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ABSTRACT 

Schaffert, Robert Eugene. Ph.D., Purdue University, December 1972.
 
Protein Quantity, Quality, and Availability in Sorgl'.Luz bicolor (L.) 
Moench Giain. 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 interactions of nearly equal magnitude indicated that 

years and locations could be interchanged for percent protein, lysine as 

a 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 between genotypes averaged across environ

ments indicated that percent protein could be increased by selecting 

for increased oil or protein per seed. Protein per seed was not 

correlated with yield but percent oil was negatively correlated with 

yield. Tle positive correlation between days to flower and percent 

lysine of protein and the negative correlation between days to flower 

and percent protein indicated that selection for these traits should 

be done within maturity groups. 
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The in ,vitro dry matter, disappearance ;(IVDMD)and .invitro nitrogen 

lossA(IVNL) techniques were used to study the -effectof tannihon.the,
 

nutritive value-of sorghum grain. The IVDMD technique detected differences
 

within high tannin varieties, within low tannin varieties and ;between 

high and low tannin varieties. The addition of small amounts of urea to 

the system decreased the experimental error nearly 75%. Significantly 

lower values for IVDI.ID and IVNU were observed for the high tannin varieties. 

The average difference of IVDMD between high and low tannin varieties with 

urea and one incubation was 14.1%, without urea and two incubations was. 

8.3%, and with urea and two incubations was 7.8%. Approximately 50% 

of-the difference in IVDD between high and low tannin varieties was 

accounted for by differences in tannin content and insoluble protein. 

Itwas assumed that the tannin bound to the protein to form an insoluble 

complex. The IVND technique can be an important tool of the plant 

breeder for selecting genotypes with superior nutritive value. 

Four levels of protein supplementation, with low and high tannin
 

Sorghum grain each with a low 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 

for 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 equal to the low tannin diets. 

Significint differences between high and low. tannin genotypes for weight . 

gain gwere.observed........at intermediate levels of iproteinusplmnat~:;:/supplementation .,ee So 
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(5 and 10 soybean me l) but not at the gh level (15%) of supplementa

tion. 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 performance of different sorghum genotypes.
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SECTION I
 

ENOTYPE-FCIRO.izETNT CTIONS FOR YIELD, PROTEIN,
 

LYSINE, OIL, AND SEED WEIGHT IN SORGHUM BICOLOR (L.) MOEXCH
 

Introduction
 

Since the discovery of high lysine protein in the opaque-2 mutant
 

of maize, atremendous amount of research effort has been devoted to
 

finding equivalent mutants in the other cereals. Much effort has been
 

expended searching the World Collections for varieties with superior
 

protein 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 environment have generally been used
 

in the initial screening procedure. The existence, size, and nature of
 

genotype-environment interactions could reduce the effectiveness of
 

such a screening procedure. The purpose of this investigation was to
 

measure the genotype-environment interactions for protein, lysine, and
 

other agronomic traits thought to be correlated with protein and lysine
 

content in grain sorghum.
 

Materials and Methods
 

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

1970 and 1971. The genotypes consisted of: Martin B, Redlan B, India 

Sorghum number (13)6062, 150075, IS0187, =418, =0616, 12288, 15!37s 

S7125, 188165, 138361, the hybrid Of M tin-and each I entry, the hybrid 

of Redlan and each IS entry, two commrcialhybrids, ES610 and NK3OO, and 



commercial variety, Atlas. 

of variability for.maturity, plant height, protein content, and'lysine. 

content that-was considered typical of the World•Collection of Sorghum, 

except poor yielding IS selections were not included in this investiga

tion. In both years these 35 genotypes were planted in a split-plot 

modified randomized complete block design with two.replications at the 

DeKalb Agresearch Station in Lubbock, Texas, the University of Nebraska 

Research Center at Mead; Nebraska, the Southern Indiana Purdue Agricultur 

Center (SIPAC) in Dubois County, Indiana, the Piney-Purdue Agriculture 

Center (PPAC) in Porter and LaPorte Counties, Indiana, and normal and 

high fertility fields at the Purdue Agronomy Farm (PAF) in Tippecanoe 

County, Indiana. Years were considered whole plots and the modification 

,one These 10:IS genotypes represeited an array.
 

on the dom .d daeetd? n-nompset Of sepv,ratngj;eg the geno

types into three height groups within each block. The experiments in 

Texas and Nebraska were irrigated. The experiments in Indiana were 

notirrigated since there is usually adequate rainfall for normal 

production. 

'he experiments at PPAC were planted on)a Tracy sandy loam which, 

like SIPAC, usually has some moisture stress during the growing season. 

The high fertility field at the PAF has been fertilized at the beginning 

of each season to have 560 kg/ha of N, 245 kg/ba of available P, and 

466 kg/ha of'available X based on soll tests. All 'the other experiments 

were'fertilized according to soil tests for optirwl production. 

Each plot consisted of two rows 76 cm apart and 5.2 m,1ong except 

at SIPAC where the distance between rows was 51 cm. Two border rows 

of each height group (R8610, NX300, or Atlas) were p1nted between he ght 
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groups to.minimize competition effects. Each plot was over-planted and 

thinned to approximately 2fO,000 plants per hectare. Weeds were controlled 

with herbicides and cultivation., Insecticides were applied on the
 

experiments in Texas and Nebraska. No insect problems occurred in
 

Indiana. All of the environments were relatively disease free. 

Measurements were taken on competitive plants from three meters
 

in-the center of each row. Data on the following agronomic traits
 

were recorded: days from planting to median flower, plant height,
 

percent protein, protein yield, percent lysine of protein, percent
 

lysine of sa#ple, 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.
 

Days to flower were recorded as the number of days from planting to when
 

50% of the plants were in 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 protein1 (crude 

protein) was calculated by multiplying 6.25 times the percent nitrogen 

determined by the micro-sjeldahl procedure on a fat free sample. Percent 

lysine1 in the protein was determined *y ion-exchange resin chromatography. 

Percent oil was determined by nuclear magnetic resonance (NR) 2 ., Seed 

weight was determined by weikhing i0 random grains. The,other vakable6 

S Shiuman Chemcal Iabbwatory, Batfrle Ground,. Indiana. 

2 University of Il3linois) Champaign, T Ilinois. 



were determined by making.the appropriate calculations.
 

Statistical. A split plot !design was used in this experiment.:. The

6th th,
,mathematical model for an observation on the ,L genotype at the j
 

location in the ith-year (replication in time) and the kth block: is:.
 

+ +n + mi+kl
T 


where ' is the mean,, Ti is the yLar (replication in,time) effect, ( is 

the first 'restriction error (Anderson, i70)l,.. is the location effect,
 

(ii is, the interaction effect of years Withilocations, 0(ij)k is the
 

effect of blocks within years and locations, (uk) is the second 

r Atriction ierror, ry is thegenotype effect, ()ii is the interaction 

effect of years with genotypes, .(A ) is the interaction effect of 

locations with genotypes, .(ry)ijl is the effect of years, locations, and 

genotypes and £j-kl 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 a y2 2 

a 2 2~2. a 2 2' 21 adic a 2y 2 a. ' 'a i an d, respectively. Since the 

blocks were adjacent to each other within each year-location combination, 

the 02 ma' not be' large, enough to test for. in the analysis of 

variance, if the inference is to be made over the, population of years 

and locationsfr s! in theJeperim were randomly" 

drawn,.
 

2 



The analysis of variance and expected mean squares of interest 

are presented in Table 1.1. Estimates of the variance components were 

calculated using the method described by Comstock and Moll (1963). 

The standard errors of the variance components were calculated according 

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

of a-genotype .mean is: 
22 2 2q =-c.2-,a+y + - + 09 

y ysr ys y s 

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

Source of Variance df. 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-l)
 

Second Restriction
 
Error 0
 

Genotypes (G) (g-l) + rg 2 + rsa + ryq2 + ryS 

LxG(s-)(gl) 2 +r gyl2 + 2 
YLxG (y-)(s-l) V2 + r l2 +7a.2 

gyl g 

Experimental Error ys(n-l)(r-l) 4 

,wherey - number of years, S *.number ofilocations, r = number of blocks," 
andgg. number of. genotypes.. ' r 

2 
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hre y equals the number: of years, 'quals the-number of locations, 

and-,r equals the number of .:blocks per environment. The optimum combination 

of years and locations and least significant differences (ISD) were 

calculated following the method used by Shutz and Bernard (1967), 

The homogeneity of vaiances was tested using the procedurelrecommended 

by. B1upr and, Foster (1X972). 

Results aned Discussion 

De average and range of genotype values across the six locations 

and two years are presented in Table 1.2. The results from 4 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 .yeardue to adverse weather conditions prior
 
LO httvuaeSL. Huwtver, 'talid eh .tal sa .'.iee wer'e unif .iboth yeArs.
 

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 

locations nor years (Ignoring restriction errors, a conservative test 

for-non-significance) were significantly different when they were considered 

random. However, ifa breeder was interested in specific years and 

locations and considered them fixed they both were highly significant. 

(Assumn the restriction error variance comonent to be zero.) 

This indicates that the breeder must be cautious about combining data 

for comparison of genotypes from more than one environment. The 

above means were presented to give ,the readera feeling of the inference 



Table 1.2. Average value and range of the genotypes for the agronomic 
traits studied. 

Statistic 
Trait Average Minimum Maximum Range 

Value Value 

Grain yield (kg/are)* 69.1 55.4 91.7 36.3 

Protein (percent) 12.7 10.2 15.0 .4.8 

Protein yield (kg/are)* 8.7 6.0 11.3 5.3 

Lysine (percent of protein) 2.05 1.83 2.34 0.51 

Lysine (percent of sample x 100) 25.8 23.7 32.4 8.7 

Lysine yield (kg/h")* 17.0 13.8 21.4 7.6 

Oil (percent) 3.32 2.62 4.o7 1.45 

Seed weight (gm/l00 seeds). 2.75 1.75 3.78 2.03 

Protein/seed (mg/see)-). 3.53. 1.92 5.41 3.49 

Height (cm) 200 99 323 224 

Days to Flower 79.4 67.6 93.3 25.7 

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



Table 1.3., Averxge values of locations and years for' -1 the genotypes'of the, agron -c"traits studied, 

Location . f Year
-i Texas ;Nebraska PAF* PAF+ SIPAC PPAC 1970 - 1971.-

Grain yield (kg/axe) 72.9 -- 72.7 71.7'. . 3 66.9 70.4- 67.8 

% -rti A,2l2~ 13.2, 11.-2 -12.6 12.4 13.1137 

Protein yield (kg/are) 10.0 9.0 846.8 8.6 8.89.3 8.4 

Lysine (percent ofprotein). 1.94 2.A0 2.00 1.88 2.10 1.98 .01 2.09-

Lysine (percent of sample X 100) 26.6 31.6 24.8 2.7. 22.8 211:..8 21.5 27.2 

-:Lysine Yield (kg/ha) 19.2 17.9 17.A, 14.0 16.5 16.8 17-

Oil (percent) 
 3.33 - 3.07 3.39 3.44 3029 33. 343 3.22 

Seed weight (gi/100 seeds) -2.83 2.45 2.90 2.84 2.81 2.66 2680 2.69 

Protein/seed (mig/seed). 3.91 3.27 3.65 3.79 3.21' 3'39 '3.36 3.72 
Height (cm) 180.7 -- 222.3 200.2 203.8 193.1- 185.9 ,214.i 

Days-to flower, 77.8 76.8 79.0 80.9 82. 78.7 .80.1 

igonal fertility.
 

- High fertility.
 



space for.geotypes, locations and ypars.
 

The estimates of the varip.ce components and their standard errors are 

presented in Table 14. The negative estimates 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 coiponent 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 percent of protein. 

The sum 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 flower.
 

The non-significant genotype-location component of variance estimates
 

for grain yield, protein yield, and lysine yield coulc 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 = 1.25 for 120,120 df is 

not significant) they did not reach this conclusion. Collins (1969) 

also reported that the genotype-location effect for sorghum yield was non

significant. I~atzinger (i963) presented data that showed non-significant 

genotype-location effects for yield in cotton, tobacco and soybeans. 

However, these yield data should be interpreted cautiously and may be 

an indication that the locations are not a random sample of locations 

but-a more ruhiform' subset than a random set.. 

http:varip.ce


Table 1.4. Estimte of variance COMponents and their standard error*(in parenthesis) for yiald. rti, yle oil. wedeigh:_ height anddays tol flower. 

- omoonent of Vriace
'rai~t 2- q 2 

a2 

Grain yield Ckg/ae) 

Protein ( cent) l.22** 

CO6Y(40) 

(0.33) 

5o* 

0.01 

(20) 

(0.04) . 

5 

0.19-* 

4.94-

(0.07) 0.30*, 

(20):. 

(0.8) 

13 

0.78 

(9) 

(0.06)" 
lrotein yield (kg/are) 

Lysine (2 protein) 

Lynle (Zsaple X 100) 

3.5**" 

0.017** 

2.s9** 

(0.60) 

(o.006) 

(0.81) 

1.40** 

0.005** 

0.25 

(0.30, 

(.002:, 

(0.27; 

-0.24 

.004* 

0.61 

(0.21) 

C.002)-, 

(0.42) 

1.45"* 

0.005 

2.51CC 

(0.32) 

(0.003) 

(054) 

1.99 

0.034 

4.081 

(0.16 

(0.002) 

(0.30) 
Lys-ne yield (kg/ha) 5.09* (1.90 2.SB*& (1. -0.02 (0.78) 4.87A, (1.15) 7.56 (0.61) 
Oil (percent) O.139** (0.036) 0.008-* ,(O.0Q) -0.002 (0.002) 0.023** '(0.004) 0.019 (0.001) 
Seed weight (g /100 seedsl 0.238** (0.062) 0.010* (0.005) 0.012* (0.005) 0.034* * (0.006) 0.036 •(0.003) 
Protein/seed (mg/seedl-

Reght (cm) 

0.672CC 

4280"* 

(0.180) 

(1078) 

0.050-* 

9 

(0.020) 

(14). 

0.044C* 

38* 

(001) 

(22) 

.06* 

1315* 

(0.020) 

(26) 

.13 

140: 

(0.00 

.) 
Days to flower 52.4** (14.5) 5.4C* (,.11 32.9** (2.6) - .0"* (0.9) 4.2 (0.3) 

SlgznfLcantly different from zero at the a.05 probabLllty level, determined by the F-test Lm the .analysis of va=ance.. 
• Significantly differe t from zero at the 0.01 probabilicy level, decermined by the F-cest i the analys of variance. 



The non-significant genotype-location and genotype-year 'interaction 

for ysine 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 relative size of'these components
 

play an important roll in 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-value by the standard error of the difference between 

two genotype means for various combinations of replications, years'and 

locations are presented in Table 1.5. Ostle (1963) cautions against 

the use of the LSD technique, for if enough treatments are compared, 

the probability is high that significant differences will be observed 

due to chance alone. The ISD is presented here only to ,showthe 



Table 1.5. ISD values for different combinations of replications, years, and-locations for theagronomic 
traits studied,' 

Numbers of 
Blocks 
Years 

1 
1 

2 
1 

2 
2 

2 
4 

2 
1 -2 

222
-4 8 

Location 1 I 2 1 8 .4 2 1 

YAeld (kg/axre) 45.8 26.6 22.8 21.1 23.5 19.0 16.5 15.6 

Protein (percent) 3.24 1.45 1.53 1.74 1.11 1.12 1.25 1.51 

Protein yield (kg/are) 6.22 4.02 3.224 2.78 3.70 2.84 2.29 1.96. 

Lysine (percent protein) 0.61 0.30 0.28 0.30 0.25 0.22 0.22 0. 25 

Lysine (percent of sample X 100) 7.72 3.51 3.54 3.80 2.74 2.60 2.73 3.11 
-Lysine yield (kg//) 10.95 6.16 5.25 4,74. 5.41 4.33 3.70 3.3. 

oil (percent) 0.63 0.35 0.31 0.28 0.30 0.25 0.21 0.20 

Seed weight (gm/l00 seeds) 0.85 0.45 0.43 0.46 o.37 0.33' 0.34 o.3 

Protein/seed (mg/seed) 1.62 0.90 o.84 o.88 0.78 .0671 o.66 o.75 

Height (cm) 50.6 23.5 24.3 27.0 17.8 17,8 19.3 22.8 

De Ts to floer 19.5 i.i 12.9 17.0 9.1 9i7 12.2 16.6 
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reduction in the variance of a genotype 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 LSD 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 LSD 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 LSD values but 

by a smaller magnitude. The substitution of years for locations did 

not appreciably change the TISD 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 a 2 to the varianco of a genotype mean and hence the LSD is kept at 

a minimum when the product of the number of years and the number of 

locations is kept at a ma.ximum value. 

The large error-variances and LSD 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 cm 

or more in height. This variance could be reduced by either employing 

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

latter would probably be less efficient than larger plots due to a large 

and .ig.if.c.nt interaction effect for height.geotype-year-location 



Also, in screen and breeding programs the plant breeder often does not 

have a ireliable height estimate. Variations in maturity may have also 

caused competition effects and increased the experimental error. 

The simple correlation coefficients of the genotype means across
 

environments between th. l agronomic traits investigated are presented
 

in Table 1.6. Since the genotypes represent a random sample of genotypes 

from the World Collection of'SOrghum, subject to the restriction of
 

excluding extremely low yielding genotypes, and weve 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. 

The negative correlation between grain yield and percent oil, an estimate
 

of"embryo size, and a positive correlation 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 correlated with percent oil. Lysine as a percent of protein 

"and percent protein were highly negatively correlated as has generally 

been recorded (Collins and Pickett, 1972). However, the more usefu! expression 

lysine as a percent of the sample, was highly significantly correlated 

with percent proteinmand protein per seed. 

The fact that protein per seed was positively correlated with percent 

proteiI and lysine as a percent of the sampleand not significantly 

correlated with grain yield indicates that increased protein per seed may 

be selected without a reduction in grain yield. The fact that both 

prcent oil and seed weight were positively 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 



Table 1.6.' Corelati6n coefficients between agronomic traits based on genotype means across two years and

ive 
 agctioinsa.
 

4~sine Lyrsine
(Percent (Percent
Grain Percent Protein 	 Protein
of 	 Days
of Lysine Percent
yield Protein Yield Protein) Sample) 	

Seed per Height to
Yield Oil Weight- Seed 
 Fl--er
'Grain yield 
 1.00 -0.28 0.87** -0.07 
 -O.42* 0.92 * -O.44* 0.28 -0.02 -0.06 o.14
 
Percent
Protein 
 1;00 0.22 
 -o.66** o.68** 
-0.02 o.44* 0.51** 0.70** 0.05-
 .565*

Protein yield 
 1.00 -0.42* 
 -0.09 0.93** 
-0.21 0.55** 0.33 -0.06 -0.14
 
Lysine (%of

protein) 


1.00 0.09 0.05 
 -0.35* -0.52** -0.53** o.16 0.614*
 
Lysine 	(%of 

sample) 
1.00 -0.05 
 0.27 0.21
Lysine yield 	 O.42* 0.24 -0.13
 

1.00 -0.36* 0.40* 
 0.15 0.01 0.09

Percent oil-


1.00 0.17 0.28 
 0.24 -o.43*

Seed weight 


1.00 0.73** 0.25 -0.41*

:Protein/seed. 


1.00 0.18 
 '-0.38*
 
Height 


1.00 0.29
 
Days to flower 


1.00
 

*- Significantly'different from zero at the 0.05 probability level.** Significantly different from zero at the 0.01 probability level. 



selection for percent protein via percent oil would tend to lower grain
 

yield whereas selection for greater protein content per .seed would tenld:
 

to incredse percent protein without reducing grain yield. Both seed
 

wcight and oil can be measured without destroying tlie seed,
 

The high positive correlation between days to flower and percent
 

lysine 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
 

to be small interactions between genotypes of similar magnitude rather
 

than'large changes in rank at different locations. Figures 1.1, 1.2, 1.3
 

and 1.4 show that therZe were no antagonistic interactions between the
 

best five and poorest five genotypes across'all locations for percent
 

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

This indicated that the poorest genotypes could be discarded'in a screen

ing program without serious losses of elite material.
 

Conclusions
 

Significant second order interactions existed for all the variables
 

studied in this investigation except lysine as a percent of protein.
 

In general, the first order interactions were generally of similar
 

magnitude and smaller than the second order interaction and experimental 

error. This allows the plant breeder to substitute locations for years 

dtho _%pREciab inf the pec~ted variance of a genotya ean. 

Yield was an exception to this trend with a larger genotype-year inter

action than genotype-location interaction. Lysine as a percent of the 
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Figure 1.4. 	 Genotype-location interaction of the five highest and fiv"e 
lowest genotypes for protein per seed. 



sample had non-significant first order interactions indicating locations 

could _readily-be- substituted-for years..in a testing program and the 

expected variance of the genotype mean was actually reduced by increasing 

the,number of locations. Correlations indicated that protein content 

could be improved by selecting for increased protein per seed without
 

reducing yield. Percent 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 positive correlation between
 

days to flower and percent lysine of protein and negative correlation 

between days to flower and percent protein indicated that selection
 

for these traits should be done within ut 5,S. 

These data indicate that selection dan be applied 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 tbpt final evaluations should be made in more than
 

one environment. The existence of relatively small first order inter

actions of nearly equal magnitude for percent protein, lysine as a
 

percent of protein, 3.ysine as a percent 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. 

oIENCEF ON THEsuppi mENTAL NITROGEN 

REIATIONSHIP BETFAEN TANNIN CONTENT AND 

IN VITRO DRY MATTER AND NITROGEN DISAPPEARANCE
 

IN SORGHUM BICOLOR (L.) MOENCH GRAIN 

Introduction
 

Tannin in sorghum grain has been shown to ad-%!ersely effect grain
 

utilization by rumi-.mt and monogastric animals. However, the tannin
 

does have a production advantage with regard to bird-resistance, inhibition
 

of pre-harvest seed germination, and weathering resistance. In vitro dry
 

matter disappearance (IVDMD) techniques were employed in this investiga

tion to determine their potential use as a screening device for improved
 

nutritive value by plant breeders. An in vitro system would be less
 

expensive, much faster, and require a smaller sample than conmonly used
 

in vivo screening techniques, The in vitro system was also used to
 

gain insight as to whether reduced feeding value of high tannin sorghum 

was due to inhibitionof bacterial growth or due to the reduction in 

digestibility of the plant protein presumably caused by the formation 

of a biologically unavailable tannin-protein complex. 

http:rumi-.mt


Review of Literature 

Tannins have long been recognized as a 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 tannin extract 

inhibited the activity of alpha amylase, esterase, and carboxylase.
 

enzymes.
 

Currently, tannin 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 (1944) and Glick and Joslyn (1970a)
 

showed that the addition of tannic acid at 1.0 to 8.0% of the ration
 

reduced the weight gains of rats. 
Ringrose and Morgan (1940) demonstrated
 

a 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 (2.01) of tannin resulted
 

in growth retardation similar in magnitude to that caused by feeding
 

equivalent levels of tannic 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 intake and 

reduced feed efficiency when the grain was fed to growing chicks. 

Rontango (.192), feeding diets with -suboptimal protein quantity to 

growing chicks' demonstrated that bird-resistant (high tannin)sorghum 



rcaultad in poorer weight gains and fed :onversions than normal sorghums 

-'(low tarin).' In the chick feeding investigations imentioned sabovep 

corn rations were superior to both the low tannin and high tannin 

sorghum rations with respect to weight gain and feed conversion. In
 

contrast, Stephenson, York, and Bragg (1967, 1968) showed no differences
 

in chick growth between high and low tannin sorghum varieties when
 

sorghum comprised not more than 60% of the ration. Damron, Prine, and
 

Harms (1968) found no differences between corn, high tannin sorghum,
 

and a low tannin sorghum diets when fed to growing chicks. In these
 

comparisons one-half of the corn in the ration was replaced with sorghum.
 

They also noted that feed intake for the high tannin sorghum diet was
 

greater than for the low tannin sorghum and corn diets although the feed
 

efficiency was less. Halloran and Maunder (1971).reported no differences
 

in acceptability by chicks between normal sorghum, brown sorghum (high 

'iannin), and corn, but poorer feed conversion was obberved for the brown
 

sorghum.
 

Chang and Fuller (1964) also noted .aslight depression in protein
 

digestibility of rations containin6 high tannin sorghum. Rostango
 

(1972) found that the amino acid availability of the sorghum hybrid 

.RS6lo (low tannin) was decreased when tannic acid was added to the ration 

of growing chicks. He also found that high tannin sorghum varieties had
 

approximately 66% lower "availability" of amino acids than low tannin 

sorghum varieties. Weight gain and feed efficiency of high and low tannin 

sorghum diets significantly improved when the essential amino acids were 

supplemented to the levels found in'coi, but supplementation did not
 

completely overcome the effect of the tannin.
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Nawar et ai. (19t0) showed significant variations in digestibility 

of dry matter and protein between varieties of sorghum grain fed to rats. 

Oswalt (personal communication, 1972) determined that most of the varieties, 

reported by Nawar et al. (1970), with low dry matter digestibility (DMD) 

and low protein digestibility also had high tannin content. DNID ranged 

from 48.9 to 76.8% compared to 88.10 for rations containing 200 casein. 

A two-fold difference was observed in available protein. Oswalt (1972) 

determined that the low levels of available protein were associated
 

with high levels of tannin in the grain. Glick and Joslyn (197ob) 

found that rats fed diets containing various plant tannins were found to 

excrete more fecal nitrogen than controls. They also concluded that 

proteins from enzymatic or other endogenous origins rather than dietary 

casein appeared to 6oxistitute a major pqrtion of the excreted nitrogen 

compounds. 

McGinty (1969) found differences in digestibility of sorghum 

varieties when fed to steers. High tannin varieties had lower dry matter 

and protein digestibilities than low tannin varieties. These differences
 

were attributed to the tannin found in the pericarp and testa of the
 

sorghum kernel. IV1M and in vivo DMD were highly correlated and of 

similar magnitudes for eight sorghum varieties. IVIZM ranged from 30 to 

67% and invivo DIM ranged from 50 to 71%. Stallcup and Davis (1962) 

conducted digestion trials for a high tannin hybrid, ARK 614, with steers. 

Both DMD and protein digestibility were lower than those associated 

with low tannin sorghums. 

Driedger and Hatfield (1972) found that lambs fed soybean meal 

treated with 10%Tara tannin had greater daily weight gains, feed 



efficiencies eid nitrogen balances than lambs fed soybean meal without 

tannin. The improved performance was attributed to an alteration of the 

amino acid pattern of the soybean meal reaching the absorptive site. The
 

tmnnin prevented degradation of the protein by the rumen microorganisms 

in the first stages of digestion.
 

The objectives of this experiment were to determine the potential
 

of the IVID technique to evaluate the biological value of sorghum
 

grain and to determine if high tannin sorghum grain has a poorer digesti

bility than low tannin sorghum due to toxic effects or due to the forma

tion of a non-digestible tannin-protein complex.
 

Materials and Methods
 

Samples. The samples of sorghum grain used in this investigation
 

were grown during 1970 at the Purdue University Agronomy Farm, Lafayette,
 

Indiana. The grain was dried in the panicle at a temperature between 43
 

and 600 C to about 10 to 12% moisture. The grain war 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
 

weight and should not be confused with percent tannin in the grain.
 

In Vitro Dry Matter Disappearance. IVD waoi determined by modifying
 

the two-stage technique for in vitro digestion of forage crops proposed
 

by Tilley and Terry (196.). The standard procedure was to add 20 ml of 

phosphte carbonate buffer (pH 6.8-7.0) and 5 l of straied e 

fluid to 250 mg of dry, u ifor,,ygroun grain, in aI100 Ml anerobi c 
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digestion tube. The tube was incubated at 39 C for 48 hours. 'The tubes
 

were swirled by hand three or four times during the interval to insure
 

that the bacteria acted upon all the material. At the end of 48 hours,
 

2 ml of 6 N HCl and 0.1 g of pepsin were added and incubated aerobically
 

at 390 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 1000 C and weighed. Percent IVD was determined 

by the following formula:
 

VDMD = 100 - 100 [(Residue - Rumen fluid blank)/Sample dry weight] 

The standard procedure for determining 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
 

and rumen fluid. This was accomplished by centrifugLg 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 390 C for
 

an additional 48 hours before the addition of pepsin.
 

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

the amount of nitrogen in the dry grain and the amount of nitrogen in 

the residue after incubation by the KJeldahl procedure (AQAC, 1960). 

Percent IVIMh was calculated in a manner analogous to percent IVDMD. 

Protein is reported as 6.25 times the percent hitrogen. 

Experimental Procedure. One experiment was conducted on two separate 

sets of material to study the influqnce of added nitrogen in the form of 

urea on the relationship between tannin content and IVDMD. :he first 



set -of 'material consisted of -24 'commercial, and experimental lines and 

hybrids. ,The second set of material consisted ,of,10.India Sorghum 

(m 4~i 610 Ao fromi %ho~.1,Colction of SOrTu9 (106, 805 

isOi8 1 .,I IS4l8, "s0616 :182288, 1S51 37, "1"125, is8165 and is8361), 
Redlan B, and the 10 hybrids between Redlan A and each IS line.. Dplicate 

determinations were made for tannin, expressed as catechin equivalents 

per 100 g dry grain, IVDMD without urea, and IVDMD with urea. Simple 

regressions and correlations for the mean values of tannin and for 

IVD1D were determined. 

The second experiment consisted of determining IVNL with and without 

urea for two low tannih lines (IS0062 and 30418), two high tannin 

lines (180616 and is8165), and their respective Redlan hybrids. Each 

determination was completed in duplicate. The data were analyzed consid

ering the eight genotypes as a fixed variable, the two levels of urea 

(0, 15 -mg):as a fixed variable and the' duplicates as an estimate of 

experimental error. The genotype source of variation was partitioned 

into entries (four IS lines) with three degrees of freedom, treatments 

(four. lines verses four hybrids) with one degree of freedom and entry 

by treatment interaction with ,three degrees of freedom. Differences 

between means were determined by using the Newman-Keuls' test (Steel 

and Torrie, 1960). 

A third experiment consisted of comparib the effect of two 

separate anaerobic incubations with only one aneerobic. incubation. 

Two levels of urea (0,15 amg) were used. The same genotypes used in 

experiment. two ere .used In this experiment. M e statistical analysis 

was the same as for experiment two ,except that IVDMD was determined in 
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more than one laboratory run (different days) and-runD were considered,
 

a,random variable.
 

A fourth experiment consisted of determinin IVNL after two
 

anaerobic incubations for one low tannin linet (IS0062) and:one high:
 

tannin line (is8165). 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 rather than filtered. 

Results and Discussion 

In the first::experiment tannin values ranged from 0.4 to 13.7 

catecAi equivalents. .CVDMD for the first set of material ranged from 

3to' 80% without urea and 78 to 96% with urea. In the second set of 

material tannin values ranged from 0.2 to.7.5 catechin equivalents. 

rmIvt iuitge& from 4. Lo 81% wihouL urea~ 'ud .78 to 95" with uret%.. M6e 

regression equations with IVDND as the dependent variable (Y) and tannin 

as the independent variable x)with their squared correlation coeffi

cients are presented in Figure 2.1. The differences in maximum IVDND 

with and without urea indicates that there is an insufficient amount 

of nitrogen present in"the grain for adequate bacterial growth necessary
 

for maximum dry matter disappearance. Scaid, Marten and Roth (1969) 

observed similar effects when urea. was added to corn grain. The differ

ences in the slope of'the lines with and without urea suggests that. 

tannin is not inhibiting microbial breakdown of the sorghum grain: • 

directly but rather :indirectly by reducing the amount of nitrogen' available 

for bacterial'growth and rapid substrate digestion. If tannin inhibited 

bacterial action, appreciaby, then no ,.increase in'IVDMD would be expected'., 

abyadding urea. e 
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The relationships between taniiin in the grain, IVNL, and IVDMD are 

shown in Tables 2.1 and 2.2. In all cases high tannin content was 

associated with low IVDI-W and IVNL. The difference between lines and 

hybrids is partially due to the increase in tannin for the two high 

tannin entries, but the difference in IVDMD and IVNL between IS0062 

and Redlan x IS10062 cannot be attributed to differences in tannin only. 

The differences may have been due to polyphenolyic compounds other than
 

those detected by the Vanillin-HCl method, possibly other pigments in the
 

pericarp. IS0062 has a colorless pericarp whereas its hybrid has a red
 

pigmented pericarp inherited from the Redlan pazent, also a low tannin
 

line. IS0418 has a red pigment in the pericarp and isnot different
 

from its hybrid in this respect. 

The reduction in IVNL due to increased levels of tannin partially 

explains the differences in IVD . Assuming the nitrogen in the grain 

to be in the form of protein and the differences in IVNL to be caused 

by differences in protein digestibility, part of the difference in IVDMD 

and possibly In viv0 dry matter digestibilit1y is actually due to 

differences in protein digestibility. Chang and Fuller (1964), McGinty
 

(1968) and Nawar et al. (1970) reported lower protein digestibilities in
 

high tannin sorghum than in low tannin sorghum for chicks, cattle and
 

rats, respectively. 

The effects of one versus two anaerobic incubations are presented in 

Tables 2.3 and 2,4. Urea appears to have no effect with two incubations 

and two incubations without urea gave IVDMD values equivalent to one 

-incubation with urea. The second addition of rumen fluid probably 

supplied sufficient .,nitrogen for bacterial growth and breakdown of 
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.
Table 2.'l.Analsis of variance for eight grain sorghum genotypes with

and without the addition of urea for IVDMD and IV L 

source of Variation df Mean Squares 

%IVDMD IVNL 

7 760.7** 461.5**Genotypes 

Entries 3 1616.7"* 863.9** 
*Treatments + 	 1 - 287,*4** 403.3 * 

3- 63,5** 	 78.6**Entries X Treatments 

4982.5** 259.9**Level of Urea 1 


Genotype X Urea 7 66.8** 49,3**
 

3.2 	 6.14.
Error 	 16 


* 	 Significant at 5%level of probability. 

Significant at 1% level of prwobability. 

+ 	 Lines versus NVbrids. 
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Table2.2, List of means of eight genotypes for tannin (catechin 
equivalents), percent protein, percent IVDMD, percent IVNL,

and percent non-digestible protein.
 

Tannin Percent 
Genotype (Catechin Percent Percent Non-Diges-

Equivalents) Piotein IMD* IVNL* tible 
Protein 

IS0062 0.29 . 13.78 89.la 91.8a 1. t3
 
IS0418 O.27 12.11 82.1b 86.5b i.6o
 
is8165 4.28 73.1c
11.26 75.1c 2.80
 
IS0616 5.93 14.20 57.4e 77.7c 
 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.Ob 87.8b 
 1.60
 
Redlan x IS0418 0.2P- 13.12 82.7b 86.5b 1.66 
Redlan x IS8165 6.34 10.30 60.2d 64.6d 3.65 
Redlan x S0616 7.46 13.81 52.8f 63.8d 5.00 

Mean of Hybrids

(Treatment 2) 13.58 12.58 6.94 75.7 2.98
 

With Urea 84.8 82.1
 

Without Urea 59.9 76.4
 

* Any two genotype means within a column not followed by the same 
letter differ at the 5% level of significance according to Newman-
Neuls' test (Steel and Torrie, 1960). 



l.3. Aalysis of.variance for the four IVD4D experiments.
 

Source of Variation- One in vitro Incubation Two in vitro Incubations
 

Without Urea With Urea Without Urea With Urea 
df Mean Square df Mean Square df Mean Square df Mean Square 

Genotypes 7 2246.0 * '7 567.5X* 7 85.6** 7 84.7* 

Entries~ 

Entries X Treatments 
1re
3 

4805.8** 
atments823.0** 

160.6** 

3 
1 
3" 

1253-5** 
159.7*1 
17.5 

3 

3 

197.1*" 
2.0 
4.3 

3. 
30 

181.3** 

Runs 4. 47.0* 3 51.8** 1 282.6** 1 237.1E* 

Genotypes x Runs 2829.6* 21. 18,o*-* 7 2.1* 715 

Error -01614 32 4.9 16 L.9 16 1.9 

*Significant at .9,%level. 

:* Significant at 1:%level. 

+ Hybrids versus lines. 

* Genotypes xxruns pooled with within runs for estimate of error term. 
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Table 2.4. Table of genotype means and standard errors for .tho fourIV~MD experiments. 

Percent IVDMD
 
Genotype Tannin I Incubation 2 Incubations
Content Without With Without With
 

Urea Urea Urea Urea
 

soo62 0.29 8O.7a 95.4a 94.Oa 95.6a
 
:so4i8 0.27 68.6b 92.8a 93.Oa 93.2a
 
is8165 4.28 55.4c 85.6b 88.lb 89.4b
 
=80616 5.93 46.0d 77.7c 83.3c 82.7d
 

Mean of Lines
 
(Treatment 1) 2.69 62.7 87.9 89.6 90.2
 

Redlan x IS0062 0.30 71.5b 92.9a 93.2a 93.7a
 
Redlan x =80418 0.22 69.3b 92.3a 93.8a 94.0a
 
Redlan X IS8165 6.34 43.0d 81.2bc 85.7c 86.9c
 
Redlan x 180616 7.46 41.3d 72.5d 83.9c 86.2c
 

Mean of hybrids

('-rcrtmnt 2) 3.58 56.3. 84 7 89.1 9o.2 

Grand Mean 5.4.5 86.3 89.4 90.2
 

Standard Deviation 5.44 4.24 1.4o 1.34 
SE Genotype Mean 1.72 1.50 0.70 0.67 
SE Treatment Mean 0.86 0.75 0.35 0.34 

* Any two genotype means within a column not followed by the same letter 
differ at the 5% level of significance according to the Newman-Keuls'
 
test (Steel and Torrie, 1960).
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dry maz.'Or. These results suggest that tannin does .not inhibit .the 

,:microbial breakdown of the grain directly but rather indirectly by 

reducing the amount of nitrogen available for bacterial growth. The
 

difference in IVDD with added urea, two, incubations, or added urea and 

two incubations between the high and low tannin grain was only seven
 

to eleven percentage units and indicates that the true digestibility 

between high and low tannin grain is small and affects digestibility 

by reducing nitrogen availability. It is also possible that tannin
 

directly inhibits bacterial action and the first incubation removed
 

the tannin allowing the bacteria added iv the second incubation to
 

operate normally.
 

The IVNL after two anaerobic incubations was 68.8% for IS0062 

and 54.8% for 18165. These IM 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.
 

This indicates there definitely was an insoluble and presumably an
 

undigestible protein fraction in the high tannin sorghum. This fraction
 

represented 2.8 to 5 percent of the dry weight.
 

Estimates from.varl us studies have indicated that the range of 

percent tannin in-high tannin sorghum grain is between 2.0 and 2.5%, 

(Chang and Fuller, 1964). Assuming tannin to be insoluble and non

digestible and to be complexed with the insoluble protein fraction,
 

nearly half the 7.4% difference in IVDMD between IS8165 and 180062 or
 

11.8% between 180616 and IS0418 (Table 2.4 average of last three columns)
 

can be accounted for by differences in tannin and non-digestible protein.
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This is, a reasonable assumption because the tannin (polymeric polyphenol) 

nd prti polypetd) are: most likely bound together to form an
 

unaivailable complex
 

Conclusions
 

The results of these investigations indicated that the in vitro
 

technique may be cuccessfully used in a screening and plant breeding
 

program 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 and 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 

factor or factors other than tannin estimated by the Vanillin-HCl method 

was causing differences 'in nutritive value.• 

The IVDMD technique did detect significant differences within high 

.tannin sorghum varieties, within low tannin sorghum varieties, and
 

between high and low tannin varieties. The IVDW)differences between
 

high and low tannin varieties positively correlate with monogastric
 

and ruminant in vivo results published in the literature. This alone
 

makes the IV3DM technique an important tool for selection in a plant 

breeding program, however, more investigations are needed to correlate 

in vitro results within the low tannin varieties or within the high 

tannin varieties to in vivo results. When the IV3ZJD technique is used 
to estimate the nutritive value of a grain' urea should be added to te 

.system. since it reduced the experimental error mean square nearly 75%., 
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.Tefindings from this investigation indicate that'differences in 

in vivo digestibility frequently reported between high and loi tannin 

sorghum may be accounted for in part by the non-digestibli tannin and 

the non-digestible protein fraction. Approximately 50% of the difference 

in IVDID between high tannin and low tannin sorghum grain was accounted 

for by differences in tannin content and insoluble protein. This 

alone could account for the reduction in feed efficiency frequently 

reported in feeding trials. This might also explain some of the 

controversy with regard to the feeding value of rations containing high 

and low levels of tannin. High tanin rations containing adequate 

protein, that is, enough to form a complex with the tannin and enough to 

meet the requirements of the animal, could produce animal gains equal 

to low tannin ration, but rations with the high tannin would be expected 

to, have, a lower feed effic-ency for the reason mentioned above. A. 

better ,understanding of the nature of the chemistry between tannin and 

non-digestible protein would help explain this phenomenon. The 

unaccountable difference in IVWM) could in fact be due to some toxic 

effect of the tannin. 
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SECTION III 

CPROTEIN ON TH NUTRITIVE VALUE 

OF HIGH AND LOW TAM1IN SORGHUM BICOLOR (L.) MOENCH 

GRAIN FOR THE GROWING RAT 

Introduction 

Tannins from many sources have been recognized for a long period 

of time to adversely influence the biological value of a diet. More 

recently ithas been shown that the lower nutritive value is associated, 

at least inpart, with lower protein digestibility. 

Chang and Fuller (1964) showed that sorghum with a high tannin 

content ,causedgrowth retardation in chickens similar in magnitude to 

that caused by equivalent levels of tannic acid. They also demonstrated 

:lhat the growth retardation occurred in direct proportion to the level 

of tsm~in in the diet. A slight reduction in protein digestibility 

was also observed in diets containing high levels of tannin. Vohra, 

K atzer and Joslyn (1966) concluded that tannin in the diet reduced 

feed intake and nitrogen retention in growing chicks. Connor et al. 

(1969) observed depressed feed intake and reduced feed efficiency when 

high tannin sorghum grain was fed to chicks." 

Glick and Joslyn (l19'0a) demonstrated that the depression ingrowth 

rate of rats fed diets containing tannin was due to other factors in

addition tolreduced feed intake. Glick and'Joslyn (1970b) concluded 

that,endogenous protein rather than dietary protein was the .mor 
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source of increased feial nitrogen, of rats fed tam,ins. Tamir and. 

t(1970) explained that increaed fecal nitrogen, from growing 

rats fed diets that included tannin from carobs, was due to nonspecific
 

binding of protein with tannins.
 

Tamir and Alumot (1969) showed that digestive enzymes were denatured 

due to a nonspecific protein-tannin binding and that the enzyme activity 

could be restored in some cases with the addition of polyvinyl pyrrolidone 

which replaced the protein in the binding with tannin. Schaffert (1972, 

section II of this thesis) showed that the reduced dry matter disappear

ance from in vitro incubation of high tannin sorghum grain, when comrn wed 

to that from low tannin sorghum grain, was partially due to decreased 

nitrogen utilization associated with a non-digestible protein-tannin
 

complex.
 

McGinty (1968) observed reduced day matter digestibility (DND) 

when high tannin sorghum was fed to steers compared to DID)of low tannin
 

sorghum. The protein digestibilities of the high tannin sorghum were
 

approximately half those of low tannin sorghum grain. 
He also showed 

.that in vitro dry matter disappearance and in vitro gas production were
 

highly correiated-with in vivo digestibility in steers.
 

The objectives .of this experiment were: (I) to determine if 

protein supplementation should be used in evaluating the biological 

value. of sorghum grain, (2) to determine if protein supplementation 

would give similar results for sorghum with high and low tannin, and 

(3) to determine if piotein supplementation-would give similar results 

in sorghum samples with different-lels of'protein. 
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Materials and Methods 

The solutions to 'theseobjectives were sought by feeajng tour 

levels 'of protein supplementation, with low and high tannin sorghum 

grain each with a low and high level of protein in the grain to weanling 

rats. 

Rat feeding, Male weanling rats. ranging in weight from 45 to 65 g 

and averaging 56 g were divided into groups of six Iand placed into 

individual cages. The experimental diets were fed to each group of 

rats for 13 days. Feed consumption was determined for,each group of 

rats at the end of tbq feeding trial. Feed spilled by the rat was 

returned to the feeder each day. The weight gain of each rat was 

determined, but the avrag!e weight gain yer six rats was used in the 

analrsis. iTotein efficiency ratios (,,. grams or gain per gram of 

protein consumed) and feed efficiency ratios (FER, grams of feed consumed 

per gram of gain)' were calculated. 

Diets., Each 100 g " the basal diet,.conslsted of 79 g of grain 

2 2g of vitain mi, 

starch. The starch was replaced with 5, 10, and 15 g of soybean meal 

(53.25%.protein) to give four levels (0, 5, 10, ,nd 15 g) of protein 

were 

sorghum$ 4g of mineral pn. and 15 g of corn 

supplementation. Four different grain sorghum genotypes used; 

IS2549 (low tannin, low protein), IS062 (low tannin, thigh protein), 

IS6992 (high tannin, low protein) and 18121O (high tannin, high protein).' 

1 Rat feeding trials were conducted by Shuman Chemical Laboratory, 
Battle Ground, indiana.,
 

lHawk-Oser saltoImixture nuiner iOweeq W.-. I DJ.U-I.
 

Cleveland, Ohio.
 

3Vitamin supplements, General Diocheic~als, -Chigrin.yAS, OO: 



The crude protein levels of the sorghum grain, soybean meal and 

mixed. rations were. determined by multiplying 6 25 times the percent 

nitrogen determined by the micro-Kjeldahl technique. The amino acid 

content of. the grain samples and the soybean meal were determined with 

an automatic Beckman Model-120C ion-exchange resin'chromatography amino 

acid aualyzer. The protein and essential amino acids required for rat 

growth taken from Mertz (1969) and those provided in each diet are 

presented in Table 3.1. 

Experimental Design. Due to a limitation in the number of rat 

feeding units only eight of the sixteen treatment combinations could 

be fed at one time. Edch eight treatments fed at the same time consti

tuted a laboratory run. In order to minimize the loss of information, 

hlii experimueaL wau uunwiderid &tu u 24'uwid.du uuLu,'i.d Wellu
 

confounded with the third order interaction of the pseudofactorial,
 

actually the second order interaction of the 2 X P x 4 factorial. The 

factors considered were two grain protein levels, two grain tannin 

levels, and four soybean meal protein levels which were considered as 

two pseudofactors (soybean meal at zero and five percent of the ration, 

and soybean meal 4.s zero and ten percent of the ration to give the four 

levels of soybean meal supplementation). The method of confounding and 

analysis of variance described by Cochran and Cox (1957) was used. 7his 

procedure gave full information on all the main effects and first order 

interactions and two-thirds information on the sevond order interaction. 

The entire experiment was conducted in two replications. Tafnin in): 

the grain, protein in:the grain and supplemental. protein, were all 



Tabl. 3.1 Protein and essenial imnio acid rrequtremets of the rac and protein and esencLt amlo acid provided by each ration ex -. sed. a percent. 
of dqyfeed. 

Low Tannin fItih Tannin 
cpomtf Raion I 1S2549So7beAn MeaL 

IS0062
Sbean .ealZ 

K56992 
Soybean 'eel 

1S1210 
Z Soybean Mea. 

Senliog 
#At Requt

, t is 0 10 L5 0 5 10 IS 0 - 10to is-

Protein 8.06 10.21 13.10 17.48 10.53 13.39 15.78 1S.71 7.46 10.30 12.SS 15.50 8.46 U.50 14.30 1,.30 16.0 

Arginine 0.29 0.55 0.77 0.98 0.43 0.65 0.86 L.08 0.35 0.57 0.78 1.00 0.34 0.56 0.78 0.99 0.2 

Efat.dln 0.16 0.23 0".30 0.38 0.19 0.26 0.33 2.40 0.16 0.24 0.31 0.38 0.20 0.27 0.34 0.L 0.4.. 

xsoleuclme 0.33 0.46 0.58 0.71 0.39 0.51 0.64 .2.76 0.29 0.41- 0.53 0.66 0.33 0.45 0.57 0.70 0.5 

Loucime -:-1.16 1.37 1.57 1.78 1.43 1.53 I.8. Z.C5 0.94 .1S 1.36 1.57 1.16 1.37 1.57 2.78 .O 

LyzeiL0.19 0.36 (.52 La.69 0.24 0.40 0.57 '4.73 0.18 0.34 0.50 0.67 0.17 0.33 0.50 0.66 .1..0 

jlethioninea plug 
Cyscin** . 0.14 0.21 0.28. Q.35 0.24 0.31 0.38 11.49 0.22 0.28 0.32 0.42 0.26 0.33 0.40, 0.46 0.6 

lhenylalmmine
Tyrosine 

plus 
0.76 1.02 1.28 1.53 0.95 1.21 1.47 z.7'2 0.64 0.90 1.16 1.42 0.3 1.09 L35 1.61 0.9 

Tbreonle 0.35 0.4S 0.55 0.66 0.33 0.4.3 0.53 0.64 0.23 0.33 0.43 0.53 0.25 0.35 0.45 0.56. 0.5 

Telle 0.43 0.56 0.70 0.83 0.55 0.68 0.81. U.94 0.36 0.50 0.63 0.76 -0.41 0.54 0.67 0.81 0.4 

TCyptaphane Vas not mee.ur. due to breakdown du ng hydrolysis. 

VAeIhbioni plus cstine yora undereaeImated In the amino acid analysis due t. ao=e lose during hydrolysis. 

+ M=z 4562)o 
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considered as fixed effects. Interaction sources of variation were 

pooled with the experimental error mean square to make tests of signifi

cance when they were not significant at the 0.25 probability of a Type 

error. Differences between means were tested at the 0.05 probability of 

a Type I error-with the Newman-Keuls' test (Steel and Torrie, 1960). 

Results and Discussion
 

The analysis of variance for weight gain, FER, PER and feed
 

consumed are presented in Table 3.A. The effect of tannin and the
 

effect of soybean meal supplementation were significant for all four
 

variables.
 

The effects of tannin, grain protein, and soybean meal supplementatioa 

on weight gains are illustrated in Figure 3.1. The low tannin genotypes 
had ... Wo. grW" t to Zc" £ and t pcrccnt 

soybean meal supplementation than the high tannin 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 and low tannin genotypes at this level of 

soybean supplementation, however, the data in Table 3.1 indicate that 

lysine was still limiting when the diet was supplemented with 15% 

soybean meal. Weight gains were significantly different for all levels 

of protein supplementation. The lack of any interactions indicated 

that weanling rats fed rations with zero, five or ten percent soybean 

meal can be used to evaluate the biological value )f the sorghum and 

still detect differences between high and low tannin genotypes. The 

coefficients of variation of weight gain for each oup of six trats shbwn 

in Table ,33 wei reduced 33 to 77% by the additionz of five percent soybean 

meal.
 



Table 3.2 , Analysis of variances for weight gain, feed efficiency ratio 
(FER), protein efficiency ratio (PER), and feed consumed on 
the average of six rats for 13 days. 

Mean Squares' 
Source of, Variation 

Replications 


Tannin (T) 


Grain Protein (G) 


Soybean Pretein (s) 


: x G 
TX,63 

GX S,, 

G ^I--2 

R + 

TXGXO 


Error 


rror 

Standard Error 


.. 
, ..... Weight .ER 

Gain 

1 99.9* 

1 419.0** 

1 15.0 

3 . 333".3.( 

16.2 

17.7 

3 0.8 

2.3• 

2" 790i7* 

14 26.1 

0Pooled192 

4.1 

FE 


13.6 

929.9(* 


1.0 

1586,0** 

2.5.06 

696,7** 

b 

. 

-48.3 

52.3 


37.4 


6.1. 


tSignificant at the0.05 level o abty. 

**'Significant at,the 0.01 level of probability. 

Ittmn were confounded with T x G X S. 

T+ER 
-onsumed 

Feed 

0.03 

1.20* 

1. 52** 

2.94** 

382.9* 

625.7** 

-8559 

386 2,* 

0.12 

0.04 

0.02 

0.10 

0.05 

0.71 

7.6 

61.9 

.19.7 

61.9 

77,6 

60.8 

7.8 
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PERCENT SOYBEANFigure 3 .. Average weight gain per rat for 13 days. 
MEAL 

(low tannin, high protein), = 1s6992 
a = IS2549 (low tannin, low protein), b-= IS0062a (high tannin, low protein), and d 
= IS1210 .(hightannin, high protein).
 



Tble 3.3. p percentages of rat weight gE o 
the sorghum genotypes at ai level'of protein suppi.enc ..ation. 

Percent Soybean Sorghum Genotypes
 
Moal in Ration I80062 I'32549 is 2J.o IS6992
 

0 67.6 6o.1 149.4 273.6 

, 4'.4 24.5 49.7 61.8 

10 4.4 18.31 47.8 32.9 

3545.4 27.0 41.8 54.6 

The differences in feed efficiency between the high and low tannin 

genotypes shown .i g.re 3 2 we're signifi'cant only for the non

supplemented ration. The non-supplemented ration had significantly
 

poorer feed efficiency than the three supplemented rations which were
 

not significantly different from each other. The significant tannin

supplementation interaction was due to the difference in slope for the
 

high and low tannin genotypes between the zero and five percent protein
 

supplementation. The results of Tamir and Alumot (1970) indicated that 

the differences in feed efficiency were caused by reduced protein 

digestibility in the high tannin sorghum. 

There were no significant differences at the .05 level of significance 

between the high and low tannin sorghums, for PER shown in Figure 3.3, btut 

the difference was significant at the 0.15 level of probability for the 

non-supplemented ration and the differences were significant at the 0.20 
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Figure 3.2 Feed efficiency ratios for rats fed 13 days. 
a = 
IS2549 (low tannin, low protein), b =1S0062 (low tannin, high protein), c = is6992 (high tannin, low protein), and d = IS1210(high tannin, high protein).
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igUre :3.3 Protein efficiency ratios for rats fed 13 days. a IS2549 (low tannin, low protein),

b'= iS0062 (low tannin, high protein), c = IS6992-(high tannin, low protein), and d= 
ISi210 (high tannin, high protein). 
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Figure 3.j4. Grams of feed: consumed by six rats in 13 days. a = 182549 (low tannin, low protein), bIS0062 (low te-nnin, high protein), c = 1s6992 (high tannin, low protein):, and: d= Is1210
(high tannin, high protein). 



level of probability for the five' and ten percent supplementation. 

The rations with ten and fifteen percent soybean meal had significantly 

higher PER than the non-supplemented ration. There were no significant 

interactions for the PER values. 

The significant effect of both grain tannin and grain protein in 

-the analysis of variance for feed consumption was due-to only one of the 

high tannin genotypes, IS1210, shown in Figure 3.4. The amino acid 

composition of this genotype was not appreciably different from the 

other genotypcs. Later examination of this genotype revealed that it 

has a waxy endosperm, that is, the amylose had been replaced with amylo

pectin. This may have been the factor that caused increased feed 

consumption, and may have influenced the feed efficiency and protein
 

efficiency ratio, but was not associated with increased weight gain.
 

The other high tannin surghum was intermediate in feed consumption. This
 

indicated that the difference in performance between the high and low
 

tannin sorghum was due to factors other than feed intake.
 

Conclusions
 

These data indicate that in general high tannin sorghum grain had
 

poorer weight gains, poorer, feed efficiency and lower PER values. 

There 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 amylopectin waxy endosperm. 

The lack of antagon3stic interactions with supplemental protein for 

weight gain, feed efficiency, PER values, and feed consumption
 

indicate that prztein from soybean meal, can be: supplemented in ..
 



biological evaluation program without changing the relative performance 

of different sorghum genotypes. The coefficients or variation 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 101% 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 efficiency 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 

intermediate levels of soybean meal supplementation. In final summary, 

the biological evaluation of sorghum grain would be of the greatest 

value at intermediate levela o''proLein .upplementation,- althoun .ne 

introduction of amino acids from the soybean meal might complicate the 

evaluation in some sorghum lines. 
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