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by 
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(ABSTRACT) 

Three experiments were conducted to determine the effect of different 

chemicals on the preservation of crab waste at room temperature. In Exp. 1, .2 and 

4% NaOCl and HO, were used and the waste was stored for 17 d. In Exp. 2, 

NaCl (10%), NaNO, (1%), NaOCl (.4%), NaN3 (.065%), KNO3 (.1%), Tert butyl 

hydroperoxide (TBHP) (50 ppm), and I, (25 ppm) were used. After mixing with 

the chemicals the waste was stored for 21 d. In Exp. 3, the waste was treated with 

NaCl (10%), NaNO, (1%) and NaN; (.065%) and the mixtures were kept for 20, 

30 and 40 d. In the first experiment the waste treated with .4% NaOCl preserved 

better than for the other treatments, with lower (P < .05) NH; and trimethylamine 

(TMA). In Exp. 2, treatment with NaCl, NaNO, and NaN; did not produce any 

change in the physical characters of the crab waste. The TMA, indole and NH; 

were lower (P < .05) and no H,S was detected in the waste treated with those 

chemicals. In Exp. 3, treatment with NaCl did not alter the physical characteristics 

of crab waste. The waste had lower (P < .05) NH3, TMA and indole on d 20, 30 

and 40 than those treated with NaNO, and NaN;3.



Protein separated from crab waste was evaluated by in vitro and in vivo with 

chicks. Treatment with 1% KOH for 1 h gave maximum (P < .05) protein 

recovery. Approximately 25 kg of crab waste protein supplement (CWPS) were 

recovered, which contained on an average 43.2% CP, 30.5% ether extract and 

17.8% total ash. Jn vitro protein digestibility was similar to that for soybean meal 

(SBM). A feeding experiment was conducted to evaluate the quality of CWPS 

with 180, 1-d old broiler male chicks. Crab waste protein supplement replaced 0, 

25 and 50% SBM protein. The five dietary treatments were: A - 0% CWPS fed ad 

libitum; B - 25% CWPS diet fed ad libitum; C - 50% CWPS diet fed ad libitum; D 

- 25% CWPS diet pair-fed to diet C; and E - 0% CWPS diet pair-fed. The birds 

were fed for 21 d and the excreta were collected during the last 3d. Blood samples 

and pancreas weights were obtained from three birds from each pen. Linear 

decreases (P < .05) were recorded in body weight gain, and gain / feed with 

increasing levels of CWPS in the ad libitum and pair-fed chicks. The N and 

energy retention decreased linearly with increased CWPS in the ad libitum fed 

birds. Average weight of pancreas increased linearly with increased levels of 

CWPS. The uric acid index was higher for chicks fed the control diet and lowest 

for those fed 25% CWPS diet (quadratic effect, P < .05). It is concluded that the 

poor performance of chicks fed CWPS diets may be due to lower feed intake and 

digestibility of CWPS, and that CWPS can substitute for SBM protein at 25 % 

level in the diets of chicks with little effect on performance. 

Key words: Crab processing waste, Preservation, Crab waste protein supplement, 

Protein quality.
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CHAPTER 1 

Introduction 

The increased competition for food between humans and animals leads to a 

great demand for foodstuffs for animals. Efficient use of rangelands, forages, and 

other materials such as industrial and agricultural wastes must be made if the 

livestock flocks and herds are to be maintained at their present levels. Widespread 

use is made of by-products in feeding farm animals. Increased use of underutilized 

by-products, such as crab processing waste, is necessary to meet increased demand 

for feedstuffs. 

Crabs are classified in the phylum Arthropoda and class crustacea. Crab 

meat is regarded as a specialty food that adds variety to the diet, but the yield of 

meat, when hand picked, is only 10% of the total crabs harvested. Crab processing 

waste is thus a byproduct of crab industry, consisting of the shell, viscera and part 

of the meat. The global availability of dry crustacean waste is estimated to be 1.46 

million tons per year (Knorr, 1991). It presents environmental problems because 

of its odor, high moisture content, and statutes governing disposal of waste. Thus, 

utilization of crab waste for feeding of animals could help to solve the problem of 

waste disposal and provide a high-protein feed source for animals. 

Crab waste has been ensiled satisfactorily with wheat straw in the presence 

of added molasses. The quick deterioration of crab waste is the major limitation 

for use as animal feed. Trimethylamine oxide is a normal component of marine 

animals, which forms trimethylamine (TMA), one of the most important factors 

contributing to the offensive odor of the product upon deterioration. The TMA 

level is considered as an indirect measure of spoilage of sea foods. Earlier studies 

on the preservation of crab waste using NaNO,, NaOCl, H,O, and mixture of 
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organic acids have shown that NaOCl and NaNO, could preserve the waste for 

short periods of time. Research conducted using bacterial cultures have shown 

promising results in reducing the production of TMA using NaNO, NaNO; and 

sodium azide (NaN3). 

Crab waste, because of its high mineral and chitin contents, cannot be 

incorporated in the diets of animals in large amounts. Crab waste has been used to 

extract the protein, pigments and chitin. The protein thus recovered is of high 

quality. Experiments were conducted to evaluate the value of different chemicals 

in preserving crab waste for long periods of time at room temperature, to separate 

the protein from crab waste and to evaluate its quality for nonruminants. 
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Objectives 

The objectives of the research were to: 

1. Study the effects of different chemicals in preserving crab 

processing waste at room temperature; 

2. Standardize the procedure for the recovery of protein and separate 

protein from crab waste in bulk; 

3. Study the effect of replacing soybean meal with crab waste 

protein supplement in the diets of chicks. 
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CHAPTER 2 

Review of Literature 

Crab Industry 

Classification of Crabs. Crabs are classified in the phylum Arthropoda, 

class Crustacea, subclass Malacostraca, order Decapoda, suborder Reptantia 

(Poppke, 1977). The suborder Reptantia is divided into Macrura (crayfish and 

lobsters), Anomura (hermit crabs), and Brachyura (true crabs). The true crabs are 

divided into four groups: (1) Gymnopleura, (2) Dromiacea, (3) Oxystomata, and 

(4) Brachynatha. The majority of strong shelled crabs including blue crab, 

dungeness, stone crab, red or rock crab, pea crab, and land crabs, come under the 

group Brachynatha. 

The crab industry of the Pacific Coast involves two species of major 

importance, King (Paralithodes camtschatica) and Dungeness (Cancer species) 

crabs and two species of minor importance, rock crab (Cancer species) and tanner 

crab (Chinoecetes species). In Hawaii, Kona crabs (Ranina ranina) are found 

(Firth, 1969). The blue clawed crab (Callinectes sapides) is found in the East 

Coast, around the Florida peninsula and along the Texas coast (Poppke, 1977). 

Life Cycle of Crabs. A new generation of crabs is produced each year, 

usually between May and October ( Poppke, 1977). At this time the adult female 

crabs migrate to more salty waters of the bays and extrude the eggs in large masses 

known as “sponge”. The young, after hatching appear as larvae, are called Zoea or 

surface plankton. These larvae feed on smaller plankton and after the fifth molt, 

the young crab becomes a megalops and looks more like a crab. This stage lasts 

for about a week and then it molts again to become “miniature crab”. 
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The body of crab is enclosed by a hard exoskeleton which prevents the 

growth within the shell. Thus, crabs increase in size by molting or ecdysis 

(Spence, 1989). At the time of molting, the crabs seek shelter among the rocks. 

The shell cracks along a precise line dividing the upper and lower halves, and the 

soft crab slowly backs out through the gap. It then absorbs water and swells, 

increasing the size across the back by 20 to 30% in one molt. After the molt, the 

shell slowly hardens and no further increase in size will occur until the next molt. 

Molting takes place at frequent intervals during the early life, but after it has 

reached a size of 12 cm, molting takes place once every 2 yr. 

The total amount of crabs harvested in US was estimated to be 1 * 10°t in 

1991 (Anonymous, 1993). The meat represents about 29 to 30% body weight with 

the most meat in the head and shoulders (Firth, 1969). On an average, 24% of the 

meat was in the claws, 36% in the legs, and 40% in the body. 

Crab Meat. Crab meat is classified as a specialty food that adds variety to 

the diet (Firth, 1969). Dungeness crab meat contained 18 to 20% protein, and .7 to 

1.1% fat (Firth, 1969) while blue crab contained 16.64% protein, 1.96% ether 

extract, and 3.13% ash, on fresh basis (Tressler, 1940). Canned crab meat 

contained 90% moisture, and 434 kcal of energy, 76.5 g protein, 10.2 g fat, 5.1 g 

carbohydrates, .19 g Ca, 4 mg Fe, .4 mg thiamin, and 8.1 mg of niacin per 100 g 

DM (Reed, 1980). 

Fresh and 40-yr old pasteurized crab meat were analyzed for proximate 

composition, mineral, heavy metal, and amino acid volatile concentrations (Reddy 

et al., 1991). Fresh pasteurized crab meat was found to contain 87.6% crude 

protein, 1.2% crude fat, 8.3% ash, and 2.9% carbohydrates on DM basis. It 

contained 2.5 mg Ca and 10.7 mg P per g of dry crab meat. The 40-y old crab 

meat contained high levels of Fe, Mn, Cu, and heavy metals, compared to the 
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fresh. The major amino acids were aspartic acid, glutamic acid, lysine, and 

arginine. The 40-yr-old crab meat contained higher concentrations of ethanol and 

trimethylamine (TMA) than the fresh meat. 

Boiled crab meat contained 72.5% water, 20.1% crude protein, 5.2% fat, 

and 127 kcal of energy / 100 g on fresh basis (Holland et al., 1992). It was also 

found to contain .7% of saturated, 1.4% of mono-unsaturated, and 1.5% poly- 

unsaturated fatty acids. 

Gates et al. (1993) investigated the efficiency of commercial packaging 

materials on the quality, shelf life, and safety of fresh and pasteurized crab meat. 

Meat pasteurized in plastic and aluminum cans had better sensory and 

microbiological quality and longer shelf life than meat packed in steel cans. They 

also found that vacuum skin packaging resulted in improved sensory qualities of 

freshly cooked and packed meat. 

Hollingworth et al. (1991) studied the correlation of spoilage of imitation 

crab meat with sensory analysis after storage at 4, 10, and 22° C using various 

procedures. Total volatile acids, total volatile bases, cadavarine, putrescine, 

histamine, aerobic plate count, and proteolytic count were found to be highly 

correlated with product spoilage at 22° C. Neither the chemical nor microbial 

indicators were found to be adequate to assess the quality of product stored at 4 

and 10° C, concluding that sensory analysis was the only method currently 

available to assess the product acceptability after prolonged storage at reduced 

temperature. 

Crab Processing Waste 

The fish processing industry uses many types of fish and shellfish and is 

widely spread along the coastal lines. The quantity of waste varies among plants 

and among fish and shellfish types, ranging from 0% for whole rendered fish to 
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90% for crabs (Brinsfield, 1980). Sea food is a perishable product which must be 

refrigerated soon after harvest from water to prevent deterioration. Global annual 

production of dry crustacean waste was estimated to be 1.46 * 10° t (Knorr, 1991), 

the major components of which are protein, chitin and minerals. In Virginia and 

Maryland, approximately 21 million metric tons of crab are processed annually and 

crab processing waste amounts to 19 million metric tons (Brinsfield, 1980). The 

waste undergoes degradation within 5 h after harvest (Brooks, 1980). Crab waste 

includes the shell, viscera, and part of the meat (Lubitz, 1943) and it is a very good 

source of crude protein and minerals (Samuels et al., 1991, 1992; Abazinge et al., 

1993, 1994). Chitin, one of the most abundant polysaccharides of the world, 

comprises 12.3% of fresh water crayfish waste meal, 12.9% of crab meal, and 

7.6% of shrimp meal (Patton and Chandler, 1975). 

Chitin is a homopolysaccharide of B, 1,4-linked N-acetyl-D-glucosamino- 

pyranosal residues. This polysaccharide is found in fungi (molds and mushrooms), 

plantae (green algae), and in animalia (segmented worms, mollusks, and 

arthropods) (Yu et al., 1991). Chitin, designated as “animal cellulose”, is a major 

component of the exoskeleton of insects and crustacea. Chitin occurs in close 

association with other substances. In crustaceans, CaCO; serves as the cementing 

substance (Lovell et al., 1968). 

Chitin turn-over is important for recycling of C and N in marine ecosystems 

(Yu et al., 1991). The authors reported that the key step in this process is the 

adhesion of marine bacteria to chitin containing particles. They found that a single 

Ca requiring lectin is responsible for adhesion of Vibrio furnissi to N- 

acetyglucosamine. 

Bassler et al. (1991) reported the steps in the catabolism of the 

oligosaccharides of which, N-acetyl glucosamine (GIcNAc), N,N’- 
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diacetylchitobiose (GlcNAc),, and chitotriose (GlcNAc); were consumed very 

rapidly by the intact cells, while chitotetraose (GlcNAc), was utilized rather 

slowly. The oligosaccharides enter the periplasmic space and are hydrolyzed by a 

unique membrane bound endoenzyme, Chitodextrinase and an endoenzyme, N- 

acetyl-B-glucosamidase. The chitodextridase cleaves soluble oligomers, but not 

chitin to di- and trisaccharides, while the periplasmic N-acetyl-B-glucosaminidase 

hydrolyzes the GIcNAc termini from the oligomers. 

A thermostable exochitinase was purified from the culture of Bacillus 

stearothermophilus CH-4, which was isolated from agricultural compost 

containing shrimp and crabs (Sakai et al., 1994). This enzyme was found to 

hydrolyze C-4 B-anomeric bonding of N-acetyl chito oligosaccharides, as well as 

their p-nitrophenyl (pNP) derivatives. 

Crab Meal. Crab meal is defined as that product prepared from the 

undecomposed dried waste of the crab industry and consists of shell, viscera, and 

part or all of flesh (AAFCO, 1992). It should contain 25% protein and not more 

than 3% salt. 

Stelmock et al. (1985) compared the Van Soest ADF method with the 

modified Welinder method for chitin analysis of Alaskan crab and shrimp meal 

and found that Van Soest ADF method was acceptable for determination of shell 

fish chitin. Similar results were reported by Ayangbile (1989) when he compared 

different methods of estimating chitin of crab waste. 

Lubitz et al. (1943) reported the mean chemical composition of commercial 

crab meal made by steam drying of blue crab. It contained 6.3% moisture, 32.7 % 

CP, .8% crude fat, 12.9% crude fiber, 41.6% ash, 16.4% Ca, 1.64% P, .4% K, and 

2.9% NaCl. It also contained 180 ppm Mn, 1063 ppm Fe, 2.9 ug of riboflavin and 

less than 1 I. U. of vitamin A per gram. The average availability of protein was 
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84.5% in rats with a biological value of 76%. Chitin was found to have no protein 

supplementing value for chicks. 

Lovell et al. (1968) determined the nutritive value of fresh water crayfish 

waste meal. It contained 40.1% CP, 4.9% ether extract, 29.0% ash, 18.1% Ca 

1.2% P, .27% Mg, .14% K, 157 ppm Mn, .13% I, 8.8% Fe, and 14.1% chitin. The 

digestion coefficients for chitin-free protein was 87.54 in rats. 

Rutledge (1971) reported that decalcification of crustacean meals (Blue 

crab and freshwater crayfish) could be done by drying to a moisture level of 6% or 

less, grinding through a Wiley mill through a .6 cm screen and sieving through a 

No.12 U. S. Standard mesh. The protein content was doubled and the Ca level 

reduced by 68% by the process. 

Patton et al. (1975) determined the nutritive value of crab meal for young 

ruminating calves. Three trials were conducted with 26 male Holstein calves. In 

trials 1 and 2, crab meal was substituted for the basal ingredients up to 20% of the 

basal diet and was fed to young rapidly growing calves. They found no significant 

reduction in body weight gain, feed intake or feed efficiency while the N retention 

was reduced when crab meal was substituted at 20% level. There was an increased 

urine output which was attributed to the excessive amounts of Ca, Na, Cl, and Br 

in the crab meal diets. The digestibility of chitin from crab meal was 66%, but 

varied from 26 to 87%. In trial 3, crab meal was added to a protein deficient diet 

and it increased the average daily gain and feed intake over the unsupplemented 

group. 

In another study Patton and Chandler (1975) evaluated the in vivo rumen 

digestibility of crab meal, shrimp meal, cockroaches, grasshoppers and purified 

chitin using cannulated steers. The DM solubility was 35.7% for crab meal while 

it was 66.5% for cockroaches and 21.5% for pure chitin. 
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Brundage et al. (1981) compared the feeding value of King crab meal for 

lactating cows. Crab meal was incorporated at 11 and 22.5%, replacing soybean 

meal. Milk production was lowest for the negative control group and the next to 

the lowest for those receiving smaller amounts of supplemental soybean and crab 

meal. It was concluded that crab meal can be a potential source of supplemental 

protein in concentrates for lactating cows. 

In another study, Brundage et al. (1984) compared the acceptability of 

tanner crab meal with soybean meal in 30 lactating Holstein cows. Crab meal was 

substituted for soybean meal at 0, 25, 50, 75, or 100% on an isonitrogenous basis. 

Concentrates contained 19 : 0, 14: 7.5, 9.5 : 15, 5 : 22.5, 0 : 30% soybean meal : 

crab meal, respectively. Feed intake was lowest for cows fed 30% crab meal 

concentrate and was highest for those fed the 15% crab meal diet. Persistency of 

4% fat-corrected milk production was highest for cows fed the 0% crab meal 

concentrate. Cows fed the 30% crab meal concentrate lost body weight, while 

those fed 0 and 15 % crab meal gained the highest amount of weight during the 

study. The effect of crab meal on palatability and animal performance was found 

to be of greater consequence than its effect on milk flavor. 

Anderson and Van Lunen (1986) fed isocaloric and isonitrogenous diets 

containing 0, 5, 10, or 15 % crab meal to 88 growing Yorkshire pigs. The body 

weight gains of the growing pigs fed different diets were not significantly different 

while the feed consumed per day and feed / gain ratio were higher for 10% crab 

meal fed group, compared to the 5% crab meal diet. Carcass index was 

significantly better with less backfat in pigs fed 15% crab meal than those on 5% 

crab meal diets. 

Laflamme (1988) conducted two experiments to assess the nutritive value 

of crab meal for weaned beef calves. In experiment 1, the nutritive value of crab 

Chapter 2. Review of Literature 10



meal for replacement heifers was compared with soybean meal. Forty-five heifer 

calves were fed barley-based concentrate mixtures containing 0, 10, and 20% 

soybean meal or 15 and 25% crab meal. Incorporation of crab meal reduced the 

feed consumption and growth rate initially, and these measures improved with 

time. In experiment 2, 24 steer calves were fed up to 1% of body weight of 

concentrate mixtures containing 20% soybean or 35% crab meal. Crab meal 

inclusion in the diet reduced feed intake and performance by the calves, but most 

of the negative effects were eliminated after a period of adaptation. 

Sticker et al. (1989) evaluated ruminal degradation and subsequent 

absorption of menhaden fish meal and blue crab meal in cannulated sheep and 

cattle. In trial 1, four Suffolk wethers fitted with ruminal and duodenal cannulae 

were fed diets containing 52 to 59% corn, 21 to 24% cottonseed hulls and .2% 

chromic oxide mixed with menhaden fish meal, blue crab meal, or soybean meal. 

Wethers fed soybean meal had higher fecal N percentage on DM basis than those 

fed crab meal or fish meal. In trial 2, two rumen fistulated Holstein steers were 

used to determine the in situ N and DM disappearance of fish meal, crab meal and 

soybean meal. It was found that fish meal and crab meal did not differ 

significantly in the percent N disappearance at any given time period, suggesting 

that crab meal protein has similar ruminal escape potential as menhaden fish meal. 

Husby (1990) compared tanner crab shell to chopped brome grass hay as a 

potential roughage source in hulless barley diets for finishing steers and found that 

feeding diets containing crab shell reduced the growth and feed intake. 

Bunting et al. (1994) conducted two experiments to determine the feeding 

value of crustacean processing waste using either ground dehydrated crustacean 

meal (mixed crayfish and crab) or fresh, partially commuted crayfish waste. It was 

found that the daily DM intake and body weight gains were similar for lambs fed 
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