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A review of the available data on the amino acid requirements and raw 
material digestibility of grass carp  

Key information 

• Grass carp production is the largest finfish aquaculture industry in China, with an increasing volume of commercial 

feed production. This justifies the need to improve our understanding of the dietary nutrient requirements of this 

species in order to produce them more efficiently.  

• Available data on the amino acid requirements of grass carp show high variability and do not cover the whole 

production cycle, especially for the market sizes produced in South China. 

• Data on the nutrient digestibility of ingredients is essential to formulate diets on a digestible nutrient basis and to 

better evaluate the nutritional value of ingredients. Although the number of studies concerning the amino acid 

digestibility of ingredients by grass carp is limited, the available data cover the major ingredients used by the grass 

carp feed producers.  

• More studies investigating amino acids requirements and digestibility of different ingredients for different life stages 

of grass carp would further contribute to the rapid development of this industry.  

Introduction  

Grass carp (Ctenopharyngodon idellus Valenciennes, 1844) is a native Chinese freshwater fish, with 97 % of the global 

production (Figure 1) originating from China in 2014 (FAO, 2016). Grass carp represents the largest aquaculture 

industry in China - their production in 2016 was 5,898,799 tonnes. Grass carp currently accounts for about 11 % of the 

whole aquaculture production in China, with an average annual growth rate of 10 %. 

Figure 1:  Global aquaculture production of grass carp (FAO 2016) 
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More than 86 % of grass carp produced in China come from the regions highlighted in Figure 2 (China Fishery Statistical 

Yearbook, 2017). The top three regions are Hubei, Guangdong and Hunan, whose contributions accounted for 16.4 %, 

13.9 % and 12.1 % respectively of the total grass carp production in 2016. The most commonly adopted farming 

techniques for grass carp include polyculture in ponds and pens, and mono or polyculture in cages installed in lakes and 

reservoirs. Polyculture is commonly practiced with other carp species and bluntnose bream. Intensification of grass carp 

farming is supported by increasing availability of commercial feed.  

 
Figure 2:  The farmed grass carp production (MT) in 2016 from the major producers in China as reported by China Fishery Statistical 

  Yearbook (2017) 

 

In 2016, the estimated feed output was around 1.90 million tonnes to produce 1.65 MT of grass carp in South China 

(Guangdong, Guangxi, Hainan, Fujian, Guizhou and Yunan). There are four main stages of grass carp in the South 

China market and the popularity of feed type (pelleted, extruded) is different for each stage. Although extruded feed is 

perceived to be more expensive by the market, it allows for better feed management, resulting in a better feed 

conversion ratio (FCR), and ultimately higher cost savings. South China has a particularly widespread use of extruded 

feed. The share of extruded feed is growing, with a high proportion (about 70 %) being recorded for the ‘Tonghuan’ 

stage (around 1 kg) (Table 1). Further growth of the grass carp industry requires a more precise understanding of their 

nutrient requirements under practical conditions, especially of the amino acids which determine the quality of dietary 

protein. In addition, knowledge of the nutrient digestibility of raw materials is essential to meet the nutrient requirements 

of fish more precisely, as well as to better evaluate the nutritional value of raw materials. In this paper, we provide a 

short overview of the available data on the amino acid requirements of grass carp and the nutrient digestibility of 

commonly used raw materials. 

Fish stages Current usage of feed type  

Juveniles (< 350g) Most of the feed is pelleted feed. Extruded feed accounts for < 15 %. 

Tonghuan (统鲩, 900~1,250g) Most of the feed is extruded feed which accounts for 70 %. 

Dahuan (大鲩, > 2,500g) 
Acceptance of extruded feed is growing quickly. It currently accounts for 40 % of 
the total feed usage. 

Cuirouhuan (脆肉鲩, > 6,000g) The ratio of pelleted feed and extruded feed is approximately 6:4. 

*Investigation by formulators and consultants from South China Market.  

 

Amino acid requirements of grass carp – a review of available data 

Nutrient requirement data provide a basis for the formulation of practical diets and ensure the feed quality of the target 

species. Amino acid requirement data play a vital role in this regard. Several studies have been published on the amino 

acid requirements of grass carp, especially in the last few years (Table 2). These studies have largely used a dose-
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response method with purified (casein and gelatin) or semi-purified (fish meal, casein, gelatin and peanut meal) diet 

formulations.  

Methionine and Cysteine 

Methionine is typically the first limiting amino acid in grass carp feed formulated using the common plant protein sources 

(e.g., soybean meal, cottonseed meal, rapeseed meal). Studies have shown dietary total sulfur amino acid (TSAA) 

requirements to be 1.21 % for fry grass carp (3.15g, Wang, 2006) and 1.20 for adult grass carp (259g, Tang et al., 

2012). As cysteine can be synthesized metabolically from methionine, its appearance in the diets can replace a portion 

of the methionine in the TSAA requirements (He et al., 2016). Several studies in fish have shown the replacement value 

of cysteine for methionine in the TSAA requirement to be at least 40 % (NRC, 2011). No study exploring the optimal ratio 

of methionine and cysteine in grass carp has been published. However, practical feed ingredients used in grass carp 

feed formulations are typically high in cysteine and therefore, it is important to emphasize adequate levels of dietary 

methionine. Generally, in grass carp commercial diets with 0.50 % dietary cysteine, the methionine level should be 

around 0.70 % to meet the TSAA requirements (~1.2 %).  

Lysine 

Lysine is often the second limiting amino acid in the commercial grass carp feed. Diets deficient in lysine were reported 

to reduce growth and feed efficiency in grass carp (Wang et al., 2005). Huang et al. (2003) determined the optimal 

dietary lysine requirement of juvenile grass carp (4.39g initial weight) to be 1.61 % (as-fed basis), based on the weight 

gain using a quadratic model. Later, Wang et al. (2005), using second-order polynomial regression, showed that the 

lysine requirement for the optimal growth and feed efficiency of juvenile grass carp (3.15g initial weight) is 2.24 % of the 

dry diet on a total basis and 2.07 % of the dry diet on a digestible basis. It is to be noted that Huang et al. 2003 also 

recorded much lower fish growth than the later study (specific growth rate of 1.05 versus 1.62), which partly explains the 

differences in the lysine requirements between the two studies. In a much more recent study, Li et al. (2014), using a 

quadratic model, determined the lysine requirement to be only 1.09 % diet for optimizing weight gain of adult grass carp 

(460g initial weight) fed with semi-purified diets. Differences in the values between studies, even for the same life 

stages, indicate the need for more studies to improve our understanding of the lysine requirements of grass carp.  

Threonine 

After methionine and lysine, threonine is often the next limiting amino acid in the practical diet formulations of many fish 

species including carp (Tibaldi and Tulli, 1999). In addition to muscle protein synthesis, threonine also plays a major role 

in the intestinal growth and immune function of animals. Gao et al. (2014) reported that grass carp juveniles fed 

threonine deficient diets (0.73 %, 1.03 %) exhibited intestinal villus exfoliation, twist, severe fusion, and reduced anterior 

intestinal villus height and serosa thickness. The study also found that the optimal dietary threonine requirement of 

juvenile grass carp (4.02g initial weight) was around 1.37 % diet. In addition, two other studies reported threonine 

requirement values: 1.42 % of dry feed for juvenile grass carp (Wen et al., 2009; 8.35g initial weight) and 1.16 % diet for 

adult grass carp (Hong et al., 2015; 442g initial weight).  

Besides these (methionine, lysine and threonine), the estimated requirements for other essential amino acids (EAA) 

published in various studies is summarized in Table 2.  
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Table 2:  EAA requirements (% diet) of grass carp published in various studies 

 

 IBW 
(ga) 

Days 
FBW 
(ga) 

Model used 
Response 
variable 

Requirement 
(% diet) 

Reference 

Met 
3.15 90 9.48 Quadratic SGRc 1.1 (0.11)e Wang, 2006 

259 49 498.3 Quadratic SGR 1.04 (0.161)e Tang et al., 2012 

Lys 

3.15 90 13.51 Quadratic WGd 2.24 Wang et al., 2005 

4.39 56 7.89 Quadratic WG 1.61 Huang et al., 2003 

460 56 1052 Quadratic WG 1.09 Li et al., 2014 

Thr 

4.02 70 21.41 Quadratic SGR 1.37 Gao et al., 2014 

8.35 60 22.1 Broken-line SGR 1.42 Wen et al., 2009 

441.9 56 1013 Quadratic WG 1.16 Hong et al., 2015 

Trp 287 56 699.1 Quadratic WG 0.38 Wen et al., 2014 

Arg 
3.84 70 21 Quadratic SGR 2.17 Gao et al., 2015 

279 56 630.4 Broken-line WG 1.35 Wang et al., 2015 

His 3.68 70 22.15 Quadratic FBW 1.21 Gao et al., 2016b 

Leu 
4.22 70 20.75 Quadratic WG 3.15 Gao et al., 2016a 

296 56 690 Quadratic WG 1.30 Deng et al., 2014 

Ile 
4.21 70 19.1 Quadratic WG 1.88 Gao, 2015 

8.25 72 24.7 Quadratic WG 1.4 Shang et al., 2009 

Val 

3.21 70 23.5 Quadratic WG 2.37 Gao, 2015 

9.5 70 36.75 Quadratic WG 1.56 Luo et al., 2010 

268 56 679.2 Quadratic WG 1.4 Luo et al., 2014 

Phe 

3.58 56 19.2 Quadratic WG 1.79 (0.65)f Gao et al., 2015 

13.2 56 37.98 Broken-line  WG 1.27 (0.55)f Sun et al., 2016 

256 56 628.8 Quadratic WG 1.04 (0.11)f Li et al., 2015 

a IBW – Initial body weight; b FBW – Final body weight; c SGR – Specific growth rate (%/day); d WG – Weight gain; e Met (with % Cys); f Phe (with 

% Tyr). 

 

In 2002, the Ministry of Agriculture of the People’s Republic of China published standard dietary nutrient requirements 

for different growing stages of grass carp to be followed by the aquaculture industry. While the requirements of certain 

amino acids (e.g., Trp, Val, Phe) listed in Table 3 are slightly lower than those published in Table 2, values for the first 

two limiting amino acids (TSAA and Lys) are given as ‘≥’ (equal to or higher than the given value). Clearly, guidelines are 

cautiously set to produce practical feed with at least (and possibly higher than) the given values for these amino acids to 

minimize the risk of performance drop under commercial farming conditions. 

Table 3:  Nutrients requirements for grass carp (% of dry diet)*  

 

Growth stage Moisture 
Crude 
protein 

TSAA Lys Arg His Thr Val Ile Leu Phe Trp 

Fry (< 2.1g) ≤12.5 ≥38 ≥1.40 ≥2.40 2.13 0.85 1.28 1.72 1.5 2.51 1.38 0.3 

Juveniles (2.1-
150g) 

≤12.5 ≥30 ≥0.90 ≥1.50 1.68 0.67 1.01 1.36 1.2 1.98 1.09 0.24 

On-growing & 
brood stock (> 

150g) 
≤12.5 ≥25 ≥0.70 ≥1.25 1.40 0.56 0.84 1.13 1.0 1.85 0.91 0.20 

*Data source: Standard of nutrients in formula diet of grass carp (SC/T 1024-2002). 
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Nutrient digestibility of different raw materials in grass carp  

Formulating diets on a digestible nutrient basis not only increases the consistency of the targeted animal performance, 

but also reduces feed wastage and nutrient pollution of the aquatic environment. Available data on the apparent 

digestibility coefficient (ADC, %) of dry matter (DM), crude protein (CP), crude lipid (CL) and amino acids for grass carp 

in various raw materials are presented in Table 4. 

Law investigated the digestibility of different ingredients (fishmeal, soybean meal, maize, copra cake, rice bran, napier 

and carpet grass meals) in pelleted feed for juvenile grass carp (15.3g) back in 1986. The author found that copra cake 

and rice bran were poorly digested, while fish meal and soybean meal were well digested (> 90 % protein digestibility) by 

grass carp. Since the study is quite old, the processing conditions applied and the quality of raw materials produced then 

may not represent those available today, and therefore ADC values produced in this study are only indicative. The study 

also documented that grass carp, unlike most other fish species, can digest grass meals. In the early 2000s, the 

researchers (Luo et al., 2001; Lin et al., 2001; Ye et al., 2003) of Southeast Agricultural University in China conducted a 

series of trials to determine the ADCs of 17 different protein ingredients (native and imported fish meals, crab meal, 

casing meal, meat meal, soybean meal, expanded soybean, sesame meal, rapeseed meal, yellow rapeseed meal, black 

rapeseed meal, double-low rapeseed meal, corn germ meal, distiller’s grains meal, cottonseed meal, corn gluten meal, 

brewers dried yeast) and 9 different energy ingredients (wheat middling, wheat bran, rice bran, corn distillers, standard 

starch, wheat grain, rice, barley grain, corn grain) in grass carp (initial body weight 180g). Test diets comprising 70 % of 

reference diet and 30 % of a test ingredient (on an air-dry weight basis) were used in their studies. Chromic oxide 

(Cr2O3, 0.5 %) was used as an inert marker. The authors collected feces from the outlet by placing a feces collecting net 

(Figure 3). Feces trapped in the net were removed every two hours and used to estimate nutrient digestibility. Nutrient 

digestibility values obtained from these studies are presented in Table 4. 

Figure 3:  Schematic diagram of the tanks used in grass carp digestibility trials by the Southeast Agricultural University in China 

 

Subsequently, Jiang et al. (2006) reported DM, CP, CL and amino acid digestibilities of eight different raw materials 

(peanut meal, soybean meal, double-low rapeseed meal, rice bran, rapeseed meal, cottonseed meal, wheat middling 

and fishmeal) in grass carp (initial body weight 65g). In this study, the DM ADCs of fishmeal (59.07 %) and soybean 

meal (57.99 %) were much lower than those reported by Lin et al. (2001) for the same raw materials (83.06 % for 

fishmeal and 75.44 % for soybean meal). However, Jiang et al. (2006) recorded high CP digestibility for fishmeal and 

soybean meal, with smaller differences between the two studies (76.9 vs. 87.5 % for fish meal and 75.7 % vs. 87.5 % for 

soybean meal). Among several other factors that may have contributed to the differences observed between the two 

studies, water temperatures were lower in the study by Jiang et al. (2006) than in the study by Lin et al. (2001) 

(21.5±1.0℃ vs. 25±1.0℃). Lower than optimal water temperatures can result in lower digestibility (Jiang et al. 2006). It is 

also worth mentioning that although both the studies used Cr2O3 as the inert maker, the inclusion rate was lower (0.1 % 
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versus 0.5 %) in the study by Jiang et al. (2006) than that used by Lin et al. (2001). Chromic oxide inclusion levels are 

typically recommended at 0.5-1 % in digestibility studies to minimize analytical errors. Therefore, the possible influence 

of this factor cannot be ignored when explaining the low digestibility of raw materials obtained by Jiang et al. (2006).  

Jiang et al. (2006) also compared the effect of two different methods of feces collection, siphoning vs. stripping, on the 

ADCs of DM and CP for several raw materials (Figure 4). In the siphoning method, feces were collected within 4 hours 

of defecation. The study showed that for the majority of ingredients, differences between the two methods are small (0.4-

3.1 % lower for stripping versus siphoning) for CP and DM ADC. However, for certain ingredients (e.g., double-low 

rapeseed meal, meat and bone meal), the stripping method produced lower digestibility values than the siphoning 

method (7-8 % lower for DM digestibility of both the raw materials, 7 % lower for CP digestibility of double-low rapeseed 

meal). The digestive tract of grass carp is very long and coiled (Figure 5) (Mokhtar et al., 2015), making it difficult to 

delineate the distal segment to be used for feces stripping. Furthermore, the fish would be under stress if stripping was 

practiced repeatedly in a short time interval. Given the small differences recorded in the digestibility values for the 

majority of the raw materials, the author recommended the values produced by the siphoning method for practical 

application. Table 4 contains the ADCs of raw materials reported in this study, produced only from the siphoning 

method. 

Figure 4:  DM and CP digestibility (%) of different raw materials in grass carp determined using siphoning and stripping methods of  

 feces collection  

Figure 5:  Intestinal morphology of grass carp. Photo and text description were reprinted from Mohktar et al. (2015) with permission. A:  

 Lateral view of grass carp (Bar=0.67 cm). B: Ventral view of grass carp showing the gastrointestinal tract in the abdominal cavity.  

 Notice the coiling of the intestine (I), which is located ventral to the air bladder (AB). The upper part of the tract is overlapped by the  

 liver (L). (Bar=0.81 cm). C: Photograph of the gastrointestinal tract of grass carp. Esophagus (O) connected to the intestinal bulb (IB).  

The intestine is divided into the anterior intestine (AI), posterior intestine (PI) and rectum (R). (Bar=0.80 cm). 
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In 2012, a digestibility experiment using rice bran, corn meal and cassava meal was carried out by Thu in grass carp 

(about 250g) stocked in 500-L cylindroconical tanks. The study showed that grass carp digested more DM, CP, ash and 

lipid from rice bran and corn meal than from cassava meal. Rice bran appeared to have a high digestibility of DM (80.3 

%), protein (87.9 %) and ash (97.4 %) for grass carp. However, this finding is in contradiction with the conclusion of Law 

(1986), who suggested that grass carp digested rice bran poorly. The better rice bran quality as well as the larger (older) 

fish used in the recent study (250g vs. 15.3g) probably explain the differences between the two studies. Thu (2012) 

recorded high DM and CP digestibility values for cassava (80.3 % for DM and 87.9 % for CP), while very low ash 

digestibly was observed in cassava (14.39 %). The anti-nutritional factors present in cassava meal likely reduced the 

ash (mineral) digestibility, as they are known to interfere with digestion by binding to digestive enzymes or directly to 

some mineral elements (Francis et al., 2001). 

Limitations 

In some cases, even for the same raw materials, amino acid digestibility differed between studies (Figure 6). For 

example, the methionine digestibility of imported fish meal reported by Ye et al. (2003) (87.3 %) was much higher than 

that by Jiang et al. (2006) (41.45 %), while the methionine digestibility of double-low rapeseed meal reported in Ye et al. 

(2003) (47.2 %) was much lower than that in Jiang et al. (2006) (65 %) (Fig.6). While the differences can be related to 

raw material quality, the influence of other factors such as those related to fish size (180g grass carp in Ye et al. (2003) 

vs. 65g grass carp in Jiang et al. (2006)) and inert marker (Cr2O3) content (0.5 % in Ye et al. (2003) and 0.1 % in Jiang 

et al. (2006)) among others cannot be discounted. 

Figure 6:  Methionine digestibility (%) of different raw materials in grass carp  

 

Improvements have been made in the digestibility calculations by several authors over the years (You et al., 1993; 

Sugiura et al., 1998; Forster, 1999; Bureau et al., 1999). Recently, in 2015, the Ministry of Agriculture of the People’s 

Republic of China published “Procedure of apparent digestibility coefficient determination in fish and shellfish” (NY/T 

2713-2015), where the equation proposed by Bureau et al. (1999) was recommended for use in digestibility calculations. 

While Jiang et al. (2006) and Thu (2012) have used improved equations proposed by You et al. (1993) and Sugiura et 

al. (1998) respectively, others have used the old equation from Cho and Slinger (1979). This may have resulted in some 

errors in the ADC values reported and partly explain the differences observed in the ADCs between studies for the same 

raw material and nutrient.  

In summary, grass carp production is the largest finfish aquaculture industry in China. Published data summarized in this 

paper on the EAA requirements and raw material digestibility of grass carp will allow feed producers to be more accurate 

when formulating diets of grass carp. More studies are clearly needed to further strengthen the database, covering the 

whole life stage of grass carp under practical production conditions  
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Table 4:  Review of available data on the ADC (%) of dry matter (DM), crude protein (CP), crude lipid (CL) and amino acids in various raw materials reported for grass carp. 

 

NO. Raw materials (% CP) DM CP CL Lys Met Thr Arg Ile Leu Val His Phe Tyr Asp Ser Glu Gly Ala Pro 

1 Barley grain (13.4 %)* 60.0 59.4 50.1 62.9 44.9 40.8 60.2 56.7 72.9 32.4 58.1 61.3 64.7 57.6 67.8 67.2 43.7 92.8 38.6 

2 
Brewers dried yeast (41.0 
%)* 

64.2 85.0 82.5 94.8 31.6 54.9 87.9 25.1 60.1 85.0 38.1 67.9 35.0 86.4 20.7 46.2 92.8 96.7 98.2 

3 Casing meal (50.0 %)* 56.6 69.9 78.9 93.8 87.5 51.2 96.1 60.7 81.8 48.0 69.2 27.2 31.1 80.3 32.5 88.3 63.3 85.8 88.1 

4 Cassava (2.4 %)*** 81.9 77.2 71.3 - - - - - - - - - - - - - - - - 

6 Corn distillers (17.1 %)* 62.6 71.0 78.3 92.7 75.7 80.5 97.5 78.6 95.4 42.6 89.0 95.8 39.8 52.1 54.0 47.1 50.9 72.8 52.4 

7 Corn meal (9.1 %)*** 89.0 84.9 80.6 - - - - - - - - - - - - - - - - 

8 Corn germ meal (20.3 %)l* 58.7 77.1 50.2 81.0 78.0 58.1 96.0 93.0 77.7 60.4 90.7 67.2 54.6 79.6 68.3 74.0 77.6 88.2 51.2 

9 Corn gluten meal (46.2 %)* 63.4 68.9 57.1 71.7 46.0 35.0 94.0 80.2 71.8 72.6 61.6 54.6 71.7 76.5 73.2 87.0 55.9 43.0 54.2 

10 Corn grain (8.86 %)* 77.6 64.5 73.1 80.9 32.5 69.8 67.5 67.5 63.1 51.4 68.8 39.0 64.6 50.4 77.0 70.4 71.0 86.2 60.3 

11 Cottonseed meal (45.9 %)** 61.1 76.9 88.4 91.6 61.6 72.2 77.4 71.7 76.1 69.6 77.1 76.9 80.1 - - - - - - 

12 Cottonseed meal (45.5 %)* 59.5 75.2 51.2 82.3 71.2 75.4 95.4 96.7 77.9 90.2 35.4 50.0 82.8 84.2 80.0 86.8 40.1 67.1 70.7 

13 Crab meal (37.7 %)* 56.7 80.2 59.2 26.8 88.0 60.1 84.7 99.5 86.6 22.0 83.6 65.4 80.0 76.6 72.1 92.4 54.6 57.1 57.5 

14 
Distiller's grains meal (24.3 
%)* 

71.7 68.5 69.1 72.1 77.8 33.4 92.1 87.9 80.7 55.8 76.5 65.3 66.4 66.7 56.5 45.0 67.6 88.2 76.0 

15 Expanded soybean (36.8 %)* 79.1 89.1 74.9 84.5 67.0 62.5 93.7 27.4 62.2 65.6 85.8 87.2 29.1 83.8 80.5 91.2 89.2 77.7 70.6 

16 
Fish meal (imported, 62.5 
%)* 

83.1 87.5 83.8 93.9 87.3 68.8 87.2 89.2 88.3 90.5 89.5 96.3 90.3 89.9 76.9 86.1 83.2 51.1 46.2 

17 Fish meal (native, 54.2 %)* 81.5 84.0 81.5 91.3 96.9 87.7 97.1 90.2 81.7 94.6 35.4 62.1 69.7 78.7 88.8 95.4 86.6 98.6 84.4 

18 Fish meal (Peru, 63.9 %)** 59.1 76.9 88.8 89.4 41.5 68.7 82.9 70.5 75.5 70.3 78.9 80.8 80.5 - - - - - - 

23 Meat meal (53.7 %)* 59.1 79.2 81.4 53.1 79.2 65.4 82.1 45.0 79.5 66.7 79.8 49.0 81.9 80.8 66.4 91.0 84.0 97.2 62.3 

24 
Meat and bone meal (51.5 
%)** 

60.7 74.7 69.2 - - - - - - - - - - - - - - - - 

25 Peanut meal (46.9 %)** 49.9 76.3 98 92.2 74.3 74.6 78.4 74.2 76.7 71.9 79.7 77.8 80.7 - - - - - - 

26 
Rapeseed meal (double-low, 
31.5 %)** 

47.7 79.2 - 91.0 65.0 73.1 84.1 73.7 77.4 72.4 78.2 79.8 83.0 - - - - - - 

27 
Rapeseed meal (double-low, 
35.9%)* 

66.4 86.2 70.9 84.8 47.2 53.8 98.2 40.7 90.2 91.3 85.2 96.4 69.4 42.5 73.2 36.2 93.9 98.8 81.3 

28 Rapeseed meal (32.0 %)* 68.6 77.8 81.3 94.7 76.4 61.1 96.8 70.5 76.2 68.0 83.8 54.8 63.0 85.3 77.0 95.8 86.5 97.1 80.9 

29 Rapeseed meal (38.8 %)** 46.4 78.2 95.1 92.2 62.7 74.1 86.4 73.9 78.2 74.5 80.3 81.1 83.9 - - - - - - 

30 
Rapeseed meal (Yellow, 35.9 
%)* 

74.8 86.0 81.8 94.2 83.7 70.8 97.1 83.3 86.0 89.1 96.9 46.1 74.5 82.1 77.9 89.8 44.6 86.6 75.4 
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31 
Rapeseed meal (Black, 35.6 
%)* 

68.3 79.5 82.7 83.1 64.5 36.2 96.0 53.9 71.6 79.5 93.1 56.5 60.7 59.5 66.0 90.0 94.2 92.0 75.6 

32 Rice (11.8 %)* 51.2 64.3 58.9 83.4 81.2 89.3 91.7 85.6 78.1 83.0 80.5 71.6 89.6 79.4 86.3 78.7 81.1 75.7 83.3 

33 Rice bran (11.7 %)** 53 74.7 72.7 91.4 63.0 74.1 84.7 71.2 76.2 70.7 79.0 79.5 85.2 - - - - - - 

34 Rice bran (11.2 %)* 47.4 76.4 57.0 98.6 76.1 71.5 78.1 67.1 91.1 88.8 86.5 57.7 96.0 84.7 93.0 81.4 80.0 78.2 52.6 

35 Rice bran (13.8 %)*** 80.3 87.9 82.4 - - - - - - - - - - - - - - - - 

37 Sesame meal (40.4 %)* 70.2 80.2 59.6 92.0 84.8 51.0 95.0 49.0 58.3 72.4 85.4 47.0 75.8 91.1 59.8 99.5 78.6 82.5 70.2 

38 Soybean meal (44.9 %)* 75.4 87.5 82.2 91.5 69.6 58.2 96.9 20.1 92.4 71.4 98.9 48.7 70.4 92.7 83.1 90.6 97.3 99.7 78.5 

39 Soybean meal (52.8 %)** 58 75.7 93.3 95.9 74.1 76.3 89.4 73.7 79.7 72.6 90.3 89.8 87.4 - - - - - - 

41 Standard starch (12.9 %)* 79.4 67.0 75.9 76.0 75.3 48.6 83.0 60.2 84.0 62.8 83.5 79.6 74.2 66.0 68.7 65.2 58.5 92.0 65.6 

42 Wheat bran (15.4 %)* 62.6 73.2 52.4 85.4 80.9 75.9 38.2 90.8 86.8 53.2 87.3 70.6 52.4 31.9 98.7 96.6 73.8 79.5 47.1 

43 Wheat grain (15.7 %)* 88.2 87.1 82.5 96.0 73.5 58.6 94.3 51.3 95.4 76.4 84.9 91.8 80.6 78.6 91.8 88.4 72.2 98.2 74.5 

44 
Wheat middlings and red dog 
(13.3 %)* 

61.6 71.5 53.2 69.6 81.5 61.1 37.1 51.2 61.1 79.1 57.5 95.0 63.0 75.7 85.0 85.1 64.3 88.5 66.9 

45 Wheat middlings (19.5 %)** 54.8 75.7 - 91.8 61.5 74.4 84.3 72.8 76.4 70.7 79.9 79.0 83.2 - - - - - - 
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Abbreviations  

ADC – apparent digestibility coefficient 

CL – crude lipid 

CP – crude protein 

DM – dry matter 

EAA – essential amino acids 

FCR – feed conversion ratio 

TSAA – total sulfur amino acid  
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This information and any recommendations, technical or otherwise, are 
presented in good faith and believed to be correct as of the date prepared. 
Recipients of this information and recommendations must make their own 
determination as to its suitability for their purposes. In no event shall Evonik 
assume liability for damages or losses of any kind or nature that result from 
the use of or reliance upon this information and recommendations. EVONIK 
EXPRESSLY DISCLAIMS ANY REPRESENTATIONS AND WARRANTIES 
OF ANY KIND, WHETHER EXPRESS OR IMPLIED, AS TO THE 
ACCURACY, COMPLETENESS, NON-INFRINGEMENT, 
MERCHANTABILITY AND/OR FITNESS FOR A PARTICULAR PURPOSE 
(EVEN IF EVONIK IS AWARE OF SUCH PURPOSE) WITH RESPECT TO 
ANY INFORMATION AND RECOMMENDATIONS PROVIDED. Reference to 
any trade names used by other companies is neither a recommendation nor 
an endorsement of the corresponding product, and does not imply that 
similar products could not be used. Evonik reserves the right to make any 
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