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Summary: Red and brown seaweeds are natural foods for Haliotis discus hannai, an 
abalone species with dark-brown shells that is also known as Ezo. This preliminary 
study investigated the effect of seaweed on the color and quality of the meat and shells 
of this abalone. Results showed that a formulated test diet and an established 
commercial feed individually resulted in lower growth rates and meat protein contents of 
abalone than a control seaweed (Palmaria mollis) diet.  The two artificial diets also led 
to abalone with yellow or orange colored shells, which were different from the dark-
brown shells of abalone fed the seaweed. However, the combination of feeding the 
seaweed with either of the artificial diets remarkably improved the growth performance, 
product composition and shell appearance.  

      Abalone is a delicious and highly prized seafood.  There is a great demand for 
development of artificial abalone feed in order to support the sustainable production of 
abalone. Commercial feeds for various species have been produced in several 
countries, however there is still no commercial abalone feed produced in the US. 
Abalone production in Hawaii mainly depends on imported feeds.  Ezo is the major 
species of abalone cultured in Hawaii. Wild Ezo or Ezo fed with red or brown seaweeds 
have dark-brown or black shell (Fig. 1. Left). Ezo fed with commercial feeds have yellow, 
green or light red color shells, which are not well accepted in the international seafood 
market, especially in Japan (Fig. 1. right).  However, culturing seaweed such as 
Palmaria mollis is expensive and difficult for mass production.  The objective of this 
research was to develop an abalone diet, which can be used to partially replace 
Palmaria mollis seaweed and to evaluate the dietary effects on growth performance, 
product composition and shell color appearance of Ezo.  Commercial feed served as a 
reference diet in this test.  



 

Figure 1: Normal (left) and abnormal (right) colored-shells of Ezo abalone. 

 

Diet Preparation & Feeding Methods 

One Ezo test diet was prepared based on the formulation in Table 1. The test diet was 
processed by extrusion through a single-screw extruder (Wenger, Sabetha, KS 66534, 
USA).  Each of five tanks was stocked with 35 kg (~5000 numbers) of juvenile Ezo 
abalone with uniformed size.  Mean live weight and shell size of the Ezo abalone were 
7.1 g and 35.3 mm.  Each tank received approximately 500 L/h of 200 µm-filtered 
pristine deep-sea water at ambient temperature (17.5–19.5 °C), pH 8.2±0.2, and salinity 
32–35‰. After feeding all Ezo with Palmaria mollis for one week, each of the five tanks 
was treated with one of following diets: Palmaria mollis (control), test diet, test 
diet+Palmaria mollis, commercial feed, and commercial feed+Palmaria mollis during 
220 days of test period.  Ezo were fed three times per week in the single diet treatment, 
and fed an artificial feed twice and seaweed once per week in the combination diet 
treatment.   

          Table 1: Formulation of test diet for abalone trial 

  
INGREDIENT % 
Wheat Flour  31.250 
Fish Meal 20.000 
Defatted Soy Flour 12.500 
Tapioca Starch 8.750 
Seaweed Powder 40# Ascophyllum 6.250 
Propylene Glycol 5.000 
Yeast - Saccaromyces 3.125 
Sugar 3.125 
Wheat Gluten 3.125 
Fish Oil  2.500 
Salt - Powdered 1.250 
Kemira Organic Acid Blend SF1 (Formic, Propionic, 0.700 



Citric Blend) 
Carrageenan 0.500 
Lecithin  0.500 
Dicalcium Phosphate 0.400 
Potassium Sorbate 0.350 
Vitamin Mix  0.300 
Mineral Mix  0.150 
Betaine 0.160 
Tocoblend RE1010 (Vita Blend Antioxidant) 0.045 
Stay C 0.020 
Total 100.000 

 

Composition of Test Diets  

Proximate composition (Table 2) and amino acid profile (Table 3) of the diets were 
analyzed according to AOAC methods. The crude protein content of the test diet (29.4%; 
Table 2) was lower than commercial feed (35.7%), but its crude lipid (4.7%) was over 
double higher than the commercial feed (1.6%).  Freeze-dried Palmaria mollis had low 
crude protein (CP; 22.1%), carbohydrate, and gross energy but and higher ash contents 
than the two artificial diets.  

Table 2: Nutritional composition (on dried sample basis) of test diets 

       
Dry 

Matter 
Crude 
Protein 

Crude 
Lipid 

Ash 
 

Carbo-
hydrate* 

Gross 
Energy 

  Samples (%) (%) (%) (%) (%) (cal/g) 

Palmaria mollis 95.3 22.1 2.1 38.5 32.6 2510 

Test diet 91.8 29.4 4.7 7.3 50.6 4312 

Commercial feed   91.2 35.7 1.6 6.0 47.9 4126 
*Carbohydrate was estimated by subtraction of crude protein%, crude lipid% and Ash% from dry 
matter%. 

   From amino acid analysis (Table 3), contents (%) of seven essential amino acids (His, 
Ile, Leu, Lys, Met, Phe and Val) in test diet, commercial feed and Palmaria mollis were 
higher than those (%) in abalone meat, which may suggest that these amino acids 
should meet the requirements for abalone growth.  But their Arg and Thr contents were 
19% to 43% and 57% to 124% respectively lower than those in abalone meat.  The two 
essential amino acids might be the limited amino acids in these diets.  

Table 3: Amino acid profiles of Palmaria mollis, test diet, commercial feed and abalone 
meat. 



	   	   	   	   	   	   	   	   	  
Palmaria mollis Test diet Commercial feed Ezo Meat Amino	  

Acids	   g/100g % g/100g % g /100g % g /100g % 
Non-essential AA  	   	   	   	   	   	  	  
Ala 1.04 5.34 0.80 3.15 1.02 3.35 3.90 6.05 
Asp+ASN 2.61 13.39 2.90 11.43 3.42 11.23 6.35 9.86 
Cys 1.61 8.26 2.30 9.06 3.44 11.29 0.65 1.01 
Glu+Gln 1.78 9.13 5.67 22.34 5.18 17.01 12.30 19.10 
Gly 0.73 3.75 0.81 3.19 0.95 3.12 6.18 9.59 
Pro 1.09 5.59 0.81 3.19 1.13 3.71 3.26 5.06 
Ser 0.49 2.51 0.48 1.89 0.52 1.71 2.87 4.46 
Tyr 0.77 3.95 0.79 3.11 0.97 3.18 2.20 3.41 
Taurine 0.02 0.10 0.06 0.24 0.14 0.46 4.80 7.45 
Essential AA   	     	     	     
Arg 1.55 7.95 1.41 5.56 1.83 6.01 6.30 9.79 
His 0.36 1.85 0.58 2.29 0.68 2.23 1.05 1.63 
Ile 0.97 4.98 1.46 5.75 1.69 5.55 2.30 3.58 
Leu 1.61 8.26 2.17 8.55 2.70 8.86 4.30 6.67 
Lys 1.64 8.41 1.71 6.74 2.90 9.52 3.17 4.92 
Met 0.23 1.18 0.41 1.62 0.46 1.51 0.95 1.48 
Phe 1.05 5.39 1.26 4.96 1.40 4.60 1.89 2.94 
Thr 0.54 2.77 0.48 1.89 0.64 2.10 4.13 6.41 
Val 1.43 7.34 1.36 5.36 1.54 5.06 2.58 4.01 
Total 19.49 100.00 25.38 100.00 30.46 100.00 64.38 100.00 

 

 Growth & Survival 

Table 4 showed the growth rate of abalone based on weight and the accumulative 
mortality after 220 days of feeding trial. Feeding abalone with the test diet or the 
commercial feed alone resulted in lower growth rates (2.07 g/month; 2.91 g/month) than 
feeding them with control seaweed (3.20 g/month).  Combining Palmaria mollis with the 
test diet or the commercial feed improved abalone growth by 39% and 21%, 
respectively. Palmaria mollis fed alone and in combination with the test diet also 
reduced the mortality of abalone. 

Table 4: Abalone growth and survival after 220 days (7.2 month) feeding with the 
different diets 

	   	   	   	   	   	   	  
      Stock     Harvest        Growth/month   Mortality 
Feed Weight  Size Weight  Size Weight  Size  



 g mm g mm g mm % 
Palmaria mollis 6.93 35.07 29.98 57.25 3.20 3.08 7.64 
Test diet 7.08 35.32 21.96 51.58 2.07 2.26 22.33 
Test 
diet+Palmaria 
mollis 

7.62 36.20 28.27 56.13 2.87 2.77 4.38 

Commercial 
feed 

6.77 34.80 27.70 55.75 2.91 2.91 10.94 

Commercial 
feed +Palmaria 
mollis 

6.95 35.10 32.24 58.65 3.51 3.27 22.86 

 

Nutritional composition and coloration of abalone 

      Feeding the different diets resulted in a difference in nutrient composition (Table 5). 
Feeding Palmaria mollis resulted in a higher crude protein content in abalone meat 
(79.61%) than feeding the test diet (60.19%) or commercial feed (55.03%). Combining 
Palmaria mollis with one of the two diets increased crude protein, but lowered the level 
of carbohydrates in abalone meats.   

Table 5: Nutritional composition (on dry matter basis) of abalone meat with the different 
diets  
     
Feed CP% EE% Ash% Carbohydrate%* 

Palmaria mollis 79.61 3.83 8.86 4.38 

Test diet 60.19 2.74 6.44 27.10 

Test diet+Palmaria 
mollis 

69.82 3.23 7.38 15.58 

Commercial feed 55.03 2.59 6.36 33.13 

Commercial feed 
+Palmaria mollis 

66.18 3.20 7.98 19.11 

* Carbohydrate% was obtained by subtracting CP%, EE% & ash% from total dry matter (100%).  

Feeding abalone with Palmaria mollis alone resulted in dark-brown shells. Feeding the 
two artificial diets resulted in yellow or pink shells and light meat color (Fig. 2), while 
combining Palmaria mollis with the two diets led to dark-brown shells and dark meat 
color (Fig. 2).   

It is not clear the exact reasons why Palmaria mollis improved abalone meat protein 
content and growth rate. The high energy level of the current artificial diets may have 
impaired the feed intake of abalone and thus the abalone might not receive enough 
nutrients for their protein synthesis and growth. Furthermore, the amino acid balance for 



the test diets might not be optimized for the nutritional requirements of this species. 
Finally, the low ash and high carbohydrate contents in the artificial diets may not be 
optimal for the growth of the abalone based on the nutritional profile of the seaweed that 
promoted the best growth in this study. Previous research reported that abalone fed an 
artificial diet had substantially higher glycogen content than abalone fed the red 
seaweed Gracilaria sp, which is consistent with our results. It is possible that the high 
accumulation of carbohydrates may cause depressed growth of abalone. The two 
artificial diets might also lack pigments or some essential factors for the black 
appearance for abalone. Further research will be needed to address the above 
hypothesis.   

In summary, neither the current test diet nor the commercial feed could compete with 
the seaweed for Ezo aquaculture based on growth performance and effect on the 
finished product. However, combining the test diet with the seaweed improved the 
performance of abalone. This suggested that the artificial feed can partially replace the 
seaweed for current production. More research is warranted for developing an optimal 
feed the Ezo production.  

 

Fig. 2. Color appearance of abalone shell and meat feeding the different diets 
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