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I ) l l  V ITRWANTSKAP TL . rSS [ :N  TANNIT .NSLJUR l 'N  M I :TABOLIS I ] I .RBARI  ENt  RGI t :  KONST:NTRASI IS

IN  V  I .  RSKIL  L I ,NDI ,  ( ;RAANSORGHUM( 'U  LT IV  ARS

Die skynbarc r 'n warc nretabol , isccrbart  energre konscntrusics van 22 graansorghumcul t ivars,  wat van tannicnsuur inhoud verski l  het ,

i s  bcpaa l  dcu r  mons t r . r s  van  d i c  vc rsk r l l endc  vane tc i l c  aan  vo l r vasse  l t ane  t c  voe r .  A  hoogsbc teken lsvo l l c  ncga t i cwc  ko r re las ie  tussen

d ic  M. [ : . .  van  d i c  g raan  en  \ y  l ann lcnsuurkonscn t ras i c  i s  gcv rnd .  H ic rd i c  vc rwan tskap  i s  te  wy tc  aan  ' n  vc r laagde  ve r t cc rbaarhc id  me t 'n

ve r rnec rde r ins  van  d  i e  tann icnsu t r  r  konsen  t  r t s l c .

Thc  apparen t  and  t ruc  l nc tabo l i zab le  cnc rgy  conccn t ra t rons  o t '  l l  cu l t i va rs  o f  so rghum g ra ins ,  d l t ' f e r i ng  in  the i r  t ann ic  ac id  c :on ten t ,

were deternr incd hy t i 'cd ing sanrples of  thr  d i t ' t 'erent  var ict i r 's  to adul t  roostcrs.  A highly stgni t icant  ncgat ive correlat ion was found

to  c r i s t  bc tween  thc  M. t  t r t ' t hc  g ra in  and  r t s  tann ic  ac id  con tcn t .  t l r i s  r c la t i onsh ip  be ing  due  to  a  d tc rcased  d iges t ib ih ty  w i th  i nc reas ing

t a n n t t  a c i d  t ' t r n e  e  n l r a t t o n .

This f inding is  d iscusscd in r t : la t ion to thc possib lc causcs ol 'such r l -duccd digest ib i l i ty ,  means by which the adverse et ' fects of  tannic

acid can be reduced, and t l ic  importancc of  determining the tannic acrd content  of  sorghum grains dest incd to be t 'ed to non-rumi-

nan  t s .

D ie  bcv rnd rng  u ,o rd  bc - ;p rcck  n rc t  bc t rekk ing  to t  d i c  l t t t t on t l i kc  oo rsakc  van

l rade l i ge  sL ' v ( ) l gc  van  t : i nn l , . ns l ru r  v t rm indc r  kan  u ' c l rd ,  en  d i c  bc langr i k l t c td

g ranc  wa t  v i r  d i c  vocd ing  v l r r  r t i c -hc rkouers  bcs tc tn  i s ,  t c  bcpaa l .

SUMMARY.

In an ef for t  to reduce the amount of  sorghum grains

consumed by wi ld birds pr ior  to harvest ing,  p lant
genet ic ists have selected and propagated sorghum
cult ivars containing high levels of  polypl tenols ( tannins).

These birdproof varieties contain from 5 to 25 times
more tannin than cultivars of non-birdproof grain
(Daiber & Van t le l l inghen, 1916).  Since they are of ten
the only cereal  crops grown in areas ravaged by grega-
r ious birds and, moreover.  produce super ior  y ie lds,
birdproof var iet ies make up about a th i rd of  the total
South African sorghum harvest (Daiber & Van Bell ing-
hen, I  976).

LJnfortunately,  the high concentrat ions of  polyphenols
in the bird-proof sorghum cul t ivars reduce the value
of these sorghums for feeding purposes. A number of
reports have indicated the adverse ef lects on growth
rate and feed conversion efficiency in both rats and
poul t ry (Chang & [ iu l ler .  1964, Armstrong. Featherston
& Rog ler .  1914.  Dreyer  &  Van N iekerk ,  1974.  Rog ler ,
Feathers ton .  E lk in  &  Gi les .  l97B) .  In  an  e l fo r i  to  c lver -
come these effects a number of workers have reported

sulke vcr laagdc vertc lerbaarheid,  mctodcs waardeur d ic

daarvan om die tanniensuur konsentrasie van sorshurn

on the effect of supplementing diets containing high-
tannin sorghums with methyl donors, including methio-
nine, methylation being a recognised pathway for
polyphenol detoxification. Some of these reports have
indicated that methionine ameliorates the growth de-
pression occasioned by tannic acid (Chang & Fuller,
1964 , Rogler et al., 1978). However, others ( Armstrong
et al., 197 4 , Queiroz, Rostagno, Fialho & Fonseca,
1978) were not able to overcome the growth depressing
effects of high tannins by methionine supplementation.
The latter workers obtained an enigmatic response to
lysine supplementation, but the mechanism of this effect
remains unclear.

With regard to the effect of tannins on the metaboliz-
able energy (M.E.)  of  sorghums, Sibbald (  1977) publ ish-
e d  v a l u e s  o f  3 8 7 0  ( 1 6 , 1 9 )  a n d  3 3 8 0  k c a l / k g  ( l 4 , l 4 M J l
kg) for the True metabolizable energy (T.M.E.) of low
tannin - and high tannin sorghums respectively.
Queiroz et  a l . ,  (1978) found the values to be 3091
(12,93) and 2886 kcal /kg (12,07 MUkg) for  the Appa-
rent metabol izable energy (A.M.E.)  of  the equivalent
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sorghum grains.  (T.M.E. di f fers f rom A.M.l ' - .  in that ,
in calculat ing the former value, the metabol ic faecal
energy (F'Em) and endogenous ur inary energy (UEe)
voided dur ing the test  per iod is est imated and sub-
tracted from the total  energy voided in the ur ine and
fae ces ).

In th is report ,  22 cul t ivars of  sorghum grains were fed
to  cockere ls  in  o rder  to  de termine the  A.M.E.  and l - .M.E.
values of  each var iety,  and these values were then com-
pared with the polyphenol  content of  the respect ive
var iet ies in order to detennine i f  the previously-pub-
l ished relat ionship holds for  a large number of  sorghum
cu l t i vars  o f  d i f fe ren t  tann in  conten t .  ln  add i t ion .  the
M.E. of  a high-tannin sorghum cul t ivar was measured
pr ior  to.  and fol lowing treatment by means of  a pro-
cess  pa ten ted  by  the  C.S. l .R .  (1976) ,  w l ' r i ch  has  the
effect  of  improving the digest ib i l i ty  of  protein (Kernm,

Da iber  &  Ras,  l98 l ) .  By  compar ing  the  M.E.  concen-
trat ions of  the same cul t ivar.  but  containing ei ther
high or low tannin concentrat i t lns,  an improved est i -
mate of  the ef fect  of  tannic acid on the M.E. of  sors-
hums cou ld  be  de termined.

Experimental proced ure

Samples of  22 sorgl tunr cul t ivars were obtained from
the Department of  Agncul ture and Fisher ies for  th is
study. Ten of  these samples were known to contain
high concentrat ions of  tannins,  the remaining samples
being relat ively f ree of  th is compound.

De termination ol' M. f,.

The method of  Sibbald (  1976) was used to deternt ine
both  the  A. l \4 .8 .  and the  T .M.E.  o f  the  l l  var ie t ies  o f
sorghum. The method was essent ia l ly  as fo l lows: af ter
a 24-hour fast ing per iod,  adul t  Amber- l ink cocks whose
mean body mass was 3125 g were each fed a 40 g
pel leted sample of  each sorghum var iety.  The excreta
voided dur ing the fol lowing 34 h were col lected, f reeze-
dr ied and the dry mass of  each sample was then mea-
sured. The gross energy of  each excreta sample was
determined in dupl icate.  as was the gross euergy of
each sorghurn var iety,  by means of  a Parr  adiabat ic
bornb ca lo r in te te r .  An  es t in ta te  o f  the  (F . t r .m +  U.E e)
was obtained by measur ing the total  gross energy of
the faeces voided by birds housed toget l ier  wi th the
tes t  b i rds ,  dur ing  the  la t te r  l4  h  o f  a  48  h  fas t ing  per iod .
Six birds were chosen at  randoln and used for th is pur-
pose dur ing each test  per iod.  Wit l r  50 cockerels avai l -
ab le  and one tes t  be ing  conducted  each week.  the
exper i rnent was cornpleted dLrr ing a 3-week per iocl .
wi th 2 repl icates of  each sorghunr var ier ty being fed
each week.

' Ihe 
T.M.E.  was ca lcu la ted accord ing to  the fo l lowing

equa t i on :

T . M . E .  ( M J / k g )  = ( G . 8 . ; x  X )  ( Y e  ( F . 8 . , n  +  t J  E . e ) )

X

Wlrere G.E f  is  the gross energy o f  the f -eed

X  i s  t he  amoun t  o f  f eed  supp l i ed  (g )

Ye is  the gross energy vo ided as excreta .

The  A .M .E .  i s  ca l cu la ted  f r om the  above  equa t i on ,  bu t
i g n o r i n g  ( F . E . m  +  U . E . . ) .

Dc term ination ol' polt phenol (ontent

T l re  to ta l  po lyphenol  content  o f  each sorghum cu l t ivar
was detennined accord ing to  the modi f ied method of

Je run ran i s  (191 ; " )  as  ou t l i ned  by  Da ibe r  ( 1975 )  Dup l i -

cate  samples (150 mg per  sample)  o f  each cu l t ivar  were

nr ixed wi th  5  rn l  75 percent  d imethy l formamide by

rota t ion for  one hour ,  then cent r i fuged for  l0  min.

The determinat ion o f  tann ic  ac id  concent ra t ions was

carr ied out  in  t r ip l ica te  for  each sample,  3  ml  o f  the
supernatant  be ing d iv ided in to  I  ml  a l iquots  in  3  tes t
t ubes  D i s t i l l ed  wa te r ,  0 .1% po l ye thy lene  g l yco l

1500  BDI - | ,  1 , f l  f e r r i c  ammon ium c i t r a te  BDH and  8 f r

ammonia were added in  the ra t io  o f  I  (sample) :

4 . 4 :  l . l  : 0 . 8  : 0 . 8 .  M i x i n g  b e t w e e n  t h e  a d d i t i o n  o f

const i tuents  was carr ied out  on a "Whi r l imix" .  Absor-

bance was read at  520 pm.  The sample b lank conta ined

dis t i l led water  in  p lace of  the fer r ic  ammonium c i t ra te

and sorghum a l iquot .  The concent ra t ion o f  po lyphenols

was ca lcu la ted f rom the s tandard curve obta ined wi th

s im i l a r l y - t r ea ted  so lu t i ons  (0 -5  mg /m l )  o f  t ann i c  ac id .

Rrmuldeh vda trca tnlent ol' birdprooJ' sorghu nt

Samples o f  b i rdproof  sorghum. c lass KF.  cu l t ivar  SSK2.

wi th  a  to ta l  po lyphenol  content  o f  |  .31/o  were t reated

wi th  formaldehyde in  order  to  reduce the po lyphenol

con ten t .  One  san rp le  was  s teeped  fo r  4  h  i n  0 .09%WlW

fo rma ldehyde  a t  l ToC  ( t he  op t ima l  t r ea tmen t ) .  wh i l s t

a  second sample was s teeped for  6  h  in  the same con-

cen t ra t i on  o f  f o rma ldehyde  a t  lSoC  (doub le  t he  op t i -

ma l  t r ea tmen t ) .  A f t e r  t he  p rede te rm ined  t ime  the  d i l u te

formaldehyde was dra ined and the gra in  was r insed wi th

tap  wa te r  f o r  abou t  l 5  m in . .  a f t e r  wh i ch  t he  g ra in  was

dr ied for  l0  h  a t  50o to  60oC in  a  force draueht  k i ln .

Th is  process was not  under taken by the authors ,  but

sar lp les  o f  the unt reated and I  t reated gra ins were ob-

ta ined f ronr  K.H.  Daiber  (Sorghum Beer  l jn i t  o f  the

C .S . l .R . ) .  The  po l ypheno l  con ten t s  o f  t hese  3  samp les
p resen tcd  i n  t h i s  pape r  we re  de te rm ined  by  t he  C .S . l .R . ,

us ing  t he  t echn ique  ou t l i ned  above .
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Table I

Tannic' acid cottccntrotiotls oJ' the sorghum c'ultivars, mass of excreta voided, and apparent and

true m(tobolizable encrg! ('oncentrotions of grains

Sorghum

cu l t i va r

Tannic  ac id

concent ra t ion
(  percent  )

Excreta
mass
( g )

A . M . E .

(MJ/kg)

T.M.E.

(MJ/ke)

S S K  3 0
S S K  5 ]
S S K  2
S S K  2 0
S S K  2 8
H  7 3 1
S S K  2 2
N K  3 O O
D C  9 9
D C  7 2
c 42A'
B A R N A R D  R E I )
N K  2 0 ]
N K  2 2 ?
P N R  8 3 2 4
N K  2 8 3
P N R 3 3 I I
D C  3 4
D C  5 9
D C  3 6
G  7 6 6 W
c 4 0

S S K  2 2
Untreated
Opt imal t reated
Over t reated

1 , 5 3
1 . 5 3
1 , 5  I
|  , 4 1
1 , 3  I
1 , 2 3
I  , 1 0
0 . e 6
0 , 8  0
0 . 7  5
0 , 2 8
0 , 2  6
0 , 1  6
0 , 1  0
0 . r 0
0 , 0 8
0 . 0 6
0 , 0 6
0 , 0 4
0 , 0 2
0 , 0 0
0 , 0 0

I  , 3 1
0 . 2 4
0 , 1  3

q . 8 8  r  1 , 3 5 1
7 . 9 1  t  1 , 8 8
9 . 4 5  t  l , 9 l

1 0 , 6 7 t 1 , 7 6
1 0 , 6 7  t  I  , 7 8
1 0 , 9 6 x 1 , 6 7
g , g g  t  I  , 2 6
7 , 8 0  !  1 , 4 2
7 , 6 4 ! 1 , 0 7
8 , 8 9  t  1 , 0 2
6 . 8 5  t  I  , 9 3
6 , 2 0  I  l  , 0 l' 1 . 7 4  t  0 , 9 4
6 , 4 6  +  2 , 0 9
6 , 2 1  !  1 , 6 6
6 . 2 3  t  1 , 3  l
6 , 4 8  t  I  , 1 4
7 , 9 7  +  0 , 9 7
7 . l g  t  l . g 4
6 , 8 4  t  0 , 9 6
5 , 9 8  t  0 , 8  I
6 , 2 3  !  6 , 0 9

8 , 9 3  I  2 , 5  5
7 , 3 8  +  |  . 1 7
6 , 3 1  t  l , g l

1 1 , 7 3 + 1 , 6 3 1
1 1  , 4 9  +  2 , 7  3
1 0 , 7 1  ! 2 , 1 6
1 0 , 3 5  +  2 , 6 8
1 0 , 9 0  t  I  , 8 2
I 1 , 0 6  t  1 , 6 9
1 1 , 4 8 + 1 , 4 6
1 1 , 8 2 t 2 , 0 6
1 1 , 9 9  t  1 , 5 5
1 2 . 1 9  +  2 , 2 4
l l , 9  I 1 3 , 0 6
1 3 , 3 5  +  2 , 2 3
l ) , 7 6  t  1 , 5 7
1 3 , 3 2  +  2 , 3 1
1 3 , 5  I  +  3 , 9 6
1 3 , 1 9  ! 2 , 6 2
I  2 , 8 4  !  2 , J 3
1 2 , 9 9  +  l , 6 l
1 3 , 2 6  t  3 , 1 0
I  3 , 8 0  t  2 , 0 0
1 2 , 8 7  !  1 , 7 4
1 2 , 8 8  +  1 , 4 0

1 1  , 6 7  t  3 , 3  3
1 2 , 1 4  t  1  , 9 2
1 2 , 7 9  !  3 , 6 7

13 ,13
r2 ,88
l 2 , l l
I  1 , 7 5
|  2 , 2 9
1 2  , 4 6
|  2 , 8 7
1 3 , 2 2
I  3 , 3 9
1 3 , 5 9
1 3 , 3  I
1 4 , 7 5
1 4 , 7  6
1 4 , 7  2
1 4 , 9  I
|  4 , 5 9
1 4  , 2 4
|  4 , 3 9
1 4  , 6 6
I  5 , 2 0
1 4  , 2 7
|  4 , 2 8

I  3 , 0 7
1 3 , 5 4
|  4 , 1 9

lM.un + standard error of- the mean
2Effect of formaldehyde treatment of cultivar SSKI. Tannic acid concentrations of these three samples were deter-
mined a t  the  C l .S . l .R .  (K . f  l .  Da iber .  persona l  communica t ion)

Results and Discussion

In calculat ing the T.M.E. of  feedingstuf fs an est imate
of the dai ly ( f  .E.n. ,  + U.E.e) excret ion by the birds
is  requ i red .  In  th is  s tudy ,  the  va lue  o f  the  above ex-
c re t ion  vo ided by  the  b i rds  was es t imated to  be
14.64 !  0,4 kJ/kg body mass d.  This value was used
in  ca lcu la t ing  the  T .M.E.  o f  the  sorghum gra ins .

' fhe 
gross energy contents of  the di f fcrent sorghum

cu l t i vars  p roved to  be  very  s imi la r  to  one another ,  the
rnean and standard error of  the mean of  a l l  l2 var iet ies

being 16,26 ! 0,304 It lJ/kg. The mass of excreta voided
during the 24 hours following the feeding of each
sample varied considerably between samples, reflecting
large differences in the digestibility of the various sorg-
hum cultivars. Values for excreta voided and the resul-
tant  A.M.E. and T.M.E. concentrat ions are given in
Table I, together with the tannic acid concentrations
of the respective sorghum cultivars.

This data is also presented in graphic form to i l lustrate
the relat ionship between A.M.E. and tannic acid con-
centration (Fig. I ). The equation expressing the regres-
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Fig. 1 Regression of apparent metabolizable energl
concenfiation (MJlkS) on the tannic acid
concenffation (/') of 22 sorghum cultivors

sion of A.M.E. (Y) on tannic acid concentration (X)
is as follows :

Y  =  1 3 , 1 9  -  1 , 4 9 7  X

This regression proved to be higfiy significant, as can be
seen from the analysis of variance table presented in
Table 2. Also shown in Table 2 is an analysis of variance
of the regression relating mass of excreta voided (Y)
to tannic acid concentration (X), the regression equation
in this case being :

Y = 6,61 + 2,049 X

This equation also proved to be higtly significant in des-
cribing excreta mass voided in terms of tannic acid
concentration.

It might be argued that the tannic acid concentrations
of the various sorghum cultivars were such that 2 diver-
gent populations existed in respect of such concentra-
tions, leading to an unjustifiably good relationship be-
tween A.M.E. and tannic acid concentration. Two im-
portant considerations would militate against such an
argument. First, although the majority of samples had
either high tannic acid concentrations or virtually none
at all, there were nevertheless sorghum cultivars whose
tannic acid contents satisfactorily covered the range
between these 2 "popuiations", and the relationship
between A.M.E. and tannic acid in these intermediate
cultivars followed almost exactly the regression line
shown in Fig. l. Second, the fact that, by reducing
the tannic acid concentration by means of formalde-
hyde treatment, the A.M.E. of the sorghum was im-
proved, albeit only slightly, (Table 1), indicates that
a negative relationship appears to exist between these
2 varieties. The large variation in the A.M.E. concen-
trations of the treated SSK samples does not allow
definite conclusions to be drawn as to the relation-
ship between A.M.E. and tannic acid concentration,
but further research on this subject is definitely war-
ranted. The tannic acid concentrations of birdproof
varieties of sorghums determined in our laboratory
correlate well with values published previously (Daiber,
1975), although the actual concentrations are in most
cas€s between 85 and 90 percent of those published
previously. Such a discrepancy would have the effect
of altering the slope of the regression line expressing

Table 2

Arwlyses of variance for the linear regressions of A.M.E. ond mass of excreto on tannic acid
c o nc e n tro tio n s o f s o rgltu m cal t iv ars

Source D.F . S.S. M.S.

A.M.E. vs tannic acid concentration:

Due to regression I

Deviations (residual) 20

17 ,25

3,93

17,252

0 .196

88,02**

Total 2 l 21,182 1,009

Excreta mass vs tannic acid concentration:

Due to regression I

Deviations 20

33,59

23.76

33,586

1 , 1 8 8

Total 21

42

2 ,131

) 9  ) 7 * *

57,34



A.M.E. in terms of tannic acid concentration, causing
it to fall less steeply than it does in Fig. 1, but would
not alter the significant negative correlation between
A.M.E. and tannic acid concentration.

Dreyer & Van Niekerk (1974) suggested that some of
the possible causes of the reduced protein digestibility
of birdproof sorghum cultivars, and the consequent
poor growth performance of chickens and rats fed
such grains, (Chang & Fuller, 1964; Armstrong et al.,
1974: Rogler et al., 1978) could be the effect on palat-
ability; the tannins or their derivatives combining
with dietary proteins'to form indigestible complexes,
thus rendering the protein unavailable for biological
utilization, the blocking of active sites in digestive and
other enzymes; or, following their absorption through
the gut wall, they could become toxicants on a meta-
bolic level.

In studying the problem using the technique employed
here, the first and last of the above causes of impaired
performance could frciir ire discarded : the first, because
an exact amount of' feeci was placed in the crop of each
bfud thereby overcorning axy palatability difference
between samples;the second because the mass of excreta
voided was significantly greater among birds fed bird'
proof sorghum grains, indicating that the problem
originates prior to, or during, absorption of the grain.
A further reduction in nutritive value is, of course,
possible due to toxicants being produced within the
gut wall, but it would not be possible to prove their
presence using the above technique. It would be possible
to study the effect of the presence of tannic acid on the
uptake of individual amino acids using in vitro techni-
ques, but to date no such studies have been undertaken.
The present study would indicate that in order to
further elucidate the reason for the impaired perfor-
mance of chickens fed sorghums containing high con-
centrations of tannic acid. in vitro studies of the effect
of tannic acid on absorption of nutrients might well
be the next appropriate step, thereby separating the
processes of digestion and absorption. It is our opinion
that tannic acid causes more damage to the feedstuff
either during digestion or absorption, than after
nutrients (and tannic acid?) have been absorbed into
the body.

The reduction in the apparent digestibility of bird-
proof sorghum grains, making use of the equation re-
lating excreta voided vs tannic acid concentration
given above, amounted to 64,8 percent (6,61 g voided
al zero tannic acid concentration vs 10,195 g voided
at 1,75 percent tannic acid). Part of this reduction
apparently can be overcome by supplementing the diet
with methionine or choline (Chang & Fuller, 1964) and
the use of this method of detoxifying the tannins
present in the sorghurn would obviously be of benefit

when birdproof sorghum varieties are being fed. Detoxi-
fication by means of treatment with formaldehyde ap-
pears to improve the A.M.E. of the birdproof sorghum
grains, but the "overtreated" sample appeared to be
more satisfactorily treated than the sample treated
"optimally". Further evaluation of the formaldehyde
process on reducing the deleterious effects of feeding
birdproof sorghum varieties apparently is required. The
method of evaluation presented in thrs paper, together
with lrz vitro absorption studies would appear to be
amoung the most effective and inexpensive methods
available for such an evaluation.

The important consequence of the results of this study
is that, whereas in the feed industry in South Africa all
sorghum cultivars are assigned the same M.E. value,
(protein concentrations are regularly adjusted according
to the results of chemical determinations conducted at
most of the larger feed mills) no account is taken of the
deleterious effect of tannin content on either M.E. or
protein digestibility of the grain. If large amounts of
sorghum glains iue included in the diets of pigs or
poultry the M.E. of such diets could be significantly
different from the expected value, depending on the
tannic acid content of the sorghum cultivar being used.
For this reason it would be an advantage if those feed
compounders using large quantities of sorghums in
diets of non-ruminants would include in their quality
control programme the chemical determination of total
polyphenols in the sorghum grain being used in the mill,
and accordingly make appropriate adjustments to the
M.E. and protein contents assigned to the sorghum.

The routine determination of tannic acid content of
sorghum grains would serve a dual purpose : use could
be made of a regession equation of the type presented
in this publication, and this would provide an improved
estimate of the M.E. content of the sorghum grain being
used without the necessity of conducting biological
tests at regular intervals; and it would indicate to the
feed compounder whether the protein digestibility
would be likely to be affected (in the case of birdproof
sorghum varieties), in which case remedial action could
take place. In the long term it might be preferable for
all birdproof sorghums destined to be fed to non-
ruminants to be treated with formaldehyde, or some
such detoxifying process, if it can be conclusively strown
that this would lead to an improvement in the utiliza-
tion of sorghum grains by non-ruminants.
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