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ABSTRACT 
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772..di, n .l'F rrSlrC i l 41'hourts (if f.tln;tolit 
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71 l.2hoo til Ilrir% and 1i1 tannrrii gelitrpl us. IVPlI if 
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nordh: Urea i,Irotcin digestibility, 

T 	ANNINS in sorglinn (SorghuI bicolor (L.) 
SMocnach) grain are responsible for several agro-

nonlicall) desirable traits, such as bird resistance, in-

hibition of prehavest secd gcrinitation, and weather-
ing resista(ite (Haris,1969). llowevr, ia(nlliliS have 

' Journal Paper No. 5183. Contribtted by the Agricultural 
Experitcnt Station, Ilidue University, West 1NLafayette INliwc 
47907. Research supprrrted in part by United States Agency for 

conrittact CsM 1175,Internationial I)teeopmieti tindl teserceth 

Inheritaice anid lirrovelnrlelt of l'otin Ouality and Cotleit 

itnSorghin bicolor (L.) Moenchi. Received'ijuly 9, 197-1. 

A ssisi n Professori, ItrlitilianSpecial Prograi for Agricttl-

ittral Research; Assistatl Professriis of Agrinomn y; Asiociate Pro-
fessor of AgrotitOlti; Iofessors of Agrotiotumy, Pttrdue Ulniversity, 

respectively. 


640 

and C. L. Rhykerd '

been( shown to adversel' :Iff(,,( tihe itt li/alion of "or­

glilli grainl)v IOnt)giis(( iild Il1llainal anitnals. 
( hang and 'ttllei (l9fit) Itd chicks diets of 50' 
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NaWar ct ;tl. (1970) showed signili(mi vat iations in 
digestibility of div tnaler anL irtiitil illllring V.lietiC5 
of sorghluni grait'Ied to rats. ?it ivo di ttmattcr digest­

ibility ranged fro, 1.,'8.9 to 7ii.8",'. MriGit v (1968) 
reported that high ttittill sorrglhlrit varicties h1"Id lwe 
drs Iliattl and proteini digestiilitv th.ntlow itanniti 
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matter and protein digestibility, and 2) the effect of 
supplemental nitrogen in the form of urea on the rela-
tionship between tannin content and dry matter and 
protein digestibility. Urea is a useful compound for 
this purpose because it effectively adds nitrogen in 
a rumen fermentation system without apparently alter-
ing the chemical composition of the materials being 
examined. 

MATERIALS AND METHODS 

Laboratory Procedure. Sorghum grain was harvested at a 
moisture content of 16 to 18% , dried to 10 to 12% moisture in 
a forced-draft drier, and ground in a Waring blender. The 
samples were stored at room temperature for subsequent labora­
tory analyses. Catechin equivalents, a measure of tannin con­
centration, were cetermined according to the vanillin-hydro-
chloric acid procedure of Burns (1963, 1971). Concentrations 
were exprcssed as catechin equivalents per 100 g dry grain. 

In vitro dry matter disappearance (IVDMI)) was determined 
the Tilley and Terry (1963) two-stage technique for di-

using 
gestion of forage -ops with modifications described by Barnes 
et al. (1971).

In vitro protein disappearance (IVPD) was determined by 

calculating the difference between tite amount of total nitrogen 
(A.O.A.C.. 1960) in the sample before and after in vitro fermetita-
tion. Protein was assumed to be equal to percent nitrogen X 
6.25. 

Experiment 1. Grain samples used to study tile infltence of 
tannin and trca ol in vitro dry matter disappearance consisted 
of 24 commercial lines plus 10 India Sorghum (IS) lines selected 
front the World Collection of Sorghum (IS0062, IS0075, IS0184, 
IS04118, IS0616, IS22d8, IS5-137, IS7125, IS8165, and IS8361). Red-
land B and the 10 hybrids between Redlan A and tile IS lilies 
were also icltiled I-plicate laboratory deteroinations were 
made for tannin and in vitro dry matter disappearance. IVI)MD 
was determined using 250-tng subsanples without the addition 
of urea and also ising subsainples with the addition of 10 and 
20 tog of urea per in vitro tube (50 tol). Dry matter disappear­
ance was calctltated after a 48-hotar fermentation plhs 2--hour 
pepsin digestion. I !ilear regression techniqtes were tsed to 
establish the effect of ttrea ott the relationship between tannin 
and IVDMI). Separate regressions were calculated for the IS 
lines and their hybrids and for the 2.1 commercial entries. There 
was no significant difference between 10 and 20 tog of urea per 
tube; therefore, the data presented are averages of the two 
levels of trca. 

Experiment 2. A second experiment was conducted using only 
four of the IS liles and their Redlan hybrids (!S0062, ISO.18, 
IS8165, and 1S0616). Two of the lines and their hybrids were 
low in tannin and tso liles and their hybrids were high in 
tannin. IVDMD was determined ott 250-tog subsamples follow-
ing a 48-hour fermentation with rurnen fluid and a 2.-hour 
pepsin digestion. IVDMD was also determined, ott another set 
of subsainples, follow ing a 96-hour fermentation plus 2t-hour 
pepsitn (tgestion. utring tie 9i-hotr lermentation the samples 
were cetitriftiged, decanted, and reincubatcd with rutnen fluid 
after 48 hours. In vitro protein disappearance was determined 
following a .18-hourfermentation widI ritinetn fluid bitt without 

were adjusted by
pepsin digestion Udligested proteinresidues 

subtracting an antotll of protein residue itt blank ruitett fltid 
fertmentation. IVI)MD and IVIPD were determined with 0 and 
15 ig of urea per tibe. )uplicate IVDMD determinations 
were made ott all samples in each laboratory rtn and two 
laboratory rtns were ttadt tising rttimi futid collected on 
different days. IVI'I) was delcrliited ill only one laboratory run 
with duplicate deteritiiations ott each sample, 

The data were analyied statistically tsing anal)sis of variance 
techniques. The cight genotypes were considere'd a fixed vari-
able, the two levels of u ca (0 and 15 ng) as a fixed variable, 
and the variation wilhin Ircatinent cotmibinations was considered 
an estimate of experimiental error. Ilte genol)pc source of 
variation was parlitioned into parents (four IS littr0 willi ihree 
degrees of freedom, pareils versus lF,'s with one degree of free-
doni, and F,'s with three degiees of freedoin. Signiiicant differ­
ences bet tCM its wert deter imined tsing tile Newtnan-Ketils' 
lest Stct-l tii torlic, 1960). 
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Fig. 1. Effect of urea on the relationship between catechin
 
equivalents, measured as a percentage of dry weight, and
 
ii vitro dry matter disappearance in sorghum grain.
 

RESULTS AND DISCUSSION 

Experiment 1. The addition of 11"ii to the coninir­

cial entries rthltttl tli: etglessioll Cod htteit l or 111C 
regression ol IVI)ofII) Oil c;tle(2in e(tlUivalcnts hont 
-3.11 to -I.12 (P < .05). Urea niore than dotiblec 
the percent lVI)MI) ol the highe3st c;, clin entries. 
Similar results were obt ained with i the IS lilies and
 
hybrids (Fig. 1). Wih these gellot ]pes tile atition
 

of ltiet 'dtltwed Ilt ItCgteSsiOti (l liCicl ltr the IT­
glession ofl I\')'slI) til ctechill eqtival2,t1s froml 
-- 1.1 Ito I .2. The dititentes i l t iegiecssion (0­
elficiet1ts wilhItid wilhotlt utret slggcSts that tannin, 

lleastivetd as (t hitll ct\t iii" , ik Itit llilhibiting 
digestion of' tle soiglillill graill dire(tly )u atlier in­
directly by redtt:ing the antount of Ilitr-ogenu available 
fon I :, tel-i:i gr w t atd i-al i l stbs t e digestion . If 

tati il inhibited bacteritl growth directly, then little 
or io increase ill I MVI)DNl) Ie cxpectel by atl­wohilt 

dling a1sitiall Illottlit of' ,rea.
 

TI i crease in inaxititin [V) l (y-inte-cepts) 
with til-ca intli(les t]ha:t th]1ei-e is all instlicitn tniotlltn 
of availtble nitrogenipIesrcent ev-en ill the low tannin 

graill for tillaxititlinil ftrtlermlltiont and thy italtel" dis­
aI l iu-altt(e. Srhintid, MtIeIiil, a indI Ruth (1919) ob­
Ser-ved similar elie({is oil ill vi)ro [(i3"ltentationl wIln 

Ii1rca was atdtet I1 t lt graiu. 
FxperiotwnI 2. (altitil ('tiliivalents, IVl1), and 

lIM).il) (18-hour 1crtitei ilion) lot li low and high 

I aIIliIIil get(11ll itt, 1C s ow ii ill 'Title 1. Ii all eases 
high ta.'nin (tldhit eltivaleints) was associated with 

http:yA69.91-4.01
http:94.50-1.62
http:94.95-1.42
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Table 1. Iit vitro dry 
tein disappearance 
without added urea 

U'nii) e'qulahti 

1S0062 0 2!0 

IS041 i 27 

ISR165 4 21 

1.l061h 5 A+ 


hnte. 2 '!O 

ledian " 19S0082 1i0 11 

liedlan S1 R1418 If 22 

Iledian II 8165 h 11 

Il dian IiI ttill' 7 41, 


Il9 rldn 3 54 

1, ,Iaiw f, 'iAltrn genco 2f 

ligh tainnl g hi.'u f Dl 

lricans 

SMeans in a 'i'lufa n ,,Ih-v d , , I 
level II pr.liahdili uaiig N'ain;iiaKe 

low IVl).NIl) antd IVPI). 
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matter disappearance and in vitro pro-
of eight sorghum genotypes with and 
after 48 hours of fermentation, 

DM
, 

., l) 1%'1-1i 
-

Ni. ur.a I jr-a No irea L rea 

kO 7a 4a i Mi 43 Ua 
( fit, :1'2 I. li5 Nat, 87 3Th 

5 4"e ih5 ,, 7 Ie 74 It' 
4 ltd 77 ?e l 2.d h5 2d 

07! 8K7 2 79 o 

* 1 5f, '2 844 2', 91 W, 
w, 'f '02 3a i 81KAI,t 1i 
43 ci 8 , 2. f, I Ale 68 (id 
41 lit 72 id 5fi Ie 19 4cd 

1 3I -1 7 72 . 78 8 

72 93 4 Rt. 8 ,) 5 

4t 4 7v 2 711 it 69 2 

2 20 I 86 
" 

ltt, i, itgnifii thc OIi differ itIuti ItS 
f ' cat 

Tic di[ferenc betweel lines 
atnd F, Iiylirit.llil y h' pal tiallyl (tlie to tie higher cate-
chill c(ll\lelt nten'tltClit lot tile two high taiiil 11-

brids than lot- the two high tannin lines. I lowever, the 
difference in IVI)NI and IVPI) between IS0{W2 and 
Redlan X IS.00i2, two low t ninili entries, Iannot be 

lhis elli'-attlibulted to (ilcrlc(Cs in tilnilin onlv'. dififer-..
(2ice(. II1 N he (fiec to I .l+i ll(,n|)l~i( ( ollxmcl s other 

th ui* those th tcclet I\v .IC\;1ill ICI I)ii 

sibly other )ignlicnti il t.tul liarl). l"o1r exami le, 

1S0062 has a (olorlos pei'cip'ilJ whcira' its hybrid has 
a red ]ig tle t d l I)Cli(t iinht ei d froln the Redlan 
Irent.. also :alow tlinnin line. The other low tanint
 

line, ISO-.tl, did not dilifcr rmn its hlbrid in IVIMD 
or IVPD. i'laint bIreeders ma, be abl'e to use genetic 

differences of this nale to ilprove the nutritional 
%,,titleof sorgIIIun. 

The adiititi of Ilca itl(rcescd the I\'I)NMI) of low 
( <11 05). IVPI)tannin gelolt~'pes front 72.5 to 93 . 


was increaste front 86.8 to . 0..ta 'lative small 

ia in'retsecbut s tislicallk. signilicant ill(ease. I rc 

the IVI)NI) of high talillii gtInot)Pc froll ..6.I to 

79.2(', (1) (15). Protein disappearan:ce in the low 
tannin genol'pes was generally not altftcted b tle 

two liighlte'. tanit
addition of it'ea.leili I'.lhowecr,otew in tl hhsIf ge nlo p ro lc'ili p eailla me wv a a dll ,t p e d i slp is p pi i l . ill-' 

cretse( bv tltie ,dldition of ItItq (P < .0.5). 

Tie lower protein disaill~t ance of tile high tannin 
genotypes as well a'.the rclativel, greater IVI)NI) in 

crease inihiesc gelnotyjkl With iimet t that theilitatcS 
anliotilt of' digestible l)'olciti iiiav 'be tijor factor 

limiting theli utili/ationi of high lalinin isoi-ghtlis b) 
rtilliiniiait and inoliogastri anilals. A receit report 
by Schaffert, Osw;li, iid \xtell (1l973) siggets that 
inich of the inled .h'rtle effelts of high laitiiit iln %,or-
ghtilni oil rat giills (aln he overoie wilh adttiate 

s u e mt en] .p r'o te in pl q allt i o nl 

The IVI),I i) olf lhe tight g~liot\'I) t alter 9(3 hours 

of fernitaitioli i' shown iln "Table 2. Signifi'anl dif-

fcremles otii'-tt't bwuell gt'hily)cs; hiowevl, the ad-
dition of ilila had lt)siglliitliltafll ('[ale 3). Sint e 

tirea had noi effect oil9 i-hoir IVI).fI), tte vaitlte'. ill 

Table 2 are ivlerilges of both ilit'i h,\t'lel. 

Urea iilly have had io ellc'I oil 9i'-holl IVI)NI) 
for several ilis o i .ioli tlhililh lieottiliiilt nigell i) 
have been adteu with'ilie h lltecond adlititin of i'iliilll 
fluil to OVelttlic diffelences (ftle Ito alllOnt of IlitiO-

Table 2. Percent crude protein, 96-hour in vitro dry mater 
disappearance and undigestible protein in eight sorghum 
genotypes. 

1 nd i gn tit-I 

ialatechlin 'rude W .- r pritiin 
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I1 rt'. oIi - lealig
niean. " 

ti-1 
l+~tl) $rt~ l~ll+ur-js; Ne. nr- . ,'u' t' 

Table 3. Soirites (if tarialin and aswwiated l~t'I of significance 
in anal)sis of viarialuc for in vitro prtn disappearatue 
and in rt'ro (Irv matter disallllPar.l'c it .18 a.ndl %6 hours. 

t... , 
. 

o.a... ol a -,.... -,-i.i, 

iar.ti .it I lti. I.,'Ii, itliI, 

. . , it
l+''',~ .. , ,1... iili~a~1! n l i iit I l 

(iais- ,r I q1 ,t 
ienat ... area Ill 

k. r-, 24 Iu4 1. 1 Iallf I " 4!,df' 

uns"tas'- e.it,,<,on| ld.,i, da.tiaio .ita. 

gel atvailabie, tile t;atin.s m1a1. have been removed in 
the sulpernaltant, or the first fcinentation stay have 

altered the talnintefet s ((0itnins. 1971). It is al­

soi possible thtat low nilrogen ava.il~ bilit ill the high 

t inllill cIttovf)t's siIIIpl% slowed tilt' title If dilla)l)ea'­

alnte aid tlll 9 hti '.5.w1111uSli itnt litle for'evenur s 

thitsi. genlt\liCps to he o pllph digestcl. lttel III ..
 

the lk ol a Nignl illii inici scI in 96-ho u I\ INID 
with tillta indic l etc Ih~l at llh Iliiloqtll wis Illl 

t I , 

aitlto liniiting the (liet'SWithion of the 1 hit i O"* 

low tnin genot 'I a'.wt' lie 1 1S, with .l, -hour
IVI) I 1). 

tile 9i-ioir IVD\ID (an he ilit'oi lli(,rl't'iilh ' I la ,In u i l l l In lC l l h i i i h r o i t ­

tioti. then it ipearsiliit the til' differeutee in 

IVI)II, Anld ifl digeStitilit', i'­I)liIullI)iihily ('itO 
tweeltil Itl\ and high Ilnnii geu'il u i' aholiit S 

I tpet ('citnl nt' h)ift'tuiit( tit nditlgested iotcin It'­ullit'. 
sidit <[able 2) ;t'oiiils for .5 p('t'i titg iilil' of 

thii difltt. Tantiti is also lti' :iily tiilige'.­

ibhl and whil' liht'i'.'rilg( tat(tii t'i i'a'nt (on­
t

Itilt Ol the high Itlnili geiio0t\)t it'i.0i , I ii tlie 

I;itlili (oliiltiil is prol)ilylV Inlih It'.t hanll!').0,. lll(til­
ie. by (hang aid Fuller (196.1) have inditted that 
t ll l ll i ll i ll N|l', 91h1ll l 1 gl ai ll I11l 1\ 1 111 - c h( ll l 2. 0 t .5( , 

of thee t \ natter. If the Ilitt' tillilil toltnI of fihe 
sotiglitii glitili lit'd ill these studies was. If this ilagni­

t and ii it is issilillid to be niigdi('Su ict, Ihieii ais 
luiii is i2, f li th dillfercnte ill XI\).I1I) htw\;een 
tiht low ail high :alitilhi gt'llul\l'Us (;Ili lltaliblilled 
oli a tlulig'.tilac lil-plotcil 'heI Tullh Ic­

iiaitlldt'r of ihc dilhfrtelt, in lV)\II) betweent low 
:lland high tailill gelnlotyts is pl''Uiilllv thit toihe 
pllt'selite if other tlidigestible ttllinilils ill thle iigh 
I0alilli genotyjies. 
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These studies suggest that the major factor respon-
sible for the low in vitro, and presumably in vivo di-
gestibility, in high tannin sorghum grain is the low 
digestibility or availability of protein in these geno-
types. Perhaps much of the effect of tannin could be 
overcome with adequate protein stpplementation. 
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