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e Cummings, Donn Paul. fM S., Purdue Univer51ty; “ééeaﬁé£,19is:
;Effect of Tannin: Content .and -Testa .of Sorghum bicolor'(L.) Moeach
;fGrain on Nutritional Quality.f Major Professor.u J. D. Axtell.__?‘

The vanillin-hydrochloric acid (VHCl) and modified vanillin-i

ﬁhydrochloric acid (MVHCl) tests were used tofdetermine the tannin

:content of 175 samples of grain sorghum harwested from individual plants
?in a segregating F2 population from a oross between a high tannin and a
}low tannin 1ine., Three groups of bulked samp]es were compiled on the
‘;basis of tannin oontent and presence or absence of testa. Weanling

"

"frats were fed the three sorghum diets for 14 days.’ The MVHCi teo

f{resulted in higher CEzvalues than the VHCl test. Different or addi-

i@tional related'“olyphenolic compounds are probably being measured. Rat

:fcauses‘growth depression n weanling rats., NaOH-dehulled’o'.xq



http:presence.or
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The data indi cated no threshold for tannin since anyamoum:oftannin

in the diet resulted in decreased Fat:weight gain.’



* mobiion

Increasedﬂproteinzquantity and qtality*of:all major cereal grain

’rop i recognized as a‘necessary goal by most plant breeders and

aroundfthe world to meet the ever-increasing ‘demands of

growing populations.pnProgress 1n protein improvement of grain sorghums‘

_;bee h: pered by a‘unique factor which decreases the nutritional

value of some genotypes. A group of phenolic compounds known as

tannins has been shown to reduce,the biological value of some sorghums.)

»»»»»

‘f"Several favorable agronomic traits of grain sorghum such‘as

bird and weathering resistance'hfve also been attributed to tannins.

In_many parts of the world it is a choice between a good yield from a

'less desirable high tannin sorghum or: littlev“rfno yield from a more

desirable low tannin sorghum because rd damage., Therefore, many

a‘v

varieties presently available have been selected for higher tannin .

: content to increase ix resistance.' More information needs to be made'

available to the

#_d 2)‘establish what level 0 tannin in orghtm‘will cause ecréééédﬁ

sxat’ performance using iso—nitrogeu__ ,;isogenic grain sorghum diets o



 LITERATURE REVIEW

identification of Tannin in Grain So_ghum

'inkcompounds were identified in the pericarp and integument

“(testa) of‘Sudan grass and Johnson grass caryopses by Harrington and

c}er »n'1923.v Wall and Ross (1970) have noted that sorghum

| arieties»with pigmented testa and dark red— or brown-colored pericarp~
iaare generally higher in phenolic compounds (tannins) than lighter- ‘

‘;colored varieties with white, yellow, ot red pericarps. Harris (1969).

tested 20 sorghum hybrids classified by seed color and found that the

”‘iseeded hybrids were approximately three percent higher in tannin

Z;than the red‘ or yellow-seeded hybrids., Strumeyer and Malin (1969)

1fidentified a general protein denaturant present in Leoti sorghum as a .

Lseries of oligomeric condensed tannins of the leucocyanidin group

?varying in degree of polymerization.‘ The principal tannin in grain
;sorghum has been identified as a leuco-anthocyanin which upon heating E
,with mineral acid yields leuteoforol (leucoluteolinidin) 3' 4 4

'7,-pentahydroxyflavan (Bate—Smith and Rasper, 1969)

‘Bate-Smith and Rasper (1069) have identified three distinct layers

vo the: sorghum caryopsis which mayhcontain tannin and other pigments.



fﬁconfirming th» results of;earlier workers.:ﬁ

It-is now p si lelfor plant breeders to man,pulate the tannin

‘ﬁcontent of“grain sorghum with relative ease, but it remains unclea }as

3ito‘what level of tannin is desirable, since factors having both

:beneficial and deleterious aspects have been associated with tannin.

Factors Associated with Tannin in Grain Sorghum

aae Many researchers have presented data supporting "bird resistant“‘7

}qualities associated with the brown (high tannin) sorghums (York and

4Thurman, 1962 Harris et al., 1964 Voigt, 1966 Harris, 1969 Niehaus

:’li’andnSchmidt, 1970! Tipton et al., ,1970 and McMillian et al., 1972)"_’7} |

dIn a recent study by McMillian et al' (1972) in which 142 sorghum lines "

awere tested for bird resistance, a negative correlation (r = -0 622)

of ‘he seed was“found. In

nbetween bird damage and‘tannin conten‘

ithe_astringent flavoerf anthocyanogen_;(Blessin et al., 1963) which



Weathering,ideterioration of seed quality due to weather conditions';f

?”including preharvest.Seed germination, is reportedly 1ess serious in

_high tannin sorghums:(Harris, 1969, Harris and Burns, 1970 York and

;hThurman, 1962) d’The role of tannin in weathering resistance is not

i;well understood although Harris and Burne (1970) have suggested

i;p ssible wayT&in which.tannins may function to retard prcharvest seed

Seed molding has also been observed to be less severe. in .

high tannin sorghums (Harris et al., 1964, Harris, 1969)

Inhibition of many different enzymes has been reported and may be i

“fdu, to the protein binding nature of tannins. ~An amylase inhibitor from

rahum was characterized by Miller and Kneen (1947) and later '

;,identified as'a series of condensed tannins by Strumeyer and Malin

Ve e
[ AR T

Smart et al. (1961) found that Sericea tannins inhibited
f,cellulase activity. Goldstein and Swain (1965) reported the inhibition
.of B-glucosidase and other enzymes by condensed tannins from wattle ttl'r

lbark. Tamir and Alumont (1969) demonstrated that tannins extracted from?f

j”arobs inhibited?digestive enzymes including trypsin, c<-amylase and

iobservations are related t Atannin content or other factors has»



Morton‘(l970) has implicated consumpcion of tanninsﬁin‘”rain‘f

;sorghum and other plant tannins ‘as. a pOaSible facto ‘telating. to" th”'

{can cause gastrointestinal inflammation and may bemtumorigenic;_é

. Nutritional Aspects of Tannin'and Tandic Acid:'

L fte"'results inﬁreduced weigh,‘gain. Ringrosepand Nbrgan;(194o‘ and?f

¢ 1; "Joslyn and Glick, 1969) Lease and Mitchell (1940)


http:levels".of

“ﬁ(f“om grain'aorghum)aure reqﬂiredja2fshow“afdepressingjeff}ftioﬁﬁgrow;h;

rate, inichickens

,‘ni and tannic acid through dietary supplementation

Chang and Fuller (1964) found that choline and

_ionine s,pplemevtation in chick diets completely eliminated the

‘ﬁgrowth depression produced by tannin in grain sorghum but only partially

feliminated the toxicity of tannic acid. Vohra et al. (1966) were not :

fable to reproduce these results and reported that methionine, choline,-#

:‘betaine, or ornithine did not reduce the growth depressing effects f"‘

55tannic acid.

l”Connor_et al. (1969) were able to confirm the work f: Chang

2and Full'r (1964) paxt. They found that methionine and}choline



polyvinyl;pyrrolidone increases chick performance when added to rations |

ntainingvhigh tannin soxghums or tannic acid supplementation.‘_fj"

Tannin and tannic acid have been shown to reduce the digestibility

of sorghum and’ other plant materials by manv researchers using several

’difftrent techniqucs. McGinty (1968b) tcstcd eight sorghum varietics
Jusingvtwo in vitro techniques and an, in vivo method with steers and

found that the two varieties having a testa present were significantly

lower in digestibility.} He further noted that addition of soluble

Amaterials from the pericarps of these two lines to rumen fluid caused a
Significant increase in the amount of nitrogen precipitated (McGinty,_ |

l9683) 1’Vohra et al.r(1966) indicated that dietary tannic acid resulted

_in ‘educed nitrogen retention in chicks. Increased quantities of

'insoluble nitrogen in the digestive system of rats fed tannins extracted

.ﬂcarob pods has been reported by Tamir and Alumont (1970) They

Mconcluded that the inc eased insoluble nitrogen was due to nonspecific




nfcomplex formation. Although a number of researchers have_r’latedftafli

%to lower protein digestibility in sorghum, little 1s known about‘the s

;ﬁactual mechanisms which are ii olved.f;

It is generally accepted that tannin in grain sorghum reduces the, =

_jnutritional quality in at least threeiways'i 1) lower digestibility due"”

g":co reduced orotein availability, 2) toxie effects, and 3) reduced feed |

'TCOnsumption (although ‘some controversy exists in the literature)

Thc Rolc of Lysiue in Evaluating Tannin
‘in_ Grain Sorghum in Rats

;Aitell et al. (1973) have reported that the mean value for lysine

\;forl522 sorghum lines from the world collection is 2.14 percent (as
fpercent of protein) and protein averages 12,6 percent making an .all
hsorghum diet approximately 0.27 percent lysine. The lysine requirement
;of the rat is one percent of the sample (Mertz, 1969). Because of“this
'deficiency, lysine is conSideied the first limiting amino acid in
‘sorghum.ﬁ Aitell et al. (1973) fed high and low tannin sorghum lines to.

'weanling rats with and without supplementation ‘with lysine—HCl.' They

jobserv d{significant increases in 14-day weight gain for the low tannint;f

but very little response to 1ysine supplementation was observed

;in th" high tannin line indicating that other factors are first limiting

;in,high annin”sorghums ,In another eiperiment by these workers, lysine i

fco, t ofpl7 low'tannin'ﬂines was shown to be related to lé-day rat

3weight\gain in unsupplemented feeding trials while no relationship wa’?i

5found between lysine' ontentfand rat performance;‘n;the rations'prkpamed

ifrom.high tannin 1ines.



f’iplant:s and dried to. approximately ‘12 ercent'moist:ure'.‘ 'I'he grain from R




& Rat Diets

asis of‘the two?tannin analyses and the testa data three

';groupsiof:composite grain samples were prepared by bulking individual

;Group I cons1sted of those samples lacking a brown subcoat with

:fvalues}less than l 0 catechin equivalent (CE) on both the VHCI and MVHCI
;tests. Group II consisted of those samples having a testa-present and .

ﬂwith VHCl values less than 1.0 CE and MVHC1 values greater than 2,0 CE.

fGrou III contained ‘all. samples with a testa and values of greater than

f2 0 CE on both the VHCl and MVHCl tests. Some samples were not within

l”these limits and,were not included in any of the groups. The grain was

.Qﬂground‘ thoroughly mixed and analyzed for protein as percent of dry

?sample (P),-LySine as, percent of . protein (L) and lysine as percent of :

j;sample (PxL) Three-diets were prepared~using the three groups-of

fﬁground sorghum grain as the only source of protein. ‘Each 100g of . the-

fdiet contained 94g sorghum, 4g of mineral mix1 and 2g of vitamin mix2

Rat Feeding3

L Y \t :

Thirty-six_mal weanling‘rats‘ranged in initial weight from 44 to.

i63g andpaveraging 52g were used in two replications of a. l4-day feeding

ﬁl Hawk-Oser salt mi\ture number three, Nutritional Biochemicals, Inc.,

: ..Cleveland, Ohio.
2 Vitamin supplement, General Biochemicals, Chagrin Falls, Ohio.

Rat feeding trials were conducted by Shuman Chemical Laboratorv.
Battle Ground, Indiana. :



iﬁweight gain per six rats was used_,fFeed efficiency ratios <FER grams-

I

ffof?feed consumed per gram of gain) and protein efficiency ratios (PER,

’jgrams of gain per gram of protein consumed) were calculated.u

Statistical Analysis '

;_tandard correlati"n analysis according to Steel and Torrie (1960)

jwas used.;

'Experiment II

The objectives of this experiment were to determine if the compounds

fmeasured by the VHCl test are responsible for reduced nutritional

Jl

'jquality of sorghum and to establish the concentration of tannin necessary

P

‘1to cause growth reduction in rats.s,'” |




2

Stir constantly through all procedures.

}u) lcmncr samplcs in 140° F vater for five minutcs. o
b) ‘Heat:in 20 percent NaOll at 160 * for five minutts. ﬂ' :
¢e) Dxain, wash six times with 140° b water. R
'gd) ‘Neutralize with 5 percent glazial acetic acid at 140 F
Sl during a five winute period : RO

e) Wash five times with 140 F water.

f) Drain and dry at 113° F to approximately 12 percent

. moisture. .

"Chemical Analyses
‘p;'thIe'and dchulledvgruin was ground and analyzed for tannin

?:coﬁtent using the VHCL test (Burns, 1963, 1971). In addition, samples

,‘were analyzed for protein as perctnt of sample by multiplying 6.25 times
~the percent nitrogen determined by the micro-KJeldahl technique. The

' lysine content as percent of protein was determined by ion—exchange

'resin chromatography.

Rat Diets
vaight diet8~neregprepared using the whole and dehulled grain as the
solersource‘ofcprotein. All diets contained one percent vitamin mix and
;fonr’percent mineral‘mix and six of the diets were supplemented with 0.5
.&percent lysine as lysine-HCl. The whole and dehulled grain were mixed
’in varying proportions to yield a gradient of tannin levels ranging

from 0 11 to 4 83 CE. The final composition of each diet is presented

_in Tablc l.

Rat Feeding

o Weanling male rats of‘the Wistar Inbred Colony, Biochemistry

ifDepartm t, PurdueWUniversity were used for this experiment. Teu:rat‘““

'h:eighing,ap_roximately 50g each were randomly assigned to each treatment{



‘of rat-diets used in _Experiment II.

_Diet (Contents per'100.5) ©

Wh(’lecrain ; 33,03 . 47. 19 = 56. 62 \Q%J‘ 66 .06

7

00 . 1.00 1,00 <100
4,000 4100 4.00 400

AN

10000 10000 10000 100,00




=

fgroup and group weights were adjusted so that the mean initial weigh'

fin each treatment was approximately equal., The rats wer /individuallyn
;?caged in feeding shelves in a climate controlled room. Feed and water
;were made available ad libitum. All lysine supplemented diets were |
Tfed for 28 days while unsupplemented diets were fed for only 14 days

.due to limited grain supply.l Feed consumption and weight gain were-{

ﬁrecorded for individual rats at two and four weeks.. Feed efficiency’

fr tio and protein efficiency ratios were calculated as in Experi—‘*“ I.

- StatiStical Analysis

Standard procedures for correlation analysis, analysis of
vvariancc, and Newman-heuls test were used in interpreting the data
;(Steel and Torrie, 1960); In performing F—tests on mean squares from
.analySis'of variance, interaction terms which were not significant

L]

were pooled with the residual to obtain a better estimate of the

true error.



1generally higher than CE values for the same sample using the vanillin-,%g
\hydrochloric acid (VHCl) test (Burns, 1971) Catechin equivalent values?l
of 175 samples for both the VHCl and the MVHCl tests are given in R
‘Table 2. The mean VHCl value for samoles without testa was 0 428 CE

;while the mean MVHCl value for the same group was 0 705 CE. Likewise,

ithe mean values of the samples with testa were l 03 CE for VHCl and -

7_3 36 CE for MVHCl (Table 3)

The methanol extract was generall”;darker red in color when

Color change upon addition of the

ci }'f”d with°one percent HCl.-

gn ficantly (p<o 01) correlated (r = 0. 661) when. only'

éthe'sample with testa were considered. The overall correlation of f

:'len‘was r =_0 655 (p <0 Ol)

It appears likely that the MVHCl test measures different or

5‘additiona1 related phenolic compounds than is measured by the VHCl t ;t.


http:Comparison.of
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';ggaﬁﬁin5b§ﬁtéﬁt'(CE)'offl?gﬁéémpléé”bf.spighﬁm;ﬁgﬁgrﬁined]b&'“

' catechin ‘k ;:’I7f;f 7f;f: i¥ ::Catechin
L ... Equivalents o L0t Equivalents o
. Sample f Testa = VHCL MVHCL Group Sample # . Testa VHCL MVHCL Group

7US001 ' Absent 0.33 0.53 I v -0 -044 . Present. 0.60 3.44 II
/002 Absent 0,39 0.48 I- . 045 Present 0.39 2,74 IL-
- "003 . - Present 3.63 4,33 "III .. ‘046 ~ Absent 0.42 214200 %
004  Present 0,71 2,52 II - 047  Present 0.76 2.5L . II'
7005 Present 1.40 3,88 % .. 048 Present 0.50 1,93 % -
-'006  Absent 0.67 1,05 ~I. . 049  Absent 0.21 0.49 I~
2007 Present 1,19 2,10 % -'050 Present 0.65 2.18 = II
7008  Absent  0.44 0.62 I~ 051 Absent 0.18 0.50 X
°.009° - Present 0.29 1.60 * . . 052 . Present 1,85 3.42 IIL
010 Absent 0,15 0.48 - I . 053 Present 0.59 2.86 II
17011  Present 0.15 3,02 II 054  Absent 0.26 0.56 I
012 Absent 0.12 0.24 I 055 Absent 0.40 0.59 I
©1 013 .~ Present 1,76 4.02 III - 056  Present 0,32 2,60 II
..0L4 . Present 0.44 3.01 II 057 Absent 0.29 0.50 I
015 Present 0.19 1.48 * . 059 Present 0.72 2.35 II
016 ' Absent 0.06 0.13 " I 060 Absent 0.44 0.62 I
. 017  Absent 0.13 0.25 I 062 Present 0.51 3.01 1II
018 Absent 0.43 0.59 . I 063 Present 0.80 4.90 II
019  Absent 0.23 0.56 I 064 Present 0.33 2.32° II
020 Present 0.44 2,35 II 065 Present 3.28 4.84 III
021 Absent 0.22 0.56 I 066 Present 1.47 2.79 *
022 Present 0.43 2.44 II - 067 Present 0,69 1,97 %
023 Present 2.32 3,75 III . 068 Present 0,69 1,91 %
024  Preseat 0,98 2,94 I 069  Absent 0.66 0,60 I
025 Present 0.46 2,80 II 070 Present 0,46 2,25 II
026 Present 0.36 1.20 * 071 Absent 0.47 0.61 I
027 Absent 0.08 0.34 T 072 Present 0.33 2.35 II
028 . Absent 0.34 0.69 I 073 Absent 0.15 0.48 I
029 Present 0.31 1.81 * 074 Present 2,67 4.98 III
. 030"  Present 2,42 4,34 III 075 Present 1.0 4.17 *
031 Present 0.70 2,04 1II- 076 Absent 0.53 0.80. I
032  Present 0.40 1.62 % 077 Absent 0.70 0.82 I
033 Present 0.28 0.98 * 078  Absent -0.99 0.62 I
034  Present 1.78 3,79 III ~ 079  Present 0.31 1.91 *
035  Present 0.56 2.18 II . 080 Present 0.50 2,20 . II.
. 036  Present 1,20 2,94 % .. . 7081  Absent 0.32. 0.61 I
037 - Present 0.59 1.81 * 082 - Present 1,00 3,32 %
038 Absent 0.82 1.32 ‘% ' 083  Absent 0.14 e
7039 -  Present 0.75 1.79 * .. ... 084 Present 1.06 ke
*\040. . Presemnt 0,56 1,43 % .. 085 ' Present 0.16 LI
.:041 - Present 1.26 2.8 % . 086  Absent 0.17 I
042 Absent 0.30 0,59 I 087  Absent 1.08
7043 . Absent 0.32 0,73 - I . ' 088 : Present 12,32



‘Catechin
e 4 'Testa _VHCL MVHCL.Gro

fgégééhin‘~.iﬂ”
Equivalents '
sta . VHCL MVHCL

‘0.69 2,25 ' Present 2,24 4,92
0.95 0.89 - " Absent | 0.26. 0.83°
91 . 3,00 5.35 ;- Absent 0,30 0.94
) .~ Present 0.75 3.90° . Present 0.98.3.96
‘Present 0.92 2.92° . Absent  0.34 70.94
 Present 1.04. 2.53  ‘Absent 0.22.0.88
" Absent  0.31 0.60 - Absent  0.24 0.72.
Present 0.52 2.24 - Present 0.38 3.39
Absent 0.21 0.73 " Present 0.42 3,55
Present 0.34 1.98 Present 1.24 3.78
Absent 0.46 0.31 Present 0.59. 3.49
‘Present 0,33 3,25 Absent * 0.45 0.90 .
Present 0.39 6.68 - Present 0.78 3.49 1L
Present 0.71 3,84 . Present 3.20 6.26 IIL °
Present 0.75 3.19 . ° . Present 5.53 7.84 III
Absent  0.28 0.57 .-  Absent 0,59 1.78 %
Present 2.08 2.26 Present 0.59 2.72 - II:
Present 0.95 2.29 Present 0.50 2.38 1I.
Present ' 0.47 4.69 : Absent 0,22 0.85 I
‘Present 0.50 2,07 . Present 0.96 3.62 I
Absent  1.12 0.52 . ‘Absent 0.39 1.21 %
Present 0.74 3.99 - Present 0.58 3.23 II
. Absent . 0.20 '1.33 . Present 0.,40° 2.71 II
Present 1.35°°2.20 . Present 1.40 4,04 *
Absent  0.30 0,55 - Present 0.95 3.57 II
" Present 0.42 '5.04 Present 0,57 2.71 IIL
‘Present 1.05 1.64 Present 1.18 5.56 *
.Present 0.62° 2.92° Present 1.69 5.84 III
Absent  0.22 - 0.27 " Present 1.63 5.44 III
Present 0,38 2.62- Absent 0,34 0.91 I .
Present 0.93 2.94" Present 0.51 3.23 IIL
Present 0.44 3.96: Present . 0.54 3.62 II
- Present 0.94 3.99 ~ Present . 0,31 3.60.  II -
: Present 0.46 3.90° . Present 0,35 3.10 IIL.
123 Present 0.74 4.30 " Absent 0.14 0.64 I. -
7 124 sPresent 0,45 4,40 Present 0.46 3.13 IL -
;1 125~  Present 0.45 2,56 -  Present 0.46 3.62 II
/126 Absent 1.37 0.57 - Present. 0.35 2.84" IL.
2127 Presemnt 2.14 5.77 Absent  0.42 0.85 I
©77'128 - Present 2,55 -4.99 Present 2.16 5.07 III.
© 129  Present 3.45 4.92 'Present 2.30 6.05 CIII
130 Absent 2.47 0.78 ... Absent 0,30 0.91 I
131 Absent 0.30 0,73 Present 3.07 6.11 III :
132  Absent 0.38 0.72 Present 2.15 5.51 III .



Catechin

.ummm D
Eguivalents S -r
VHCL MVHCl Group :

iEguivalents

Sample # Testa ;

‘ g.tria
‘ifthe arbitrary 1imits for bulking.

The correlation of these‘t J tests for tannin with biological value willi_

determineltheir usefulness'to the sorghum breeder.

Bulking of Samples for Rat Feeding

: The_criteria for bulking samples were chosen arbitrarily based on’

the distribution of CE values to determine differences between these twom

testv relative to weanling rat performance._ When the testa: was absent

VHCl values were rarely greater than l 0 CE and MVHCl values, although

generally higher, were also seldom greater than 1. 0 CE. When the testa,

W _‘;resent, the VHCl values tended to fall into two categories, less
than l 0 CE and greater than 2 0 CE, with few samples falling between

l 0 and 2 0 CE. The MVHCl values were generally greater than 2 0 CE

when the testa was present averaging 3 13 CE 1n the group with VHCl fi

i;valuesfless than l 0 CE and increasing to 5 01 CE in the group with’VHle

: values greater than 2 0 CE. The outward appearance of the bul ed

samples showed no. obvious visible differences with the vexception‘that"“

Group I had a slightly higher concentration of white grains ;3i4wc



i:Comparison of ‘mean VHCl and MVHCI values for 175 samples of graln sorghum
from‘a segregatlng F2 population.wﬂ,% T , S

SR VHCL v iﬁ?'w“fufﬁ;ﬂP': “Correlation’
73-M9?9&CE”'“ ??ff~Q' _J;  :1ﬁuQ}:;zf;f‘:Lﬁx___:Coeff1c1en

** Significantly difforent from sero st the 0.0 probabiiiy level.
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analyses~of the7bu1ked sorghumisamples<used to make up the three diets

@Q;n Experiment I are presente in- ablep4tf’

‘ Weanling Rat;Response to thL Three Diets K

The mixed1diets were analyzed for protein and lysine concentration,f”
and catechin)equivalent values were determined with the VHCl ‘test,
Small variations in protein (ranging from 11 3 to 11.7 percent) and
| lysine (ranging from l 74 to 1. 84 percent of protein) were found (see
Table 5) These differences vary with CE level and their effect on
, rat performance is completely confounded with CE and assumed to be
small Table's”gives l4-day feeouconsumption, weight gain, feed
: efficiency ratios (FER),‘and protein efficiency ratios (PER). The
average feed consumption per rat was about the same for each group.
Tannin (CE) did not effect feed consumption since rats fed Group III
(3 20 CE) rations consumed nearly the same amount as those fed Group I
(0 24 CE) diets. Figure l illustrates the l4-day rat weight gain for
each treatment group._ Lysine is the first limiting amino acid in all

three dietslandvthe low lysine levels. were responsible for the overall

igh gain for all treatments. Group III rats gained less and were
considerably/less efficient in feed conversion and protein utilization

tha either Group I or Group II rats which was expected due to the

higher annin content of the diet. Group II is especially significant

since it reuresents a diet composed of sorghum grains with testa which

ghumfgrains without testa (Group I) in

‘p 'formedias well as sor

Zunsupplemente';rat‘feeding trials.”:This’i evident in FER and PER’values;

ifferences in CE values between Group I and Group II

;“he,MVHClskest were not reflected in the rat;gr


http:efficier.cy

‘Table 4.

Analyses offbulked aorghum samples used 1n preparation ofirat dle\sffff
"f Experlment'l = , e , .

"'ifAﬁafage!‘ Proteln % LYSine Z

. Number of | ‘Average
‘YHCIECEff;;MVHCl~CE, - of Sample'j_aof Proteln

' samples .

SN

"'VV.O’Q63;, ©10.85
313 10.63

sl 10'.56_..:_ 1 :




@éﬂ;éfﬁfi Aﬁa1y§es of rat diets in Experiment I and 14-day ratJtriaifﬁéfé.

':A;:;J‘ZCAFechin Protein Lysine Lysine
=% Equiv- % of % of % of
Grbup, *‘a1enté Sample Protein Sample

Feed
Con-
sumption

] ‘ Féed,‘
Weight Efficiency
Gain Ratios -

Protetn
. Efficiency-

Ratios

11.7 1.84 0.22

11.3 1.74 0.20

11.4 1.83 0.21

83
87
84

5.62 . 14.89

6.25 16.27

2.43 34.92 .

. 0.58 "

| Q}6§k,4i
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24

:data while the CE values for the VHCl test were consistent with these. f

. data. The MVHCl test was also more highly correlated with the presence« .
:or absence of the testa than the VHCl test. Since the presence or L
‘jabsence of the testa was shown not ‘to be a good indicator of . sorghum
nutritional quality, it was concluded that the MVHCL test is less

: effective than the VHC1 test for~predicting the nutritional quality of
Pgrain~sorghumt |

o The7a586ciation‘that is often made by sorghum breeders between
tannin (as measured by the VHC1 method) and the testa is not absolute.
Group II represents 36 percent of the plants sampled from a segregating
]% population'which have testa present but remain low in tannin. Whether
or*not'these~hyhrids have retained some of the agronomic characteristics
commonlyrassociated with a brown subcoat such as bird and weathering

resistance‘remains to be determined.

Experiment 1I

The Effect of Dehulling and Lysine Supplementation
of High Tannin Grain Sorghum on Weanling Rat Growth

The sodium;hydroxide dehulling process was effective in removing
the‘phenolic‘cbmpounds measured as catechin equivalents by the VHCl test
in agreement with Blessin (1971). However, the percent crude protein
increased in value appronimately one percent (Table 6) in contrast to
reports of no change in protein content by others (Blessin, 1971 and
.05wa1t, 1973) An increase in percent protein would be expected when -

the pericarp tissue is removed due to the low protein coneentration of

s

}the‘pericarp.l Lysine content of the grain did not change.,



- Analysss of gratn aad dieks used in Beperimnc L

18260 - .. ' - . -Complete’Diets
“Whole Dehulled ~. A B~ [C. D:. E .

4. 0.04° 0.1l 0.14 0.67. 1.20 1.49 2.

fz of.Sample

46 11,40 12,037 12.47 112:40 12.40 ° 12.43 12.0
fLysine 4J”‘i‘”iv AT . 7 R Sy
S &of Protein (L) L 71.70 07178 2,01 5.95 ;5:69 5.60 ' 5.84 -5.90:

ﬁfLysine SaeH f’.ng;- L » | SR e
;ﬁz of Sample (PxL) 0.18 ~ 0.20  0.24 -0.74 0.71 0.69 - '0.72: 0.71°




‘ '”f}Dehulled IS 8260 grain rations when fed to weanling rats resulted;f

f{inﬂa significant increase in weight gain, feed efficiency,‘and proteinef
i{iefficiency when compared to the whole—grain diets. Feed consumption‘
v;{remained the same for the whole and dehulled grain when unsupplementedh
dﬁwith lysine (Table 7) When lysine was added to the whole grain rationb
F;(up to 75 percent of rat requirement) no significant changes in rat.
”;performance were observed. When rats were fed the dehulled sorghum
f'diet with added lysine large increases in feed consumption, weight gain,
: feed efficiency, and protein efficiency occurred above any differences
~due to dehulling (Table 7 and Figure -2). These findings are in
agreement with similar findings of Axtell et al. (1972) and Oswalt
(1973) indicating'that lysine is the first limiting factor in grain
sorghum diets except when tannin is present at high concentrations

causing protein to- become first 1imiting due to tannin~protein complex

formation.: .
The”analysis'Ofvvariance in Table 8 indicates a highly signif-

, icant effedt and‘interaction for NaOH dehulling and lysine supplementa-

‘tiog on feed consumption, weight gain and protein efficiency ratios.

Individual rats contributed significantly to the total variation in

| feed efficiency ratios while lysine supplementation was not significant.

The reason for this is not evident and protein efficiency ratios may be

_the variable of choice in determining biological value since they agree

"better with the weight gain data.



s

ifahleill : ffect of dehulling and lysine supplementation of high CE
E 'in sorghum on weanling rat growth in a: l4-day feeding trial

% _,Feed ‘Weight | ',Eeed - Protein
Consumption Gain Efficiency Efficiency
(g) (g) . Ratios f Ratios r,!

EA

e ssa }- s akern 032 o

nyhole IS 8260 B B S e P S T SN
ey Lysine Added ‘p,V 7705 00 w301 036047 1 00,37

** Déhulled IS 8260 ’fffxf535;5x7fggiﬁtiz;zﬂ’J, 745 0 LT

© Dehulled IS 8260 o o Lot
~ Lysine Added . 120.4 4007 2,99 2,70

Changes in Measurable Tannin Content (CE). Upon Addition
~;vﬂff of Vitamin ‘and Mineral: Mixes and Lysine~HCl

e \When one percent vitamins and four percent minerals were added to
dfwhole IS’ 8260 (diet H Table 6), a decrease in CE (from 5.24 to 4.38 CE)
?was observed._ This much change is greater than could be explained due
g;to dilution and suggests that some of the tannin compounds may be
i?combining with some component of these mixes causing a change in form
;?rendering the tannin no longer detectable by the VHCl test. An

diadditional decrease in*CE was observed when 0 625 percent lysine-HCI was

'“able ~) ndicating that tannin may also bind with lysiner

ff(Figurei3) Further investigation is needed to determine the mechanisms:

ﬂjresponsibleﬁ»or_thest,observations. ?



45
| {//] LYSINE |
40k // ADDED /
| 1 no LysINE /
35| " ADDED /
304 %
- o5k /
14-DAY WT,
GAIN (qg) /
SR -Te] 5 /
l5"‘ %
[lo] = %
51 /
7
I Y
WHOLE DEHULLED
1S 8260 IS 8260

F'j,gq‘x;‘fe*'Z. ’ Cé,mgaris'on ‘of l4-ddy weight gain of rats fed whole and
o dehulled sorghum diets with and.without lysine added.



ﬁfetld78”5*Analysis of variance of NaOH dehulling and lysine supplemen—
i Ltation of ‘high tannin sorghum in a, 14 day rat feeding T
{experiment. L ST T

- -~'M”*”Meeﬂ“8§uares' ;
Feed ‘Weight ' Feed -~  DProtein::
Coneumption ,ﬂ ‘Gain - . Efficiency EffiCIGnCY o
€3 E (g) ”;‘ ‘Ratios - Retios,lfgﬂ;f

15640, 6% 12601;4*$j,f;fzs;ﬁé**}.?,jwf

:LysinefSup—f]iz , S R PR ”'ﬂhy" o
fplementation’i}‘; “:%7f2146'2** 420 5o 6. 18**
éRats Lif”' 91047 'f:}f;27.9ff*;’i5598 2* ‘ff\' o 07"

‘; Dehulling . : o SR e S
' X Lysine - ‘1”", 53;3Q0**f7f1:19l8;2#f C 550.8 : - 5.48**

X Rats : ip,gf;g}gzg;gf.:_i-¢3535,8+, 0 596.7% 0,08+
_ X Rats = .- ]9'€ﬂfﬁ 238 4+ ,‘f.yf~2511+f‘;/f.195;8+g, . 0.02+

S19.8 o an6. 2022 005

R

. Significant at 5% 1eve1.f?«=,_ae,,ﬁ\
j** Significant at- 1% level.® . % : D
Pooled with error term for a better estimate of the true'error.r



~TANNIN

Whole
IS 8260

000 DA"??';]G r

77-‘5"'}»»CONTENT 3o'-.-17
g (CE) -

7

IS 8260 1S 8260 1S 8260 -

o +1% Vitamins  +1% Vitamins
+4% Minerals  +4% Minerals o
+0625% Lysine=HCI -

FigureS ’I‘he effect of addition of vitamins, minerals and lysine-HCl"‘f',,f
G2l 7 on the CE level of sorghum diets. B L



43 percent) Lysine was suboptimal in all diets varying

Al rom 69.to;75 percent of the rat requirement (Table 6) Data ake a

-fl& and 28 days;_how significantveffects of CE levels on feed consumption,kf

fweight gain, feed efficienc :ratiosHand protein efficiencyiratios

";(Table 9) | Mean WEiSht gain | the hlgh tannin (3. 66 CE) diet:(G) wasu
.Eonly 9 0 grams in 28 days while the low tannin (O 14 CE) dietf(~ S

'”supported a mean weight gain of 99 l grams during the ‘same period

;(Table 10), representing an'll-fold increase due to reduce

=content.f Figure 4 illustrates the’effect of CE evelsuon 28-day _;ﬁ fff

'weanling rat weight gain.: Th;”markedV:rowth-depressing effects of 1ow

.,‘. .(‘,, PO

ilevels of tannin are shown and nohthreshold level is indicated.i Some ;

ldifferences in feed'monsumption were noted especially for the two diets

;lowest in tannin .VbThese differences are thought to be

eprimarily due to‘differences in size of the rats resulting from different

fgrowth rates;g,This is‘supported by increased significant differences in

;mea“'feed consumption between groups after 28 days when compared to 14

:ﬁg,Feed efficiency ratios followed the expected trend

falthough:the differences were not significant except at the highest'CEd

Notein efficiency ratios wer significantly different at most

jCE levels. Protein efficiency ratios correlated much higher With other

e

ables than feed efficiency ratio*}and were highly negatively

écorrelated with CE levels;(Tablhﬁll)ngjp



“Table 9.  Analysis of variance (mean squares) for CE levels in e
RS Bhperiment II. s e : : Lk

”Weigh: ©Feed  Protéin -
‘Gain: ~.Efficiencyia“EffiCigdcyvx
(@) - Ratlos  Ratios

ff“SSGfee T Feed
woefl e Consumption
‘WVariationn,~df, (g)

14Dx Data
| Te3.sMe sz e
Coma sz o
i “;_nﬁi,fjA o 28-Dax Data

fféﬁiiéégigfj;r;if‘ﬁ5§659}6**.i : 10757;9** 1126, 2%% 5Lk

lohrroi ¢ 249.3 231.9 0.1

i** Significant at the 14 1evel.

, 7 n"general, 14—day data correlated highly with 28-day data with.
tFER'having the lowest coefficient (r = 0 72**) This indicates that a ‘
fresearcher can successfully use l&-day feeding experiments requiring .
iemaller qnantities of samples and considerably less time and money to -

fobtain 1nformation on the biological value of sorghum diets.



Feed ‘,Proteln ; e
Efflclency Efflciency Consumption
Ratlos e Ratios I8

11.51a

snse

Any two means withln a column ‘not followed by the same - letter diffe at the'S o lev laiwyﬂf“/ﬁ':
B according~to ‘the Neéwman-Keuls test (Steel and Torrie.. 1960Y. B K







~iTable 11. . COrrelatlon coef

fExperiment II. i

clents for uE and varlables measurlng weanling rat performance 1n

- 14-Day Data = .
Feed - Weight - - .
Consmmption Gain . FER

.«ég,

1?f§;if Consumpcion f Gain

Cafeenin:'y
EquivalengsV
14-Day Data .
Feed L

.. Consumption

.]WEight'Cainnf

| Feed 'EffL-
’“*ciency Ratlos;

'7Prote1n Effl—{
‘}_ciency‘Ratlos;;

28-Day- Data i
‘Feed '
ansumption

Weight Gain '
Feed Effi- -~ .
~ ciency Ratios

Protein Effi- =~ .

ciency Ratios - = o AR N R

* Significantly different from 'zero, at the 0.05 probablllty level.
o okk Signiflcantly different from zero at the 0.01 probabllity 1evel
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'SUMMARY

Differences in catechin equivalent Values for the VHCl and MVHCl

jtests were_‘?und. MVHCl values were generally higher and are thought

gto result from additional or different polyphenolic compounds being

fmeasured.g The VHCl test was highly negatively correlated with weanling

~rat weight gain (r = -0 73**) and protein efficiency ratios (r = =0,84%%),

'and is considered to be a useful tool for estimating sorghum quality.
;The presence or absence of the testa was shown to be an inaccurate
gindicator of nutritional quality since rats fed rations prepared from
ﬁone group of bulked samples of grain with testa resulted in growth rates
:equivalent to xats fed diets prepared from grain lacking testa. The
_rMVHCl test is considered less reliable for predicting sorghum nutritional

i quality since it is more highly correlated with the presence or absence

;of‘the testa than is Lhe VHCl test.

‘odium hydroxide dehulling increased the biological value of high

u4tannin sorghum forkrats. Lysine supplementation was effective for

p;improving:;at performance on diets made from dehulled (Llow tannin) grain

gmprovement was observed for whole-grain (high tannin) rations.k.
,Thejuse of a high tannin sorghum mixed in varying proportions with |
Jﬁlts dehulled counterpart enabled the formulation of a series of iso-%fﬁ:
initrogenous diets differing only in tannin content.;~Weanling rat growth

:was inversely proportional to tannin content.r The data indicated that
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