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ANTINUTRITIONAL EFFECTS AND ECOLOGICAL
 
SIGNIFICANCE OF DIETARY CONDENSED TANNINS
 

MAY NOT BE DUE TO BINDING AND INHIBITING
 
I)IGESTIVE ENZYMES
 

HAROLI) J. 'ITT.TIMOTHY K. GUSCAR, and LARRY G. 
BUII.IR 
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(R.eclld\ ini7' 1 ellte A t hid llirnil2i)ut hid i,7a '.nld 17. 19i7) 
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Tannins arue planI phen,)cllls capab+le of' forming strong complexes with pro
reinls. Tanninls are genecrally henclicial it)the p~lants thatl produce them, func
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tioning as par( of the plants' chenical defense system against herbivores and/ 
or microorganisms (Fellows. I98(). Tannins are ellective antifeedants. bt, the 
mechan sil of this efleet has not been established (Nole and Waterlan ,1987a). 
In animal diets tannins generalf show antinutritional eflects such as diminished 
weight gains and poor f'eed efficiency (Blair and Mitani. 1983). 

Ihe growth-depressine efllect of dietiry tannins has been attributed, in pal, 
to .Idecrease in protein digestibility (Volra et al.. 1966). possibly due to for
mation of a collple between the tannin and endogenlous proteins such as diges
live en/vines (Glick and Joslyn. 1970). )igestive enynies such as trypsin and 
a-aniyulase have becn reported to be inhibited in vilro by tannins iGrillith and 
Moselev, I980). The digestive n/\'nme enterokinase. which plays a cncial role 
in tile activation of' digestive proteascs (Marou et al., 1971 ). has also been 
reported to be inhibited in vitro by (dietar\ )tannins (Ohand Holf. 1986). These 
investigators also reported that tannin may either inhibit or stinulte in vitro 
digestion by intestinal proteases. depending upon the reaction conditions. Mole 
and Waterman (1985, I9871) have t!so questioned the assumption that the 
efl'ects of dietary tannins are dle to their inhibition of digestive enz'mes. and 
several observations inconsistent with inhibition of digestion as tile sole or pri
mary mechanism of the antinutritional eff'cts of dietary tannin in mammals 
have been sumniari/ed (Butler et ai.. 1986). It has recently been conCluded that 
dietar' tannins do not reduce the nutritional value of insect foods by inhibiting 
digestion (Martin et al., 1987). 

Condensed tannins (proanthocyanidins) have been shown to be highly 
selectix.e in their binding: large, confonnationally hose, proline-rich proteins 
ire boud several orders of magnitude more strongly than small, compact pro
teins (Hagerman and Butler. 1981 ).Dietary tannin has opportunities for corn
plexing with a wide variety of die tary prote_,ins and other proteins of the digestive 
tract which have a very,high affinity for tannin (Mehansho et al.. 1983) before 
it is exposed to the major digestive enzymes. Tannin may therefore not be free 
to bind digestive enIymies when it encounters them. Moreover. some digestive 
enzyilles occur in neiibrane-botmnd ftbrms, which may be less susceptible to 
inhibition by tannin than tile soluble florms purified and tested in vitro. In an 
attempt to assess the nutritional significance of the inhibition of digestive 
enzymes in vitro, we have investigated the inhibition. by condensed tannin pur
lied from sorghum seeds and froul quebracho, o "two digestive enzymes as 

they occur in a particu late, 1leilbrane-bound I'orn as well as the soluble lonl 
which has been purified and characterized in vitro. Because the effects of tannin 
on proteolytic ellzvies are complnlicated by talnin binding to both tile protease 
and tile protein sulbstrate, we have chosen to study phosphohydrolases, for which 
tannin hinds only to the enzymes and not to tile substrates. These enzymes. 
alkaline phosphatase (APase) and 5'-nucleotide phosphodiesterase (PDase), are 
from imucosal cells of tile bovine intestinal brush border. 
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MN'HIO)S AND MATI'ERIALS 

Materials. The soluble fOnis of APase (Landt ct al.. 1978) and PDase 
(Landt and Butler, 1978) were purified from bovine intestine as previously 
described. Purified soluble enzymes were used in all exp,.riments in which par
ticulate enzyme is not specified. To preparc particulate enzymes (all steps car
ried Out ill 0-5'C), 2 g frozen bovine intestinal nmucosa was suspended in 18 
ml of buffer A 100 miMil Tris HCI. 12 I4M ZnSO 4. pH 8.0) using a ground glass 
homogenizer. The homnogcenate was centrifuged 20 min at 35.000g and the 
supernatant discarded. The pellet was suspended in 18 ml of buler, and cen
trifuged zigain. The pellet from the second centrifugation was resuspended in 
buffer A and homogenized on i Brinkmann Polytron equipped with a PT-10 
head. at fIll power for five bursts of 12 sec each, with 2-min intervals for 
chilling to ()C. In order to show that Polytron treatment did not convert the 
enzyme to a olublc form, a sample of the homogenate was centrif'tged 90 mini 
at 20).000g. Most of the enzyme activity sedimented: only 3.517, of the APase 
activit, and 4.5 ( of the PDasc activity rem, -ed in the supernatant. 

Substrate,, (4-nitirophenyl phosphate and 4-nitrophenyl phenylphospho
nate . boyine liver phosphatidylcholine, soluble polvvinylpyrrolidone (PVP). 
average tnol ',vt 10.000. and Triton X-100. average mol wt 625. were from 
Sigma (St. l-ou, i.s. MisSou ri). Sorghum tannin was purified from the seed of the 
bird-rcsslant sorghuml hbrid, BR 64. h\ tile method of Hagernan and Butler 
(l 980a). Qucbracho tannin was purified from quebracho extract ('rask Chiem
ical Corp.. Marietta. G(orgia) as previously described (Asquith and Butler. 
1985). 

Enz'nv, .'.sav.. APase aind PDasc activities were detennined as previously 
described (Landt and Butler. 1978) using I mM 4-nitrophenyl phosphate and 
4-nitrophenyl phenylphosphonate. respectively, as substrates at pH 8.0. 

RESULTS 

Soluble highly purified PDase is strongly inhibited by tannin (Figure 1). 
Under the conditions used in these ,ssa)s. no precipitation of the enzymes by 
tannin is observed: both PDase and AP.ise are glycoproteins. which may account 
for the sol ubility of their complexes with tannin (Asquith et al.. 1987). Inhi
bition is not instantaneous, but it is essentially complete in 15 in. Tannins 
purified from sorghumn seeds or quebracho are equally effective as inhibitors. 
\k ith 50 , inhibition at about 20 Mg/ml in the subsequent assay. The experiment 
Shown in Figure I was carried out at pH 8.0. Similar effects were observed 
when the enzyme was incubated with tannin at pH 6.0 and assayed at pH 8.0: 
physiological pH inl the small intestine should he between pH 6 and pH 8. 
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Fi;. I. PlDase inhibitio hy sorghl m and quebracli tannin.IPDase was incubated for 
15 min at30'C in 0.1 NI i'ris (HCI). "0 PNI ZnS( 4. pH 8.0 (huffer A) containing the 
indicaited conlcentration of sorghun1 (squares) or quehracho (triangles) tiannin. The mix
ture %kasthen diluted 3.3-f0d into assay. mix and the activity measured as described in 
Methods and Niaterials. 

Purified APase is soniewhat less sensitive to inhibition by tannin (Figure 
2). hicontrast to PDase. the two sources of tannin are not equivalent for APase: 
up to0 eight times more quebracho tannin is required to obtain the same degree 
of inhibition observed with sorghum tannin. Sorghumltannin is likewise more 
effective than quebracho tannin in protein binding and precipitation assays 
(Asquith and Butler. 1985). 

I to.Titon X'- 100, Phosplipid, amd PVP. Figure 3 shows the pro
nounced effect of 10 mM Triton X-100 oti inhibition of PDase by tannin. Tan
nin concentrations. which otherwise produce 8( inhibition of PDase. are not 
inhibitory in the presence of Triton X-100. Tannin even slightly stimulates 
PDase when 10 iNi Triton X-100 is present. Tannin likewise does not inhibit 
APase in the presence of 10 mM Triton X-100 (Butler et al.. 1984). Similarly, 
in the presence of phosphatidylethanolami tie, a prominent membrane compo
nent . tannin inhibition of PDase (Figure 4)and APase (not shown) is greatly 
reduced. 

When Triton X-100 is added to tannin-inhibited APase, inhibition is coni
pletely reversed (Figure 5). The inhibitory effect of tannin, therefore, does not 

LA. 
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'Fi(i. 2. A.ias inhibition b\1nLIltilli 1nd qucrcilo tllinlin. A ac winc ubhated for 
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Or quehr61'h (triilles)aitnnin ;iiiil .sayed in Figureas I. 

120IiI 

100 

z. 
z 

280-
L 

z 
F

tr)-

Ld 

0
S06- 110 210 310 4 

b~/[TANNIN] , yg/mi
U* 

H~.3. EffIect of T'riton X- 100 ont tanni ntinhbition of PD~se. I'Dase was incubhated for 
15 in illn hti tier A (squa res) or in hbuffer A conta ininig 10((iM iriton X - 10(triang les I 
in the prese ne ofthe inid icted conenlt ratains oI sorg ti i tailnnin. 
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Fi(i. 4. Elect of phosphatidvicholine on tannin inhibition of PDase. PDase. I. I pg
protein. was incubated for 30 mii at 30'C with the indicated amount of phosphatidyl
choline in buffer A after whic', 30 jig of sorghuin tannin was added for ai final volume 
of 0.5 il another 30 main hefoie assay. 

depend on irreversible denaturation or niodification of the enzyme. Triton X-1(0 
also reactivated PDase after tannin inhibition (data not shown). 

Addition of soluble PVP to tannin-inhibited PDase leads to complete reac
tivati(on (Figure 6). Tannin-inhibited APase was also reactivated by PVP, but 
the recovery of activity after PVP addition was not quite as complete as with 
PDase. Thus, tile inhibition of these enzymes by tannin can be reversed by 
addition of agents that bind either protein (Triton X-100) or tannin (PVP). On 
the other hand, I0'7 (v/v) methanol, which enhances protein precipitation by 
tannin (Hagernian and Butler, 1980b), did not have a significant effect on tannin 
inhibition of PDase (data not shown). 

When the enzyme sample is a particulate fraction instead of the purified 
soluble enzyme, the effect of tannin is much smaller. As shown in Figure 7, 50 
pg/nl tannin only inhibits the particulate PDase by II %, whereas the soluble 
purified PDase is inhibited 45% at this tannin concentration. The particulate 
enzyme preparation contained about the same level of enzyme activity as the 
soluble purified PDase, but it had approximately 200 times as much protein. In 
a previous study (Butler el al., 1984) a higher concentration of the crude par
ticulate enzyme was and 50 pg/lused, tannin caused only 3% inhibition of 
the PDase activity. APase activity of the particulate fraction is likewise less 
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5. Reversal of tannin inhibition of APase by Triton X-I(X). APase was incubated 
for the time shown at 30'C in buller A containing 200 pg/il sorghum tannin and 8 mg/ 
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FIG. 6. Reversal of tannin inhibition of PDase by PVP. PDase was incubated for the 
time shown at 30'C in buffer A. At 2 min, the experimental sample, but not the control, 
was made 31.2 pg/mi in sorghum tannin. At 38 min, both samples were made 3.85 mg/ 
ml in soluble PVP. 
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i(i. 7. ('ompari,,n of the Ilntln inhibition t solulhe \ ersus particulate Pt)ase. Soluble 
pirititL I'l)ae IsqUlie, iuthe ashld pailiculat, Inialon from hbvine inlestinal ILucisa 
(tIl'len ' 1 uintIheM.dta. 31) min ;t 30 C"in hut er A containing the indicated con-
Ceiltlit ios tl Saehtlu tanllin. 

inhibited hb 25() pgllil tannin (44+; inhibition) than is the purilied soluble 
cn/nleI 791/; inhibition). 

IiSCUSSION 

Our re'sults dCeionslrate, as expected, that in their purified soluble foni 
these digzestive eI.nt\me,, rV strongly inhibited by purilied condensed tannins. 
This in vitro inhibition otl digestive enzynes may not. however, accOtunl for the 
reported low ue digCstihilitv in ruminants (McBrayer et al.. 1983.: Kumar and 
Sinuh. 1984) and nonrumitants (Featherston and Rogler. 1975- Martin-Tanguy 
et a). . 1976) of dicts containing tannin. 

Bt1th AlPase a d 'lD se Occur pred miiina itly i in ap IIicUuliatC. mentbrane
bound lorm is freshly prepared homogenates ot intestinal mucosa: in the rat 
intestine. brush horder mcnbranc the hinding of APase has been sho,,n to be 
hydrophobic in nature (Seetharam et al., 1985). These enzymes in the washed 
particulate traction proved to be less susceptible than the soluble lonn to inhi
bition by lannins at comparable tannin concentrations. This diminished suscep
tihilitv is likelv due to tihe presence in tie panticulate lnli of other proteins 
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which compete 1orrb-inding the tannin: the Specific aclivity (unIts olactivit\'y per 
milli'rainl of, prolcinl of the particulate cni\l0 \\,ias appromiiatel, 0.51" Ihat 
of' the corre'poirdille oluble purilied eli/vinels. The liletibrane-houud enines 
ilia\ also he protected h\ bound piospliolipids \\hich. like Triton X-I10. dimin
isl laninil inlhihitioll of tihe solible form'l1 of the eln\ ilee. In our earl\ attempts 
to solulbili/c id p1Urif'\ P)ase (Kcllk et al.. 1975). phospholipids \\ere I'eound 
to be stin1 a,,ocilted \\ ith t, eI1 file. 

In addition to the dilllillilled Iisccptibilit\ to tallinlin of the Cll,\ille" in 
ihCir p)rWdLornlliliIi ill \ i\ I)1orti. tindC 111\ siolocical condition diclar\ talnil 
iNIsIolall\ not :IcCc'siblC 1to iic'i\ C en,'\ rles. l)ie tar\ proteins iBftficr ct al.. 
1Q4) or speciilli/cd lannill-bindin prolcills, il ire ali\ a (Meharisho e1 ial.. 
193 ) ate a\ ailahlc ti forrrr c0iriplseCW \ ith diCir tanninIllbefore it is Clposld 

are jcC 
dictar\ talllnin. thc elect is likel\ iohe rC\crsCd h\ dete.reitsi Fiti-rc 5 (()(hand Iloll. 198)X Such as hile acids or bx aiou tannin-bindine rrraterial, (li,

to dic ti\c cll/\ Illc. I\Cl if"di!ii\C en/\ ulels.', su to irhihitior h\ 

tire 0) cncoulltered in the die tie rct'l . ( )tir ObsCraIiOIIS are" cori0nStilt \\ith 
thos of Aristrorn l)., who ur otheliICti eiv Cn/v\ilesC to e\llibit fill 
acti\ ii\ il the itletlinels of iat Ifd dicts conlainirLr taniils f'o1i SOrhl'lurn aildl 
otilehr ilrce,. 

\' colutde that teil aniintitritioial effects (aid ccololicil sienilicalicc 
of dictar\ nillari e prollabl liotie to iildinie arid iilibilioil o1 diisti\C 
ell/\ lllc i l tanrin. CspeCciall. tlhose hich ociclulOli iiial rnCiliii'bil 'tl rIinII 
hotirnd forri. The rilalivc iriscrisiti\it\ to tannin of nfrilInbralne-b otnd lleri/\iles 
Ntll lests that olhcr irciurlillrb-associitld proc'rwse such a,ahsoitlilln ma he 
little iff'cId h\ dieir\ tanninll. The airiiritioill effects ofldictar tannin that 
result ill redticed procin digestihilit\ iia\ be LtIo [0rritii of less-diestiblc 
colliplees of diclar- prolcins \kitlh harillnis (Butler ct ll.. I , 4i. Othcr ariltiiLl
trililnal ellec are tirirC litId to diiesibilit\ (Rouier eti al.. 19)85: ielhaisho et 
al.. 1985). 

.l1 l gi/di, m'nul\ I11iN INJotiinlil tpcU No 101.324 from th h ird' Ilisl\i , rl ul-tr 
Etliriiic n Statiiin Suiil portel In p il lt SAII). In iill PRt-lii411. id i\ N 1t griil GNI 

AR-%INIRo\ . (ii S.( 1. 83. A Nid, (it ,l nnin -proeinr teraction,, Ilt)I. it is turklue Univmirtir'. 
\ e' l Ll~l le~.ll, Indlianai 

.,\smj iIIl, T.. 11ndIc I .. IA ; I4I)5 tl'N if m le-c- t';ikd p rircins is s circplo ir lrit, 1,1 h 

Pilrmm prlc lilai nl, siuch ai, rL1ni11 .1.(7mm,. I (4, 11:1535-1544. 
As iii, I., t iimmlh JV , Mi i iL , I I. PI isi\\. I.... ( i.\Rl t\). 1.. iiiat ItII 1. It.(.G 

19'857 iillui iof coind ncel limnni i tI Nlil m\ prlilimc-ricch 1)cuioipr cin: The role if' clr
hi hdr. it., ri. #F,,dClie'm 35.:31 334. 

10, 
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