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ABSTRACT

Schaffert, Robert Eugene. Ph.D., Purdue University, December 1972.
Protein Quantity, Quality, and Availability in Sorghuwn bicolor (L.)’
Moench Grain. Major Professors: R. C. Pickett and J. D. Axtell.

Thirty-five genotypes were planted in six locations including
Indiana, Nebraska, and Texas in each of two years for the purpose of
estimating genotype-environment interactions for yield, protein, lysine,
oil, and seed size. -Significant genotype-year-location interactions
existed for grain yield, percent protein, protein yield, percent lysine
of sample, lysine yield; percent oil, seed weight, protein per seed,
height and days to median flower. The relative small genotype-year and
genotype-location infei;ctioﬁs of nearly eénal magnituae indicated that
years and locations could be interchanged for percent protein, lysine as
& percent of protein, lysine as a percent of the sample, percent oil,
seed weight, and protein per seed without increasing the variance of a
genotype mean, Correlations Setween genotypes averaged across environ-
ments indicated thak‘ggrcent protein could be increased by selecting
for increased oil or protein per seed. Protein per seed was not
correlated with yield tut percent oil was negatively cq;related with
yield. The positive correlaiion between days to flower and percent
lysinevof protein and the negative correlation between days to flower
and percent protein indicated that selection for these traitg shguld .

be done within maturity groups. .



The in vitro dry matter disappearance ( IVDMD) and in vitro nitrogen :

_floss (IVNI.) techniques were used to study thf_,:'effect of tannin on the
; nutritive value of sorghum grain. : The IVDMD technique detected differences :
within high tannin varieties s within low tannin varieties and between -
: ,high and low tannin varieties. The . addition of sma]_l amounts of urea. to
‘fthe system decreased the experimental érror nearly 75%. Significantly
. lower values for IVDMD end IVNL were observed for the high ta.nnin varieties.
The average difference of IVDMD between high and low tannin varieties with
urea and one incubation was 1k, 1%, without urea and two incubations was-
8. 3%, and with urea and two incubations was 7 8% Approximately 50%
of the difference in IVDMD between high and low tannin varieties was
ac_counted for by differences in tann_in content and insoluble protein.
It was assume'd that the tamnin bound to ‘the Vprotein to form an insoluble
vcomple;c. ~The IVDMD technique can be an important ool of the plant
breejdiér“for_, selecting ge_notypes with superior nutritive ‘value.
- 'Four -levels of protein supplementation, with low and high tennin
sorghum grain each with a 1ow and high level of protein in the grain were
«fed*to weanling rats., Thirteen-day weight gain, feed efficiency ratio,
'protein efficiency ratio, and feed consumed were highly significant
"Lfor tannin levels and levels of protein supplementation. Protein
efficiency ratio and feed consumed were highly significantly different for
levels of grain protein. The high tannin grain had poorer weight gains,
reduced feed efficiency and lower protein efficiency. Feed consumption

of the high tannin diets was greater or equa.l to the low tannin diets.

‘Significant differencesi‘ etween‘high. an' 1owi”annin enotypes for ‘weight

gain were observed at,_ intermediate levels: of: -protein supplementation




(S:éqd71d%'soybean meal) but not at the high level (15%) of suppleméntﬁ-
tiﬁn. ‘The lack of antagonistic interactions with supplemental protein
for weight gain, feed efficiency, protein efficiency and feed consumption
indicated that protein from soybean'meal can be supplemented without -

changing the relative performancé of different sorghum genotypes.
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SECTION I
GENOTYPE-ENVIRONMENT INTERACTIONS FOR YIELD, FROTEIN,
LYSINE, OIL, AND SEED WEIGHT IN SORGHUM BICOLOR (L.) MOENCH

Introduction

Since the discovery of high lysine protein in the opaque-2 mutant
of maize, a‘tremendous amount of research effort has been devoted to
finding equivalent mutants in the other cereals. Much effort has been
expended searching the World Collections fbr variéties with superior
prote:fn and lysine properties. Due to the large number of entries in
the collections and also because of the high cost of amino acid determina-
tions, genotypes grown in only one enviz;onme:nt have generally been used
in the initial screening procedure. The existence, size, and nature of
genotype-environment interactions could reduce the effectiveness of
such & screening procedure. The purpose of this investigation was to
measure the genotypefenvironment interactions for protein, lysine, and

other agronomic traits thought to be correlated with protein and lysine

content in érain sorghum.

‘Na.teria.ls end Methods

Exverimental. Thirty-five genotypes were grown in six locations in

1970 ‘andll97l. The genotypes consisted of: Martin B, Redlan B, India
Sorghum number (IS)0062, ISOO75, ISOlB7, ISOhlB, ISO616 182288 1351&37,

17125, IS8165, ISB36L, the hybr:!.d of Mn.rtin and each Is entry, "th hybrid‘

of Redlan and each 18 entry, ‘o comireial hybrids, 33610 and NK300, and



Thes ¢ ‘lO IS genotypes represented y_an array

j:one .commercial variety ’ Atla'
11 maty: and lysine ;'v

ontenti that was considered ytypical of'the World Collection of Sorghum,
except poor yielding IS selections uere not included in this investiga- ‘
':\?‘tion. : In both years these 35 genotypes were planted in a split-plot
i‘,modified randomized complete block design with two replications at the
Dexalb Agresearch Station in Lubbock, 'I'exas, the University of Nebraska
"_Research Center at Mead, Nebraska N the Southern Indiana Purdue Agricultur
Center (SIPAC) in Dubois County, Indiena, the Pinney-Purdue Agriculture
Center (PPAC) in Porter and LaPorte Counties, Indiana, and normal and
high fertility fields at the Purdue Agronomy Farm (PAF) in 'l‘ippecanoe

. ‘County, Indiana Years were considered whole plots and the modification
of 'l'he randnmi -md f-nmp‘lete h'lnck dpsign onns:is-l-ad of snparaﬂ' the geno-

: types into three height groups within each block. The experiments in
;Texas and Nebraska. were irrigated. The experiments in Indiana were
Ymnot irrigated since there is usually adequate rainfall for normal
production .

‘ fme experiments at "PPAC. were planted on'a Tracy sandy loam ‘which >, '
f;like SIPAC ’ usually has some moisture stress during the growing season. :
-‘;The high fertility *‘ield at the PAF has been fertilized at the beginni.ng ,
of‘ each season to have 560 xg/ha of N, 2&5 kg/ha of available P, and

l’h66 kg/ha of available X based on soll tests. All the other experiments

‘;were fertilized according to soil tests for optimel produc ‘ion. .
Each plot consisted of two rows T6 cm apart and 5 2 m long except :

at SIPAC where the distance between rows was- 5L cm. o Two border rows

of each height group (RS6lO, NK300, or Atlas) wer; planted between height;



6 groups to minimize competition effects. Each plot was over-planted and

3 thinned to approximately 2&0 000 plants per hectare. Weeds were contro.'L’Led
‘with herbicides and cultivation., Insecticides were applied on the
‘ experiments :Ln Texas and Nebraska. No insect problems occurred in
; .Indiana. AJJ. o*‘ the environments were relat:wely disease free,

Measurements were taken on comnetitive plants from three meters

in the center of each row. Da..a on the following agronomic treits

were recorded' days :t‘rom planting to median flower s plant height N
‘percent protein, protein yield, percent lysine of protein, percent
.lysine of sample s lysine yield, percent oil, 100 seed weight, and protein
\content per- seed. Plant height was determined by measuring the distance
from the base of the plant to the top of the panicle of an-average plant.
vDays to flower were recorded as the number of days from planting to when
50% of the plants were m 50% anthesis. Grain yield was determined by
harvesting all the panicles from the center three meters -of both rows
and adjusted to. 14% moisture. . Ten consectuvie heads from the center

of the plot_were,dried and threshed to determine moisture and threshing |
| ,percentage and were used for chemical analysis. Percent proteinl (c*ude
protein) was calculated by multiplying 6.25 times the percent m.trogen
determined by the micro-KJeldahl procedure on a fat free sample. Percent

: _lysinel in the protein was deter'nined .)y ion-exc.hange resin chromatograplw.

,;..:, ~Percent oil was determined by nuolear magnetic resonance (NMR)2 Seed "

y{-’ji‘yweight was determined by weighing 100 random grains. _ The' .other variabl




fwere determined by making the appropriate calculations. e

"‘f‘lS}tatistical._ A split plot design was,used in this experiment.

mathematical model for ;ankobservation on th',‘,‘i

location in the ith year vreplication in timc) and.;the‘bkf'h block is"ia" |

i;]kl = pf+‘_-r + 6(1) + A + (-rA)i‘1 + B(i;))k

(AY)Jl + (TAY)ial .i‘.jkl-

where u is the mean, i is the ycar (replication in time) effect, o( )
the first restriction error (Anderson, 1970) 'y .j is the location effect,
(-rA) 1 is the interaction effect of years with locations 3 B(ij)k 1s the
effect of blocks within years and locations s ( i ;]k) is the second ‘

re .triction error, Y is the. genotype effect, (‘r‘{) is the interaction
effect of years with genotypes s (Ay) j1 is the interaction effect of
locations -with genotypes ’ ,(-er.) 131 is the effect of years, locations,. and
genotypes and 3 i,jkl is the interaction effect of blocks within years

and locations with genotypes or. within error. All the effects were
assumed to be random and uncorrelated with variances “y ’ _q2, 012, qyla’
b25 qa, 0,8,2 &';, ogla, ogyia, and cra, respectively Since the

blocks were ad,jacent to each other within each year-location combination,

e
i : syl
variance iR if the inference is to be'mad ;over the population of years,

the 0 02, may not b' large }ugh to test : or o‘ in the analysis of

locations ﬁ'om ,hich the ones in the experim K were ",randonly"v ;

drawn .



:The-analysis‘of;variance and expected mean squares of interest
Aare presented in Table l 1. Estimates of the variance components were
calculated using the method described by Comstock and Moll (1963).
kThe standard errors of the variance components were calculated according

to the method outlined by Anderson and Banderoft (1952). The variance

of a genotype ‘mean is: 2 2 5

¢ 2 ca,,..s.v___sz__s_
Yy ysr ys

Table 1.1. Analysis of variance and expected mean squares for a completely
random model.

Source of~variance ar. . Expected Mean Squares
Years (Y) (y-1)
First Restriction
Error 0
Locations (L) (s-l)
Y x L (y-1)(s-1)
Blocks within . ‘
Y and L (R) ys(r-1)
Seeond Bestriction
Error ; 0
Genotypes (G) (gfl) o + ra‘gyl2 +_r50éy2 +'ryqé12 + ?ySQEZ,
'Y x G .;,‘75' (y-1)(g-1) @@ 4+ r0éy12 + rs0éy2
'T(B-l)(s-l) 02 4 rdéyla + 1Yo,

3 ;number °f years, - number of locationS, r - number of blockB, E;
7‘Lf number of genotypes. R : S



?wbcre y equals the number of years, s equals the number of locations,
éand r equals the number of blocks per environment. The optimum combination
;of years and locations and least significant difxerences (ISD) were | |
Lcalculated following the method used by Shutz and Bernard (1967)

The homogeneity of variances was tested using the procedure recommended

by'.,‘Burr and Foster’ (1972)

Results and Discussion

The. average ‘and’ range of genotype values across the 8ix locations
iand two years are presented in Table l 2, The results from k4 genotypes
'}were omitted from the data due to premature seed shattering and poor

‘yield estimates. Data for yield and height were not obtained at the

- Nebraska location in either year “due. to adverse weather conditions prior
o haivest. noWeVer, Vaiiu Lhcmlbal saupies were obbained in both yeavs,
These data indicate a range of values that might be encountered in a-
screening or~breeding program. Significant differences between genotypes
Were observed for all variables.. The average value for locations and
~years for the traits studied are presented in Table 1.3. Neither
1ocations ‘nor years (Ignoring restriction errors, & conservative test
ﬁfor non-significance) were significantxy different when they were considered
xrandom.‘ However, if a breeder was interested in specific years and
?iocations and considered them fixed they both were highly significant
5(Assuming the restriction error variance component to be zero.)

fThis indicates that the breeder must be cautious about combining data




. Tﬁble“i;'a. Average value and ra.nge of 'bhe genotypes for the agronomic e
Ll traits studied. . , . _ '

*

o o _Statistic .
Trait Average Mininum Maximum  Range
o ‘ Value Value '
| Grginyyield‘(kg/are)\v* o 69.1 5.1 9L.7 '36.3
.Protein (percemt) 127 102 15.0 4.8
Protein yield (kg/are)* 87 6.0 11.3 5.3
Lysine (percent of protein) 2.05 1.83 2,34 0.51
Iysine (percent of sample X 1005 25.8 23.7 32.4 8.7
Lysine yield (kg/ha)* 17.0 13.8 21.h4 7.6
011 (percent) . 3.32 2.62 ko7 1.45
Seed weighi; (gm/100 seeds), , | 2.75 1.75 3.78 2.03
Protein/seed (mg/seed) - - 3.53 ° 1.92 * 5. 3.h9
Height (cm) . 200 9 323 204
Days to Flower - 794 61.6  93.3 25.7

* Atlas a low ylelding genotype was omitted from these values. .



Nebrasks,

 Par

SIPAC' . PPAC

,Gra.:ln yield (l\tz/a"‘e)
";'Protein (%) =
"Protein yield (kg/a.re)

:}Iysine (percent of protein)

_;'Iarsine (percent of sample x 100)

;Iysine Yield (kg/ha.)

0:11 (percent)

:‘f;ﬂSeed weight (gm/loo seeds)
l-}I’J:oi'.e:in/seed (mg/seed)
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,Days to flower

L ot29

R EAS
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" 26.6
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2.5
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24.8
17.9 -

3.39
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3.65
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T
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‘ ‘21‘4;7‘;_‘ .“

7.k
3.h44
2,84

©3.79
200.2

79.0
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.‘22 8
3;29;_ T
2.81

S3.21

203.8 1‘9__3.1:'&{:?185 9 21h i
5wk 1 sa

* Norma.l fertility.

High fertility



space for. gepotyﬁé_sf s looatiohsj; and years.

‘The estimates of 'Phé vva_rigpce *éoxﬁp‘o’nents and their standard errors are
presented in Table :!..-.h. The negative ostimatéo of variance components
are within the limits of their standard errors for a value of zero and
should be interpreted as ‘zeros. The variances were all homogeneous when
tested with the Burr and Foster (1972) procedure. Estimates of the
genotypic variance _coxfxponent were significantly greater than zero for
all the traits analyzed. All the genotype-year=-location components
were significantly greater than zero except lysine as a éercent of protein.
The s'uxo of the interaction components was greater than the error component
for grain yield, protein "yield, percent oil, seed weight, protein per

seed, height and days to flover.

The non-s:lgnifica.nt genotype-location component of va.ria.nce estimates

for gra.in y:!.eld, protein yield, and lysine yield coula have been due in
part to the relative high yields across all environments. Data presented
| by Liang and Walter (1966) indicated that the genotype-location effect
for yield of sorghum grown in seven locations in Kansas was non-signifi-
cant. However, due to an inaccurate F-test (F = l..25 for 120,120 df is
not significant) thes.r did not reach this conclusion. Collins (1969)

also reported tilat the genotype-location effect for sorghum yield was non-
significant, Matzinger (1963) presented data that showed non-significant
éenotype-location effects for yleld in cotton, toba;oco and soybeans.
However, these yleld data should be interpreted cautiously and may be

an .‘m’{i_j..oa’t,'_mon.th‘at the locations are not a random s,ample.o;f J..oca.t;;o‘ns' : n

‘but-a more unifom subset than a random set..


http:varip.ce

Estinate’ of vartsa
- days to’ flower. =~

s iiee Ui o - Component of Varfince

 Grata pleld Gafsr) - C 16 o) o @@ s a0 gk o
. Protein (pexée{u) R f'«-"i.“zkz'-’_- ©770.33) - 0.04 (0.04 0.194  (0.07) of;}:’ui-é’ - (0.08
Frotetn yleld (kg/are) 3454 (0.60) 1.406*  (0.30) 0.2 ©.21)  l.ases 32) -
Lystne (% protetn) 0.017% (0.006) 0.005**  (.002) .004# €-002)- 0.005 © - (0.003)
" Lysise (X sasple X 100) 2.50% .80 0.2 (0.27; 0.61 (0.62) 2.510w
Lystoe yield (kg/ha) ©5.09% (190 2.584  (1.10 .02 (0.79) s.87+  (1.15) .
011 (pecceat) | 0.139%4  (0.036) 0.008~  (0.0Q3) -0.002  (0.002) - 0.023¢*  (0.004) <
| ‘Sead vefght (gn/100 seeds)  0.238%%  (0.062) 0.010%  (0.005) 0.012¢  (0.005)  0.03ww (o.oo‘sl); N
" Protetn/seed (ng/seed)- 0.6724  (a.180) 0.0504*  (0.020) 0.044%+  (0.017)  0.096=+ ©.0200. - 0.13

Hefght (cm) ' 4280%» aa7s) 9 (14), 38> (22)

(22) - 1= (26)
Days to flover 52.4%%  (14.5) LR 1.0) 3294 (2.6) - -

5.0% - (0.9) .

A

. ® Significantly different from zero at the Q.GS probability levecl, deterained by the F-test {a the analysis pfya.:i'an“ée‘.'_ '

’ * Significantly differeat from zero at the Q.01 probabflfcy level, decermined by the P-zest in :heghalysts"of;vﬂa}i’agdé.f 3



The non-significant genotype-location and genotype—year interaction”
for lysine as’' a percent of the sample ‘was an encouraging sign for
developing a high.lysine genotype in one set of locations and years and
having it hold up in other locations and years, The sum of the inter-
action components of variance for lysine as a percent of" the protein was
less than either the error or genotype component of variance. Lysine
expressed as a percent of the sample is more important in selection for
improved lysine than is lysine expressed as a percent of protein,

| The estimates of the components of variance for the first order
interaction were smaller than the component of variance for the second
order interaction for all variables except for days to flower. The
component of variance for the second order interaction was smaller than
the experimental error component of variance for all variables except
percent oil and days to flower. The reiative size of these components
play an important roll ;n determining the optimum number of years,
locations, and replications to minimize the variance of a genotype mean.
Weighing the cost factor of an additional replication versus an additional
year or location, the most economical combination of years, locations and
replications can be utilized to minimize the variance of a genotype mean.
least significant different_(ISD) values, calculated by multiplying
the appropriate t-vnlue b& the standard error of the difference between
two'genotype means for various combtnations of replications, yearSfand
locations ere presented in Table 1.5. Ostle (1963) cautions against
the uae of the LSD technique, for if enough treatments are compared,
the probability is high that significant differences ‘will be observed

due to cbance alone., The ISD is presented here only to show the



:Ba.blel.S. ISD values for diffgrent combinations of replica.tions, yea.rs, and 1oca.tions for the agrono-nic =

traits studied.
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' Lysine (percent protein) "
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0.90
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0.28
3.54
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0.84
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a.1
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0.30
'3.80
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1 0.28 -
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0.88
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reduction in the variance of a genéfype mean by.the addition of various
numbers of replications, locations, and years, and it is not recommended
as the best statistical‘tool for detecting differences between genotypes.
The iSD values for a single observation such as might be encountered in

a screening program were generally quite large compared to the range of
means in Table 1.2, However the ISD for percent protein, protein per
seed, percent oil, seed weight, and lysine as a percent of the sample
were less than the range of the observations in this experiment indicating
that some of the entries could effectively be eliminated in the first
round of screening. The ISD values were generally reduced by 50% or

| more by increasing replications, years and locations from one to two each.
The addition of more years and locations also reduced the ISD values but
by a smaller magnitude. The substitution of years for locations did

not appreciably change the LSD value expect ‘for the yield measurements.
This fact allows the plant'breeder to substitute locations for years when

selecting in a screening or a breeding program, However, the contribution

of CLyla to the variance of a genotype mean and hence the ISD is kept at
& minimum when the product of the number of years and the number of
locations is kept at.a maximum value. |

The large'error-variances and ISD values for grain yield, protein
yield, and lysine yield may have been due to border and competition
effects when adjacent plots within a height.group varied up to 50 em
or more in height. This‘yariance conld'be reduced by either employing

larger plots or subdividing each block into more height groups. The

latter wnuld probably be less efficient than larger plots due to a large .
,and significant genotype-year-location interaction efrect f‘”



w

;Also, in‘ screening and breeding programs the plant breeder oi‘ten does not‘,

jhta.ve a reliable height estimate. Variations in maturity may have also

fcaused competition effects and increased the experimental exrror.

v v}"The simple correlation coefficients of the genotype means across

y environments between thc 1% agronomic traits investigated are presented
5}in Table 1.6, Since the genotypes represent a random sample of genotypes-
i‘rom the World Collection of Sorghum, sub,ject to the restriction of
excluding extremely low yielding genotypes, and were averaged across all
environments the phenotype mean approximates the genotype mean and the cor-
relations computed are’ in reality the "genetic correlations” in a broad
-sense. All the yield variables were highly correlated as was expected,

Tne negative corzelation between grain yield and percent oil, an estimate
of embryo size > and a: positive correla.tion between grain yield and seed
weight indicated that as yield increased a.smaller percent of the seed was
embryo. This was also supported by the fact that percent protein was
positively correlatedwith percent oil. ILysine as a percent of protein
‘and percent protein were high]y negatively correlated as has generally
fbeen recorded (Collins and Pickett, 1972) However, ‘the rore useful expression'
;Jysine as a percent of the sample s was highly significantly correlated
:'_with percent protein and protein per seed. - | ‘

i The fact that protein per. seed was positively correlated with percent
:‘ protein and lysine as a percent of the sample and not significantly |
,icorrelated with grain yield indicates that increased protein per seed may

be ‘selected without a reduction in grain yield. The fact that both
2 pcrcent oil and seed weight were positive:ly correlated with percent
‘protein means they both might be useful tools in selection for increased
(protein. However, percent oil was negatively correlated with yield and



"?1&?}9};{65E;Cpiiéiﬁﬁidh;cqefficients between sgronomic traits based on genotype meanS'acfoss'%wo’yéépéféhd=

five locati

ons,

Grain _Pbrcent Protein of cf Lysine Percent Seed

Lysine Lysine
(Percent (Percent

yield Protein Yield Protein) Sample) Yield

- 01l = Weight-

 Protein
per’ .

Déys4,

Height o

Gra:Ln leld  1.00

© Protein yleld

Iysine (% of
protein)

iwsine'(% of'-

. sample)-
»sting yield
'Pé:gent'oil~
»éeédrweiéht
P""":"t;e""'n/ séied 3

-0.28  0.87**¢ -0.07 -0.h2x  0.g9o%%

1:.00° 0.22 -0,66%* 0.68%x -0,02

1.00 "0.’4‘2* ‘ -6099 - 0093**
1.00 " 0.09 0.05

1'. 00 -o . 05

1.00

-0.li* 0,28 -0,02 --0.06

0.l

"'0021

~0,35%

0.27
-0.36%

1.00

0.51%% 0.70%% 0.05.-
0.55%% 0.33 ~0.06

0.21
0.kox
0.17
1.00

Seed

0.kh2%

0.15

0.28
0.73%%*

1.00

0.24

0.01

0.24
0.25

0.18

1.00

Flovwer

0.1k

4’0956**

ok

0.618x

-0.13
0.09

A f-o.’u3*' _

'-0.38%

0.29
1.00

¥ Signiticantly aiffer
* Significantly ditfer

2nt Jrom zero at the 0.05 probability level.
ent from zero at the 0.01 Probability level.

ST
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‘ selection fbr percent protein via percent oil would tend to lower grain?p

‘yield whereas selection for greater protein content per seed would tend};

;to increase percent protein without reducing grain yield.‘ Both seed

,wsight and oil can be measured without destroying the seed."§~**'““‘*'$

The high positive correlation between days to flower and percent

1lysine of protein and high negative correlation between days to flower

and percent protein indicate that selection for these traits should be

‘done within maturity groups.

The significant genotype-location interaction for percent protein,

%percent lysine of protein, seed weight, and: protein per seed appeared

'vto be small interactions between genotypes of similar magnitude rather

_than-large changes in rank at different locations. Figures l 1, 1. 2, 1. 3

and l.h show that there were no antagonistie interactions between the

best five and poorest five genotypes across all locations for percent

lprotein, percent lysine of protein, seed weight, and’ protein per seed.

;studied in this inyestigation except lysine as a percent of protein. L

fThisaindicated that the poorest genotypes could be discarded in a screen-

ing program without serious losses of elite material.

Conclusions -

‘*'Sig‘nificant second order interactions existedvfor all the variables .

A\

{In general, the first order interactions were. generally of similar
amagnitude and smaller than the second order interaction and experimental

,error. This allows the plant breeder to substitute locations for y_ars

:_‘tggut appgggigbiy\_’,lating the expecred variance of a genotyp__mean.

Xield was an exception to this trend with & larger genotype-year inter-

actionfthan genotype-location interaction. hysine as a percent of'the'uf;
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| LOCATION |
I.ocation ., o o | . ibca.tidn _
1 - ILubbock, Texas - Lr - PAF, High Fertility

‘2 »Mead, Nebraska - 5. - SIPAC
f':i’j",:f'j' ‘3= PAF, Norma.l Fertility 6 PPAC

Figure 1. 1. ..Genotype-location interaction of the: five highpst a.nd \kﬁve Ly
1awest genotypes for percent protein. S e




%% LYSINE OF PROTEIN

Ftgure 1,

R LOCATIQN
Location . o Location o
e R Lub‘bock, Texas . . W' PAF,. High Fertility

. 12°= Mead, Nebraska 5 - SIPAC -

.3~ PAF, Normal Fertili‘l'y 6 PPAC

2. Genotype-loca.tion intera.ction of 'bhe five highest'; and'

K ,vmﬂt aenotypes for percent lysine of protein.
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LOCATION

.:;;‘.Iocation Location
%71 = Iubbock,' Texas - 4 - PAF, High Fertility
2 - Mead, Nebraska . .5 - SIPAC «

3 'PAF, Normal Fertility 6 - PPAC

2030 Genotyne-locaxion 1nteraction of the five ‘highesi andifive:
J.awest genotypes for 100 seed weight. -
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'mg PROTEIN / SEED

’° LocAﬂoN

Iocation = Loca.tion
L. Lubbock, Texas L - PAF, High Fertility
-2 .= Mead, Nebraska - 5 = SIPAC '

3 PAF, Normal Fertility 6 - PPAC

Figure l.h Genotype-location interaction of the five highest and’ five
_lowest genotypes for protein per seed.



sample had non-sighificant first order intéractions‘indicaxihg‘ibcatiohs
gégld‘ngadiiy;be;3q9§§i§g§gd_for.years"in¢a testing program and thei |
expected vari#nce‘of.the genotyée mean was actually reduced by increasihg
the,numbef of loc;tions.‘ Correlations indicated that protein content
could be improved by selecting foryincreased protein per seed without
reducing yield. Percehf oil and seed weight were significantly correlated
with percent protein and should be useful selection tools for increasing

percent protein. However, selection for greater oil would tend to lower

yield whereas selection for greater protein per seed would increase
percent protein without reducing yield. The positivelcorrelation-between
daysvpo flower and percent lysine of protein and uegative correlation
betweén days to flower and percent protein indicated that selection

for fheée traits should be done within maturity groups.

These data indicate tﬁgt selection can se appliéd effectively, for
traits studied in the investigation, within the World Collection of
sorghum or similar material from one environment. However, the
existence of a significant second order interaction for the traits
studied indicates that final evaluations should be made in more than
oﬁe environment. The existence of relatively small first order inter-
actions of nearly equal magnitude for percent protein, lysine as a
percent of protein, lysine as & perceﬂt of the sample, oil, seed weight,
and protein per seed indicate that years can be substituted for locations

and locations can be substituted for years except in the final evaluation:
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SECTION II
mnmncs oF suppx.mmmm NITROGEN ON THE
RELATIONSHIP BETWEEN TANNIN CONTENT AND
™ y_I_gz_R_g DRY MATTER AND NITROGEN DISAPPEARANCE

IN SORGHUM BICOLOR (L.) MOENCH GRAIN

Introduction

Ta.nnin in sorghum grain has been shown to adversely effect grain
utilization by rumi..ant and monogastric enimals. However, the tannin
does have a production advantage with regard to bird-resistance, inhibition
of pre-harvest seed e;ermint.tion,_ and weathering resistgnce, In vitro dry
matter disapp'ear:_mce. (IVDMD) techniques we;'e employed in this. investiga~-
tion to determine their potential use as a screening device for itxproved
nutritive value by plant breeders. An in vitro system would be less
?xperisive » uch fastgr, and require a smaller sample than commonly used
in vivo screening techniques. The in vitro system was also used to
gain insight as to wiaéther reduced feeding value of ‘high ta.nnin\sorghum
wa.s due to inhibition of ba.cterial growth or due to the reduction in

,digestibility of the plaut protein presumably caused by the formation
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Review of Literature

Tannins have iong been recogniéed as & general protein denaturant.
Strumeyer and Malin (1969) demonstrated that an ethanol extract from
sorghum grain contained oligomeric condensed tannins of the leucocyanidin
group with various degrees of polymerization. This tamnin extract
inhibited the activity of alpha amylase, esterase, and carboxylase -
enzymes,

Cﬁrrently, tennin in grain sorghum is generally considered to have
an adverse effect on digestibility by both monogastric and ruminant
animals, even though some controversy concerning this matter exists in
the literature. Handler and Baker (194k4) and Glick and Joslyn (1970a)
showed thét the addition of tannic acid.at 130 to 8.0% of the ration .
reduced the weight gains of rats. Ringroée and Morgan-(l9h0) demonstrated
& marked growth repression in chicks when tannic acid was fed as 2% of the
ration.

Chang and Fuller (1964) fed sorghum as 50% of the diet to chicks
and found that varieties with high levels (2.0%) of tannin resulted
in growth retardation similar in magnitude to that caused by feeding
equivalent levels of tamic acid. Fuller, Potter, and Brown (1966)
_concluded that when the tannin in grain sorghum exceeded 0.8%. of the
total diet, chick growth was retarded. Connor et al. (1969) observed
that increases in tannin from sorghum grain depressed feed inteke and
reduced feed efficiency when the grain was fed to growing chicks.
Ro;téngok(1972),ffeeding diets with suboptimal protein quantity to
growing chicks, demonstrated that bird-resistant (high tannin) sorghums &
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V'Yrcsultod in pooror wcight gains o.nd feed ¢on§er§1"hs than norma.l sorghums
:‘ (low tannin) In the chick feeding investigutions mentioned a-,‘aove >’
lf'oorn ra.tions were superior to both the low te.nnin s.nd high tennin
,j’sorghum rations with respect to weight gain e.nd feed conversion. In R

3 contrast, Stephenson, York, and Bragg (1967 s 1968) showed no differences
’in chick growth between high and low tannin sorghum va.rieties when B
‘sorghun comprised not more than 60% of the ra.tion., Ds.mron, Prine , and
Harms (l968) found no differences between corn, high tannin sorghum,

and a low tannin sorghum diets when fed to growing .chicks. n :these
comparisons one-half of the corn in the ration ‘wss repla.ced with sorghum.
They also noted that feed intake for the high tanniv sorghum diet was
greater than for the low ts.nnin sorghum and corn diets although the feed
efficiency was les,s. Hellora.n s.nd Maunder (1971) reported no differences
inja..cceptability-‘by ehicks between norma.l sorghum, brown sorghum (high
tannin), and corn, but »poor_'er feed conversion was observed for the brown
sorghum, | ; , ’ ‘

Cha.ng and Fuller (}196'1&) also noted a slight depression in protein
digestibility of ra.tions containing high tannin sorghum. Rostango

(1972) found tha.t the emino acid a.va.ila.bility of the sorghum hybrid

VR8610 (low. te.nnin) was decreased when ta.nnic acid was added to the ration
oi‘ growing chicks. He also found that high tarnin sorghum va.rieties had
e.pproximately 66% lower "availability" of amino acids tha.n low ts.nnin
’sorghum varieties., Weight gain and feed ei‘ficiency of high end low ta.nnin
sorghum diets significe.nt]y improved when the essentiel emino e.cids were
supplemented to the levels found in corn, but supplementa.tion did not

completely overcome the eﬁ’ect of the tannin. O i



Nawar et al (ag70) ‘sl’xéw_'ed'lsiiginifibe.nt' variations in digestibility
of ‘d'ry"t'na.tte} and protein between varieties of sorghum grain fed to rats, '
‘Ovaalt (bersonal communication, 1972) determined that most of the varieties ’
rep'orﬁed by Nawar et al. (1970), w;;th low dry matter digestibility (DMD)
and low protein digestibility also had high tannin content. DMD ranged
from 48.9 to 76.8% compared to 88.1% for rations containing 20% casein.
A two-_-fol.d; difference was observed in available protein. Oswalt (1972)
determined that the low leve'ls of available protein were associated
with high levels of tannin in the grain. Glick and Josl:yn (lg]Ob)
found that rats fed diets containing various plant tannins were found to
excrete more fecal nitrogen than controls. '.I'hey also concluded that
proteins from enzymatic or o’gher endogenous origins rather than dietary
casein uppeared to constitute ;a. major portion oi the excreted nitrogen
compounds.

McGinty (1969) found\ differénces in digestibility of sorghum
varieties when fed to steers. High tannin varieties had lower dry matter
and protein digestibilities than low tannin varieties. These differenées
were attributed to the tannin found in the pericarp and testa of the
sorghum kernel. IVDMD and in vivo DMD were highly correlated and of
similar magnitudes f‘or eight éorghum varieties, IVDMD ranged from 30 to
67% and in vivo DMD ranged from 50 to 71%. Stalleup and Davis (1962)
conducted digestion trials for a high tannin hybrid, ARK 61k, with steers.
o lBoth DMD a.nd protein digestibility were lower than those associated
with .'l.ow ta.nnin sorghums. -

Dr:l.edger and Hatfield (1972) found that lambs fed aoybea.n meal
" .treated with 10% Tara ta.nnin had gree.ter dauy weight ga:l.ns, feed



_efficiencies ‘and nitrogen balances tha.n lambs fed soybea.n meal without
1tannin. v The improved performa.nce wa.s a.ttributed to a.n a.lteration of the |
K,amino acid pattern of the soybea.n meal reaching the absorptive site. '.I'he.
, tannin prevented degrado.tion of the protein by the rumen microorga.nisms
in the first stages of digestion. |

The ob.jectives of this experiment were to determine the potential
of the IVDMD technique to evaluate the biological value of sorghum
grain and to determine if high tannin sorghum grain has a poorer digesti~
bilﬁ.tty_ than low tanmnin sorghum due to toxic effects or due to the forma-

tion of a non-digestible tannin-protein complex, '

Materials and Methods

Semples. The samples of sorghum grain used in this investigation
were groWh. during 1970 alt the Purdue University Agronomy Farm, Lafayette,
Indiana. The grain was dried in the panicle at & temperature between 43
and 60? C to about iO to .12% moisture. The grain wasc threshed and ground |

in a Wareing blender.
Tannin Determination. Tannin content was estimated by the Vanillin-

hydrochloric acid method described by Burns (1963, 1971). Tannin
estimates were expressed as catechin equivalents per 100 g dry grain
welght and should not be confused with percent tannin in the grain,

| In Vitro Dry Matter Disappearence. IVDMD was determined by modifying

‘V'the two-stage technique for in vitro digestion of forage crops proposed
by Tilley and Terry (1962)., The ste.nda.rd procedure was to add 20 ml of
phosphate carbonate buffer (pH 6 8-7 0) a.nd 5 ml of strained rumen B
fludd to 250 mg of dry, unifomly ground gradn 4n & 100 ml ana.erobic



digestionv tube, The"‘-.tupé vas incubated at 39° C for 48 .hours._ “'fhe tubes
were swirled vEy hand thre‘e‘ or. four times during the interval to insure |
i:hat the bacteria aéfe'd upon all the material. At the end of h8'hours,

2 ml of 6 N HC1 and 0.1 g of pepsin were added and incubated aerobically
at 39° C for an additional 24 hours. At the end of the second incubation
the material was filtered through Whatman No. 5 filter paper, dried to

constant weight at 100° C and weighed.. Percent IVDMD was determined

by the following formula:

%IVDMD = 100 - 100[(Residue - Rumen fluid blank)/Sample dry weightl

The standard proc‘:edure‘ for detgmining IVDMD was further modified by;
(1) adding 15 mg of urea (for a 250 mg sample) with the buffer and
rumen fluid and, (2) by a second incubation period with fresh buffer
a.n_d. rumen fluid. Th:.l.s.w;vas a.cgomplished by. centrii‘ug:hzé the tubes after
48 hours, discarding the supernatant and resuspending the residue in
buffer solution and fresh rumen fluid (and urea if included in the first
incubation). The samples were incubated anaerobically at 39° C for
an additional 48 hours before the addition of pepsin. |

In Vitro Nitrogen Loss (IVNL). IVNL was determined by measuring

the amount of ni‘b!joger} in the dry grain and the amount of nitrogen‘ in
the residue after incubation by the Kjeldahl procedure .(AOAC , 1960).
Percent IVNL was calcu;'l.a;.ted in a manner ana.loéous to percent IVDMD.
Protein is reported as 6.25 times the percent nitrogen.

Experimental Procedure. -One experiment was conducted on two separé.te

sets of material to study the influence of added nitrogen in the, form 'of =
ﬁxéd on the i'ela.tionsh‘ip‘ betweep‘ tannin 'cqntent gnd IVDMD. - The first .



.{-,set of meteria.l“"“‘onsisted “‘21& commercial a.nd experimental lines a.nd

The second‘ set_of ma.terial consisted of .'1.0 Indi_"' ,}Sorghum‘

: ax .‘.A’,‘V)
‘.?(;m) Muou nolootm ,i‘rom tho wor .d Col.'l.oction of qorghum_ ,(180062: ISOO75,

13018h ISOltlB, 130616 132288, 1s5h37, rs7125, 18816) e.nd ISB361), S
Duplica.te’

'Redlan ‘B, and the lO h,ybrids between Redlan A a.nd each IS line

i,‘,deteminations were made: for ta.nnin, expressed u.s ca.techin equivalents
Vper .'LOO g dry gro.in, IVDMD without urca., and IVDMD with urea.. Simple
,regressions and correla.tions for the mea.n va.lues of tennin a.nd for .' |
: IVDMD were detemined.

| The second experimentconsisted ‘of: determin.ing IVNLwith a.nd without
'uree. for two low tannih lines (130062 a.nd IS0418), two hlgh ta.nnin
| lines (Is0616 and IS8165), a.nd their respective Redle.n hybrids. Each
' gdetermination was completed in duplicate.‘ The da.ta. were e.nelyzed consid-
: -ering the e:lght genotypes as a fixed ve.rieble > the two levels of urea ;
' (o, 15 ms) as & fixed va.ria.ble end the duplicates as an estimate of
"‘;experimenta.l error. '.l'he genotype source of varia.tion was partitioned
. iinto entries (four IS lines) with three degrees of freedom, treatments
f,(four lines ‘verses four hybrids) with one degree of freedom and entry
'by treatment interaction with three degrees of freedom. Differences |
f between means were determined by using the Newman-Keuls' ‘test (Steel

~and Torrie, 1960)’

A third experimcnt consisted'_:oi‘ comparing the effect of two
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;imore tha.n one 1aboratory run (different days) and runs were considered

a ro.ndom variuble .

. A fourth experiment consisted of. determining IVNI. after two |
‘, anaerobic incubations for one low tannin J_ine (2130062) and one high
atannin line (188165) Each entry was' replicated four, times. A four
;‘gram sample was used in a 250 ml flask, After the final incubation, .

‘the samples were centrifuged and dried ra.ther than filtered

"Re'sw!.ts : end Discu'ssion

In the first experiment tannin values ranged from 0.4 to 13.7
'catechin equivalents. CVDMD for the first set of material ranged from
'35 to 80% without urea a.nd 78 to 96% with urea. In the second set of
‘;material tannin va.lues ra.nged from 0.2 to. 7. 5 catechin equivalents.
'ivum'D rangeu i‘rom h_, to 81 wituout urea 'and - (8 to 95/o with urea,. The
regression equations with IVDMD as the dependent variable () and tannin
as the independent var:m.ble (X) with their squa.red correlation coeffi-
cients are presented in Figure 2 1. The differences in meximum IVDMD
‘, with and without urea indicates that there is an insufficient amount
: 'of nitrogen present in the grain for edequa.te bacteria.l growth necessary,‘

| for maximum dry matter disappearance. Schmid, Marten and Roth (1969) '

| observed similar effects when urea. was added to corn grain The differ- .
tigences in the slope of the lines with and w:.thout urea suggests that
tannin is not inhibiting microbial brea.kdown of the sorghum grain
‘fdirectly but rather indirectly by reducing the amount of nitrogen a.vailable
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The réiéfiéhéhips bétwgen tqﬁninjin the grain, iVNL, and IVDMD}ng
éhpwn in‘Tdb1és 2;1Aa§§ 2.2. In‘all'éases.high tannin content was
aséociatédAwifh»16erVQMD and IVNL. The difference between lines and
hyﬁrids ié partigiiy~dué‘to the increase in tannin for the two high
fannin‘entries,»but the difference in IVDMD and IVNL between IS0062
and Redlan x-180662 cannot be attributed to differences in ‘tannin only.
fhe differences may have been due to polyphenolyic compounds other than
those detected by the Vanillin-HCl method, poss;bly other pigments ’a the
pericafp. Isod62 has a colorless pericarp whereas its hybrid has a red
pigmented pericarp inherited from the Redlan paient, also a low tannin
line, ISO418 has a red pigment in the pericarp and is not different
from its hybrid in this respect.

The reduction in IVNL due to increased levels of tannin partially
explains the differences in IVDMD. Assuming the nitrogen in the grain
to be in‘the form of protein and the differénces in IVNL to be caused
by differences in protein digestibility, part of the difference in IVDMD
and ‘possibly in vivo dry matter digestibili*y is actually due to
differences in protein digestibility. Chang and Fuller (1964), McGinty
(1968) and Nawar et al. '(19705 reported lower protein digestibilities in
high tannin sorghum than in low tannin sorghum for chicks, cattle and
raés, respectively

The effects of one versus two anaerobic incubations are presented in
| Tables 2. 3 and 2. h Urea appears to have no effect with two incubations
and two incubations without urea gave IVDMD values equivalent to one B
'incubation with urea.' The second addition of rumen fluid probably
,aupplied sufficient nitrogen fbr bacterial growth and: breakdown of
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" Table 2,1, Ans]ys:ls of variance for elght grain sorghum genotypes with L
and without ‘the addition of urea for IVDMD a.nd IVNL

-Bource of Varlation' 4 TTERNRD . & DN

1616, 7%% . B63.9%
287 Jlxx 1403, 3%*
03.5%% 78, 6%

 Genotypes

. 'Entries
- Treatments” - =
Entries X Treatments S v
Ievel of Urea L ’4982.5** | | 259,9%%
g3k

LW

"fGenotype XUrea. DR 7 © 66.8%x

I;‘Error S s .2 6ak

* Signiﬁ.ca.nt e.t 5% .'Level of. probahility.
Significa.nt s.'b .'L% level of probability.
4_-__ I.ines versus hybrids.
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- Table 2.2. List of means of eight genotypes for tannin (catechin
| “equivalents), percent protein, percent IVDMD, percent IVNL,
~and percent non-digestible protein.. : '

Percent

R Tannin -
Genotype -  (Catechin Percent Percent No:;llj);eges-
o Equivalents) Protein IVDMD* IVNL* Protein

150062 0.29.  13.78  89.la  91.8a 1.3
Isok18 0.27 12.11 82.1b 86.5b 1.60
IS8165 4,28 11.26 73.1c 75.1¢c 2.80
IS0616 : 5.93 14.20 57.he TT.Te 4,78
Means of Lines . _

(Treatment 1) 2.69 12,83 75.4 82.8 2.58
Redlan X IS0062 0.30. 13.12 82,0b 87.8b 1.60
Redlan X ISO418 0.22 13.12 82.7b 86.5b 1.66
Redlan x I1S8165 6.3k ., 10.30 60.2d 64,6d 3.65
Redlan X IS0616 7,1;6 13.81 52,8¢f 63.84 5.00
‘Mean of Hybrids .

(Treatment 2) 3.58 12,58 6.94 75.7 2.98
With Urea I 848 82,1

Without Urea . , 59.9 76.4

* Any two genotype means wiﬁhin & column not followed by the same
letter differ at the 5% level of significance according to Newman-

Keuls' test (Steel and Torrie, 1960).



‘.Table 2.3.

Ana.lys1s of va.r:lance for the four IVDMD e@erments.

‘Soues of Vardatton

One in vitro Incubation

Two in vitro Incubations = -

- Without Ures

‘With Urea

Without Urea

With Urea

@€ Mean Sguare

ar Mean Square

df Mean Square

df Mean Squere

Genotypes

f_ﬁi;‘ 7 - 2246.0%%
. Entries. 35

 4805.8%

Treatments’

Entries X Tree:ﬁhents | -3

160,6%x
- hr.0%

;"k‘@étypes X Runs 28 o 29.6%

Error ‘- : | llO 16-1&

823.0%%

32

3

. ‘1 .
3 -

567-, 5aée

: 1253-5** v
159.7%%

| 17.5
51, 8%

- 18.0%%

4.9

T

1

7

.

16

© 85.6%x

3
1
3

197 .1%%
. 2.0
282.6**

2.1*

7 "'8!;.'7**

.3 s, 3** -
o 1 :;':_,_, 16 5**

o zw 1**

sgniticant at 5% Tovel.

:’ficant at 1% level.

‘,;Hybrids versus Jines.

_;*' Génotypes X runs pooled with within runs for estima.te of error term,

-6
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Ta.ble 2.k, Ta.ble of genotype mea.ns and standard errors for .the’ ‘Tour

IVDMD experiments.

Percent IVDMD
Tannin 1l Incubation 2 Incubastions

Genotype Content Without  With Without With

Urea Ures, Urea Urea

IS0062 0.29 80.7a 95.h4a ok, 0a, 95.6a

IS0418 | o 0.27 68.,6b 92.8a 93.0a 93.2a

- IS8165 4,28 55.k4c 85.6b 88.1b 89.4b

IS0616 5.93 46,04 77.Tc 83.3c 82.7d

Mean of ILines

(Treatment 1) 2.69 62.7 87.9 89.6 90.2

. Redlan X IS0062 0.30 "71.5b 92.9. 93.2a  93.7a

Redlen X ISO418 0.22 69.3b 92.3a 93.8a oli,0a,

Redlan X IS8165 . 6.34 43,04 81.2b¢ 85.7c 86.9¢

Redlan X IS0616 7.46 - 41,34 72,54 83.9¢ 86.2¢c
Mean of hybrids

(Treatme -t 2) 3.58 56.3. . 8.7 g9.1 80.2

Grand Mean 5k.5 86.3 89.4 90,2

Standard Deviation PRI 4,24 140 1.34

SE Genotype Mean 1.72 1.50 0.70 0.67

SE Treatment Mean 0.86 - 0.75 0.35 0.34

* Amr two genotype meens within a column not followed by the same letter
differ at the 5% level of si@ifica.nce according to the Newman-Keuls'

test (Steel and Torrie, 1960)
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__dry mat,er.i These results suggest that tannin does not inhibit the
%;microbial breakdown of thc grain directly but rather indirectly by
“reducing the amonnt of nitrogen available fbr bacterial growth.g The |
difference in IVDMD with added urea, two incubations, or added urea and |
: two incubations between the high and 1ow tannin grain was only'seven
'tto eleven percentage uniis and indicates that the true digestibility
‘ibetween high and low tannin grain is small and affects digestibility
1'by reducing nitrogen availability._ It is also possible that tannin
directly inhibits bactarial action,and"the first incubation removed
the tannin allowing the bacteria added in the second incubation to
operate normally. ‘

The,IVNL'after'tnojanaerobic'incubations was 68.8% for IS0062
" and 54.8% for 188165.. These IVNL values are lower than for one
incubation but the magnitude of the differences are nearly equal. The
lower IVNL values may- have resulted because of the use of centrifugation
_instead of filtering to separate the soluble and insoluble fraction.
‘Tbie indicates-thereidefinitely was an insoluble and presumably an
;nndigestible protein fraction in the high tannin sorghum. This fraction
irepresented 2.8 to 5 percent of the dry weight,
i | Estimates from; variﬂua studies have indicated that the range of
percent tamnin in high tannin sorghum grain is between 2.0 and -2y 5%,
(Chang and Fuller, 1964). Assuming tannin to be insoluble and non-
digestible and to be complexed with the insoluble protein fraction,
nearly half'tha 7.4% difference in IVDMD between IS8165 and IS0062 or
'il;B% between IS0616 and ISOLL8 (Table 2.4t aversge of last three cclumna)f
can be accounted for by differences in tannin and non-digestible protein;b
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.This is a reasonable assumption because the tannin (polymeric polyphenol)
and protein (polypeptide) are nost likely bound together to form an

nneyaileble;eomplex;

Conclusions

The results of these 1nvestigations indicated that the in vitro
technique may be euccessfully used in a screening and plant breeding
progrem“to detect.differences in biological value of sorghum grain.
These findings also showed that a large portion of the difference in
dry matter'disappearance of high end low tannin sorghum grain was due to
lower protein solubility in the high tannin grain. Significant
differences within the low tannin sorghum varieties indicated that some
feetoreor factors other than tannin estimated by the Vanillin-HC1l method
was causing differences'in nutritive valie.

The IVbe technique did detect significant differences within high
- tannin sorghum verieties, within low tannin sorghum varieties, and
between high and low tannin varieties. The IVDMD differences between
high and low tannin varicties positively correlate with monogastric
and ruminant'ig_xixg'results published in the literature. This alone
. makes .the IVDMD tecnnique en important tool for selection in a plent
breeding program, however, more investigations are needed to correlate
in vitro resnlts within the low tannin varieties or within the high B
tannin varieties to in vivo results. When the IVDMD techniqne is used
to estimate the nutritive value of a grain, urea should be added to the -

-aystem since it reduced the' experimental error mean sqnere nearly 75% iﬂff



The f:.ndings from this investigation indicate tha.t differences in
'in vivo digestibility frequently reported between high a.nd low ta.nnin
"sorghum may be accounted for in part by the. non-digestible tannin a.nd

- the non-digestible protein fraction. Approxima.tely 50% of the difference
' 4n IVDMD between high tannin and low tannin sorghum grain was a.ccounted
for by differences in tannin content and insoluble protein. This

alone could account for the reduction in feed efficlency frequently
reported in feeding trials: This might also expla.in some of the
controversy with regard to the feeding value of rations containing high

‘ a.'nd‘J.ow levels of tannin. High tannin rations containing adequate
protein, that is, enough to forni & complex with the tannin and enough to
meet the requirements of the anima.l, could produce animal gains equal
to low tanmnin ration, but rations with the high tannin would be expected
to have, a lower feed effic..ency for the reason mentioned above. A
better .understa.nding 'of the nature of the chemistry between tannin and
ron-digestible protein would help explain this phenomenon. The
nneccounteble difference in IVDMD could in fa.ct be due to some toxic

effect of the tannin.
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SECTION IIT
EFFECT OF SUPPLEMENTAL FROTEIN ON THE NUTRITIVE VAIUE

OF HIGH AND IOW TANNIN SORGHUM BICOLOR (L.) MOENCH
GRAIN FOR THE GROWING RAT
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SECTION III
| mcr ‘OF SUPPIEMENTAL FROTEIN ON THE NUIRITIVE VAUJE

or HIGH AND IOW TANNIN SORGHUM BICOLOR (. ) MOENCH

GRAIN FOR THE GROW]I\TG RAT

Introduction

Tannins from many sources ha.ve been recognized for a long period
of time to adversely influence the' biological value of a diet. More
recent:ly it has been shown the.t the lower nutritive velue is assoclated,
at J.ee.st in part, with lover protein digestibi]:l.ty. |
Cha.ng a.nd hu.'l.er (196h) showed ‘that sorghum with a high tannin
'content caused growth reta.rdation in: chickens similar in ma.gnitude to
tha.t ca.used by equivalent levels of tannic acid. They also demonstrated
the.t the growth reterda.tion occurred in direct proportion to the level
: of ta..min in the diet. A slight reduction in protein digestibility
‘we.s also observed :Ln diets containing high levels of tamnin. Vohra, |
“’;'Kra.tzer and Joslyn (1966) concluded that ta.nnin in the diet reduced
| feed inteke and aitrogen retention in growing .chicks. Connor et al.
(1969) observed depressed feed intake and- reduced feed. efﬁciency when
‘high ta.nnin sorghum grain wes :t‘ed to chicks. - ‘ |
‘ Glick and Joslyn (197 Oa) demonstrated tha.t the depression in growth :

'ra.te of Tats fed diets conta.:ming tennin was due to other fa tors ;m |
arick and Joslyn (19701:)1 concluded
tha.n dieta.ry protein was the ma;jor :

| a.ddition to’ reduced feed inteke

ftha.'c. endogenous prote:ln rether
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‘source of increased reral nitrogen of ra.ts fed ta.nnins. Tamir and .
vAlu.not (1970) explained that increased fecal nitrogen, f‘rom growing
.rats fed diets that J.ncluded ta.nnin from carobs, was due to nonSpecific
binding of protein with tannins, ) | |

| Ta.mir and Alumot (1969) showed that digestive enzymes were denatured
due to a. nonspeeific protein-tannin binding and that the enzyme activity
eou.'!.d be restored in some cases with the addition of polyvinyl pyrrolidone
which replaced the protein-in‘ the binding with temiin. Schaffert (1972,
section II of‘ this thesis) showed that the reduced dry matter diseppeer-
ance from in vitro incubation of high tannin sorghum gra.in » When comp \red
to that ﬁ'om low ta.nnin sorghum gra.in, was partially due to decreased
nitrogen utilization aseocia.ted with a non-digestible protein-tannin
comple;c. | ) |

McGinty (1968) observed reduced dry mabter digestibility (DMD)

when high ta.nnin sorghum was fed to steers compared to DMD of low tannin
| sorghum, I‘he protein digestibilities of the high tannin sorghum were
approxima.tely half those of low tannin sorghum grain., He also showed
- that in vitro dry matter disa.ppeare.nce and in vitro gas production were
hith,v correlated with in vivo digestibility in steers.

'I'he ob,jectives of this experiment were: (1) to determine if
xprotein supplementation should be used in evaluating the biological
pva.lue of sorghum gra:.n, ( 2) to determine if protein supplementation .
‘would g:.ve similar results for sorghum with high a.nd low ta.nnin, and
5(3) to determine if pz otein supplementation would give simila.r results'

She
RUNNE R

in sorghum aa.mples with different J.evels of protein. o f_i ,,;i B

-
LI BRI
sty el

‘ E L . . 2 H



Lk

Materinls and Methods

The solutions to ‘these objectives were sought by feeding rour

'lf‘levels of protein supplementa.tion » w:l.th low e.nd high ‘tannin sorghum

o ,,....-.._-—- ———pe— .y

"_vgrain each with a low and high level of protein in the grain to weanling
‘ ra.ts. -

| Rat feedi_p_g Male wea.nling ra.ts ra.nging in weight from 45 to 65 g_'
.u.nd avera.ging 56 3 were divided into groups of six o.nd placed into o
individual cages. '.I.‘he experimenta.l diets were :E'ed to each’ group of
;.r&ts for 13 days. Feed consumptiorx was ‘determined for each group of -
vrats‘ at the end of tﬁnc feed:i.ng trial, Feed‘spillecl byv the ra.t was
“returned to the feeder each day The weight gein of each rat was
idetermined ’ bu.t the average weight gain per six ra.ts was used in the
'a.nalys:.s. : rrote:m eIf:Lc:.ency rat'l.os U.-'hl{, gra.ms or ga.in per gram ot
prote:.n consumed) and feed efficiency ra.tios (FER, gra.ms of feed consumed
"per gra.m of ga.in) were calculated. |
o  Diets. Each 100 g " the ba.sa.l diet consisted of 79 g of grain
aorghum, L g of m;l.nera.l mlxa 2 g of vitamin mix3 and 15 g of corn
_sta.rch. The sta.rch was: replaced with 5, 10, a.nd 15 g of soybean mea.l
72(53 25 protein) to g:!.ve four levels (o, 5 10, and 15 g) of protein
‘?supplementation. Four different gra.in sorghum genotypes were. used; |
‘_18251&9 (low ta.nnin, 1ow protein), 180062 (low tannin, ligh protein),
-,‘186992 (high te.nn:l.n, low protein) a.nd ISlalO (high tennin, high protein).'

: 1,1']}351-, feeding trials were conducted by Shuman Chemicel Laboratory,
“Battle Ground, mdiane. ‘

) He.wk-Oser salt mixture NUIDEr TOrEE, NAUIAGLONAL DAUCHGUAGHLS ). diGey /.
’ Clevelo.nd Y mio.

3 vitonin supplement, General Biochemicals, Chagrin Falls, Ohlo.: ' .
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'.ihe crude protein 1evels of the sorghum grein . soybea.n me&l and

linitrogen determined by the micro-K,jeldalﬂ. technique. The amine acid
content of the grain samples and the soybee.n meal were determined with
-*.a.n a.utometic Beckma.n Model-laoc ion-excha.nge resin’ chromatography a.mino
acid w&lyzer. The protein and essentia.‘l. amino acids required for rat
growth telgen from Mertz (1969) and those provided in each diet are

presented in Table 3.1.
Experimental Design. Due to & limitation in the number of rat

feediné units only eight of the sixteen treatment combinations could

be fed'at one time. Eech eight treatments fed at the same time consti-
tuted a laboratory run. In order to minimize the loss of information,
'ﬂixls experdnenl was consldered us 211' p.se_ud:)fu.c burdsd aud ruus welw
confounded with the third order interaction of the pseudofactorial,
actually the sec‘ond orden interaction of the 2 X 2 x U4 factorial. The
fectors considered were two grain protein levels, two grain tannin
levels, and four soybean meal protein levels which were considered as
two' psetidofactors (soybean meal at zero and five percent of the ration,
and soybean meal as zero and ten percent of the ration to give the‘ four
levels of soybea.n mea.l supplementation) "The method of confounding and
a.nalysis of va.ria.nce described by Cochran and Cox (1957) was used. This
procedure gave full information on all the main effects and first order
‘intenactions and two-thirds information on the second order interaction.
The entire experiment‘ was -conducted in two replica;tions.  Taonin in» .
| ‘the gra.in, protein in the gra.in and supplemental protein were- all e r



‘,*hblc 3.1. !tonln and usu:m nlna “actd tequ.lraunu of the rat and p:o:etn and mmu.d aalno acid provided by each ra:lou e: - vv d lll, cent
- of dry feed, - : Lol
S Low Tanaia R "_High Tannia . ' e
M: of Ration - 3 s:;:::: Meal . F3 s::g::ﬁ agu‘ H So;::::z:!ul - 3 Soygiiilgeal 1 ‘. :::n::::ltt-
il 0 51015 0 5 10 13 T 5 T 15 o 5 o s vt
Proteta . 8.08 1021 13.10 17.48  10.53 13.39 15.78 ~u.7g 7.46 10.30 12.55 15.50 8.46 11.50 16.30 130 16.0 . .
Argiatne - Q.29 0.5 Q.77 0.98  0.43 0.65 0.8 _1.08 0.35 0.57 0.78 1.00 0.3% 0.5 0.78 - 0.9 . 0.2-
'I-_';lhtldiu . 0.6 0.23 0.30 0.38 0.19 0.26 0.33 240 0.6 0.2¢ 0.31 0.8 0.20° 0.27 0.3 ' .
= Iloleuciu L0933 046058 071 0.33 0.51 0.6 2.76 0.29 O.6L 0.53 0.66 0.3 0.3 0.57
Lucnu L 1.6 " fl.'.‘if‘f"{x.s1 178 143 1.43 1.82  2.65 0.9 1.15 136 ‘1;:.7 136 .13 s 1.
‘tatae 0 @19 0360 520 06 . .26 040 0.57 073 Q18 0.3% 0.50 0,67 - 0.17 0.3 0.50. 0.
Mechiontae plua ol o e ' o S
_Cyscint® . 014,021 0.28. .35 0.2 G.31° 0.38 049 022 0.28 0.2 0.42 026 .37 040
" fhesylalantoe plus . ' : 4 S S
. Tyrostae - Q76 1,02 1.28 1.53 0.95 121 1.47 172 Q.66 0.90 126 142 083 109 i 3 !
- Tureontae 035 0.45 055 Q.66 .33 0.63 .53 0.6 0.23 0.33 0.43 053 0.25 0.35 . 0.45  0.56
_ Valtae Q63 Q.56 0.70 Q.83 0.5 0.68 0.81 0.9 0.3 0.50 0.63 0.76 ~¢.41’,o,34;fo.51_'u
’  -  xqp:opxnm vas mot seasires due to brc:;"down during hydrolysis.

il lhthloam plu.i cystine vare underuunated 1o the anino acid analysis dun t. socza loss d.nrlnz hydrolysis.
f Meres (1363), ’

o
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considered as fixed effects. Interaction sources of variation were
pooled with the experimental error mean square to moke tests of sisnifi- .
cance when they were not significa.nt at the 0.25 probability of a Type I
error. D‘iffef‘enees_« 'oeﬁeen means were tested at the 0.05 pioba'bility of

a il;ypeI error with the Newman-Keuls' test (Steel and Torrie, 1960).

”Requ.tAs and Discussion

~ The analysis of vn.rianee for weight gain, FER, PER and feed
consumed are presented in Table 3.3, The effect of tamnin and the
effeet of soybean meal supplementation were significant for all four
variables. | )
The effects of tannin, grain protein, and soybea.n meal supplementation

on weight gains are iuustrated in Figure 3.l. The low tannin genotypes
had significantly groater galns ot the zere, five, and don percent
soybea.n meal supplementation than the high tamin genotypes. The
'difference was not significant at the 15% supplementation level, This
indicated that the amount of digestible protein was not significantly
different between the high a.nd low tannin genotypes at this level of

soybean snpplementation, however, the data in Table 3 1 indicate that

B

lysine was still limiting when the diet was supplemenj:_ed w:tth 15%
soybean meal. : Weight gains were significantly different for all levels .
of protein supplementati:on. The lack of any interactions indicated
that veanling rats fed rations with zero, five or ten percent soybean

mea.l can be used to eva.lua.te the biologicel va.lue 2f the sorghum and

st:!.ll deteet differences between high o.nd low tannin genotypes. v
\coefﬁcients of va.riation of weight ga.in for each group of. s:\x r 2

,.:I.n Ta.ble 3.3 we redueed 33 to 77% by the a.dditior of five percent soybeen:,;}_f"



| ".l'eble "3}

.2. 3 Analysis of variances for weight gain, feed efficiency ra.tio
(FER), protein efficiency ratio (PER),: a.nd feed consumed on
the avera,ge of six rats for 13 days. L o

‘Sowrce of Variation  df -
R B A TR i _'V;.H,,,:Weight

'Méén»sa#éfésf$fa::;v~'»vcﬁ

PER'

Feed

\ (‘onsumed

‘f Replicat:lona
Ta.nnin ('.l') |
Grain Protein (G) B
Soybea.n Prote:l.n (S)-"f- ‘
Txe .
-'l‘ X S |
G‘xfsg -
TXEXD

Rung™

,Error e X
Pooled Error

P Ste.nda.rd Error

S

15.0

- 3332. 3**
*-16 2

0.8

A\ B
B -~ n
o2l

L :-7§':’7*

e}26 1

" 190

l&l&

929.9%*
1.0

15860+

: 2.5
696.7**
h 0
L 0.2
-48.3
.52.3
37 o
6 1

CLseer
2.ger
"Q,dé |
o2
0.0k

"382 9*
‘625 7**
'855!,9.*"*

386.2%%
L6, 2%
7.6
61.9

an

5.7
61.9
7.6
60.8
7:8.

,* Significan‘b a.t the 0 05 level of pro'babi.lity

** Significa.nt a.t the 0 Ol level of probab:llity. )

Ru.ns were eonfounded with T x G x S. :
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~‘~’Tab1e 3.3. Q,effig ,eni:\,“ariatign percentages of rat weight ga* for
g the sorghum genotypes at "each 1evel of protein supls.i.ane ..ation.

Pf&?.‘ii"':fﬁitiﬁﬁ B L T
0 a6 60,1 Wo.b  213.6
5 hs.u;. oh.5 49,7 61,8

RE WA B2, W8 329
_-,_5 l‘59 | ér_‘.o | h1.8 54.6

_ The f*difffere’ncea in fezd efficlency between the high and low tannin

- gonoi;;r’pes;snotm ‘a hig"u're 3.2 were signiticant only tor the non=-
vsnp‘plemented' ration., The non-supplemented ration had significantly

pooi‘er feed efficiency than the three supplemented rations which were

.n‘ot significantly different from each other., The significant tannin-
supp_lementation interaction was due to the difference in slope for the
vh:i'gh and low tannin genotypes between the zero and five percent protein
supplementation, The résults of Tamir end Alumot (1970) indicated that

- the differences in feed efficiency were caused by reduced protein
digestibility in the high temnin sorghun, o

o There were no significant differences a.t the .05 level of significance
‘:-v’.’between the high a.nd low to.nnin sorghums for PER shown in Figure 3 3, but :
: ?the difference was significan‘t a.t the 0 15 level of proba.bility fo. the
,'._I:‘non-supplemented ration and the dif’ferences were significant at the O 20
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?;ggre 3.2 Feed efficiency ratios for rats fed 13 days.

1S0062 (low tannin, high protein), c = 186992 (high tennin, low protei
(high tannin, high protein). .

a = IS2549 (low tarnin, low ﬁrotein), b =

n), end 4 = 151210

6
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'Figure 3.3 Protein efficiency ratios for rats fed 13 days. &= I52549 (low temnin, Loy protein),

-b =-180062 (low tannin, high protein), ¢ = IS6992 (high tannin, low protein), end d = -
1181210 (high tannin, high protein). ' o e
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Figure3.l&. ‘Grams Of'kfe.edt; consumed by six rats in 13 days.
Lo IS0062 (low tennin, high protein),
. (high tannin, high protein).

, & = IS2549 (low tannin, low.protein), b=
c = IS6992 (high tannin, low protein), and d = IS1210



v,”level of probability for the five' and ten percent supplementation.
: The rations with ten and fifteen percent soybean meal he.d significa.nt]y
' 'higher PER than _the non-supplemented ration, '.I‘here were no significa.nt

* interactions for the PER values. | | o .
. ‘The significant effect of both grain tcnnin.snd grain protein in
."';thé j‘va_.nal,‘vsis‘ of iraricxlce for feed consumption was due to only one of the
| vh'i'g‘n’ tannin genotypes, IS1210, shown in Figure 3.4. The amino acid
conposition of this genotype was not appreciably different from the
‘other. genotypes., Later examination of this genotype revealed that it
'fhas a waxy endosperm, that is, the amylose had been replaced with amylo-
pectin, This may have been the factor tnat caused Increased feed
‘consumption, s.nd may have infiﬁen’ced the fzed efficiency and protein
efficiency ratlo, but was not associa.ted with increased weight ga.in.

The other high tannin suvrghum was intermedia.te in feed consumption. This
indicated that the difference in performa.nce between the‘ high and low

tannin sorghum was due to factors other than feed intake.

Conclusions
These data.indicate that in general high tamnin sorghum grain had

poorer wevignt gains", “poorer feed efficiency and lower PER values.
i?xere was also little effect of tannin on feed consumption by the.
weanling rats, One high tannin sorghum had greater feed consumption.
-but that may have been due to the high a.mylopectin waxy endosperm.

The lack of antagomustic interactions with‘supplements.l protein'for.
weight gain, feed efﬁ.ciency, PER values, and E'eed consumption E
indica.te that protein from soybea.n mea.l can be supplemented in a.‘
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i:iologiéaieﬁlua.tibh program without ,cha.nging the relative performance
of"differeht sorgh'ﬁm genotﬁpes. The coefﬁ.cients cf v&riation for weight
gain were reduced when the ration was supplemented with soybean meal.
Significant differences between _genotypes for weight gain were observed
at intermediate levels (5 and 10% soybean meal) of supplementation but
not at the higher level (15%). The low tannin grain sorghum with higher
protein content produced greater gains, had better feed efficiency and
protein efﬁ.cienéy than the low protein sorghum but the differences
were' not significant. Differences in protein efficiency within the high
tannin and within the low tannin grain sorghums were greatest at
intermedia.tehlevels of soybean meal supplementation., In final summary,
the biological evaluation of sorghum grain would be of the greatest
value at intermediate levels ol' prolelin .uupplementa.tioq,- althougn the
introduction of.amino acids from the soybean meal might complicate the

evaluation in some sorghum lines.
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