. 2013, 44, 606-610.
（41） [bookmark: OLE_LINK9]叶超霞，刘永坚*，田丽霞，周立斌，阳会军，梁桂英. 饲料中锌含量对斜带石斑鱼(Epinephelus coioides)生长、饲料效率、矿物质含量和体组成的影响. 2013, 44, 83-89.
（42） Xiaohong Tan, Zhenzhu Sun, Qingying Liu, Huaqun Ye, Cuiyun Zou, Chaoxia Ye*, Anli Wang*, Heizhao Lin*. Effects of dietary ginkgo biloba leaf extract on growth performance, plasma biochemical parameters, fish composition, immune responses, liver histology, and immune and apoptosis-related genes expression of hybrid grouper (Epinephelus lanceolatus♂×Epinephelus fuscoguttatus♀) fed high lipid diets. Fish and Shellfish Immunology, 2018, 72, 309-409.
（43） Cuiyun Zou, Xiaohong Tan, Huaqun Ye, Zhenzhu Sun, Shu Chen, Qingying Liu, Minglei Xu, Chaoxia Ye*, Anli Wang*. The hepatoprotective effects of Radix Bupleuri extracts against D-galactosamine/lipopolysaccharide induced liver injury in hybrid grouper (Epinephelus lanceolatus♂×Epinephelus fuscoguttatus♀). Fish and Shellfish Immunology, 2018, 83, 8-17.
（44） Zhenzhu Sun, Xiaohong Tan, Huaqun Ye, Cuiyun Zou, Chaoxia Ye*, Anli Wang*. Effects of dietary Panax notoginseng extract on growth performance, fish composition, immune responses, intestinal histology and immune related genes expression of hybrid grouper (Epinephelus lanceolatus♂×Epinephelus fuscoguttatus ♀) fed high lipid diets. Fish and Shellfish Immunology, 2018, 73, 234-244.
（45） Huaqun Ye, Yuanyuan Zhou, Ningning Su, Anli Wang, Xiaohong Tan, Zhenzhu Sun, Cuiyun Zou,Qingying Liu, Chaoxia Ye*. Effects of replacing fish meal with rendered animal protein blend on growth performance, hepatic steatosis and immune status in hybrid grouper (Epinephelus fuscoguttatus♀×Epinephelus lanceolatus♂). Aquaculture, 2019, 511, 724203.
（46） Huaqun Ye, Minglei Xu, Leling Chen, Xiaohong Tan, Shu Chen, Cuiyun Zou, Zhenzhu Sun,Qingying Liu, Chaoxia Ye*, Anli Wang*. Effects of dietary plant protein sources influencing hepatic lipid metabolism and hepatocyte apoptosis in hybrid grouper (Epinephelus lanceolatus♂×Epinephelus fuscoguttatus♀). Aquaculture, 2019, 506, 437-444.
（47） [bookmark: _Hlk87177083]Zhenzhu Sun, Xiaohong Tan, Xiaohong Tan , Qingying Liu, Huaqun Ye, Cuiyun Zou, Minglei Xu, Yufan Zhang, Chaoxia Ye*. Physiological, immune responses and liver lipid metabolism of orange-spotted grouper (Epinephelus coioides) under cold stress. Aquaculture, 2019, 498, 545-555.
（48） Zhenzhu Sun, Xiaohong Tan, Minglei Xu, Qingying Liu, Huaqun Ye, Cuiyun Zou, Chaoxia Ye*. Liver transcriptome analysis and de novo annotation of the orange-spotted groupers (Epinephelus coioides) under cold stress. Comparative Biochemistry and Physiology - Part D, 2019, 29, 264-273.
（49） Cuiyun Zou, Minglei Xu, Leling Chen, Qingying Liu, Yuanyuan Zhou, Zhenzhu Sun, Huaqun Ye,Ningning Su, Chaoxia Ye*, Anli Wang*. Xiaochaihu Decoction reduces hepatic steatosis and improves D-GalN/LPS-induced liver injury in hybrid grouper (Epinephelus lanceolatus♂ × Epinephelus fuscoguttatus♀). Fish and Shellfish Immunology, 2019, 91, 293-305.
（50） Cuiyun Zou, Ningning Su, Jinhui Wu, Minglei Xu, Zhenzhu Sun, Qingying Liu, Leling Chena,Yuanyuan Zhou, Anli Wang*, Chaoxia Ye*. Dietary Radix Bupleuri extracts improves hepatic lipid accumulation and immune response of hybrid grouper (Epinephelus lanceolatus♂×Epinephelus fuscoguttatus♀). Fish and Shellfish Immunology, 2019, 88, 496-507.
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