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Abstract 

 
In aquaculture feeds, replacement of fish meal with vegetable proteins is often limited by 
the level of methionine in the alternative vegetable protein source.  Thus, 
supplementation of synthetic methionine is necessary to optimize the nutritional value of 
those diets containing alternative proteins.  Two studies were conducted to evaluate the 
effect of methionine hydroxy analog (2-hydroxy-4-methylthiobutanoic acid; HMTBA) 
supplementation in common carp and Pacific white shrimp diets deficient in methionine.  
Common carp responded to HMTBA addition with improved body weight gain, body 
length increase, feed conversion efficiency and survival.  Pacific white shrimp 
demonstrated improved feed conversion and survival with dietary addition of HMTBA.    
Therefore, considering these and other data, it is concluded that HMTBA is a viable 
source of methionine in shrimp and carp diets. 
 

Introduction 
 

Fish meal has traditionally been used in commercial fish feeds as the primary source of 
dietary protein (Hardy, 1999).  However, production of fish meal from capture fisheries 
has remained, at best, static over the last decade.  When global fish meal production 
declines and fish meal prices become more expensive, nutritionists seek less expensive 
plant protein sources such as soybean meal and high protein byproducts of corn and other 
grains.  Plant proteins are generally abundant, inexpensive and sustainable.  However, 
substitution levels of vegetable proteins in aquaculture feeds are often limited by the 
relative presence of lysine and methionine in these ingredients.  For example, soybean 
meal is a protein rich in lysine but low in methionine; while the protein in corn 
byproducts is low in lysine but relatively rich in methionine.  Thus, supplementation of 
synthetic methionine and other amino acids is necessary to improve the nutritional value 
of the diets containing vegetable proteins.  In poultry, swine and ruminant species, 
methionine is considered to be one of the first limiting amino acids.  Synthetic 

thiobutanoic acid (HMTBA via 
MHA

methionine is frequently added as 2-hydroxy-4-methyl
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® feed supplement or 
Alimet® feed supplement; Novu
International, Inc.)  HMTBA 
organic acid that is absorbed by 
passive diffusion along the 
entirety of the gastro intestin
tract (Dibner, 2003).  Once 
absorbed, it enters the blood 
stream, is readily taken up by the
tissues, rapidly converted to L-
Methionine and subsequen
metabolized.  The enzymes 
involved in the conversion of 
HMTBA to L-Methionine
been well depicted by Dibner

Fig 1. Response to HMTBA Supplementation in  Rainbow Trout
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Knight (1984).  The D isomer is converted to L-Methionine in the mitochondria by D
hydroxy acid dehydrogenase and the L-isomer to L-Methionine in the peroxisomes by L
hydroxy acid oxidase.  The presence of these two enzymes in the liver and kidney o
and hepatopancreas of crustaceans has been verified across a variety of species.  The 
of HMTBA in rainbow trout [Oncorhynchys mykiss (Walbaum)] was recently reported by 
Chen et al. (2003).  Using commercial diets with 50 % of the fish meal replaced with 
vegetable proteins, free lysine and HMTBA, the researchers demonstrated the 
performance improvements and economic value by using free amino acids (Fig 1). 
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Objectives 

The objectives of this paper are to report on the value and benefits of  MHA®  
enaeus 

Materials and Methods 
 

xperiment One:  Pacific white shrimp growth trial

 

supplementation in two farmed aquaculture species; Pacific white shrimp (Litop
vannamei) and common carp (Cyprinus carpio L ).  
 
 

E  

his study was undertaken to evaluate the efficacy of  MHA® feed supplement (84 % 

eed formulations: 

A shrimp diet with soybean meal and a minimal level of fish meal was formulated using 
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T
HMTBA) to meet the nutritional requirement for sulfur amino acids of Pacific white 
shrimp, Litopenaeus vannamei.  
 
F

commonly available ingredients to be deficient in methionine (negative control diet). 
However, the rest of the amino acids were present in amounts that resemble a commer
diet, as described in Table 1.  Three levels of MHA to provide 0.1%, 0.2%, and 0.3% 
supplemental methionine activity were added to the basal diet to evaluate the response
shrimp to incremental levels of HMTBA.  Crystalline threonine, lysine and arginine were 
also included in all diets to bring the levels of these amino acids in line with those of 
reference commercial feeds.  All diets were agglomerated into 2.4mm pellets via a 
laboratory scale pellet mill (California Pellet Mill, Inc., Model CL-5 CPM).  Pellets
dried in a forced air oven at 100°C and cooled by ambient air, and stored in an air 
conditioned room at 20°C until fed.   Diets were tested for water stability at 24 h po
pelleting and pellet durability index (PDI) was also assessed. 
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Table 1.  Formulation of diets used to evaluate HMTBA in shrimp growth trial. 

Ingredient Percent 
Fish meal (menhaden select) 15.00
Squid meal 2.50
Soybean meal (48% CP) 2

 
4

enhaden) 

 

ne 
x 

 mix 

 phosphate 
 + MHA®

6.00
Fish solubles (menhaden) 5.00
Hard red winter wheat 3.00
Lecithin 2.00
Fish oil (m 3.00
Soy oil 0.53
Arginine 0.08
Lysine 0.07
Threoni 0.06
Vitamin mi 1.55
Trace mineral 0.03
Stay C 0.08
Sodium 0.50
Diatomaceous earth 0.60
Proximate Analysis  

8.05
tein 3

r 

o Acids 
0.65

e 
 
om MHA®  0, 0.096, 0.214 or 0

Moisture 
Crude Pro 3.04
Crude Fat 8.20
Crude Fibe 0.94
Ash 7.26
Amin
Methionine 
Cystine 0.47
Lysine 2.03
Arginin 1.92
Threonine 1.26
HMTBA fr .311

The four formulated feeds were tested in a shrimp grow-out trial conducted in an Indoor 

as 

maining 

biomass divided by the weight of feed fed over the course of the trial.  

Controlled Lab facility at The Oceanic Institute (OI), Waimanalo, Hawaii, USA, by Drs. 
Dominy and Forster. Juvenile shrimp were obtained from the OI shrimp hatchery and 
assigned randomly to 16 tanks (12 animals per group; 1.2 (sd 0.1) g/individual initial 
weight) supplied with flow-though water from a salt-water well. Water temperature w
monitored daily, while dissolved oxygen, salinity, pH were measured weekly. The four 
diets were each randomly assigned to four replicate groups of shrimp for eight weeks.  
The trial lasted eight weeks with weight gain, survival and FCR data collected at two-
week intervals.  At the end of the trial period, shrimp were collected and body 
composition was analyzed.  Survival was calculated as the number of shrimp re
divided by the initial number (12) and expressed as a percent.  The feed conversion ratio 
(FCR) was calculated as the biomass of the shrimp at the end of the trial minus the initial 
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Shrimp growth trial data (growth, FCR and survival) were subjected to both ANOVA and 
linear regression analysis, with the dietary level of HMBTA as independent variables. 
Where ANOVA revealed significant treatment effects, the significance of differences in 
treatment means were determined using Student-Newman-Keuls (SNK) method.  All 
statistical analyses were conducted using the computer software package (SigmaStat 
v.3.0; SPPS, Inc., St. Louis, Missouri, USA) and a 5% error rate. 
 
Experiment Two:  Common carp growth trial 
 

his study was conducted to evaluate the efficacy of MHA® feed supplement to meet the 
f the common carp, Cyprinus carpio.  

ity. 
o evaluate the response to MHA, a diet depleted of fish meal and deficient in 

illed, 

Percent 

T
nutritional requirement for sulfur amino acid o
 
Common carp fingerlings from Jinan, Shandong province (Peoples Republic of China), 
were used in the study, under the direction of Dr. Zhou at Shanghai Fisheries Univers
T
methionine, but adequate in all other nutrients according to the nutritional requirements 
of common carp, was formulated.  Three levels of MHA were added to the basal diet to 
provide 0.03%, 0.055% and 0.077 % methionine activity.  Raw materials were m
passed through a 40 mesh sieve, and then blended according to the diet described in 
Table 2.  Subsequently, 1.5 mm pellets were produced. 
  
Table 2.  Formulation of diets used to evaluate MHA® in common carp growth trial. 

Ingredient 
Wheat Middling and Reddog 30.25 
Rapeseed Meal 15.50 
Soybean Meal 50.50 
Oil 2.15 
Choline Chloride 0.50 
CaH2PO4 0.60 
Vitamins 0.20 
Premix 0.30  
Proximate Analysis  
Crude Protein 33.94 
Crude Fat 4.12 
Calcium 0.41 
Total Phosphorous 0.73 
Amino Acids  
Lysine 1.69 
Methionine 0.45 
Total Sulfur 0.86, 0.89, 0.915 or 0.94  
Threonine 1.30 
Isoleucine 1.58 
HMTBA from MHA®-84%  0, 0.033, 0.055 or 0.077 

 
Fish we  per treatment that contained 15-20 fish per 
cage (4  depth.   ental 

re randomly distributed to three cages
m×2m×1.5m) of 70 cm water After a week of adaptation, experim
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diets were hand fed daily at 8 a.m. and 3 p.m. to provide 3% of body weight.  

urs prior to final 
eighing.  Relative body weight gain and body length gain were calculated. The number 

Temperature, pH and NH3-N of the rearing water was monitored during the experiment 
and maintained at 26°C-31°C, 6.5-7.2, and 0.26mg/L, respectively. 
 
The fish were weighed and body length measured at the beginning and end of the eight 
week feeding experiment.  Feed was withheld from the fish for 24 ho
w
of fish per cage at the beginning and end of study were recorded and used to calculate 
survival rates.  Relative weight gain and survival was calculated as described below: 
 
 Relative weight gain = (total final body weight - total initial body weight) x 100
      (total initial body weight)    

 

 
 Survival rate = (number of fish at end of the trial) x 100 
    ( er h at beginning of trial) numb  of fis

The variation among 

 

 
Experiment One:  Pacific white shrimp growth trial

 
Results are presented as mean values ± standard deviation (SD). 
treatments was analyzed by ANOVA and Duncan’s LSR. 

 
Results and Discussion 

 

ater quality parameters were consistently within acceptable ranges during the course of 
er the eight week grow-out period 

was 4.50 (0.36 sd) grams. The shrimp 

 

g 2) 

 % 
el, 

F s with 
the highest levels of HMTBA having lower FCR and higher survival than those shrimp 
fed the control diet. Regression analysis of dose re as 

W
the study.  The average final weight of the shrimp ov

growth was 0.42g/week which is not 
atypical for this type of clean water 
aquaria study.  There were no 
significant effects of dietary treatment
on shrimp growth or final weight.  
However, a  trend (P = 0.11; Fi
was observed for shrimp weight to 
increase as the level of HMTBA 
supplementation  increased up to 0.2
methionine activity.  Above that lev
shrimp weight tended to decline 
following a quadratic response.  
ANOVA revealed significant 
differences among treatments in 
ig 4), with the shrimp fed the diet

sponse indicated that while there w
no significant effect of supplemental HMTBA

survival (Fig 3) and feed conversion ratio (FCR; 

 on final weight, there was a significant 
positive relationship on survival and a corresponding lowering of FCR, with increasing 
HMTBA supplementation.   

Fig 2. Effect of HMTBA Supplementation on 
Shrimp growth at  week 8

0.4
0.45
0.5

0.55
0.6

0.65
0.7

0.75

0 0.1 0.2 0.3

HMTBA  supplementation, %

G
ro

w
th

, g
/w

k

 6



 

Fig 4. Effect of HMTBA Supplementation on 
Shrimp Feed Conversion Ratio at   week 8
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Fig 3. Effect of HMTBA Supp

 

 
Experiment Two:  Common carp growth trial 

ommon carp responded to HMTBA supplementation with significantly (p< 0.05)   
y length gain (Fig 6), feed conversion and 

survivability (Fig 7). The 
ain 

g 
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 p roved.  
In diets deficient in methionine, carp positively responded t
Therefore, HMTBA is a viable source of methionine in carp

 
C
improved body weight gain (Fig 5), bod

body weight and length g
response to HMTBA 
followed a quadratic dose 
response.  The response to 
HMTBA was maximized at 
0.05% inclusion, suggestin
total sulfur amino acid 
requirements were satisfied a
0.91% total sulfur amino 
acids. Further addition o
HMTBA resulted in 
numerical reduction in gai
On the other hand, the 
survival response to H
addition followed a linear 
ercentage survival imp

o HMTBA addition.  
 diets. 

 
 
 

lementation on 
Shrimp Survival at  week 8

70

75

80

85

90

95

0 0.1 0.2 0.3

HMTBA supplementation, %

Su
rv

iv
al

 %

Fig 5. Weight Gain Response to HMTBA 
Supplementation in Growing Carp
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Fig 7. Survival Response to HMTBA 
Supplementation in Growing Carp
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Fig 6. Length Gain Response to HMTBA 
Supplementation in Growing Carp
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Conclusions 

 
rom the results of these two studies, it can be concluded that both Pacific white shrimp 
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