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President's Welcome
It is my pleasure as President of the ARA to welcome you all to the Third
International Symposium on Animal Nutrition, Protein, Fats and the
Environment.
As our program indicates, we will cover a variety of issues that confront the
industry and need to be addressed if our industry is to play a major role in
the overall meat industry, both in Australia and overseas.
On behalf of the ARA, I would like to thank our major sponsor, the Meat
Research Corporation, and all our other sponsors for their contribution in
helping to make this Third Symposium possible.
A special welcome to our overseas participants and keynote speakers who·
are giving up their valuable time to share their e"pertise and knowledge, in
particular, Peter Backlog from Unilever. Peter is their Senior Buyer, based
in Zwizndrecht Netherlands, and has 30 years experience in a buying role.
For the last eight years Peter has been responsible for purchasing raw
materials including tallows.
Dr Gary Pearl, currently President and Director Technical Service of Fats
and Protein Research Foundation, based in Bloomington, Illinois, is a
Doctor ofVeterinary Medicine and has spent the last 27 years in R & D for
Gromark Commercial Feed Company.
In the area of marketing of protein meals, we will hear from Robert Green
from Cargill. Robert is Manager of Distribution of Protein Meals South
East Asia and has a wide knowledge of the Australian rendering industry.
As with a lot of issues faced within our industry, the environment has
become an important consideration to the rendering establishment and the
need to address this issue is of prime importance. The address from John
Court ofJ D Court & Associates on environmental control, and the input
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from other speakers on this topic, can only help in creating a better
environment and reduce the stigma that has overshadowed the rendering
plants of old.
Since our Second International Symposium on Animal Hygiene and
Nutrition, the ARA has adopted a Code of Practice in conjunction with
Australian Meat Technology (AMT) and the University ofWestern Sydney
and, to date, over 120 rendering personnel have passed through our
accreditation workshops. In addition to this, an accreditation process for
rendering establishments has been implemented with ten establishments in
Australia already accredited. The ARA is committed to improving and,
where possible, meeting the demands of change within the industry for the
future.
I would now like to introduce Judy Kennedy as our Moderator for the next
two days. Judy Kennedy is the presenter of the National Rural News for
ABC Radio in Sydney. Judy grew up on a sheep and cattle property near St
George in southwest Queensland, and spent four years as a livestock
journalist with the Rural Press Group's Queensland Country Life newspaper.
In 1991 she travelled overseas to America, Mexico and Europe and, on
returning, took up a position as rural reporter with ABC Radio. For two
years Judy reported from Horsham and Canberra and presented the
Victorian Country Hour in Melbourne, followed by the Queensland
Country Hour in Brisbane.
·
In February 1994, she was appointed presenter of ABC Television's
national rural program, Landline, and at the end of the year, returned to
ABC Radio to take up her current position.
Would you please welcome Judy Kennedy.

Kerry 0 'Connor
National President ARA
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Opening Address
Dr ]ennifor Wythes
Director, Meat Research Corporation

industry has to find out if there are commercial
value adding opportunities and whether they are
profitable in the long term- given the fickle nature
of some components of the rendering and coproducts area.

Co-products are an important industry priority of
the Meat Research Corporation's current five year
Research and Development Plan (1991192to 19951
96). The general intent is to increase financial
returns to industry· from hides and other coproducts, such as tallow, meat meal and edible
offals. This means transforming the 'by-products'
of the meat processing industry with their current
low status and declining prices into profitable 'coproducts' representing an increasing proportion of
total carcass value.

A number of opportunities were examined
including high value uses for tallow, new uses for
collagen, blood products, edible offals and meat
and bone meal.
Since 1991, the MRC has spent nearly $1.8m on
co-product research and a further $1m is being
spent this financial year.

Any program of research should be driven by the
users of the research and those who fund the work.
Early input in the planning stage is vital if everyone
is to own the work.

Overall, co-products are returning about $800m
to the processor. Hides account for half of that.
After only two years work it is clear that the figu':e
of $350 - $400m for hides could be doubled
without a lot of extra work.

The co-products program was developed in
consultation with a number ofindustry associations,
including the Australian Renderers Association
Inc., together with key figures in the industry. Our
co-product R & D program demonstrates clearly
the MRC's commitment to co-product research
and I would also urge you to contact Mr Warwick
Yates (phone (07) 3831 7330, fax (07) 3832 7298)
to learn more of the practical details and outcomes
of the program. Warwick is a contractor to the
Corporation and is our Coordinator for the Coproducts Key Program.

Clearly, the highlight has been the potential to
increase returns from cattle hides. I understand
that not all renderers are involved in hides, but
some of you do conduct hide preparation activities
alongside rendering. Better attention to hide quality
at all stages - from on-farm to final tanning
processes -provides a very good example of what
can be done to achieve extra profit.
A system was needed to recognise and pay for
quality because most hides are still sold in lots at an
average price. The Corporation has set up a pilot
project to identify individual hides so that producers
can be paid according to the quality of the hides
which they produce. This means discounts as well
as premiums. This also extends the value based
marketing concept currently being applied to
carcasses- to hides. Payment is based on the hide's
value.

The MRC's Co-products Key Program was the
first intensive research effort of its kind. It started
in the early 1990s when the MRC conducted a
comprehensive review ofwhere the industry would
gain the best return for its R & D dollar. In 1991,
the MRC strategic planning investigations showed
that the co-products area had great potential to.
contribute to industry profitability. There was a
perception that processors were missing out on a
number of opportunities to add to the value of byproducts. A number of processors were not
convinced that adding value would necessarily add
profit. A few said it would increase turnover and
activity but not necessarily profit. The entire

One of the biggest names in leather in AustraliaR M Williams- still imports a significant amount
ofits leather from New Zeafand because the quality
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is better and more consistent. Whilst New Zealand

A manual has been produced to assist abattoir
managers to use water much more efficiently. It
should soon be available for distribution. In
addition, I hope you already have a copy of the
MRC's Rendering Handbook.

does nor have some of the external parasites which
are found in Ausaalia, not all Australian cattle
have cartle rick and buffalo fly. We need to identify
the best hides and sell them accordingly.
A system is now under way at the South Burnett
Meat Works in Murgon to pay a premium for
better hides, a program that everyone will be
watching very closely. Hopefully these systems will
also link in with initiatives currently being
developed for cattle producers through Marketlink
and the Cattlecare quality assurance program.

The MRC issues a free quarterly newsletter called
Envirofacts and it is available upon request from
the Corporation.
In conclusion, MRC has just completed a review of
its Co-products Program .. It is normal MRC
practice to review major programs mid-term to sec
if they are still on track and whether certain areas
need speeding up or have become redundant. The
program has largely achieved its objectives of
highlighting profitable co-products. The money
which has been allocated in the current financial
year, will be spent on the adoption of the new
opportunities by industry - so you can expect to
see and hear a lot more about the successes of this
program in the future. However, effective
communication and adoption is a two-way process
and I hope that you will join MRC in making the
most of these opportunities. If we do not, our
competitors will.

To achieve total adoption of hide identification
and value based marketing, a mechanism is needed
that enables tanners to pass back premiums to
abattoirs who will, in turn, pass back those
premiums to producers. How transparent that
process will be is still not clear.
Another co-products area showing promise is
MRC's investigation of new uses for meat meal,
especially in the growing market of fish farming.
There is a declining supply of world fish stocks
which are the prime source of protein meals for
aquaculture. Meat meal could play an increasing
role in the diets for artificially reared barramundi,
silver perch and prawns. Meat meal is being used in
combination with soy bean meal and other grains
as a protein replacement.

Finally, my best wishes for a successful and
informative symposium, and a profitable future.

Of course, meat and bone meal has played a vital
role as a livestock supplement in past droughts, as
well as doing so currently in the worst drought on
record. Meat and bone meal is also an important
ingredient in intensive livestock feeding systems.
Another topic of vital interest and a growing cost
to your industry is the increasing pressure for
environmental responsibility in rendering. The
MRC has a number of projects in this area.
Last year we conducted a nutrient source reduction
study involving detailed measurements of nitrogen,
phosphorus and sodium concentrations generated
during meat processing operations. That study was
completed in five abattoirs in New South Wales
and Queensland. An early indication is that nearly
$500,000 of protein nitrogen is lost from a medium
sized abattoir each year. This project aims to help
processors to reduce waste production and
treatment costs, as well as to capture a valuable lost
product.
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Tallow as a raw material
- its place in the world
B.P. Backlog
Buying Director
Unilever Raw Materials (B. V.)
The Netherlands

Introduction

Annual planted crops

• Soya beans
• Rape seeds
• Sunflower seed
• Saffiower seed
• Maize/corn (oil)
• Cotton seed
• Groundnuts/peanuts
• Sesame seed
• Linseed
• Rice Bran (oil)

My job is to buy, for our company, a large range of
oils & fats, ind uding tallow, for use in food, detergents
and also chemicals. Our company buys centrally for
Europe and provides advice on a worldwide basis. We
are probably the world's largest single end users ofoils
and fats. Tallow is discussed in more detail later in
this paper, but tallow is part ofthe greater oils and fats
market, and it is necessary to be able to have a view on
tallow prices, to put it into context in this market.
This paper addresses the following aspects:

•

overall oils and fats market
market structure
tallow's place in the world market

•

end uses of tallow

•

pricing trends.

•
•

The oil content of oilseeds varies, and most are
grown for the meal; oil is an important by-product!

Oil contents of oilseeds

Overall oils and fats market

•

•
•

About 120 different countries in the world are
producing and consuming oils and fats at a world
production of96 million tonnes from a number of
sout;ces but mainly from over 253 million tonnes
of oil seeds.
·

4.

Oilseeds
Oils

253 million tonnes
96 million tonnes

2.
3.

Fish oil - declining in volume over the
years as overfishing occurs.

I twill be seen that soyabean oil is the biggest single
oil, at 27% of the total. All oils are, to some extent,
substitutable, but, as I see it, they fall into 5 niain
categories.

In fact one could divide the sources into 4 categories.
1.

18o/o
40%
40o/o

The total of96 million tonnes (estimate for 1995/
96) is shown in Figure 1.

Oilseeds & Oils Production
•
•

Soya beans
Rapeseed
Sunflower seed

Tree crops (wild and planted, e.g. shea, illipe
(wild), palm, olive, coconut, (planted).
Products of the livestock industry, i.e.
butter, tallow, lard.
Annual planted crops, soyabeans, rapeseed
etc. These, together with palm, are the
main 'swing' factor in our market.

9

1.
2.

Normalliquids
Premium liquids

3.
4.

Palm and palm products
Laurics

5.

Animal fats
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Figure 1 World Oil Production
'Premium liquids' include groundnut (peanut) oil,
cottonseed oil, maize oil, olive oil, sunflower oil,
sesame oil and sunflower oil (high oleic). Although
they follow the direction of the lead (Bench mark)
group, their premiums are erratic and are not dealt
with here.

Another small category includes small niche market
seed oils such as castor, shea etc.
The 'normal' liquids, soyabean oil, rapeseed and
sunflower oils, comprise some 42% of the total oil
production and are still the most dominant in
price setting. (Figure 2)

Palm oil is the fastest (getting close to 20% of
world supply) growing oil; in world terms, is the
cheapest per hectare to grow with a 'cost' of $200
- $250 per tonne. (See Figure 6) More detail is
presented later in this paper, but for now, it can be
split by fractionation into its liquid (oleine) phase,
and the solid (stearine) one, its substitutability
into parts of the liquid oils sector is limited to some
extent by 'mouth feel' and in the USA by the anti'tropical oils' lobby. The long-term pt.:ice of palm
oil compared with soyabean oil shows an 'average~
discount of 15% or so but varies from a low 40ofo
at times of rapid palm ·oil volume increases, to a
premium of up to 10% or so when the palm
production is in a down trend or the demand is
particularly high. It is probablyworth concentrating
on this medium rather than the long term since the
rapid growth of Malaysian, and more recently
Indonesian, palm oil is probably more relevant
than back in the '60s when Africa was the main
source. (See Figures 7, 8 and 9)

However Figures 3, 4 and 5 show how; in the long,
medium and short term, their prices always move
in the same direction, with sunflower at modest
premiums, and rapeseed at modest discounts.

World Oil Production

1995/96

Others
1.222
Animal
20.575
21.4%

CN,PK
5.347
5.6%

PO
16.238
16.9%

Premiums
12.356
12.9%

This year we have the scenario shown in Figure 8.
Malaysia and Indonesia dominate palm production,
and Indonesia is increasing more rapidly than
Malaysia. Currently Malaysia is producing over 8

Figure 2 WorU Oil Production 1995196
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Shares of oils excluding butter, lard, olive
%
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•
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Figure 6 Liquid oils -long term: 6 months forward position- crop years 1989190- 1995196

Long term PO discount to 80 - 0/o cif Rotterdam
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Figure 7 Long term palm oil discount to soyabean oil- 2 months forward position- jan. 1965- fan. Y5
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Figure 2.8 Medium term palm oil discount to soyabean oil- 6 mths forward position -jan. ,88 -july Y5
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Short term PO discount to BO - 0/o cif Rotterdam
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million tonnes, and Indonesia over 4 million, but
these may well move to 10 million each by 2010.

a narrow sector in Europe -calf milk replacer- it
can compete with tallow.

Oils discussed so far are probably used 95% in the
food industry, but laurics* are approx. 60% usedfor technical as opposed to edible purposes.
Coconut is just ahead in volume of palm kernel at
present, hut, as palm kernel is produced at about
12% of the palm volume, it is likely palm kernel
will equal and pass the coconut volume in the next
year or two. Coconut oil is produced in two
dominant countries- Philippines and Indonesia.
Laurics are difficult oils for which to find substitutes
e.g. soap typically uses 80% tallow, 20% lauric oil.
There are, occasionally, weather problems in the
Philippines and Indonesia and, with a rather
inflexible demand, the premium oflaurics over our
'Bench mark' oil- soya, which is 'normally' 15%
or so- can go to over 70%. Over a medium term,
we have seen an episode following a Philippines
drought. (Figures 10,11)

Animal Fats

Fish oil

As has been seen above, soya/rape/sunflower oils
are nearly 50% of world supply, if we exclude
butter, lard and olive oils. Soya is the main 'Bench
mark' of these 3. Leaving aside China, since they
use most of their own beans, the USA used to
dominate soya production, but Brazil and Argentina
in particular are increasing rapidly. (Figure 14)

I will concentrate here on tallow: butter volumes/
share of the market has declined over the years, and
may decline further. Lard is mostly used in origin
countries as a cooking or frying medium, and, although
it follows tallow, it rarely substitutes for it.
Obviously tallow is a by-product of the slaughtering
and meat industry; its share of the world market
has fallen a little over the last 8 years, a trend that
is likely to continue as beef consumption is unlikely
to increase at the same rate as oils and fats
production as a whole.Further details on tallow
pricing is discussed lated in this paper. (Figure 12)
To sum up, lets look world oils production over
the last 8 years in the above groupings.(Figure 13)

This is a relatively small oil- 1-1.5 million tonnes
per year. In the past it was used, hydrogenated,
into margarine in Europe, but increasingly it is
being used near to origin in S. America, Japan etc.,
and into fish feed as farmed fish rapidly grows in
volume- and will continue to do so as overfishing
world wide depletes 'wild' fish. Its price follows
palm oil in years of shortage, and can go to a $300
discount in years of surplus. These days Chile and
Peru have replaced Japan as the major exporter. In
"*Lauric oils

ar~

There are competing crops for soyabean acreage,
also for rapeseed and sunflower oil. Incidently,
note that palm and rapeseed oils are the fastest
growing in world market share.

coconut oil and palm kernel (and Babassu in South Am~rica)

Shares of Major Oils
%
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15
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CROP YEAR
Figure 12 Shares of major oils 1988/89 to 1995196 (Crop year)
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World Oil Production
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13 World oil production (Crop year)- 1988/89 to 1995196

World Soyabean crop by region excluding China
'000 Tonnes
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40,000
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Figure 14 World soyabean crop by region excluding China
increasing production. In years where the match is
good, prices tend to be steady and deficits or
surpluses will cause higher or lower prices.
Therefore the best way of forecasting prices is to
assess the world demand (population times per
caput) versus the supply for each season- opening
stocks; crush (or production); closing stocks etc.

These competing crops are mainly corn (maize)
and, to a lesser extent, wheat. One has to keep a
dose eye on the crop prospects of these competing
crops in assessing the prospects for oilseeds and
hence oils and fats prices. (See conclusions.)
Soyabeans in the USA have known input costs
(land, seed, fuel, fertiliser, etc.) and one can
calculate, with an 18% oil yield and the long run
%value of the oil content that a 'usual' minimum
price for soyabean oil is around $500-525. Total
world demand for oils and fats increases (mainly by
population growth, but also by some increase in
per caput in such important countries as China),
by around 2 million tonnes per year, matched by

Some years ago this cycle was dominated by the
USA. soya-growing season but we now have a
much more complicated picture with different
peak production inS. American soya, EU oil seeds,'
Malaysian and Indonesian palm oil production
peaks, the harvests in India (a major potential
importer should the monsoon fail). (Figure 15)

15
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Timing of Major Crops

Oct

Nov

Dec

Jan

Feb
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May
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Figure 15 Timing of major crops- October to October

Market Structure

base may be small in relation to their risk.
'Dealer/Merchants'
I must, here, compliment these people,
who perform a most useful task of buying,
storing, documenting and shipping oils and
fats. They are particularly useful here in
Australia where individual renderers rarely
have the economy of scale to charter full
ships, or to build terminals.

The 'players' in our market basically consist of 3
groups:
Producers e.g.
Plantations (palm oil etc.)
Crushers (oilseeds)
Renderers (animal fats etc.).
These may or may not also be 'shippers' who
charter ships and sell oil including freight.

'End Users'
Refiners, Soap Companies, Oleo Chemical
Companies, Food Companies.

The 'middle' market e.g. 'Brokers'
who, by one telephone call, can 'show' a
number of buyers to sellers and vice versa.
They do not themselves act as principals to
the contract but take a small commission to
pay for expenses, which can be high - daily
international phone calls, faxes etc., many
with no result.

To avoid legal battles, oils and fats are usually
traded under the terms of' contract making bodies'
where balanced rules drawn up by committees
from the above trade secrors are 'fair' to all. These
bodies have arbitration and appeal procedures that
are cheaperandquickerthatthecourts, e.g. FOSFA
International, AFOA, NOFOTA etc.

'Dealers'
These are people who buy, or sell without
being either producers or end users. They
hope to make money by true speculation, and
can have a useful role of selling when there
are few producers willing to do so or buying
when buyers are scarce. However, their asset

Oils for international trade are usually traded
'FOB'- Free On Board-where the buyer arranges
freight or 'CIF'- Cost, Insurance, Freight- where
the seller fixes the freight. In either case, rules exist
to ensure low risk of non-payment.
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there tends to be a freight line somewhere through
Mrica where these two origins compete.
Note in Figure 19, China; S. America (inc. Mexico)
and Europe as growth markets historically.
The main exporters are shown in Figure 20, and
note the two main exporters are USA and Australia.
(Figure 21)

PO
19.6%
Premiums
12.9%

I have taken some 'samples' ofconsumer countries,
splitting their use down into broad sectors i.e.
Australia domestic, UK, EU mainland, USA. (See
Figure 22)

Others
2.9%
CN,PK
6.5%.

It will be seen that Australia is unique in using up
to 30% for edible purposes; others are rarely over
12%. This is due to excellent quality edible tallow
being available and products which are 'butter like'
being available. In many countries, slaughtering is
too scattered to collect such good quality material.

Figure 16 Shares ofoils 1995196 excluding butter,
lard, olive

Tallow's place in the world market
As can be seen from Figure 16, tallow represents
about9.5% ofworld production (excluding butter,
lard and olive oil). Many countries produce tallow
-as seen in Figure 17 -and the ones with high
populations consume most of their own production.
Disappearance is in Figure 18. ·

'Natural Fatty Acids', historically have been
dominated by 3 regions, W. Europe, USA/Canada,
and Japan. More recently a number ofjointventures
have started in Far East countries, and we see
significant volumes now in Philippines, Malaysia
and Indonesia.Figures 23,24 and 25 show the
USA, W. Europe and Japanese estimated 'split' of
fatty acid requirements and sources.

The main importers are shown in Figure 19, and,
as USA and Australia are the main two exporters,

Tallow Production 1989/90 to 1994/95
'000 Tonnes
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Fir;an 17 Tallow Production 1989190 to 1994195 (Crop year)
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Tallow Disappearance 1989/90 to 1994/95
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Figure 18 Tallow Disappearance 1989190 to 1994195 (Crop year)

Tallow Imports 1989/90 to 1994/95
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Figure 19 Tallow Imports 1989/90 to 1994195 (Crop year)

US/Australian Tallow Exports
1994/5

Tallow Usage
- selected countries
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Figure 22 Tallow usage- selected countries

Figure 21 US/Australian tallow exports 199415
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Tallow Exports 1989/90 to 1994/95
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Figure 20 Tallow Exports 1989190 to 1994195 (Crop season}

Raw material sources for fatty
acid production - 1994

Raw material sources for fatty
acid production - 1994

-·

Tallow

48.7%

2.0%
Soya
5.0%
CN,PK
18.0%

Figure 23 Sources offatty acid production 1994USA·& Canada = 971,000 tonnes

Figure 25 Sources offatty acid production 1994japan= 319,000 tonnes
Source: Chemical Economics Handbook

Raw material sources for fatty
acid production - 1994

The SE. Asia production is mainly lauric and
tallow based. At present; there is approximately
2,250,000 tonnes in USA/Europe/] apan and
925,000 in SE. Asia.

Tallow

59.0%

Note also the importance of feed use, particularly
in USA. Fatty acids and soap are to some extent
interchangeable as some companies produce 'soap
noodles' from fatty acids.

Others

6.0%

Australian exports in 1994/95 are estimated at
297,486 tonnes - see Figures 26, 27.

To fa

14.0%

41.0%

CN,PK
27.0%

Others

To fa
SO.O%

Tallow /lard

CN,P:J{ U.O%

China is obviously the growth area. Although Oleo
chemicals in the SE. Asia area are quite important,

Fir;Mre 24 Sources offatty acid production 1994West Europe = 962, 000 tonnes
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Australian tallow export destinations 1994-1995
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Figure 27 Top five Australian tallow export destinations 1994- 1995

Australian tallow exports by state 1994/95
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Figure 28 Australian tallow exports by state 1994- 1995
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Tallow as a raw material
.-din due course feed requirements may emerge, it
seems dear at the moment that soap is the growing
demand; as China's economy in particular expands
cme can expect this trend to continue. That market,
however, is large enough to attract US competition.

and wheat which compete for land. Before about
1985, prices fluctuated quite strongly with true
supply/demand reasons, such as droughts etc.
Starting about then, we saw a strong tendency for
various trade distorting subsidies of one kind or
another, ranging from import bans or heavy import
duties, to subsidies to farmers or exporters. The
EC oilseed growth would never have occurred
without subsidy.

F:tgure 28 shows Australian export volumes by
sa:ne. reflecting the relative cattle numbers.

Pricing Trends

Figures 29 and 30 show the soyabean oil prices
before and after 1985, on the same scales.

Let's now look at pricing trends for tallow. As we
have shown, 'normal liquids', with soyabean oil as
the price leader, is one of the mairi cost drivers.
These, in turn, are influenced by crops such as corn

It is to be hoped that the GATT Agreement
reducing tariffs (congratulations to the 'Cairns'

Soyabean oil pre mid 1985 fob Dutch Mill
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Figure 29 Soyabean oil pre mid 1985 fob Dutch Mill: Monthly average- January 1965- january 1985

Soyabean oil since 1985 fob Dutch Mill
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Figure 30 Soyabean oil since 1985 fob Dutch Mill: Monthly average- july 1985- july 1995
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Group) will bring more market orientation and
less trade distorting subsidies.

stearine; that palm stearine's premium to tallow,
medium term, may for a short period be a premium
of up to $100, but is usually in a narrow range of
-5% to+ 1Oo/o with few exceptions. (Figures 33,34
and 35)

Tallow, for soap, and to some extent fatty acids
competes in particular with palm - in fact with
palm stearine. As palm as a whole is 20o/o of the
world, and tallow around 9o/o (also palm stearine
has other-food-uses) nevertheless, there is a good
correlation between palm stearine and tallow.
Figures 31 and 32 refer to US BFT CIF Rotterdam
versus palm stearine, but I have no doubt that a
similar linkage is true for Australian tallow. What
one can say is that tallow follows the trend of palm

The US crop figure of 2191 million bushels is
probably optimistic. Malaysian palm stocks (Figure
37) are not burdensome for the time of the year;
corn, wheat and soya carry overs estimated for the
end of next year are all poor, so although one
cannot rule out a set of bearish circumstances
coming together for a temporary period (e. g. China

Medium term BFT tallow vs palm stearine
cif Rotterdam
$/MT
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Figure 31 Medium term BFT tallow vs palm stearine cif Rotterdam- 2 months forward positirm (monthly
average)- january 1984 to july 1995

Short term BFT tallow vs palm stearine
cif Rotterdam
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Figure 32 Short term BFT tallow vs palm stearine cif Rotterdam- 2 months forward position (monthly
average) -january 1992 to September 1995
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China tallow imports 1994/95

slowing down, good late season palm production),
one would expect higher prices in due course,
especially if the S. American growing weather is
poor. Also, Australia is part of a region in SE. Asia
with rapidly growing economies and populations.
The prospects for the tallow industry look bright!

USA
Australia
74,000

Someone, will tell me that, of course, the renderer's
profit entirely depends on volume and the
differential between raw material and tallow/ greaves
prices - I can only give a view on the tallow price!

69,000

Figures 36 and 37 refer to the Chinese tallow
market.

Figure 36 China tallow imports 1994195estimated to total225, 000 tonnes
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Short term palm stearine premium over BFT
cif Rotterdam
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Figure 35 Short term palm stearine premium over EFT- monthly average january '92 tlJ September '95
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Figure 37 China tallow imports (crop year) -weekly average january '90 to September '95
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World Protein Meal Market
- Role of Animal Protein
Robert L Green

Cargill Siam Limited

Introduction
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The future for animal proteins is bright. Global
demand for meat products will be excellent, driven
by good population growth and improved diets
made possible by growth in per capita income.
Demand for compound feeds will be excellent.
The demand for animal-derived sources of proteins
will be supported by the tight global grain and
vegetable protein supply and demand outlook.
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Meat demand is expanding. This is being driven by
population growth which is forecast to be 1.3o/o
per annum until well into the 21st century and the
increases in per capita consumption. Per capita
consumption of meat (Figure 1) will continue to
expand as income per capita increases and economic
growth rates and general overall economic progress
remain positive. The outlook for economic progress
is excellent due to the constructive reforms which
are taking place nearly everywhere in the world and
the reduction of trade barriers.

Figure 1 Meat consumption vs income

World grain demand is strong even though
consumption has fallen below the trend in the last
several years. This has been principally due to the
problems of economic reform in the former Soviet
Union (FSU). The worst is over and growth is
expected from today's levels. The world demand
for protein meals has continued to expand at a rate
greater than population growth over recent years,
particularly in the developing countries of Asia.

Table 1: Development of consumption for the major protein meals (million
tonnes)
Meal
Soybean
Cottonseed
Rapeseed
Comgluten
Sunflower
Fishmeal
Groundnut
Comgerm
Palmkemel
Copra
linseed
Sesame

1984-86
60.57
13.93
9.63
7.39
7.66
6.05
4.95
2.33
1.08
1.54
1.5
0.75

1988
66.48
14.03
12.02
0.05
8.95
6.57
5.24
3.43
1.38
1.71
1.38
0.8

1989
65.54
14.62
12.51
9.22
8.83
6.84
6.2
3.01
1.58
1.52
1.3
0.76

1990
69.24
14.41
12.94
10.56
9.37
6.34
5.6
2.0
1.83
1.94
1.3
0.77

1991
69.69
16.04
14.35
10.72
9.66
6.13
5.64
2.44
1.82
1.87
1.38
0.78

1992
73.53
16.45
15.17
11.55
9.82
5.8
5.65
2.48
1.83
1.65
1.28
0.78

1993
76.02
14.63
14.59
11.54
9.28
6.37
5.71
2.66
2.17
1.77
1.09
0.88

1994
81.2

Total

117.37

131.03

131.91

137.12

140.57

145.98

146.68

153.19

•11nnual av"age growth 1985-1994.

lMt.a source: Oil World
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13.5
15.7
11.7
9.22
7.07
5.93
2.9
2.26
1.71
1.19
0.88

Growth*
3.4
-0.03
6.5
5.8
1.6
1.6
2.0
2.5
11.0
1.1
-3.1
1.7
3.25
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due to the small scale ·of· most meat processing
operations and the lack of any real collection system.

Annual economic growth rates of 8-15% and the
increased disposable income this has brought has
seen a basic change in dietary patterns resulting in
increased consumption of beef, pork, chicken and
products from aquaculture.

As distinct from oilseed meals, the growth in supply
is a factor of meat production and demand and the
principal driver of this being disposable income.

Annual consumption for the 12 major protein meals
hasgrownby3.25o/o/yearforthelast 11 yrs (Table 1).
This amounts to a 35.8 million tonnes increase in
that time frame. Total consumption in 1994 was
153.2 million tonnes and 158.7 million tonnes if
animal proteins are included, of which soybean meal
was 81.2 million tonnes. Rapeseed meal, corngluten
feed, sunflower meal and palmkernel. meal are all
products with above average growth in consumption.

Factors influencing the
demand for protein meals
The highest percentage of protein meals are
processed into compound feed which is subsequently purchased by livestock farmers.
Expansion in per capita income has seen a
corresponding increase in demand for meat
products. This demand is being supplied by
intensively raised animals and has resulted in
significant increases in demand for highperformance compound. feeds.

The availability of these meals has essentially
developed as a result of the expansion in oil demand
but their availability has fostered an increasing
awareness of the use of alternative protein sources
to soybean meal. Although the growth rate of
soybean meal is lower, absolute growth of soybean
meal consumption is higher. Fishmeal, copra meal,
and sesame meal hardly grew in production. Linseed
meal has even declined.

Meat production relative to
oilmeal consumption
Table 2 shows that protein meal consumption has
grown faster than meat production from 1984 to
1994. This implies that the share of protein meals
in total feed consumption has increased.

meatbone
sesame
linseed
copra
palmkernel
corn germ
groundnut
fishmeal
sunflower
corngluten
rapeseed

The relationship between protein meal consumption and meat production varies by country.
The variation is caused by factors such as
agricultural policy, prices of substitute ~roducts
and the types of meat being produced. Government
policy may directly influence protein meal
consumption through measures such as levies on
imports and subsidies for the use of protein meals
or substitutes.

cottonseed

soybean
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Data source: Oil World

Figure 2: Consumption of the major protein meals
in 1994 (million tonnes)

The type of feed required for meat production
varies by type of meat. The largest consumers of
protein meals in the livestock sector are pig and
poultry farms. Cattle also consume protein meals,
but the main type of cattle feed remains grass.

It is estimated that the world production of meat and
bone meal is 5.5 million tonnes or 3.4% of world
protein consumption. The major producing countries
are the USA 2.6 million tonnes, EU 770,000 tonnes
and Australia with 450,000 tonnes. China, in spite of
being the major meat producing nation in the world,
produces less than 300,000tonnes of meat and bone

Meat production in a country is, to a great extent,
dependent on domestic consumption, which in

Table 2: World meat production related to world oilmeal consumption (million
tonnes)
Meat
Protein
Protein%

1984
146
110
75.3

1985
150
120
80

1986
155
125
80.6

1987
160
128
80

1988
165
131
79.4

D414 source: Oil World

26

l989
170
132
77.6

1990
176
137
80.6

1991
179
141
78.9

1992
182
146
80.2

1993
185
147
79.5

1994
190
153
80.5

Role of animal proteins in world meal market
is caused by their chemical composition and
ultimate application to the feed formulation.

mm is affected by population size and disposable
income. Meat production is also affected by imports
and exports of meat which is heavily influenced by
:millability of land or the availability of low cost
labour and raw materials. Low availability of land
tor example may restrict domestic meat production
as is the case in Japan

Protein meals from an animal source were once
widely regarded as having an unidentified growth
factor 'UGF' which saw a percentage included in
the formulations at almost any price. Apart from a
few exceptions, this is changing. Animal-derived
protein meals are now forced to compete with the
other protein meals based on price, quality and
availability.

Prices of substitute products
Raw material prices are a crucial factor in the
mmpound feed industry. The precise percentage
of cost taken up by raw materials in a ration varies
from 65% to 80% of the total cost. Protein meals
2reused in combination with energy-rich materials
such as tapioca and grain and must compete for a
place in the least-cost formulations which are
c:nensively used today. The prices of these other
I:IW materials is one factor in determining the use
~protein meals and can explain the incorporation
tlifferences between protein meals.

Protein and metabolic energy are the most val ullble
components of protein meals. Raw cellulose is a
component that affects the value of protein meals
negatively.
The price of soybean meal is higher than the price
of other types of protein meals because soybean
meal has a higher protein percentage and lowest
percentage of raw cellulose. Groundnut meal also
has a high percentage of protein and is very rich in
energy, but also has a rather high percentage of raw
cellulose (13% fibre), which makes it somewhat
less valuable than soybean meal.

Substitution of protein meals for
each other
In Figure 3, the price trend of soybean meal has
ken plotted against other selected protein meals

Copra meal and palm kernel meal, by contrast,
have a very low percentage of protein (20-22%).
Palmkernel meal also has a very high percentage of
fibre (14.5%). These two types of protein meals do,
however, have a very high energy content. Cotton
meal, sunflower meal and rapeseed meal have a
relatively high percentage of protein, but an
extremely low level of energy.

m highlight the strong influence of soybean meal
ia the total protein meal market and the price
Rbrionship which exists. It is safe to say that
SIIIJbean meal is the benchmark for world protein
Y.llllues supplying 51% of the world protein meal
CDDSU.ffiption.
Acmrelation emerges between the prices ofdifferent
potein meals, and this points towards mutual
sahstit_ution. However, there exists a price
tliifii::rence between the various protein meals, which

On the other hand certain applications do not
allow complete interchangeability due to specific
characteristics of the protein meal. The shrimp
industry has limitations on the amount of soybean
meal which can be used. There is a preference for
protein from an animal source for this industry.
Rapeseed meal has restrictions in poultry feed due
to the presence of glucosinolates but this has been
overcome through the breeding and selection of
canol a. The specialised petfood manufacturers will
provide a strong market for certain types ofMBM.
Lamb products for lamb-specified processed
petfood. The current premium paid in the USA for
this product over MBM is US$550 per tonnes.

:D ~----- --~--- . ····-·---··
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To summarise, each protein meal will have specific
characteristics which will determine its value to a
feed formulation. Meat and bone meal (MBM) is
not one of the principle sources of protein in the
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world and will be a price taker, taking the lead
from soybean meal. MBM is a by-product with the
product traditionally being priced to move while
attempting to maintain the appropriate relationship
with the major protein meals. However, animalderived protein does have advantages over oilseed
meals in specific applications.

million tonnes, essentially due to low protein values.
Consumption in China stabilised in the late 1980s,
but has increased by 3.8 million tonnes from 1991
to 1994, an increase ofapproximately 37 o/o relative
to 1990 consumption. This has had major
repercussions for trade flows in Asia as China's role
as an exporter of protein to the region has declined
substantially in a very short time frame. The former
trading partners with China are now forced to
source much of their protein requirements from
suppliers outside of the region.

The major consumers of protein
meals
Figure 4lists the major consumers of protein meals
in the world. Table 3 shows the development of
oilmeal consumption in the consumer countries
and regions listed in the figure.

It is interesting to note that protein meal
consumption is much more concentrated than
consumption of oils and fats. The largest three
consumers of protein meal consume 57% of all
protein meals whilst the largest three consumers of
oils and fats consume 41 o/o of all oils and fats.

1. Others

Despite declining protein meal consumption in
the former USSR and Central Europe, average
world consumption increased by 3.25 o/o annually
from 1985 to 1994. India and Brazil have had
exceptionally high growth rates.

2.EU

3. USA
4. China
5. India

8. 2.9%
7. 3.6%

6. Japan

7.FSO

Meat production in the EU is growing less rapidly
than protein meal consumption. A notable factor
is that the EU consumes considerably more protein
meal per unit of meat than the other countries.
Protein meal consumption was stimulated in the
EU as the EU agricultural policy artificially kept
the price of grain high. Unlike grains, protein meal
imports are allowed into the EU frec:e of levies, so
that protein meal had a substantial price advantage
relative to feed grains.

8. Brazil

Source: Oil World
Figure 4 Major consumers ofprotein meals - 1994

In 1994 the EU consumed 43.8 million tonnes,
making it the largest consumer of protein meal,
ahead of the United States and China. These three
countries together consume 57% of world
production. Consumption in the United States
and the EU from 1985-1993 shows relatively
steady growth. The exception is 1994 where protein
disappearance in the USA jumped by almost 2.0

The EU agricultural policy reform, which became
effective at the beginning on the 1993/94 season,
has reduced the price differential between grains
and protein meals, negatively influencing protein

Table 3: Development of meal consumption (million tonnes)
EU
USA
China
India
Japan
FSU
Brazil
C.Europe
World

1984-86
35.42
20.86
12.52
5.56
6.22
5.87
2.93
5.93
117.37

1988
39.53
22.02
10.51
6.09
6.73
9.4
3.12
6.19
131.03

1989
38.62
21.89
10.03
7.19
6.66
10.19
3.56
5.37
131.91

1990
41.41
23.85
10.16
7.54
6.79
8.62
3.57
5.42
137.12

1991
41.22
25.06
11.74
7.94
6.85
8.27
3.86
4.22
140.57

Data source: Oil World
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1992
42.74
25.55
13.25
8.04
6.96
7.48
4.07
3.86
145.98

1993
42.77
26.91
13.66
8.12
6.98
5.34
4.25
3.63
146.68

1994F
43.8
28.9
15.5
8.35
6.7
4.8
4.9
3.75
153.2

Growth*%
2.9
4.8
3.1
6.3
1.1
-2.2
8.3
-4.6
3.25

Role of animal proteins in world meal market
Meat production in India is growing fast. From
1984 to 1993, annual growth in meat production
was 13.2% whilst consumption of protein meal
increased by an average of 6.3%. Grassland is
limited in India, so expansion of meat production
will only be possible if feedstuffs, such as protein
meal, are imported or produced by the country
itself.

.meal consumption in the EU. In 1995/96 the total
reduction for grains will be 30%. The first
has already had a negative effect on protein
consumption. Soybean meal consumption,
instance, declined by 0. 7 million tonnes in
However, this is not only attributable to the
price reduction, but also to the poor soybean
'h..rvP<:r in the United states in 1993, which caused
market prices to be high. The Dutch
Economic Institute expects the total
in soybean imports to be 0.6 million
-.nnPC in 1995/96 in comparison to the estimated
ifEU policy had continued without reform.

The population in southeast Asian countries is
growing rapidly. Rising purchasing power is causing
demand for livestock products to rise, with a
corresponding rise in protein meal consumption.
Some countries, like Thailand, are also exporting
significant quantities of livestock products. In
Thailand total protein meal consumption increased
from 1.03 million tonnes in 1989 to 2.08 million
tonne.s in 1994. For Indonesia these figures were
644,000 and 1.342 million tonnes respectively.

~ns10n

of the livestock industry in northwest
Europe is currently being impeded by restrictions
imposed to protect the environment. The regions
"affected most are also the ones where large amounts
ofprotein meals are consumed. This will negatively
. impact on EU protein meal consumption.

Meat production in Japan reached its peak in
1987, and has since fallen. The decline is affecting
all meats with the exception of beef, which has had
virtually stable production rates throughout the
period. Despite the decrease in meat production,
the use of protein meals has increased slightly.
Liberalisation of the beef market will lead to more
imports and lower domestic production of beef,
resulting in lower protein meal consumption.

. The combination of slow population growth,
stagnation in per capita meat consumption, a new
ratio between grains and protein meals and
.olimitations of the intensive livestock industry as a
KSU.lt of environmental legislation suggests that
:·'DI'Otein meal consumption in the EUwill stabilise.
production in the United States continues to
lise. Average annual increase in meat production
2.4% from 1984 to 1993. In the same period,
;mnual protein meal consumption increased by
TheN orth American population is expected
grow slightly. Intensive production of poultry
to a lesser extent pigs will continue to grow to
domestic and export demand. This will further
['\1fiUillulate protein meal consumption.

Until the end of 1989, protein meal consumption
in the FSU grew to a record level of 10.89 million
tonnes. Mter that, economic problems caused a
structural decline in protein meal consumption to
4.83 million tonnes in 1994. A similar decline was
seen in grain consumption. The pattern in Central
Europe is similar. Total protein meal consumption
was 6.19 million tonnes in 1988 and has fallen to
3.74 million tonnes in 1994. Meat production in
the former USSR and central Europe has fallen
from 1988 on, which is reflected in protein meal
and grain consumption. The centrally led
economies subsidised meat consumption. The
abolition of these subsidies has resulted in rising
meat prices and, in turn, falling consumption.

is currently the largest producer of meat in
world. From 1989 to 1993, meat production
by8.5% annually. Comparison of the growth
meat production with the growth in protein
consumptions, which averaged 1.1% annual
in the same period, reveals substantial
The relatively low growth rate for
meal consumption in China is related to
!DftDliilent influence on protein meal, wheat and
prices. Imbalances in the price ratios between
have resulted in wheat and rice being used as
instead of protein meal. As political and
imnomic change in China cause the domestic
to conform more closely to the international
this will cause demand for protein meal to

On the other hand, before the reforms, the price
ratio between protein meals and their substitutes
was a false one. This caused the protein content in
compound feed to be less than optimal. The
population of the FSU and the central European
countries is expected to grow slightly, which will
affect protein meal consumption positively.
Economic recovery may therefore lead to an increase
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in protein meal consumption, especially from
rapeseed and sunflower seed which are produced
in the region itsel£

I. soybean
2. cottonseed
3. groundnut
4. sunflower
5. rapeseed
6. sesame
7. corngerm
8. corngluten
9. palmkernel
10. copra
11. linseed
12. fishmeal
13. meatbone

The intensive livestock industry is showing strong
development in South America, which results in
protein meal consumption increases. Meat
production in Brazil is the second fastest growing
in the world, after China. The rise in production of
poultry and beefhas been the most rapid, at annual
rates of 9.9% and 4.7% respectively. Brazilian
protein meal consumption has risen less quickly, at
an average rate of 4.8%. Beef production is mostly
extensive.

Data source: Oil world

Figure 5 World meal exports 1994 total exports
48.9 million tonnes

World exports ·of protein meals

substantial increase are soybean meal, corngluten
meal, sunflower meal, palmkernel meal, cottonseed
meal, sesame meal and fishmeal.

Total trade in meals between 1990 and 1994 was
an average of 45.62 million tonnes per year with
soybean meal being the largest volume. World
exports of meat and bone meal is estimated at
640,000 tonnes or 1.3% to total trade. The USA is
the major exporter having shipped 267,000 tonnes
in 1994. The exports show a strong growth up
from 158,000 tonnes in 1992 with the major
buyers being Indonesia, Mexico, Taiwan and
Canada.

The Australian situation
Australia is an importer and exporter of protein
meals, oilseeds and other protein sources.
Substantial quantities of oilseeds, peas, lupins,
meat and bone meal and in some years protein
meals are exported while soybeans and soybean
meal are imported. The compound feed industry is
unable to supply its needs for high protein content
meals from local sources.

The general movement in trade has been upward
having grown 2.5% annually for the last 5 years.
After levelling in 1990 aud 1991, a result of
stabilisation in soymeal and reduction in fishmeal
and sunflower meal, 1992 saw the resumption of
the upward trend. Those meals which have shown

These figures can be misleading if looked at in
isolation without some reference to the drought
and smaller pea and lupin crops. The implications

Table 4: World Meal Exports (million tonnes)
Soybean
Cottonseed
Groundnut
Sunflower
Rapeseed
Sesame
Corngerm
Corngluten
Palmkernel
Copra
linseed
Fishmeal

Total

1990
23.58
1.16
0.77
1.71
1.69
0.06
1.56
6.3
1.47
1.18
0.48
3.04
42.99

1991
24.02
1.15
0.73
1.98
2.19
0.05
1.22
6.58
1.48
1.16
0.39
3.17
44.12

1992
25.42
1.43
0.64
1.91
2.59
0.08
1.18
6.59
1.54
0.91
0.42
3.15
45.85

~annual avn-ag~ growth.

Data source: Oil World
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1993
25.34
1.51
0.69
1.67
2.87
0.1
1.12
6.87
1.77
0.93
0.25
3.78
46.9

1994
27.21
0.99
0.64
1.68
2.36
0.08
0.84
6.79
1.99
1.02
0.21
4.45
48.26

Growth*%
3.1
c;
-2.9
-3.4
-0.3
8.0

3.3
-9.2
1.6
7.1
-2.7
-11.25
9.3
2.5

Role of animal proteins in world meal market

Table 5: Protein meal consumption in Australia.
Soybean
Cottonseed
Sunflower
Canola
Palmkernel
Copra
Linseed
Fishmeal
Total
MeatBM
(domestic)

1989
123.6
157.6
69.5
33.2
0.7
0
1.6
33.8
419.9
330

1990
152.6
154.9
65.7
43.1
3.5
1.1

1.4
37
459.3
420

1992
187.4
274.2
66.1
83.8
4.2
2.6
3
18.5
639.8
400

1991
182.2
229.4
75.6
57.1
2.4
3.7
2.5
22.1
574.9
400

1993
207.5
187.7
40.9
85
7.1
1.7
2.8
44.3
576.9
380

1994£
393
120
55
124
8
2
3
47
752
390

Growth*%

36.3
-3.9
-3.5
45.6
n.a.
n.a.

15
7.1
13.18
3.0

Data source: Oil World and comments7rom industry.

enable the price spread between soybean and MBM
to narrow; however, there are some key factors
which need to be addressed ifMBM is to stabilise
its market position.

ofthe drought have been to force increased soybean
meal incorporation as it was the only readily
available source of protein. Soybean meal
consumption has increased from 16.5% of protein
meals consumed in 1989 to 34.4% in 1994. The
usage of animal protein in feed formulations in
Australian have traditionally been higher then other
countries as the key vegetable protein, soybean
meal is priced based on import parity from the
USA. There, is a strong price incentive for the
animal protein product producers to maximise the
use ofMBM in local rations as surplus production
will be exported at lower values. The price
correlation between soybean meal and MBM is
shown in Table 6. This gives the local MBM strong
price advantages compared to other producing
nations but presents a major exposure if domestic
markets are lost. In spite of what has been said
above, meat and bone meal incorporation in
compound feeds has fallen. This has been due to
issues of product quality and reliability of supply
for extended periods.

It should not be forgotten that meat meal is a byproduct and will have to price itself relative to vegetable
protein sources, but the tightness in supply of these
other feed ingredients due to the stronger worldwide
demand will favour MBM values.

Meat meal does have inherent advantages.
Producers should focus on the natural attributes
and strengths of the product. It has a high protein
content relative to other ingredients. It has high
digestability. It provides a valuable source of feed
phosphorus with 4.5% compared to soybean meal
with 0.5%. World phosphorus prices will continue
to increase due to the finite reserves and increasing
world demand.
Food safety and product quality will be a key
requirement for an increasing number of customers.
Product consistency and quality are of prime
importance. Customers requirements need to be
addressed. The type of finished product produced
will need to have more attention paid to it.

A longer term issue for the demand of MBM will
be the outlook for fishmeal supply. The expected
reduction in fishmeal production will favour MBM
demand. Specialised market for MBM should also

Table 6: Price Comparisons between soybean meal and MBM ($A/tonne delivered
feed)
Meal
($A/tonne)
Soybean
Meatmeal
Cottonseed

1987

1988

1989

1990

1991

1992

1993

1994

410
350
210

425
355
250

480
410
260

460
405
250

450
360
260

440
400
220

430
415
230

400
380
245

Data source: Industry comments

31

Third International Symposium on Animal Nutrition, Protein, Fats and the Environment- 1995
Southeast Asia and India are also growth regions, .
although in India growth in the meal section will be
slower than the oil section due to the high number of
vegetarians. In Indonesia, the poultry sector is
developing rapidly and this is expected to continue.
In Thailand and Malaysia the poultry sector is expected
to grow but at a slower rate than Indonesia.

Salmonella-free meal certification is what the
European market is demanding and getting. It will
not be far away in Australia.
Domestic marketing strategies can improve MBM
acceptance. Compound feeders seek reliability of
supply as a critical component in any relationship.
It is something they are able to achieve with
vegetable protein sources often able to buy up to
twelve months in advance. The short-term
marketing strategies ofMBM can be a detriment to
the incorporation level and the reliance which is
placed on the product.

In South America, meat production will grow for
both the domestic and export markets. Brazil will
register the greatest growth.
Protein meal demand in USA is expected to grow
as it will remain a highly competitive exporter of
poultry meat, and the production ofpork is growing
substantially. Part of the increase in protein meal
consumption will be filled by corngluten feed and
corngerm meal which is expected to increase with
the increased demand for ethanol. Demand from
Mexico will also increase with the expanding
population and higher incomes.

Conclusions
World population increased by 1.7% annually
from 1984 to 1993. Annual population growth is
expected to be 1.3% from 1992 to 2025. Population
growth will remain the driving force behind
increased meat demand and feed demand. Feed
technologies will continue to improve with greater
feed intensity per unit of meat output. This will
mean a greater share of the feed mix will need to
come from protein and an increase in demand for
compound feeds.

The quantity of livestock has almost halved since
1989 in the FSU. An increase in protein meal
demand will be dependent on economic recovery
and political stability.
The increasing demand for meat products will
demand more proteins while at the same time
producing more animal-derived protein meals. Will
this be a problem?

World meal consumption increased by 3.25%
annually in the period from 1985 to 1994, to
158.7 million tonnes.
The major protein meals that are consumed are
soybean meal, cottonseed meal, rapeseed meal and
corngluten feed, together having 80% share in
total consumption. Soybean meal has approximately a 51 o/o share in world consumption and
will continue to be the benchmark for the world
price of protein meals.

The answer is NO.
Animal proteins should face strong demand in the
next five years. Why? The future for animal proteins
will be bright. Global demand for meats will be
excellent, driven by good population growth and
improved diets. Strong global demand for meat
and tight grain and oilmeal supply and demands
point towards and excellent .outlook for animalderived protein products. One of the principal
reasons will be the strong world grain complex.
While oilseed acreage has risen steadily for 15 years
grain area has declined.

High growth rates for protein meal consumption
may be expected in the United States, South
America, southeast Asia and China, and in the
longer term Central Europe and the FSU. Protein
meal consumption in the EU is expected to stabilise
in the coming years, because factors such as the
decline in the price ofgrain, stabilising pork demand
and environmental problems in some regions of
the EU.

Some of the contraction in grain was necessary
particularly because central Europe and the FSU
eliminated food consumption subsidies, reducing
the demand for meat and hence grain in that
region. (Figure 6 - FSU/ E. Europe grain
consumption) This appears to have bottomed and
it is expected that global grain consumption will
resume a solid trend in growth. With the growth in

The consumption of protein meals is directly related
to the production of animal products. Total protein
meal consumption will grow, both in developed and
developing countries. With meat consumption rising
dramatically in China, it will be a major consumer.
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-=manu but lack of response from the planted area
World supply and demand has become
;c:nremely tight and values have increased
~tially. (Figure 7 - World grain stocks)
Iaaeases in the grain production and planting will
to limit oilseeds production growth.
oilseed meals will not be the cheap
)$DIU'Ce of protein they have been in recent years
values will rise in response to a r~tioning of
;~~~emand. At the same time ,global meat demand
be robust as economies are strong.

days of consumption
120.------

----------------------Years

addition, alternative uses are being found for
by-products that were once treated as meat and
meal. This has and will continue to reduce
Gelatin demand is increasing by 5-7% I
. Wet petfood demand is increasing
Worldwide and is estimated at 4% /annum while
petfood which has been a traditional user of
is expanding at approximately 6% /annum.
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Quality Rendering - Benefits
for the Renderer & Customer
]ohnAird
Business Manager
Peerless Holdings Pty Ltd
There is always a market for the products of
rendering, with export demand able to accept any
quantities not required for the local market.

This paper is not about rules and red tape but
rather about a system that helps get it right the first
time, prevents waste and provides a challenging
and satisfying place to work.

Meat meal and tallow are by-products and solve a
disposal problem! Why should renderers be
concerned about quality?

The reasons we embarked on ISO 9002 were
largely customer oriented ... the results have also
provided major benefits for Pridhams the rendering
division of Peerless Holdings Pty Ltd.

3.0 Renderers must be
concerned about quality

1.0 Outline

Market shares are, in fact, declining, providing a
relatively smaller proportion of renderer customers
raw-material basket, compared to a few years ago.

Why Quality and Renderers? Why did Peerless
embark on this project and why should other
renderers also consider a quality system?

Rendered products are not commodities.
Customers are becoming more concerned with
quality issues. All renderers in Australia are aware
of Salmonella and Biogenic Amines as just two
examples of customer quality issues.

Benefits to the customer are considered by starting
at the beginning- your suppliers- then looking at
customer needs, reaction to servicing customer
feedback and finally an example of how a quality
system helps Peerless to supply customer needs.

Demand for meat meal and tallow in Australia has
declined over the last few years as a result of our
competitors doing it better - i.e. being able to
better satisfy customer needs!

Benefits for renderers is our insight as to how the
Peerless system has provided internal company
benefits.
Achievement of ISO 9002 is viewed simply as a
milestone rather than a goal. What follows is
merely a starting point on the road of continuous
improvement.

4.0 Benefits for the customer

2.0 Why should renderers be
concerned about quality?

4.1 Improved quality - start at the
beginning

After all, markets for protein meals, the chicken
and pork industries, are rapidly growing, with
chicken now the second most popular meat.

One of the projects we set early in our quality
program was to reduce the level of polyethylene
contamination in our tallow. The simple answer
was to reduce the plastic contamination in our raw
materials. I should also acknowledge the
tremendous diligence applied by our drivers and
Raw Materials Manager in getting the message
across. Figure 1 shows what was achieved by
appealing to our suppliers to use fat and bone tubs
for our product and not as rubbish bins.

Renderers have an opportunity to do it better quality is the key!

Meat meal and tallow are commodities with prices
strongly linked to international markets.
Commodity markets adopt a scant regard for quality
considerations, providing the specification is
achieved. In other words, there appears little
premium for better than minimal quality.

35

Third International Symposium on Animal Nutrition, Protein, Fats and the Environment- 1995
RllbbiU u IOI'tbl1 belt

time, rather than result, based). The new procedure
also required samples to be taken and tested in the
plant during each shift- at the coal face rather than
sampling and sending to the lab for analysis later.
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The results were achieved quickly as is shown in
Figure 3. Hammer change points are dearly defined.
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4.4 Supplying customer needs Peerless's system

liO
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4.4.1 Problem identification

it

The starting point is problem identification. Like
in the previous example, the Customer Complaint
System is viewed as an extremely important
mechanism to capture and recognise customer
dissatisfaction. The system can also be used
· internally as one part of the production process is
often the customer of the preceding part. We call
our system therefore Quality Problem Reports.

Figure 2

4.3 Improved reaction to complaints
One of the least recognised forms of feedback from
customers is the 'customer complaint'. How often
do we try and bury these rather than seek to
increase them. They should be viewed like an
iceberg ... only a small part is visible to us.

4.4.2

The following is an example of how Peerless's
system is now working to assist us in improving
our quality performance.

~easurement

The next step is measurement. Often problems and
their solutions only become apparent once records of
measurement can be analysed and viewed for trends.

A complaint was received in mid-July of excessive
bone chips in meat meal.

4.4.3 Team appointed to tackle the problem
Most problems are best resolved by many minds ...
particularly those that are directly associated with the
process. We establish teams whose members are
experts on the process; our Quality Assurance Coordinator providesthesupportskills; the Team Leader
is appointed by the group and is responsible for
driving the team and reporting periodically to our
peak quality team the Peerless Quality Council.

The first step was to report the details of the
problem so that all the relevant information was
provided to our Production Department and to
keep a record for tracking purposes. This we do via
a Quality Problem Report form.
Our production team reviewed the problem and,
after investigation, decided that the mill hammers
should be changed as soon as particle sizes began to
approach the upper specification limit.

4.4.4 HACCP
Where appropriate, a Hazard Analysis Critical
Control Point process may be used to identify the
best way to control the problem.

The previous practice had been to change on a
regular cycle in the maintenance schedule (i.e.
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Identification of'Hot Points' allows the identification
of where the most likely sources of the problem lie.
4.4.5 Change procedures
All of our production methods are written as
Standard Operating Procedures (SOP).

5.3 Opportunities for improvement
A feature of the Peerless system is an effective
suggestion scheme. Called Opportunities for
Improvement (OFI's) - it includes a monitoring
system to ensure responses are given to all suggestions.

5.4 Company newsletter
When changes are necessary, then the appropriate
SOP requires amendment and distribution to
operators (and training if appropriate) to ensure
that the new methods are understood and
implemented.
This is essential to ensure that all operators know
and have a reference point if needed.

4.4.6 Problem resolution
This process was used to reduce the levels of
Salmonella contamination in our meat meal.
Figure 4, now a little old, illustrates the results.
Our Salmonella T earn has an ongoing role to
monitor results to ensure that we maintain the low
levels of Salmonella contamination.
S aim o nella Co a tam lnatlon %
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Outputs of our suggestion scheme and improvement teams are recognised and rewarded by
tokens appropriate to the circumstances. The most
important part is recognition ... whether by
Certificate ofAchievement, Ceremony or by special
mention in Chewing the Fat.
·
The input and recognition of employees is the
most important part of the sustainability of our
quality system.

6.1 ISO 9002 - a milestone not a goal

•

You may have noticed that this paper has mentioned
little of ISO 9002!

It

.IAN

5.5 Employees recognition and reward

6.0 Where to next?

21

•

'Chewing the Fat' is our method of regularly
communicating in a written form to all employees.
It includes a section on successful 0 FI' s and T earn
Reports, and records Quality Achievements.

•

This is not to diminish the role that it plays but
helps to illustrate that it is just one of the milestones
on the road of continuous improvement .

• •
6.2 Continuous improvement

MAR
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JUL
Date

SEP

NOV

Figure 4

5.0 Benefits for the renderer
5.1 Staff involvement
Our Quality Council and T earns are the feature of
our system. Without the staffinterest and motivation,
sustainable results would not be achieved.

At Peerless we have adopted a system which
embraces T earn-based Continuous Improvement
as its core. We believe this is an essential component
of our business strategy.

6.3 Changing needs· of customers and
suppliers

5.2 Improved communications

Our world is not static ... our system can recognise
these changes as, or before, they occur so we can
react competitively to better service the needs of
our customers and suppliers.

Our system depends on effective communication.
Without the involvement of staff at all levels, we
would not achieve timely and sustainable solutions.

Quality Assurance/Total Quality Management is a
system that sustains a business in an increasingly
competitive world.
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Quality Benefits of the Code of Practice
W.F. Spooncer

Australian Meat Technology Pty Ltd

Introduction

UK Approach

The Australian Renderers Association Code of
Practice for hygienic production of rendered
products was published in August, 1994. The first
audits of rendering establishments were conducted
in September. In the first twelve months of
operation of the Code of Practice, ten estab~
lishments have been accredited. Experience of
operating according to the Code of Practice is
limited but it is worth assessing what benefits have
flowed to the accredited establishments.

Programs for sampling and testing meat meals for
salmonella have been written into legislation and
have been conducted since 1981. Current
legislation requires that rendering establishments
are sampled four times a year, and five samples are
collected over a five day period at each sampling
occasion. The samples are collected and examined
by the Ministry of Agriculture Food and Fisheries
(MAFF).
In addition to legislation about collection of
samples, MAFF have published a Code of Practice
for the control of salmonella in the Animal By~
products Rendering Industry. The Code ofPractice
has been published in association with the UK
Renderers Association and the British Poultry
Federation.

The Code of Practice should not be judged in
isolation. The Code is part of a series of initiatives
introduced by the ARA to improve the hygienic
status of rendered products and to exercise self~
regulation in the industry. The other initiatives are
one~day workshops on control of salmonella in
meat meal conducted by CSIRO in capital cities;
a five~day workshop leading to accreditation in
hygienic production of rendered animal products
with accreditation conferred by the University of
Western Sydney and the ARA; and the International
Symposium. These initiatives have all contributed
to making renderers aware of the importance of
hygienic production of meat meals, and have
resulted in improvements to the hygienic status of
meals.

Since the programs for testing meal were
introduced, the overall incidence ofsamples positive
for salmonella has reduced from 25% to 3%. This
reduction in the incidence of salmonella is at least
partly due to the use of formic acid based additives
in meat meal.

USA Approach
The main thrust for hygienic production of meat
meal in the USA comes from the Animal Protein
Producers Industry (APPI). APPI is a non~profit
industry organisation that represents meat and
poultry renderers and protein meal blenders. APPI
conducts a salmonella reduction program that
includes a program for sampling and testing for
salmonella, and training programs for rendering
plant operators.

The ARA strategies to improve the hygienic status
of meat meals have been aimed at controlling post~
processing contamination of rendered products.
Regulatory authorities and industry associations
in other countries have also instituted procedures
to help reduce post~processing contamination of
meat meal. Some of the overseas approaches to
rendering hygiene and the results of efforts to
control salmonella are worth considering as
benchmarks. Experiences in salmonella control in
meat meals in the UK and USA are as follows:

Participating establishments in the APPI sampling
program submit samples for salmonella testing
twice a year. Each sampling period is conducted
over a three~month period and thirty samples
should be submitted over the sampling period.
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of samples salmonella was not detected. The
maximum incidence ofsalmonella in a set ofsamples
from an establishment operating according to the
Code ofPractice is 25%. Thus the highest incidence
of salmonella in meal from an accredited plant is
less than the average incidence in samples collected
in other surveys.

Membership of the APPI and participation in the
sampling program is voluntary but in 1994, 231
establishments submitted samples in the APPI
survey. Participants in the APPI programs can use
theAPPI logo to assist in marketing. APPI promote
their activities with users of animal protein meals.
This promotion supports the APPI program and
provides a marketing advantage to companies that
use the logo

The results of tests on samples from accredited
plants do not necessarily indicate that compliance
with the Code ofPractice results is an improvement
in the hygienic quality of meat meal. The
establishments that have decided to become
accredited may have always been good performers
in respect of the hygienic status of their meals.
However, the value of operating according to the
Code has been demonstrated in two specific cases.

The incidence of samples that are posmve for
salmonella in the APPI surveys is usually in the
range 20-30%. The overall incidence ofsalmonella
detection fluctuates but has shown no particular
trend in the last few years.

The ARA Approach

In one case, an establishment was audited according
to the Code but ·was not accredited. The
establishment started work on correcting the noncompliances that were identified in the audit but
before the work was. completed, samples were
collected and tested for salmonella. There was an
incidence of 55% salmonella contamination in
twenty samples. After the establishment corrected
the non-compliances it was re-audited and
recommended for accreditation. Another set of
samples was collected to confirm the accreditation
status and the incidence of salmonella contamination in these samples was 1Oo/o. This result was
confirmed when the establishment submitted
further samples six months later.

The ARA programs for hygienic production of
meat meals have similarities with the APPI
programs. The ARA programs have been established
by the industry and are administered by industry.
Regulatory bodies have expressed support for the
ARA programs but are not directly involved. Like
the APPI programs, the ARA strategies combine
training with sampling and testing product for
salmonella. However, an important difference is that
the ARA program offers accreditation ifthe results of
salmonella testing are satisfactory, and the
establishment can show that it complies with the
ARA Code ofPractice through an independent audit.
To be accredited by the ARA, an establishment
must comply with production standards defined
in the Code of Practice as well as produce a
satisfactory product.

In the second case an accredited establishment was
unable to fully comply with the Code temporarily
when production was disrupted due to major
modifications on the site. The temporary disruption
in production coincided with a scheduled sampling
round and the samples submitted at this time had
a salmonella incidence of 55%. The establishment
was able to continue production according to the
Code of Practice as soon as the capital works were
completed and at this time, another set of samples
was collected to confirm the accreditation status.
No salmonella were detected in this set of samples.

Of ten accredited establishments, eight have
submitted samples for testing on two occasions.
The overall incidence of positive salmonella tests is
1Oo/o. A survey published by the Victorian Institute
of Animal Science in 1991 showed an incidence of
31 o/o of samples positive for salmonella in 72
samples (Morgan, 1991). From the limited
information available, the incidence of salmonella
contamination in meat meal from rendering
establishments that are accredited according to the
ARA Code of Practice is considerably less than in
meat meal samples collected in surveys before the
Code of Practice was introduced.

These exam pies demonstrate that when the
provisions of the Code are complied with to a
standard that justifies accreditation, renderers can
expect to exercise greater control over the hygiene
status of product.

The accredited plants have submitted sixteen sets
of twenty samples for analysis. In five of these sets
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Future of the Code of Practice

at six month intervals. Aquality-assurance program
would assist establishments to control production
at all times and would provide an auditable record
of compliance with the Code.

An immediate challenge for the ARA is to encourage
more establishments to become accredited
according to the Code of Practice.

Experience with the Code of Practice shows that
establishments that operate according to the
conditions of the Code can produce salmonellafree meal over an extended period. However, it is
also clear that it is difficult for establishments to
produce salmonella-free meal continually. A
quality-assurance program will put in place a system
to identify the production procedures that
contribute to production of salmonella-free meal,
and to ensure that those procedures are followed.
This type of quality-assurance program is essential
for reliable production of salmonella-free meal.

In addition to the ten accredited establishments, at
least seven other establishments have indicated to
AMT as auditors that they would like to pursue
accreditation. If seventeen establishments are
accredited, this would represent about 30% of the
establishments operated by members of the ARA.
To expand the use of the Code of Practice and
accreditation according to the Code, there will
have to be a greater awareness of the Code and the
benefits of accreditation within the rendering
industry and among customers of the industry.
This awareness will come with time but
promotional support is needed. The APPI can
provide an example of the promotional support
that makes it attractive for individual renderers to
participate in self-regulation schemes. The APPI
has been operating since 1984 and the 236
establishments that are members and take part in
the bi-annual surveys control about 98% of the
production of meat meal in the USA.

References
Morgan I.R. (1991) Victorian Meat Meal
Survey. Victorian Animal Health
Newsletter, April 1991, p5.

The ARA must also consider whether the Code is
adequate to meet future needs. There is no doubt
that the Code achieves the original objective of
providing a framework to improve the hygienic
status of meat meal by reducing the risk of postprocessing contamination of product. In Europe,
emphasis is now placed on the control of the heat
treatments involved in rendering to ensure that a
range of pathogenic organisms that may be in raw
materials are destroyed in the rendering process.
In view of the interest in Europe and importing
countries in the reliable application of suitable
heat treatments, it may be appropriate to expand
the Code to cover this aspect of rendering.
Another useful addition to the Code would be a
requirement to operate a quality-assurance
program. There is a possible weakness in the Code
because an establishment can become accredited as
long as it complies with the Code on the day of the
audit inspection.

e

Audits occur once a year and verification that
establishments continue to comply with the code
throughout the year is provided by testing samples
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KEITH ENGINEERING (sALEs) PTY. LTD.
We can supply all your needs from the smallest screw
conveyor to the largest packaged rendering system.

Continuous & Batch Rendering Systems
Continuous & Batch Blood Processing Systems
* Discors
*Dryers
* Hoggers
*Pumps
*Tanks

*Screw Presses
* Centrifuges
* Percolators
* Screw Conveyors
* Bucket Elevators
* Meal Systems
*Bins & Hoppers
*Agitators
* Pneumatic Conveying Systems

* Washing Trammels
* Hammer Mills
* Pre-hogs-Condensers
* Dewatering Presses
*Dissolved Air Flotation

Made and Serviced in Australia

by KEITH ENGINEERING (sALEs) PTV. LTD.
Australia: 36 McPherson St Banksmeadow NSW 2019 Ph (02) 316 9042 Fx ( 02) 316 8717
New Zealand: Spartan Road Takanini Ph Auckland 266 905 Fx (649) 266 9003

FOR MAXIMUM PROTECTION AGAINST AUTOXIDATION
IN RENDERED FATS, OILS AND PROTEIN MEALS

Kemin antioxidants have proven to be both cost effective, comparable to
and, in many applications, far superior to single antioxidant products.
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Kemin has an antioxidant system formulated ·for your product
providing excellent synergism and dispersion properties.

Kemin (Aust.) Pty Limited
1.02/10 Edgeworth David Ave
Hornsby NSW 2077
Ph {02) 482 2357
Fx (02} 482 1837

RENDO~
FINO~
NATURO~

- for fats, oils and protein meals
- NEW for fish oils and meals
- A completely natural antioxidant
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Environmental Control
in Rendering Plants
john Court
].D; Court and Associates Pty Ltd

Environmental Laws and
Regulations

•

General pattern of environmental laws
Although Australia has a federal system of
government, most environmental laws are at the
State level. If the plantrequires an export licence or
approval for foreign investment or is on
Commonwealth land consent for the operation
will be needed from the Commonwealth
Government;· otherwise the consent is required
from the State and local levels of government.

(

•

Government controls on industry are usually of
two types:
•
control by local government over land-use,
which determines whether a business can
be established and carried on and which
can require certain environmental
protection measures; and
•
control by the State Environment Protection
Authority (EPA) or equivalent body over the
release of pollutants to the environment or
over the transfer of wastes for disposal.

•

NSW Parliament to consider.
By contrast the law requiring EIS's in
Victoria is less comprehensive than in NSW,
but on the other side the Environment
Protection Act has long adopted a
comprehensive and integrated approach to
pollution and waste management.
In Queensland and South Australia new
comprehensive Environment Protection Acts
have recendy been introduced which
contain clear and comprehensive statements
on integrated policy and principle, but
leave control requirements to policies to be
developed by the EPAs. Tasmania has
introduced a similar set of new Acts. This is
the pattern likely to be adopted in due
course in NSW.
In Western Australia the Environment
Protection Act covers both the requirements
for EISs and the requirements for pollution
control and waste management in one law.

Common legal elements in
environmental management
While these differences between states are
important and can affect the way one would go
about establishing and operating a plant in each,
there are certain patterns which are common across
all the variations:
•
licences are required to operate;
•
approvals are required for new
developments or extensions;
•
notices can be issued by the relevant
authorities requiring work to be done or
operations to be modified to prevent or
minimise pollution of the environment;
•
regulations or formal policies limit some
pollutant and waste releases;
•
land-use approvals are needed to establish
and operate; and
•
building approvals ar~ needed for
construction.

While there can be overlap from time to time
between the three levels of government involved in
environmental protection, this pattern is common.
The types of land-use consent and environmental
laws in Australia vary significandy between the States:
The NSW Environmental Planning and
•
Assessment Act which controls land-use is
comprehensive and requires environmental
impact statements (EIS's) to be prepared
more often than in other states. But the
NSW pollution control and waste laws are
still of the older, non-integrated style
covering air, water, noise, waste and
hazardous chemicals in separate Acts. This
will change soon; the NSW EPA is
developing a new comprehensive Protection
of the Environment Operations Bill for the
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•

There is also an important recent trend in all
Australian environmental law to increase the
severity of penalties (up to $ 1 million for
companies), and at the same time to place much
greater responsibility on individual managers and
directors (with penalties of up to $ 250,000 or
jail). This in turn requires that managers exercise
'due diligence' in their management of the
environment. Some useful responses to the 'due
diligence' requirements have been:
•
environmental management plans along the
lines of the ISO 14,000 series;
•
environmental audits of various kinds; and
•
accreditation either privately or by
government as is possible in Victoria.

Water pollution:
•
All wastes from processing of animal matter
and foods are rich in oxygen demanding
material. This is expressed as biochemical
oxygen demand (BOD) in milligrams per
litre (mg/L) and is typically 20,000 to
50,000 mg/L for abattoir and rendering
plant effluents. These levels will usually
need to be lowered to 10 to 15 mg/L with
suspended solids at 15 to 20 mg/L before
discharge to waters is allowed.
•
Nutrients (nitrogen and phosphorus) are
also present in abundant quantities from food
wastes and the conventional anaerobic/aerobic
treatment processes will not sufficiently reduce
nutrients to IO.mg/L total Nand 1 mg/L
total P. Consequently EPA's will often press
for irrigation of treated wastes to ease environmental stress on the receiving creek or river.
Nutrient removal for discharge of effluent is
quite difficult and expensive and not
recommended if irrigation is possible. A waste
minimisation audit of the process can often
cut nutrients reaching the waste wat~.r system.
•
Fat and grease removal can also be
important in meat and rendering
operations. Many plants recover fat and
grease for production of tallow and related
products; however, the ultimate disposal of
accumulated fat and grease crusts and
sludges should be planned well before
holding capacity is exhausted. Until the
present it has generally been adequate to
dig a new pond and leave the old one with
sludge and crust just sitting. In future
intending buyers of properties which have
accommodated such ponds will tend to be
more demanding and may require clean-up
before purchasing.

This is considered further below.

Rules and regulations affecting
rendering plants
Certain aspects of environmental law are especially
important for rendering plant operations.
Frequently rendering plants are associated with an
abattoir operation and the pollution and wastes
from both operations will be additive, but may be
treated jointly. Environmental issues of concern
include:
Air pollution:
•

•

Sulphur dioxide is not generally an issue
provided high sulphur oils are not burned,
in which case a high, insulated stack may
be required.

Odours can be generated at all points in
the operation: stock holding yards, raw
offal and blood handling; offal cooking;
meal and blood drying; tallow and fat
processing; feather cooking and drying;
dried meal processing and packing; waste
water treatment; waste disposal; and sludge
disposal. Odours are probably the greatest
environmental problem faced by rendering
plants and are considered in more detail
below in a separate section.
Particulate matter and smoke are emitted
from combustion plant such as oil, coal and
sawdust boilers. Smoke is generally limited
to a very light grey shade (Ringelmann
One) and particulates to 250 mg/m 3
normalised to 12% (v/v) carbon dioxide at
standard conditions. This presents little
problem with oil and gas burning
equipment, but requires careful design and
operation for coal and sawdust boilers,
especially sawdust-fired units, although
modern plant can readily comply with
these limits.

Waste disposal:
•
Abattoirs and rendering plants have tended to
regard their properties as private waste
disposal facilities. and many have not
registered as either waste generators or
depots. In some cases this may not be strictly
legal, but authorities have generally not
pursued the matter. The consequences in
terms of dean up of contaminated land for
possible future change of use should not to be
ignored. Burial of your wastes on site should
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•

•

•

at least be planned with a view to future
possible remediation or rehabilitation. Future
pressures are likely to build for control of
leachate and land fill gas emissions.
Abattoirs and rendering plants do not by
their nature usually generate hazardous
wastes such as heavy metal sludges,
chlorinated and refractory chemicals and
other toxic materials. If pesticides are used at
any point in the process disposal of residual
wastes should be planned and not buried
along with other non-hazardous wastes.
Contaminated land can present an
expensive and difficult problem to land
owners. There are laws governing clean-ups
involving hazardous and toxic materials in
most states. Expensive testing and
remediation are becoming increasingly
common. It is unlikely that rendering
plants will be caught in this category, but
buyers of land can independently require
clean-up of land.

•

•

•
•
•
•

•
•

I do not comment further on water and waste
management, concentrating rather on odour
control. The text Abattoir Waste Water and Odour
Management by the CSIRO Division of Food
Processing and the University of Queensland with
support from the Meat Research Corporation
provides an excellent overview of the water aspects
for the rendering industry.

•
•

all cooking and pressing vapours from
existing plants to be vented to odour
removal equipment;
solid rendered material to be conveyed in
enclosed equipment;
all new continuous high temperature
cooker plants to be totally enclosed and the
extracted ventilation air to be treated in
odour removal equipment;
enclosure of raw material and cooker/ drier
equipment;
no visible emissions except water va)'lour;
odour level after the control equipment not
to exceed 200 odour units;
the odour removal equipment to be a
condenser, an incinerator or chemical
scrubber or equivalent;
building ventilation air to be brought to a
single point for control;
odour dispersion to be calculated in
accordance with the Victorian dispersion
method (Ausplume);
sampling and testing to be in accordance
with Victorian method; and
a buffer zone of 1 kilometre is
recommended for rending works.

New South Wales
The Clean Air Act has required since 1975 that no
odours detectable by an authorised officer relying
solely on his sense of smell be allowed to travel
beyond the premises boundary, irrespective of
objectionableness. In practicetheNSWEPAmainly
pursues this section with factories which cause
complaints. It has also recently adopted a design
standard of one odour unit at the recognition
threshold (averaged over the response time of the
human nose of one second) not to be exceeded
more than 1% of the time at the boundary or
sensitive receptor. In practice this corresponds to
0.1 odour units averaged over three minutes, a
common output from dispersion models.

Odour laws affecting rendering
operations
There is a diverse array of odour laws across the
Australian States and New Zealand. As some of the
laws are based on rather different philosophies the
diversity is quite real and can cause significant
differences for rendering plants in theory. In
practice the level of attention given to rendering
plants in different locations is probably as much to
do with size of the operation and proximity to
neighbours as with different state approaches.

Victoria

Conditions similar to those specified in the
Victorian EPA may be specified by the NSW EPA
as licence conditions. It is common for equipmentbased operating conditions to be attached to EPA
licences for rendering plants.

In Victoria the Environment Protection Act
requires odours which are objectionable in the
judgement of an officer to be controlled. The
Victorian State Environment Protection Policy for
the Air Environment sets several more detailed
requirements for rendering plants (Schedule F-6):
•
materials to be rendered to be processed as
soon as possible after slaughter;

Queensland
There is an Interim Environment Protection Policy
under the new Environment Protection Act which
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specifies a design ambient standard for odour of
0.5 odour units for stack emissions and 2.5 odour
units for non-stack emissions, both expressed as a
three-minute averages calculated by an approved
dispersion model. The odour test method adopted
by the Department of Environment and Heritage
is slightly different to the method used by NSW
and consequently the standards are not directly
comparable. This requirement applies to re~dering
plants along with other specified industries.

a guidance document, Odour Management under
the Resource Management Act. This is advisory only
and has no legal status, odour management inN ew
Zealand falling to the Regional and Local levels of
government to administer. It is interesting that a
previous draft of the document included a quite
prescriptive and complicated set of requirements
(i.e. measurement by olfactometry, dispersion
modelling, etc.) but after a period of public
comment a more general and pragmatic guide was
issued, relying heavily on the FIDOC factors (or
FIDOL for Location) coupled with measurement
and dispersion. ARA contact with the substantial
rendering industry across the Tasman concerning
their response to the New Zealand approach may
be interesting.

South Australia
There are as yet no formal regulations or policy
governing control of rendering plants in South
Australia. The criterion used by the SA Environment Protection Authority is to design for 0.1
odour units for an emission from a ~himney based
on a ten-minute average. A series of practical
operating conditions are also applied to rendering
plants which must be licensed, including the
following for metropolitan areas:
•
non-condensibles from cooking to be
incinerated at 760°C for 0.33 seconds;
•
conveyors or raw materials to be enclosed;
•
offal to be processed in 24 hours; and
•
paunches to be free of liquid prior to
receival.

Possible changes in
environmental· laws
More general policies
The general trend in environmental management
throughout Australia is likely to be towards less
prescriptive measures imposed by authorities
leaving industry to develop the best solution for
control of its emissions in the way if chooses, but
to satisfy strict compliance with ambient or emission
standards or limits. Thus, for example, in the case
of the rendering industry, the use of cipture and
control equipment would not be specified on a
licence, but an emission or ambient (boundary)
odour strength expressed as odour units for a given
frequency would be specified.

At least one plant in a metropolitan area has been
required to completely enclose the raw offal receival
area and control the ventilation air with a chemical
scrubber.
For remote country locations non-condensibles
are allowed to be discharged from a stack after
water scrubbing provided offal is processed within
24 hours.

Whether this approach will be completely viable
for either operators or authorities in respect of
rendering plants is not dear. The extensive
emissions in rendering from diffuse and fugitive
sources makes precise specification of a standard at
the point of emission difficult and uncertain and
specification of a low ambient emission for a
percentage of time may be satisfactory for
assessment of new plants, but would be extremely
difficult to monitor in the field in practice. The
key to success in such as approach will be whether
all parties, the operator, the authority and the
public can know where they stand.

Western Australia
Western Australia is also at the point of developing
a policy for odour and is generally following the
Queensland model.
Other States and Territories
Tasmania, the Northern Territory and the ACT
do not have formal policies or regulations for
odours and apply best practicable requirements on
an 'as needs' basis in response to complaints.

However, this approach is certainly viable for
water pollution where the effluent and impact on
the river or creek can be readily and reliably
monitored. The consequences of this for
management is the need to have a sound method of

New Zealand
Although not directly relevant to Australia in June
1995 the NZ Ministry of the Environment issued
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self-assessment of performance in place to ensure
the requirements are met, since the authorities will
tend to 'ask no questions' in proceeding to seek
penalties under such a regime. They are also less
likely to offer advice on how compliance might be
achieved.

•

Greater responsibilities on operators
The generally greater responsibility being placed
on companies and individual directors and
managers by modern environmental laws means
that a more systematic approach needs to be taken
to environmental management than has been
adopted so far by most Australian industry.
Standards Australia issued an earlier draft of a
Standard for Environment Management Systems,
but it now appears likely that the ISO 14,000 series
of international environmental management
standards will be adopted in Australia. The basic
elements of an environmental management system
under ISO 14,000 are:
•
an environmental policy which:
- includes a commitment to continual
improvement and pollution prevention
with compliance; and
- provides a documented framework for
setting and reviewing environmental
objectives and targets which are
communicated to employees and
available to the public;
•
planning which:
- identifies the environmental impacts of
an operation;
- identifies its legal requirements;
-. sets environmental objectives and targets;
- establishes environmental programs;
•
implementation and operation which:
- defines roles, responsibilities and
authorities for environmental
management;
- provides necessary resources;
- establishes top-level management ·
representation in the system to ensure
implementation and reporting on
performance to the top;
- provides adequate and appropriate
training;
- ensures efficient internal and external
communication;
- is documented in a controlled manner;

•

- provides for operational control; and
- provides for emergency preparedness and
response;
checking and corrective action including:
- monitoring and measurement of
environmental performance;
procedures for investigating and
correcting non-conformance with targets
and requirements;
- maintenance of records for training and
audits;
- a program of environmental audit;
systematic and periodic management review
of all aspects of the environmental
management system.

The 'bottom line' output of an environmental
management system under ISO 14,000 is
CONTINUAL IMPROVEMENT.
In Victoria the EPA administers an Accredited
Licensee System which has some similarities to the
ISO 14,000 type of approach. If the management
of a licensed operation makes the following
undertakings formally with the EPA then the
management is freed of obligations regarding
seeking approvals and is left to itself to self-monitor
its operations:
to establish and have accredited a formal
•
environmental management plan;
•
to commit to an environmental
improvement program with established
benchmarks; and
• to submit to routine environmental audits
and share the results with the EPA.
I am not aware that any rendering plants have yet
become Accredited Licensees in Victoria.
It is important to appreciate and grasp the principles
underlying the ISO 14,000 standards and the
Victorian Accredited Licensee System and to ensure
that these are implemented. However, it will often
be necessary to scale down some of the requirement
to suit the sort of operations common in the
rendering industry. The principles apply to any
size of operation; but the organisational and
procedural complexity needed to make the
principles work effectively will vary.
For the rendering industry the risk is that the
apparently bureaucratic style of ISO 14,000 will
put managers off from implementing its sound
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principles of due diligence and a progressive
approach to the environment.

conference and perhaps the ARA as a body make
comment on these documents. Now is the chance
for us to come to a consistent national position on
odour management. It is critically important that
the voice ofaffected industries, such as the rendering
industry, be heard in this review.

Renderers need an environmental policy, a
management plan, procedures for implementation
and improvement and occasional audits to check
their performance as much as any other industry.
This applies even to contract rendering operations
which may have only a few people in the overall
management structure.

Some trends, both favourable and worrying for the
rendering industry, are apparent from the
Workshop:
• The no-odour-at-the-boundary law of New
South Wales does not have support in most
jurisdictions and some test of objectionableness is likely to be included in any
consensus legislation. This is in theory less
demanding than the present requirement in
NSW, although in practice rendering
odours are unlikely to be regarded as nonoffensive. NSW officials have stated,
however, that the present provision under
section 15A of the Clean Air Act, 1964 is
likely to be retained and interpreted as
indicated above. The rendering industry
might like to consider a submission to the
government on the significance of such a
decision for itself in NSW.
The
requirements for an ambient odour
•
design standard, involving source testing by
olfactometry and prediction of
neighbourhood levels by dispersion
modelling, brings greater certainty to
determining compliance.
• The so called FIDO factors (Frequency,
Intensity, Duration and Objectionableness)
are favoured for inclusion in legislation as a
test of the social impact of an odour of a
given type and strength. The additions of
Circumstances as another factor, yielding
the acronym FIDOC, is also favoured.
• However, the level at which the design
odour level is set may prove quite
demanding for some existing plants. The
ARA might like to submit comments on
this aspect.
• Odour measurement and dispersion
prediction is difficult and consequently
authenticated auditing, testing and
modelling is becoming a very specialised
and expensive exercise. This trend may
spell the end of relatively low cost
assessment of odour problems, not
necessarily a problem for large operators
but possibly a difficulty for small-tomedium sized operators.

Remember:
The penalties for environmental pollution
can be very severe, with fines of up to
$ 1,000,000 for companies and up to
$ 250,000 and seven years in jail for
individual managers.
The defence against such penalties is
exercise of' due diligence' which is generally
provided by following an environmental
management system or plan.
However, the negative or 'stick' side of the equation
is not the only one. The drive for continual
improvement should be coupled with the drive for
cleaner production and greater recovery of product
materials from the offal and animal waste stream.
Process redesign can be an attractive 'carrot' to
balance the 'stick' of high pollution and waste
disposal costs.

Odour laws
It may be of interest to members of the Australian
Renderers Association that the Clean Air Society
of Australia and New Zealand held a major
workshop on the regulation and measurement of
odours on 18 and 19 May 1995. Most states send
representation and most of the experts in odour
regulation and detection were present. The
Workshop commenced a process, the next stages
ofwhich are publication of the Workshop outcomes
in the Society journal, Clean Air, a period for
comment to the Society and then formulation of
recommendations on regulation and measurement
to governments and the national fora of
environmental Ministers and agencies in Australia.
I convened the Workshop as Chair of the Society's
Odour Special Interest Group and had a major
hand in the publication.
The published outcomes will be in the next two
issues of Clean Air, November and February. I
would strongly recommend that delegates to this
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continuous cookers
- feed hoppers and conveyors
- non-condensibles from cooking
leakages from seals
- venting vapours off hot meal from the
cooker
- condensate
oil presses
- feed hoppers and conveyors
- fumes from the press discharge point
·· product conveyors
- decanters
- hot oil storage tanks
- hot oil loading
batch driers
- charging emissions
- non-condensibles from drying
- discharging to drop-out troughs
- condensate
continuous driers
- feed hoppers
- non-condensibles
- leakages from seals
- condensate
blood coagulation and ring driers
- raw blood handling
- ring drier emissions
- stick water
biofilter
- exhaust odour
product materials handling
- odours associated with dust emissions
from bins, conveyors, bagging, loading
out, etc.
odours from deteriorating, spoiled
finished product
- waste water treatment system
save-all pit
dissolved air flotation plant
anaerobic treatment pond
- aerobic treatment ponds
stabilisation and holding dams
- spray irrigation

I again stress that the rendering industry should
become involved in the process of establishing new
policies and regulations for odour. It has a strong
interest in the outcome in terms of a practical and
workable regulatory regime.

Developing a management
strategy for odour control.
In the remaining section ofthe paper I want to run
through some practical approaches to odour control
in the rendering industry. I acknowledge here
some useful guidelines and documents on the
subject. The booklet of the Meat Research
Foundation references above and the articles by
Bill Prokop in the latest edition ofthe Air Pollution
Engineering Manual on 'Odours' and 'Rendering'
are highly recommended.
While there are some common patterns to odour
control in rendering a strategy needs to be developed
for each plant based on its configuration, the
materials it is processing, its pattern of operation
and its proximity to sensitive neighbours. An odour
assessment can be broken into four parts.

1

Identification of sources

A sound first step is to identify all the potential
sources of odour in a plant and rate them on a scale
of significance, based on experience. It is difficult
for management to undertaken this itself with
sufficient objectivity and sensitivity to odour
significance. It is important to include all the
potential sources at this stage, no matter how low
on the priority scale they might seem to be.
A check list of sources and factors to consider
includes:
raw materials handling
- receiving hoppers
- age of material received
- transfer conveyors
contra-shear screens and save-all pit
- cleaning of equipment
batch cookers
- charging emissions
- non-condensibles from cooking
- venting to reduce pressure
- discharging to drop-out troughs or perc
pans
- condensate

A useful technique is to list each point of area of
potential emission in a spread sheet, identify them
on process flowsheets and rate each on a simple
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however, to reliably back calculate odour strength
using this approach. Both field assessment techniques
suffer from the problem ofhaving very limited ability
to separate the various sources ofodour in a rendering
operation. A skilled nose can usually distinguish raw
materials, cooking, anaerobic treatment and biofilter
odours, but this is the limit of discrimination.

three-point scale taking account ofperceived strength,
size, significance and amenability to control. This is,
of course, a matter of judgement and experience and
not strict quantification at this stage.

2

Quantifying the sources

Priority sources can often be quantifi~d from
experience. Some previous measurements ofodour
generation rates from the various unit processes in
a rendering operation have been recorded in the air
pollution control literature. However, for high
priority sources some measurement may be
desirable. Usually this will be for fugitive and
diffuse sources. These are the most difficult to
measure since prototype collection hoods usually
need to be built to test capture efficiencies and
allow assessment of odour strength.

Because of the expense of odour measurement, it is
advisable to limit testing only to those areas judged
to be particularly significant and on which no
odour data is already available.

3

Dispersion modelling

Once the odour source strengths have been
determined the spread of odours in the vicinity of
the plant can be predicted using well established
atmospheric dispersion models. Of course, local
meteorology must be known, especially in light
wind conditions, .when local topography can
strongly influence wind direction and odour
transport. There is also some debate among
modellers over the appropriate model for odour
prediction, since the response time of the human
nose, in the order of seconds, is not the usual
period predicted by the models, i.e. 10 minutes to
an hour. There is therefore some uncertainty in the
results predicted by the models and expert modellers
and meteorologists are needed to produce realistic
predictions of odours.

Modern odour intensity testing requires olfactometric assessment. Measurements are expressed in
odour units, where one odour unit is defined as the
quantity of odour in a cubic metre of air sufficient
for 50% of a panel to just detect it. There is much
current debate in Australia and New Zealand as to
the appropriate methodology to use (see above on
the Clean Air Society ofAustralia and New Zealand
Workshop) for measurement. The key variants in
the tests centre around the number and selection of
the olfactory panel, the method of presentation of
the odour sample, the method of panel response
(forced choice or yes/no), the end point (detection
or recognition), and the method of calibration.
Before going to the expense of olfactometric testing
it is advisable to approach the regulatory agency in
your state as to which method they require and
whether the laboratory undertaking the test needs
to be certified.

4

Assessment of impact

Once odour strength and frequency around a plant
has been predicted the likelihood of complaints
needs to be assessed. This is the social impact
assessment. An occasional whiff of a slight odour is
not likely to cause complaint, whereas frequent
exposure to strong unpleasant odours is almost
certain to bring complaints. There is not agreement
as to this final assessment in Australia at present. In
New South Wales the test has tended to be merely
the occurrence of detectable odour. In practice
only objectionable odours have been pursued. In
other states and territories the FIDO factors have
been applied, but without any clear guidelines.
The outcome of the forthcoming discussion m
Clean Air should be consulted.

Measurement of odours from exposed surfaces
such as cattle feedlots or waste water treatment
processes is particularly difficult with some
controversy over the use of static or ventilated
hoods for odour capture.
Another option is field assessment of two types.
Firstly samples can be taken in the field for analysis in
the laboratory. However, the limitation here is the
insensitivity of olfactory measurement techniques at
the low levels of intensity likely to be encountered in
the fidd. Another is to map the extent of odour travel
by skilled observation in the field under weather
amdirions favourable to long travel - usually stable
amdirions at night or early morning. It is difficult,

For a new development the authorities can be expected
to specify their requirements, but they may still
reserve the right to take further action if complaints
follow commencement of operation of the process.
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Minimising odours within a
rendering plant

Biofilters have become very popular in recent years
in the rendering industry. When well designed
they are both effective and relatively easy to operate.
However, they generally require large areas,
especially for large secondary air volumes, and care
must be taken to control temperature and humidity.
These will be discussed at greater length in another
presentation at this Conference.

Some broad choices need to be made in designing
odour control systems for new rendering plants or for
retro-fitting to existing plants. Rendering has
traditionally been in batch vessels, but continuous
renderers and driers are now more common. Control
ofemissions during charging and discharging is easier
for continuous plant than the older batch operations,
a factor to be carefully considered in deciding on new
installations or expansions.

In some circumstances dispersion of collected
odours through a tall stack might be possible.
Stacks are simple devices and require no skill or
special instrumentation to operate. They are also
relatively inexpensive, with low long term operating
costs. However, the meteorology and dispersion
predictions need to be very carefully designed to
ensure effective elimination or minimisation of
odours. Usually the intensity of non-condensibles
will preclude the use of stacks of modest height.
Incineration of non-condensibles with dispersion
of secondary odours may be an options in some
cases. However, the difficult of predicting plume
movements in hilly terrain usually means that
stacks cannot be used in these situations.

A range of control equipment has been used to
eliminate or reduce rendering odours. Capture
systems are discussed in the last section, but
efficiency of capture is equally as important as the
efficiency of odour removal in the final control
equipment. 99% efficiency of removal means little
if the capture efficiency is only 70%.
Control equipment for non-condensable odours
has traditionally been by incineration at 760°C
with a half or third ofa second residence time. This
ensures complete destruction ofthis highly odorous_
stream, but the volume or air to be inGinerareo1s
relatively small compared to other significant
sources. Separate incinerators or burning in the
boiler plant are common. Incineration is usually
impractical for the larger volumes of secondary air
from the sources outlined above.

Another option is to establish large buffer zones
around rendering plants and rely on the dilution of
odours with spread. Again a combination of
dispersion for secondary sources with control of
the high-strength odours by incineration or
biofiltration is a common option.

Collection and containment

Wet scrubbers are used to control rendering odours;
however, chemicals must be added to the scrubbing
liquid to effectively remove the hundreds ofodorous
compounds present, many ofwhich are not soluble
in water. Often both an oxidising and acid stage
will be needed in chemical scrubbing of rendering
odours to ensure removal of all odours. If whole
building ventilation is adopted then wet scrubbing
probably presents the most cost-effective control
for all sources. However, a factor to consider is the
disposal of the waste chemicals arising from wet
chemical scrubbing. Disposal to the local sewer
system is an easy solution ifthe effluent is acceptable
to the authorities. But often this will not be available
and the long term consequences of disposing of
chlorinated liquors to land should be carefully
weighed. A chemical scrubber is a sophisticated
piece of process plant which should be operated
with modern control to achieve effective
performance. The level of expertise available for
the operation can be a factor in deciding to follow
this route.

The completeness of collection needed from a
rendering operation will depend on two factors,
the proximity of sensitive neighbours and the size
and strength of the emissions. Where houses are
close and the operation is of medium to large size
there will usually be little option but to totally
enclose the building and evacuate all the building
air through control equipment such a two-stage
scrubber. The background odours associated with
rendering, no matter how. good the housekeeping,
will be sufficient to mandate total treatment.
Total enclosure eases the need for extensive ducting
within the plant to capture emissions at source in
the process and leads to a more open and uncluttered
plant design. However, industrial hygiene
requirements mandate that large volumes of air
must be circulated making the cost of fan operation
and the size and cost of control equipment large.
Typically 15 air changes per hour would be a
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minimum requirement. Also operating conditions
will generally be less comfortable for operators
both because of the odours at the work station and
humidity and heat.

Finally, odours can arise from aerobic ponds in
some conditions. This is because sections of the
pond tend to become anaerobic. The solution is
not to capture but to avoid the development of
anaerobic conditions by adequate aeration or
process control.

Where a reasonable buffer zone exists it is usually
possible to design local collection hoods and
extraction points to efficiently capture odours from
the process. This requires more complexity in
ductwork and great care in hooding design, but
results in considerably lesser air volumes than for
total building enclosure with consequent smaller
size and cost of control equipment. I have observed
a tendency to underdesign capture hoods in the
rendering industry in Australia. This design is a
specialist task and an expert in ventilation and
hood design should be contracted for it. Especially
with buoyant steam plumes it is imponant to
ensure ample hood size to avoid loss through
billowing when batches are dropped. Ducting
should be designed with an eye to ease of cleaning.
Stainless steel is recommended due to the corrosive
nature of rendering fumes. Provision should also
be made for condensation and removal of vapour
in primary cooking emissions and some secondary
collection emissions.

Conclusion
Environmental control in the modern rendering
industry requires a planned and systematic approach
which addresses the air, water and waste problems
in a positive manner. When opportunities arise for
expansion consideration should be given to process
redesign to minimise the generation of pollutants
and wastes. As the extent of recovery of valuable
products in rendering increases so more opportunities will present themselves for redesign and
minimisation of pollution and wastes. Traditional
methods will certainly change as in every other
modern industry.
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An important limiting constraint in the modern
rendering plant required to deliver a high quality
protein meal, can be cross contamination arising ·
from the ducting systems. Care in hood design can
avoid excessive amounts of condensate in the duct
work dripping back into the product. This has
apparently been a problem especially with
salmonella contamination at oil extraction presses.
Odour from anaerobic ponds can be a problem in
some plants where the fats do not have a high
enough set point to ensure a strong crust is formed
on which vegetation can grow. The grassed crust,
common in beef and sheep abattoirs, acts in fact as
a small biofilter and generally controls anaerobic
odours adequately. While waste waters from bovine
and ovine operations will generally crust well, fish
and chicken fats are more difficult to form into a
sound crust on which grass will take hold. Covering
of anaerobic ponds with supported plastic covers is
a last resort which some have adopted. The digestion
gases must, of course, be captured and disposed of
by flaring or combustion. An alternative is to
redesign the process if this is necessary and use a
closed digestion vessel with gas recovery as a source
of supplementary energy.
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1. Background
This table emphasises the extremely low le~els of
odourants that are smelt by the human nose!

Rendering is perceived by the public to be an
unpleasant, 'smelly' industry and, over the last
decade, regulatory authorities around the world
have specified methods for control or abatement of
odour from rendering plants.

Amines, mercaptans and the sulphides are generally
expected to be present in rendering plant fugitive
gases.

The raw material for rendering is not treated as a
valuable by-product and hence, unlike meat or
edible by-products, rendering material is not
refrigerated and it is not normally preserved. Thus,
the raw material putrefies giving rise to a number
of odourants.

It should be well understood that if an odour
abatement system is to be satisfactory, then the
very the odourants must be reduced to levels well
below those given in Table 1. Also it is imperative
that the whole array of chemical compounds must
be removed.

Odourants are chemical compounds, and their
threshold levels are given in Table 1 (Danielson

1967).

Table 1 - Odour threshold concentrations of selected compounds

ODOUR THRESHOLD CONCENTRATIONS OF SELECTED COMPOUNDS
(Source: Danielson)
Compound

Chemical formula

Acrolein
Butyric Acid
Ammonia
Pyridine
Skatole
Methly Amine
Dimethyl Amine
rrimethyl Amine
Allyl Amine
Ethyl Mercaptan
Allyl Mercaptan
Hydrogen Sulphide
Dimethyl Sulphide
Dimethyl Disulphide
Dibutyl Sulphide

CH2.CH.CHO
CH3CH2CH2C02H

NHJ
CsHsN
CtHeNH
CH3NH2
(CHJ)2N
(CH3)3N
CH2CH.CH2NH2
C2HsSH
CH~H.CH2SH

H2S
CH3SCH3
CH3SS.CH3
(C4H9)2S
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Odour Threshold
(ppm by volume)
0.21
0.001
46.8
0.021
0.220
0.021
0.047
0.00021
28
0.001
0.016.
0.0047
0.0025
0.0076
0.180
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2. Odour Control Systems

water soluble odorous chemical compounds. Hot
water can be recovered in the condensation process
saving heat energy.

Un.iYe:rsallyaccepted odour control systems for the
rendering industry are:
•
•
•
•
•

2.2 Scrubbers

Condensers
Scrubbers
Afterburners (incinerators)
Bio-filters
Dispersion stacks.

Figure 2 shows two types of scrubbers. The venturi
type scrubber is for low intensity odours and is not
used extensively in the rendering industry. The
packed bed type scrubber is used in the with
various chemicals as the scrubbing liquid.

2.1 Condensers

ODOUR CONTROL SY.STEM FOR
EXHAUSTS WITH STEAM

In rendering plants the strongest odours emanate
from cooking and drying processes in which steam
{boiled off the raw material) is present. This steam
must be firstly treated in a condenser to remove the
condensables and to reduce the temperature of the
non-condensables to around 35°C to 40°C.
Condensation is a primary odour control system
and removes up to 90o/o of the odours. Secondary
odour control treatment reduces the odour to
below 99% of the input to the condenser.

Cooled gases

Blollllor or
Dl-olonStock

As shown in Fig 1, cooling water is used to condense
the condensable steam that is contaminated with

Gas out

Elllera..or Afterburner or

30'C·~"C

Figure 1 - Odour control system for exhausts with
steam

SCRUBBER TYPES

Clean gas

~

Scrubbing
liquid in
Packing
elements
Gas distributor
and packing
support
Centrifugal
entrainment
separator
Scrubbing
liquid out

'

Dirty
water

Venturi scrubber

Packed bed demlster/deduster
~ 2- Scrubber types
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2.3 Afterburners

In order for the scrubbers to be effective, the
correct combinations of chemicals must be used as
shown in Table 2 (Snow 1975).

Afterburning is a widely used method. This method
of odour destruction works well provided the
afterburner is well designed and the afterburning
parameters are adhered to.

For rendering plant applications, an acid pre-wash
(by using dilute sulphuric acid, pH 1.6) is used in
the first stage scrubber. This prevents the generation
of odorous chlorinated compounds from ammonia
and amines. Then, a second stage scrubbing is
required with strong alkaline (pH 12-13) sodium
hypochlorite with considerable excess of available
chlorine.

Two parameters are required: a residence time and
a minimum temperature.
Figure 3 shows the effect of the residence time and
temperature combinations.
The minimum requirements are a residence time
of0.5 second and a temperature of?so·c.

Alternatively, in the first stage scrubbing acidic
sodium hypochlorite is used (pH 5.0) together
with sodium hydrogen sulphite to remove aldehydes
followed by sodium hydroxide (second stage).

In calculating the residence time it is essential to
allow a safety factor of 50% by increasing the
volume of the afterburner and ensuring that the
minimum temperature is achieved by the use of a
temperature controller and a temperature recorder.

Second stage scrubbing is required to give 99%
plus odour reductions.

It is important to note that in chemical scrubbing,
for satisfactory reductions of odour levels, second
stage scrubbing is required with chemicals used in
each stage. Thus chemical scrubbing requires an
annual cost ofchemicals which could be a significant
cost and also the application of the chemicals must
be controlled. Generally, the control of chemical
dosage is not simple.

As the afterburner requires a high temperature the
cost of fuel would be high unless the air is preheated by the use of the final exhaust gases and hot
water is produced for the use in the abattoir.
Figure 4 shows the Flo-dry after burner system
which uses preheat and the cooling of the final

Table 2 - Packed tower experiments with various solutions
SOME RESULTS OF PACKED TOWER EXPERIMENTS WITH VARIOUS SOLUTIONS·
(Source: Snow)

Percentage of odourgnt removed:
·-.

SOLUTION

ODORANT

1

2

30

-to·

8

80-90

c

0

>90
>90

·A

3

4

>90

-ao-

0

>90
10-25

5
>90
10

0

7
10-30

>90

0

0

0

6

D

>9P
>90

E
F

80-90

80

75

40-80

G

0

20

0

25

Odorants
A
"6

c
D

E
F
G

Valeraldehyde (aldehyde)
Trlmeth)llamine tamm·er
Dlpropyl Sulphide (sulphide)
BUtyrlcAcidlfatty aCid)
Butariedone (ketone)
Amyl Alcohol (alcohol)
Heptadiene (unsaturated alkane)

KEYS:
Solutions
1

2
3
4

5
6

7
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75

80

Water
~ sodlorrrHypoctnome
3~ Hydrogen Peroxide
3~ PolosSiui'ffPemanganate
5~ Sodium Bisulphite
5% Hydrochloric ·Acid
5~ Sodium Hydroxide

()..6()
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Relationship between Temperature and Time
on Rate of Pollutant Oxidation
for an AFrERBURNER

Source: Rolke et al.

Figure 3 - Rate ofpollution oxidation for an afterburner

2.4 Rio-filters

exhaust gases to produce hot water. This system
has been operating successfully at PVL Proteins Ltd,
Auckland for the last 3 years. In order to obtain
approval from the relevant licensing authority it was
required to prove the residence time by the use of
isotope tracers and the exhaust gases were tested for
hydrogen sulphide, mercaptans and amines.

A widely used method for reduction of odour is the
bio-filter. The odorous air is passed through a bed
of organic material such as peat moss, compost,
bark, woodchips, rice hulls or a combination of
these. Generally, the substrate is filled with stone
(road metal or scoria) and the organic material is
placed on top of the stones.

The afterburning temperature can be reduced by
the use of a catalyst as shown in Table 3.

In some instances the filling material is soil (Prokop
et al. 1985). Figure 5 gives the arrangement of a
typical bio-filter.

The type of catalysts used are based on platinum.
The cost of the catalyst can be offset by the low
temperature ofoperation. At the lower temperatures
the materials of construction would be less costly.
The catalyst has to be replaced after some time.

The filter material adsorbs the odorous compounds
that are then broken down to non-odorous
compounds by microbial action.

Table 3 - Mterburner time temperature specifications
NON CATALITIC
T emperatute
Residence rime

CATALYfiC

750°C

450°C

0.5 second

0.5 second
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~

RECUPERATOR

c.w.
Figure 4- Flo:.dry afterburner

•
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•
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•

An open porous structure of the bed in
which the pressure drop does not increase.
A good drainage system under the bed to
ensure that the bed is not waterlogged.
Control and recording of the temperature
of the gases entering the bed.

Depending on the strength of the odourants in the
gas the rate of gas through the bio-filters varies
between 10 to 120 m 3/h/m 2 offilterarea.
The bio-filter is an environmental friendly system
with the running costs being mainly the electrical
energy for the fan. Thus this system has been used
extensively in rendering plants around the world.
Generally, the filter life is in excess of 5 years
provided the filter is constructed to the correct
design. As the bio-filter appears to be a fairly
simple system, in many instances amateurish
designs of the bio-filter have been found to fail
mainly by com paction ofthe b io-filter. Tests carried
out on the Flo-dry bio-filter systems both in
Australia and New Zealand have indicated 99%
plus odour reductions.

Figure 5- Typical biofilter
For the efficient operation of bio-filters the
following is necessary:
•
Humidity
•
Oxygen
•
A high count of microbes
An even distribution of the gases through
•
the bed.
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2.5 Dispersion stacks

3. Cost comparison

This method depends on diluting the odours with
air by the use of a stack to such an extent that the
malodours are not detected at ground level or in
buildings occupied by humans.

Table 4 compares the costs of systems that treat
odorous gases.

Table 4 -Annual running cost estimates
Based on 100,000 m 3 /h

It is important to note that the total quantity of the
odorous gases or pollutants are released to the
atmosphere and thus there is an analogy to highly
polluted liquid wastes directed to the sea.

Odour eliminater type

Cost $/year

Scrubber
250,000
Afterburner (No heat recovery) 1,160,000
Afterburner {With heat recovery) 230,000
Biofilter
120,000

However, in certain locations provided the plant,
topographical and meteorological effects are
favourable to this method of odour discharge, the
method could be effective and economical.

As shown in the Table, the bio-filter is the cheapest
to run. In terms of capital costs, bio-filters and
scrubbers are similar. After burners are viable only

The effects of various factors on dispersion stacks
is given in Figure 6.

c·:

LOW STACK GAS DENSITY

IGJERATE ATMOSPHERIC
TUABUI.ENCE
_....,
LOW TO f«)DERATE
v.JN0-5PEED

~~--

(HI,GH ~~~£RATURE)

.:-:S;,$<'
:!:"

HIGH GAS EJECTION SPEED.
HIGH STACK

FAVORABLE BUILDING CONFIGURATION
(1)
FAVORABLE FACTORS

'c) INVERSION LAYER
INVERSION LAYER.

(d) INVERSION BREAKUP:

BEFORE AND AFTER

UNFAVORABLE METEOROLOGICAl· FACTORS
LOW GAS EJECTION

SPEED

LOW STACK
UNFAVORABLE ~
BUILDING
CONFIGURATI~ ~-:-L---1.-~~~

(e)

PLANT FACTORS

(f) TOPOGRAPHICAL FACTOR

UNFAVORABLE PLANT AND TOPOGRAPHICAL FACTORS

Figure 6- Favourable and unfavourable aspects offactors important in air pollution from stacks. (Peny et al)
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if fuel is extremely cheap or if the afterburner is
equipped with heat recovery systems. Generally
the cost ofan afterburner with heat recovery systems
can be 4 to 5 times that of a bio-filter for the same
input volume of odorous gases. Thus, bio-filters
appears to be the best choice provided land is
available and land is cheap.

4. Conclusion
There are a number of proven odour control
technologies for the rendering industry. Thus,
rendering can be carried out without being a public
nuisance. It is important to design the appropriate
system and operate the system with due care and
diligence. Also, the renderer must always strive to
render 'fresh' or 'stabilised' raw material and not
process decaying and putrefying raw material.
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AbaHolr Engineering

PB
Grinders
The PB Series Grinders
have been developed to
provide efficient
operation under
demanding working
conditions. This
multi-functional
machine offers
two-stage operation
combining the features
of a pre-breaker and
grinder, suitable for use on
various types of materials.

Options: • Stainless steel constfi.Jctidfl
• Various holeplate diameters
• Hinged lower shell for easy cleaning

AbaHolr Engineering
2 1 Malua Street, Reservoir, 3073. Melbourne
Ph (03) 9460 2466 Fx (03) 9462 1 1 02
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others because, in the prevailing conditions, it has
a competitive advantage.

In the past, your wastewater discharge licence
conditions specified levels of BODs, suspended
solids and oils and grease which had to be met.
They did not mention nutrients at all.

In the case of the cyanobacteria (blue green algae)
in the Darling, it was the ability of this organism to
manufacture nitrogen from the air (using the sun
as an energy source) and to use the phosphorus
available. This allowed its numbers to grow very
rapidly when other organisms could not do so. It
then overran the system which had virtually ceased
to flow due to drought.

In the near future, nutrients (Nitrogen [N]) and
Phosphorus [P]) will become a major issue, and
levels for these will be specified on your licence.
This will make treatment of your wastewater more
complex and more expensive, It will require a
higher level of operator input to the system.

In conjunction with Rust PPK Pty Ltd, Taylor
Consulting (Australia) Pty Ltd carried out two
research projects on nutrients for the Meat Research
Corporation in 1995. ThesewerepartoftheSpecial
Environmental Issues program run by the
Corporation. The first was concerned with
'Identification of Nutrient Sources, Reduction
Opportunities and Treatment Options, for
Australian Abattoirs and Rendering Plants'. This
aimed to identify where the nutrients were
generated, and to explore the possibilities for
reduction at the source.

Simple pond systems will no longer suffice. Removal
of nitrogen requires mechanical aeration to supply
the required oxygen. Some degree of phosphorus
removal can be achieved biologically; alternatively
the removal of phosphorus requires addition of an
appropriate chemical to make the phosphorus
insoluble, so that it can be removed by settling.
Because the sludge then contains most of the
phosphorus, you will have to be more careful in
disposing of sludge.
The major single source of both Nand Pis blood.
Water in the rendering raw material dissolves blood
and transfers it to the wastewater. Keeping it dry
reduces the overall problem.

The project involved:
•
intensive audits of 3 abattoirs, 2 sheep only
and one mixed kill;
•
additional data drawn from a parallel
program on 2 large beef plants, and further
results from audits we had previously
carried out on a further two (2) beef plants.

The concern with nutrients is that abattoir or
rendering wastewater contains high loadings of
Nitrogen and Phosphorus. All organisms require a
ratio of carbon:nitrogen:phosphorus of approximately 100:6: 1 in order to grow. Bacteria in pond
systems are unable to use all of the N and P
presented to them. So an excess of these goes
through the treatment system and out into the
discharge.

Within this project, we were asked to compare
import and domestic operations, mixed kill and
single species plants, grain fed and grass fed beef,
continuous and batch rendering.

If the discharge is to a stream, this will result in an
excess of nutrients in the stream. Once there, they
may trigger off a 'bloom'- an excess of one kind of
organism which can utilise them. The 'greening' of
the Darling River was a classic case ofthis. A bloom
is a predominance of one type of organism over all

Subsequently, one abattoir (which did not have a
rendering plant when we audited it) installed a
Low Temperature Rendering Plant. A further
project was then undertaken to re-audit this plant,
to give us a 'before and after' picture and to
measure the impact of the wet rendering process
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on the wastewater system and to compare it with
conventional rendering.

giving the best comparability between different
works and species. We feel that the industry should
standardise on this. We expressed usage as tonnes
of water (Kilolitres) per tonne of meat produced.
The range was 3.5 to 11.0 tonnes/tonne.

Sodium, while not a nutrient, was included because
it imposes limitations on irrigation - it is cumulative
in the soil. Main sources are from hide processing,
and from the stomach contents of animals. However,
many abattoirs, particularly in inland situations, are
using water sources which have a high sodium content.

The sample was skewed, in as much as the plants
we audited were mostly well managed. Average
plants probably have greater problems. The range
can be related to plant size- those using least were
small compact plants. Export plants use more
water than domestic.

Methodology
Firstly, I will outline the methodology we used.

The methodology was exhaustive and a huge mass
of data was collected. This was subsequently
analysed giving a mass of results with some of the
major impacts for rendering presented as follows.

We subdivided each plant into eleven basic
operations, although some of these were not
common to all (e.g. casings). We then metered the
flow of water into the plant, into each department,
and to the saveall. We metered the ouflow from
each department, sampled it systematically, and
tested it for organic loading and nutrients.

Nutrient Generation
We were able to rank the sources of Sodium,
COD, Nitrogen and Phosphorus in order of
importance, for each wastewater volume loading
and hence calculate the daily mass produced, The
figures demonstrate that rendering operations are
the major source oforganic loadings and nutrients.

We tested for COD (Chemical Oxygen Demand)
rather than for BOD 5 (Bio-chemical Oxygen
Demand). The chemical test is reasonably quick
and consistently accurate. The BOD test takes five
days, and gives variable results on high-strength
wastewater. The two can be related, but this is also
variable, dependant also on the 'age' of the
wastewater. This can be confusing so we settled for
the COD measurement universally. As a result of
metering and testing, we were able to establish an
excellent data base on:
•
water usage by each department;
•
the effluent quality from each department;
•
nutrient generation by each process/
department.

Rendering produces 5-10% of the wastewater
volume, but ranked:
•
No. 1 in COD (BOD)
•
No. 1 in Nitrogen
•
No. 2 in Phosphorus
•
No. 6 in Sodium.
Nutrients are a major problem for irrigation. Since
plants can only use a certain amount, the balance·
tends to accumulate in the soil. Where areas have
been irrigated for a period of many years, they may
be so overloaded that irrigation needs to be
discontinued. Most plants are putting too much
water onto too small a land area.

Previously, the only detailed figures available to
guide abattoir designers were 1957 figures from
South Africa. These did not include nutrients.
We found comparisons between works on a 'litres
per cattle kill equivalent (CKE)' basis to be useless.
One cow does not equal 6 sheep or 2.5 pigs on a
water use basis. Animal weights can vary
significantly, for example, a lot-fed cow is
substantially different in size from a grass-fed cow.

EPAs now require you to demonstrate that
irrigation is sustainable. This involves testing the
soil to establish the nutrient status, and preparing
an annual 'nutrient budget' showing how much
will be applied. If the amount is beyond the ability
of the soil to accept, nutrients must be reduced in
treatment i.e. the treatment plant must be modified.
Alternatively, more land must be brought under
irrigation to spread the load. Groundwater
monitoring points must also be set up to ensure
that groundwater is not being contaminated.

Also, there are a variety of equivalence systems
used by various industry bodies, which are all
different. So, ultimately, we standardised on weight
at the scale (Hot Standard Carcase Weight) as
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•

Excess nutrients can modify the soil, adversely
affect trees, and pollute groundwater. Growing
crops on irrigated areas helps reduce nutrients if
the crops are harvested and removed off site. If
crops are grazed, the bulk of the nutrients are
recycled onto the land again through manure.

•

N was then multiplied by 6.25 to
express it as 100% protein;
we doubled this to express it as 50%
protein meal equivalent.

One of the large plants showed a product
loss equivalent to $500,000/year. This is
serious stuff. It indicates that the energy
saved may be better applied to
concentrating the waste stream and
recovering it as product.

After treatment, wastewater is disposed of by:
(a) irrigation onto land;
(b) discharge to sewer. Few abattoirs utilise
sewer discharge, but it is not uncommon
for 'stand alone' rendering plants;
(c) discharge to an inland stream or, in some
cases, to tidal water.

(b) Tallow refining is a source offat loss to the
system. Selection of the right type of
polishing centrifuge can reduce this. Water
washing wastes up to 10% of the tallow.

Nutrient sources from rendering

(c)
Inevitably, easily identified point sources -sewage
treatment plants, abattoirs and intensive animal
industries (piggeries, feedlots) are being subjected
to increasing regulation. Diffused sources - and
Australia uses huge amounts of P in agriculture have so far been left in the too hard basket. Direct
discharge into inland streams has virtually ceased.

Blood coagulation water is a source of both
Nand P. Again, the loss and costs have to
be balanced against fuel costs to evaporate
the water.

(d) Entrainment trap discharge is high in
ammonia and protein breakdown products.
Economic recovery of this appears
improbable.

Since all site audits identified the rendering plant
as the major source of pollutant a:nd nutrient
loadings, we then re-audited the rendering
operations. We further subdivided rendering into
the following four sources:
(a) raw materials bin drainage;
(b) tallow processing (washing and polishing);
(c) blood coagulation water;
(d) entrainment trap discharge/cooker fume
condensate.

As mentioned, the rendering plant was consistently
the major source of wastewater and nutrient
loadings, despite its relatively small volume
(generally around 5-10% of the total waste water).
So it is a very concentrated stream.
Thus, there is a very strong case for:
(i) evaluation of separate treatment of the
rendering stream;
(ii) concentrating it by evaporation and
returning it to process.

These were then sampled and tested.
The losses of protein to the drainage system (and
the costs incurred in treating it before disposal) are
a significant loss of sales revenue.

Major conclusions were:
(a) Leakage from the raw material bin.
Bins are generally designed by
manufacturers to allow water to drain off,
thereby reducing the moisture content of
the feed to the cooker. This saves energy
being wasted in evaporating excess water.
Problems relating to drainage of RIM bins
have occurred at both redmeat and chicken
plants.

The sewer has become too costly as a means of
disposal for this kind of waste. Sydney Water is
assessing Phosphorus at over $50/kg for acceptance
at sewage treatment plants discharging to inland
waterways (depending upon concentration). For a
large bacon and sausage factory using large amounts
of phosphates as emulsifiers, this could mean $1m/
year in trade waste charges for this item alone.

To assess the cost involved:
•
we tested the drainage wastewater for
nitrogen;

Most abattoir wastewater treatment plants are
overloaded, since they hav~ not been augmented as
the plant has expanded. Removing a major part of
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the loading out of the waste stream by treating
rendering waste separately may mean that the plant
can then cope comfortably with the residual load.
It should be noted that:
Typically, most abattoir waste treatment
systems are built around an anaerobic pond
as the main load remover viz. 85-90%.
This is known as a 'rougher' and the·
aerobic pond as a 'polisher'.
Pond wastewater treatment systems were designed
to remove COD/BOD and do a fair job. But they
have virtually no effect on nutrient removal.
They do have one major undesirable effect.
Anaerobic ponds change almost all the nitrogen to
ammonia which goes through the system to
discharge. Ammonia is toxic to fish. Where
facultative ponds are used, they depend on algae
for BOD removal. Heavy algal growth tends to
raise the pH, often as high as 9. At this level,
ammonia is up to 10 times more reactive than at
pH 6.5. So fish kills are more likely when the
wastewater reaches waterways.

Low Temperature Rendering
We found very little difference in nutrient
generation between continuous and batch high
temperature rendering. However Low Temperature
Wet Rendering (LTR) produced very much higher
COD loadings than high temperature systems. In
the tougher regulatory climate now prevailing,
LTR Systems are seen as preferable for sites subject
to urban encroachment. But there are disadvantages. The comparatively lower and more
easily controlled process odour problems are
balanced by a higher volume of heavily polluted
water at elevated temperatures to be disposed of.
Some reduction ofwater volumes can be achieved by
adjustment of the polishing centrifuge. The case for
concentration of stickwater by evaporation is strong
for the low temperature process and is currently being
evaluated by an MRC funded project.
Research should be concentrated on developing
separate and specific treatment systems for rending
wastewater. A strong stream which is only 5-10%
of the total can be treated separately, and this
removes a large load from the existing treatment
system. Processes such as ammonia stripping,
previously regarded as a too high cost option for
abattoir wastewater, may be a sensible choice for
the treatment of the rendering stream.
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Effluent Treatment and Control in
Rendering Plants
Peter Husband
Australian Meat Technology Pty Ltd

Introduction

basic steps necessary to comply with environmental
regulations.

The meat industry and the rendering industry are
largely synonymous in respect of the type effluent
they produce. This is no surprise given that most
rendering plants, in Australia at least, are associated
with meatworks. However, even where rendering
plants are freestanding, the material they process is
derived mostly from meatworks and downstream
meat processors, so the content ofany liquid effluent
stream is going to contain much the same material
in either case.

In recent years the community focus on
environmental issues has increased to the extent
that it now occupies an important place in the
minds of politicians, regulators and industry
management alike. New legislation has increased
industry awareness of its environmental position
and forced management everywhere to pay serious
attention to measures necessary to minimise waste
and to improve the performance of treatment
systems. In addition to these new concerns, industry
is also having to pay attention to the systems used
traditionally to treat effluent. This is necessary so
that the performance of traditional systems can be
optimised and their role in a modern treatment
system justified.

Meatworks and rendering plant operations generate
an almost purely biological effluent. It does not
contain pollutants such as heavy metals or toxic
organic compounds. The effluent stream from a
meat processing/ rendering operation contains waste
material from operations such as livestock washing,
carcase trimming, rendering raw material size
reduction, blood recovery and gut emptying. All of
this material comes from some part of the carcase
and is thus organic in origin. Little if anything in
a meatworks effluent stream is from any source
other than the carcases being processed, except for
small quantities of detergents and water treatment
chemicals.

This paper will consider the treatment of
meatworks/ rendering plant effluent in this modern
context. The typical quality of effluent will be
reviewed, together with the quality targets now
required. The methods of achieving these targets
will be discussed.
Because most rendering plants are operated together
with a meatworks in a combined operation, this
combination will be the main focus of the
discussion. Special reference will be made to free
standing renderers as appropriate.

Notwithstanding the relatively benign nature of
meatworks effluent, the industry has been perceived
for a long time by the community as a polluter.
This perception has been reinforced by the visual
impact of fat and blood in a effluent stream, and
the odour problem sometimes associated with
rendering operations and wastewater treatment
systems.

Typical Quality of Effluent
As already indicated, the_ effluent discharged from
arenderingplant, orameatworks (withorwithout
rendering) comprises mostly waste materials of
organic origin. This material is mostly fat and
protein, tissue residues and small amounts of other
compounds including salt. Most rendering plants
are associated with meatworks and a proximate
analysis of a composite effluent from a combined
operation is tabulated in Table 1.

One problem the industry has had over the years is
that it has never really made an effort to correct the
community perception of it as a polluter. The
industry has preferred instead to focus on the
business of meat production and/ or rendering and
it has dealt with community problems as they
arose. In many cases, industry has taken only the
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Table 1
Analysis of Effluent Meatworks/
Rendering Plant
BOD
Total Solids
Suspended Solids
Settlable Solids
Fat
pH

Nutrients - the New Quality
Criteria

2,000 mg/L
3,500 mg/L
2,000 mg/L
40 mg/L
1,700 mg/L
7.3

As the focus on environmental matters has increased

across industry and the community generally, the
nature and composition of various effluents has
come under close scrutiny.
In the past, the strength of meatworks/rendering
plant effluent has been defined in terms of BOD/
fat/suspended solids. Licence conditions (where
they existed) were set accordingly. A standard
licence condition was 20 mg/L BOD, 30 mg/L
solids, often without reference to fat. In more
recent times, it has become clear that the nutrient
content of some wastewater, including that from
meatworks/rendering plants and from domestic
sewage, is potentially of greater concern than the
BOD and solids criteria historically used to assess
strength. Problems of widespread algal blooms in
some inland river systems and some semi-enclosed
estuarine waterways, have given rise to this concern.

On the basis of this analysis, the effluent could be
described as a medium strength biological waste.
Effluent from a free-standing rendering plant is
likely to be higher strength, especially in respect of
BOD and solids. BOD may be of the order of
15,000 to 20,000 mg/L. Effluent volume will
however be very much less. Even at these levels
rendering plant effluent is lower than some
biological wastes. Rum distillery dunda for example,
has a BOD of the order of30,000 to 100,000 mg/L.
At the other end of the effluent strength spectrum,
domestic sewage could be defined as low strength
with a BOD of the order of 300 mg/L. It is clear
when taken in perspective, that meatworks/
rendering plant effluent is not the concentrated
source of pollution that it is often perceived to be.

The change in emphasis has had a significant
impact on the meat processing industry and
rendering industry. More than ever before
environmental issues are being seen as important
management issues. Studies have been undertaken
to identify and quantify nutrient sources in
meatworks/rendering plants and the preceding
paper 'Pollution Loads in Rendering Plants' has
reported the results of surveys at several plants.

Meatworks/rendering plants generate a medium
strength biological effluent. It contains no heavy
metals or toxic organic compounds.
The description of this effluent as medium strength
is a comparative one and is actually at variance
with some definitions that have set thresholds for
effluent strength. In New South Wales for example,
a set of draft guidelines for effluent irrigation has
been prepared and these guidelines include a
classification for effluent strength, including BOD
levels as follows:

•
•
•

Low strength
Medium strength
High strength

The overwhelming conclusion from those studies
is that a meatworks/rendering plant operation
generates a significant effluent nutrient load. Data
from the above study, and others, indicates that a
typical meatworks/ rendering plant effluent stream
has a nutrient content as tabulated in Table 2.

<40 mg/L
40 - 1500 mg/L
>1500 mg/L

Table 2
Nutrient Content, Sodium contentMeatworks/Rendering Plant Effluent
Nitrogen
250 mg/L
Phosphorus
50 mg/L
Sodium
100 mg/L
These figures contrast with the strength threshold
figures in the New South Wales draft Effluent
Irrigation Guidelines, referred to earlier, as follows:

Notwithstanding that effluent from an effective
primary treatment plant (solids and fat removed)
would be less than 1500 mg/L BOD, it can still be
argued that these thresholds appear to be somewhat
arbitrary and that they should be increased to
better reflect the relative strength of meatworks/
rendering plant effluent.

Nitrogen
• Low strength
• Medium strength
• High strength
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Phosphorus

<50 mg/L
<10 mg/L
50- 100 mg/L 10-20 mg/L
>100 mg/L >20 mg/L

Effluent treatment and control in rendering plants
•

Whilst there is still some justification for suggesting
that these figures are somewhat conservative, it is
dear from a comparison with the suggested thresholds
for BOD and suspended solids, that the relative
strength of the effluent nutrient content is of greater
significance than the BOD or total solids content.

Nutrients- Planning a Target
Level

Other findings of significance from the nutrient
studies include confirmation and quantification of
the long held view that a large proportion of the
effluent load on a meatworks comes from the
rendering plant. It is clear from the data generated
by this study that the rendering plant is responsible
for as little as 10% of the effluent flow but can be
responsible for up to 90% of the effluent load,
especially the nutrient load.

Discharge to Waterway
If treated effluent is to be discharged to a waterway,
the target should be maximum feasible removal
efficiency because restrictions on this method of
discharge will inevitably become more severe. This
is already one of the most important considerations
for site selection of a new meatworks/rendering
plant project.

Targets for Quality of Treated
Effluent

Regulations and guidelines vary from State to
State, however as a general rule, discharged effluent
quality has to be such that it does not reduce the
quality of the receiving water. This means that a
high degree of treatment is required, aimed at
achieving the following:

The target for treated effluent quality will be
determined largely by localised factors including
ultimate disposal method. A plant discharging to
sewer may have to treat its effluent to a different
extent (depending on discharge cost structures)
than a plant discharging to an irrigation system or
ultimately to a waterway.

•

•
•
•

Either way, the setting of targets for effluent quality
has as much to do with prevention as it has to do
with treatment. The prevention approach is
consistent with the concept of' cleaner production'
that is being recognised increasingly as being not
just fashionable environmental terminology, but
in the case of a rendering plant, an effective means
of improving product yield and value as well as
reducing the pollution load in the effluent.
Cleaner production is:
AND

•

Collect drainings from rendering raw
material bins and screws and direct this to
rendering, not the effluent system.

<20
<30
<20
<10

mg/L
mg/L
mg/L
mg/L

Discharge to Sewer
If effluent is to be discharged to a sewer it will not
be necessary to treat the effluent to the same extent
as that required for discharge to a waterway.
The target treatment level will be determined by
the cost/ concentration thresholds set by the
receiving authority. In generai terms this means
that the necessary degree of treatment may be
satisfied by a good primary treatment system,
possibly accompanied by some degree of chemical
treatment, to achieve the following:

The studies referred to above have identified specific
sources of nutrient:.. These sources need to be
addressed as the first step towards production of a
higher quality effluent. By way of illustration,
three significant areas of nutrient source reduction
are as follows:
Maximise blood collection and reduce the
amount of waste blood washed into the
effluent system.

BOD
Suspended Solids
Total Nitrogen
Total Phosphorus

In many cases the required standards will be lower
than these figures.

Reducing waste load
Improving product
quality end yield

•

Dry dump paunch, separately handle the
solids (for example composting) and direct
the liquid to the rendering plant effluent
stream, not the kill floor effluent stream, if
the two are to be treated separately.

•
•

BOD
Suspended solids

<500 mg/L
<500 mg/L

The extent of nutrient removal will be determined
by the chemical treatment process if one is used
and whether or not nutrients are a part of the
discharge criteria.
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Discharge to Irrigation

Methods of Treatment

The most appropriate method of ultimate disposal
of effluent is to an on-site or adjacent irrigation
system. The pre-treatment required will be
determined by a number of factors ranging from
climatic conditions to soil types and amount of
land available. Herein lies a classic meat industry
paradox. The effluent contains no toxins nor heavy
metal pollutants and apart from a few exceptions,
the salt content is within acceptable limits. On the
other hand, nutrients are necessary for an effective
irrigation system. However the nutrient load in
the effluent presents a problem. The problem is
that the nutrient concentration is too high (fable
2). It is approximately twice the concentration
required for an effective irrigation system.

To treat the effluent from a meatworks/rendering
plant operation, careful planning together with an
understanding of the appropriate options will be
necessary to ensure the most cost effective treatment
system is chosen.

Historical Perspective
For many years the meat industry has relied on
primary treatment to remove fat and gross solids,
followed by ponding systems to remove BOD and
suspended solids. The apparent simplicity,
effectiveness and resilience of this treatment
scenario led to a situation where plant management
had to pay very little attention to that aspect of the
plant's operations.

Meatworks/rendering plant effluent nutrient level
is too high for direct irrigation
Nutrients must be lowered to ensure sustainable
irrigation

The meat industry/ ren.dering industry is in a period
of transition at present as it adapts to new
environmental ground rules. New systems need to
be developed ensure compliance in this era of
environmental awareness.

The mechanisms of nutrient removal under an
irrigation system are complex. Plants assimilate a
proportion of the nutrients, some of the surplus
nitrogen is oxidised by soil microorganisms and
some surplus phosphorus is absorbed into the soil
profile. Information on methods for optimum
irrigation system design are contained in documents .
such as the draft New South Wales Effluent
Irrigation Guidelines referred to earlier, the
Victorian Effluent Irrigation Guidelines and in a
manual published by the Meat Research Corporation dealing with the design of irrigation systems
specifically for meatworkslrendering plant effluent.

Industry managers have to accept that gaining a
better understanding ofeffluent treatment systems
is a necessary part of meeting the challenge. In so
doing, they will be in a position to defend the use
of traditional cost-effective technology such as
anaerobic ponds. If this important issue is not
addressed, many operators may find themselves
being forced to adopt sophisticated and expensive
systems in order to satisfy new regulatory
requirements because traditional systems may not
be seen by regulatory agencies as being appropriate.
A lack of knowledge necessary to justify their
continued use may contribute to their having to be
abandoned in some cases.

The target effluent load for an irrigation system is
to be determined by factors such as available land
area, ambient rainfall and selected plant types.
The ultimate target for effluent strength is for very
low nutrient levels, but even then direct discharge
to the surrounding environment may not be
permitted. The target nutrient level for discharge
to an irrigation system should be such that hydraulic
loading becomes the main design criteria, not
nutrient load. In a typical situation this may be of
the order of:
20- 100 mg/L
• Nitrogen
10-20 mg/L
• Phosphorus

Primary Treatment
The proper design and management of the primary
effluent treatment system is the essential first stage
of ensuring effluent is treated in the most efficient
and cost effective manner possible. Notwithstanding the changes that have been brought
about in the way effluent is controlled and treated
in other areas of the plant as a result of changed
environmental circumstances, the primary
treatment system for a meatworks/rendering plant
operation remains largely unchanged.

with BOD and suspended solids that is consistent
with the reduction of nutrients to the above level.
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Secondary Treatment

The primary system is designed to remove gross
solids and fat from the effluent and this is done in
a two-stage process.

The focus of the traditional secondary treatment
system is the anaerobic pond. Anaerobic ponds are
largely self sufficient, they are cheap to construct
and so long as the primary treatment system is
effectively managed, they will perform at near
optimal levels for periods in excess of fifteen years.

Screens
Screens are used to remove solids. Different types
of screens are used to r~move solids from different
sources. Fat laden effluent should be screened
through a rotating trommel screen with th~ capacity
to wash and clean the screen once it has become
blinded by fat residue. Where fat is not a problem,
vibrating screens, or static screens can be used to
remove pieces of tissue and gut solids from the
effluent.

Anaerobic ponds are still the legitimate basis for
meatworkslrendering plant biological effluent
treatment systems

Anaerobic ponds are very effective digesters of
BOD in most forms. They generate a residue
which accumulates as sludge on the bottom of the
pond, however the net volume of the sludge is
relatively small provided gross solids are removed
during primary treatment. Anaerobic ponds are
not effective digesters of fat and paunch solids.
Both of these tend to float on the pond and form
a crust. Cellulose (grass) is very slow to digest, and
fats tends to polymerise to form waxes that also
deteriorate only slowly. In short, pond life will also
be shortened by the discharge into them of excessive
quantities of fat and paunch material that will
result in excessive crust formation.

Saveall and Catch Pits
Manure and paunch solids can be removed from
the effluent in catch basins which allow the solids
to settle and which can be drained and manually
cleaned.
Following effective screening, fat is removed from
the effluent by either a simple saveall or a more
sophisticated dissolved air flotation (DAF) system.
A simple saveall system is most suitable for small
operations and even a manually cleaned catch pit
may be the best option in some cases. A catch pit
used in this way would require regular cleaning
(daily) whereas a catch pit used for manure solids
collection may not need to be cleaned for extended
periods.

Alternative methods of disposal of fat and paunch
content are necessary for normal operation, however
both are essential ingredients for the formation of
an effective pond crust in the first place. Thus a
new anaerobic pond should be fed effluent that bypasses the primary treatment system for a six to
eight week commissioning period. Once the crust
has formed, effective primary treatment should be
reintroduced.

Dissolved Air Flotation
Large throughput plants can derive benefit from
more efficient fat recovery and in these cases a DAF
unit can be used. A DAF functions in a similar
manner to a saveall, however, its performance is
enhanced by dissolving air in the liquid effluent
stream under pressure and releasing this pres.sure
in the DAF unit, resulting in the formation of
micro bubbles that facilitate flotation of fat
particles.

An effective pond crust will mostly be sustained by
the solids and fat that are not removed by primary
treatment during normal operations. The condition
of the crust should nevertheless be monitored
visually for signs of deterioration because it may be
necessary from time to time to send untreated
effluent to the anaerobic pond for a period of
weeks in order to re-establish a crust that has
deteriorated due to the lack of sufficient residual
solids in the primary effluent stream.

Fat recovered from the primary effluent treatment
systems should be reprocessed as quickly as possible
to reduce the risk of excessive free fatty acid
formation.

Basic design criteria for anaerobic ponds and pond
systems generally, are contained in the manual
'Abattoir Wastewater and Odour Management'.

Basic design criteria for the components ofa primary
effluent treatment system are contained in the
manual 'Abattoir Wastewater and Odour
Management'.
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Odour Control in Anaerobic Ponds

period is all that should be necessary. Adequate
design and proper management should ensure that
the subsequent operation of the pond will not
cause problems.

An anaerobic pond system that is not properly
designed and/ or managed may be the source of
odour complaint. This question needs to be
carefully addressed.

Anaerobic Pond Shortcomings

The anaerobic pond in a meatworks/rendering
plant application is a unique device. Any effluent
pond of sufficient depth will be anaerobic below
approximately one meter from the surface. The
crust that forms on an anaerobic pond acts as a
protective blanket and insulator and allows the
pond to be more uniformly anaerobic throughout.

Traditional ponding systems have a major
shortcoming that is significant in the modern
context. Whilst they are very good at removing
BOD, they are notvetygood at removing nutrients.
Together with a tendency for a poorly managed
system to give rise to odour problems, the lack of
effective nutrient removal has led to the suggestion
that they are no longer an appropriate means of
treating meatworks/rendering plant effluent. This
view is being actively put forward by some who lack
the necessary understanding ofthe role and operation
of the anaerobic pond in these circumstances.

It is this crust that sets a meatworks/rendering
plant anaerobic pond apart. The crust is made up
essentially of two components, paunch manure
and fat. Paunch manure comes from various gut
washing operations, and waste fat is lost from
rendering plant tallow washing operations.

Nutrient Removal

The crust on an anaerobic pond not only acts as a
blanket, even more importantly it acts as an odour
barrier. The mechanism of the odour barrier effect
is not fully understood, however it has been
observed many times that well-designed and
managed anaerobic ponds do not cause an odour
nuisance. The role of the crust in this context is
that of a biofilter, given the semi porous matrix of
paunch material and fat that comprise the crust.
Hence, if a pond is managed in such a way that a
good crust is developed and sustained, odour
nuisance should be avoided.

The most important point at which to begin the
process of nutrient removal from effluent is at the
source. This approach applies to all sources of
effluent loading, however, the imperatives are
becoming greater in respect of nutrients than they
are with of fat or BOD. Fat in the effluent stream
represents an obvious commercial loss but it can be
recovered easily by the primary treatment system.
BOD on the other hand, cannot be recovered as
such but it can be treated in a cost effective manner
in an anaerobic pond. Nutrients are somewhat
different in that they both represent a commercial
loss and they are more difficult and more expensive
to treat than other components of the effluent.

Covers for Anaerobic Ponds
The question of anaerobic pond covers has received
some attention in recent years and there is already
evidence of regulatory agencies insisting upon their
use in some circumstances. Pond covers and
associated gas collection equipment are expensive
and whilst it gives the opportunity for gas recovery
and use, it is by no means certain that the return
justifies their widespread use on that basis.

The need to treat nutrient loadings at source is
especially important to rendering operations
because such a large proportion of the nutrient
load enters the effluent stream from rendering and
associated activities.

To the extent that odour can be a problem during
the commissioning of an anaerobic pond, steps
may need to be taken, depending on the proximity
of residential development, to avoid such odour
causing a nuisance. In this case a cover is the best
alternative. The cost of a cover that can withstand
prolonged exposure to the elements is extremely
high. However, a cost effective temporary cover
designed to last the duration of the commissioning

Source Separation

Having optimised nutrient source reduction, the
nutrient content of the effluent should be
significantly lower than the levels tabulated in
Table 2, however, there is no data to help define
exactly what the optimal level is.

The traditional method of effluent disposal from a
meatworks/rendering plant operation has been to
send almost all liquid waste to the treatment system
via the one pipe. The exception to this rule is the
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paunch content which is generally screened
separately to remove the solids before the liquid
fraction is sent to the effluent treatment system.
Yard washings may be treated in a manner similar
to paunch material.

Phosphorus can be removed from effluent by either:
•
•

Biological treatment
Chemical treatment

Unlike nitrogen, however, where the biological
process is favoured, biological removal of
phosphorus can be difficult. The absorption of
phosphorus by microorganisms involves firstly the
release of phosphorus by them to provide the
energy they need to reabsorb phosphorus with a
net increase in the amount absorbed. The difference
is referred to as luxury uptake of phosphorus,
which is thus removed from the system by removing
the sludge. Care is necessary in managing biological
phosphorus removal systems, because conditions
can occur where the microorganisms (sludge) can
re-release phosphorus back into the effluent system.
Notwithstanding these difficulties, some phosphorus is still removed during biological treatment
processes.

The study reported in the preceding paper has
highlighted the extent to which the rendering
plant and associated operations are responsible for
most of the nutrient load. These operations also
generate the lowest volume of effluent so it follows
that if the streams were to be contained separately
from the rest of the plant, the potential would exist
to more efficiently treat a low volume high
concentration effluent stream.
This concept ofstream splitting has been suggested
as a potentially valuable option and proposals have
been put forward to support, evaluate and
demonstrate this option for industry. Given the
infrastructure necessary to separate effluent streams,
the concept would best be tested in a new plant.
This could be done at minimal extra cost and the
value of the stream splitting option determined in
terms of justifying or otherwise, the cost of
upgrading existing facilities to enable a high
strength stream to be treated or at least pre-treated
separately from a low strength stream:

Another drawback with biological phosphorus
removal is that a very high carbon to phosphorus
ratio of 10:1 is required. This in turn is costly to
treat in terms of oxygen requirements (see later
under nitrogen removal).
Chemical removal of phosphorus is a more reliable
method where a high level of removal is necessary,
however, the cost of chemical treatment and the
subsequent cost of processing the sludge is
significant. Phosphorus can be precipitated with
lime. Iron or aluminium salts can also be used to
remove phosphorus.

Effluent source separation (stream splitting) will
provide opportunities to more efficiently treat
different waste streams
Situations will exist in some plants where some
degree of stream splitting may be achievable at
minimal cost. Where stream separation is possible,
the streams that should be considered for
segregation should include:
•
Rendering plant
•
Paunch washing
•
Blood collection and wash down

Given the difficulty associated with removing
phosphorus it must be recognised that removal of
the main sources of phosphorus by blood recovery
and dry dumping of paunch, are options that
deserve serious consideration. Further information
on phosphorus removal is to be found in the text
'Industrial Water Pollution Control'.

Phosphorus
One of the main advantages of the stream splitting
option would be the ability to chemically treat the
low volume high strength stream to maximise the
efficiency of phosphorus removal. BOD and
nitrogen loads would also be reduced significantly
in a treatment system such as this. Irrespective of
whether stream splitting is practised or not,
chemical treatment for the removal of phosphorus
may be necessary if very low levels of phosphorus
are required. The target phosphorus level will be
determined by ultimate discharge practice.

Nitrogen Removal
The most significant function of the meatworks/
rendering plant effluent treatment system, in terms
of modern environmental problems, is probably
its capacity to remove nitrogen. The concentration
of nitrogen in the effluent can be quite high,
especially in rendering plant effluent. Like
phosphorus, nitrogen can be contained to a large
extent at source and every effort should be made to
do so. However, given that the concentration of
nitrogen in the effluent stream will still be signifi71
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cant, its removal is an important consideration. The
biological process of nitrification/de-nitrification
is the method of choice for nitrogen removal.

BOD very effectively. So effective is an anaerobic
pond at BOD removal in fact, that there is
insufficient organic carbon left in the effluent
from an anaerobic pond to facilitate the
denitrification process.

Nitrification - Denitrification

This scenario is the basis for some of the criticism
that anaerobic ponds are inappropriate in a modern
environmental context for treating meatworks/
rendering plant effluent. The criticism is based on
the fact that not only do the ponds not remove
nitrogen, but they do remove the BOD that could
otherwise facilitate nitrogen removed at a later
stage.

Anaerobic ponds do not remove nitrogen, rather
they convert virtually all of the nitrogen in the
effluent to ammonia. In order to remove this
ammonia, it must first be oxidised to nitrate, then
the nitrate must be reduced to nitrogen gas.
This two-stage process is called nitrificationdenitrification.
Specific types of bacteria are responsible for
performing the nitrification function via a two
stage process that can be summarised as follows:
Nitrification:
•
Nitrosomonas bacteria oxidise ammonia to
nitrite
•
Nitrobacter bacteria oxidise nitrite to nitrate.

The solution to this problem lies in the careful
adaptation of suitable technology to meatworks/
rendering plant requirements. There is a risk under
these circumstances that an optimal solution can
be overlooked through either a lack of sufficient
understanding of the application concerned, or a
lack ofwill to accept a 'simple' solution in preference
to a more 'high-tech' solution. This is an example
of the need to carefully follow the BATEA (best
available technology economically available)
approach when assessing options for treatment
systems. The emphasis should be on the 'E' in
BATEA.

These microorganisms are autotrophic, meaning that
they do not need an organic carbon source for growth.
They do, however, need oxygen and the amount they
need is far greater relatively speaking than the amount
of oxygen necessary to stabilise BOD.
The second phase of the process, namely
denitrification, is performed under anoxic
conditions (lack of oxygen) by microorganisms
that are hetrotrophic. These microorganisms need
a source of organic carbon. The most convenient
source of organic carbon for microorganisms that
perform the denitrification function and similarly
those hetrotrophic microorganisms that can be
used for the biological removal of phosphorus
(refer to earlier section), is the BOD that is present
in the meatworks/ rendering plant effluent stream.
BOD in this type of effluent is made up mainly of
soluble protein, which can be utilised by the
microorganisms as a source of carbon.

The solution to meatworks/rendering plant
effiuent treatment is to balance and link the
operation of the traditional anaerobic pond with a
purpose adapted nitrification/ denitrification
process

Whilst it is accepted that the anaerobic pond is the
optimal system for BOD removal, it is necessary to
forgo some of this removal capacity to provide the
BOD necessary to facilitate the nitrogen removal
process.

The capacity of an effluent treatment system to
remove nitrogen can often be built into an existing
system, thus preserving the intrinsic quality of the
existing system whilst adding the necessary extra
function of nitrogen removal.

Several options for nitrogen removal from
meatworks/rendering plant effluent have been
proposed, however, the most cost effective utilises
the principle of the sequenced batch reactor (SBR).
This mechanism utilises a single pond to provide,
in sequence, the oxidising conditions followed by
the anoxic conditions that are necessary to complete
the nitrification denitrification process. Alternatives
to this SBR approach include multi-stage systems
that provide the different conditions at different
stages of the process.

It has already been stated that anaerobic ponds do
not remove nitrogen, however, they do remove

A nitrogen removal system has been developed
jointly by Australian Meat Technology Pty Ltd

Building in Nitrogen Removal
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Activated Sludge Application

and CSIRO, specifically for meatworks/rendering
plant applications. The system is based on the SBR
approach and it has been commissioned to treat
meatworks effluent. The emphasis on the design of
this system is ease of operation and cost
effectiveness.

Activated sludge applications can also be expected
to remove nitrogen, however, the design of the
oxygen supply needs to be carefully assessed,
especially if nitrogen loadings are likely to be high.
Traditional design criteria for activated sludge
systems have been based on BOD removal and
have not taken into account the oxygen demand of
the nitrification process. Two points need to be
recognised in relation to activated sludge systems.
Firstly, the BOD from raw effluent in the mixed
liquor in the pond is available for denitrification
and secondly, an oxygen gradient is said to exist
through flock panicles in the pond such that at the
centre of the flock particles, conditions are
sufficiently anoxic for denitrification to occur.

A nitrogen removal system utilising the SBR
approach can be a simple cost effective solution.
The oxygen requirements for the nitrification
process are provided by mechanical aerators. Other
options include the introduction of air by diffusion
or the direct injection of oxygen into the system.
The amount of oxygen used in the nitrification
process for a unit quantity of nitrogen, is almost
five times the amount required to stabilise an
equivalent quantity of BOD:
•
BOD stabilisation 1.0 mg 0/mg BOD
•
Nitrification
4.33 mg 0/mg
ammonia nitrogen

This phenomena is not justification in itself for
using energy intensive activated sludge systems in
meatworks/rendering plant applications, but in
cases where anaerobic ponds have been ruled out
by regulatory authorities (e.g. in built-up areas)
activated sludge does have a role and it's
performance needs to be optimised. This is another
example ofthe need to minimise nutrient discharge
at source, especially given that the cost ofoperating
a fully aerated system is so high.

These oxygen requirements clearly illustrate the
merits of reducing nitrogen content of effluent to
a minimum by effectively addressing source
reduction options.
Following nitrification of the effluent, the pond is
allowed to go anoxic by shutting off the oxygen
supply. The residual oxygen is quickly assimilated
and the pond becomes oxygen limited. Under
these conditions the denitrification microorganisms
can reduce the nitrate nitrogen to nitrogen gas, but
they need a supply of organic carbon to do so. This
is provided by sending a by-pass stream of raw
primary treated effluent direct to the SBR
(bypassing the anaerobic pond). The proportion
of the raw effluent stream that has to be sent
straight to the SBR will depend on the concentration of nitrogen in the effluent stream.

Another consideration in this context is the
possibility of a permanently covered anaerobic
pond. The extra cost of a permanent cover and
associated gas collection equipment may be justified
against the cost of operating an energy intensive
fully aerated system.

Irrigation or Final Effluent
If the final effluent from the treatment plant is to
be discharged to a sewer, the discharge specifications
are not likely to be difficult to match. If the
effluent is to be discharged direct to a receiving
water on the other hand, the limits are likely to be
very stringent.

The SBR nitrification, denitrification system is
operated on a twenty-four hour cycle with
approximately equal times for aerated and anoxic
conditions. During the anoxic phase the SBR is
still stirred but not aerated. There is a short period
following the aeration phase each day when the
sludge is allowed to settle and the equivalent of one
days effluent is decanted from the pond.

The third and most likely option is discharge to an
irrigation system and discharge criteria are most
likely to be set according to the design of the
irrigation system itsel£

Nitrogen removal from this process can be expected
to be 90% or greater. Some phosphorus is also
removed in this process with a removal rate around
50%.

Notwithstanding that the effluent strength
threshold suggested in the draft New South Wales
Irrigation Guidelines tend to be conservative, a
properly designed and managed effluent treatment
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•

system based on the principles discussed here should
yield an effluent that falls into the low strength
category defined as follows:
•
Total Nitrogen
<50 mg/L
•
Total Phosphorus
< 10 mg/L
•
BOD
< 40 mg/L
<500 mg/L
• T oral Solids

The necessity to apply modern quality
management principles to environmental
management (ISO 9000- ISO 14000)
needs to be accepted.

In summary, the management of the plant's effluent
treatment system, and the management of the
plant's environmental position in general, has
become an issue requiring the attention of all levels
of company personnel, in a properly structured
way, from the Chairman and Chief Executive to
the operators on the plant.

It is not necessary to treat effluent to the above
levels in order to operate an irrigation system.
Higher levels of nutrients, together with higher
levels of BOD and solids can be handled by
irrigation. There is no single answer to the question
of what needs to be done to process an effluent for
irrigation. This can only be answered once the
concept design of the irrigation system has been
determined.

In this way the significance of new environmental
requirements will be properly recognised, the
necessary operational changes justified and the
continued use of cost effective technology can be
adequately supported.

The relevant point is that almost any effluent
standard, dictated by irrigation system requirefl1ents, can be met using the effluent treatment
systems that are a combination of proven traditional
technology and cost effective new technology
adapted specifically for meat industry use.

References
'Abattoir Waste Water and Odour Management'
Manual- Available through Australian
Meat Technology Pry Ltd
'Industrial Water Pollution Control' (2nd
Edition) W W Eckenfelder Jr Text Published by McGraw-Hill.

Conclusion
The treatment of effluent has become an issue of
significance in the meat industry and rendering
industries in recent years. The need for management
to take an active interest in effluent treatment and
environmental issues generally has become more
and more pronounced with all States now having
introduced new environmental legislation in recent
years.
Industry management has to address the new
environmental situation in a number of ways:
•
Treatment systems must be better
understood.
•
Existing technology has to be justified to
regulators.
•
The need to improve the degree of
treatment has to be recognised.
•
The need to reduce nutrient discharge has
to be acknowledged.
•
The reduction of effluent load at source has
to be addressed.
The need to develop properly integrated
•
(irrigation) disposal systems has to be
considered.
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Recovery of Protein
Tissa Fernando
Flow-Dry Engineering Ltd, New Zealand

1.

Introduction

that if the solids lost in the effluent were recovered
then a saleable meal can be recovered.

Rendering plants generate copious quantities of
effluent. The sources of this effluent are: water
separated from the raw material (condensate,
stickwater), drainings from raw material, washdown water and cooling water.

Table 4 - Daily discharges
BOD5
Total Solids
Suspended Solids
Fat
Protein

Tables 1 and 2 show the quantities of waste water
that can be expected from a typical rendering
plant.

Based on 200 tonne per day of effluent

2. Methods available for
recovering solids from
rendering plant waste water

Table 1 -Waste water from renderiDg
plants
1 Tonneof
Raw Material:
1 Tonneof
Raw Material:
Waste water from d.rainings:

0.6 t - 1.0 t of
waste water
0.5 t water from
product
0.1 t- 0.5 t

The processes that are available for simultaneously
treating the effluent and recovering a saleable
product are:

Table 2 - Daily effluent volumes from a
typical rendering plant
Daily Volume:
Daily Effiuent:

•

•
•

200 tonne of raw material
200 tonne

Evaporation
Ultrafiltration
Chemical/ physical treatment

2.1 Evaporation

As shown in Table 3, the characteristics of the
waste .water vary from plant to plant depending on
the type of raw material, rendering process and the
management of the plant.

This is the conventional method of treating
rendering plant waste water when the effluent is
fairly concentrated such as stickwater at around
3% initial concentration. Types of evaporator us~d
are: falling film, rising film, stirred and forced
circulation. The larger the volume more than one
effect can be employed. The specific steam
consumption (the amount of steam required to
evaporate one kg of water) is the inverse of the
number of effects. Thus, for example, if three
effects were required, the specific steam consumption is 1/3.

Table 3 - Characteristics of effluent
BODs
Suspended Solids
Fat
Protein

3.2 tonne
6.0 tonne
2.6 tonne
0.9 tome
2.5 tome

2,000 g/m3 to 20,000 g/m3
3,000 g/m3 to30,000 g/m3
2,000 g/m3 to 4,500 g/m3
1,000 g/m3 to 15,000 '{/m3

Based on a 200 tonne per day of effluent, the daily
tonnages of the wastes are shown in Table 4. It
should be noted that the 6.0 tonne/day of total
solids can represent 6.0 tonne ·of dried matter or
6.0 tonne of dried meal lost per day! Based on the
2.5 tonne per day of protein lost, the meal lost in
the effluent will be around 42%, which indicates

The final concentration ofthe evaporators is around
20% to 40% and the concentrate is dried to meal
in some form of a dryer noqnally mixed with other
meal which has a particulate nature.
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2.3 Chemical/physical treatment

Waste heat from cookers and or dryers can be
utilized in the waste heat evaporators.

The chemical/physical method involves the use of
chemicals to recover the waste solids and a dissolved
air flotation system (DAF).

Several suppliers such as Stord, Atlas, Niro, and
Wiegand supply evaporators for the rendering
industry.

Many such systems have been employed but the
chemicals used- Ferric Chloride and Alum- have
not been readily acceptable as these products are
toxic above certain levels and thus is not readily
acceptable to be incorporated in stockfeeds.

2.2 Ultrafiltration
This process has been successfully used in the
processing of whey in the dairy industry aiid is
suited for dilute waste streams (total solids below
1%). The permeate which is the clear stream can
have significantly reduced pollutants such as BOD5,
SS and fat.

A new development has been the use of a non-toxic
natural coagulant and a polymer combination in a
SYSDAF system. The SYSDAF system is an efficient
DAF system which does not require a bottom scraper.

The highest concentration of the recovered
'concentrate' is around 20% total solids.

Three of these systems have been installed in three
New Zealand plants. Two of these have been
processing the effluents from rendering plants
including stickwater from Low Temperature
Rendering Plants.

Ultrafiltration has been used to concentrate blood
prior to drying in plants in one plant in New
Zealand and also in Australia.

One plant has been processing the total effluent
from a mixed abattoir except the stickwater.

Ultrafilters are not robust and, hence, the annual
cost of the membranes is costly and the process
requires regular back-flush cycles which create
significant waste water volumes at high strengths.

As shown in Fig. 1, the recovered sludge is thickened
by a decanter to around 30% total solids and
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Figure 1 - Envirojlo protein and fat recovery system
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PUMP

DECANTER

Recovery of protein
by the use of Rotating Bio-logical Contactors and
aClarifiertoproduceafinal treated waterofBOD5
30 g/m3 and SS 30 g/m 3•

mixed with the rendering decanted solids and
dried in a direct -fired Flo-dryer. The drying
temperatures of the Flo-dryers ensure complete
sterilization.

These systems have been installed by Envirofl.o
Ltd, New Zealand and the cost benefit analyses of
a typical system is given in Table 6.

Table 5 - Typical results from DAF
system installed
Influent
BOD 5
Total Solids
Suspended Solids
Oil & Grease
Protein
Ash

Effluent

Reduction

730
4,970
< 10
19
3,000
3,000

94%
81%
>99%
99%
79%
25%

12,170
26,610
15,710
3,360
14,000
4,000

The economics of the system confirms that the
return from the products salvaged from the effluent
stream pays for the system in a short time, typically
1 to 3 years.
In situations where there is an effluent charge
based on waste strengths, the pay back is even
faster.
This technology confirms that meat works and
rendering plants can recover the waste and
beneficially re-use the waste.

As shown in Table 5, the system reduces the
strengths ofthe wastes significantly and the abattoir
waste from the SYSDAF system is further treated

Table 6 - Margins for an Enviroflo DAF unit running over a 45-week period
Sludge Production
Sludge Produced
%Solids
Hours/day
Days per week
Weeks in period
Sludge in period {tonnes)
Coagulant in period (tonnes)
Total Meal Recovered (tonnes)

3.00 m3/h
4.0%w/v
20
6
45
648.00
103.24

Revenue
751.24 - - - > Total Meal Recovered (tonnes)
Value per Tonne
$
Total Revenue

$

390,644.80

Expenses
Chemical
Electricity
Dryer Gas Cost
Mise Dryer Cost
Labour
Overheads
Maintenance

$
$
$
$
$
$
$

71,174.00
29,160.00
61,776.00
5,940.00
32,400.00
5,880.60
27,000.00

Total Expenses

$

233,330.60

Margin

$

157,314.20

% over Expenses
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Research Programs of the Fats and
Proteins Research Foundation Inc.
Gary G. Pearl, DVM
President and Director of Technical Services
The Fats and Proteins Research Foundation is a
non-profit, non-lobbying organization established
in 1962 to coordinate the financial support of
viable research programs that highlight the
attributes of rendered animal by-products and
thereby increase their utilization. The Foundation
is composed and funded by approximately 120
members with varying relationships to the rendering
industry. The primary supporting body is that of
independent renderers, many of which are
international. However, meat and poultry packing
industry members that are engaged in the slaughter
and processing of animals as well as allied industry
serving the rendering and packing sectors are
important contributors to the Foundation efforts.

FPRF coordinates and affiliates with the other
rendering associations of National Renderers
Association (NRA). American Protein Producers
Industry (APPI), and the Canadian Renderers
Association (CRA). FPRF is the research
organization for these associations. In fact, FPRF
is the only North American association that is
specifically organized with a research mission for
all rendered products.
The challenges and opportunities for rendered
animal products are undoubtedly not different in
North America when compared to other locations
in the world. Animal agriculture is likewise
changing worldwide. In North America a most
dramatic evolutionary change is very evident. In
1880 farm residents comprised 43.8% of the US
population with most of that population having
some relationship to both animal and poultry
production. Today only 1.9%ofthe US population
is involved in animal productions. The poultry
industry has led the evolution to complete
integrated operations comprised of a very limited
number of very large producers. The number of
US swine operations has declined since 1983 from
approximately 430,000 farms to less than 220,000
in 1994 with virtually no change in the total
number of hogs produced. The top 37 largest
swine operations in the US are now estimated tQ
produce approximately 30% of the US hogs. There
remains to be approximately 44,000 beef feedlots
in the US, but 1,800 of them finish 87% of the
total cattle. Four major packers process the vast
majority of the total annual slaughter. The number
of dairy cows in the US has declined from 11
million head in 1985 to approximately9.75 million
head in 1994. But the current nation's herd is
producing more total milk than the 1985 herd.

The majority of research projects are implemented
at universities and in the past have been heavily
oriented towards animal nutrition or disease
initiatives. Cooperating researchers are encouraged
to publish our work in peer-reviewed journals and
to present such at scientific symposia and
conferences. FPRF grantees in actuality are
spokespersons for rendered animal products and
the industry.
During the past two years a total of 31 projects
have been supported. Projects involve virtually all
species, all products produced by the rendering
industry and all disciplines. A progress or final
report of each project is made available to each
member on a biannual basis. Project proposals are
solicited and accepted as per an established format
that addresses research objectives to enhance the
end product value or utilization. A Research
Committee composed of industry, academia and
end user nutritionists/veterinarians assembles two
times annually to evaluate and establish research
project priorities. A twenty-member Board of
Directors determines final project funding. The
President and Director of Technical Services
coordinates the completion of all projects.
Approximately 25 % of all submitted proposals are
initiated as sponsored projects.

These dramatic changes in size, productivity and
technological advances exert tremendous associative
effects on all of agribusiness. Feed and ingredient
suppliers as well as the end users ofanimal rendered
products have likewise been affected. The reduction
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in total number of customers, the expectations and
information demands ofthe more efficient producer
(customer) and the requirement for more research,
science and technology to service the 'new breed'
ofcustomers are primary factors influencing today' s
marketplace.

the Parson's Study indicated 10 of 12 samples of
poultry by-product meal to be higher than current
NRC and all of the feather meal samples to be
above 3000 TMEN as compared to the NRC stated
value of 2360. The 32 values for meat and bone
meal averaged a TMEN of2536 Keal/kg as compared
to the current listing of 2495 in the 1994 NRC
publication. It is questioned if the values were
sufficiently increased to their true contribution.

Last year, a random mailing from FPRF to
approximately 120 consulting nutritionists,
veterinarians and nutritionists of large major feed
suppliers asking for inputs relative to their wants
and needs of rendered animal products was
accomplished. Following the evaluation of nearly
70% returned responses, the concerns of
consistency and variability ofour finished products
and biosecurity were very evident as the two primary
concerns. Therefore, major emphasis has been
placed on research to address these issues. Studies
are in place with poultry, swine, dogs and both
dairy and beef cattle that involve bio-availability of
nutrients from animal proteins with emphasis on
amino acids and phosphorus. Dr. Carl Parsons at
the University of Illinois recently completed a
major study involving the effect of different
processing systems and cooking temperatures
within systems on availability of amino acids and
energy in 6 samples offeather meals, 32 samples of
meat and bone meals and 12 samples of poultry byproducts meals for poultry (1). Digestibility of
amino acids and true metabolizable energy (TMEN)
of each animal meal were evaluated with the
precision-fed cockerel balance assay using
cecectomized cockerels following an extensive preassay schedule. Crude protein values varied
substantially among meat and bone samples (64.1%
to 42.8%) and also between processing temperatures within the same product. Processing
temperature had no apparent or consistent effect
on amino acid content. Low-temperature rendering
(230°F/11 0°C} generally yielded higher digestibility values, with the effect being greatest for
cystine. The results of this study vividly illustrated
that very high-quality animal meal-s, particularly
meat and bone meals, s;an 'be produced in
commercial renderir;g plants.

Projects that focus on quality and variability
continue. It should be noted that meat and bone
meal, blood meal, hydrolyzed feather meal and fish
meal all have rumen undegradable protein
properties that greatly assist in providing essential
amino acids to the small intestine to complement
that of microbial proteins. These animal proteins
are high in total protein and UIP (undegradable
intake protein) compared with many of the more
commonly fed plant proteins. These qualities make
them desirable choices for protein supplementation
of dairy and beef animals. Considerable research
has been sponsored by the Fats and Proteins
Research Foundation to define these benefits and
qualities. A major current study at the University
oflllinois headed by Dr. Neal Merchen is evaluating
the relationship between compositional characteristics and processing techniques of meat and
bone meal samples and their nitrogen disappearance
in the rumen as well as intestinal disappearance of
individual and total amino acids. Fifteen industry
samples have been made available from specific
identified processing procedures and raw material
characteristics for completion of this project.
In yet another major project at the University of
Illinois, 30 samples of meat and bone meal are
being evaluated by Dr. Bob Easter and his colleagues
to establish current amino acid digestibility values
in the pig utilizing ileal cannulation procedures.
The objective ofestablishing a practical, economical
analytical procedure that correlates with animal
performance as a means of evaluating meat and bone
meal is an important component of this study.
The pet food industry is a major business in the
US. An estimated 52 t!lillion dogs and 56 million
cats make use of nearly 6.8 million tons of inedible
raw materials each year at a final sales value of over
$8 (US) billion (2). This important market for
animal proteins utilizes some 30% of US meat
meals. Animal product-based diets are more
palatable, lower in fibre and residue and are
advantageous as perceived by the pet owner. Little

For example; ~everal samples had lysine and
methionine digestibilities of 90% and cystine
digestibilities of 65 %or above. This is indicative
of very high qualicy. The energy values of animal
proteins may be understated in many references.
The 1994 National Research Council Poultry
increased TMFN values for most of the animal
protein ingredients. 'Energy values as reported in
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The industrial use of fat started its decline in 1950
at a time when over 70% was used for soap
manufacture. Today, only 10% is used for that
purpose. Feeding fats, fortunately, have been
accepted domestically and now utilize over 6 5 % of
all inedible tallow and greases. The concentrated
energy content of fat makes the ingredient the
highest caloric-dense foodstuff. In addition, their
content of certain farty acids provides for essential
and indispensable body functions separate and
aside from their caloric function. Fat has been a
common dietary ingredient of poultry rati?ns for
a longer period than other livestock species and is
used extensively in broiler and turkey diets. Baby
pig diets should contain from 5 % to 8 % total fat
with animal fat being a primary supplemental
source. A substantial data base exists to predict a 2
% improvement in feed efficiency for each 1%
supplemental fat incorporated into grow-finishing
swine diets. The use of fat in late gestation and
lactation' diets based on past research is a very
common feeding strategy to increase milk fat
percentage, total milk yield and increased survival
potential of the litter. Enhanced energy intake
during lactation provides reproductive benefits
that include.shorter returns to oestrus and increased
sow longevity.

research data is available concerning true
digestibilities of respective amino acids in
companion animals. An FPRF-sponsored study is
likewise in progress utilizing meat and bone meal
and poultry by-product meal containing various
ash levels, meat and bone meal processed using
various temperatures, lamb meal and various
sources of whole hen poultry meal to determine
apparent and true digestibilities of these nutrients
in the canine. Lamb meal, though of very limited
supply in the United States, is commanding
premium prices for its use in superpremium foods.
Thus research is addressing the development of
analog products with non-allergenic and cosmetic
benefits associated with the feeding of lamb to
domestic pets.
An emerging industry that has already maintained
a significant presence in the US and the world is
that of aquaculture. As an industry, it should be
viewed as a tremendous opportunity for rendered
animal products. Aquaculture production in the
US increased from 244 to 391 thousand metric
tons between 1985 and 1990 and is one of the
fastest-growing sectors of agriculture. US farmraised catfish totalled 439 million pounds live
weight in 1994 and has been an industry model for
all of aquaculture. It has been projected that to
meet the world seafood demand, aquaculture
production will need to increase five-fold to over
75 million metric tons by the year 2025. Currently,
the US imports over 60% of its fish and shellfish
consumption and is the world's second largest
importer. The US trade deficit in edible seafood
was $2.8 billion in 1993, being the largest for any
food or agriculture commodity and ranking second
only_ to petroleum.

The most dramatic increase in feeding fat usage
has been in ruminants. Feeding fat usage in dairy
diets continues to increase. In research summaries,
the average fat-corrected milk (FCM) yield response
to feeding 0.45-0.90 kg offat has been 1.95-3.72
kg. Fat supplementation of diets fed to finishing
beef in commercial feedlots is becoming
increasingly popular and commonplace, especially
in the warmer climates of the US (Southeast and
Southwest). To a large extent, the use of fat is
determined by its comparative value to cereal grains.
Currently, the price relationship is very favourable.
It is typically recommended that fat be added to
high-concentrate finishing beef rations at 2-6 %
level of ration dry matter. Research has demonstrated increased daily gains and feed utilization
improvements as well as improved carcass
characteristics. In addition to the nutritional
benefits they afford to livestock, poultry and
companion animal formulations, their physical
effects on feed processing, pelleting, handling and
palatability all provide ancillary benefits for their
use as feed ingredients.

An FPRF-sponsored project, ~Replacing Fish Meal
Protein in Salmonid Fish Diets with animal protein
meals' evaluated a combination of animal byproducts for fish meal in rainbow trout fingerling
diets (3). The fish meal replacement (analog) was
formulated using equal amounts of four animal
proteins: meat and bone meal, blood meal, poultry
by-product meal and feather meaL Results
demonstrated the analog could replace up to 75 %
of the ration fish meal. Further aquaculture work
will remain a FPRF research priority.
The use of animal fats as ingredients in all species
rations affords numerous benefits. The quantification of these benefits has been the subject of
approximately one-half of all sponsored projects.

Recent alternative use of fats for the manufacture
of liquid supplements and the preservation of hay
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bales have been subjects of FPRF projects. In
studies completed by Dr. Pate at the University of
Florida, the use of either 10% tallow or 10%
restaurant grease additions to liquid supplements
and fed at the rate of 2.27 kg per day ad libitum
resulted in brood cows conceiving earlier in the
calving season (4). Cows receiving feeding fats
conceived an average of one heat period sooner
after calving. This effect resulted in an earlier
calving date and significantly (< 0.05) heavier
weaning weights for the calves from cows fed the
fat-containing supplements. Further studies are in
progress with both liquid and dry supplementation
of fat to range cows.

demonstrate that methyltallowate or greasate
conforms to the biodiesel established standards
and in multifeed stock projects. Consistent with
the biodiesel commercialization in the US, and
probably around the world, animal fats and used
cooking oils will be a component of the feedstock
to produce it. With animal fats comprising
approximately 25 % of the products derived from
rendering and the increasing volume of used
cooking oil processed, it is imperative that valueadded alternatives for its utilization remain an
important objective for the Foundation.
Another non-animal nutrition project sponsored
by FPRF involves the development of formulated
organic soil amendments for managing populations
of soilborne pests, including weeds, nematodes,
fungi and bacterial. Amendments are compounds
that change the soil for the better and thus allow
plants to grow better. In initial tests conducted in
microplots, high nitrogen-containing organic
materials such as blood meal, meat and bone meal,
feather meal, fish meal, etc., were found to reduce
populations of soilborne pathogens to levels below
those required to initiate disease. In most
organically amended soils, potato verticillium wilt
was generally reduced to near zero levels. Effective
control of weeds and plant parasitic nematodes
have likewise been noted in the initial studies. The
results strongly suggest that these organic soil
amendments are a logical alternative as replacement
for methyl bromide fumigation that is currently
used for these purposes but is not environmentally
friendly and may soon be banned. This is exciting
research that has the opportunity to develop an
entirely new market for the by-products of the ·
animal processing industries.

The trend of using large, round balers for harvest
and storage of hay is the most preferred method of
harvesting due to the labour saving~ cost reduction
but has resulted in an increased amount of postharvest forage loss. Dale Watson addressed the
need for industry solutions via an FPRF-sponsored
project that utilized hydrogenated tallow coating
on the top and sides oflarge packages oflegume or
grass legume hay. (5) Hydrogenated tallow
containing greater than 82.17% of palmitic and ,
Stearic fatty acids or a melting point greater than
49°C virtually eliminated spoilage. The use of an
environmentally friendly animal fat that is also a
nutrient as a bale preservative is being commercialized.
A special project has been devoted to the exploration
of biodiesel. This project has been coordinated
with the National Biodiesel Board that has been
primarily funded via the United Soybean Board.
Biodiesel is the methyl or ethyl ester produced
from vegetable oils, animal fats or used cooking oil
via a transoesterification process. The resultant
renewable fuel possesses numerous environmental
benefits as compared to petrodiesel. Likewise, the
US becomes more dependent on foreign oil supplies
each day and has established alternative fuels as a
priority. Unfortunately, these alternatives are higher
in price. The actual cost of producing biodiesel is
directly correlated to the price of the fat or oil used
as the feedstock which amounts to approximately
70 % of total production costs. The US ten-year
charting of animal fats as compared to plant oils on
a cost-per-unit-of-weight basis indicates that animal
fats have been priced at 50% to 70% of that of
plant oils. Therefore, the use of animal fats as a
biodiesel feedstock is very cost-effective on a
comparative basis. FPRF has been involved for the
past three years in cooperative projects to

FPRF has sponsored projects that have generated
considerable evidence that illustrates the availability
of phosphorus contained in meat and bone meal
and poultry by-product meal is comparable to that
of inorganic mineral sources. Dr. Jerry Sell at Iowa
State compared phosphorus availability from meat
and bone meal of two different fineness of grind to
that of dicalcium phosphate. The batches differed
in fineness of grind-one passed through a screen
with 2.03 mm openings and the other through a
screen with 1.91 mm openings. (6) On the basis of
tibia bone ash analyzed via regression analysis,
relative availabilities were reported as 100% for
dicalcium phosphate and 99% and 97.5% for the
respective meat and bone meal batches. On the
basis of body weight gain, relative availabilities
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vegetable protein processors supplied 1,500
samples. The sampling plan used was designed to
detect one salmonella organism in 278 gms of
product. Salmonella isolates were detected in 56.4o/o
of the animal protein sources while 36o/o of plant
protein sources likewise contained isolates. The
information suggests on a qualitative basis that
salmonella load in vegetable meal products may be
slightly less than in animal meal products. It could
not, however, be determined that the small
difference was of practical importance. Basis this
study, it has been recommended by FDA thfl.t the
exclusion of one of these products in favour of the
other in formulating feed is not a valid approach in
ensuring a salmonella-free feed. The salmonella
reduction program ofthe NorthAmerican renderers
has included the monitoringofsalmonellaserotypes
isolated from both diseased and carrier animals.

were determined to be 1OOo/o for dicalcium
phosphate, 101 o/o and 1OOo/o for the respective
batches of meat and bone meal. These values were
not significantly different, indicating that
phosphorus availability from meat and bone meal
was equal to that of dicalcium phosphate. This
finding has been replicated by Dr. Park Waldroup
at the University ofArkansas in an FPRF-supported
project that involved the determination of relative
biological phosphorus values in eleven samples of
meat and bone meal and six samples of poultry byproduct meal. (7) In no instance did the relative
biological values of phosphorus from animal sources
differ significantly from that of the commercial
dicalcium phosphate. Even though some references
suggest lower relative biological values for animal
sources, most commercial feed compounders are
confident in using available phosphorus values as
being equivalent to inorganic sources in all species.

There is no cause and effect correlation between
the isolation of serotypes from animal protein
products and the serotypes isolated from animals.
The lack of correlation can be documented from
1978 and was again substantiated in the 1995 FDA
study. S. montevideo and S. enteritis are the only
two serotypes isolated in meat and bone meal that
also were isolated in animals. The fact that S.
enteritis was isolated from a plant protein source in
the FDA study indicates the importance of
secondary contamination. Even though the source
of the organism was not determined in this
incidence, studies that document the recovery of
2 50,000 salmonella cells from a single mouse faecal
pellet illustrate the ease by which the ubiquitous
salmonella organism can be transmitted. Animal
protein-sourced ingredients have received more
than deserved discrimination historically. The FDA
study vividly shares the responsibility to all
ingredients and the need for an all-inclusive
implementation program based on HazardAnalysis
and Critical Control Point principles.

The North American Rendering Associations has
traditionally been an active intermediary in disease
control initiatives, playing a collaborative role with
diverse segments of the agriculture segment to
assure product integrity and security with a historic
proactive attitude towards disease prevention via
sponsorship ofbiosecurity research, collaboration
in Salmonella Reduction/Education Programs and
participation in major demographic and epidemiological studies. During the early 1990s, FPRF
conducted two major disease projects in swine that
involved the infectivity of salmonella and
pseudorabies via rendered animal products. Dr.
AL. Sutton at Purdue University concluded: 'Meat
and bone meal added at 8o/o of diet that contained
salmonella (montevideo, anatum and seftenberg)
did nqt adversely affect weaning pig average daily
gain, average daily feed, feed utilization (efficiency)
health or shedding of salmonella. Investigation of
the intestinal tracts resulted in no salmonella
colonization.' (8) It was determined in a study
completed by Dr. Pirtle at Iowa State University
that 'The pseudorabies virus was demonstrated to
be inactivated in properly processed meat and
bone meal from naturally-infected swine as well as
tissue experimentally inoculated with PRY prior
to processing.' (9)

The US rendering industry continues to assess the
possible occurrence of BSE (Bovine spongiform
encephalopathy) in the USA and Canada. BSE is a
fatal degenerative disease of the central nervous
system in cattle that was first recognized clinically
in Great Britain in 1985. The disease belongs to a
group of related neurological diseases commonly
known as transmissible spongiform encephalopathies characterized by a long incubation period
and a causative agent that has not been identified,
thus the major concern and uncertainty.

A major project coordinated by the US Food &
Drug Administration (FDA) was completed in
1995. ( 1O) A baseline study of protein ingredients,
both animal and plant origin, was conducted for
salmonella isolations. One hundred animal protein
processors provided 3,030 samples, and 68
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Establishing an epidemiological plan for a condition
without established aetiology becomes difficult.

amines. Thus the need developed to pursue research
to acquire these answers. A project has been initiated
at the University ofMissouri by Dr. Jeffre Firman
sponsored by FPRF. The objective of this research
will be to quantitate specific levels of biogenic
amines in various animal protein ingredients and
their effect on health and performance of poultry.
The research will also evaluate the analytical
procedures of quantitatively evaluating feedstuffs
and feed for biogenic amines.

The disease has been described as the bovine
equivalent of scrapie in sheep. The prevailing
hypothesis is that the disease could be initiated
from the consumption by cattle of meat and bone
meal containing a scrapie-like infectious agent.
This hypothesis is yet to be validated by science.
United States renderers established a voluntary
program after the epidemiologic inferences
implicating sheep by-products possibly being the
transmitting source to cattle that has been in effect
since the late 1980s. Scrapie is a disease yet to be
eradicated from the l.JS. Diagnostic evaluations of
several thousand 'downer cows' have failed to
indicate that BSE has a presence in the US. The
need for ongoing research is clearly recognized.
Surveillance and sentinel cattle have remained in
isolation at the Animal Disease Laboratory in
Ames, Iowa following their inoculation with suspect
infective material for nearly five years without
expression of spongiform encephalopathy
symptoms. Current facets of ongoing research have
already provided important hypothesis to assist
control and preventative strategies. Science and
professional liaison must guide the resolution of
this most important disease to the livestock
industry. The rendering industry has been fully
cooperative and will continue to be proactive in
future resolutions.

The mission and focus of the Fats and Proteins
Research Foundation is very specific, 'To provide
for an institution which will direct and manage the
process whereby research is initiated, prioritized,
approved, conducted and completed, results
disseminated and funded on any issues relating to
the rendering industry, and to cooperate where
appropriate with any other institutions with similar
goals.' In reality, rendering and rendered animal
products share common problems, opportunities
and concerns regardless of geographic location. It
has been a distinct pleasure to share the initiatives
of FPRF with you. It is hoped that these sharing
experiences can continue for the mutual benefit
afforded to each of our organizations. Your gracious
hospitality will remain a warm memory as will the
many new friendships established during this brief
interchange. Thank you!
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MRC Hides and Co-products
Key Program Overview
Warwick Yates, Program Coordinator
Hides & Co-products Key Program, Meat Research Corporation

1. Key Program Outline

comprehensive and reliable information, and
efficient trading language and efficient marketing
systems are seen as necessary to both resolving the
issue and providing potential investors with a
useful basis for determining their future
involvement in the sector.

1.1 MRC Industry Priorities
Co-products is one of the seven industry priorities
identified during the MRC Strategic planning
process. The Co-products Industry priority is
divided into two Key Programs.

Objective
The fundamental objective of the Co-products
Industry Priority is to increase objectivity and
communications in marketing co-products and
assist in attaining that aim with improved
information. The strategy to achieve this objective
is to generate information on costs, prices and
market opportunities for co-products, and promote
the adoption of marketing systems which have
dear incentives to identify and price individual
products according to customer demand.

1.2 MRC Research & Development Plan
& a result of the MRC's strategic planning process

undertaken during 1990 in preparation of a new 5
year plan, seven industry priorities for R & D were
identified. They are all detailed in the MRC
Research and Development Plan 1991/92 to 1995/
96, latest updated version May 1993.

1.2.1 Co-products Industry Priority

Components

The Co-products Industry Priority has its origins
in a perception that processors are forgoing
opportunities to increase the value of co-products,
but the processors themselves are not convinced
that in adding value they would necessarily gain
significant financial returns. Research, analysis,

The programs components reflect three mam
research themes. They are:

•

develop marketing systems which convey
fast and accurate information to producers
of co-products;

INDUSTRY PRIORmES FOR R & D
Macroenvironmenlal changes (known trends and unexpected events)

--------------------~(a~~&nand~m~&n )~--------------------------

~r~........

1"""""..: and marketing

trade barriers
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7 Selected threats

5 Co-proclJcts
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Undlllltancing haw the incmlly works and what the key issues are
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•

•

generate information on market needs and
opportunities including a survey of the
meat processing sector to generate data
within two years on the costs of collecting
and processing co-products, technology,
volume, end uses and major customers; and
promote the use of the most appropriate
technology and procedures.

The overall objective ofthe program is to transform
the 'co-products' of the meat processing industry
with their current low status and declining prices,
into profitable 'co-products' representing an
increasing proportion of total carcase value.'

Specific Objectives to be Achieved by or before
1996:

..

The types ofissues to be addressed when developing
marketing systems are how to maintain the
identification ofhides and skins from producers to
buyers, how to establish quality: price relationships
and how to develop an objective trading language.

•

The sorts of issues to be examined in the R & D
component on technology are novel ways to use
the whole animal, new ways of extracting coproducts, the best way of treating effluent and
what training courses are needed.

•

As for all other programs, there is also a commercial
implementation component. The programs within
the Industry Priority are designed to put in place
an incentive structure to make producers as
responsive as possible to customer needs and trends
and to provide information to assist that aim.

•

to define profitable market opportunities
for the Australian industry by obtaining
and analysing information on the size and
characteristics of international markets for
co-products and their derivatives;
to develop and implement an improved
system of collection and dissemination of
sales and production data for co-products
to assist industry planning;
to develop and commercialise at least six
new product and process technologies in
order to exploit opportunities identified in
the program; and
to develop systems and technologies
acceptable to industry users for objective
specifications and trading languages to
improve marketing systems for co-products
and their derivatives.

The program consists of 4 subprograms and a total
$3.1 million has been allocated over five years
from 1991/1992.

1.2.2 Hides And By-products Key Program
The scope of the Hides and Co-products Key
Program includes:
•
Hides
•
Edible Offal
• Meat and Bone Meals
• Tallow
Blood
•
Pharmaceutical Material
•

2.1 Strategic Approach to Key Program
The Co-products Key Program Preparation Report
outlined a strategic approach to meeting the .
objective to transform by-products of the meat
processing industry into profitable co-products.

Practical options for turning by-products into profits
by responding to market opportunities

Market analysis and monitoring

New product and process

Marketing Systems

technologies

[

Commercial development
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(3) Improved Hide Marketing Systems

The suggested strategy was to implement the
Program in two consecutive stages.

The aim of the project will be to reduce
hide damage. The introduction of an
objective marketing system for individual
hides would provide an incentive to
producers and processors to improve hide
quality.
(4) Adding Value to Edible Offals

Stage 1 was designed to provide sufficient market
and industry data to enable the benefits and costs
of specific new initiatives to be quantified before
commitments were made in Stage 2.
The five suggested steps which made up the Program
strategy were:

The aim of this project will be to maximise
the proportion of edible offal production
which can be sold into high value mat:kets.
(5) Producing Meat and Bone Meal to Market
Specifications

Stage 1: Year 1
(i)

To seek out profitable market opportunities
for the Australian industry, by obtaining
and analysing information on the size and
characteristics of international markets for
co products and their derivatives.
(ii) To develop an improved system of
collection and dissemination of relevant
production data for the co-product sector,
to assist industry planning and
management.
(iii) To investigate the commercial feasibility of
producing a collagen packaging material
from hides.

There may be potential to develop MBM
products with protein levels designed to
match specific customer requirements, and
to produce more consistent products to
defend existing markets. Research to be
aimed at the development of process
technology.
(6) Value-Added Processing of Tallow
If new markets for tallow or its derivatives
can be identified, product or process
technology to be developed as necessary to
support new initiatives.
(7) High Value Blood Products

Stage 2: Years 2 to 5
(iv) To develop and commercialise new product
and process technologies in order to exploit
opportunities identified in (i) and (iii)
above.
(v) To develop technology to support the use
of objective specifications and trading
languages to improve marketing systems for
co-products and their derivatives.

Research to depend on the identification of
profitable market opportunities for the
collection or extraction of blood products.
(8) Commercialisation of New Technologies
Specialist resources to be made available to
ensure that promising technologies (arising
from Projects 3 to 7 above) are
commercialised successfully.
(9) Industry Training and Extension

2.1.1 Components of the Program
Projects recommended for support during the
Program were:

Training projects to be undertaken, and
literature provided to extend the benefits of
the research program to the industry.

(1) Seek Market Opportunities for Co-products
International market studies to be
conducted on hides, edible offals, meat and
bone meals, tallow (and some derivatives)
and blood products.
(2) Design and Establish an Industry Data Base

3.1 Seeking Market Opportunities for
Co-products
Several market studies have been commissioned
and completed. These include:

A comprehensive data base be established as
a marketing tool for the industry, and as an
input to research planning and evaluation.
Industry participation in annual data
collection to be sought.

M.258- The Meatmeal and Tallow
Industry and its Markets
M.256 - Report on Edible Offal Market
M.257 - Petfood Ma~ket Study
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3.2 Co-products Market Monitor and
Database

3.

To transform by-products of the meat processing
industry with their current low status and declining
prices into profitable co-products representing an
increasing proportion of the total carcase value.

In the last two years there has been two sources of
information on overall revenues generated by coproducts. These are the market studies conducted
under this Key Program and information made
available from the Booz-Allen and Hamilton
investigation into International Comparisons in
the Beef Processing Industry.

4.
The hides and co-products
program components

A quarterly monitor of meat industry co-products
commenced in November 1992. This Monitor
tracks the prices for offal items, tallow, meatmeal,
hides and skins and estimates the returns for various
categories of stock based on 100% recovery.

•
•

•
•
•
•

4. Program performance to
date and Activities until the
end of the current Five-year
Plan

•

5.
The following charts outline the structure of the
program, achievements to date and the current
projects that will take the key program to
finalisation in June 1996.

•

Two stage implementation process
Design and establishment of an industry
database.
Seek market opportunities for co-products

Stage 2

The 1990-1995 R&D Program

•
•
•

There were 7 industry priorities in the 1990-1996
R&D program:
•
Market access and trade barriers
•
Product description and communication
•
Processing efficiency
• Co-products
• Efficient and sustained production
• Selected threats

2.

Hides research
Collagen
Meat and bone meal
Edible offals
Tallow
Blood products
Program mana~ement

Stage 1

•

1.

Program objective

•
•

•
•
6.

Co-product industry R&D priority

•

'The fundamental objective of the Co-product
industry priority is to increase objectivity and
communications in marketing co-products and
assist in attaining that aim with improved
information. The strategy to achieve this objective
is to generate information on costs, prices and
market opportunities for co-products and promote
the adoption of marketing systems which have
dear incentives to identify and price individual
products according to customer demand.'

•
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Improved hide marketing systems
Adding value to edible offals
Producing meat and bone meal to
specification
Value added processing of tallow
High value blood products
Commercialisation of new technologies
Industry training and extension

Meat meal and tallow market study
The subprograms were driven by
preliminary market studies which were
presented to industry workshops as
discussion papers.
These workshops then identified and
confirmed preferred R&D project areas.
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10.

7.
Meat meal and tallow market study
findings - meat meal
•
•
•

•
•

•
•
•

Meat meal market share of intensive
livestock feed production has fallen
Producers have been slow to adapt to
technological change
End users are seeking improved technical
performance and service

Current projects
Biogenic amines and meat meal
Meat meal separation technologies
Processing of meat meal in aquaculture
diets

•
•
•

Key end markets are growing
Strengths are high digestibility, relatively
low cost of phosphorus and year round
availability.

•

Feeding trials for meat meal in aquaculture
Update of the meat meal and tallow
markets study report
Support funding for the Third
International Symposium
Utilisation of the ash component of meat
meal

8.
Meat meal and tallow market
report key findings - tallow

11. Project update

•

Project objectives:

•
•

•
•
•

1.

Tallow has a vast range of potential end
uses
Tallow is highly vulnerable in the global
fats and oils market
Tallow is sold as a commodity while some
competitor products are marketed
Tallow strengths are ready availability and
relatively cheap cost
Tallow has shown consistent long term
decline against stronger, more vigorous and
better targeted competitive products
Tallow processors must become more
responsive to needs of end use markets

•
•

•

•
•

•
•

Conduct a comprehensive literature review
of the occurrence and biological effects of
biogenic amines
Compile a database of the concentrations
of biogenic amines in Australian meat
meals using HPLC techniques
Undertake pilot plant studies to evaluate
various processing conditions on biogenic
amine occurrence in meat meals and to
determine the opportunities in this area to
optimise rendering in order to reduce
biogenic occurrence

Contractor: University ofSydney Dept ofAnimal
Science

9.
Completed meat and bone meal
and tallow projects

•

Biogenic amines

2.

Technology audit to determine new
product opportunities for meat meal
Evaluation of meat meal inclusion in prawn
aquaculture diets
Evaluation of meat meal inclusion in silver
perch aquaculture diets
FPRF membership
Meat meal and tallow market study

Fractionation of meat meal

Project objective is to develop and demonstrate
machinery which will separate constituent
components of meat meal especially separation of
protein and ash incorporating the following
elements:
•
characteristics of various meat meals
•
availability of separation equipment and
efficiency
•
recommended processes
•
separation process economics
•
basis for development ofcommercially
viable systems for the rendering industry
Contractor: /RL, New Zea(and
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3.

Use of bone fractions of meal

Determine the potential uses of the ash component
of meat meal and to undertake field trials and to
develop commercial processes which utilise the ash
component of meat meal. Some target areas include:
•
feed supplements for Northern Australia
•
fertiliser replacement
•
bone flour
•
bone ash.
Contractor: Venturetech, Western Australia

4.

Meat meals in aquaculture

Project objectives are to:
•
determine the total feed formulation
requirements and the processing
requirements to prepare aquaculture trout
and marine prawn feeds containing meat
meal
•
develop commercial processing techniques
and establish the costs involved in
incorporating meat meal in aquaculture
diets.
Contractor: Ridley Corporation

Fishmeal replacement in aquaculture diets
•

•

To evaluate meat meal based aquaculture
diets in commercially relevant farming
situations for barramundi, silver perch and
prawns.
The project will investigate the maximum
inclusion levels, suitability under
commercial conditions and the sensory
characteristics of aquaculture species
farmed with meat meal in diets.

Contractor: FRDC

12. The Next Steps
• The key program sunset period is June
1996.

•

•

MRC is examining R&D priorities for the
next 5-year plan based on strategic
priorities from the MIC strategic plan.
MRC is funding a revision of the meat and
bone meal/tallow marketing report to assist
ARA with their strategic planning.
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Biogenic Amines
Wayne L. Bryden1, Carolyn A. DenBrinker, Carl Rayner and Geoffrey R. Skurray
1
Department ofAnimal Science, University ofSydney, Camden
2
State Chemistry Laboratory, Agriculture Victoria, Werribee
3 School ofFood Sciences, University ofWestern Sydney, Hawkesbury
Table 1: Amino acid precursors of biogenic amines

Biogenic amines, ofwhich the polyamine spermine
was first crystallised by Antonie van Leeuwenhoek
from human semen some 300 years ago, occur in
all living organisms. The ubiquitous occurrence of
these metabolites implies important biological
functions. However such unsavoury names as
putrescine and cadaverine for some of the amines
has not helped the general profile of these
compounds but recent suggestions of their possible
role in carcinogenesis have caused considerable
interest. Moreover, although necessary for growth,
biogenic amines can also be toxic.

Amino acid
Histidine
Arginine & ornithin.e
Lysine
Phenylalanine
Tryptophan
Methionine & ornithine
Methionine

Amine produced·
Histamine
Putrescine
Cadaverine
Phenethylamine
Tryptamine
Spermidine
Spermine

Table 2: Foods Containing Biogenic Amines

Biogenic amines occur at low concentrations in all
cells and generally arise from the decarboxylation
of amino. acids. In aged, fermented or putrefied
food and meat products much higher concentrations may occur due to the action of
microorganisms. Any free amino acids in spoiled
commodities can be broken down by means of
deamination (production of ammonia) or
decarboxylation by microbial decarboxylases
(production of biogenic amines, Table 1). This
latter aspect is of importance to renders as an
increase in biogenic amine content of meat
products, especially meat meals, indicates a decrease
in protein quality through the loss of amino acids
and an increase in the concentration of potentially
toxic compounds. Both undesirable in animal
nutrition.

Bakery products
Beverages
Fish products
Fruit
Grains

Meat products
Milk products
Poultry products

Vegetables

Most studies of biogenic amine concentrations in
food have concentrated on fish and cheeses because
of the association of biogenic amine (especially
histamine) poisoning with these foods. Concentrations of 0-5000 mg histamine/kg and
0-3000 mg tyramine/kg have been reported in fish
and fish products (Halasz et al. 1994). A limit of
100 mg histamine/kg has been set in Australia for
food destined for human consumption by the
National Food Authority. In a recent survey of fish
and fish products in Melbourne 15 percent of
samples exceeded this level (Den Brinker et al.
1995a). Analysis of animal protein meals by the
same group (Table 3) found the highest level of
histamine, putrescine and cadaverine occurred in
fish meal.

Occurrence of Biogenic
Amines
As would be expected from the ubiquitous
occurrence of biogenic amines in cells these
compounds are found in all foods (see Table 2).
The most important biogenic amines occurring in
foods are the heterocylic amines histamine and
tryptamine, aromatic amines such as tyramine and
phenylethylamine, the diamines putrescine and
cadaverine, and the polyamines spermine and
spermidine (Halasz et al. 1994).

Central to food and feedstuff surveys are reliable
analytical techniques and several quantitative
methods for the determination of biogenic amines
in various commodities have been developed (see
Hurst 1990). At present, very sensitive HPLC
methods are the techniques of choice for amine
analysis.
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Biological Functions of
Biogenic Amines

Spoilage and Biogenic Amine
Formation

In addition to being precursors for the synthesis of
hormones, nucleic acids., neurotransmitters and
proteins, amines are important food aroma
components and also potential precursors for the
formation of carcinogenic N-nitoso compounds.
Cases of food intoxication have been mainly due to
monoamines such as histamine, tyramine,
phenylethylamine and tryptamine. Some amines,
especially di- and polyamines, have also been
proposed as food spoilage indicators.

In fresh foods only very small concentrations of
biogenic amines occur and so it has been proposed
that increases in ·the concentration of these
compounds may indicate spoilage, especially for
fish, dairy products, meat and wine (Halasz et al.
1994). Different biogenic amines have been
proposed as indicators of spoilage in different
foods. Sayem-El-Daher et al. (1984) found
significant correlations between putrescine,
cadaverine and spermidine concentrations and total
microbial count in retail minced beef. Nevertheless,
the relationship is not straightforward as the
microbial contamination is not constant and the
bacteria present may not produce the indicator
biogenic amine. In addition, storage conditions
and processing will influence the quantity and
profile of amines produced. The following factors
will determine amine production:

Biologically active amines can be classified by
function: (1) vasoactive (pressor amines) including
(a) blood pressure increasing tyramine, tryptamine,
phenylethylamine and isoamylamine and (b) blood
pressure reducing histamine and serotonine and
(2) psychoactive including norepinephrine,
serotonine and dopamine. The diamines putrescine
and cadaverine as well as the polyamines spermine
and spermidine can potentiate the effect of
histamine and through their roles in the regulation
of nucleic acid and protein synthesis and membrane
function are essential for cell proliferation. For this
reason di- and polyamines are extensively studied
in connection with cancer (for review see McCann
et al. 1987).

1.

2.

3.
4.
5.

Studies in which biogenic amines have been fed to
calves, pigs and chickens have given variable results.
In some instances biogenic amines have been shown
to enhance growth and in other experiments to be
toxic (Sousadias & Smith, 1995). The variation
may be due to a number of factors including:
1.

2.
3.
4.
5.

Presence of decarboxylase-positive
microorganisms
The presence of a suitable cofactor and/ or
inducer of decarboxylation
Availability of a suitable substrate (e.g. free
amino acids)
Composition of raw material
Environmental conditions favouring
microbial growth and decarboxylase
synthesis (especially temperature, pH and
water activity).

Obviously, control of these factors should reduce
the concentrations ofbiogenic amines in feedstuffs.
With meatmeals this could be achieved by
incorporating strategies into rendering that reduce
the formation of biogenic amines. With this in
mind the Meat Research Corporation has
commissioned the authors to undertake a short
term project with the aim ofdetermining the scope
of biogenic amines in Australian meatmeals and to
suggest possible strategies to minimise their
occurrence.

Dietaryconcentrations fed;
Metabolic capacity;
Physiological state;
Interactions between biogenic amines;
Toxicity threshold.

There is very little information on the relative
importance of any of these factors in determining
the outcome of ingestion ofbiogenic amines. The
situation is very complex as polyamine requirements
for growth that cannot be met by endogenous
biosynthesis must be satisfied by exogenous
polyamines derived from food. The food
polyamines are directed preferentially to tissues
and organs that have been stimulated to grow by
metabolic signals (Bardocz et al. 1993).

Summary
Biogenic amines or polyamines are endogenous
components of living cells and have numerous
biological functions. Polyamines occur in all types
of food but concentrations vary depending on
variety, maturity and environmental conditions.
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Biogenic amines
Table 3: Biogenic Amine Content (mg/kg) in Animal Feeds* (mean ±_SD)
Meal
Meat meal (45%)
Meat meal (50%)
Fish meal
Blood meal
Poultry meal
Feather meal
Offal meal

No. of samples
11
12

10
5
15
6
6

Putrescine

Cadaverine

Histamine

27± 11
221 ± 88
335 ± 132
55±38
239 ±236
302 ± 123
47±18

32±25
197±63
734±367
29±23
268±262
252±73
45±26

14±5
22±8
940 ±310
7±5
37±21
23±8
24±8

* Den Brinker et aL (1995h)
Concentrations of biogenic amines in food can
change during storage and processing and- can be
used as indicators offreshness or bacterial spoilage.
Systematic examination ofprocessing will result in
optimised technology for .low biogenic amine
content.
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Meat and Bone Meal in Pig Diets
A. C. Edwards
A. C.E. Livestock Consulting Pty Ltd

Pig production like most other livestock enterprises
is about converting feedstuffs into food. More
specifically it is about converting dietary protein
into carcass protein.

tissues it is high in protein; with this protein
having an amino acid proftle in tune with the
animals needs; it is high in minerals to support the
skeletal development ofgrowing stock; and provides
fat as a source of energy.

Traditionally the pig has been regarded as the poor
man's bank in that it can be used as a means to store
food when it is in abundance to be reclaimed at some
later point by consuming the pig. Unfortunately
most of this storage was in the form of fat.

The pig has no specific requirement for any
feedstuff, being able to draw its energy/amino
acid/mineral requirements from a broad range of
alternative materials. Meat meal needs to compete
with other feedstuffs for a place in pig diets on the
basis of its cost relative to the nutrients it provides.

In contrast, today's health-conscious market
demands that pork should be particularly lean so
the prime target tissue is muscle rather than fat.
Muscle tissue is essentially just protein and water.

What advantages does meat and bone
meal have in pig diets?

So the thrust now in pig feeding is to provide
adequate dietary protein to maximise protein
accretion as muscle tissue while providing sufficient
energy to drive the process with a minimum being
directed to fat deposition.

1.

Success in this venture involves the management
of the level and balance of available amino acids in
the diet so that the amino acid supply at the tissue
level matches as closely as is practicable and
economic, the amino acid requirements of the
tissue .for maximum protein accretion.

It is a concurrent source of protein, fat and
phosphorus. The phosphorus content is
highly available and particularly valuable in
Australia where alternative phosphate
sources are either expensive or involve risk
from contaminants (such as fluorine and
cadmium).
The protein contribution is usually well
digested by most classes of pigs and the
protein is of sound biological value (amino
acid balance).

Detailed research has identified these tissue
requirements of amino acids as a function of
genotype, sex and physiological age. Through tools
such as the AUSPIG model (Black et al. 1989)
these tissue requirements can be translated into
dietary requirements and set the basis for feed
formulation.

Similarly the fat component of meat meals
is usually utilized efficiently by most classes
of pigs.

Feed formulation is an exercise in combining
energy, protein and mineral resources to create
balanced diets which result in efficient conversion
of nutrients into quality carcasses. Meat meal has
played a key role in this function for many years.
Meat meal as a package of nutrients is a particularly
useful feedstuff in that being derived from animal
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2.

Meat meal is usually very palatable and
readily accepted if properly processed and
stored.

3.

Apart from its inherent nutrient content,
Crawshaw (1995) makes the point that
meat and bone meal is valuable for what it
does not contain. Its value is not eroded by
the anti-nutritional factors contained in
plant protein materials e.g. tannins,
alkaloids, gossypol, glucosinolates, trypsin
inhibitors, lectins, etc.
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4.

of contracted meat meal supply. It also leads to
price volatility which makes end users reluctant to
commit to contracts.

Being of local manufacture it is generally in
regular supply and fresh, in contrast to say
imported protein meals (e.g. fishmeal).

d) Hygiene perceptions

Factors which compromise the value
and use of meat and bone meal

Many end users remain cautious about the health
status of their herds and any doubt about the
hygiene ofany product would soon see it deleted
from their feeds.

a) Rendering techniques
•

•

•

A lack of offal selection/segregation can
lead to erratic variation between batches in
protein, fat and ash.

e) Human health perceptions
The consuming public remain sensitive to issues
such as Salmonella, BSE and cholesterol, creating
an increasing demand for 'non-animal products'
in feeds. There is much misinformation and 'feelgood' hype in these attitudes but they do exist and
must be addressed.

Batterham et al. (1986) clearly
demonstrated the effects of process control
on final product quality by producing meat
meals varying in lysine availability for pigs
from 97% under optimum conditions
down to 38% when the cook was extended
@ 150°C.

f) Mineral content
The feeding level of meat meal is constrained by
the upper threshold of calcium which begins to
depress performance and the level of phosphorus
excretion when supplied in excess of needs.

Milling/presentation shortfalls resulting in
lumps and bone fragments can cause
problems in feed dispensing and effluent
handling equipment or abrasions in the gut
of the animal leading to serious health
problems.

g) Variability
One criticism that is levelled at meat meals is that
they are extremely variable and unfortunately this
is often the case. A survey of Australian feedstuffs
including meat meals (Degussa 1992) indicated
that the coefficients of variation for meat meal
protein and amino acids within the protein were
considerably higher than those for soyabean meal
(Table 1). However, this can be misleading as the
variance relates to meals from different sites, not
production from single sites. *Table 2 details the
variance in protein and ash of meat meals from two
suppliers in N .E. Victoria. and shows them to be
remarkably consistent. So for processors with a
regular kill pattern and standard processing
procedures, the problem of variability is no worse
than for alternative products.

b) Handing difficulties
Bins which handle soyabean meal and canola meal
quite well often have problems with meat meal,
due to hanging and setting. Similarly bag stock can
go quite hard if stacked several pallets high,
especially if the fat levels are high.

c) Seasonality
Meat meal supply flows directly from abattoir
activity, which in turn is influenced by season and
the availability of stock. This can lead to erratic
supply and is probably the main reason for the lack
Comparison of Meatmeal & Soyabean Assays
Meatmaal (50%) n•2B
%

Protein
Lyallw

48.6
2.48

Methionine

0.611
1.81
0.29

Threonine
Tryptophan

%cf protein

C.V.

Ideal proleln
%af protein

Adequacy%

Variance In Meatmeal Assays From Two
Abattoirs In N-E Victoria <sept.-nov. '95)

5.02

5.11
1.41

uo
0.80

4.11

8.5

78

5.07

1.95
4.1
1.3

72

I.D3
8.71

80

48

Soyabean (44%) n=l
Proc.in
Lysine
Mlllhlonlne

Thn10nine
Tryptophan

!i!!!lla

44.0
2.74
G.G4
1.78
0.61

PLANT A
n=20

52.5 +1- 1.47

2.8

26.3 +1- 1.19

4.5

PLANTB
n•20

57.3 +/- 1.30

2.3

23.9 +1- 1.25

5.2

2.68
8.21
1.45
4.G5

1.11

1.5

2.90

1.911

1.75

4.1

1.31

2.41

u

II
74

99
108

Degussa

Table 2

Table 1
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Meat and bone meal in pig diets
of abattoir and boning room wastes into liquid
feeding systems following stabilisation by
fermentation or enzyme hydrolisis.

The use of tallow in pig diets
Tallow is a most useful, high energy substrate for
pig diets. It is usually very palatable and digestible
for all classes of pigs with the possible exception of
the very young pig.

The benefits of this are cited as:
a)

Fats generally are used very efficiently as an energy
resource by avoiding the heat increment effects
observed during the digestion of other energy
substitutes e.g. (fibre in particular) and protein.

avoidance of the energy cost of heat
rendering and or drying;

b)

W'hen compared to, say, wheat on a digestible
energy basis, tallow delivers approximately 2.5
times more energy (36 compared with 14.4 MJ)
but when compared on a net energy basis this is
magnified to 3.3 times the energy contribution (33
compared with 10 MJ). See Table 3.

preservation of the full nutritional value of
the by-products (eliminating heat
denaturation of the proteins and damage to
lysine from the formation of Maillard
products);

c)

possible enhancement of the nutritional
value by the formation of microbial
protein;

d)

reduced manufacturing odour, and no
effluent streams.

It is commonly perceived that feeding fats in pig diets
will result in fatter pigs. This is not necessarily so if the
diets are appropriately balanced for the genotype and
sex being fed; but, ifthe differential above is not taken
into account, high levels of added fat can lead to a
protein/ energy imbalance (in NE terms). Hence iffat
pigs result, the fault lies in the formulation, not with
the supplementary fat per se.

Constraints to the adoption of such te<;:hnology
include:

"Where dietary fat is incorporated directly into the
tissues, the fatty acid proflle of the carcass fat will
reflect that of the supplementary fat. In Australia
there is a preference for relatively firm fat which is
facilitated by the more saturated nature of the
tallow fatty acid profile. In Asia, a softer fat is
preferred and requires manipulation via unsaturated
vegetable oils.

Use of non-rendered animal byproducts
In the larger integrated livestock operations, some
consideration has been given to the direct utilization

GI'QUEn.

Concern about the hygiene of the products
and the potential for disease transfer. If the
product was to be pasteurised, the 'no heat'
advantage would be discounted. If
radiation or chemical additions are used, it
introduces cost and residue factors which
may be unacceptable.

2.

If the final product contained high levels of
fat, the high fat-to-protein ratio may limit
its formulation flexibility.

3.

The processing plant would need to be in
close proximity to the end user livestock
operations to avoid the cost penalty of
freighting the liquid products.

Developments in integrated livestock production
may involve the introduction of such processes in
specific situations but it is doubtful they would
displace traditional rendering in the foreseeable
future.

Enerav Relativities Betwnn Feeslstyffs
MMtrnMI .

1.

Tallow

Wheat

Lupins

17.0

111.0

15.11

40

DE.

14.4

14.5

12.1

31

NE.

10.0

1.4

1.0

33

CosiiTonne($)

1110

200

.,

Future use of meat meal in pig diets
Prior to the introduction of grain legumes (peas
and lupin) on a larger scale in Australia, the
emergence ofa significant oilseed-crushing industry
and the appearance of relatively cheap synthetic
amino acids, meat meal was almost the sole protein
meal employed in pig diets.

Sill

CostiMJ DE.( .. ) 1.25

1.311

3.14

1.31

Cost/MJ NE.(f.) 1.80

2.3&

4.75

1.52

Table 3
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Access to these alternative protein materials coupled
with a greater awareness of the amino acid
requirements of pigs, and the significance of
differences in amino acid availability within
feedstuffs (Batterham et al. 1986), has resulted in
a decline in meat meal usage in pig diets. Instead of
being the prime protein source at say 10-15% of
the diet, it has fallen back to levels of 5-8% with
more emphasis on its phosphorus contrib.ution.

being a local product with immediate access to
end-users, but nutritional quality (composition,
digestibility, consistency) will become increasingly
important in assuring its competitiveness.

References
Batterham, ES, Lowe, RF, Darnell, RE and
Major, ES (1986) Availability of lysine in
meatmeal, meat and bone meal and blood
meal as determined by the slope-ratio assay
with growing pigs, rats and chickens and by
chemical techniques. British Journal of
Nutrition. 55:427.

This position is now being challenged by the
emergence of competitively priced phytase enzyme
supplements which can be employed to improve
the availability of phytate-bound phosphorus in
vegetable sources (particularly wheat offals, canola
and soya bean meal).

Black, JL, Campbell, RG, Williams, IH, James,
KJ, and Davies, GT.(1986) Simulation of
energy and amino acid utilization in the
pig. Research and Development in
Agriculture. 3:12-1.

So meat meal now has no unique nutritional aspect
which necessitates its inclusion in pig diets and it
must compete with the alternatives on a simple
value-for-money basis.

Crawshaw, R. (1995) Meat and Bone Meal. A
review of its nutritional qualities for pigs.
Feed Compounder. August 1995 pp 14-19.

Given the current environmental concerns of
nitrogen and phosphorus pollution from livestock
effluents, these outputs will need to be contained.
For this reason we are unlikely to see a return to the
high levels of meat meal use in pig diets even if
economics allowed it.

Degussa (1992) Study on the Amino Acid
Composition of Australian Ingredients.

Given that the pig and poultry industries are not
forecast to expand any faster than the population
in Australia, the volume of meat meal consumed
by these industries will probably remain fairly
static while pricing remains competitive. Export
demand for meat meal also affects the volume
consumed domestically by adjusting the price
relative to other meals.
However, the role of meat meal as a bypass protein
source for dairy and feedlot cattle has yet to be
exploited and, given that, there is now as much
prepared feed consumed by these stock as in the
pig and poultry industries combined, their potential
for meat meal consumption is quite extraordinary.
A further avenue for potential use is in the strategic
supplementation of breeder cattle and sheep and
back grounding steers as both a bypass protein and
phosphorus supplement to stimulate grazing intake
and reproductive· efficiency.
Given the regional spread of meat meal manufacturing plants, there has always been - and will
continue to be - some advantage in meat meal
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Meat and Bone in Poultry Rations
Dr Ron MacAlpine
General Manager Nutrition
lnghams Enterprises Pty. Limited

1. Why use MBM

Meat and bone meal (MBM) contributes
approximately 20% and 70% of total protein and
digestible phosphorus needs respectively in
Australian poultry diets. Inclusion levels ofMBM
in poultry rations have slowly declined due to
regional supply, price and quality factors.
Nonetheless, total annual consumption of MBM
in poultry rations is estimated at 160,000 tonnes.
This represents approximately one third of total
MBM production (450,000 tonnes) and half of
domestic consumption (325,000 tonnes). About
125,000 tonnes MBM is exponed each year.

MBM contains 3.5%-7.0% phosphorus (P) and is
an important source of digestible P in poultry
diets. Low levels of MBM (2o/o--7%) are used to
help meet digestible P requirements of poultry
(0.25%-0.5% of the diet). MBM is a cost-effective
alternative to dicalcium phosphate in most cases
and is preferred over poorly digested rock
phosphates. The introduction of phytase activity
to the range of enzymes used in the feed industry
may in future improve the availability of P from
organic plant P compounds and thereby decrease
the significance ofMBM as a source of dietary P.

There is potential for MBM to contribute a greater
share of protein (or amino acid) needs in the diet;
however, improvement in prodna: spec:ification,
quality and customer service most: be implemeuttd
to reverse the current trend.. An analysis of thR.e
key issues is given in this paper as a basis fOr adding
value and volume to MBM use in pouloy l2tions.

MBM inclusion above the level needed to supply
diecuy P ait:icillydepends on protein and digestible
amino :acid content compared with soymeal and all
odter available protein meals. Medium to high
laels ofMBM (5%-15%) are considered in least

Analysis of MBM and soymeal supplied to one
feed m• in one week (October 1995)
Analysis

MBMl

MBM2

MBM3

MBM4

Soymeal

Prorei:n {9ft)

45.B

49.8

54.6

58.0

47.9

Ash{%)
Calcium (IX.)

36.4
13.2

37.9
13.7

26.5
9.2

24.2
8.5

5.9
0.3

6.5

6.8
3.4
8.4
10.7

4.7
2.1
11.5
12.1

4.4
1.7
11.9
12.5

0.6
12.1
1.3
10.4

Phosphoms {9ft)

Moisture {9ft)
7.1
Ether &matt (')ft)
8.1
Meabolisable Eaagy 10.0

Table 1
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cost formulations because of favourable protein
and metabolisable energy content compared with
most oilseed protein meals. However, the
consistency of MBM composition within and
among suppliers is generally poor compared with
oilseed meals and grain legumes (Table 1).

essential for feed mill operators and nutritionists
to effectively manage the use ofMBM from a range
ofdifferent suppliers. Most feed mills have a limited
number of ingredient bins and managers need to
blend MBM from different suppliers into one or
two bins before mixing complete feeds.

In practice, MBM specification and value is often
downgraded for feed formulations as a con.tingency
against variation in protein, ash and digestible
amino acid content. MBM composition is affected
by variation in raw materials used as well as
processing conditions during rendering. In contrast,
soymeal and other plant protein sources are
predictable in nutrient composition on a weekly or
monthly basis and the full nutrient profile can be
used for maximum efficiency in least-cost diet
formulation. This procedure adds value to soymeal
versus MBM. There is a need for renderers to
improve consistency and/or predicability ofMBM
composition to increase value in poultry rations.

In general, high-protein low-ash meals have the
highest value or opportunity cost in poultry diets.
They are relatively low in collagen and high in
essential amino acid levels. Furthermore, the low
ash content allows a higher level of MBM to be
used without exceeding maximum dietary P limits.
Although a high protein content is desirable, this
should not be the result of hair, wool, hide or
excess blood contamination of raw material which
could decrease the digestible essential amino acid
content of the meal. Complete rumen material,
including gut contents, may give excess crude fibre
in the finished meal and should also be avoided.
High-protein MBM, by nature of the different raw
material blends, often gives the poultry nutritionist
the greatest challenge to manage variation in
digestible amino acid and mineral composition.

2. MBM Specifications
The recent introduction of basic MBM standards
by the ARA and SFMAA (Table 2) provides the
basis for improved product description and
predictability over time. Renderers need to analyse
finished product to measure conformance to selling
standards. This should not be left to customers.
Raw material changes may require a move to an
alternative specification which should be advised
to customers. Improved product description is

Opportunities for producers to blend MBM
production or classify high/low ash meals to achieve
a consistent finished product should be pursued as
a means of adding value through upgraded
specification. Physical texture of MBM is critical
in pelletised feed production and should be an
important part of the specification. A minimum of
98% should pass a 2 mm sieve.

ARA/SFMAA MBM standards
Analysis •

MBM

MBM

MBM

MBM

MBM

MBM

MBM

45

48

50/28

50/32

50/36

50/38

55

Protein (min%)

45

48

50

50

50

50

55

Fat (max%)
Ash (max%)

15
38

15
37

15
28

15
32

15
36

15
38

15
30

Fibre (max%)
3
3
3
Moisture
4-10
4-10
4-10
(min-max%)
Salt (max%)
1
86
86
Pepsin Digestibility
86
(min%)
all figures are given on an 'as-is' basis

3
4-10

3
4-10

3
4-10

3
4-10

1
86

1
86

1
86

1
86

Table2
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supplier acceptance. Producers need to concentrate
on raw material handling procedures that protect
freshness and minimise spoilage in raw material
prior to rendering. Biogenic amines provide a
good indicator of progress in this area.

Salmonella contamination of MBM, along with
some other ingredients, may survive the feed
production process and undermine the health status
of poultry flocks. MBM suppliers vary greatly in
the frequency ofsalmonella isolation from finished
product (10%-60%). Renderers should adopt or
continue a hygiene code of practice targeted at
reduction in salmonella contamination ~frendered
product. Monitoring is essential to identify gains
from improved hygiene procedures and provide
assurance to customers. The historically poor
salmonella status of MBM in Australia is the key
reason why some poultry companies have sharply
decreased or eliminated MBM from feeds for
breeding flocks.

Antioxidant addition to MBM should be
implemented to prevent toxicity from oxidation of
fat and to protect the energy advantages MBM has
over other protein meals.
Value added MBM business into domestic poultryfeed consumers depends on further entren~hment
ofdear trading specifications, improved ash/protein
consistency against those specifications and
attention to quality preservation issues including
raw material handling and antioxidant addition to
finished product. These improvements are
necessary to enhance the present advantages MBM
has as a high-energy protein and P ingredient.

3. Quality preservation and
service
Handling of raw material prior to rendering has a
critical effect on nutritional quality ofMBM. This
is not necessarily evident in protein or ash levels
versus specifications but can be demonstrated in
feeding trials. Microbiological spoilage of nonrefrigerated raw material aged over six or more
hours before rendering results in bacterial
conversion of free amino acids to biogenic amines.
The risk of biogenic amine production is greater
with soft-offal raw material (including digestive
organs) than for fat and bone. Inclusion of
processing sludge, DAF waste and/or dead stock
·adds to the risk. High levels of these compounds in
MBM have been associated with gastrointestinal
changes and impaired broiler performance.

Domestic consumption ofMBM could be further
reinforced by consideration of medium-term
reliable supply contracts (e.g. 3 months) and
increased interaction between supplier and
customer on projected changes in composition
and supply of MBM. Short-term supply arrangements for MBM contrast with vegetable protein
meals which are often available in consistent
nutrient composition on spread contracts (3 to 12
months) at competitive market prices.
Increased focus on quality and supply issues will
ensure MBM has a strong value-added future in
the poultry feed industry.

The adverse effects ofMBM containing high levels
of biogenic amines could be explained by the
general lack of freshness and quality degradation
in the raw material in addition to specific toxic
effects of the biogenic amines per se. In any event,
measurement ofbiogenic amines such as putrescine
and cadaverine, provides a sensitive marker of
freshness in raw material and predictability of
MBM performance in broilers. The levels ofselected
biogenic amines found by one end user in Australian
MBM deliveries during 1994 and 1995 are
summarised in Table 3. Of the twenty-five MBM
producers tested, five revealed significantly elevated
levels of putrescine and cadaverine. In each of
these cases the high levels found reflected the type
and age of raw material before rendering. Repeated
levels above 150 mg/kg each of putrescine and
cadaverine have been used in some cases to review
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Mean biogenic amine content (mg/kg) of MBM
from Australian producers (1994-1995)
Producer
A
B

c
D
E

F
G
H
I

J
K
L
M
N
0
p

Q
R

s
T

u
v

w
X
y
Average

No. of samples

2
3
6
1
1
2
1
1
3
1
1
1
1
2
2
5
2
1
1
1
4
6
2
1
4

Histamine

19
13
26
27
15
10
1
7
34
15
18
19
9
14
14
23
32
12
12
14
17
18
26
19
22
17

Putrescine

25
65
1iO
47
38
5
15
14
13
182
96
130
20
66
44
17
455
24
42
21"
79
310
45
40
72

79

Table3
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Cadaverine

30
78
164
31
57
4
39
40
16
234.
128
212
23
97
27
16
318
23
51
16
95
264
45
48
94
86

The Role of Rendered Products as
Bypass Proteins in Ruminant Rations
Neville J Chandler
Marcus Oldham College, Geelong, Victoria.

What is a bypass protein?

monogastric nutrition where for instance lysine
has been identified as the first limiting amin9 acid
in broiler production and is now supplemented in
grower rations. When lower growth rates were
acceptable there was no need for lysine supplementation.

A bypass protein is a protein that has the ability to
withstand attack and degradation by the rumen
bacteria and protozoa.
Normal feed proteins are anadced by the rumen
microorganisms in the following way.

Thus it has been identified in some production
systems that additional non-rumen degraded
protein is required either to supply a particular
amino acid or group of amino acids. Since at the
end of the day no matter what animal we feed, we
are feeding amino acids, in which protein is merely
the 'carrier' mechanism.

The bacteria attack. the weakest link in the protein
which is the amino side chains of the individual
amino acids that make up the protein. Once that
link is broken. the bacteria are then able to
metabolise the catbon sb:lemn producing volatile
fatty acids (VF.As) • The amino group (NH 2) that
is split off is coiiYem:d to ammonia and either
utilised by the baaeriaandprotozoain their growth
or absorbed through themmenwallinto the blood
stream. The kidneys are particularly effective in
removing ammonia from the bloodstream and
thus much ofthe ammoniaisexc:rtted in the urine.
A small proponionoftheammoniacan be recycled
to the rumen via the saliYa..

It is under these conditions that bypass proteins
have come into their own and proteins from the
rendering industry in particular.

The source of bypass proteins
Bypass proteins can arise naturally or through
treatment with heat or chemicals.

Thus, in some di~ the majomy of the nitrogen
that is fed to a ruminant is removed from the
protein and either recycled m the bacteria or lost
to the· animal. Trutt means tbat there is a limit to
the amount ofnitrogen and hem:e protein that the
animal can truly digest from the small intestine
since it is limited by the amounr of bacterial and
protozoan proteinthatcangrow.Snnilarl:yitmeans
that the amino ~cidsupplyt:otheanimal from the
bacterial protein is somewhat con:scmt: (Burris et

(a) Natural forms of protection
Some vegetable proteins contain high levels of
tannins that combine with the protein to render it
safe from attack in the rumen by the rumen bacteria.

(b) Chemical treatment
The most well-known form of chemical treatment
is the use offormaldehyde. The proteins are reacted
with formaldehyde and the formaldehyde reacts
with the side-chain amino groups of amino acids
and, in particular,lysine. When the bacteria attempt
to break the protein chain down, they are unable to
attack the bond that has been formed between the
amino group and the formaldehyde, thus the
protein then passes down the digestive tract with
the general rumen outflow. The protein arrives at
the abomasum where the pH is very low and, in the
acidic environment, the. bond between the
formaldehyde and the amino group breaks down
and the protein undergoes normal digestion or

al. 1974).
The above scenario is fine as long as the animal is
producing at a moderate leYd of prodnction;
however, with increasedgeneO.csdcaionandneed
for animals to produceat:theirgcncUcmaximnm.
man has changed the condirions of produaion.
Thus there may arise in some simat:ion:s a need ro
supply one or more amino acidstbatare identified
as being the first limiting in production. This is
not dissimilar to the situation that has occw:red in

103

Third International Symposium on Animal Nutrition, Protein, Fats and the Environment- 1995
breakdown by the gut enzymes into its component
parts of either amino acids or di- or poly-peptides.
These compounds are subsequently absorbed from
the digestive tract into the blood stream and pass
to the liver, mammary gland or tissue for resynthesis
into protein or, if they are non-essential amino
acids, they may be de-aminated in the liver and the
carbon chain used in general metabolism as an
energy source.

the rumen and undegradable rumen protein, the
percentage of the substance that passes through the
rumen without breakdown.
For the purposes of this paper, the percent bypass
is the amount of the substance that escapes
degradation in the rumen.
The relevant data for the most common rendered
proteins and some alternative proteins can be seen
in Table 1.

One of the potential problems of this type of
chemical treatment is the general safety attitude to
formaldehyde use. In some countries formaldehyde
is looked upon as a high-risk chemical to both man
and beast. The long-term prognosis on the use of
this chemical is not encouraging. Other chemical
means have been devised to coat proteins or
individual amino acids.

Table 1. Crude protein, bypass and
bypass protein content of common feed
proteins.
Crude Protein
%
Bloodmeal
Feather meal
Meat Meal
Meat & Bone Meal

These chemicals all work on the basis of protecting
the protein or amino acid from degradation in the
rumen but the protective coating breaking down
in the low pH of the abomasum. Such chemicals
that have been used are polymers, lignins and gums.

Fishmeal
CanolaMeal
Soybean Meal

94
80
55
50
65
36
48

o/o Bypass*

o/o Bypass
Protein**

80
70
76
50
60
28
30

75
56
42
25
39
10
14

(NRC 1989)

(c) Heat treatment

"'gms offeed ingredimt passing through the rumen unchanged
per 100 gftd.
"'"' gms ofprotein bypassing the rumen per 100 g ofthe ingredient
fed.

The first indication of the ability of proteins to
resist rumen degradation was published in the
early 1950s with work from the Rowett. Heat
treatment of peanut meal was studied and found to
be resistant to material that had not been heat
treated. Subsequently industrial processing has
produced a number ofby-products that have some
degree of resistance to rumen breakdown.

Bypass proteins for dairy cattle
(a) Dry Cows
Considerable work has been done with dairy cattle to
determine the optimum body score prior to calving
to maximise milk yield after calving; however, very
little work has been done to examine the role of the
labile protein or body protein reserves on subsequent
milk yield and composition. Some recent work
conducted at the Institute of Grassland and
Environmental Research at Aberystwyth has started
to shed some light on this area.

None more so than rendered products where the
raw materials ofblood and tissue protein are rapidly
degraded in the rumen with the associated release
of nitrogen in the form of ammonia. Feathers
constitute the major exception to this observation
in that whilst they are not degradable in the rumen
in the non-processed form, they are also not
digestible in the small intestine. Processing increases
the post-rumen digestibility.

Doubts about the adequacy of protein supply to
the dry cow have arisen because:
•
the AFRC model may underestimate
conceptus protein growth;
•
the very high efficiency (0.85) for use of
metabolisable protein may not be correct
due to the low relative value of microbial
protein, the use of amino acids in
detoxification of ammonia resulting from
excess RDP and the use of amino acids as

Bypass proteins from the
rendering industry
The remainder of this paper is largely confined to the
role rendered products can have as a bypass protein in
production diets.
It is also common to refer to rumen degradability,
i.e. the amount of the substance that disappears in
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•

metabolic fuel by the £:.ems z the fOem:s
cannot use fatty acids;
protein "coment: of.IDc:we:it;ht pin DI3J' be
higher in protei.n-dc:pl.eo:d ::~~~im:ak tb:m is
predicted from AFR.C modds {Dewlrmst
and Moorby Im).

these have mainly been in milk-fat response and more
recently it has been suggested that an improvement in
the supply of proline will have a beneficial effect on
milk production (Oldham 1993).
One of the common actions that has been rnken in
the past is to increase the crude protein content of
the ration using expensive proteins such as soybean
and fish meal.

Barnes and Brown 1990deplnal d.dolypnxein
reserves of goats and mcaMIIbil ~ milk
yield. They found tba caas wilh bq,cr pnxein
'reserves', 8.5% of mallladJ' pua:ia compared
with< l%,hadsignifia..,..~Jiddsofmilk.
and protein. Wdson a: ;I_ 1988 eaiaaarcd the
proponion of milk a:mNitanus thn an: of
immediate dietary oricia 01' wllidl ps through
body tissues. Their daD iw&acs
ofthe
carbon in milk casein in ealy l:arnrion,. (19% in
mid lactation) passes dacwja ...-., p:tJRin.

The role that rendered proteins can play is in
economically substituting for these proteins in a
diet. It is in this direction that much of the recent
work with rendered proteins and lactating dairy
cows has gone.

lha-*"

Wandersee et al. 1990 compared soybean meal and
feather meal as the protein sources in a dairy diet
and found no difference in dry matter intake, milk
production, milk composition or feed efficiency.

MoorbyetaL Im••wal••niDIIDui21sinwhich
the experimenal puap af daiq c:ows was
supplemented-widl500,.,.aflir.IIJ.rpassprotein
supplying 250 rJd:l.yafditJ qJ.Ir IIJps pnxein.
In trial 1 there w:as at ilw:::ii;ew: ia :milk protein
content in the uDI pu.p aftl..ZJ5 :md a greater
persistence in milk )i'Kllilia • •
• ID. nial2 milk
yield increased .,_ 1hc:ir- - - - d&omge in milk
protein contenL "'hedii$-w-1-naltsa•al between
the two trials DI2J' ~~:.aiR llc:.::a. to different
protein statuS of dae :a•;- k 01' the energy
background ofthe ...-:tal tJii:L.

Work carried out by Rogers et al. 1980 and Stobbs
et al. 1977 demonstrated a response to feeding
formaldehyde-treated casein and, more recently,
work at Wollongbar Research Station (Hamilton
et al. 1992) has demonstrated the value of an
increased supply of bypass protein. Cows in the
first three months of lactation were supplemented
with barley or sunflower meal treated or not treated
with formaldehyde. Increased bypass protein from
the treated sunflower resulted in an increase in
milk production (Table 3).

Table !. Effect a£
dry cows widl .....
Tri:III
Control Tl!C!M- •
Milk Y:!dd (kg)

27.2
Milk Pron:in"

Table 3 The effect of increased bypass
protein in the form of formaldehyde
treated sunflower meal on milk yield
and composition.

Tml2

c.._-

77.!J

33.3

Tremnent
35.4

Treatment

2.89
3.D
3.1
3.12
(Moorby, ~6-M: :wla:L~)
The practical COD'
I.e dram from the
work at tim sra&e inlau l i ' tw m:aa ion of dairy
cows in the bn: thJ' paiod is beneficial to
subsequent milkyidd.2MJiiii*iacoment and can
be obtained wilh a Rada:al ~protein mix.

Control
+Barley
+Sunflower
+ T r Sunflower

a...-. •

Milk
(kg/day)
14.7
17.9

17.8
18.9*

Fat
(g/kg)
36.2
34.1
34.0
34.1

Protein
(g/kg)
27.9
29.5
29.3
30.0

*significantly different from other treatments at P<0.05
(Hamilton et al. 1992)

dairycow~beeniuw aipnlbsomelime. Where

The most extensive examination ofthe role ofrendered
proteins in dairy production comes from the recently
reported trials from the USA (Beede et al. 1994). The
research involved the cooperation of five universities,
35 dairy farms and 5,500 dairy cows.

the diet has been basal Cllll ~ silage, responses
have been obtained to da..drcul supplies of lysine.
Responses to merhiooioe~oalm been observed but

This trial was sponsored by a commercial company
involved in sales ofboth rendered and marine protein

(b) J.acta~ Caws
Theneedfurexnaa,,.u..,a:iils~Jrlhehigh-producing
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Staples et al. 1993 have suggested that it is the high
level of rumen degraded protein resulting in high
blood urea nitrogen levels which is responsible for
diminished cycling in cows. They fed 40 cows a
20% crude protein diet that was either 27.5% or
45.5% bypass protein. Feeding continued for 120
days and the data obtained is in Table 7.

and the product used was a proprietary blend
containing blood meal, meat and bone meal, feather
meal, fish meal and rumin protected methionine.
The data examines the increased supply of bypass
protein. Analysis of the material is shown in Table 4.

Table 4. Analysis of 'PROLAK' high
bypass protein supplement

Table 7. Effect of 27.5% or 45.5%
bypass protein on Reproductive
performance.

Crude Protein % (min)
72
Soluble Protein %
4
Bypass protein as % of DM
50
Bypass protein as % of CP
65
Crude Fat%
5
Lysine%
4.5
Methionine %
1.1
Milk yield responses to treatment were obtained
by comparing the milk yield when a conventional
diet was fed compared to a similar diet containing
the protein blend.

27.5% bypass
45.5% bypass
Days to Corpus Luteum 39
26
Liveweight Loss (kg)
44 @ 28 days 18 @ 20 days
Blood UreaN {mgo/o)
22.0
17.3
Staples concludes that diets contammg excess
degradable protein are associated with reduced
reproductive performance of lactating dairy cows
i.e. lower conception rates and longer days to first
postpartum ovulation. The exacerbated energy
stress due to additional detoxification of ammonia
from excess feeding of degradable protein may
contribute to poor reproductive performance.

The average milk yield response to treatment was
1.76 kg of milk/day over all herds, no data was
discarded. The data indicated that the majority of
the herds had positive milk yield responses when
the percentage ofbypass protein in the diet (as a%
of DM) increased compared to the control. The
variety of basal diets is shown in Table 5.

In the light of this information, it would not seem
unreasonable to market rendered proteins as a high
bypass protein thus enabling cows to be fed lower
protein containing feedstuffs.

Table 5. Basal diets of herds used in
PROLAK trial

Bypass proteins for beef cattle

No. ofHerds
Primary forage base
Corn Silage
Alfalfa Hay/haylage
Mixed Forages
Primary protein base {control)
Plant
Animal-Marine
Blend: plant/ animal/ marine

There have been numerous trials conducted with
beef cattle in the USA in which various
combinations of rendered proteins have been used.
The main thrust of many of the trials has been to
find a cheaper protein alternative to what was
currently being fed or to increase the bypass protein
and gain benefit from the increased supply of
amino acids to the rumen.

17
11

7

18
5
12

Wiley et al. 1991 conducted two trials in which the
prepartum level of nutrit\on for first-calving beef
cows was either moderate or low. Upon calving,
the cows were fed a high bypass protein supplement
or a low bypass protein supplement. The high
bypass supplement contained 20% blood meal and
was isonitrogenous for rumen degraded protein.
Wiley concluded that ruminally undegraded
protein fed post-partum to 2-yr-old beef cows
increased post-partum weight gains and increased
reproductive efficiency of those cows (Table 8).

Table 6. Response to PROLAK across
all herds
305 day projected
MY (kg)
8703

No. of
cows
5572

MY response to
treatment (kg/day)
1.73

Protein and reproductive
efficiency
One ofthe major costs associated with high-producing
dairy cows is their inability to get back into calf and
their subsequent culling from the herd.
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Table 10 shows the amino acid composition of
rendered protein meals compared with common
vegetable protein alternatives.

Table 8. Effect of post-partum feeding
of high-bypass protein on reproductive
efficiency (250 g/day bypass protein)
Control
Liveweight 60 days
post-partum
Condition score
% showing oestrous
prior to breeding
% mated in the
first 21 days
Wiley eta!. 1991

Bypass Protein

Table 10. The per cent amino acid
composition of rendered and vegetable
protein sources

460
4.9

454
4.7

44

59

43

66

MBM Blood Feather Soybean Canola Cotton
2.0
1.7
3.1
8.9
1.7
Lysine 2.6
·Methionine
0.7
0.5
0.7
0.4
0.7
1.5
Cystine
0.7
0.7
0.9
4.0
0.3
1.5
Arginine
2.1
4.5
3.7
5.4
3.6
3.8
Tryptophan
0.5
0.5
0.7
1.1
0.5
0.3
Threonine
1.6
2.0
1.3
2.8
1.8
5.0
(Feedstuffs 1993 Feed Analysis)
The digestibility of the amino acids of the proteins
under review is in Table 11.

Similarly Goedeken (1990) comparedsupplements
of urea, soybean meal, blood meal, feather meal
and blood plus feather meal in 100 11-month-old
Angus x Hereford steers weighing 240 ± 34 kg for
112 days. All protein supplements out performed
urea, with blood meal and blood. meal plus feathers
providing the greatest weight gains.

Table 9. DM intake aod daily gain of
steers fed diffeftllt protein sources
Urea Soybean Blood

Feu:her

Meal-

Meal

Meal

Blood +
Feather

6JJ6

6.05

6.22

0.69"

0.58"

0.66<

DM Intake kg/day
5.85
6.03
Daily Gain kg/day
0.3~
0.51.

Table 11. Digestibility of some amino
acids contained in rendered proteins
and vegetable proteins
Meat Blood
&Bone
81
Lysine
93
Methionine 84
90
60
Cystine
85
Arginine 86
94
Tryptophan64
89
Threonine 77
87
(Source: Eurolysine)

Basically the data from thelirermm: indicates that
rendered proteins perform technically and
economically well in the field.

Bypass proteins for sheep
A trial in Montana{IOOmz 1991) inwhich feather
meal replaced soybean meal in a maintenance diet
demonstrated the value offeather meal as a partial
replacement for the more apeusive plant protein.
· Lambs of32 kgliveweigbtshowedalinearincrease
in growth rate as FM replaced SBM. They
concluded that in high rongbage diets fed at or
near maintenance level, feather meal can substitute
satisfactorily for more expensive plant proteins.

85
87
79
90
78
77

73
85
73
83
82
68

59
72

75
88
72

61

The data demonstrate that rendered proteins are a
good source of digestible essential amino acids.

Marketing rendered proteins
1. Drought feed supplement

(a)

the amino acids it supplies to the animal;

Besides the evidence that is presented above, there
was a considerable amount of circumstantial
evidence that came to light at the time of the 1994
drought. In particular, bypass proteins were seen
to be associated with greater-than-normal weight
gains when animals were receiving very little
material in the paddock. Leng has suggested that
bypass proteins should be an ingredient in any
drought-feeding strategy.

(b)

the digestibility of the protein in the small
intestine.

2. Dry cow feeding

Rendered bypass proteins compared with vegetable proteins
The value of any protein as afeedsndf"JS dependent
upon two major issues:
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Just as with the monogastric field where diets are
being formulated on available amino acids, so the
ruminant industry will move. To continue to
market meat and bone meal or any other straight
product is only asking for commodity consideration. With careful thought and a little effort,
companies should be able to move away from this
market.

The evidence available suggests that an area to be
developed would involve promotion of bypass
proteins as a supplement for dry cows both dairy
and beef.

3. Dairy cow feeding
}

The dairy industry offers the best market for the
sale of rendered proteins. Since 1980 there has
been a marked change in the industry to one that
is more efficient and better informed on dairy
feeding. Farms have become larger. There were
22,000 dairy farms with 1.88 million dairy cows in
1980 and now there are 14,500 dairy farms and 1.7
million cows. Whole-milk production in that time
has risen from 5,432 to 8,076 million litres with an
appropriate increase in per cow production from
2,848 to 4,765 litres. Farmers are much more in
tune with the nutritional needs of their animals
and supplementary feeding is much more acceptable
than it was 15 years ago.

In the UK and more recently in the USA, enzyme
degradation of offal is occurring to produce new
products with enhanced nutritional value.
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For high-producing cows some bypass protein is
essential to maximise milk yields and rendered
proteins offer an effective means of providing this.
Rendered proteins also offer a means by which
lower levels of rumen-degradable protein can be
fed thus minimising any effect that high blood
urea levels that arise due to rapid de-amination of
protein in the rumen may have on reproductive
performance.

4. Beef cattle feeding
The main place for rendered proteins would seem
to be in replacing more expensive sources of
vegetable protein. There is no doubt that the
rendered proteins outproduce urea-based rations
and market niches should be sought.

5. Added value products
It is essential that producers move away from
marketing their products as commodities. The
example given above ofPROLAK is an example of
what can be done. Such a move requires some
effort by the producer in running small demonstration trials and careful consideration of the
specifications that will be blended, vis a vis the
situation in the USA where a number ofcompanies
are marketing a named blend of bypass proteins.
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Use of Enzymes in Meat By-products
Tony Bryan
Manllging Director, Novo Nordisk

Application ofmechanicillydebonedmeat (MDM)
has been known for manyyeanin the meat industry
for addition to emulsified meat products. By
enzyme technology, improvement ofthe functionality of MDM, and utilization of the MDM, is
possible in a wider range of products.

hydrophobic amino acids, thus creating bitterness.
This especially goes for rather unspecific endproteases. The situation for this type of proteases
can be illustrated by the classical figure showing
development of bitterness as a function of degree
ofhydrolysis (DH).

This paper discusses experiments showing the
increasing warer-binding capacity obtained by
enzymatic hydrolysis. The applicarion of two new
enzymes - Prot:amex• and Flavourzym® for
converting meat prot:ein from by-products into
valuable ingredients with good flavour properties
are also discussed.

To avoid the formation of bitterness two main
things need to be controlled, that is, the degree of
hydrolysis (control of the process) and the positions
where hydrolysis takes place (selection of enzymes),
which will be discussed later.

.Mechanically deboned meat
Mechanically deboned meat is applied as an ingredient
in emulsified meat products due to the functionality,
meat composition and low price. However it is realized
that the functional properties are not as good as the
other meat ingredients. Some years ago a development
ofa process for improvement offunctional properties
ofMDM was· carried out in our laboratory. MDM
was hydrolysed using different enzymes all dosed at
same activity measured, as AU/g protein. Reaction
temperature w~ 35°C and substrate concentration
1Oo/o. Results are shown in Figure 1.

Introduction
Today's large production facilities in the meat
industry has made it: possible t:o collect by-products
for processing into ingredients of higher value. By
enzymatic modification ofthe meat products, there
is a possibilit:y of producing ingredients with
improved quality.
One of the problems encountered in hydrolysis of
proteins is development ofbitter-tasting peptides.
The tendency towards formation of bitterness is
very much dependent on the enzyme used and new
enzyme products have a significantly lower
tendency of formation of bitter products.

From Figure 1 it can be seen that several of the
enzymes could create an increase in viscosity of the
meat and thus improve the functional properties of
the MDM. An explanation of this rather surprising

The possibility of production of beef stock and
flavour products from meat raw materials will be
discussed together with the technology ofproducing
the products.

VIscosity of MOM during hydrolysis with
different proteasea
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The treatment of proteins with proteases is known
to cause development ofbitter taste, depending on
the degree ofhydrolysis and the enzymes used. The
bitterness is related to peptides having hydrophobic
amino acids in the end position of the pep tides.
Unfortunately many of the commercial proteases
have a tendency to hydrolyse peptide bonds at
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effect is thought to be that an increase in solubility
ofMDM during the hydrolysis is leading to larger
water-binding capacity as long as these peptides
are relatively long. Further degredation of the
peptides reduce the water binding capacity.

Cooling
Separation
Formulation/ drying
The hydrolysate- a meat extract- can be applied
directly in the production of meat products, soups
etc. or it can be preserved by salt addition, frozen
or dried for later application. The advantages of
application of this hydrolysate in meat products
are improvement of flavour, increased protein
content, increased water binding. Also the
utilisation of the bones for production of higherpriced products is an advantage.

One problem, however, still exists, that is, the control
ofthe hydrolysis. As seen from the curve, it is important
that hydrolysis is terminated when viscosity is at
maximum level. The only practical way to do this is
by terminating the reaction by heat treatment.
Another aspect is the risk offormation ofbitterness.
This can be prevented by selecting the enzyme.
Trypsin has been found to produce less bitterness
in the hydrolysate compared to the other pro teases.
Trypsin also has the advantage of being more
specific, meaning that reaction is easier to control
to a low degree of hydrolysis.

It should be mentioned also that this technology,
by control of the parameters, can be designed to
produce high yields of soluble protein/hydrolysate
which has a very good impact o~ the meat products
to which it is added. It has been found that the taste
and consistency improves beside the addition of
extra meat protein to the final product is possible.
The regulation for labelling must be consulted for
the country intended for utilization of this concept.
Another very important effect is a possibility of
keeping a low bacterial count during the processing
of the meat. Unfortunately, it is not possible at this
point in time to give the interesting details of this
as it is included in a patent application that will be
completed shortly. It is possible for those that are
interested to obtain details of this concept under a
secrecy agreement.

New enzymes for meat
processing
We have found that another way of utilizing the
·meat left on the bones after cutting could be by
hydrolysing the meat to solubilize the proteins,
and use this as an ingredient for meat products,
soups etc. The resulting meat protein hydrolysate
can be utilized as a flavour or flavour-enhancing
ingredient which is different from traditional use
ofMDM. The prerequisite for being able to carry
out this hydrolysis process is the availability of
efficient enzymes that can hydrolyse the meat
proteins without formation of bitter products.
This is now possible by two new enzymes: Pro tam ex
and Flavourzyme.

Meat stock production
This pJ._ocess can be further improved by utilising
Flavourzyme which has recently been introduced
on the market. This enzyme is very different from
Protamex by being a preparation having a very
high exopeptidase activity in combination with
endoprotease activity. The enzyme is a result of a
fermentation of an Aspergillus oryzae. Some basic
properties of the enzyme are the very high activity
in the pH range from 5 to 7. This means that
hydrolysing of meat proteins at their natural pH is
efficiently carried out with this enzyme.

Meat extract production
Protamex is an endoprotease which has been
designed for production of hydrolysates with a
relatively low degree of hydrolysis (DH) i.e.
maximum 15% DH. It should be noticed that this
enzyme does not form bitter peptides usually
obtained when using endoproteases.
A typical process for using Protamex on fresh bones
(or other by-products from the meat industry) is:
Beef bones 1,000 kg + water 1,000 kg
Heating to 55°C
Addition of Protamex (2 kg enzyme per ton
of bones)
Hydrolysis for 2-4 hours
Inactivation and flavour development at
90°C for 30 minutes.

A very illustrative way of describing Flavourzyme
application and comparing it to an endoprotease
(Alcalase®) is seen on Figure 2. This shows the
differences in DH obtained when hydrolysing at
fixed pH 7.0 compared to a hydrolysis where pH
is floating. The substrate is soy protein, temperature
is 55°C and time for hydrolysis is 22 hours.

110

Use of enzymes in meat by-products
If pH is not kept constant by addition of base it
will, due to the formation ofH+ during hydrolysis,
gradually decrease to around 6, which is the average
pk-value of the amino acids/peptides formed.

Production scheme for enzymatic
meat stock.
1.
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6.

It is cost effective to combine Flavourzyme with
relatively less expensive endoproteases and, due to the
exopeptidase activity in Flavomzyme, non-bitter
hydrolysates can be produced. It is also a result of the
exopeptidase acri:ritytbarahighconcentration offree
amino acids are released during hydrolysis. One of.
the most imponant free amino acids when discussing
flavour is glutamic acid which is well known for its
flavour-enhancing prope.tt:ies.

7.

8.
9.

As an example ofa production process for enzymatic
beef stock, a process using a combination of
Pro tam ex and Flavowzyme will be discussed. The
process has been designed to produce a meat
hydrolysate with a very high flavour intensity and _
an application as ingredient in soups. See Figure 3.

10.
11.
12.
13.

The final product will have a typical composition:
Dry matter (DM) 45%
Protein65% ofDM
Salt
33% ofDM
Fat
2% ofDM

I

I

Figure3

Conclusion

Some additional remarks about this process should
be made. It is evident from the figures ofcomposition
that the product in many respects looks like the type
of products produced by HO-hydrolysis of animal
protein. These products known as HAP have been
used for many years as flavours for meat products,
soups, gravies, snack food etc. However, there is a
growinginterestineliminatingthesetypesofproducts
mainly due to the content of mono- and dichloropropanols formed during the very extreme
process conditions in a HO-hydrolysis. It has been
found that an enzymatic process for hydrolysing
proteins is able to produce a hydrolysate with a
flavour and flavour-enhancing property that is a very
good alternative to acid hydrolysis.

Mechanically deboned meat is widely used in the
meat industry as an ingredient in meat products.
The functional properties of MDM can be
improved by enzymatic hydrolysis although the
inactivation of the enzymes will be complicated
without destroying the functionality again.
Alternatively, the meat left on the bones can be
utilised for other purposes. It can be hydrolysed to a
high degree ofhydrolysis due to the availability oftwo
new enzymes: Protamex and Flavourzyme. The
enzyme technology makes it possible to produce
meat protein ingredients for application in meat
products like hams, emulsified meat products, soups,
snack foods etc., where the most important property
of the meat ingredient is the flavour.

I
~

!

One part ground meat is mixed with one
part of water
Heating to 90°C for 30 minutes. (securing
low bacterial counts as hydolysis time is
long).
Cooling to 55°C.
Control parameters are measured: 0 Brix, pH
and osmolality. 0 (1.5 B, 6.1-6.3, 150m0sm/
kg are typical starting values)
Enzyme addition Protamex 1.5 MG, dosage
1.33 g/kg meat, Flavourzyme 1000 MG,
dosage 4.80 g/kg meat.
Hydrolysis for 4 hours. Brix increases to
8.0-9.0°B, pH drops approx. 0.2 and
osmolality increases about 200m0sm/kg
pH adjustment to 5.0 and 3% NaCl is added
(based on total volume). The salt addition is
done to secure microbial stability during
second step of hydrolysis.
Enzyme addition Flavourzyme, dosage 4.0 g/
kg ground meat.
Hydrolysis overnight- 16 hours- resulting
in Brix increase of about 2.0°B, osmolality
increase about 200, and pH remains
unchanged.
Inactivation by boiling.
Separation of protein hydrolysate from
insolubles and fat phase.
pH adjustment to 5.8 and evaporation to
60°B.
If desired, the flavour of the product can be
further developed by addition of 1% of
dextrose or other reducing sugars and amino
acids in combination with heat treatment.
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./Complete turn-key plants
. /Rotadisc® Dryers
./Twin Screw Presses
. /Preheaters
./Waste Heat Evaporators
./Continuous Feather
Hydrolizers
./High Pressure Presses
./Auxiliary Equipment

The Rotadisc ® Dryer

}1:.~!~!~ !!Xsw~.!!!!,!le d
Phone no: (61 2) 9980 6404 Fax no: (61 2) 9980 6443
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The Twin Screw Press and the Waste
Heat Evaporator in the· Rendering
Industry
Osvald Kaarstad
Stord International

The twin screw press
If we could separare the rendering raw material
into a liqnidlfal: phase and a solids phase early in
theprocess~wecouldmakeamoreenergy-efficient

process.
This was the idea behind the introduction of the
low-pressure £Win..5crew press into the rendering
industry.
In the low-pressure single-screw press, there is a
tendency for marerial rotation to cause a negative
effect on capacity.

A good press perfuiiD3Jlce is dependent upon the
material mix. the panicle size, and the pre-heating
condition.
a)

Soft and hard mat:erial mixed gives the best
result.

b)

Particle size is of "rita! importance,
particularly when this determines the fat
content in the meal {the SDR process). 25
mm size is obtainable.

c)

The pre-heate:rs handling action and
temperature are also important.

~

lt

I
i

This makes mechanical separation of water only a
fraction of the cost of drying.
The Stord twin-screw press is a long-lasting piece
of equipment due to simple and sturdy design.
With little maintenance, the operating cost of the
twin-screw press is low.

Waste heat evaporators
For simplification, this section relates the use of
the evaporator to the WHD process.
While the solids phase from the press is conveye.d
to the cooker, the press liquid containing water,
fat, and fines goes to a decanting/separating station,
and most of the fines is separated and mixed with
the press solids (the presscake).
The liquid phase can then be pumped to the
evaporator.

Other paramete:rs relared to the press performance
are:

•
•
•

Volume ratio of screws
Speed of press screws - Ttme of pressing
Size of strainer plate holes

The energy consumption by pressing meat and
bone material is in the range of2.5-3 kWh per ton
input material.
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the plant that determines if a one-stage or a twostage unit will be the most economical.

Stord supplied the first evaporator to a rendering
plant in the late sixties. This was a multi-stage unit.
Waste heat evaporation was introduced into
rendering in 1981.

The falling film type has advantages of higher
efficiency and less liquid volume in circulation.

In the evaporator we can, under normal conditions,
remove about 45% of the water necessary to be
removed from the raw material.

In the falling film evaporator the heat is transferred
to a falling liquid film. The thickness of the film
flowing down the tubes should be of a certain size.
if the film is too thin, problems with drying out,
and thus scaling, will occur. If the film is too thick,
the heat transfer will be reduced.
-

The exhaust vapour off the cooker will be the only
source of energy.
Since about 45% of the water in the raw material
is evaporated in the waste heat evaporator, live
steam is used only for pre-heating and final cooking.

A liquid distribution system delivering the liquid
evenly to all tubes is necessary for a steady and
troub~e-free operation.

We all know that the energy bill in rendering is
high, and cutting this cost is important for the
total economy. It also helps us on the environment
side if we can reduce the C0 2 going into the
atmosphere.

There will normally be enough heat in the vapour
from the cooker to balance the need for heat in the
evaporator.
The concentration to obtain on the liquid off the
evaporator is, to a great extent, dependent upon
viscosity and temperature of the concentrate.

The waste heat evaporator also acts as a condenser
for the cooker vapour, and will thus reduce the
load on the vapour treatment system and therefore
the cost.

By introducing a pre-heater, the twin-screw press
and the waste heat evaporator into an existing
plant, the capacity can be increased by 60-70%
using the existing cooker and also the existing
boiler.

Most of the waste heat evaporators supplied today
are of the falling film type. It is generally the size of
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Figure 2 Stord ]-stage waste heat evaporator
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