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Incorporation of '4C from [14C]Phenylalanine into Condensed Tannin of 
Sorghum Grain 

Vijaya Recdcly and Larry (. Butler* 

A procedure is described for (btainling condensed tannin from sorghum jSorghumn bicolor (L.) Moench]
seeds metabolically labeled from [N"(']phenylala ine. The ['"CJtannin should be useful in determining
the metabolicilte ofl' dietary condensed tannin. 

The ant inutritional effctUs if" dietiry potlyphenols such 
as condensed tannins are usualfy ascribed to inhibition of 
digestion and absorptior, within the digestive tract (Cheeke 
and Shull, 19851. 'omef theuse effects seem to require 
ahsirpt ion of' metaohlically inhilbit ory piulyphenols from 
the digestive tract, and preliminarv evidence for sucl, ab-
sorption was (ibtained by f'eeding s rghuitm lannin labeled 
wvit h 12I (But ler et al., 9,86). 

Miore detimitive evidence on the question of absorption 
of dietary pol.vphenols froiu the digest ive tract could he 
ibtained with pilyphenils metabolically labeled with [if. 
Condensed t1iiiiiins such as those f'ound in the grain of* 
some ('hilt ivars if' .orohiui hiolor (L.) Moench are poily-
merit flavonoids [Ia:-;ii, 1981). lhenylalanine is a 
netabolic irecursor for 9 of the 15 carl)u atoms of' its 
flaviiiuid units (Hasilii et al., 1977). Here we report a 
procedure fOr obtaining 'oiidensed tannins metabiilically
libeled froim ll, IplienYlalanine stipplied to develol)iig 
)anicles if sirghtmn cUlt ivars whiose miture seed is rela-
lively rich in tannins. The i(I(tannin should be useful 
in (lelermining til nietaibulic fate if' condensed tannin in 
f'Ools and f'eedstuiffs. 

MATIHRIAI N) ISlETIH
I/ni'''ly la beled i lphen\'la fanine (spcific actiiity

nifrl leh epnylhthe•I110 ini/ninI) in 2'7A ethaniil was iita~ined from ICN
.110In~/nilio) wa obtine 1'ornICNin2'7 etano 

Biomedicals, Inc., Irvine, ('A. Sorghum cultivars IS 8768(primary l)afii'le's) and IS 688 1 (p~anicles fromn tillers) were 
f(rimnarty pa land I81panis from tiler) wrefield-grown open piilinted pliats from the Puirdie 
Agronomy Farm, West Ilafayette, IN. IS 87(8 is a group 
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II type with respect to tannin, and IS 6881 is a group III 
tyl)e (Price et al., 1978). 

At 4-5 days after half-anthesis, panicles were cut, leaving 
stems at least 12 in. long, and were rapidly transported to 
the lahoratory with the stems immersed in water. The 
stems were cut under water at approximately 450 angle (to 
increase the contact area) about 4 in. helow the base of the 
panicle and were immediately inserted into 16 mm X 100 
mm test tubes containing 5 pCi of' [14C]phenylalanine in 
5 ml, of water. The paniles in their test tubes were placed 
in a rack inside a plastic bag, and air was pulled through 
the hag and then through a trap containing I M KOH to 
trap respired CO,,. Under these conditions (room tem
perature, continuous air flow) the panicles imbibed the 
tqueous solution of j i]phenylalanine at an average rate 
itf approximately I mL/h. When the level of' liquid in the 
test tuhe diminished to near the cut surface of the stem,
additional water, without phenylalanine, was added. When 
the panicles stopped imbibing water (usually 50-55 h;

)30-50ml, if' water was taken il) per panicle), they were 
dried at riom temperature for at least 2 (lays to permit 
tannin tbiosynthesis to go as tar as )ossihle toward com
pletion. We ivive )reviously shown that polymerization

f sorghui seed tannins occurs mainly during drying of'Seed (Butler, 1982).thsed13tr,18. 
For extraction of' the tanninls, seeds and associated 
For e xiat t the awn ds ancassociategluimes (applroximately 80 g from two dry panicles) were 

soaked for 12 h at room temperature in methanol contai ning I inM ascorbate and I 7 (v/v) concentrated HCI, 
15 niL/g f' dried tissue. The solvent was removed by 

filtration, an eq ual volume of I ', HCI in methanol was 
added, and the tissue was homogenized on a Polytron 
homogenizer tBrinkmann Instruments). The acidic 
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Table I. Distribution of "C lations. Almost half of the 14C was respired and almost 
-fraction dpmn x 10 the same amount was left in the nonsecd portion of then-t im8.panicles. About 0.5% of the 11C supplied as [14C]-KOH Wi. trap) 9800 phenylalanine was obtained as JT]tannin. The ethyl 

stems 9920 
seed residue lext rattedj 176 
thyl acetate 56.5 

etIhal [to 12,1ItatchwiLI 

ethanol ['ohkuitni]607+ acetotte (tannint 516'%acetotne (tatih) 54 
total tdt sutpplied 22000 

methaifol was rvmoved hy filtration (and tile residue was 
reextracted with fresh solvent tiil ithe extract was col-
orless. 

Tlanntin was uurifited fromithe cMllbilled extr-lcts bv a 
motdificatitn ()I the tmethod of -lagerman and Butler 
(19)). Svet(,t was remttied b rotary 'evaporatio-), and 
the residue+Ws. dissolved ill 15) ml. (t 1) M\l acetate 
luttf'tr, I)H 1. The iqueus stlu. ion was cxtracted twice 
with te(qtal] vluttes (ofethy acetate. ''lhe resulting aque(ous 
layer wasitmixed with four voitmes o)fSepha:tex LH-20 
susptit(lend itl ahs(,ltte et hanoI, to absorb tanin and other
 
plietnolic itaterials. [Th I]-21) was washed with water 


ittil h(, efuaitt w.+as ((Iltrless antd then washed sequentially 
wit ftl pproximattly .1)) ml. each ()f aftsoftte eilanol, 601(y 
i;ltttlis acelmti, aqtetts acetine.mid 8)(/ After rotary 
(eVatp rat io( to r(ttove aceto te frotn the combined a(iteous 
icettti fria ions, a tainitini vo(hlme, of ethittil was added 
ti dissolve attv itisoiluhle material. Te solution was ill
pliedIt 4 x :M(1ill('cltttn of sephadex LIH-20( equili-
'rtetf witwi l t fttol atnd washcd with e hail uitt il the 

eluanii was clorless. IPurifie(d Itan ni was then eluted 
withft ) antd 5 '7 a i 5 aiettonie . A\ceto niewas rem oived 
triiti the ps led at(j, titts atttme eluates )v rotary evap-
iriti ott: Ivy)hilizatiti, t' the water then yielded 11"(7 ]tannin 
inlthe toirtto adit brown powder. 

IBE",,tr;1.'lIiutagernian, 

The vield it tatnin hv htem ical assay (Price et al., 1978) 
rliut s(ir1,hititt paliicles collected 5 (days after half-anthesis 

was it 17)(1 greater than that frtim earlier tr laterleast,l , 
stage,; of devilqtnet so this stage was utilized for "C( 
htbeliti,. I 'ider t he c(ilit ions described, approximatelv 

ofil!, It(, '' uip by the pianicles (Tale I).t was, taken 
Ad]itl o (d"4 ,4 t'ttse to the plhenvlala1itte sitltiot in-

reastid tcl, tttttttttj material eluit iig itt etuianol lut didi 

ii t irtictil tfil \iold it(o 'tanlnin. 
'Iftis Ibilig, ;urfd tirificat itn prtcedure was carried out 

itt Ill o)six tities with similar results each time. The data 
iresente d it) Table I are the average ouf the last two iso-

acetate and ethanol fractions may he of interest as a source 
of I 4CT-labeled flavitoid(s.

The purified I14C tannin (btained by this procedure did 
not mov from the orig in oi TC'with silica gel plates with 
(30:60:10)(v/v) 'o(luene-acetone--formic acid solvent (Lea, 
1978): previously purified samples of' sorghum tannin 
(Hagerman and Butler, 198))) gave the same restt. Under 
these c(nditi(os, coimtnents of the ethyl acetate and 
ethanol 'rii-tions did migrate as expected for lower mo
,ecular veight flavonoids. In a proteim precipitation assay
with bovine serum albumin (1-hagerman and Butler, 1978), 
10(0"/ of, the "(. was found to be protein precipitable. By
these tests the [t(,'tamptin appears to be functionally 
equivalent to previously prepared nonradioactive samples 
of sorghum taitnin (Hagerman and Butler, 1980).

This I'(']tanmin was l)rel)are(l for in vivo feeding trials 
to trace its metaholic fate when consumed, hut it could also 
be useful in other types of' experiments. 
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