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ABSTRACT Three expernnents were conducted todetermine the effo s on chick performance
of extracting the tannin from hird resistant sorghum grams BRe$ISEI60 and 156992 as well
as non-resistant sorghums RS616 and RS671. The precedure. imvolving alkidine teatmens of
whole grain followed by hot water wishing, remoses nost of the tannins from bd resistant
sorghums and renders them egaivalent i taanin content to non-tesistant serghums. Comparisons
among sorghum grains were made onan isonitrogenous hisis in sorghiim-soy bean neal dict
at sub-optimal protein levels. Extraction of the tonins from bird resiaant sorghums BRé
and [SE260 resulted in sipnificantly betier chick growth and Teed comersi s compared with
that of chicks fed the intact bird resistant sorghum diets, Performance weth these treated bid
resistant sorghums was approsumately equal to that obtined with intict non cesistant sorghums.
The extraction process did not significantly influence growth rate but did soniticanthy improve
feed conversion of the non-resistant sorghum grains. Supplementation of tae sorghtm [SSI60
dict with methionine resulted ina significant improvement in chick performan.¢ and anincreased
incidence and severity of a leg abnormality as compured with the unsuppletaented IS8260 dict.
Methionine supplementation of a diet containing sorghum [SE260 after eatraction of the tannin
resulted in similar leg scores and only a slight improvement in performince o compared with

the same diet without edded methionine,

INTRODUCTION

CNTUDIES by several workers (Chang and

Fuller. 1964: Connor et al., 1969; Rostag-
no et al.. 1973a: Armstrong ¢t al., 1973) have
shown that weight gain and feed conversion
were reduced when  high-tannin - sorghum
grains were fed to chicks as compared with
chicks fed low-tannin sorghum gramns. Sor-
ghum varieties with brown seed color and
open heads have been charucterized as being
high in tannin content. Fuller et al. (1966)
observed that a dictary level of tannin be-
tween 0,64 and 0.83 percent was required
1o cause a depression in chick performance.
These same workers found that the tunnin
was concentrated in the pericarp or seedeoat
of the sorghum grain.

1. Journal paper na. 5173 Purdue University - gri-
cultural  Experiment  Station. This  investigation
supported in part by the U.S. Ageney for International
Development umder contract esd, H75-"Inheritance
and Tmprovement of Protein Quality and Content in

Sorghum bicolor (Linn.) Moenck.™”
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(1963) observed that the

anthocyanogens weee located in the pericarp

Blessin et al.

and seedtip and were absent from the eneo-
sperm of sorghum grains. Studies by Nip and
Burns (1969, 1971) shoved that the yellow
pigments present in sorghum grans with
reddish-brown seed coits were not present
in the white varicties and hybrids. These
warkers suggested there wies o varietal dif-
ference in the kinds and numbers of pigments
present in sorchums and Dot treatmet with
sodium hydroxide extracted several of these
pigments.

Blessin ef al. (1971 studied the effects of
an alkali dehulling procedure v the <omposi-
tion and wet-milling characteristues of sor-
ghum grains. They sugeested tid since the
anthocyanogens were converted into colored
substances in acid solutions, bleaching would
oiten be necessary before wet-milling to pro-
duce # satisfactory white starch. A whiter
appearing starch wis observed from dehulled
grain. The dehulling process had little cffect
on the compuosition of the grains dehulled
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except for a 409 reduction in the fiber content
of the sorghum grains due to the loss of much
of the pericarp.

The present study was conducted to deter-
muie the effects on chick performance of
tann extraction from bird resistant sorghum
grar by an alkaline-hot water extraction
proc ss. The effects of methionine supple-
mentation of diets containing extracted or
non-extracted bird resistant sorghum were
also studied.

EXPERIMENTAL PROCEDURE

Male, White Mountain chicks were ran-
domly alotted 1o treatments at one day of
age. Each chick was weighed, wing-binded
and placed in an electrically heated battery
brooder with raised wire floors. Eight chicks
were placed in each pen with four replicates
perareatment. No two replicates of the same
treatment appeared in the same battery or
the same deek levei of another battery. Feed
and water were provided ad libitum. All
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experiments were conducted for 21 days.
The protein content of the sorghum grains
and soybecan meal was determined by the
Kjeldahl procedure (A.O.A.C.. 1960). Tannic
acid equivalent of the grains was determined
by the Folin-Denis method as described by
Burns (1963). The protein and tannic acid
equivalents are presented in the table for cach
experiment. In Experiments 1 and 2, the
different grains were compared on an isoni-
trogenous basts at a 15377 dietary protein
level. Each of the grains which had been
extracted was compared on an equal weight
basis with the same intact grain, Composition
of experimental diets is shown in Tables 1-3.
Extruction of the tannins from the sorghum
grains used in this study was based on an
alkadi dehuoling procedure described by Bles-
sin et al. (1971). The procedure was expanded
to permit extraction of tannins from larger
quantities of grain. Forty-pound samples of
grain were presoaked in 607 C.owater for five
minutes with constant stirring. After draining,

Tasit 1.—Composition of dicts and the offect of tannic acid extraction from sorghum grains on weight
eain and feed conversion of chicks. (Experiment 1)

Ingredients (77)
So ghum RSe71 (0.4 [0.37]
Sorghum RS671-extracted (9.8) {0.27]
Sorghum IS8260 (7.0) [2.66]
Sorghum 1S8260-extracted (7.6) {0.25}
Corn oil
Glucose monodydrate
Soyhean meal (52.2)
Premin

Weight gain (g
FFeed/ gain ratios g2y

Diets

i 2 3 .
38.51 — - -
— 56.12 — —
— — 72.37 _
— — 72.37
5000 5.00 500 5.0
13.86 16.25 — —
17.75 17.75 17.75 17.75
188 4,88 1.88 188
230 208 128" e
203 1.RS 269 .83

"Figures in parenthesis represent the protein contents expressed as a percentage of air-dried feedstff.
“Figures in brackets represent the pereent tannic acid equivalents of the sorghum graias.

'The premix provided the following ingredients tin “0): dicalcium phosphate, 2.1

limestone, 1.5

sodium chloride todized). 8450 manganese sulfate-H,O, 0.01692; zinc oxide, 0.006: bu:ylated hydroxy-
toluene, 00125 vitaminsupplement. 0.7935, The vitamin supplement contained the folloving Gin units /Kg.):

choline ¢hloride, 2000 mg.; vitamin A, 50001, U

vitamin D 2250 LU riboflavin, 8.8 mg.: calcium

pantothenate, 17.6 mg.: niacin, 39.6 mg.: d-alpha tocopherol acetate. €.8 LU.; menadione sodium

bisuflite, 1.4 mg.: vitamin B, 11O .

Afean vdues for 3-week old chicks. Means bearing the same superscripts are not significantly

different, (P - 05).
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Tanni. 2.—Composition of diets and the effect of tannic acid extraction and pr-methionine
supplementation of sorghum grains on weight gain, feed conversion und leg score of chicky.
(Experiment 2)

Ingredients (7)
Sorghum RS$610 9.8)" [0.33]°
Sorghum [S8260 (7.6) {2.66]
Sorghura 1S8260-¢xtracted (7.6) [0.25]
Corn il
Glucose monohyudiate
Soybeun mead (520
Premix'
pr-Methionine'

Weight gain (g)"
Feed/ gain ratios (g.)"
Leg scores™”

P73 See footnotes 1.2 and 3, Table 1.

Dicts

I 2 i 5

57.78 — — —

— 718 TLR? — —_
- — — 7182 TER2
5.00 5.00 5.00 S.00 500
16,69 0.55 0.40 0.53 0.40
1775 1775 1178 11IS 17TS
4.8% 188 4.RR 488 488
- — 0.15 — 015
216" 138 25K S 3
Y N 7 1 S S T N B A D
PO L8 2000 L 13y

TRevitamins were also added as follows (mg. /kg. dict: thiamine, 1.8: pyridoxine. 3.0 hiotin. (1L.0Y:

folic acid, 1.0.
SYRCI pure.
“See footnote 4, Table 1.

“Values assigned for feg condition: 1—Normal: 2—Slightly abnormal; 3—Severely abnormid:4—Unable

to stand.

the tempered grain was soaked with constant
stirring in & 2007 solution of sodium hydroxide
at 70° C. for eight minutes. A ratio of 1 liter
of sodium hyvdroxide soiution for every 0.7
10 0.9 kg. of grain was used. The grain was
then poured onto a sereen, aflowed to drain
for approximately | minute and transferred
into another fiberglass tb, Hot tap water
(60° C.) was introduced into the tub and
allowed to overflow for a period of 30 min-
utes. Constant stirring facilitated tannin ex-
traction. After thorough rinsing, any remain-
ing sodium hydroxide was neutralized with
a 5% solution of ghlacial acetic acid. The
treated grain was dried in a forced air oven
at 70° C. for 18-20 hours, then allowed o
equilibrate to room moisture for 24 hours
before being weighed for mixing.

It should be noted that the alkali treatment
Joosens @ large amount of pericarp which
floats to the surface and is removed in the
overflow. However, total removal of pericarp
is not essential for extraction of most of the
tannin in the grain.

In Experiment 1, the effects of extraction

of the tannins from @ non-resistant sorghum
prain, RS671, and a bird resistant sorghum
grain, 1S8260, were studied. Lets containing
sorghums RS671 and 158260 before and after
extraction of the tannins were compared on
an isonitrogenots basis at suboptimal devels
of protein (Table 1),

Experiment 2 was conducted 1o determine
the effect of tannin eatriaction and pr-methio-
pine supplementation of sorgham 155260
when fed to chicks. Sorghum 158260, before
and
sorghum RS610. o non-resistant sorghum

after eatraction of the tannins, and
grain, were compared on an isonitrogenots
basis at sup-optimal levels of protein Cluble
2). The effect of 0,157 nr-methionine sup-
plementation of intactand extracted sorghum
1SHI60 diets was also observed. A subjective
leg score was used at the end of the 21-day
study in an attempt to quantitatively evaluite
the extent of an abnormal leg condition de-
scribed previously (Armstiong et @l 1973
The determination was based on the follow-
ing: 1—normal: 2—slightly abnormal; 3—
severely abnormal; and 4—unable to stand.



TanLt 3.—Composition of dicts and the effect of tannic acid extraction from sorghum grains on weight gain and feed conversion of chicks.
(Experiment 3)

Ingredients (7¢)

Sorghum RS671 (10.8)" [0.56] 57.24 — — — — — . .
Sorghum RS671-extracted (10.8) {0.34] — 57.24 — — — — — —
Sorghum BR64 (8.7) [2.26] — — 70.76 — — — — —_
Sorghum BRéd-extracted (9.0) [0.49] — — — 70.76 — — — —
Sorghum 1S8260(8.7) [2.27] —_ — — — 72.37 — — —_
Sorghum 1S8260-extracted (6.7) [0.34] —_ — — — —_ 72.37 — —
Sorghum 1S6992 19.8) [1.60] — — — — — — 62.70 —
Sorghunm 186992-extracted (8.3) [0.42] — — — — —_ — —_ 62.70
Corn Oil 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
Glucose Monohydrate 1513 15,13 1.61 .61 — — 9.67 9.67
Soybean Meal (51.4) 17.75 17.75 17.75 17.75 17.75 17.758 17.75 17.75
Premix’ 48R 4.88 4.88 4.88 4.88 J.88 4.88 4.88
Total Protein ¢7) 15.3 153 153 15.5 i5.2 14.1 15.3 14.3
Weight Gain g 2140 205 135¢ 268" 1674 191~ 3 Rl 154%¢
Feed / gain ratios (g.) 1.944 1.93¢ 2.7 1.82¢ 245 2.08¢ 2,18 2.0

TTEEGee footnotes 1. 2. 3 and 4. Table 1.
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Experiment 3 was conducted to determine
the effect of tannin extraction from other
bird resistant sorghum grains not used in
previous experiments. Two birds resistant
grains, BR64 and 156992, were studied in
addition to the bird resistant 158260 and
non-resistant RS671 sorghum grains used in
previous experiments. Comparisons of the
four sorghum grains were made on an isoni-
trogenous basis at sub-optimal levels of pro-
tein (Tuble 3). Diets containing cach of the
four extracted grains were compared with
the respective intact grain on an equal weight
basis (Table 3).

Analysis of variance (Steel and Torrie,
1960) was used to statistically analyze final
chick weight gain, feed conversion and leg
scores. In testing the main exfects, the treat-
ment % replication interaction was used.
Individual treatmer: differences were tested
by the Newman-Keuls multiple range test
(Steel and Torrie, 1960).

RESULTS AND DISCUSSION

Significuntly better (P -2 .035) weight gain
and feed conversion were observed in Exper-
iment 1 by chicks fed a dict containing the
non-resistant sorghum RS671 than was ob-
served for chicks fed a diet contuining the
bird resistant sorghum IS8260 (Vable 1.
These results agree with earlier work (Chang
and Fuller, 1964; Conner ¢t al.. 1469 Rostan-
go et al.. 1973a; Armstrong et al., 1973} who
observed that weight gain and feed conver-
sion were reduced when high tannin sorghum
grains were fed to chicks.

Tannin extraction of sorghum RS671 did
not significantly influence weight gain (P =
.05) as compared with intact RS6715 however,
a significant improvement in feed conversion
(P < .05) was attained over that noted when
the intact sorghum diet was fed. Extrazlion
of the tannins from sorghum 188260 signifi-
cantly improved chick weight gain and feed
conversion (P < .08) as compared with those
observed with the intact 1S8260 sorghum dict.

W. D. ArMSTRONG, J. C. ROGLER AND W, R. FEATHERSTON

The weight gain observed when the extracted
1S8260 diet was fed was similar to that ob-
tained with the RS671 sorghum diets. These
results indicate that extraction of the tannins
from bird resistant sorghum 1S8260 resulted
in ulmost complete alleviation of the reduced
weight gain and feed conversion observed
with the intact grain.

The improvement in feed conversion noted
when the eatracted sorghum RS671 was fed
to chicks may have resulted from the lower
fiber content as a result of the loss of the
grain pericarp during the extraction process.
Blessin et al. (1971) obseived o 30-6077 re-
duction n fiber in their studies depending
on the type of grain and variety used. These
workers observed little effect of the dehuthing
procedure on ash, ether extract or protein
content.

In Experiment 2, significantly better weight
gain and feed conversion (P 05) were
observed with a sorghum RS610 diet than
with an intact sorghum 188260 dict (Tuble
2y, Extraction of the tannins from sorghum
1SR260 (Diet 41 overcame this reduction in
weight gain and feed conversion und gave
results similar to those observed with i
sorghum RS610 diet. These results agree with
those observed in Experiment 1

Supplementation of the intact 158260 grain
diet with 0.15¢7 vt -methionine (Diet 3) signif-
jcantly improved weight gain and feed con-
version (P <. .03) when compared with the
ISRI60 unsupplemented diet (Diet 2). These
restlts agree with previous studies (Chang
and Fuller. 1964: Conner et al., 19690 Arm-
strong et al., 1973y who observed that methi-
onine was beneficial in wlleviating some of
the growth depressing effect of tunnins. Sup-
plementation of the extracted sorghum [S8260
diet with 0,15
some improvement in weight gain and feed

nr-methionine resulted in

conversion when compared to the eateacted
158260 unsupplemented diet; however. these
differences were not statistically significant
(P =+ .085). These results agree with previous
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work (Armstrong et al., 1973) which shawed
a greater improvement in performance of
chicks from pr-methionine supplementation
of high tannin sorghum dicts than was noted
Supple-
mentation of the intact bird resistanc sorghum
(1S8260) diet with methionine resulted in a
significantly greater incidence (P < .05) of

with low tannin sorghum dicts,

an abnormal leg condition as compared with
intact. unsupplemented bird resistant or non-
resistant sorghum diet. In contrast, methio-
nine supplementation of the extracted bird
resistant sorghum dict resutted inonly a slight
increase in the incidence of leg anomalics.

Thiamine, pyridoxine, biotin and folic acid
were added to all diets in this experiment
to insure that none of these water soluble
vitamins was deficientas aresult of the tannin
extraction procedure. The similar results ob-
tained in this experiment as compared with
carlier studies would suggest that this was
not a problem.

In Experiment 3, sorghum RS671. anon-re-
sistant sorghum grain, produced significantly
better weight gain and feed conversion (P
< .05) than did the bird resistant sorghum
grain BR64 or 188260 which were high in
tannin content (Tuble 3). Sorghum 156992,
intermediate in tannin content, supported
slightly poorer weight gain and significantly
poorer (I <7 .05) feed conversion than did
sorghum RS671. Sorghum BR64 produced the
pooresi weight gain and feed conversion of
oIl the bird resistant sorghum grains. Sorghum
155260 supported somewhat better weight
gain and significantly better (P <0 05) feed
conversion than did sorghum BR64 whercas
sorghum 156992, which had the lowest tannic
acid equivalents of the bird resistant sorghum
grains, supported the best weight gain and
feed efficiency of any of the bird resistant
grains.

During the extraction process of sorghums
RS671 and BR64 there was little change in
the percent protein present in these grains.
Therefore. when these extracted grains were
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compared on an equal weight basis with the
intact grain, there was liitle difference in the
dietary protein content of the diets (Table
3). However, during the extraction process
of 188260 and 186992 there was a 1-29 loss
in the protein content of the sorghum grains.
It is believed that this loss was in part due
to the immaturity of these two sorghum
grains. As a result, a reduction in the percent
dictary protein was obtained when the ex-
tracted grains were compared on an equal
weight basis with the intact grains (Table 3).

Extraction of the tannins from sorghum
RS671 had little effect on weight gain as was
noted in Experiment 1. Chicks fed the ex-
tracted BR64 diet showed significantly great-
er weight gain and feed conversion (P <
.05) as compared with chicks fed the intact
BR64 diet. Improvements in chick perform-
ance also resulted when the tannin was ex-
tacted from 188260 even though the diet
contained less protein. At equal dictary pro-
tein levels, the improvement perhaps would
have been statistically significant and closer
1o thut ubserved with the extracted BR64 diet.
Extraction of the tannin from sorghum 156992
resulted in poorer weight gain and similar
feed conversion as compared with the intact
156992 dict. ‘The reason for this decrease in
chick weight gain was not readily apparent;
however, one should keep in mind that the
extracted 156992 diet contained less protein
than the intact 186992 diet. Also, chick per-
formance with the sorghum 156992 diet was
the highest of any of chicks fed bird resistant
grains.

The alkaline-hot water extraction process
was effective in removing most of the tarnin
from the bird resistant sorghum grains BR64,
158260 and 186992, which were relatively high
intannin content. The process seemed to have
little effect on the protein content when
mature grains were used. When the extracted
sorghum grains BR64 and 1S8260 were fed
to chicks, the growth depressing effect ob-

served with the intact grains was almost
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completely overcome, indicating that the
pooter performance of chicks fed bird resis-
tant sorghum diets was due to the detrimental
effects of the tunnins. These results suggest
that after extracting most of the tannin, these
bird resistant grains are essentially equal in
biological value to the non-resistant sorghum
grains.

The markedly improved performuance of
chicks fed the BR64 diet supplemented with
methionine in contrast to the slight improve-
ment in performance of chicks fed the ex-
tracted BR64 diet with added methionine may
be explained by: (1) methionine detoxifies
tannins  possibly via methyl gallic acid; (2
tannins complex with methionine thereby re-
ducing availability: () tannins inhibit pro-
teolytic enzymes and thus decreased protein
digestibility. Although the latter phenomenon
does appear to occur (Rostagno et al., 1973b)
it seems unlikely that this could completely
explain the results. Methionine is the first
fimiting amino acid in this type of dicet. but
one would not expect complete amelioration
of the growth depression sinee deficiencies
of other amine acids would be eahuanced by
reduced availability.
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