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715 TANNIN EXTRACIlION FROM SORGHUM 

except for a40%c reduction in the fiber content experiments were conducted for 21 days. 

of the sorghum grains due to the loss of much The protein content of the sorghum grains 

of the pericarp. and soybean meal was determined by the 

The present study was conducted to deter- Kjeldahl procedure (A.O.A.C.. 1960). Tannic 

m the effects on chick performance of acid equivalent of tile grains was determined 

tarn1 oxtraction from bird resistant sorghum by the Folin-Dcnis method as described by 

gtat by an alkaline-hot water extraction BinrIns (1963). 'Fle protein and tannic acid 

Ph,, >. '[he effects of methionine supple- equivalents are presented in the table for each 

mtniation of diets containing extracted or experiment. InI Experiments I and 2. the 

non-cxtracted bird resistanl sorghum were different grains were compared on an isoni

also sthIdied, trogenous basis at a 15.3(' dietary protein 
level. 'ach of the grains which had been 

-FXIFRIMI.:NTAT t'1RXC-)HUR extracted was compared on Il equal weight 

Male, White Mountain chicks were ran- basis %%iththe same intact grain. Composition 
domlv alotted to treatments at one day of of experimental diets is shown ill Tab!es 1-3. 

age. Each chick was weighed, %vint-Imanded Extraction of tile tannins from the sorghum 

and placed in an electrically heated battery grains used in this study was based on an 

brooder with raised wile floors. Fight chicks alkali delilling procedure described by Ble.i

were placed in each pen with four replicates sin at al. ( 1971 ). The procetdure was expanded 

per treatmlent. No two replicates of tile same to pelilit extraction of tnnisi from larger 

lreatinlrit appeared in tie same hattely or qii littics of griiii. Ftl\-potitld samples of 

tle sante deck levei of another ittery. F'ed graii were presoaked in 6(1' C'. water for five 

and water were provided ad lihitum. All minutes \ thconstant stirring. After draining, 

[.x.--I _'O l~o itot of diet', and tilt t(ffet't of tannic m id cxuta tion fromn Sor.Q 11,1 Qlt~ain.%on wveightf 

gaitl Wit! feed ioili'cr.siotlof chtick.\. (Experimtent 1) 

Diets 

tgredients, '1') I 2 3 4. 

So ghtuin RS(-,, 1(.41' i.' 7]' 58.51 - -- -

SoIghum 
Strghtli 

RIl 7 I-extratctlN ().X.) 
IntS826l (7.6))2.66, 

271---
-1 

56. 12 
-

-
72.37 

-

-

Sorghiii l.t2(-exltractcd 17.6) 11.25 1 - - 72.37 

('nt oil 5.(K) 5.0K) 5.0) 5.0) 

(iluicoCe 1tonol tde 13.86 16.25 - -

So.hc', melc (52.2) 17.75 17.75 17.75 17.75 
l't Clii \ 4.88 4.88 4.88 4.88 

Weighl gailn (g.), 232' 21t 1281" 20i4" 

tkd,'gai t i 1g.)4 2.113" t.85' 2.69' 1.85 

' Figuies in parcnt heis repeseit tihe prolmin conteits expressed as a perceitage if air-dried fccdsttiff. 

tFigmtres in brackets rcprcseit tihe percent tantic acid cqui\'alcnt, of the srghtm grails. 

'thC premix provided file following ing ledientislin ';): dicalcitm phtsphaitc. 2.1 limestone. 1.5: 
stdiuml chloridc Oiodicd). 1.45: nl:lngaleSC sulfaie I-I.O. (1.01692: utideoxid. 0.18)6: bu: I:tcd hvdroxy
tolticnc.ti. 125: sitatiiiiipplctiietit.t.7935.Thie v\itamiisupplement c tilt:titctl the follo" gtin units/kg.): 

Choline Chhltride. 2010 111g.: vitfLmin A. 501)1 I.. I. \ itamin ),. 2251) I.C.: iboflav in. 8.8 ig.: calcium 

pantt ht'nat&c. 17.6 nag.: niacin. 39.6 rag.; d-alpha ticopherol acelate. 8.8 I.U.; mcntdiote stdium 

bisuflite. 1.4 1ag.: vitamin 1,. 11.0 t.. 

'Ncani lcs fo 3-vkcck old cdcks. Meais hearing tihe sle superscripts are nol significamtly 

diffcrent. W - .015). 

http:tolticnc.ti
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i a iid it -methioninteTAM I-2.-Composition of diets and fti effect of tni acid e. rod 

Supilementation of sorgi ulnl graoils ,i 

Ingredients ((; ) 

Sorghum RS610O (9.8)' 10.33]2 

Sorghum IS820 (7.()0 12.661 
Sorghum IS82(0O-eslracled (7.6) 
Corn oil 
Glucose lllonttllhlyiltie 
Soybean 1).' (52.2) 
Premuix, 1 

lin -Methionine

Weight gain (g.)" 
Feed/pg in ratios (g.)" 
Leg scores" 

10.251 

I ' 'See foototes 1. 2 and 3. Table I. 
4l-vitamin \\,tS aCieo aided as follows 

folic acid, 1.0. 
'98(,; pure. 
"See fottltnoite 4, "'able I. 
Values asigitd for leg condition: I-Norna 2-Slightly abnorlal: 3-Seercl. abnorml:4-- 'iable 

to sland. 

the tempered grain was soaked with constant 

stirring in a 20'; solution of sodium hydroxide 

at 70' C. for eight minutes. A ratio of I liter 

of sodium hydroxide soltion for every 0.7 

to 0.9 kg. of grain was used. ile grain was 

then poured o!o a screen, allowed to drainli 
for approxinItelyI mitiule and transferred 

into anothcr fiberglass tub. Hot tap water 
° (60 C.) was introduced into the tub and 

allowed to overfloI for a period of 30 miin-

tites. Constant stirring facilitated tannin cx-

traction. After thorotgh rinsing, atiy remain-

ing sodium h dr,)xidc was nnCtraliZCd with 

at 517( solution of glacial acetic acid. The 

treated grain was dried in a forced ir oven 

at 70' C. for 18-20 hours, then allowed to 

equilibrate to rootii moisture fot 24 hours 

before being \Wcighed for mi xing. 

It should be noted that the alkali treatment 

loosens a large amount of pericarp which 

floats to the surfacc aind is renloved in the 

overflow. However, total removal of pericarp 

is not essential for extraction of most of the 

tannin in the grain. 
In Fxperiment 1, the effects of extraction 

weight gain. feed col ,cr.,.ionand leg cor' of chicks. 
(Experiment 2) 

I 2 

57.78 

- 71.82 

5() 5(0) 
16.69 0.55 
17.75 17.75 
4.88 4.88 

--

21(1" 138' 
1.94' 2.7f6 
1.28' 1.28" 

(mg./kg. diet): thiamine. 1.8 

)iets 

3 4 5 
. 

71.82 - -

71.82 71.82 
5.(K) 5X) 5.(tl) 
(1.-40 ().55 0.40) 

17.75 17.75 17.75 
4.88 4.8S 4.88 
(.15 - 0-((.15 

258 21(' 231 
2.19" I t 1" 1.74, 

2.(01' 1.2. (.3' 

pyrido\inC. 3.): hioli(t 0.09: 

of the tannins fron a non-rc,,istl somrghum 

grain, RS071, and a bird reistant ,orghm 

grain. "5826(1 were Studied. ets contining 

sorglti,,1S671 and IS826(( beforc ;nl after 

e,'tractiont of tle taninit wcle cotipalt.d oil 

an isonitrtOgClotlS basi tl suibttinitl levels 

of protein JTable I 

Experitisent 2 \w.as conidUctCL I0 dCterliie 

lie ffect of tantlii etrmctiott:ttd i)i -methio

nie siippletenltatiot of solitini ISX2 

when fed to chicks. Sorhum] 1s52),)). before 

aId after Cxtractioti of the titnilis. irid 

sorghtlill I))I0. ;I on-resistitltt ,tremIItI 

grain. \ere compared tim an isonitogeitOi, 

basis at sun-optimal le%cls of protein I able 

2). The effect of (.15' ;m-methmioninc stp

plCmCn1tition of inttct :ad CXtractCd sorghlllu 

IS8260 diets %%Wasalso observed. A ,IlbjectiOc 

leg score \as used ailt he end of the 2-daty 

study in ;i1 attempt 1t Liqtititatively evaaltJHe 

the extent of in abnormal leg condition de

scribed presiOtsld (.'\rlinstrtong ctt.. 1973). 

The determination \wa, btsCd otl ti1e follow

ing: I--1ormal 2-slightly abnormal; 3

severely abinormial; and 4-unable to stand. 



- - -

weight gain and feed conversion of chicks. 
Tiii. 3.-Compoition of diets and the effect of tannic acid extraction from sorghum grains on 

(Experiment 3) 

- - - . . .Diets-

. .454'v) 6 7 8 ._-_IIngredients 
----- zSorghum RS671 ((108)1[10.5617 57.24 

z - 57.24 ..
Sorghum RS671-extracted (10.8) [(.34] z--- - 70.76 -
Sorghum BR64 18.7) [2.261 

70.76 - --
Sorghum BR64-extracted (9.0() 10.49i 

. . . . 72.37 - - -
Sorghum IS82(4) 18.71 [2.27] 

. . 72.37 62.70 --- Q-. . .Sorghum IS8260-extracted (t0.7 
) 1[(.34] • ---

- 62.70 z
Sorghum IS689)2 (9.8) [(.60] 

. .. 62.70r. . .Sorghum IS6992-extracted (8.3) [0.42] 
5.05.01 5.0 5.0 5i 5o 5.0 5.0 

Corn Oil 
- 9.67 9.671.61 15.13 15.13 1.61

Glucose Monohvdrate 
17.75 17.75 o

17.75 17.75 17.75 17.75 17.75 17.75 
Soybean Meal (51.4) 

4.88 4.8 4.88 4.88 4.88 4.88 4.88 4.88 
Premix' 

15.3 14.315.3 15.3 15.3 15.5 (5.3 14.1 
Total Prol-_,"il 

" " 
11-1 1811,d214b ' 135 268' 16 7 -1 19 15 4d' 

2 0 5Weight Gain (g.) 2.I V1.94" 1.93" 2.77' 1.82' 2.45" 2.081 2.181 
Feed,.'gain ratios (g. 14 


"''-See 2. 3 and 4. Table 1.
footnotL'. I. 

L2 
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Experiment 3 was conducted to determine The weight gain observed when the extracted 

the effect of tannin extraction from other IS1(2601 diet was fed was similar to that oh

bird resistant sorghum grains not used in tained with the RS671 sorghum diets. These 

previous experiments. Two birds resistant results indicate that extraction of the tannins 

grains, 13R04 and IS6992, were studied in from bird resistant sorghm IS 21261resilted 

resistant IS8260 and in almont complete alleviation of the reduced addition to the" bird 
feed ohcrvednon-resistant RS671 sorglum grainus used in wkcighl gain and convcrsion 

previous experiments. Comparisons of the wkith the intact grain. 

four sorghum grains were made on an isoni- The iniprovciirenl in feed consC rSioni noted 

trogenous basis at sub-optimal levels of pro- when the extracted sorghtm RS671 xsas fed 

tein (Table 3). Diets containing each of the to chicks 111a1have resulted from the lower 
as of tilefour extracted grains were compared with 	 fiber content a result of the los, 

grain pericarp during the extraction process.the respective intact grain on illequal weight 

basis (Table 3). llessin etial. (1971) obser %ed a 30-OWY.: re

duction In fiber in their StUdieS depenCdilgAna!ysis of variance (Steel and Torrie. 

196() was used to statistically analyC final the1ntype of grain and vailt, used. These 

chick weight gain, feed conversion and leg workers observed little effect of t tielciilling 

scores. Inl testing the elufects. tiletreat-alilill procCdutire ol ash. ether extract or protein 

merit x replication interaction was Used. content.
 

Individual treatnler: diffeiences were tc,,ted In Experimcnt 2. sigiiificanrl\ better \tcight
 

by the Newkman-Ketils multiple riange test gain and feed conversion P ' .1)5)sCsc 

(Steel and Torrie, 1961). observ'd swithia sorghul RS6I) diet thian 
with an intct sorghum IS826) diet (Table 

RFSltS AND I)tS('ISSION 2). xtractioii of the talnits from sorgtm 

IS820 Iict 4) overcame this reduction itiSignificantly better (P ' .05) weight gain 

and feed conversion were observed in I-xpcr- \%eight gaillaid feed co1velsioui an1d gave 

iment I by chicks fed a didt containing 1he reisults siimilar it)those obscr\cd with ihc
 

non-resistant sorghum RS671 Ithan was oh- sorghii RS61t)diet. These resulls agree witi
 

served for chicks fed a diet con'iining the those observedlill'xperi meit I.
 

bird resistant sorglum ISS260 (fahle 1). Supplementation of the intact IS820 grain
 

-riethionine (Diet 3) signif

and Fuller, 1964; Conner cta/.. 1969: Rostan- icantly iinpro\cd %eight gain and feed con-
These results agree \with earlier \s ork (Chang 	 diet with (I.15"; t)i 

-

IS8260 insupplementld diet I)iet 2). 'These 
go et al.. 1973a; Armstrong ti al.. 1973) who 	 versiorn () .05) when compared with the 

observed that weight gain and feed conver-
ced when high tannin sorglmni results agree wvith previouls stilies (Changsion werc red 

grains were fed to chicks. and Fuller. 1964: Conner ct al., 10(9; Ar-

Tannin extraction of sorghtm RS671 did strong etal..1973) s\ho observCd that iriethi
ill alleviating soilic ofnot significantly influence weight gain (P) -' orinie was beneficial 

.05)as compared with intact RS671 ;however, the growth depressing effect of tannins. Sup

a significant imptoverient in feed conversion plemlentatioi of the extracted sorghtm IS82600 

(P < .05) was attained over that noted when diet with 0.15%/ ni -ncthionine resulted in 

the intact sorghum diet itsfed. lE:xtra :;on some improvenient ill weight gain and feed 

of the tannins from sorghumr1 IS826) signifi- conversion when compared to the ext:acted 

cantly improved chick weight gain and feed ISS26(0 utsupplenieted diet; however. these 

< .05)as compared with those differences were not statistically significantconversion tP 
observed with the intact IS8260 sorghtim diet. (P -.. 05). These results agree with previous 
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work (Armstrong et a!., 1973) which showed 

a greater improvement in performance of 

chicks from wi-methionine supplementation 

of high tannin sorghum diets than was noted 

with low tannin sorghum diets. Supple-

nentation of the intact bird resista; sorghun 

(IS8260) diet with methioninc resulted in a 

significantly greater incidence (1P< .05) of 
an abnormal leg condition as compred with 

intact. unsupplemcnted bird resistant or non-

resistant sorghum diet. In contrast, methio-

nine supplementation of the extracted bird 

resistnt sorghlm diet resulted in only a slight 

increase in tileincidence of leg ,nomalies. 

Thiamine, pyridoxine, biotin and folic acid 

were added to Alldiets in this experiment 
of these water solubleto insure that none 

vitainils was deficient as a result of the tannin 

extraction prcelre. The similar results oh-

tained in this experiment as compared with 

earlier studies would suggcst that this was 

not a problem. 
In Experi ment 3. sorghum RS671, Ia noin-re-

sistant sorghum grain, produced significantly 

better weight gain tand feed conversion (1 

.0!5) than did tile bird resistant sorghum 

grain B ,6-t or ISS200 whtich were high in 

tannin content ('l'ablc 3). Sorghum IS6992, 

intermediate ii, taonin content, supported 

slightly poorer weight gain and significantly 

poorer (P .(5) feed conversion than did 

Sorghum 11R64 produced tile extracted IS6992 diet contained less protein
sorghum l{S67 1. 
poorest veight gain and feed conversion of 

iI the bird resistant sorghum grains. Sorghum 

IS26t0 supported soiiicwwhat better weight 

gaitl significantly better (P .15) feedand 
conversion than did sorghiuiii ,R64 whereas 

sorgh.um IS6992. which had the lowest tannic 

:acid eqiiivalents of tilebird rcsistant sorghum 

grains, supported the best weight gain and 

feed efficiency of any of tilebird 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 

compared on an equal weight basis with the 

intact grain, there was little difference in the 

dietary protein content of the diets (Table 

3). However, during the extraction process 

of IS8260 and IS6992 there was a I-2% loss 

in the protein content of the sorghum grains. 

It is believed that this loss was illpart due 

to the immaturity of these two sorghum
percentgrains. As ircsult, a reduction ;n tile 

dietary protein was obt-iined when the ex-

Iractcd grains were compared oil an11equal 

\\-eight basis with the intact grains (Table 3). 

l-xtraction of tiletannins fron sorghum 

RS071 had little effect on weight gain as was 

noted in Experiment I. Chicks fed the ex

tracted R-1(,diet showed significantly great

er weight gain and feed conversion (P < 

.05) a.sCollpared with chicks fcd the intact 

1RI64 diet. Improvements illchick per"orin

ance also resulted when the tannin was cx

tactCd frol IS826) even though the diet 

contained less protein. At equal dietary pro

tein levels, tileimprovement perhaps would 

have becn statistically significant and closer 

to that ,bserved with the extracted BR64 diet. 

l-xtraction of the tannin from sorghum lS6992 

resulted in poorer weight gain and similar 

feed conversion as compared with tileintact 

IS6992 diet. The reason for this decrease in 

chick weight gain was not readily apparent; 

however, one should keep inlmind that the 

than the intact IS6992 diet. Also, chick per

forniance with the sorghun IS6992 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 tanin 

from the bird resistant sorghuni grains BR64, 

IS8260 and IS6992, which were relatively high 

in tannin content. The process seemed to have 

little effect on the protein content when 

mature grains were used. When the extracted 

sorghum grains F1164 and IS8260 were fed 

to chicks, the growth depressing effect ob

served with the intact grains was almost 

http:sorgh.um
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completely overcome, indicating that the 

pooler performance of chicks fed bird resis-

tant sorghum diets was due to the detrinrental 

effects of th e tannin s . T hese re su lts sugges t 

that after extracting most of the tannin, these 
hird resistint grains are essentially equal ill 

biological va-itle to the non-resistant slorghtlilll, 
g r a i nis . 

The markedly inplovcd perftormarice of 
chicks fed the 11R64 diet supplemented witih 
methionine in contrast to the slight improve-

ment in perforiance of chicks fed the cx-
tracted IR04 diet with addeh.d nlethionilC mIet, 

be explained by: II) methiOni ne deto ifiCe 

talnnins possibly via litihlI gallic acid; (2) 
tannins complex with nethionine therch re-

duciig aviliailitv (3) ta nints inhibit pro-

icolytic enilines and t lus decc ased protein
" 

e latcelr phncl onll 

does appear to occitl (Rositgito i al., 1973b) 
it seems unlikely that this could conlpletcly 

explain the r stllts. Nethiinine is the first 

digestibility. Althoughth melnll 

lilniting aminio acid in thiS type of diet. hutl 

onC would nlo1expect conplcc anclioratiot 

of the growlth dcpression ince dCficienciC 

of other a illhno lcids sotild be C.han eI b\IId 

reduced avahilability. 
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