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'C~omparison of Chromic Oxide and Conventional 
.Methods in Digestion Trials Using Steers Fed 
PeUeted Rations " 

.' 

By P. A. PUTNAM, research animal husbandman, Animal Husbandry Research 
Division; "C. J ..ELAM, formerly research animal husba11,dtllan, Animal Hus
bar,ilry Research Division; and D. EVERSON, formerlyallalytical siaiislici.an, 

. Ciomein'cServices, AgriC'lJltural Research Service 

Little information is available concerning the variability and re
liability of digestion coefficients determined by use of the chromic 
oxide (Or203) methOd when cattle are fed pelleted, complete rations 
containing Or203' 

Reports by Bradley and others (8) 1 and by Elam and others (5) 
indicate that a time-concentration variation can be expected in the 
fecal pattern of Or203 excretion even though the indicil-tor was mixed 
with the entire ration. Although variations have beim noted in the 
.recovery of Or203 from feces (7) most of the reports indicate nearly 
100 percent recovery of this indicator. Difficulties in obtaining com
plete recovery would be reflected in the digestion coefficients calcu
lated by use of the indicator. 

The purpose of this report is to compare the variation in digestion 
coefficients determined by the Or203 "grab" sllmpling method, the 
Or203 total-collection aliquots lll,ethod, and the conventional total
collection method using beef cattle fed widely differing types of pel
let.ed rations containing Or203' 

EXPERIMENTAL PROCEDURE 
When possible, about 0.5 percent of chromic oxide was incorporated 

in all rations during routine digestion studies with steers during the 
period of 1957 through 1961. DW'ing these studies the plane of nutri
tion varied from less thnn maintenance to nearly two times main
tenance. Rations contained 22 to 89 percent roughage and zero to 
30 percent molasses. One ration contained 34 percent sugarcane 
bagasse pith (table 1). This feed was pelle ted in sizes ranging from 
three-eighths to five-eighths of an inch in diameter. Sixty-Iour diges
tion trials were conducted on 24 nnimals, and results of the total-col
lection nnd the chromic oxide methods were directly compnred. 

Because of the variety of rations fed and number of animals studied, 
it was felt tbat a useful estimate of the variation in digestion coeffi
cients determined by use of the chromic oxide method could be ob
tained. Fecal"grab" samples weighing 250 grn.ms were t.aken about 
9 a.m.nnd 3 p.m. The samples were composited on an equal wet

1 Italic numbers in parentheses refer to Literature Cited, p. 7. 
1 
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TABLE I.-Oomposition oj 'rations and approximate plane oj nutrition 

Ration number 
Feedstuff ; 

11 21 11 41 48 49 50 51 62 741 83 

I 
~ ---------1---1----1---1----1----1--+--,---,----,----,----,----

Linseed meaL ________________________ percent 14. 8 8. 9 __ _ _ __ 4.5 ___ __ _ _ __ ___ __ ___ _ _ __ __ _ __ __ _ _ 10. 0 _____ _ td 

Cottonseed meaL _______________________ do__________________ 14. 7 4.5 16. i 15.9 15.6 15.0 _________________ _ 
Soybcan mcaL __________________________do_________________________________________ . ____________ 19.0 ______ 16.0 
Alfalfa hay _____________________________ do____ 81. 5 48.8 ______ 44.5 ______ ______ ______ ______ ______ ______ 22.0 
Orchardgrass hay________________________do__________________ 24.5 44.5 ______________________________ 60.0 _____ _ 
Timothy hay ___________________________do______________________________ 60.35\1.7 58.556.0 _________________ _ 

....Bagasse ~ith----------------------------do---- ________________________________ ' __________________ 33.9 ___________ _ 
~COrtllnea and cobmcnL __________________ do__________________ 49.0 __________________________________,__ ______ ______ .... 

Corn___________________________________do____ ______ 40.1 ____________ 22.1 21.9 21. 4 20.5 30.9 ______ ______ ~t.2 

~~l~~s===============================~~==== __ ~._~_____:._:_ --9'-S- ====== ====== ====== ====== ====== -i4'-2- -30.-0- __ ~~._~ ~ Snlt_______________ .. ___________________ do____ ______ ________ 1. 0 1.0 1.0 2.0 4.0 8.0 1. 0 ______ 1. 0 rn 
Bonemenl: _____________________________ do____ ______ ________ 1. 0 1.0 .5 .5 .5 .5 1. 0 ------ ------ l:' 
Soybean OIL ____________________________ do____ ______ ________ ______ ______ ______ ______ ______ ______ ______ ______ 4. 0 t,>j 

----I 1----'----,----,----,----,----,----,----,----
Approximate planc of nutrition (x maintc- ~ 

nancc) ________________________________ _ 
1 IH-2 1}~ 1 1}~ I 1}~ 1~ 1}~ % 17~ 1~ ~ 

1 Salt and boncmeal offcrcd ad libitum. 

i 
~ := 
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weight basis during the lO-day total-collection periods. ,During four 
digestion trials, chromic oxide values were determined from . daily 
total-c?llection and "grab" ~ampl~ as well as from composite total
collectIOn samples. ChromIC mode values for 5-day and IO-day 
total-collection composites were determined in nearly. all trials. The 
5-day, 9 a.m. and. 3 p.m. "grab" sampling mJ~thod was selectedbecaUS0 
it was not only convenient but also because preVious observat.ions showed 
a significant time-concentration variation of Cr20a e~cretion when 
animals were fed chromic oxide in a mi.-,:ed and pelleted ration (5). 

Most.of the trials were conducted at or slightly ~bove maintenance 
feeding levels, but in the studies involving plane. of nutrition, tbe animals 
were essentially on an ad libitum regimen. The latter condition 
might be considered as being nearly comparable to that existing in '8. 
fee<Uot. With the exception of studies with the bagasse ration, all 
total collections were for IO-day periods followin~ 8. I-week period in 
which animals became adjusted to the crates. .tlecause of a limited 
supply of feed, the bagasse ration was offered during a preliminary 
period of 5 days before a standard IO-nay collection period. 

All fecal samples were placed on aluminum pans and dried in a fo~ce
draft oven for 24 hours at 70° C. The dried sanlples were then 
ground in a Wiley 2 mill., Moisture analyses were made by use of a 
vacuum oven according to tpe recommended A.O.A.C. method. The 
method of Christian and Coup (4) was used for the Cr20a analyses. 

RESULTS AND DISCUSSION 
Since these studies were conducted on different animals, in different 

years and seasons, and with grossly different types and amounts of 
feed, the data are not altogether suitable for a routine statistical 
analysis. These experimental divergencies, however, tend to give the 
data wider application than they normally would. For these reasons 
t.he raw data obtained in the study are in the appendix tables. 

Digestion coefficients determined by the IO-day total-collection 
method first 5-<i(ay "~ab" and second 5-day "grab" methods and 
total-cohection CT20a (recovery) techniques are available for 60 trials. 
Several interpretations may be applied to the data. Differences in 
the digestion coefficients obtained by use of the standard total-collec
tion method and the Or,Oa method using the total-collection aliquot 
represent incomplete recovery of Cr20 a or of fecal dry matter, or 
possibly an inaccurate estimate of Cr20a intake per unit of material 
consumed. Agreement among digestion coefficients suggests either 
accurate values or balancing errors.' ' 

'£he two5-day "grab" Cr20 a values may be evaluated according 
to the total-collection values, to the total-collection Cr20a values, and 
with each other. If in agreement with the tota:l-collection values, the 
5-day !'grab" values may be c'onsidered adequate. If they agree 
with the total-collection Cr20a values, it may be assumed the grabbing 
procedure accurately estimated mean fecal Cr2Qa concentration. Oom

2 Trade names are used in this publication solely for the purpose of providing 
specific information. Mention of a trade name does not constitute a guarantee 
or warranty of the product by the U.S. Department of Agriculture or an endorse
ment by the Pepartment over other products not mentioned. 
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pared with each other, the values may indicate the presence or ab
sence of 5-day trends in digestibility. 

OorrelatiUn coefficients for digestion values determined by use of 
the chromic oxide and the standard total-collection methods are 
shown in the tabulation that f()llows. The digestion co.efficients from 
which these correlntions were calculated are in appendix table 4. 

r value 
Method comparison: I one anim:li XIX2__________________________________________________ 2 0.35 

XIX3 _____________________________ - ___________ - ________ 3.69 
XIX~__ _________ __ _ _ __ _______ __ ____ __ ___________ _ _____ _ 3 .40 
X2X3 __________________________________• _______________ 3.67 
X2X'_______________________.-------- __________________ 3.53 
X3Xt __________________________________________________ 3.4.4 

I XI=First 5-day Cr203 "grab" sampling methl)d; 
X3= Second 5-day CriOJ "grab" sampling method; 
X3 =.1 O-day total-collection Qr20J method; 
x,= Standard 10-day total-collection method. 

2 Indicates statistical significance at P<0.05. 
3 Indicates statistical signiticance at P<O.Ol. 

There were significant (P<O.05) correlatiolls among all :'methods 
compared. However, the r values were lower than had been antici
pated. The rather narrow range in digestion coefficients is probably 
the reason for the low r values. This suggests that the 01'20 3 method 
would not be sensitive enough for detecting small differences in diges
tion coefficients. The analysis of variance indicated differences in 
mean digestion coefficients between methods. Duncan's testindi
cated that the total.collection value was significantly higher (P<O.Ol) 
than either of the 5-day 01'20 3 "grubl1 values and significantly higher 
(P<O.05) than the total-collection 01'203 value. The mean digestion 
coefficients determined by chromic oxide and total-collectioll tech
niques follow. 

III ean digestion 
Method: coefficients I 

I?irst 5-day C1' 03 "grab" _. _____________________________ 60.9: 
2 

Second 5-day Cr203 "grab" _______________-------------- 61.0:b 

10-d:\y total-coliection-Cr 03___________________________ 61. 5~b
210-day total-collection __________________________________ 62. 3~ 

I Values with unlike superscripts arc significantly ditferent at the 5
percent le.veland values with unlike subscripts are significantly different 
at the 1-percent level of probability. Each value represents un average 
for 60 observations. 

These comparisons among methods involve differences of around 
one digestion unit and, though some of the differences Wel'e statistically 
significant, in practice such vnriations would be acceptable. Further
more, the total-collection method employed in these studies involved 
the use ctfmetabolism crates equipped with grates through which 
urine was collected. In some of the earlier trials, an observable but 
unme!lsured amount of feces was washed into the urine containers. 
Under such conditions, total-collection digestion coefficients would be 
biased upwards an unknown amount. Thus, the correct digestion 
coefficient is nearer the coefficient determined by the 01'20 3 "grab" 
method than the mw datn. indicate. It is the contention of the 
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au~horsthat in these studies the 01'203 total-collection digestion 
coefficients are as nearly accurate as the conventional total-collection 
coefficients. There would, however, be no advantage to conducting 
10-day total ccUec;tions a.nd using the 01'203 ra.tio for estimating the 
digestion coefficients. The 5-day "grab" sampling method would 
appear to be a suituble alternative because the digestion coefficients 
are comparable, and the method l'equiresless work and equipment. 

Some general obsen:ations concerning appendix table 4 merit 
attention. Note the digestion coefficients for animal No. 1 when 
fed 1'll.tion No. 62. '1'he 01'20 3 "grab" aud 01'203 total-collection vulues 
ugree with each otlier for this arumal and ration, but the total-collec
ti9n value is nearly 6 v,nits higher. The feces from this animal was 
very liquid (9.2 percent uir,dry :matter), and fecal dry-matter losses 
occurred as u result of e~tensive spattering during each defecation. 
The coefficients calculated by the 01.'20 8 method ,are believed to be 
.more nccurllte thnn those calculntedby the convQntiollal method. 
Oumrersely, the coefficients for ration 1-1 3 are consistently higher 
when the 01'20 3 methods are used. This was ono of the earHer 
(chronologically) trials, and itiUustrates the importance of nn aCCUl'ate 
feed-Or203 value. l'he feed-Or20 a value is suspected of heing inac
curate because the 01'203 rcslllts were uniform apd tb,e. 01'20 3 concen
tl:ation in the feed was the common value used in culcuintions. 'rhese 
two observations ilhistrate the importance of nc~urate sampling 
techniques for determining the 01'20 3value of the feed and the ndapta
biHty of the Or203111ethod to conditions that ate unfnvoruble for tutal
collection procedures. 

Daily estimates of dry-:.tl1o.tter digestibility, using the Or~Oz "grab)' 
sampling and total-collection methods, were uvnilable from 28 diges
tion trinls. Twenty different animals WCl'e used in these studies. 
Variances were calculated for one group of eight animals and three 
groups of four animals (the group of eight animals was used in two 
experiments). The varinnces nnd the efficiency values of the estimates 
are expressed as ratios of the varinnces in tnble 2. 

Methods were alsQ compm'ed by calculating the number of collec
tion days required to have a standard error of 1.0 for the estimated 
digestion coefficients (ta.ble 3). Both compnrisons indicnte that daily 
estimates of digestibility ure less variable whfJn the 01'20 3 "grab" 
method is used (tnbles 2 and 3). The average variance for the daily 
total-collection method. was 6.95 times the average variance for values 
determined by the chromic oxide ratio method (table 2). When ex
pressed as the number 0,( collection days necessary for a Sx of 1.0, 
4;9 collection days were necessary with the 01'203 "grab" method and 
25.4 days with the total-collection method (table 3). 

The statistical results und observntion of individual coefficients 
lead to the conclusion that there is less duy-to-day variation in diges
tion coefficients when the Or20a method .1S used than when the con
ventional-collection method is used (appendix tnble 5). This appears 
to be true whether the 01'203" grnb" or Or20a total-collection methods 
are used (appendix tnble 5J l'ntions 62 nnd 74). Therefore, if the 

3 :For numerals sepl\mtcd hy n dush, the lIumernl on left; is the ration number; 
the one On right is the trial numuer. 
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variatio.ns fro.m total-co.llectio.n values described above and in appendix 
table 5 are ac~eptable, a 2-to 5...day Cr20 3 "grab" sampling metho.d 
would appear to be equal to. a 10-day total-co.llectio.n method. 

TABLE 2.-Variances jar dry-matter digestion coefficients determined by 
the chromic oxide. /1 grab" and total-collection methods jar steers on 
variom rations 

Rations 

Variance Method 


62. and 74 2-;2 I 2-3 1 41 

8'____________ Cr,03 "grab"(·) __________ 2. 5~ \ 5. 71 9.23 2. 23
Total collection (b) _______ 14.95 34. 54 21. 86 30.05
Degrees of freedom ______ 54 54 54 21 
sJ(b)js2(')________________ 5. 92 6.04 2.37 13.'48 

I For numerals that are separated by a dash, the numeral on left is the ration 
number; the one on right is the trial number. 

TABLE 3.-&timated number oj days fecal collections are nece8saryto 
obtain a standard error oj 1.0 

.Rations 
Method Average 

62 and 74 2-21 2-3 1 41 

Days Days DaYB Days DaysCr 03 "grab" _____________
J 2. 5 5. 7 9. 2 2.0 4.9

Total eollection ______._____ 15.0 34.6 21. 9 30.0 25.4 

I For .numerals separated by a dash, the numeral on left is the ration number; 
the one on right is the trial number. 

However, it should be emphasized that these data apply to restricted 
experimental conditio.ns in which all the animals were fed chromic 
oxide in a complete, ground, mixed, and pelleted ration. Further
more, and in regard to appendix table 5, the steers fed ratio.ns 2-2, 
2-3, and 41 were o.ffered.all the feed they would consume. A greater 
daily variatio.n in fecal productio.n would be expected under t.hese 
conditio.ns than when the animals were fed at nearly maintenance 
levels, as is frequently done in metabo.lism crates. Tn additio.n, 
indicator metho.ds minimize the large end-perio.d erro.r asso.ciated with 
sho.rt-term to.tal-fecal co.llectio.ns (1, 2-). 

The small variatio.n between daily coefficients o.btained thro.ugh use 
o.f the 01'20 3 "grab" metho.d in these trials is similar to. the variatio.n 
repo.rtcd by A..xelsso.n and Kivimae (1) and Elam and o.thers (6) who. 
used the 01'20 3 total-collectio.n metho.d with sheep. The use·o.f sho.rt
tenn to.tal co.llectio.ns and o.f 01'20 3 ratio.s to calculate digestio.n co.
efficients as suqgested by these wo.rkers would also. appear to. be a 
suitable metho.a with cattle. 

http:co.llectio.ns
http:co.llectio.ns
http:metho.ds
http:conditio.ns
http:ratio.ns
http:conditio.ns
http:variatio.ns
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The use of the 5-day Or203 It grab" sampling method as described 
in this report .issatisfactory in feedin,g trials and experiments in which 
the determination of digestion coeffiClentssupplements other measure
ment criteria. Under feedlot conditions, animals should not be 
allowed to CQnsume bedding material. Digestion cQefficients can be 
expressed on an ash-free basis to circumvent errors that are attributable 
to consumption of soil in unpaved lots. 

SUMMARY 
SixtY7four digestion tl'ials, involving 24 steers fed 11 pelleted rations 

at various planl*! of nutrition, were conducted by the direct (total
collection) and the indirect (Or203) methods. 

The digestion coefficients determined by use of the5-day Or203 
"grab'l sampling, 10-day Or20 3 total-collection, and lO-dayconven
tional total-coilection methods were significantly correlated. How
ever, small but significant differences in digestion coefficients were 
observed in the use of these methods. Variances calculated for daily 
digestion coefficients were greater for values determined by the con
ventional total-collection procedure than by the Cr,oa metliod. This 
fact indicates that to have a standard error of 1.0, fewer collecti.on days 
are needed when the indirect (Or203) method is used than when the 
direct method is used. 

Incorporating Or,03 in a pelleted, complete rationan.d taking fecal 
"grab" samples at 9 a.m. and 3 p.m. for 5 days proved to be II. satis
factory .technique for estimatl.·ng. dry.;.matter digestion coefficients 
using steers and the indicator method. 

LI'fERATURE CITED 
(1) AXELSSo.N, J., and J{IVIMAE, A. 

1951. 	 COMPARlSQN BETWE.EN THE ACCURACIES QJ' THE DIRECT AND INDI
RECT METHQDS IN DIGESTION TRlALBWITH WETRIIlRB. Acta Agr. 
Scand. 1: .282. 

(2) BLAXTER, K. L., GRAHAM, N., and WAINMAN, F. W. 
1956. 	 SOME OBSERVATIQNS ON TilE DIGESTIBILITY QJ' I'QQD By SHEEP, 

AND o.N RELATED PRo.BLEMS. Brit. Jour. Nutr• .10:69. 
(3) BRADLEY, N. W., Fo.RBES, R. 1\1., ALBERT, W. W., and others. 

1958. 	 USE 0.1' l'HE CHRo.MIC o.;:t1D METHo.D Fo..R DETERMINING J)IGESTIBLE 
ENERGY AND PRo.TEIN IN COMP:LETE PELLETED STEER RATlo.NS. 
(Abstract) Jo.ur. Anim. Sci. 17: 11.99. 

(4) 	 CHRISTIAN, K. R., and Co.UP, M. R. 
1954. lIE.-\SUREMENT 0.1' FEED INTAKE BY GRAZING CATTLE AND SHEEP. 

VI. THE DETERlIllNATION 0.1' CHRo.lIIIUM o.XIDE IN FECES. New 
Zeal. Jour. Sci. and Technol. A, 36: 328. 

(5) ELAM, C. J., PUTNAlf, P. A., and DAVIS, R. E. 
1959. 	 FECAL EXCRETlo.N PATT~RN o.F CHRo.lllC o.XIDE ADMINISTERED TO. 

HEREFo.RD HEIFERS IN A Co.llPLETELY PELLETED BATlo.N. Jo.ur. 
Anim. Sci. 18: 718. 

(6) ELAMr C.J., REYNo.LDS, P. J. t DAVIS, R. E., and EVERSo.N, D. O. 
1962. 	 DIGESTIBILITY S.TUDIES llY llEANS o.F CHROllllC o.XIDE, LJONIN AND 

To.TAL Co.LLECTION TECHNIQUES WITII SHEEP. Jour. Anim. Sci. 
21: 189. 

(7) 	 S.TEVENSo.N, A. E. 
Hl62. MEASUREllENT 0.1' FEED INTAKE BY GRAZING CATTLE AND SHEEP. 

VIII. So.1oIE o.BSERVATlONS o.N TilE ACCURACY lo.F THE CHRo.llIC 
o.XIDE TECHNIQUE Fo.R TilE ESTIMATlo.N 0.1' FAECES o.UTPUT o.F 
DAIRY CATTLE. NewZeal. Jour. Agr. Res. 5: 339. 

f 

~. 

I 

i 

i 

http:HEREFo.RD
http:RATlo.NS
http:BETWE.EN
http:collecti.on


________________ 

----------

----------

----------

----------

----------

----------

APPENDIX 

TAllLE 4.-Digestion coefficients oj stated rations determined by the 

chromic oxide andtotal-collection methods 

.Ration No.1 Animal 
No. 

1~;l 

151 

152 

147 

157 


Mean__________ 
--,--,-----

2-1________________ 
159 

160 

148 

158 


Mean__________ 

1-2__.______________ 151 

152 

147 

157 


Mean__________ 

2-2________________ 
159 

160 

148 

158 


Mean__________ 

2-3________________ 151 

152 

147 

157 


Mean__________ 

2-3________________ 159 

160 

148 

158 


Mean__________ 

11_________________ 
1 


10 

15 

29 


Mean__________ 

See footnote. at. end of table. 
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First 
5-day
Cr,Oa

ilgrab" 

Percen' 
62.0 
60.8 
62.8 
62.4 

62.0 

65.6 
65.1 
64. 5 

67. 9 


65. 8 


59.3 
60. 6 

58. 8 

64. 7 


60.9 

66. 0 
66.2 
68. 7 

67. 3 


67. 1 


M. 7 

58.5 
63. 7 

62.0 

59.7 

64. 3 

62. 6 

63. 6 

67. 2 


64. 4 


65.6 
67.3 
70.4 
68.9 

68.1 

Second 10-day 10-day
5-day total total 
Cr203 collection collection 

"grab" CrlO, 

.Percen' Percent Percellt 
63.0 60.9 55.8 
61. 9 61. 4 57.3 

61.1 63. 5 56.4 
61.2 63.4 60.9 

61.8 62. 3 57.6 
" 60. 7 60.8 65.9 

54.8 63. 0 64.2 
68. 6 67. 0 68.9 

67.5 69. 0 68.1 

62. 9 65.0 66.8 

61.1 60. 3 62. 2 

61. 4 62. 2 62.1 

65. 0 60.0 62.3 
62.8 63. 7 66. 3 


62. 6 61.6 63.2 

63.9 65. 9 69.6 
66.3 67. 0 68. 9 

69.7 69.3 71.5 
67.5 69. 1 67.1 

66.9 67.8 69.3 

60.5 59. 7 60.1 
59. 9 62.4 65. 3 

62.6 65. 0 64.6 
61. 8 64. 7 68. 5 


61.2 63. 0 64. 6 


65. 7 67. 1 
... 

70.4 

66. 7 66. 9 71. 1 

67.0 66. 5 69.4 
67. 9 68.4 68. 9 


66.8 67.2 70.0 

68.0 67.8 68.4 
65. 7 66. 7 68.4 

69.1 70.4 71.5 
65.5 67.4 67.6 

67. 1 68.1 69. 0 
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TA.~LE 4.-iJipestion .coe,fficients of stated rations determined by the 
chromw oxide. ani! total-coUection methods-Continued 

First Second 100day 100day 
llation No.1 Animal 5-day 5-day total total 

No. Crf 03 CraOa collection collectiou 
"grab" "grab" Cr203 

-
48 _________________ Percent Percent Perc/lnt Percent 

1 59. 5 56. 8 56. 9 58.2 
1 58.6 56. 6 56. 9 57.4 

10 53.1 51. 9 53. 8 54.0 
15 53.3 56.1 53. 9 58. 3 
29 55. 9 56. 0 56. 6 56. 9 

Meau __________ 56.8 55. 5 55. 6 57.0 
49 _______________ -_ 

10 46.3 52.6 53. 8 53. 6 
10 53.0 55.4 54. 4 54. 3 
11 57.4 55.S 55. 6 56.S 
15 57.4 59.0 57. 7 58.9 
29 54.1 54.0 54. 4 54. 5 

Meau__________ 
53. 6 55.4 55. 2 55.6 

50 _________________ 
15 60.8 62.5 60.5 60.8 
15 li2.0 61.8 60. 9 60.4 

1 61. 4 58. 9 59.8 61.2 
10 59. 6 57.9 60. 4 56. 9 
29 60.3 59.1 59. 3 58.0 

:i\Iean __________ 
------- .... -- 60. 8 60.0 60.2 59. 5 

51_________________ 
29 58.2 57.6 56.9 57.7 
29 58. 8 57. 7 56.5 56.4 

1 59. 3 55.8 57.3 60.0 
10 56.6 54. 8 56. 6 56.3 
15 56. 2 53.2 57.9 56. !) 

:MC8U __________ 57.8 55.8 57.0 57.5 
62 _________________ 

10 65.9 67.8 66.5 66. 9 
1 67.6 66. 2 67.0 72.8 

29 66. 8 67. 2 67.1 67. 9 
15 66.0 6/.5 66.3 66.6 

Meau__________ 
66.6 67.2 66.7 68. 5 

74_________________ 
53 53. 7 53. 5 55. 0 57.2 
-<)D_ 52.5 53.1 55.6 57.4 
45 54.9 53.6 55.8 60.0 
49 54.6 55.1 55.4 57.5 

Mean __________ 
-------,--- 53. 9 53.8 55. 4 57. 1 

-83_________________ 
63 56.2 59.3 60.8 59.S 
64 58.5 53. 7 57. 9 65. 6 
52 65.0 55.6 59. 7 59. 3 
53 65.9 57.6 63.1 61. 7 

Mean__________ 61. 4 56.6 60. 4 61.6 

I For numerals separated by !t dash, the numeral 011 left is the ration number; 
the one on right is the triallllllliber. 



~TABLE 5.-Daily digestion coefficients calculated by use oj chromic oxide and conventional methods o 

Coefficients according to test day 

natioll,l method, aud animal Nq. 


1 2 3 4 5 6 7 8 9 10 

nation 1-2: 
Chromic oxide "grab": I

Animal No. 15L_______________ 56.1 55.4 60. 7 62.4 61. 8 57.7 64. 4 58. 5 60. 9 63.9 IzjAnimal No. 152 ________________ 58.1 59.4 61. 7 62.3 61. 7 64. 1 61.3 60.8 59. 4 61.5
Animal No. 147 ________________ 52.0 57.9 57.3 62.2 M.4 62.1 65.3 65.3 67.3 64.8
Animal No. 157 ________________ 	 ~62.9 	 64. 7 66. 4 65.2 64.5 62. 9 60.9 63.6 64.0 62.5 

·13 
~ean_______________________ 

57.3 59.4 61. 5 63. 0 63.1 61. 7 63.0 62.1 62.9 63.2 Z ...Total collection: 
~Animal No. 15L_______________ 60.4 61.4 63. 8 67.1 61. 9 65 9 48.7 59.4 59.9 73,8 	 ....

Animal No. 152 ________________ 52. 9 55.4 63.5 63.8 58.4 59.3 65.8 67.9 63.2 70.5 ~ 
~Animal No. 147 ________________ 45.5 56. 4 67.2 52. 9 68. 4 66. 9 62.9 68. 8 69.8 64. 5

Animal No. 157 ________________ 	 69.6 c::t52.4 65.2 69.3 65.0 66.6 68. 0 66. 8 70. 8 69.5 
rnMean___________________ '- ___ 52. 8 59.6 66. 0 62.2 63.8 65.0 61. 1 66. 7 65.6 69. 6 

Ration 2-2: 
Chromic oxide "grab": ~ 

Animal No. 159________________ 70. 1 64.3 65.2 65.8 04.8 65.8 60. 2 64. 2 65.3 63.9
Animal No. 160 ________________ 69.5 66.2 65. 2 66.6 63.5 65.7 66.1 66.4 69. 1 64.3 

I 
~ Animal No. 148 _________ '- ______ 69. 6 72.3· 70.1 66.9 64. 7 67.5 69. 5 69.4 74.0 68. 1

Animal No. 158 ________________ 66.7 69.9 67.0 65.4 67.4 67. 0 67.2 67.7 66.1 69.3 
-

~Iean_______________________ 	 
69.0 68. 2 66. 9 66. 2 65. 1 66.5 65.8 66.9 68.6 66.4 

Total collection:
Animal No. 159 ________________ 72. 4 66.8 73. 3 72. 9 69.4 57. 7 74.0 72.0 76. 9 62. 9
Animal No. 160 ________________ 	 ~ 72.9 74.2 84. 1 53.9 75.5 67.5 55.2 55.6 75.4 76.7
Animal No. 148 ________________ 	 I!!I72.4 74,9 71. 1 65.2 65.6 70.5 75.7 69.3 75.1 76.2
Animal No. 158 ________________ 63.1 79.5 65.2 60. 9 67.6 64.1 67.6 68.8 71.5 71.6 



~ean_____________________ _ 
70. 2 73.9 73.4 63. 2 69. 5 65.0 68.1 66.o! 74. 7 71.9 

Ration 2-3: 
Chromic oxide "grab":

Animal No. 15L_____________ _ 48.0 54.0 59.4 61. 6 56.0 56.8 62.2 65.956.3 55. 9 ·Animal No. 152 ______________ _ 64.0 57.9 51. 2 62.5 56.8 59.8 64.3 59.0 57.7 58.9 
Animal No. 147 ______________ _ 68.1 56.8 58.7 64.3 63.7 61. 7 62. a 60. 0 65.870. 8
Animal No. 157 ______________ _ 61. 6 59.6 61. 0 65.4 62.6 63. 1 61. 5 65. 2 62.3 56.8 

Meau________ - ____________ _ 63.2 60.4 54.3 60. 2 60. 8 62.1 60.9 60.8 60.6 61. 9 I 
Total collection:

Animal No. 15L_____________ _ 69. 1 67.1 64.6 68.3 72. 4 63.8 67.8 59.6 62.0 58. 7 ~ 
·Animal No. 152 ______________ _ 62.1 65.4 57.2 60.9 59.3 53.6 64.0 61. 9 58. 7 58.8 

Animal No. 147 ______________ _ 68.3 66.1 68.8 6l. 7 66.3 68. 8 64.5 67.7 65.4 58.1 ~ 
Animal No. 157 _______________ _ 75.1 65. 2 68.6 78.2 76. 9 69. 9 66.5 64. 7 58.2 61. 9 · 

~fean______________________ _ 68.7 66.0 64.8 67.3 68. 7 64. 0 65. 7 63.5 61. 1 59.4 
-

Ration 2-3: 
Chromic oxide "grab": I

Animal No. 159 ______________ _ 67. 6 58. 1 64.0 67. 4 64.3 67. 6 64. 7 64.4 65.1 66.9 
Animal No. 160 _______________ _ 57.3 66; 1 67.159.3 63.7 6l. 9 63.7 64.3 68. 2 64. 7 ~ 
Animal No. 148 _______________ _ 61. 5 64.6 60. 6 67.2 64. 1 65.5 67.1 69. 8 67. 1 65. 7 
Animal No. 158 _______________ _ 67.3 66.0 67.7 66.4 68.6 68. 5 67.6 67.6 67. 7 68~0 ~ 

~fean______________________ _ Il'J 
63. 9 63. 1 63.6 66.2 65.3 67.5 66.0 67.3 66. 5 66.9 

Total collection:
Animal No. 159 _______________ _ ~ 65.2 80.4 66. 5 77.3 73.9 68.5 73.4 75.3 G9.6 53.2 
Animal No. 160 _____ ~ _________ _ 72.5 65. 6 72.4 75.9 76.4 70. 8 80.8 71.9 64.5 61.5 Jo3
Animal No. 148 _______________ _ 63.2 74. 3 63. 7 77.3 60.6 72. 5 77.1 75.2 67.6 70.3 .~Animal No. 158 _______________ _ 66. 5 69. 5 70.2 78.2 75.8 66. 1 68. 1 63.0 66. 2 65. 8 

nfean_______________________ C1J 
66. 9 72.5 68. 2 77.2 71. 7 69.5 74.9 71.4 67.0 62.7 

See footnote nt end of table. 

..... ..... 



_______________________ 

-------- --------

--------

TABLE 5.-Daily digestion coefficients calculated by use oj ch1'Omic oxide and conventional methods-Continued .t:; 

Coefficients according to test day 

Ration,l method, and animal No. 


I 
~ 

1 2 3 4 5 6 7 8 9 10 

Ration 41: 
Chromic oxide "grab":

Animal No. 107 ________________ 52. 0 50. 2 52.5 49.7 52.8 55.6 53.9 53.9 -------- --------
Animal No. 108 __________ ------ 54. 3 52.0 55. 9 50. 4 50. 9 53. 7 53.9 52.2 = 
Animal No. 109 ________________ 54. 1 53.9 51.6 49.5 54. 1 50. 7 54. 0 52.4 -------- -------- .~Animal No. 110 ________________ 51. 8 51.5 51. 8 50. 9 50.6 51.7 50.9 51. 1 -------- ------- t'!l 
~ean_______________________ 

53.1 51.9 53.0 50.1 52.1 53.1 53.2 52. 4 -------- -------- ~ ...Total collection: 
~Animal No. 107 ________________ 55.5 57.0 50.5 57.3 52.5 53.0 51.1 49. 9 -------- -------- ...Animal No. 108 ________________ 62. 7 55.5 48. 3 54. 3 52. 0 42.1 49. 5 51. 2 -------- -------- ~ 

Animal No. 109 ________________ 52.8 54. 0 58. 2 55.3 59.4 48.6 44. .5 48.9 -------- --------Animal No. 1l0________________ 58.6 51. 0 54. 5 58. 0 53.6 58. 2 67.2 40. 8 -------- -------- c:I 
fIl 

~fean 

57.4 54. 4 52.9 56.2 54. 4 50. 5 53.2 47. 7 ------- .t;j 

Ration 62: 
Chromic oxide "grab": ~ Animal No. 10 _________________ 64.1 65. 7 66.5 66.2 67.2 67.6 67.8 67.9 68. 0 67.5Animal No. L _________________ 66.4 68. 6 67.8 68.2 67.1 66.6 66. 0 67.0 65. 9 65.6 iAnimal No. 29 _________________ 66.0 66. 4 67.3 67.4 67.1 67. 9 66. 0 67.5 68. 2 66.5Animal No. 15 __________________ 62. 9 66. 0 66.7 67.1 67.1 68. 9 68. 3 66.9 67.3 66.2 

~ean_______________________ 
64. 9 66. 7 67.1 67.3 67.1 67.8 67.0 67.3 67.4 66.5 

Chromic oxide total-collection: Animal No. 10 _________________ 63. 3 65.1 66.6 66.4 67.4 67.4 66. 2 67.9 67.4 67.2 iAnimal No. L _________________ 63.4 67.9 67.6 69. 0 67.8 66. 6 66.4 67.1 67.4 66.5 ::0 
Animal No. 29 _________________ t'!l64. 9 66.5 67.4 68. 1 67.8 67.4 66. 7 67.5 67.3 67.2Animal No. 15 _________________ 60. 9 65.1 66. 7 67.1 67.5 67.5 68. 6 66.6 66. 2 66. 3 

- ----- --_ .. - --- 



n-fcan_______________________ 
63.2 I 66.21 67.1 67. 6 I 67. 6 67.2 67.0 67.3 66. 9 66. 8 

o 

Total collection:
Animal No. 10. ________________ 
Animal No. L _________________ 
Animal No. 2!L _______________ 
Animal No. 15_________________ 

l\fean. ___________ • __________ 

nation 74: 
Chromic oldde "grub":

Animal No. 53, ________________ 
Animal No. 52. __  ______ - _____
Animal No. 45 _________________ 
Animal No. 40 _________________ 

~fcan.______________________ 

Chromic oxide total-collection: 
Animal No. 53 _________________ 
Animal No. 52 _________________ 
Animal No. 45 _________________ 
Animal No. 4!L ________________ 

60.8 
75. 8 
65.1 
65. 7 

66.9 

53.6 
52. I 
53. 2 
52.8 

52. 9 

56.4 
5:3.7 
55.2 
54.1 

67. 1 
76.9 
61. 9 
62. 7 

67.1 

52.2 
51.5 
55. 7 
56.1 

53. 9 

55.3 
55.1 
57.5 
53. 9 

65.4 
74. 2 
68. 6 
64. 7 

68.2 

52. 0 
53.8 
55.1 
56.1 

54.,4 

56.2 
55.9 
56.9 
55.3 

66.9 
70. 7 
67. 6 
68.8 

68.5 

55. 7 
51. 0 
56. 3 
54. 0 

54. 3 

56.3 
55. 9 
56. 8 
55.2 

69.2 
69. 7 
69. 0 
66.7 

68.6 

'54. 4 
54. 0 
54.4 
5:3.5 

54. 2 

57.5 
56. 0 
56. 4 
53.6 

67.4 
73.4 
76. 2 
71. 1 

72. 0 

51.2 
55.9 
57.0 
56. 1 

55.1 

55.5 
56.5 
57.4 
56. 3 

68.6 
70. 9 
69.2 
66. 4 

68.8 

~ 

51. 3 
52. 2 
55.0 
53.2 

52. 9 

54.2 
55.7 
55.7 
55. 3 

67. 7 
73.0 
64. 8 
66. 2 

67.9 

53. 1 
54. 0 
53. 9 
55.5 

54.1 

54. 3 
56. 3 
54. 8 
57.2 

68. Ii 
68. 3 
69.7 
63.9 

67.6 

58.1 
50.3 
52.4 
57.1 

54.5 

51. 7 
5t:.6 
53.7 
55. 7 

67.5 
74. 7 
66.4 
70.0 

69. 7 

53.9 
52.9 
49. 6 
53. 6 

52.5 

5i. 7 
54.6 
53.1 
57.4 

!; 
i 
o 
'oj 

i 
~ 
.~ 

~ 

l\fcan .. __ "___________________ 54. 9 55.5 56.1 56. 1 51i 8 56. 4 55.2 55. 7 54. 2 54. 2 ~ 
Total collection:

Animal No. 53.________________ 
Animal No. 52 _________________ 
Animal No. 45 _________________ 
Animal No. 49_________________ 

l\fean_______________________ 

62. 5 
57. 3 
63.4 
48.1 

57.8 

56.7 
60. 3 
55.9 
51.4 

56. 1 

60. 7 
48.2 
65. 3 
56. 9 

57.8 

54. 9 
60.1 
59.7 
60.1 

58. 7 

56. 7 
54. 4 
58. 8 
60,4 

57.6 

51. 7 
55.0 
60. 4 
57.5 

56.1 

61. 2 
62. 3 
66. 0 
63. 4 

63. 2 

52. 9 
62.4 
59.3 
63.1 

59.4 

56.5 
62. 7 
52.1 
53.6 

56.2 

57.7 
51.1 
58. 7 
60.6 

57.0 

.~ 
Qz 

~ 
1 For numerals separated by a daSh, the numeral on left is the ration number; the one on right is the trial number. 
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