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Meat, fish, and 
pouIt‘ry processing 
wastes 
William T. McComis, John H. Litchfield 

MEAT PROCESSING 
A &’ationaJ Technical Information Service (NTIS) biblio- 

graphic publication presented 20 new citations on meat pro- 
cessing wastes for the period 1976-1987.’ Reviews on meat pro- 
cessing industry wastewater freatment and by-products recovery 
covered coagulation and flocculation,’ microbiological and en- 
zymatic treatment,) rendering waste and protein 
recovery.’d 

Young9 presented the design of a continuously fed, intermit- 
tently operated, activated sludge system for treating combined 
municipal and packing-house wastewater at Union City, Tenn. 
When compand with existing literature data on extended aer- 
ation and activated sludge treatment, this design met all of the 
technical criteria for process selection at  a lower life cycle cost. 

Sayed, ef a/.’O evaluated the granular, upflow anaerobic sludge 
blanket (UASB) process for single-stage treatment of unsettled 
slaughterhouse wastewater. Two 33.5 L (total volume) UASB 
reactors operated at 30’ and 2 0 T ,  respectively, were fed con- 
tinuously (24 hoursfday) during working days with weekend 
interruptions. At optimal organic space loadings of I 1 and 7 kg/ 
m’ . d, up to 87 and 82% of the colloidal and soluble solids re- 
moved were convened to methane at 30’ and ZO’C, respeclively. 

UASB reactor treatment of meat packing plant wastewater 
was investigated at both laboratory and pilot scales at the Beijing 
Municipal Research Institute of Environmental Protmion, 
Peoples Republic of China.” Pilot scale reactors operated at  
volumetric loadings of 2.53 to 3.02 kg CODfm’ . d, sludge load- 
ingsofO.13toO.tI kgCOD/kg SS.d. hydraulicresidence times 

of 16 to 12 hours and a temperature range of 24O to 27OC 
COD and coliform reductions of 76 to 84% and greater 
99.2%, respectively. 

Campos, ef a/.’2 described an anaerobic wastewater treat 
system for meat processing wastes consisting of a skimming 

3.7Llsand 13hours,re 

Russell and Ross’’ reponed that the dominant wavele 
primary treated meat processing effluents was from 574 

and HJO. than by either a two-stage pH adjustment pr 
or anaerobic treatment. 

wastes. The recommended upper loading limits were 500 
IO00 kg N/ha. a for the anaerobic and primary treated efflu 
respectively. These were bared on preventing health probl 
in ruminants, which could result ‘from herbage consump 

tone processing were described in Japanese patents. An an 
bioreactor containing methanogenic bacteria immobil 

L.” With vermiculite (0.3 to 1.0 mm panicle size, 7.5 
surface area), a 53% BOD reduction was obtained.” The 
remaining in these wastewaters after anaerobic and ae 
treatment was markedly reduced by passing the effluent ihr 
a revene osmosis unit at 30 kgfcm2.’6 

Another Japanese patent disclosed a process in which 
blood was recovered from a slaughterhouse by stirring at 

suitable as a protein feed supplement for chickens. 
A Hungarian patent presented a process for treating 
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0.1 kgfm3duminum or d c i u m  salts simultaneously with poly- 
saccharides; such as 2.5 kgJm’ ground wheal.” The COD was 
d u c e d  from I I 400 lo  1 700 mg/L and the filterability of the 
waste was improved by the process. 

Kuznetsova, er a/.” evaluated the treatment of meat-pro- 
w i n g  wastes with lignosulfonic acids for remonng m m l y  
dispersed colloidal, emulsified particles and dissolved subslances 
before discharge into the municipal system. Sulfuric acid was 
added to adjust the pH lo h e e n  3.5 and 4.5. Data were pre- 
sented on a ~cons tNc ted  unit for treating effluent from the 
Moscow meal-processing plant in the USSR. 

A West German patent disclosed a process for recovering fats 
from slaughterhouse and meat-packing wastewatenm Perforated 
sieve plates were used to drain off the water from fat removed 
during gravity separalon. A nearly water-free fat was recovered 
that was suitable for further processing. 

A process for preventing loss of fats in the meat-processing 
industry patented in East Germany involved flushing the waste- 
watek into a holding tank held at a low enough temperature to 
solidify the fat?’ The fat layer that formed on the surfaoe could 
be recovered and water could then be removed and treated. 

FISH PROCESSING 

An updated bibliography published by the M I S  contained 
26 new citations concerning the processing of fish and seafood 
including waste treatment and environmental impact.’z A second 
NTlS bibliographic report contained I I5 citations concerning 
the properties and applications of chitin and chitosan !ncluding 
their use in wastewater treatment.” The revised M I S  biblicF 
graphic publication on food-processing waste treatment con- 
tained additional cil&ons on seafood-processing w&lewater 
treatment.’ A Polish review on the chemical treatment of fish 
plant effuents, including the recovery of proleins and fat, cited 
21 referenm?‘ The microbioloecal and enzwnatic treatment - 
of fishery wastewaters was also reviewed? 

Senstad and Almas” demonstrated that 65% of the protein 
in shrimp processing wastewater could be recovered by adding 
6% chitman at pH 5.5 10 6.0. The pH alone caused only 25 10 
30% protein removal. AI lower pH values chitosany inhibited 
protein coagulation. 

reported that two-thirds of the protein normally 
lost in surimi washwater could be recovered in usable form by 
first adjusting the effluent to pH IO with NaOH followed by 
centrifugation IO remove insoluble dark-colored protein, read- 
justing the supernatent lo pH 5 with HCI and coagulating the 
Protein by heating 10 80°C. Ninomiya el ai?’ used ultrafiltration 
10 concentrate water soluble proteins typically discarded in surimi 
uashwaters. Protein concentration in the extracts was raised from 
0.1 IO 2% IO 0.4 IO 18% with yields of nearly 90%. The proteins 
retained in the concentrate had molecular weights of IO OOO or 
greater. 

Chao and Tojo2’ modified a mathematical model used lo pre- 
dict the rejection of spherical organic solutes by ultrafiltration 
membranes x) that the model would apply lo  nonspherical or- 
Wnic solutes. such as found in seafood-processing wastewaters. 
The modified model was found to have a good fit to laboratory 
data on ultrafiltration of processing wastewaters from blue crab, 
minced fish, and scallops. 

A feasibility study was conducted 10 assess the effectiveness 
and impact of using land application on a J u n m  roemerianus 

Nib, er 

marsh for management of screened seafood processing waste- 
water.)p Twelve study plots of 752.5 m’ (90 X 90 A) included 
three control plots and three replicate plots each, which received 
7.12 X 10,*3.64 X IO,-‘and2.66 X I04m’/m’.dofwastnvater 
for 5 days each week. The study plots were monitored 2 months 
predischarpe, 5 months during lest discharge and 6 months post- 
diskharge. An optimal loading level of 3.64 X IO%’/m’. d 
with maximum N loading of 0.73 urn’. d and maximum BOD 
loading of 3.1 glm’.d were recommended based on the’results 
of the study. 

Guida and Kugelman” &ported that salt manh polishing of 
activated-sludge-treated clam processing wastewaters gave very 
high BOD and TSS removals in Sparrina alrernijora and Phrag- 
mires communis manh sod microcosms. Release ofaccumulated 
phosphorus was cited as a potentially limiting factor. 

A lubricant for cold working of metals was prepared from 
fish-oilderived fatty acids obtained from fish processing waste- 
waters by healing the fatty acid raw material at 1 IO“ IO I 8 O T  
for I to 8 houn in the presence of heavy shale tar?’. 

Ohta and Matsuoka” reporled that the floating scum from 
fish-processing wastewater was deodorized by microorganisms 
in 72 hours. The seed culture contained 44 microbial strains 
with Corynebacrenum being dominant. Forced aeration at a flow 
rate of 6 X IO-’ rn’/m’’s was used only after the temperature 
began 10 rise. CNde fat and TN were reduced by 30 and IO%, 
respectively. 

Coagulation with hydrochloric acid and piiyacrylic acid was 
used in the sedimentation treatment of blood-containing waste- 
water from sardine processing?’ 

POULTRY PROCESSING 
Solids removal from chicken-processing wastes was improved 

.by inrtalling two enclosed nonvibratory liquidlsolid separators 
having 200 p m  polyester self-cleaning screening sleeves.Y Row 
rates ranged up to 90 m’/hour during processing of over 250 OOO 
birdsfweek. Settleable solids in the effluent were reduced from 
900 to 300 mg/L (66%) with an annual savings ofapproximately 
$59 500. 

Finlayson, er ai?’ investigated the treatment of poultry pro- 
cessing wastewater with the emergent plants Typha domingensis, 
T. orienralis, and Schoenoplecrus validus and the floating plants 
Salvinia molesra, Eichhomia crassipes and Spirodela oligonhiza. 
T. domingensis, and S. oligonhiza grew the best of all the species 
at a 60% concentration of the waste. They concluded that treat- 
ment resulted from physical filtration rather than substrate u p  
take by the plants. 

According to Bode,’6 aerobic treatment of poultry offal meal 
manufacturing wastewater was slightly better than combined 
anaerobioaerobic treatment. However, anaerobic treatment gave 
reductions in the quantities of nitrogen compounds, and corn-. 
bined anaerobic aerobic treatment reduced sludge accumulations 
and energy costs. 

Hanaki, er’al.)’ found that the degradation ofegg albumin in 
a two-phase (acidogenic and methanogenic) anaerobic digestion 
system required a longer hydraulic retention time (approximately 
5 days) than in a conventional acidogenic reactor. AI hydraulic 
retention times of 0.9 and 12.9 days, 24 and 87% of the albumin 
was hydrolyzed, respectively, but at the latter time only 50% of 
the protein was converted 10 acids. The acidogenic reactor in 
the two-phase system did not produce sufficient acid from al- 
bumin to support methane production. 
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tations from the NTlS Database)." NTlS PB87467198/XAB, 
Tech. InC Sew., Springficld, Va. (1987). 

23. "Shcllfish Dcrivcd Chitin and Hydmlvzcd Chitoran: PmFcxllier 
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GENERAL 

A renew ofmicrobial and enzymic processes for the treatment,. 
of food prwss ing  wastes including processes for chemical corns 
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MEAT PROCESSING 

A National Technical Information Service (NTIS) biblio- 
graphic publication presented 20 new citations on meat pro- 
cessing wastes for the period 1976- 1987.' Reviews on meat pro- 
cessing industry wastewater treatment and by-products recovery 
covered coagulation and floccu1ation.f microbiological and en- 
zymatic treatment,) rendering waste treatment.'d and protein 
recovery.'.' 

Young' presented the design of a continuously fed. intermit- 
tently operated, activated sludge system for treating combined 
municipal and packing-house wastewater at Union City, Tenn. 
When compared with existing literature data on extended aer- 
ation and activated sludge treatment. this design me1 all of the 
technical criteria for process selection at a lower life cycle cost. 

Saycd. a al.'O evaluated the granular, uptlow anaerobic sludge 
blanket (UASB) process for single-stage treatment of unsettled 
slaughterhouse wastewater. Two 33.5 L (total volume) UASB 
reactors operated at 30" and 2 0 T ,  respectively. were fed con- 
tinuously (24 hourslday) during working days with weekend 
interruptions. At optimal organic space loadings of I I and 7 kg/ 
m'.d, up to 87 and 82% of the  colloidal and soluble solids re- 
moved were converted to methane at 30" and 20°C respectively. 

UASB r e a c t ~ r  treatment of meat packing plant waslcwatcr 
was investigated at both laboratory and pilot scales at the Beijing 
Municipal Research Institute of Environmental Protection, 
Peoples Republic of China." Pilot scale reactors operated at 
volumetric loadings of 2.53 to 3.02 kg CODIm'. d, sludge load- 
ings of 0. I 3  to 0.2 I kg COD/kg SS . d, hydraulic residence times 

868 

,'PL.- of 16 to I2 hours and a temperature range of 24" to 27"CgavcP. 
COD and coliform reductions of 76 to 84% and greater tha;.' 
99.2%, respectively. 

Campos, E/ oI."described an anaerobic wastewater treatme 
system for meat processing wastes consisting o f a  skimming tanis, ' 
screens, and an anaerobic filter unit having 250 m' total volume, 
330 mz total superficial filter area, and 0.75 m bed height. Typic$: 
values for average flow rate and hydraulic detention times wed,' 
3.7 L/s and 13 hours, respectively. COD and TSS removals were:., ' 

80% (primary, 16% and anaerobic filter, 7090) and 93% (primary,, - 
19% and anaerobic filler, 88901, respectively. 

Russell and Ross" reported that the dominant wavelength of 
primary treated meat processing eMuents was from 574 to 51695. 
nm (yellow-green/yellow). Color was removed more effectively:'; ' 
by physico-chemical treatment with sodium hexametaphosphate 
and H,SOn than by either a two-stage pH adjustment process 
or anaerobic treatment. 

lysimeters, containing Horotiu sandy loam and a rye grass-clover, 
sward, with primary and anaerobically treated meat processing 
wastes. The recommended upper loading limits were 500 and'- 
1000 kg N/ha. a for the anaerobic and pr iman treated emuents ' .  
respectively. These were based on preventing health problems 
in ruminants, which could result from herbage consumption 
containing greater than 0.2 to 0.3% NO,". 

Processes for treating wastewaters from meat extract and pep 
tone processing were described in Japanese patents. An anaerobic 
bioreactor containing methanogenic bacteria immobilized on.  
cristobalite (0.3 to 1.0 mm panicle size, 47 m'lg surface area) . 
gave a 90% BOD reduction from an initial value of 3000 mgl 
L." With vermiculite (0.3 to 1.0 mm panicle size, 7.5 m'lg . ' 
surface area), a 53% BOD reduction was obtained." The color,. 
remaining in these wastewaters after anaerobic and aerobic 
treatment was markedly reduced by passing the effluent through . , 
a reverse osmosis unit at 30 kg/cm'.lb 

Another Japanese patent disclosed a proccss in which waste 
blood was recovered from a slaughterhouse by stirring at 25'C 
for I minute at IO00 rpm with 0.3 to 2.5% (by weighf) acetic 
acid and 0.5% (by weight) ethanol." The resulting product Was; 
suitable as a protein feed supplement for chickens. 

A Hungarian patent presented a process for treating slaugh-i 
terhouse wastes by homogenization followed by contact Withi. 

. .  

Ross" investigated over a 2-year period the irrigation of pot ,:; 
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Industrial Wastes 

o, I kg/m’aluminum or calcium salts simultaneously with poly- 
&,arides; such as 2.5 kg/m’ ground wheat.“ The COD WAS 

from I I 400 to I 700 mg/L and the filterability of the 

Kuznetsova, el 01.” evaluated the treatment of meat-pro- 
csssing wastes with lignosulfonic acids for removing coarsely 
dispersed colloidal, emulsified particles and dissolved substances 
before discharge into the municipal system. Sulfuric acid was 
added to adjust the pH to between 3.5 and 4.5. Data were pre- 

on a reconstructed unit for treating effluent from the 
t ~ ~ ~ ~ o w  meat-processing plant in the USSR. 

A West German patent disclosed a process for recovering fats 
from slaughterhouse and meat-packing w a s t e ~ a l e r s . ~ ~  Perforated 

plates were used to drain off the water from fat removed 
during gravity separators. A nearly water-free fat was recovered 
[hat was suitable for further processing. 

A process for preventing loss of fats in the meat-processing 
industry patented in East Germany involved flushing the wasle- 
waters into a holding tank held at a low enough temperature to 
solidify the fat.“ The fat layer that formed on the surface could 
be recovered and water could then be removed and treated. 

FISH PROCESSING 

was improved by the process. 

A n  updated bibliography published by the NTlS contained 
16 new citations concerning the processing of fish and seafood 
including waste treatment and environmental impact.” A second 
STIS bibliographic report contained I I5 citations concerning 
the properties and applications ofchitin and chitosan including 
their use in Wastewater treatment.” The revised NTlS biblio- 
graphic publication on food-processing waste treatment con- 
tained additional citations on seafood-processing wastewater 
rreatment.‘ A Polish review on the chemical treatment of fish 
plant effuents. including the recovery of proteins and fat. cited 
27 references.’‘ The microbiological and enzymatic treatment 
of fishery wastewaters was also reviewed.’ 

Senstad and Almas” demonstrated that 65% of the protein 
in shrimp processing wastewater could be recovered by adding 
6% chitosan at pH 5.5 to 6.0. The pH alone caused only 25 to 
30% protein removal. At lower pH values chitosany inhibited 
protein coagulation. 

Niki, er al.” reported that two-thirds of the protein normally 
lost in surimi washwater could be recovered in usable form by 
first adjusting the effluent to pH 10 with NaOH followed by 
centrifugation to remove insoluble dark-colored protein, read- 
justing the supernatent to pH 5 with HCI and coagulating the 
protein by heating to 80°C. Ninomiya cr a/,” used ultrafiltntion 
to concentrate water soluble proteins typically discarded in surimi 
washwaters. Protein concentration in theextracts was raised from 
0.1 to 2% to 0.4 to 18% with yields of nearly 90%. The proteins 
retained in the concentrate had molecular weights of 10 000 or 
greater. 

Chao and Tojo” modified a mathematical model used to pre- 
dict the rejection of spherical organic solutes by ultrafiltration 
membranes so that the model would apply to nonspherical or- 
ganic solutes such as found in seafood-processing wastewatcrs. 
The modified model was found to have a good fit to laboratory 
data on ultrafiltration of processing wastewaters from blue crab. 
minced fish. and scallops. 

A feasibility study was conducted lo assess the effectiveness 
and impact of using land application on a Jrincus rocmerioniis 

June 1988 

marsh for management of scrcened scafood processing waste- 
water.” Twelve study plots of 752.5 m 2  (90 X 90 ft) included 
three control plots and three replicate plots each, which received 
7. I2  X 3.64 X 10,-4and 2.66 X IO~‘m’/m’. d ofwastewater 
for 5 days each week. The study plots Were monitored 2 months 
predischarge, 5 months during test discharge and 6 months post- 
discharge. An optimal loading level of 3.64 X IO-‘m’lm’.d 
with maximum N loadingof0.73 gJm’.d and maximum BOD 
loading of 3.1 g/m’.d were recommended based on the results 
of the study. 

Guida and Kugelman” reported that salt marsh polishing of 
activated-sludge-treated clam processing wastewaters gave very 
high BOD and TSS removals in Sparlina olrern~/ora and Phrag- 
mires communis marsh sod microcosms. Release ofaccumulated 
phosphorus was cited as a potentially limiting factor. 

A lubricant for cold working of metals was prepared from 
fish-oil-derived fatty acids obtained from fish processing waste- 
waters by heating the fatty acid raw material at 110” to 180°C 
for I to 8 hours in the presence of heavy shale tar.” 

Ohta and Matsuoka3’ reported that the floating scum from 
fish-processing wastewater was deodorized by microorganisms 
in 72 hours. The seed culture contained 44 microbial strains 
with Corynebacrerium kingdominant. Forced aeration at a flow 
rate of 6 X IO-’ m’/m’. s was used only after the temperature 
began to rise. Crude fat and TN were reduced by 30 and IO%, 
respectively. 

Coagulation with hydrochloric acid and polyacrylic acid was 
used in the sedimentation treatment of blood-containing waste- 
water from sardine processing.’’ 

POULTRY PROCESSING 
Solids removal from chicken-processing wastes was improved 

by installing two enclosed nonvibratory liquidlsolid separators 
having 200 pm polyester self-cleaning screening sleeves!4 Flow 
rates ranged up to 90 m’lhour during processing of over 250 OOO 
birdslweek. Settleable solids in the effluent were reduced from 
900 to 300 mg/L (66%) with an  annual savings ofapproximately 
$59 500. 

Finlayson, el a/.” investigated the treatment of poultry pro- 
cessing wastewater with the emergent plants Typlia diimingensir. 
T.  orienlalis. and Schoenoplecrirs validiis and the floating plants 
Salvinia molesra. Eichhornia crassipes and Spirodela oligorrhiza. 
T. domingensis. and S. oligorrhiza grew the k s t  ofall the species 
at a 60% concentration ofthe waste. They concluded that treat- 
ment resulted from physical filtration rather than substrate up- 
take by the plants. 

According to Bode,’6 aerobic treatment of poultry offal meal 
manufacturing wastewater was slightly better than combined 
anaerobic-aerobic treatment. However, anaerobic treatment gave 
reductions in the quantities of nitrogen compounds, and com- 
bined anaerobic aerobic treatment reduced sludge accumulations 
and energy costs. 

Hanaki. er a/.” found that the degradation ofegg albumin in 
a lwo-phase (acidogenic and methanogenic) anaerobic digestion 
system required a longer hydraulic retention time (approximately 
5 days) than in a conventional acidogenic reactor. At hydraulic 
retention times of0.9 and 12.9 days, 24 and 87% ofthe albumin 
was hydrolyzed. respectively. but at the latter time only 50% of 
the protein was converted to acids. The acidogenic reactor in 
the two-phase system did not produce sufficient acid from al- 
bumin to support methane production. 
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