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Evaluation of faba beans (Vicia faDa cv. Fiord) and sweet lupins (Zupizus albus
cv. Kiev) as protein sources for growing pigs
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Three diets were formulated to contain 16Va crude protein (CP), 12.8 MJ/kg digestible energy (DE) and 0.9% lysine on an
air-dry basis. The diets either contained 8.37o f-ishmeal,207o faba beans plus 7.9%, soybean oilcake meal (SBOK) or 20o/o
low alkaloid lupins plus 8.8% SBOK as protein sources. The latter two diets were compared in a metabolism and nitrogen
(N) balance tr ial  using a completely randomized design and six pigs/treatment. Al l  three diets were evaluated in a growth

tr ial using l0 pigs (f lve boars and f lve gi l ts) over the growth interval 30-90 kg. The experimental design was a 3 (diets) x 2
(sex) f 'actorial.  Carcass characterist ics were determined at the end of the growth tr ial .  Pigs in the metabolisrn and N balance
tr ial consurned 5% less (P < 0.01) o1'the lupin diet compared to the faba bean diet ( l  370 vs. |  440 gld). No signif icant dif-
t 'erences in the digestible energy (DE) content and in apparent N retention between the two diets occurred. In the growth

tr ial lower intake levels (P < 0.01) were once again observed in pigs on the lupin diet (2 489 gid) cornpared to the faba bean
(2 631 gid) and f lshmeal diets (2 668 gid). Pigs on the lupin diet grew (P < 0.01) slower than pigs on the other two diets (768

g/d vs. 857 g/d and 869 g/d for the faba bean and flshmeal diets respectively). The feed conversion ratio of pigs on the lupin

diet (3.27 kg/kg gain) tended to be poorerthan forthose on the fababean (3.03 kg/kg gain) and f ishmeal diets (3.12kgkg

gain). No signi l icant dif ferences were observed in dressing percentage (mean value of 78Vo), eye muscle area (mean value

of 4l .3 cmll or Pr-back-f at thickness (mean value of 16 mm) ol pigs on the dif f-erent diets. Both faba bean and low alkaloid
lupins can be used at levels of up to 207o in diets of growing pigs, although lower production f igures may be expected on

lup in  d ie ts .

Drie garsgebaseerde diCte met 8.3% vismeel,207r, fababone plus 7.9Vo sojaboon-ol iekoekmeel (SBOK) en 20% lae-alka-

lo ied- lup ieneplus8.S%SBOKasprote ienbronneissaamgeste l  ontongeveer167oruprote iene,  12.8MJ-ver teerbareenerg ie

cn0.9o/ r , l i s ien op 'n  lLrgdrod bas is  te  bevat .  D ie  lababoon-  en lup icrnd ie tc  is  met  mekaar  verge lyk  in 'n  metabol isnte  en s t ik -

stol ' (N)-balansstr.rdie ntct ses varke/diect. Al die di€te (n = l0/dieet) is in'n groeistudie met l0 varke (30-90 kg) vergelyk.

Karkaseienskappe is aan die einde van die periode bepaal. Met die metabolisniestudie het varke op die lupie ndieet ( I  370 g/d)

laer (P < 0.01) innarnes gehad as varke op die fababoon dieet (14'10 g/d). In die groeistudie het varke op die lupiendieet
(2489 g/d) erveneens lacr (P< 0.01) innames as op die fababoon (2637 g/d) of vismeeldieet (2668 g/d) gehad. Varke op die

lupiendieet (768 g/d; het I  I  c/a (P 3 0.01) stadiger gegroei as varke op die fababoon- en vismeeldiete (857 g/d en 869 g/d

rcspektieu,el ik).  Die voeromsett ingsdoeltreffendheid (nie betekenisvol) was onderskeidel ik 3.27 kg/kg toename (lupiene),

3.03 kg/kg toename (fababone) en 3.12 kglkg toename (vismeel).  Geen betekenisvol le verski l le in uitslagpersentasie
(gemicldelcl 78Va), oogspieroppervlakte (gemiddeld 41.3 cmr)of P.-rugvetdikte (gemiddeld l6 mm) tussen diete is waarge-

neem nie. Dit blyk dat sowel fababone as lae-alkaloied-lupiene teen vlakke van tot 20% in diete vir groeiende varke gebruik

kan word, alhoervel 
'n lacr produksiepersentasie by varke op lupiengevoerde diete verwag kan word.
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lntroduction

Thc demand for protein fbr human and animal nutr i t ion is

increas ing and is  l ike ly  to  cont inue to  do so.  Prote in  is  l ike ly  to

become increasingly scarce and costly, part icularly for animal

nutr i t ion (Protcin Advisory Committee, 1990). I t  is desirable,

lherefore, that the nutr i t ional potential of al l  protein f-eeds that

can be grown in South Afr ica is ful ly exploited.

Sweet lupins (Lupirt trs albus) have been introduced as a leg-

ume ley crop in the Winter Rainfal l  Region of South Afr ica ovt 'r

the last l 'cw years. especial ly where cereal monoculturc was prpc-

t ised. Faba bcans (Vicia.faba) have recently attracted attention as

a promising grain legume suitablc fbr cult ivat ion in the region.

Although lupins and laba beans are relat ively high in crudc

protein, 35.5(/o and 22.2Vo respectively (Brand et nl. ,  1992),

problerns could arise with the use of both sources in the diets of

pigs as a conscquence of the presence of antinutr i t ional l-actors.

Faba beans contain r"rndcsirable factors such as trypsin inhibitors

(Marquar t  e t  u l . .  1976) ,  tann ins (Jansman et  a l . ,  1993b)  and hae-

magglutonin (Marqua.rt et nl. ,  1974). Lupins, on the other hand,

niay have undesirablcr levels of alkaloids (Erikson, 1988) and a-

galactosides (Bourdon et al. ,  1987a) or manganese (Batterham,

l9' /9). Faba beans are low in sulphur amino acid methionine
(Or t iz  e t  o l . ,  1993) ,  whi le  lup ins are def lc ient  in  lys ine,  su lphur
amino acids and tryptophan (Bourdon et al. ,  1987a). Another
factor that may affect the ut i l izat ion of the two protein sources is

high levels of non-starch polysaccharides (Jansman et al. ,
I  993a) .

Published results also dif fbr on the ut i l izat ion of lupins and
faba beans by pigs. Kemm et al.  (1987) found a decrease in the
pcrformance of early weaned piglets with an increase in the

inclusion of commercial ly produced lupins (cv. Buttercup) in
their diets (}o/c,,  4%,,8Vc and 12Vo).In a second experiment they
used certifled alkaloid-free seed and found no difl-erences
between diets containing 07o or 8%, lupin seed. There have also

bccn reports of reduced growth rates of pigs given only 57c lupin

seed (Hi l l ,  1986) ,  whi le  Donovan et  aL.  (  1993)  found a reduct ion
in f'eed intake and pertormance at levels of 207o and 32Vo lupins
in diets of starter pigs. According to Todorov (1988), lupins can
he included at a levcl of l0o/o in the diet of growing-f inishing
pigs. Concerning ths ut i l izat ion of faba beans, Castel l  (1976)

recommended that a levcl of l5c/a faba beans should not be
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excceded in diets of growing-f inishing pigs. Aherne et ol.  (1971)

found a gradual reduction in the growth rate of growing-f inishing

pigs as the le vel of faba beans in diets increased from }Vo to 30Vo.

The decrease in performance was part icularly evident at levels of

inclusion hi-sher than 207o of the diet.

This experiment was therefore conducted to evaluate the eftect

of the replacement of f ishmeal in diets of growing pigs by the

locally available broad-leaf lupin cv. Kiev and the faba bean cv.

Fiord.

Experimental procedures

Three experimental diets containing either 8.257o ftshmeal,207o

faba beans plus 7.90Vo soybean oilcake or 207a sweet lupins plus

8.807o soybean oilcake as protein sources were formulated to be

equal in crude protein (CP). digestible energy (DE) and the

cssential amino acids. The diets and their nutr ient composit ion

are presented in Table l .

In a digestion tr ial  the two diets with either 207o faba beans or

207o lupins were compared to each other in a metabolism trial.

Twelve Large White X SA Landrace boars with a mean live mass

of 40 kg were used as experimental animals. Pigs were subjected

Table 1 Composit ion of the experimental diets (as-fed basis)

Composi t ion Experimental diets
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to a l0-day adaption period tol lowed by a seven-day col lect ion
period, during which t ime taeces and urine were col lected, while
pigs were housed in metabolism crates. Pigs had f iee access to
water at al l  t imes. A dai ly amounl of I  500 g air-dry meal was f-ed
to each pig in two equal port ions at 08:00 and l3:00. Procedures
fbl lowed in the col lect ion and analysis of faeces samples are
descr ibed in  deta i l  by  Kemm & Ras (1971) .

Representative samples from the respective diets were chemi-
cally analysed for dry matter (DM), nitrogen (N), ether extract
(EE), crude fibre (CF), calcium (Ca) and phosphorus (P) by
standard AOAC methods (AOAC, 1984). Gross energy dctermi-
nations of the diets and f-aeces were carried out on a CP 400 adia-
batic bomb calorimeter. The alkaloid content of faba bean and
lupin seed was determined by the method described by Ruiz
(1911). Tannin concentrat ion in the seed was determined by tht:
modit led Jerumanis procedure (Daiber, 1915).The antino acid
composit ion of the seed, at ier acid hydrolysis in a sealed tube,
was analysed using a Beckmann Model 6300 amino acid ana-
lyser.

A growth trial was carried out with 30 l-arge White X Land-
race pigs (15 gi l ts and 15 boars), approximately 80 days of age,
with a mean (t S.e) l ive mass of 26.1 t 0.4 kg. They were indi-
vidual ly housed in f lat-deck type cages ( 1 .6 m x I m), fr t ted with
a self-feeder and equipped with an automatic water nipple. The
room temperature was not controlled and fluctuated between
20"C and 30"C. The pigs were randomly al located to the three
experimental treatments. The experimental diets, containing
either faba beans, sweet lupins or f- ishmeal (Table I )  were fed ad
l ibitum to l0 pigs per diet (f ive of each sex). The tr izr l  ended
when the pigs were slaughtered at a mean l ive mass of 86.7 -r 0.3
kg. Feed intake and l ive mass were measured every fbur days.
The al lometric autoregressive model f  or the descript ion of
growth as proposed by Roux (1916), and described by Siebri ts
( |  986), was used to calculate mean l ive mass gains for the
growth interval 30-90 kg l ive mass.

After the pigs were slaughtered, carcasses were stored in a

refr igerator for 24 h at 4"C. Dressing percentages, eye muscle
area and Pr-fat measurements were subsequcntly determined as

descr ibed by Olckers  (  l99 l  ) .
Differences between treatment means during the metabolism

trial were analysed by one-way analysis of variance procedures.

Growth tr ial  data were analysed according to a 2 (sex) x 3 (diets)

f'actorial design. Carcass data were analysed with end mass as

covariant. Al l  stat ist ical procedures used are described by Snede-
cor & Cochran. 1980.

Results and discussion
The chemical composit ion of the experimental diets is summa-
rized in Table l .  The diet containing lupin seed as protein source
had a sl ightly higher CP and CF content than the other two diets,
while the diet with faba beans had a sl isht lv lower EE content
than the other two diets.

The chemical and amino acid composit ions of the faba bean
and lupin seed used in the study are presented in Table 2. The CP
content of sweet lupin seed was 607o higher than taba bean seed,
with corresponding higher amino acid concentrat ions. The CF
content of sweet lupin seed was sl ightly higher that the CF con-
tent of f-aba bean seed. Lupins also had a higher ether extract
value than faba beans. Faba beans did not contain any alkaloids.
while the lupin seed used in this study (cv. Kiev) had an alkaloid
content of 0.0l7o.Faba beans (cv. Fiord) on the other hand had a
tannin content of 0.487o, while the sweet lupin seed had a tannin
content of 0.097o. The CP content of faba beans and sweet lupins

Diet  I

Faba bean

Diet  2
Lupins

Diet  3
Fishmeal

Ingredient (Vo u.r-.led busis)

[3arley

Faba bean

Sweet lupins

Fishmeal

Soyabean oilcake

Maizemeal

Wheaten bran

Synthet ic  lys ine

Feed l ime

Monocalc ium phosphate

Dicaicrum phosphate

Fine salt

Minerals & v i tamins

Determined unulysis (DM busis)

Dry matter, To

Ash, Vo

Crude protein, 7o

Fat, Vo

Crude fibre, %

Calc iurn,  %

Phosphorus, %

55 .0

20.0

1 .9

1 3 . 3  |

0 .  r 4

0.-50

|  .95

t . 0 0

0.20

8 8 . 5

5 . 8

I  8 . 0

-l - -')

6.0

0 .8

0.6

-5-5.0

20.0

8 . 8

10 .0

r . 1 5

0 .  l 2

1 . 3 5

2 .38

1 .00

0.20

89.4

t . l

1 9 . 5

4.9

'7.4

0.9

0.8

56 .0

8.2-5

r 3 . 9

r 8 . l

0 .  r 8

I . t 9

t . l 3

r . 00

0.20

89.2

6.6

l 7 . l

4 .3

. , . . '

0 .8

0 .7
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Table 2 Chemical composition of the protein sources tested
(DM basis)

Protein soLlrce

J J

Table 3 Energy and nitrogen metabolism data of pigs (n = 6)
fed either diets with faba beans and soybean oilcake or sweet
lupins and soybean oilcake as protein sources

Experimental diets

Conrposi t ion
Faba beans

cv. Fiord

Sweet lupins
cv.  Kiev

Measurement
Diet  I

Faba beans
Diet  2

Sweet lupins
Dry matter

Ash

Crudc protein

Ether extract

Crude fibre

Tannins

Alkalo ids

Es.sentiul umitut ut' id.s plus cystitre:

A rg in ine

Cyst ine

H is t i d rne

lsoleucine

Leucine

Lysine

Methionine

Phenylalanine

Threonine

Valine

Calc ium

Phosphorus

used in this study was a bit  lower than values reported in the l i ter-

ature (30.3 Vo and 41.07a on a DM basis; Bourdon et aL., 1987b).

The metabolism data lor the two diets with either faba beans or

lupins as protein source are presented in Table 3. Pigs on the faba

bean diet ingested 5.27o more (P < 0.01) DM than pigs on the

lupin diet,  whi le no dif f 'erences in DM digestibi l i ty were found

between the two diets. The digestible energy (DE) content of the

diet containing lupins was 3.27o (not signif icant, NS) higher than

the diet with taba beans, despite i ts containing 237o more CF
(Table 1). The high digestibi l i ty of the lupin diet was in accord-

ance with results reported by Taverner (1975), who also found

lupins to be highly digestible. He ascribed the high digestibi l i ty

to the very low amounts of lignin in the fibre fractions of lupin

seed.

The laba bean diet had a 6.6Vo (P < 0.05) lower apparent N

digestibi l i ty than the lupin diet,  which was also explained by the

24Vo higher N excretion in the faeces as found in the N retention

study. No signif-icant differences in apparent N retention between
the two diets occurred, although the N retention. as percentage of
N intake, was 12.67o (NS) lower than the faba bean diet com-

pared to the lupin diet. The lower protein digestibility and appar-

ent N retention found with the faba bean diet may probably be

related to the tannin content of faba beans as illustrated in Table

|  370  +  18*

7 4 . 3  t  1 . 2

12.8 t0.2

12.4 x .0 .2

I 9 . 5

7 8 . 4  +  1 . 5 *

42.8 t  0 .6

9 .3  x .0 .7

14 .  l  t  0 .6

23.4 x .  1 .2

19 .4  t  0 .9

45.3 x .2 .4

x Values differ significantly (P < 0.0-5)
- Gaseous loss not taken into account

2. Tannin-protein complexes are bel ieved to be responsible for
low protein digestibi l i ty and the inhibit ion of important. digestive
enzymes (Deshpande et  a l . ,  l986) .

The statistical parameters calculated from the growth data by
the autoregression model are presented in Table 4. The growth,
feed utilization and DM intake data calculated fiom this model
are summarized in Table 5. Pigs on the lupin diet consumed
approximately 67a (P < 0.05) less food than pigs on both the faba
bean and fishmeal diets, while the average daily gain (ADG) of
pigs on this diet was also about l lVo (P < 0.05) lower than on the
other two diets. The feed conversion ratio (FCR) of pigs on the
lupin diet tended to be 57a lower than on the other two diets,
although differences were not significant (NS). Practically no
diff'erences were observed between the diets containins fhba
beans or f- ishmeal as protein sources.

The poorer performance of pigs on the lupin diet could not be
ascribed to alkaloids, since the cult ivar Kiev contained only
0.017a alkaloids, which was lower than 0.037o, the point at which
f-eed rejection was found to occur (Pearson & Carr, l91l). The
possible detrimental effect of a-galactoside sugars in lupin seeds,
which are not affected by digestive enzymes but are believed to
cause increased tlatulence and a decreased feed transit time
(Costaing et al., 1982), is unknown. The effect of high levels of
manganese, which is believed to depress growth rate and haemo-
globin synthesis (Batterhom 1979), is also unknown. Detrimental
effects due to unbalanced amino acids seem to be unlikely, since
the diets were formulated to contain adequate concentrations of
the essential amino acids. The most probable explanation for the

90.4

2.7

./. -1 . -'^\

2 .3

1 3 . 9

0.48

0

2.09

0 .41

0.-5 8

0 .80

r .66

0.98

0 .  t 9

0.94

0 .83

0.85

0.20

0.23

92.7

3 . 1

37 .5

9 . 8

t  5 . 3

0.09

0.0 r

4.3-5

0.86

0 .83

t . 2 4

2.50

1 . 4 0

0.28

r . 3 3

I  . 3 1

l . t 5

0..50

0.36

Ene rgv ne tubr tl i s m tlutu :

DM intake, g/day

DM digestibil ity. %

DE, MJ/kg DM

ME, MJ/kg DM+

Nitn t ge rt ntetubt t I ism dutu :

Nitrogen content, g/kg DM

Apparent  N digest ib i l i ty ,  %

Nitrogen intake, g/d

Nitrogen excretion

l .  Faeces,  g/d

2.  Ur ine,  g/d

3. Total, g/d

Apparent N retention, g/d

N retention as percentage of N
intake, 7o

|  441 x .9

74 .5  t  2 . l

12.4  x .0 .1

l 2 . l  t 0 . 4

I  8 .0

'72.3 t  2 .3

41.5 x .0 .2

l  l . 5  t  l . 0

13 . -5  r  0 .8

2-5.0  t  1 .3

1 6 . 4  t  l  . l

39.7 x.2.9
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Table 4 Statistical parameters used in calculating the data
presented in Table 5

Statistical parameters
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(1987)  recommended l imi ted amounts  o l ' inc lus ion of  grarn sor -
ghum in diets of poultry only when tannin concentrat ions
exceeded 0.3Vo. These results were similar to those reported by
Mateos & Puchal  (1981)  and Ahern et  a l .  (1911)  who a lso tound
no or l i t t le reduction in the perfbrmance of pigs on diets with up
to 20Vo faba beans as protein source. The posit ive results in our
study may be ascribed to the fact that faba beans did not supply
al l  the supplementary protein in the diets. Several authors, as
quoted by Thacker & Bowland (1985), tbund a reduction in pig
perfbrmance with t 'aba beans as sole sourcc of supplementary
protein.

The carcass characterist ics of the pigs tbr the di l ' l -crent treat-
ments are presented in Table 6. No signit icant dif l -erences in
cither dressing percentage, cye muscle area or P.-back-fat thick-
ness occurred between pigs on the dif terent diets. Back-fat thick-
ness var ied between 14.5 mm and l7 . l  mm, eye musc le  area
varied between 39.9 cm2 and 43.3 cm2 while the mean dressing
percentage was 78.17c.  Kemm (8.H.  Kemm & M.N.  Ras,  1988,
unpublished data) similarly found that the inclusion of lupins of
up to l}Vo did not af-fect back-fat thickness of pigs. Pearson &
Carr (1916) found lower dressing percentages with pigs on lupin
diets compared to diets containing either t lshmeal or meat bone-
rneal. They attr ibuted this dif terence to the higher t lbre content of
the lupin diet.  Other researchers l ike Barnett & Batterharn ( l98l )
and Donovan et ul.  (1993;, however, found no et ' tect of lupin
inc lus ion on dress ing percentage.  Mateos & Puchal  (1981)  s imi -
larly also found no ef l 'ect of faba bean inclusion of up to 20%, on
the carcass y ie ld  o l  p igs .

No signi l icant dif t-erences occurred in DM intake between
sexes (Table 5) while boars grew l37o fhster (P < 0.01) and had a
l l%  (P  <  0 .01 )  be t t e r  FCR than  g i l t s .  G i l t s ,  on  t he  o rhe r  hand ,
had a 2Vo (P < 0.01) hi-qher dressing percentage, while back-fat
thickness was increased bv 20Vo (P < 0.01). Eve muscle area was
independent of sex.

Conc lus ions

This study indicated that both the faba bean cult ivar Fiord and
thc low a lkao id  lup in  cu l t ivar  K iev can bc used at  leve ls  o f  up to
20%, in the diets ol '  growing-f inishing pigs, although a lower
intake, slower _qrowth rate and poorer FCR may be expected on
lupin diets. This lower performance is possibly related to the
higher f ibre content of lupins. The use of both protein sources

Table 6 Mean (t SE) for carcass characterist ics of pigs fed
diets with dif ferent protein sources

Measurement

Diet.s

Faba beans 0.9-14

Lupins 0.946

Fishrneal 0.946

Scr

Boars

G i l t s

0.94-5

0.9.16

p Slope of autoregression
t-r Asymptote of cumulative DE intake
pl Mean initial ln (cumulative DE intake) value
a Mean intercept of ln ( l ive mass) - In (cumulative DE) regressions
b Mean slope of ln ( l ive mass) - In (cumulative DE) regressions
* Digestible energy (MJ/kg DM)
^' b Denote signif icant (P < 0.0 l)  dif ferences in colul lns

lower ut i l izat ion may be the higher f lbre content of the lupin diet
(Kemm et a|. . ,  1987) and the resultant lower ut i l izat ion of energy

owing to the higher proport ion of energy digested in the hind gut

(Just, 198 | ) .  Lupins were f ound to have a much lower starch con-

tent (0.3-0.5Vo) compared to faba beans (30-40E") (Cerning-

Beroad & Fi l latre, 1916) which wil l  affect the amount of energy

digested in the hind gut. The production data on the diet contain-

ing lupins in our study were lower than results obtained by

Kemm (8.H. Kemm & M.N. Ras, 1988, unpublished data) with

pigs on diets containing l0%, lupins (cv. Buttercup; alkaloid free)

in their diets over the same growth interval.

There was no detr imental effbct on production for pigs on the

diet containing faba beans compared to those on the f lshmeal

diet.  The higher tannin content of faba beans seemed to have ncr

detr imental eft tct on production at this inclusion level. Wiseman

Table 5 Means (t SE) for performance data of pigs calcu-
lated for the growth interval 30-90 kg l ive mass on the experi-
mental diets

Measurement

8 .761

8.730

8 .808

8 .77  8

8.7-54

6 .52  |  u

6 . 3 4 1 b

6 . -5614

6.,189

6.4.5 8

-0.891 0.67-s

-0.99 r  0.682

- I .0.5-5 0.694

- t  . } l l a  0 .699

-0 .880b  0 .668

Trcatnrent
DN'l intake
(g DN4/day)

Live mass gain Feed ut i l izat ion*
(g/day) (kg/kg gain)

Treatment
Dressing = Eye rnusc^le area P: = fat measLlre-

percentage (%, )  (c rn ' )  n ten t  (mnt )

Sweet  l up ins  2  489b  t  46  (91 )  768b  t  26  (88 )

Diet.s

Faba beans

Fishmeal

^Sex

Boars

G i l t s

2 6 2 2  x . 3 8

2 5 1 4  x . 3 8

8 8 l l  t  2 l

7812  t  2 l

3 .08  t  0 .07  (99 )

3 . 2 1  t  0 . 0 7  ( | 0 5 )

3 . l 2 t 0 . 0 7 ( 1 0 0 )

2 .99 r  t  0 .006

3 .322  t  0 .06

Diet

Faha beans

Su'eet  lupin

Fishmeal

Jer

Boars

G i l t s

7 l J . l  t  0 . 1

7 8 . 3  t  0 . 5

77 . t i  t  0 .4

7 1  . 3 1  x  0 . 3

7 8 . 8 r  t  0 . 3

39 .9  r  I  . 4

4 0 . 6  t  1 . 6

,13 .3  t  1 .4

4 2 . 1  t  l . l

40 . ; l  t  I  . l

1 6 . 5  t  I  . l

1 4 . 5  t  1 . 3

1 7 . l t  l . l

1 4 . 6 o  +  0 . 8

1 7 . 5 b  t  0 . 8

26314 t  46 199) 857u + 26 (99)

: 6 6 8 ' 1 t . 1 6  t  l 0 0 t  8 6 9 4  +  2 6  ( 1 0 0 )

^ 'b Values wi th d i f ferent  subscr ipts d i f fer  s igni f icant ly  (P < 0.0-5)
l '2  Values wi th d i f ferent  subscr ipts <l i f fer  s igni f icant ty (P < 0.01)
+ On an as-fed basis

n 'b Values wi th d i f ferent  superscr ipts d i f f 'er  s igni f icant ly  (P < 0.05)
l '  I  Values wi th d i f ferent  supcrscr iprs d i f fer  s igni f icant ly  (P < 0.0 |  )
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wil l  be dependent on their avai labi l i ty and price. An advantage of

both protein sources is that they can be used directly on the farm

after they have been ground, without l 'urther processing. I t  may

be good practice not to supply al l  supplementary protein in a bal-

anced diet f iom these sources (Thacker & Bowland, 1985), but to

combine i t  w i th  o ther  prote in  sources.
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