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It has been suggested that the energy crisis of the seven- quarter of total feed proteins (Cloete, 1975). Notwith-
ties wil l be succeeded by a protein crisis during the standing its prominent standing as a protein producer
eighties (Hurnphrey, l973). Recent reperts indicate on this continent, concern has been expressed (Cloete,
that the gJobal outlook for protein is beset by a tighten- 1979) as to South Africa's own protein solidarity for
ing supply -  demand si tuat ion (Howard, 1980).  Based animal feeding(Table 2).
on growth trends during the previous decade and incor-
porating population and gross domestic product growth Table I
rates to 2 000 A.D.,  Hoshiai  ( lc)El)  assessed global  pro-
tein supply and dernand for humans as follows (Table l'lorld protein suppll, and demand I'or humans
I ). 1975 - 2000 A.D. (million tons protein)

On the global front the protein situation obviously pre-
sents a serious situation and of significance in Hoshiai's
comprehensive assessment is the suggestion that contra-

ry to expectations, human requirements for animal
protein unti l the turn of the century wil l increase more
rapidly (3,4uo p.a.)  than for plant proteins (2,0uo p.a.) .  1975 lot  100 + I
Verif ication for more intensive animal production prac-
tices in future thus seems obvious. However, the major 1985 126 128 2
protein source for l ivestock feeding viz. oilcakes would
appear to be deficient by 22 mill ion tons protein for 2000 164 178 14
2000 A.D.

The Republic of South Africa occupies a unique posi-
tion on the African continent in that it produces one- (l) RecalculatedfromHoshiai (1981)

Table 2

Anticipated protein deficit /or animal J'eeding duing 2000 A.D. based on growth
trends during the previous decade (Cloete, 1980 - unpublished)

Protein Protein Global

supply (l) demand status

Annual protein Expected protein pro- Protein requirements Protein deficit
product ion 1970 duct ion (at  exist ing 2000 A. D. at  a popu- 2000 A. D.

1979 ( tons) growth rate -  0,52eo lat ion growth rate of  ( tons)
p.a.)  dur ing 2000 A. D. 2,7eo p.a.  ( tons)

(  I  )  ( tons)

505 000 ss7 000 783 000

1 3 9

226 AO0

(  I  )  Only protein sources containing 12 per cent or more protein considered.



On an oi l  cake equivalent basis the defici t  durirrg 1000

A .  D .  i s  l i ke l y  t o  amoun t  t o  J  565  000  t ons  o i l cakes
(present  product ion 250 000 tons) .  

- fh is  
pro ject ion is

however ,  dwar fed by the est imate o f  Gr iese l  (1979)

which po in ts  to  a  requi re l t ' rent  o f  about  I  000 000 tons
animal  feed prote ins.  Consequent ly ,  i t  appears  as i f
South Af r ica is  heading for 'a  substant ia l  def ic iency in
prote in  feeds when judged by prec ious growth t rends.

Compar ison of  the geometr ic  growth and per  cap i ta  con-
sumpt ion tendency (Gr iese l ,  1979)  po in ts  to  the fo l -
lowing increased requirements for the various animal
products  dur ing 2000 A.  D. :  pou l t ry  meat  194 per  cent
(570  000  t ons ) ,  eggs  102  pe r  cen t  ( 135  000  doz ) ,  po rk
95  pe r  cen t  ( 86  000  t ons ) ,  n r i l k  62  pe r  cen t  ( 1420

mi l l ion l ) ,  mut ton 84 000 tons (49 per  cent )  and beef
217  000  t ons  (26  pe r  cen t ) .  Consequen t l y ,  t he  mos t
s ign i f icant  increases are expected in  the more in tens ive
ani rna l  product ion sectors  rvh ich should  be accorded
access to  prote in  sources of  super ior  prote in  va lue ( l lsh

meal ,  soya and o i lcakes) .  Fur thermorc,  49 per  cent  o f
a l l  cat t le  marketed as wel l  as  6 ,8  mi l l ion sheep wi l l  have
to be intensively raised (presently t  20 per cent for

catt le). The necessity for greater intensif icat ion is again
clearly apparent. This rvi l l  necessari ly place a heav-v
burden on our  a l ready s t re tched prote in  supply .  A rea-
l ist ic new protein strategy appears to be urgently re.
quired. The ensuing discussion attempts to evaluate
opt ions to  be cons idered in  const ruct ing such a s t ragegy.

New protein sources for animal production

Fir tu re by-p ro tluc t prot e ins

Incre asin gly str ingen t en vironmen t al p ol lut ion le gisla t i  on
(Oberhols ter ,  l t )78)  and growing indust r ia l  and agr icu l -
tura l  waste product ion (Knoesen & Jouber t ,  1978)  coup-
led wi th  an inherent  prof i t  mot ive (Van Niekerk ,  l919) ,
serve as incent ives to  the recyc l ing o f  pro te in  by-pro-
ducts  f rom the an imal ,  p lant  and indust r ia l  sectors .
Some of  these prote in  products  not  commonly  used in
the recyc l ing source,  namel l ,  an inra l  feeds,  and the i r  po-
tent ia l  cont r ibLr t ion to  prote in  supply  dur ing 1000 A.  D.
are presented in  Table  3 .

Calcu la t ions ind icate  that  exp lo i ta t ion o f  the a fore-
ment ioned by-products  nray great ly  ass isr  in  br idgrng the
ant ic ipated prote in  det lc i t  twenty  years  hence.  Apar t
f rom poul t ry  droppings ( f t0  000 rons p.a .  Hyman,
1978 ) .  l r oweve r .  none  o1 '  t hese  sou rces  have  been  e . r -
p l o i t ed  t o  any  s i gn i f ) can t  ex ten t .  O the r  sou rces  wh i ch
nray a lso be developed inc lude dehydrated amnronia ted
c i t r us  pu lp  (16 ,5  pe r  cen t  p ro te i n ) ,  condensed  l l sh  so -
l ub les  (57  pe r  cen t  p ro te i n ) .  an in ta l  ha i r  r nea l  ( c ) -5  pe r
cen t  p ro te i n ) ,  d r i ed  spe r l t  su lph i t e  l i quo r  f r om the  pape r
pu ip  i ndus t r y  ( l - 5  pe r  cen t  p ro te i n )  and  hyd ro l ysed

leather  meal .  Before an imal  waste prote ins wi l l  be used
extens ive ly  as l ivestock f 'eeds,  the fo l lowing hazards wi l l
have to  be overcorne:  ( l  )  the e f fec ts  o f  drugs and heavy
meta l  res idues conta ined there in  c ln  an imals  ( ( 'a lver t .

l97 l  ) ,  ( l )  the t ransnt iss ion of  d isease f rom f 'eed ing ma-
nure ( f {yman,  1978) ,  (3)  the e f fec t  o f  molds or  fung i
co rnmon  i n  l i t t e r  on  an ima ls  (S rn i t h . l gT  l  ) ,  ( 4 )  poss ib l e
inrba lances created by the h igh minera l  content  on ma-
nure (Frob ish ,  l9J  I  ) ,  ( -5)  h ign costs  incurred in  co l lec t -
ing and process ing excretory  products  (  Knoesen &
Joube r t ,  l 9 l 8 )  and  (6 )  aes the t i c  cons ide ra t i ons  (Rudd ,

1 9 7 8  ) .

Lcaf protein conc'cnrrates ( L. P. C.)

A research goal  in  many laborator ies  has been to  f rac-
t ionate forage in to  (a)  h igh prote in  products  for  nrono-
gas l r ics  and humans and (b)  a  res idue to  be used for  ru-
r t t i nan t s  (Koh le r ,  Ch r i sman  &  B i cko f f ,  1913 ) .  A l t hough
about  30 p lant  spec ies have a l ready been cons idered 1 'or
th is  purpose (P i r ie ,  l97 l ) ,  the rna jor i ty  o f  research in-
pu t s  have  been  d i r ec ted  a t  l uce rne  (Cheeke ,  l 9 l 6 )  and
g rass  (Cadenhead ,  197  2 ) .

Mechanica l  ex t ract ion o f  green crops crea les the poss ib i -
l i tv  o f  ex t ract ing prote in  h i ther to  not  u t i l i sed extens ive-
ly  in  agr icu l tura l  systems (Houseman & Connel l ,  1976)
and this has now become cornmercial ly feasible in many
overseas count r ies  (Braude,  l9 l6) .  Green crop ju ice can
be used now by non-nrminants  in  the l iqu id  form (37
per  cent  prote in) ,  e i ther  f resh ly  ext racter j  r l r  preserved
wi th  chemica ls  ( t {C l  and metab isuphi te)  (Braude,  l9 l6)
or  fur ther  processed in to  a  prote in- r ich coagulunr  (59
per  cent  leaf  prote in  concent ra te)  (Cheesman,  l974\

Screw-press process ing resu l ts  in  a  pu lp  res idue conta in-
ing I  to  -5  per  cent  less crude prote in  than in  the or ig ina l
c rop  ( l l ouseman  &  Conne l l  , l 9 l 6 ) .  Th i s  pu lp  res idue  can
be d i rected to  ruminants  in  the t ' resh,  dr ied or  ens i led
fornr  (Meyer ,  Cheeke,  & Kennick ,  1915) .  The amino
ac id  compos i t i on  o f  L .P .C .  i s  comparab le  t o  t ha t  o f  con -
ven t iona l  pro te in  sources (  Byers .  I  9  7 l  )  a l though n1e-
th ion ine ntay appear  to  be the f i rs t  l in r i t ing amino ac id
(Ger l o f f ,  L ima  &  S tahmann ,  1965 ) .  B io l og i ca l  va lue  o f
L .P .C .  n ray  exceed  70  pe r  cen r  (Hen ry  &  Fo rd ,  1965 ) .

In  the Balanced [ ]eed lnc lust ry  the demand for  pe l le ted
dehydrated a l fa l fa  should  serve as a  r ider  to  extended
operat ions in  th is  f ie ld .  Fur thermore,  cont inua l ly  r is ing
pr ices o f  convent iona l  pro te in  sources wi l l  s t rengthen
the barga in ing power  o f  L .P.C.  and cur ta i l  the present
expor ta t ion o f  va luable  prote in  in  th is  form owing to
nronetary  cons iderat ions.
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Table 3

Animal and plant protein by-products for potential utilisation in animnl feeds

By-product

Present production

@M tons) Protein 1 9o;

Protein production Potential protein

(tons) Production 2000 A. D'

(tons) (5)

Poultry industry

Layer litter

Broiler litter

By-product, -"r l(1)

Feather rnr"l 
(2)

Cattle industry

Rumen contents
/? \

(dry)  ' - '

Cattle manure

(feedtots)

Pig industry

Pig manure

Dairy industrY

Whey Powder

Brewing industrY

Brewen grains

Sorghum grains

Maize industry

Maize gluten

Distjllers gains
A \

solubles ' '  '

150 000
rss 000

38 000

263 000

22
24
5 5
80

t 7

1 3

35 600
37 200

4 500

34 000

104 000
109 000
27 000
14 000

6 000

48 000

88 000

14 400

ls 000
20 000

7 500

166 000

20 17 500

1 900

3 300
5 000

4 500

4s 000

34 000

3 000

s 000
7 000

7 000

89 000

1 3

22
? 5

50

27

927 000 188 500 453 000
TOTAL

(l) Aszuming 24Agby-products meal per broiler (Griesel, l98l - pers. comm.).

(Z) Asuming 45,7gfeather and blood meal per broiler (Grierl, 1981 - pers. comm.).

(3) Onty animals slaughtered in control areas.

(4) Assuming 500 000 tons maize to be processed presntly and 1 million tons during 2000 A.D.

(5 ) Data of Smith ( 1971), Griesel (19 79) and Van Niekerk (1979) used in calculations.
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Single cell proteins (S. C. P.)

Various scientif ic symposia on singJe cell proteins serve
as a barometer of thinking to develop novel protein
sources in a future protein hungry world. The rationale
behind this interest is clearly apparent when it is con-
sidered that while calves take about 2 months to double
their init ial mass, S. C. P. may achieve the same in ]
I  h  (Bomar ,  l98 l ) ,  S .C.  P .  may be  produced by  non-
photosynthetic (yeasts, bacteria and fungi) and photo-
synthetic (algae) organisms. Progress in this field may be
summarised as follows:

Yeast asS. C. P.

The most familiar strains of yeast employed for pro-
tein production comprise Toruln, Candida and Saccho-
romyces (Naess & Slagswold, 1973) grown on substrates
such as cereals, sugars, molasses, waste sulphite l iquor,
cheese whey, alcohol, sewage and petroleum products.
In South Africa, molasses has also been used as sub-
strate (De Bruyn & Lategan, 1968). The nutrit ive value
of particularly hydrocarbon based yeasts (Toprina) has
been well established for pigs (Barber, Braude, Mitchell
& Myers,  1971, Oslage & Peterson, 1973) and poul t ry
(Van Weerden, Schacklady & Van der Wal,  1970).  Oi l
price increases have, however, severely curtailed the
production of hy drocarbon yeasts.

Bacteria

Petrochemicals produced from hydrocarbons e.g. acetic
acid, ethanol, methanol have been used as bacterial sub-
strates. The most widely used fermentation product has
been Pruteen produced from methanol using Pseudo-
monas. Whilst containing 83 per cent crude protein,
Braude (1916) pointed out that due to its high nucleic
and acid content its use may be restricted for some mo-
nogastrics which do not possess the urate oxidase en-
zyme. It has, however, subsequently been confirmed
that pigs and calves could use this bacterial protein
(Braude & Rhodes, 1977) to good advantage. Cellulosic
waste has subsequently been used as substrate (Bomar,
l e 8 I ) .

Fungi

The Finnish process which uti l ises the fungus strain
Paecilomyces on sulphite spent l iquor from paper pulp
to produce Pekiloprotein is the most wellknown in this
field although barley has also been considered as a sub-
strate for Aspcrgillus and Rhizopus (Braude, 1976).
Studies wi th pigs indicated that Peki loprotein could
replace f ish meal in diets (Barber,  Braude & Mitchel l ,
t 9 7 t \ .

Algae

Algae prol i ferate spontaneously,  in the presence of  sun-
l ight ,  Ci02, inorganic cul ture rnedia to produce substan-
t ia l  quant i t ies of  protein and is relat ively easy to grow.
The strains Spintlina, Chlrtrella md Scenedesnlas have
already been exploi ted for  commercial  purposes and the
pro te ins  used in  p ig  nu t r i t ion  (Braude,  1976) .

At present considerable interest  is  focussed on algae pro-
duct ion in South Afr ica and substrates used on an ex-
perimental scale include sewage effluent (Viviers, Briers
& Van Vuuren,  1980) ,  indus t r ia l  e f f luen t  (Basson,  1980
- pers. comm.), effluent from intensive animal produc-
t ion uni ts (Pieterse, 1980) and mineral ised water
Chut te r .  1980) .

The chemical  composi t ion of  S.  C. P. ref lects,  to a cer-
ta in extent.  potent ia l  nutr i t ive value and the proximate
chernical conrposition is indicated in Table 4.

Despi te their  rapid mult ip l icat ion rate,  the fo l lowing
problems should be considered pr ior  to their  appl icat ion
in animal feeding:

Han,esting A major diff iculty in the use of single cell
proteins is the harvest ing of  mater ia l .  Current ly dehydra-
t ion,  f i l t rat ion,  centr i fugat ion and f locculat ion are used
(Johnson, 1967: Oswald,  1969).  Algae are general ly
more easily separable than yeasts and yeasts more than
bacter ia (Asplund & Pfander,  1973).

Palotabilin Llnprocessed microbial cells are normally
not very palatable since yeast has a characteristic bitter
flavour, while algae and bacteria have less acceptable fla-
vours than conventional proteins (Waslein, Calloway, &
Margen, 1969).  In order to overcome this problem S.C.P.
should, therefore, be used as supplements.

Digesribil i t.v Llnless S.C.P. is treated (cooked) to kil l
the cells, digestibil i ty is poor especially in the case of
yeasts and algae (Miller, 1968). I leduced digestibil i ty of
bacter ia is associated with substant ia l  quant i t ies of  d ia-
minopimel ic acid or muramic acids as cel l  wal l  consi-
tuents which are not absorbed (Mason & Mi lne,  l97l) .

l{ucleic' ac'id c'ontent The high levels of nucleic acids
in S.C.P. are c lear ly apparent f rom Table 4.  When the
pur ines of  the nucleic acids are metabol ised, ur ic acid is
formed. In man, ur ic acid is relat ively insoluble.  Elevated
blood urate levels were noted af ter  the consumption of
yeasts or algae by humans (Waslein,  Cal loway, Margen &
Costa.  1970).  In ruminants the enzyme ur icase meta-
bol ises ur ic acid to the much more soluble al lantoin
which is excreted. Whi lst  not  expected to produce phy-
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Table 4

Proximate chemical composition of single c'ell proteins

C onst i tuent

Y"o r t  
(  I  )

(  t sP)

Bu.t.r iu 
( l  )

(Pruteen )

1"1nri ( I )

(Peki lo protein)
Algae 

(2)

Dry  mat te r

Crude proteur

Nucleic acid

Crude fiber

Ash

Calcium

Phosphorus

Lysine (g/kg protein )

S Amino acids

(g/kg protein )

94,2

62.0

10,0

0 ,07

1 , 5

7 ,3

n ) '7

95 ,0
' t 1  <

14,7

0,03

l 0 , l

0,04

2,6

6 ,5

0,3 3

93,4

47,5

10 ,0

6 , 1
s 1

0,07

0 ,2

5,6

0,26

9 1 , 1

54

3 , 7

3 ,3

14,5

0,24

0,9

3 , 2

9,80

( l )

( 2 )

Braude ( l9 76 ).

Basson (1981 -  pers .  comm.) .

siological problems in l ivestock feeding, the consuming
public wil l, however, have to be appeased and informed
that animal products resulting from S.C.P. consumption
will not be harmful. However, the reduction of nucleic
acids in S.C.P. for human feeding is possible by means
of anaerobic after-fermentation techniques (Bomar,
t 9 8 l  ) .

Toxiciry, Two sources of harmful compounds in
S.C.P. exist  v iz.  select ive absorpt ion by organisms of
potentially toxic substances in the industrial growth sub-
strate (eg pesticides and trace elements), and toxins spe-
cif ically produced in microbial cells as regular or secon-
dary metabolites (Asplund & Pfander, 1973). Since
1970, Japan has developed assessment methods for the
safe use of S.C.P. for animal feeding including pathoge-
nic i fy,  mutagenic i ty,  toxic i ty (mycotoxins and l ' reavy
metals)  and carcinoginic i ty (Fudj imaki ,  l98l) .  Resul ts
were general ly negat ive when tested on l ivestock (Yu,
Da Chen & Kang-L in ,  l98 l  ) .

Protein quality A relative deficiency in S amino
acids in S.C.P. is apparent f rom Table 4,  whi le lysine
and isoleucine may be marginal (Waldroup, 1972). The
amino acid prof i le of  S.C.P. is usual ly super ior  to that
of  cereals but inf-er ior  to that  of  commonly used protein
supplements (Mi l ler ,  1968).  This infer ior i ty may, how-
ever, be largely overcome by methionine supplementa-

tion (Asplund & Pfander, 1973). The biological value of
yeast proteins is generally around 60 per cent without
methionine supplementation while with D. L. methio-
nine supplementation it may be increased to that of
dried skim milk protein (Shacklady, 1972).

Economic aspects Without becoming embroiled in a
lengthy involvement in economics, engineering and re-
lated fields, it appears feasible that a multidisciplinary
approach to future S.C.P. production should be sought.
As long as conventional protein sources eg. oilcakes are
freely available at reasonable prices, S.C.P. appears to be
a relatively obscure alternative. However, in view of their
abil ity to conserye eners/ ( 14,56 MJ ME/kg), to combat
increasing pollution and, most importantly, to poten-
tially supplement an increasing protein deficit for animal
feeding, the increased production of S.C.P. should be
supported.

Notwithstanding the availabil ity of a wide variety of sub-
strates, the choice of substrate and the economics of
energy inputs wil l be deciding facton. Despite escalating
substrate prices, S.C.P. production is going ahead in
many parts of  the wor ld.  eg.  Japan, lndia,  U.S.S.R.,
China, W. Germany etc. and the verdict appears to be
that even under these conditions prices for S.C.P. pro-
ducts sti l l  appear to be marginal for petroleum sub-
stra tes.

t43



Table 5

Changes in the producfion of animal protein feeds duing the past decade in
South Afrtca ('000 tons)(Cloete, 1980 - unpublished)

Protein source Protein production

1970 - 74 t97s -- 79

Annual change in protein

production

(tons) ( 9a\

Oilcakes

Luceme hay

Fish meal

Carcass and blood meal

Urea

Wheaten bran

Soybean

4-l

1 8 8

t44
1 ' l
I ; L

6 8

4 l

J

66

192

1 1 9

8,7
"t l

43

l l

3 800

800

s 000

300

600

400

I  600

8,8
0,4
3 ,5
4 ,2
0,9
1 , 0

5  3 ,0

+

+

?

+

+

+

+

+

?

+

+

+

TOTAL 498 5 1 1 2 600 0,5 2

In view of local constraints in respect of increasing

arable land for protein production, a fresh and unified

look at research in this field appears opportune in order

to exploit a vast potential.

New protein stragegies for intensive animal production

An anticipated global decrease in fish meal protein
from 2,72 mill ion tons in 1975 to 1,59 mfion tons in
2000, and a deficit of 22 million tons of oilcakes
(Hoshiai, l98l) coupled with our own projected deficit
in protein for animal feeding (Table 2), require objective
appraisal of a viable future protein strategy. Perspective
of some of the options to be considered may be deduced
from Table 5.

Dwindling fish meal supplies (Table 5), prompted the
Protein Advisory Committee to advise the Minister for
Agriculture that, as an interim measure, oilseed produc-
tion, and particularly sunflower and soya should be ad-
vocated. A few realit ies attached to sunflower and soya
as oilseeds should, however, be considered. Since oil-
seeds and edible plant oils are produced concurrently, it
is feared that oilcakes (as one of the most important
animal feed proteins) may be in short supply in future
due to a world trend of an oversupply of vegetable oils.
Futhermore, plant oil expressing facilities in the country
offer a potential oilcake production about 650 000 tons
(present production 250 000 tons) whilst about 1,1 mil-
l ion tons oilcake wil l be required in 2000 A.D. (Griesel,
1979), which implies, furthermore, that oil expressing
facil i t ies wil l have to be extended. Evidentlv problems

will be encountered to produce the required 425 000
tons soy cake during 2000 A.D. since potential produc-
tion appears to be only about 250 000 tons (Snyman
1980 -  pen. comm.).

The complexity of constructing any worthwhile protein
feeding strategy is also confounded by a present growth
rate of only 0,52 per cent p.a. (2 600 tons protein) as
against an anticipated 6,4 per cent p.a. (18 400 tons
protein) requirement in 2000 A.D. In addition to the use
of protein by-products, single cell protein and leaf pro-
tein concentrates, a number of additional prospects may
be explored.

Technical aspects of a future protein strategy

Improve d pro tein requirement models

For many years the digestible crude protein system has
been used in South Africa to express the protein require-
ments of farm livestock. [n order to save protein, various
models have been developed since 1975 to express the
protein requirements of ruminants eg. the Brit ish (Roy,
Balch, Miller, Onkov & Smith, 1977), French (Journet
& Verity, 1977), West German (Kaufmann, 1977) and
U.S.A. (Satter & Roffler, 1975; Burroughs, Nelson &
Mertens, 19'75, Fox, Cr ickenberger,  Bergen & Black,
1977) models. Essentially, all these models are based on
the concept of amino acid absorption from the small
intestine of ruminants with the objective of quantifying
the exact requirement for protein in more precise terms
and also incorporating the imperative energy concept.
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Criticism which may be advanced at present against the
construction of these models may be directed at the va-
rious constants employed viz.

(a) the validity of using a constant of 0,65 for indi-
cating the proportion of apparently digested or-
ganic matter apparently digested in the rumen (in
the British model), in view of the difficulty of esti-
mating the contribution of microbial organic mat-
ter (Smith, 1975). Values may in fact vary from
0,42 to 0,83, with relatively large differences
existing between sheep and cattle (Waldo, 1973).

(b) the acceptabil ity of using a constant of 30g mi-
crobial N/kg organic matter apparently digested in
the rumen while values may vary from 6,2 to 42
(Stern & Hoover, 1979; Armstrong, 1980 pers.
comm.). The most acceptable markers for this
purpose sti l l  appear to be 35S and l5N 1B.ru".,
1980 -  pen. comm.).

(c) the apparent confusion precipitated by the various
methods adopted to estimate rumen degradable
N eg. by means of diluted NaOH (Lyman, Chang
& Couch, 1953), artificial saliva (Tagari, Ascarelli
& Bondi, 1962), autoclaved rumen fluid (Wohlt,
Sniffen & Hoover, l9l3), diluted pepsin - HCL
(Beever, Thomson, Cammell & Harrison, 1977),
water (Mertens, l9l7), suspended dacron bags
(Mehrez & Onkov, 1977\ etc. Confusion exists
in interpreting values obtained either by degrada-
bility or solubility (Satter, Whitlow & Beardsley,
re77).

(d) These limitations also cast doubt on the values
used for undegraded (bypass) N which are normal-
ly determined by difference. A considerable quan-
tity of N entering the small intestine may be of
endogenous origin (Cloete, 1964a), thus ques-
tioning the validity of the constant used for die-
tary amino acid absorption from the small intes-
tine. Incidentally, the assumption that metabolic
faecal nitrogen consists primarily of microbial
protein (ARC., 1980) may be erroneous when
related to the passage of nitrogen-free diets
through the i leocaecal junction (Cloete, 1964b).

Notwithstanding these difficulties new concepts of pro-
tein utilisation emerged in relation to the relative value
of different protein sources as eg. based on their degra-
dability in relation to the quantities of by-pass protein
reaching the small intestine. The ranking order appears
to be brewers grains, fish meal, bloodmeal, meat and
bone meal, heated soya meal, sunflower meal, ground-
nut meal and casein varying in degradabil ity from 0,15
to 0,90 fMi l ler ,  1978).

The construction of protein models for rumrnant anq
non-ruminant production in South Africa thus warrants
elucidation. Wide variation in available feedstuffs and
processing techniques, will, however, present formidable
challenges. For ruminants, models based on the afore-
mentioned concepts wil l have to be contemplated, whilst
for non-ruminants (pigs and poultry), models based on
dietary energy supply and available amino acids will have
to be considered. In the latter case deviations from the
currently used ARC (1967) requirements for pigs and
NRC ( 1977\ requirements for poultry will have to be in-
vestigated.

Methods to enhance protein utilisanon rn ntmtnants

While efforts in the non-ruminant field to enhance pro-
tein utilisation have been restricted mainly to improving
energy - amino acid relationships, various alternatives
have been investigated in the ruminant field of which
the following may be fruitfully considered:

Feed processing. Some factors involved in the proces-
sing of roughage (Beever, Thomson & Cammen, 1976),
grains (Hale, 1973) and other protein feeds (Bjarnason
& Carpenter, 1970), decrease the solubility of dietary
protein and increase the passage of by-pass protein to
the small intestine (Armstrong & Hutton, 1972). Such
changes could be effected through heating, drying, en-
siling, grinding or pelleting (Miller, 1978). The general
criterion to enhance protein utilisation is to restrict
heating to a point prior to the onset of the maillard re-
action (Goering, Van Soest & Hemken, 1973). Efficient
feed processing appears to be one of the most important
factors to preserve and enhance protein quality under
local conditions. The protein quality of fish meal and
oilcakes D&y, however, be damaged to the extent of
about 30 and 25 per cent respectively (Smith, 1980)
under normal processing conditions in South Africa.

Chemical methods. Some chemical reagents induce re-
verse cross linkages with amino and amide groups. These
cross linkages are subsequently dissolved under lower pH
conditions in the small intestine. Methods include
formaldehyde (Ferguson, 1971), tannins (Mc Donald,
1968), phosphonitryl halide (Miller, 1972), acrolyn ace-
tal (Miller, 1973), acetyl esters (Wildi & Miller, 1973)
and other halides and triazines, all of which have been
patented. Of these, formaldehyde has been most widely
used in treating casein (Ferguson, 1975), oilseed meals
(Schoeman, De Wet & Burger, 1972; Broderick,1975)
and grass silages (Beever, et al.,1977). The greatest re-
sponse was obtained in the case of wool production
(Barry, 1976). Responses in meat production were ge-
nerally much smaller (Chalupa, 1975), whilst only
Verity & Joumet (1977) obtained a significant response
in milk production with formaldehyde-treated soya meal.
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Advantages of using formaldehyde in increasing amino
acid flow to the small intestine, have, however, lately
been clouded by the possibil i ty that it could produce the
carcinogen, bis chloromethyl ether (Will iams, 1980 -

pers. comm.). Other substances eg. glutaraldehyde etc.
wil l thus have to be considered as alternatives. Attempts
to protect highly degradable protein should obviously
guard against over-protection. Suggested optimal levels
for formaldehyde application (or that of a suitable al-
ternative) appear to be 0,8 to 1,2 per cent per protein
source (*/w) for casein, 2 per cent for oilcakes and 3
per cent for silages (Broderick, 1975).

Encapsulating of amino acids. The possibility of coating
amino acids using enteric coating reagents (polymers)
was proposed by McDonald (1968) in order to facil i tate
their release under acidic conditions. Consideration of
exploit ing this possibil i ty should obviously be l inked to
limiting amino acids for the various productive func-
tions. Whilst the abomasal and duodenal infusion of S-
amino acids or casein proved to increase woolgrowth
(Reis & Schinkel , 1963, Smith, 1979), the l imiting
amino acids for meat and milk production have yet to
be determined. Methionine, lysine, phenylalanine,
tyrosine, and threonine have already been considered
(Chandler & Polan, 1912).

However,  Teichman, Caruola & Mochr ie (1969) who in-
fused methionine directly into the blood of dairy cows
and broder ick,  Kowalczyk & Satter (1970) who fed
encapsulated methionine could detect no advantages.
Since, under most feeding conditions the protein supply
in the small intestine appears to be sufficient for about
25 kg milk (Tramminga & Van Hellemond, l9l7),
l imiting amino acids for milk production and possibil i-
t ies of their encapsulation should obviously be assessed
at levels beyond 25 kg (Tamminga, 1979).

Closure of the oesophhgeal groove. Reflex closure of the
oesophageal groove is stimulated by l iquids in the back
of the mouth (Comline & Ti tchen, l95l) .  Using sodium
salts or copper sulphate to stimulate groove closure pro-
duced var iable resul ts (Rieke, 1955).  However,  Orskov
(1972) managed to exploit reflex closure in lambs up to
a year-old.  I t  would appear as i f  greatest  possibi l i t ies to
avoid rumen fermentat ion by th is means probably exist
in' exploit ing l iquid feeding systems in ruminants (Cun-
ha, l9 l2\ .  I t  should be conceded, however,  that  not-
wi thstanding possibi l i t ies,  pract ical  methods for st imu-
lat ing the ref lex have not been adequately establ ished.

Treatment with antibiotics. While it is known that anti-
b iot ics inhibi t  proteolyt ic and deaminat ive act iv i t ies of
rumen microbes (Turner & Hodges, 1952),  the use of
neomycin, oxytetracycline or streptomycin as suppres-
sing agents were not very promising (Hogan & Weston,

1969).  Some posi t ive resul ts were obtained with dime-
thyl  d iphenyl  iodonium chlor ide (Chalupa & Scott ,
1916) and monensin (Van Nevel  & De Meyer,  1911).
The possibi l i ty  exists,  however,  that  ant ib iot ics may not
only inhibi t  deaminat ive abi l i ty ,  but  rnay also decrease
microbial  protein synthesis part icular ly f rom N.P.N.
(Tamminga, 1979\.

Defaunation. Notwithstanding previous indications that
protozoal  N may account for  l0 per cent of  microbial  N
leaving the rumen (Pilgrim, Gray, Weller & Bell ing,
1970),  Wel ler  & Pi lgr im (1914) destroyed the argunrent
when they indicated that in fact  only 2 per cent of  the
flow of protein from the rumen were protozoal.

Since protozoal protein is derived largely from bacterial
protein (90 per cent -  Kennedy & Mi l l igan, l9 l8) ,  they,
therefore, compete with the host animal for both energy
and protein (Moir ,  1979).  Bird,  Baigent,  Dixon & Leng
( 1978) substant iated this f inding when they reported de-
faunated sheep to have a mass advantage of  2 kg at  6
weeks on low protein diets.  Moir  (  1979) suggested fur-
ther studies on the l inritations imposed on the host by
protozoa and their  possible el iminat ion by means of
detergents eg. alcohol ethoxylates.

Use of fats or oils. In order to supplement energy to the
high yielding dairy cow, recent studies indicated that
large amounts of  fats can be included in the diet  (Palm-
quist  & Conrad, 1978).  An increase in N digest ib i l i ty  but
not N retent ion was noted. Corraborat ing ear l ier  t indings
of a reduct ion in organic matter digest ib i l i ty  associated
with high fat  d iets,  Ikwuegbu, Sutton & Mc Al lan (  1979)
recorded a 50 per cent increase in the ef f icrency of  nt i -
crobial  protein synthesis and reduced ruminal  NH3 levels
in dairy cows receiv ing l inseed oi l  as l0 per cent of  the
concentrates. Although variable, results indicate ft irther
investigation on using fats or oils to increase amino acid
flow to the small intestine.

Amino acid analoques. Structural manipulation of
amino acids to create resistance to ruminal degradation
offers a potential for the mmen by-pass of amino acids.
General ly methionine hydroxy analoques, whi le posses-
sing methionine act iv i ty in ruminants,  (Belasco, 1972)
h i ther to ,  p roduced inconc lus ive  resu l ts  (Swan,  l97 l  )
due to their  instabi l i ty  in the rumen (Amos, Li t t le,
Digenis, Schell ing, Tucker & Mitchell, 1974). Progress
in th is f ie ld is,  nonetheless ref lected in at tempts to
change amino acids to imides which survived rumen
condi t ion in r i t ro (  Ku & Sinron. 1973 ) .

Treating N.P.N. compounds. Urea hydrolysis normally
exceeds the ut i l isat ion of  ammonia by microbes. A va-
r iety of  agents inhibi t  ruminal  urease act iv i ty (( 'halupa,
1912) .  S t ree ter ,  O l t jen ,  S ly te r  &  F ishbe in  (1969)  re -
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por ted lower  arnmonia concent ra t ions wi th  acetohy-

droxamic ac id  supplementat ion which resu l ted in  h igher

N  re ten t i on .

Pos i t ive  resu l ts  were a lso obta ined by us ing lac tocy l

urea (Merry ,  Srn i th  & t \4c  A l lan.  1979)  and dynrethy lo l

urea.  Fur ther  work  is ,  however ,  requ i red to  assess the

potent ia l  o f  urease inh ib i tors .

Strategic protein feeding. New concepts introduced in

the prote in  nut r i t ion o f  ruminants  i .e .  rumen degradable
(microb ia l )  and rumen undegraded (by-pass)  prote in  ca l l

for judicious application in practical feeding systenls.

Microb ia l  pro te in  a lone seems to  be adequate for  the

maintenance protein requirements of steers and for the

production of about 7,-5 kg of milk in dairy cows (Mil ler,

1978) ,  but  addi t iona l  by-pass prote in  ( f ish  meal ,  chemi-

cal ly treated oi lcakes, dried brewers grains, l inseed

meals ,  b lood meat  e tc . )  is  requ i red for  h igher  produc-

t ion leve ls  and in  the case of  rap id ly  growing young

steers  and lambs.  At  moderate product ion leve ls ,  the

normal  mix ture o f  nr ic rob ia l  and by-pass prote in  wi l l

su f f ice  (Preston,  1973) .  Responses to  abonrasa l ly  in tused
prote ins and amino ac ids suggest  that  the genet ic  poten-

t ia l  o f  h igh produc ing da i ry  cows,  rap id ly  growing

sheep  and  ca t l l e  and  woo l l ed  sheep  i s  I im i t ed  by  rnade -
quate amounts  o t '  absorbable  amino acrds lJohnson,
197) .  Chalupa,  19741.  The ef f ic ient  use of  N.P.N.  is

thus a lso p laced in  t rue perspect ive (Sat ter ,  1975)  under

condi t ions when the requi rement  for  rumen degradable

N supervenes (Orskov,  Fraser ,  Mc Donald & Smart ,

te74).

Since the majority of methods dealt with, to enhance
protein ut i l isat ion in ruminants,  precipi tate al terat ion
of the site of digestion in the gut, it is feasible that the
endocr ine status of  the animal may also be inf luenced
( C l a r k ,  1 9 7  5 ) .  G r o w l h  h o r m o n e  a n d  i n s u l r n  c o n c e n t r a -
t tons were increased in cat t le,  sheep and goats when
amino acids were infused intravenously (McAttee &
Trenkel , 1971), whilst close relationships between plas-
ma insulin and protein uti l isation post-ruminally have
been repor ted  (Basset t ,  Weston  & Hogan,  l97 l  ) .

Exploi tat ion of  these methods present a worthwhi le
chal lenge to the animal nutr i t ionist  and obviously cal ls
for elevated research inputs.  l t  would appear as i f  the
rnax imisa t ion  o1 ' ru rnen by-pass  pro le in  and the i r  aug-
n)entat lon of '  non-degradable anr ino acrds are teasible
approaches as long as other aspects of  ruminal  metabo-
lism and post-ruminal digestion and absorption are not
interfered with.

General aspects of a future protein strategy

Apart  f rom exploi t ing protein by-product feeds (Table
3),  leaf  protein concentrates,  S.(- .P.  and technical  as-

pects of  enhancing protein ut i l isat ion,  i t  appears teasible
that the following general aspects of a future protein
strategy should also be considered as indicated by the
Protein Advisory Commit tee and accepted in pr inciple
by the Minister for Agriculture.

Efforts to increase the production of protein-rich plant
protein sources eg. sunf lower,  groundnut,  cot tonseed
and soya should be extended notwithstanding world
plant oil problems since these sources currently offer the
greatest possibil i t ies as replacements for declining fish
meal supplies. Means should be investigated to diversify
the use of plant oils possibly in the direction of fossil
fuel replacements. ln obviating the over-supply of plant
oils it is imperative that the Balanced Feed Industry
should be geared to increasingJy use soya in the full-fat
form.

The introduction of legumes in the high-potential areas
(present ly 250 000 ha) should be extended. About 9,2
mill ion ha in these areas (White-owned) are potentially
available for this purpose.

Lucerne production as the major source of protein for
animal product ion (Table 5) should be extended and
possibil i t ies investigated for its additional use as leaf
protein concentrates and dehydrated pellets thus effect-
ing greater incorporation in the Balanced Feed Industry.

The production of high lysine cereal varieties eg. high
lysine maize should be encouraged in view of their pro-
tein-sparing effect on conventional protein sources.

In view of the shortage of f ish meal, its use in ruminant
diets should be strongly discouraged and the l imited
quantit ies directed to non-ruminant production in which
case it wil l be used with a greater efficiency of protein
conversion. However, plant protein sources supple-
mented with synthetic amino acids wil l gradually replace
fish meal in non-ruminant diets, thus enforcing the con-
cept of optimal instead of maximal production practices.
Ruminant production in future wil l rely heavily on by-
product proteins.  N.P.N. and oi lcakes of  lower protein
value eg. ground nut.

Application of more efficient feed processing techniques
eg. heat and chemical treatment, pelleting, f laking, mi-
cronisation, popping, extrusion etc. wil l preserve pro-
tein quality, induce a greater amino acid flow to the
small intestine, and consequently save considerable pro-
tein. An experimental feed mill where these aspects
could be intensively studied, should be erected by the
Department of Agriculture and Fisheries.

Protein sources used in the non-ruminant sector wil l
eventually have to be sold on a protein quality basis,
pr ices of  which wi l l  be l inked to intr insic protein value
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(available amino acid content). In the ruminant sector
prices are likely to be linked to protein degradability
parameten. These will form the basis of more exact pro-

tein quality standards in the Farm Feeds Act (No.

36t 1947).

Unpredictability of climatic influences and boycott
threats tend to favour the idea of constructing efficient
storage facilities for protein materials in order to pro-
mote a more stable supply during times of scarcity.

Competition between the human and animal sectors for
available protein sources (soya, fish meal, oilcakes) will
increase in future. The demand for protein by-product
feeds, plant leaf protein concentrates and pulp residues,
single cell proteins, methods to enhance protein utilisa'
tion and strategic protein feeding will gain in significance
in order to promote intensive animal production prac-
tices.

In view of the anticipated shortage of feed proteins in
the world in general and South Africa in particular, the
establistrment of a suitably staffed permanent Protein
Administration appears more than justified.

Activities will entail:

(a) constant monitoring of global and local protein
supply and demand for animal feeding.

(b) regular evaluation of the competition between
the human and animal production sectors for
available protein sources.

(c) Evaluation of changes in the human consump-
tion of animal and plant proteins in view of
changes in the buying power of the different po-
pulation groups.

(d) An annual assessment of research progress in re-
spect of enhancing protein uti l isation in l ivestock.

The monitoring of these aspects will assist the Protein
Advisory Committee to recommend sound short, me-
dium and long-term planning policies to the Minister for
Agriculture. The Animal Production Advisory Council
should also be regularly alerted about recommendations
of the Protein Advisory Committee and closer liaison
should be established between these two bodies.

It is obvious, therefore, that a future viable protein stra-
tegy should accommodate a wide spectrum of conside-
rations. Since the strategic importance of protein for
animal production, and, hence human consumption is
indisputable, the Government of South Africa should
initiate and co-ordinate efforts to increase its produc-
tion and efficient utilisation bv livestock.

Conclusions

On the global front protein supply for human consump-
tion is heading for a substantial deficit during 2 000
A.D. Judged by protein growth rates for animal feeding
during the previous decade, a substantial deficiency of
between 225 000 - 500 000 tons protein appears likely
at the turn of the century in South Africa. The contribu-
tion of plant, animal and industrial by-product proteins,
leaf protein extracts, single cell proteins, more exact
protein requirement models, methods to enhance pro-
tein utilisation and other general aspects have been con-
sidered as options in constructing a future protein stra-
tegy for animal production. In view of the strategic im-
portance of protein, it is proposed that the Government
ihould initiate and coordinate efforts to increase protein
production and utilisation for animal production in
order to meet future human requirements,
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