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Waste Minimisation in Meat Processing
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INTRODUCTION

The processing o f animals into meat and by-products traditionally uses large volumes o f water and produces similar volumes of waste 

2 »  r  r„'- f  “  WaSKS T ““ d - With strict s ta n d » *  and X X X  £ =  »  b”  ««
to a minimum Pr0CeSSmg C° mPanieS faCmg ofimprovin8 * *  waste management p r a c t i c e s ^  keeping

To do this meat processors have to develop waste management strategies based on the following hierarchy
1. Waste reduction at source 6
2. Re-use and recycling
3. Treatment and disposal

v #

IX

^ “ * en°hT iC “ I T ' 5 e" ter * e effluent Stream’ ^  are likely t0 add to ^  treatment and/or disposal costs. Some o f the effluent part* 
remov y pnmary treatment systems, such as screens, sedimentation tanks (save-alls) and/or dissolved air flotation IDAF) ^

:S#
X T  ° f  W“ "  treatm“ t " d diSP0S*1 “ • “■ « 'is “  " “ g — c incentive for ̂

Source reduction, as applied to minimising the contamination of a process water stream, can be achieved bv either changing the process to »' 
e use o w aer, or y reducing the amount o f material that enters the process water. In meat processing the latter approach often iov°

bf  dry' Cleanin.g techniques’ and either disP°sing o f Idie recovered material or processing it into valua^ 
products. Thus, an added incentive for source reduction is that it can increase product yield, and thus revenue.

Where reduction o f wastewater loadings at source is not viable, opportunities to recover wastes from the effluent stream should be co n s id ^ j 
a potential y lower-cost alternative to treatment and disposal. In meat processing, it is often necessary to segreSte c e S w a s t e  s f r i

S  m ^ e T a i r ^ S S  SC8r68ated ^  35 d ° Se t0 the waste sources »  Possible, to maximise the quantity and potential ̂

opport7 ties for redooing and recovering waste in meat processing, it is useful to distinguish between the potentially useful
^ 7 “ ' eS T g' ’ fet’ me3t’ connective tissue and bone) and low or no value wastes consisting of the animal gut c ° <  

faeces and unne. Any animal tissue waste material saved from entering the wastewater stream can be processed into valuable bv-produc* r

h  d X X I ™ 2 Z L ° r '̂ b l00d’ “ a p p ro p ri“ ' ThU!’ ‘h “ e  “ " w b “ K  “  “  » ¡ « 4  » « ■

,ri r X X X  7 " ?  “  m  “ d f" C*1 A . with the animal tiaauea, collecting the g»t content* » >
InH 7  7  7  Ump“ g paunch contents and ^ -c o lle c tio n  o f lairage wastes) can considerably reduce the effluent pollutant 1«^
and treatment/disposal costs. However, the “dry” collection of these solids can be difficult, and the c o l S  s o S  can p *
sigmficant disposal problem for many meat processing plants. collected solids tbemselves car y

This paper discusses the application o f waste minimisation techniques to these two main waste categories with particular reference to p**® 
in meat plants that generate the greatest wastewater loadings. caiegones, witn particular reference to y

ANIMAL TISSUE WASTES

Blood Collection
Raw blood contains about 20% dry matter, consisting primarily o f soluble proteins. Once discharged into an effluent drain the blood c ^ °

u Z S S X X ’i l X  T “ ' ^  pr°‘r  ” d lbe,r “ « * “  ■” » " < -  k » 4  can b e x x f z ,  tratiltration (Fernando, 1978) or chemical treatment (Cooper and Russell, 1982), but such recovery is costly.

E\ood has a high BOD and nitrogen content (Table 1). Thus, any blood saved from entering the wastewater stream or recovered by * e 3!
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Table 1.

Typical characteristics of undiluted beef and sheep blood with respect 
to pollutants of concern in wastewater management (MIRINZ 

unpublished data).

Concentration 
(9 m'3)

Total solids 200,000

Chemical oxygen demand (COD) 280,000

Five-day biochemical oxygen demand (BOD5) 200,000

Total nitrogen 30,000

Total phosphorus 200

uomiai n
bl°°d that Practlce 111 New Zealand meat processing plants to collect the 
ac°llecti0 1SSUeS fr° m the animal after sticking- The blood drains into 
sla“ghter n ?  ° r *r0Ugl1 for a Period o f typically 6-10 minutes for cattle 
l'as ill0Ve n 2' 2 minutes for sheep and lambs. By the time the carcass 
ceased to , Past tbe blood collection area, the blood flow usually has 
•tom the 6 conbnuous and has slowed to a drip. However, blood loss 
carcass 0riC3rcass tCnds t0 increase a8ain at times, depending on the 
^  Physical h1'0"  ° n lhe Cha‘n and ° n carcass manipulation, including 
tettiova] Shakin8 of the carcass, hide pulling, brisket cutting and head

lna

^  measured!tINZ StUdy. report ln PreParation) , the volume of blood drip from carcasses at two beef and two sheep/lamb processing plants 
h to 2-4 L ne ng ! T 0US stages between the end o f formal blood collection and evisceration. The recovered blood loss ranged from about

°re detailed beef Processing’ 12 t0 0.22 L per animal for lamb processing, and 0.14 to 0.31 L per animal for sheep processing
results for one o f the beef plants are summarised in Table 2.

\ a n i -

/ " f o s n  T** ? “  ^  efficiency o f Wood collection, can depend on stunning and sticking procedures (Blackmore and Newhook, 
..-“"is (for k.,. ’ f f 1 )■ m the MIRINZ study, the recovered blood loss (after the collection pit/trough) tended to be lowest for Halal-slaughtered 
s Z heart to conti k and Shf p/ambs)’ which 1S consistent with the finding by Kirton et al. (1981 ) that lambs stunned in a manner that allowed 
l)ni'ed in a nUC ^ atlng f°r a Peiiod (consistent with Halal slaughter practice) bled out more rapidly following sticking than lambs that were 

manner that caused cardiac arrest.

of!?*1 °CCUrS jftef *.e collectlon trough/pit can be easily collected by regularly dry-cleaning the floor under the carcasses and detached
1 b l ^  ^  eegee> and pushing the amassed blood into the blood collection system or scooping it into a temporary holding bin. Where any 
tjfe g . 3 0 ,,.,. lns a s'gmficant amount o f trimmings or other contaminants, it could be collected separately into an offal bin for rendering. A 
theb.l00d ^ d  minim mb ^ a11 or ®lnular structure should be built on the floor around the areas to be dry-cleaned. This will help contain

S aughterfloor I f ltS * lutlonby washwater. These troughs would need to be designed so they do not hinder personnel movement around 
Anot(l or’ and s° they facilitate easy cleaning.

S c lf tsSl8fnificant source of blood loss is the 
6 f°Und ° COngeabed blood that can sometimes 

P00r stick?n beef viscera trays, due possibly to 
Cl*tter and*1̂  If passed through a gut
Pr°Porti0 "'nsher with the intestines, a large 
1,10 the pm tbe olohed blood will be washed 
fHed, tb luent- At one o f the beef plants 

^  m Volume of dots found in 100 viscera 
jhese cln,eaSUred‘ fbe overall average volume 

%  27 S Was 255 rnL per carcass. However,
J ll"ne PearCasses had dots, so the average 
Q-̂ Ual rec r an'mal with clots was 943 mL.

efflUent ?Very of this potential product/source 
^  °ading is a possible option.

J V  blfdly' cieaning is important for all mcas 
co^tailates ■ P occurs and congealed blood

« ¿ ¡ f *  blood h S d i b S  C0!!eC!i0n P > and/ aW b!°0d Storage lanks' For examPle- at o ^  o f the beef plants studied, on average 96 L of 
V ,! hls source L f *  *  b , f  u ?  f  ’ “ d th‘S blood waS washed int0 ^  effluent at ^  break in the working day. The loss o f blood 

difficult an*d b e c a u ^ s te ff  did ^  m T ’ loSS oc^ ed because pit was Poorly designed, making access for
,  o f “d o ^ e ! ^  1088 “ d ite eff6CtS- B0th good a" d -

I areas

Table 2.
Volume of blood drip collected from carcasses and detached heads during selected periods 

between the end of formal blood collection and carcass evisceration at a beef processing plant. 
The animals were killed by captive bolt and electrically stimulated immediately after stickino

Site of blood drip measurement Period after 
sticking 

(mintsec)

Number
of

samples

Blood volume 
(mL animal'1)

Mean Std. dev.

Between collection trough and hide puller 6:00-14:00 10 1538 563
During hide removal 14:00-16:00 20 572 211
From detached head 15:45-16:00 30 223 98
Between hide puller and evisceration 16:00-18:00 30 101 39
Total - 2434 -

»Udine uccau!,c sulrl am not m"y  appreciate the quantity o f blood loss and its eff
or downstream” consequences are essential to achieving success in waste minimisation.

10 bl<X>d hT T 15 Staff f0rgetting t0 Cl0SC 1116 effluent dram “ 1116 blood collection pit/trough after washing 
< > e^ting B ^ f  be “  ^  flttmS “  aUdlblC ° r Vi8Ual alarm SyStem ^  activates lf  the va,ve 1S °P“  when the processing
' ’ t0g^ e r wf i h ^ ff^ S f r  f nt °  SOmetlmCS,OCCUrS due t0 ° Verfl0w o f blood stora8e tanks or failure o f blood pumps. Appropriate

W , f  1 backup storage capacity and pumping systems, are important in minimising these risks.

S Se liT s m lm S f” incllld“ g ™ea‘ andfat trimmings, is unavoidable in meat processing, but a primary aim should be to
\ ? Se recoverv for i f  8 methods should be used to collect the solids as close to source as possible, to

^  a rign ifL m  I  f  f '  T hGd mt0cthe effluent> 3 Pr°P°rtion o f tbe solids cannot be recovered by screening and in save-alls gnincant wastewater load requiring further treatment. B ’

■hi.
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FAECAL MATTER AND GUT CONTENTS

source 0{,waste “  processing is the faecal matter and gut contents of slaughtered animals. These wastes enter the efl 
stream in various amounts during the following plant operations:
• Stock-truck washing
• Washing o f yards used for preslaughter holding o f stock (lairage)
• Paunch opening and tripe recovery
• Viscera cutting/washing
• Casings and runners processing

These wastes consist predominantly of digested or semi-digested vegetable matter from the diet o f the slaughtered animals Sheen and cattle'1

S T iS S L ' y ” d d' pendine"  wh',i" “ an,m,ls were “sed on “d» X <*
•t4?  f° r mamgln8the faeC6S and gut contents is t0 wash * o n . «sing large amounts o f water, into the wastewater stream. F°r , 

lu t c o i n  ! ! !  on-Mte rendering, blood processing or other major by-products processing operations, it is estimated that f a ^ 5 J
™  T  T  Z  aCCuOUnt ^  lhan 75% ° f  the PhosPhorus and 50% o f the nitrogen, sodium and organic loading in P ^

flF° ^ fKefal/8! l COntent Wf te CatCg?ry 35 a whole’ 1116 only Practicable opportunity for reduction at source is to keep the animals off ̂  
pencxi before transport to the meat plant. This, however, is sometimes difficult for meat processors to control and may be incompatib*6 * 

animal welfare and product yield/quality objectives. For example, recent MIRINZ studies found that a lack o f foci during holding can e x a ^  
detamental ammal responses to pre-slaughter handling, and that holding the animals in yards with supplementary feed m i|h t improve w e l ^  
produce carcass weight gams (Jacobson and Cook, 1997) y ^  improve

S S  7  “ “  0f ̂  “ d « “  ° °  the stream, mainly by recover»*'
solids dry at source. There is also the opportunity of efficient recovery o f the solids (e.g. by milliscreening sedimentation or D A f ) ^
n r S h S f  „ aSteWater Stream t0 Which only faecal material and contents are discharged. In either case, larfe volumes o f solid waste A  
produced. However, m most situations, managing the waste in solid form is more cost-effective than allowing it to enter a secondary

“ m i C o r t l T r  “ t ® “ “ *HifHrelat|Vely free 0f animal tissues> can be stabilised by simple windrow composting t e c h n i ^ J  
or potentially can bespread directly onto land (Hughes and Howatson, 1996). Another possible means o f managing the coK

liquor t o L d  y 8eSU timu methane reC°Very Wi*  minimal Water adcLtion>Wlth disposal o f the digested solids^nd
S ^ . ^ eT S y “ d y b r a , ” ,I •“ iB ““  ^  Of» "■ * « •-» »  ™ ™ t w aa,«  is somaiim« ^

The initial segregation o f the wastewater containing faeces and gut contents has the advantage o f allowing the solids in these streams » 
recovered with mimmal contamination by animal tissue. The presence o f animal tissue increases the potential for the recovered solids to g 
odour, which would restrict how they can be utilised or disposed of. An added advantage o f segregation is that animal tissues recovered by 
treatment are not contaminated with faecal matter, and thus are o f higher quality as a rendering feedstock

0 $
i

Many meat plants in New Zealand provide separate primary treatment for at least a majority o f waste streams comprising the two categ* (i 
waste. Often milhscreens and/or screw-presses are used to recover and de-water the faecal and gut content solids. To maximise the Jr ------------------- * w - wwvtw ai.u uv-w atu me lat^cu anu gui uuincni sonas. io  m axim ise tne
these matenals from the effluent by screening, the screen should have a fine aperture (e.g. 0.5-0.75 mm aperture), should have a floW-b
influent unH Kp 1 qm p p*ia iipK m /A V»«i/1«nni<n j ;  * i . t .! • . • « . . »i*. '  . . ------------- ------ -- uuv ^ v i  uuv yv.g. 1W-V. I J  lliiu suuuiu nave *
influent, and should be large enough to avoid hydraulic overloading. Also, if  the recovered solids require dewatering in a screw-press 
device, only the minimum amount o f liquid should be pressed from the solids.

or*

A few New Zealand meat plants discharge their wastewaters containing faecal matter and gut contents to dedicated sludge lagoons without p1 
screening Tn thp laoDfinc tV»/» erJiHc cAnomta ---------------_ » _ * , , , . . .  . .  .

,ti/,

re*
o------- ---------------- w,iiu,u,u6 uiauw anu gui ujiuciiib iu ucuiucueu siuuge lagoons WlUÂ

screening. In the lagoons, the solids separate from the liquid, consolidate and are broken down by anaerobic degradation processes, - 
nutrients that are subsequently discharged with the lagoon liquid to the secondary treatment system. The accumulated solids are regularlyrel!’ 
from the lagoons for land application or composting, but the nutrient recovery by the removal o f the digested solids will be only a fiaction 0 
which could have been achieved by preliminary screening or by dry collecting the solids at source.

Dry Recovery
As with other meat plant wastes, dry collection o f faeces and gut contents gives much better recovery o f the organic matter and nutri' 
solids than any practicable form of wet recovery. An added benefit o f dry recovery is that water is conserved.

eflts1

The dry-dumping of beef paunches is one o f the best single methods of reducing the wastewater loading at beef plants. Beef paunches are u ; 
manually slashed and emptied by wet-dumping using large amounts of water to both clean the paunch sac (for tripe recovery) and carry 
contents out o f the plant. The material in a typical beef paunch contains about 4000 g total solids, 100 g o f total nitrogen (mostly organic 
^ o /3 A° ^  phosPhorus (van Oostrom and Muirhead, 1996). When wet dumped, only about 10-30% o f the nitrogen and phospb0^-? '
4 0 /O  OT th e  total SollH c in  thp  n m in o ll OAntantn nnn U a J  £____. 1  /Vl . 1  (j40% of the total solids in the paunch contents can be readily recovered from the effluent by milliscreening. A two-stage dry-dump and sp1*) , 
system could allow over 90% of the total solids and nutrients to be recovered. Conversion to a dry-dump process could reduce a beef Plai* i  
effluent solids, nitrogen and phosphorus loadings by 18-33%, 9-18% and 20-40%, respectively (van Oostrom and Muirhead, 1996). P°te 
the dry dumping of sheep and lamb paunches could result in similar percentage reductions in wastewater loadings.

Cooper and Caddigan (1979) measured the dry matter and nitrogen content o f faeces voided by sheep and lambs during 24 hours o f pre'slf f o  
holding. The dry-matter content averaged 80 and 187 g per sheep and lamb, respectively; and the nitrogen content averaged 6.7

4
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resPectiv 1
c°nsisting of preslaughj®r bolding o f sheep and lambs in New Zealand are covered with a roof and typically have a raised floor
in i t ia te  under the /  f  °Ugh Wp Ch * *  faCCCS and Unne falL Most o f the urme drains to effluent, but the faeces are often allowed to 
S 1« somewhat Ind L n e frm  h ^  “  T ™  bef° re bei,ng typically washed to the effluent stream. The accumulated solids consolidate and 
^Proved recover^^ulTbe achie T  f " 7 ‘f  SCreened fr° m 1116 effluent close to source t0 “ 1Se solubilisation o f the solids.

raiSed high enough to g.ve ap p ro p ria ten ess  u n d e m t t ^ '  ^  *  * * *  ° rb y  USing “ Sma11 Wheel loader if  * *  P**0* floor

“dry”

“  ™ dlffiCUlt than f0r Sheep and lambs’ as cattle laira8es often have a solid floor and need to 
'’ehyards ¡s to j . ,  . ppo ™ty t0 reduce * e  amount o f cattle waste (both unne arid faeces) that enters the effluent stream from the

S ' of the waste manaeernem b S e f i ^ f f S ° 1  ^  However’ the toilgate slaughtered animals will have fuller paunches, and thus
sh 6 may be a small benefit tn fS 8 Slaughter Wl11 be reallsed o tdyif  the paunches are dry dumped. (Even without such dry dumping

0Uld he r e c o ir S  S  &  g h“ 6 3 proportion ofthe semi-digested solids in the paunches o f tailgate slaughtered animal!

^  -e iS S ;  fallr dr  ̂ solids in ̂ voided faeces-} Taii«ate - y - s o  S55 5 2y reducing the opportunities for preslaughter stress and bruising. 3
^herepau h
^hauicai gutcuu^r recovered For edlble Purposes they are usually slashed open, together with other waste gut material, in some form of
co! 8111 tissues more valulbte aT ! T  ; f pa? ted from ± e ^  contents. dually  in a rotating wash screen. The washing makes
¡J^ h n g o fa  large oronortinn f ,h  denng feedstock- but * e  large volume o f effluent from this process contains a high pollutant loading 
We solids in the e X i m Z m  fn^H W  T  “  38 3 SIgniflCant 9uantity ofpea fat. Swan etal. (1986) found thafamount o f nitrogen
co!fht’.respect,vely A nron^rt ^ 8 *  cutting and washing systems was 490 to720 g and 19 to 21 kg per tonne of dressed carcass
, D> ated with fat whichmav restri h811 fh ^  ** ,'jec0vered from 11115 effluent by milliscreening, but the collected solids will be 
^ “ng the Can,  6 UtlllS6d ° r diSP° Sed ° f  Currently there are no ™ thods available for mechanically

T})e 8 1  Ussues and contents wlthout ^  nse o f water. Thus, this is a development opportunity.

aVH°ided alt°ge,ther ^  rendering thC Wh0le gUt material‘ The tendering o f gut contents degrades tallow
8i be balanced b y  I)red Uced fe U o T se s^  a ™ parting “ d reduces meal mtrogen content. However, this lo S  o f revenue 
to ?"lmingand sim nhfiifinn n f  ^  ° f  6 0r no ^  washin8> ¡i) a reduction in wastewater and solid waste loads, and iii)

6 ̂ i d e r e d  on a ca 'e iy  case b S '  8 eqUlPment (C°°per’ 1977)' eC0n0mic feasibility ofdlls option for reducing waste needs
Th,

i v r 18 ,h e  p ro c “ s in 8  ° f  casings *nd  “  ^  —
CONCLUSIONS

%
Pro

eProduce!eSf*n8 ' ndustry’ although it has made major advancements in waste reduction and by-product recovery and processing remains a 
w'Cess‘ng wa«t W3Sle' Many opportunities remain for reducing the amount o f animal tissues and faecal/gut content material from entering the 
sv^-ater W ®water- Tbese opportunities mainly involve techniques that recover wastes in a dry form before they are washed into the 
w tems can be r T 6 8T  wastewater loadin8 reduction at source is not viable, the pollutant loading on costly secondary wastewater treatment 

stream,. ,  6 ,UCed by apPropnately segregating waste streams and recovering the waste solids and potentially valuable materials from these 
reduction l°  * e S0UrCe “  P°sslble- As the costs o f wastewater treatment and disposal increase, the economic incentives to improve 

3Ct‘Ces and t ’ t  , 11631 * e W3Ste source> mcrease- Both good management and an understanding o f “downstream” consequences o f processing 
echnologies are essential to achieving success in waste minimisation.
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