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Effect of Tannin on In Vitro Dry Matter and

Protein Disappearance in Sorghum Grain'

R. E. Schaffert, V. L. Lechtenberg, D. L. Oswalt, J. D. Axtell,
R. C. Picketi, and C. L. Rhykerd?

ABSTRACT

The purpose of this investigation was to detenmine the
effect of tannin and added e on in vibo dry matte
disappearance (IVDMIY and in vibo protein disappear-
ance (IVPD) in sorghun, (Smghum bicolor (1)) Mocench)
grain. IVDMD of low o high tanuin genotypes after
48 hours of Teomentation was 7209 and 46.4¢0 respectisely,
The addition of wea inaeased IVDMD o 934 and
79.2¢0 for the low and hizh Lannin genotypes. IVPD of
fow and high tannin genonpes was not affeced by
wrea and averaged 8§82 and G007, respectively, After
96 hours of fermentation the IVDMD ol Jow and high
tannin genotypes was G388 aod 8380, respectively, in-
dicating a tue difference in digestibildy of about 8
pereentage units,

The major factor limiting the utilization of high
tannin sorghum is appareaily the availability of protein.
Undigestible protein and tannin complex may acconnt
for more than hall of the diffarence in IVDMD between
low and high tanuin genotypes,

Additional index words:  Urea, Protein digestibility,

Nutritive value,

T/\NNINS in sorghum  (Sorghwm  bicolor (L)
Mocnchy grain are vesponsible for several agro-
nomically desirable traits, such as bird resistance, in-
hibition of preharvest seed germination, and weather-
ing resistance (Harris, 1969). However, tannins have
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been shown to adversely affect the utilization of <or-
ghum grain by monogistric and ruminant animals.

Chang and Fuller (1961 ted chicks dies of 5007
sorghum and found that varieties with high levels
(2.0t7y of tannin resudted in growth retardation SHIE
ilar in magnitude 1o tho cansed by feeding equivalent
levels of tannin aric Other roachers e observed
simiy o vesults when vannic adid added o the
ration of rats and chicks (Ringrose and Morgan, 1O,
Handler and Baker, 1911 Glick wnd Joslsn, 19704,

Rostango (1972) found that amino acid availabilit
of sorghum hvbrid RS610 (Jow tanming was decreased
when tannic acid wis added to growing chick rations.
He also reported that high tumin sorghums had ap-
proximately 66° lower availability of amino acids
than low tannin sorghums. Weight gain and feed elfi-
cieney of chicks on hoth high ind tow tannin sorghum
dicts signiticantly improved when essential amino
acids were supplamented 1o the levels found in corn
(Zea mays 1.)

Nawar et al. (1970) showed significant variations in
digestibility of dry matter and protein mmnong varieties
of sorghuni grain led to rats, In vivo dry matter digest-
ibility ranged from 8.9 1o 76.870 0 McGinty (1968)
reported that high tannin sorghum varicties had lower
dry matter and protein digestibility than low timnin
varieties when fed to vaminant animals. In o vivo dry
matter digestibility ranged fvom 50 10 7100 In vitro
dry matter disappearance and i vivo dry matter di-
gostibility were highly correlied. Stallcup and Davis
(1962) conducted similar studies and found both in
vivo dry maiter digestibility and protein digestibility
were lower with high tannin than with Jow tannin
sorghums,

‘The purpose of this rescarch was 1o determine 1)
the effect of tannin in sorghum grain on in vitro dry
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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¢7, dricd to 10 to 129, moisturc in
a forced-draft dricr, and ground in a Waring blender. The
samples were stored at room temperature for subsequent labora-
tory anmalyses. Catechin equivalents, a measure of tannin con-
centration, were determined according to the vanillin-hydro-
chloric acid procedure of Burns (1963, 1971). Concentrations
were expressed as catechin equivalents per 100 g dry grain,

In vitro dry matter disappearance (IVDMD) was determined
using the Tilley and Terry (1963) two-stage technique for di-
gestion of forage «-ops with modifications described by Barnes
et al. (19715,

In vitro protein disappearance (IVPD) was determined by
caleulating the difference between the amount of total nitrogen
(A.0.A.C.,1960) in the smnple before and after in vitro fermenta-
tion. Protein was assumed to be caual to percent nitrogen X
6.25.

Experiment 1. Grain samples used to study the influence of
tannin and urca on in vitro dry mauer disappearance consisted
of 24 commercial lines plus 10 India Sorghum (IS) lines sclected
from the World Collection of Sorghum (I1S0062, 150075, 150184,
150418, 150616, 152248, 155437, 157125, 158163, and 1S8361). Red-
land B and the 10 hybrids between Redlan A and the IS lines
were alsa inchuded  Nuplicate labaratory determinations were
made for tannin and in vitre dry matter disappearance. IVDMD
was determined using 250-mg subsamples without the addition
of urca and also using subsamples with the addition of 10 and
20 mg of urca per in vitro tube (50 ml). Dry matter disappear-
ance was calculated after a 48-hour fermentation plus 24-hour
pepsin  digestion.  Iincar regression techniques were used to
establish the effect of urca on the relationship between tannin
and IVDMD. Separate regressions were calculated for the 1S
lines and their hybrids and for the 24 commercial entries. There
was no significant difference between 10 and 20 mg of urea per
tube; therefore, the data presented are averages of the two
levels of urca.

Experiment 2. A sccond experiment was conducted using only
four of the IS lines and their Redlan hybrids (1S0062, 150418,
18165, and 1S0616). Two of the lines and their hybrids were
low in tannin and two lines and their hybrids were high in
tannin, IVDMD was determined on 250-mg subsamples follow-
ing a 48-hour fermentation with rumen fluid and a 24-hour
pepsin digestion. IVDMD was also determined, on another set
of subsamples, following a 96-hour fermentation plus 24-hour
pepsin aigestion.  Durmg the Y6-hour termentation the samples
were centrifuged, decamed, and reincubated with rumen fluid
after 48 hours. In vitro protein disappearance was determined
following a 48-hour fermentation with ruymen fluid but without
pepsin digestion. Undigested protein residues were adjusted by
subtracting an amount of protein residue in blank rumen fluid
fermentation. IVDMD and IVPD were determined with 0 and
15 mg of urea per whbe. Duplicate IVDMD determinations
were made on all samples in cach laboratory run and two
laboratory runs were made using rumen fluid collected on
different days. IVPD was determined in only one laboratory run
with duplicate determinations on cach sample.

The data were analyzed statistically using analysis of variance
techniques. The cight genotypes were considered a fixed vari-
able, the wwo levels of urea (0 and 15 mg) as a fixed variable,
and the variation within treatment combinations was considered
an estimate of cexperimental errov, The genotype source of
variation was partitioned into parents (four IS lines) with three
degrees of {recdom, parents versus Iy's with one degree of free-
dom, and F;’s with three degrees of freedom. Signilicant differ-
ences between means were determined using the Newman-Keuls'
test (Steel and Torrie, 1960).

1S Entries ———

100} Commercial -~ --

‘e, * With Urea

_ N-9495-142x
~ %~ r2:093

90

9:94.50-162 X

T~
8o}: . r2-082 - T
0 " *
S 70k s Without Urea
0
>

™ 60 ~_ $:7280-314 X

= NN r2_=0.77
50} . .
0:6991-401X A
r2:078 ° .~
40} ) . .
2 4 6 8 10

CATECHIN

Fig. 1. Effect of urea on the relationship brtween catechin
cquivalents, measured as a percentage of dry weight, and
in vitro dry matter disappearance in sorghum grain.

RESULTS AND DISCUSSION

Experiment 1. The addition of urea to the commer-
cial entries reduced the regression coefficient lor the
regression ol IVDMD on catechin equivalents from
—3.11to —1.42 (P < .05). Urea more than doubled
the percent IVDMD of the highest citechin entries.
Similar results were obtained with the 1S lines and
hybrids (Fig. 1). With these genotypes the addition
ol urea reduced the regression coelficient for the re-
gression ol IVDAD on catechin equivaleats from
—4101 to —1.62. The differences in the regression co-
cfficients with and without urca suggests that tannin,
measured as catechin equivalents, is not inhibiting
digestion of the sorghum grain directly but rather in-
directly by reducing the amount of nitrogen available
for bacterial growth and rapid substrute digestion. If
tumin inhibited bacterial growth direetly, then little
or no increase in IVDMD would be expected by ad-
ding a small iwmount of urea.

The increase in maxitnum 1IVDMD  (y-intercepts)
with urea indicates that there is an insulflicient amount
of availible nitrogen present even in the low tannin
grain for maximum fermentation and dry matter dis-
appearance.  Schmid, Marten, and Roth (1969 ob-
served similar effects on in wvitre fermentation when
urea was added to corn grain.

Experiment 2. Catechin equivadents, 1VPD, and
IVDMD (18-hour fermentationy tor the low and high
tanmin genotypes are shown in "Table 1. Inall cases
high tannin {catechin equivalents) was associated with
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Table 1. In vitro dry matter disappearance and in vitro pro-
tein disappearance of cight sorghum genotypes with and
without added urea after 48 hours of fermentation,

p
Catechin IV DMD VD
Genotyped cquivalents  No urea l'rea No urea Lrea
150062 o 2 K} 7a° 95 4a A Sa 93 Ua
IS4 1R O 27 OR bh 42 Ha K5 Hab 87 b
1SR165 428 99 dc¢ LENAN 76 e 74 1c
150616 5 93 46 (d 77 e hh 2 65 2d
X haes 264 ne i L Wy 2 79y
Hedlan ¢ IS0062 4 S5k 42 va K 2 91 Sab
itedlan » IS(HIR 022 6y 3 92 Ya #h Hab ah 20
Hedlan - 158165 6 47wl #1o2e 61 de 68 Ud
ledtan < 1S0U616 7 46 AR D] 72 d 5K le 69 4ed
X liyhrids 3 5% a1 W7 726 78.8
R Low annIn gunotyps 27 725 93 4 Rh R 8 5
X HIgL tannin genots s 6 D 46 3 T4 2 700 o9 2
150 CS for comparing,
means 0 1 B6

* Meansg in a column foltowed by the same fetter do not differ stgnificantly al the 0%
level of probabality using Sewmians heul's test

low IVDMD and IVPD. The difference between lines
and Iy hybrids may be partially due o the higher cate-
chin equivalent content for the two high tannin hy-
Lrids than for the two high tannin lines. However, the
difference in IVDMD and IVPD between 1S0062 and
Redlan 3¢ 150062, two low tanmin enuries, cannot be
attributed to dilferences in tannin only. "This differ-
ence may be due to polyphenolyic compounds other
than those detected by the vanillin HCI method, pos-
sibly other pigments in the pericarp. For example,
IS0062 has a colorless pericarp whereas it hybrid has
a red pigmented pericp inhierited from the Redlan
parent, also a low wnnin line. The other low tannin
line, 1SO418, did not ditfer from its hybrid in IVDMD
or IVPD. Plnt breeders may be able to use genetic
differences of this nature to improve the nutritional
vitlue of sorghum.

The addition of urcit increased the IVDMD of low
tannin genotypes from 72.5 to 93400 (P < .05). IVPD
was increased from 86.8 1o 8950 a relatively small
but statistically signilicant increase. Urca increased
the IVDMD of high taunin genotypes from -16.4 10
79.20: (P < .03). Protein disappearance in the low
tannin genotypes was generally not affected by the
addition of urci. However, in the two highest tannin
genotypes protein disappearance was apparently in-
creased by the addition of wrea (P < .05).

The lower protein disappearance of the high tannin
genotypes as well as the relatively greater IVDMD in-
crease it these genotypes with wea indicates that the
amount of digestible protein may be w major factor
limiting the utilization of high tannin sorghums by
ruminant and monogastric animals. A recent report
by Schaffert, Oswalt, and Axtell (1973) suggests that
much of the undesivable effects of high tannin in sor-
ghum on rat gains can be overcome with adequate
protein supplementition.

The TVDAD of the cight genotypes alter 96 hours
of fermenttion is shown in Table 2. Significant dif-
ferences occinred between genotypes: however, the ad-
dition of urc had no signiticant elfect (Table ). Since
urca had no effect on 96-hour IVDMD, the values in
Table £ are averages of both urea levels.

Urea may have had no effect on 96:-hour TVDMD
for several reasons. Fnough endogencous nitrogen may
have heen added with the second addition of rumen
fluid 1o overcome differences due to amounc of nitro-

Table 2. Percent crude protein, 96-hour in vitro dry matter
* disappearance and undigestible protein in cight sorghum
genotypes.

U ndigestitle

Catechin Crude whe hiour prutein
Genotypes equivalent  proten IR LS reaidue
s ool dry matter
150062 v 11 7% g Rat [ BRI
ISIH18 (U 4] 12 1 Y a el
158165 4 M 11 26 “n A & Wi
150616 5 91 4 20 MYt + 0
X Lincs 2 64 12 3 L] JRT
Hedlan « [50062 u (R V3 17 5 [
Itedlan < ISO4)A 02 1R ¥3 va 170
Hedlan ¢ ISRI65 n 14 30 LUSNTS 1 64
Hedian - [S1616 74 13 kAl N5 e A
X tiylinidy 3 5K 12 5% W 7 L]
X Low tannin entries n 1 “y u 18
X High tanmin entries a W 1 55 B 4 iH
IaD 05 fur comparing
nieans "

* \leans 10 a column fotlowed by e same letter doonot difter spdnthoanto at the U°
lerved of protability using Newnan-heal’s test

Table 3. Sources of variation and associated level of significance
in analysis of variance for in vitro protein disappearance
and in vitre dry matter disappearance at 48 and 96 hours.

Level of sigmbicance

Source of 4hehour “he-hoar
variation dt N DHMD D IV DN
Genoly pes ® | PRI} a1
Parent I'nea i <l vl ]
Parent means v °
F, muans | i ny oo
[N 3 ) T nos
Leset of ures i 7] EE T n s
Genoty pe - urea - LN . u) [TE]
Errar 24 AU A0 il 6146 dl [REPRE LI A

* Huns » genotypes pooled with duphicates wittun runs

gen availabie, the tannins mayv have been removed in
the supernatant, or the first fermentation may have
altered the tanmin effects (Cummins, 1971, 1o s al-
so possible that low nitrogen availability in the high
tmnin genotypes simply slowed the rate of disappear-
ance and that 96 hours was sutticient time for even
these genotypes 1o he complerely digested. Inany case,
the lack ol a signihcant icrease in 96-howr IVDMD
with wea indicates that available nitrogen was not
a luctor limiting the digestion of cither the high or
low tannin genotypes an was the case with 1%-hour
1IVDND.

If the 96-houwr IVDMD G he assumed to represent
the total wmount ol drv muatter able o undergo diges-
tion, then it appears that the true ditlerence in
IVDMD, and presumably in wvivo digestibility,  be-
tween the Tow and high tannin genotvpes is abou 8
percentage units. Ditterence in undigested protein e
sidue (Table 2y accoums for 2.5 percentage units of
this difference. Tannin is also prosumably undigest-
ible id while the average catechin equivalent con-
tent ol the high tannin genotypes was 6,007, the true
tnnin content is probably much less than 6.0, Stud-
ies by Chang and Fuller (196:4) have indicated tha
tannin in sorghuwm grain mav range from 2.0 o 259
of the dry matter. I the true tannin content of the
sorghum grain used in these studies was of this magni-
tede and if it s assumed to be undigestible, then as
much v 6200 of the ditterence in IVDMD between
the low and high tinnin genotypes can be atributed
to an undigestible tannin-protein complex. The re-
imainder of the dilference in IVDMD bhetween low
and high tannin genotypes is presumably due to the
presence of other undigestible compounds in the high
tannin genotypes.
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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 supplementation.
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