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The back titration method with EDTA for the determination of calcium in feedstuffs has 
been compared to the classical oxalate method. The back titration method gave sig- 
nificantly lower results than the oxalate method for feed samples but not for bone samples. 
Standard curves obtained by both methods of analysis did not differ significantly and 
demonstrated that the difference between methods could be corrected by the establish- 
ment of a standard curve with the back titration method. The back titration method 
is simple and much faster than the oxalate method in this laboratory, especially when a 
small number of samples are analyzed. 

HE CLASSICAL METHOD of oxalate T precipitation and subsequent per- 
manganate titration for the determina- 
tion of calcium in feedstuffs is tedious and 
time consuming. Attempts to simplify 
this determination in other materials 
have included the use of flame 
photometry and chelatometric titration. 
Magnesium interference is a problem in 
the latter method but can be overcome 
by the use of high p H  and indicators 
specific to calcium at this pH. Phosphate 
interference, a problem in both methods, 
has been eliminated by ion exchange 
(3, 5), precipitation (4),  masking ( 6 ) :  
and back titration (2 ,8 ) .  

This paper describes a method for the 
determination of calcium in feedstuffs 
based on the EDTA back titration 
method. I t  is an adaptation of many 
methods previously described for other 
materials. 

Experimental 

Reagents. Calcein indicator solution. 
Dissolve 4.0 mg. of dye in 25 ml. of 0.25,V 
K O H  and store in a brown bottle under 
refrigeration. Solution is stable for 1 
month. 

Standard EDTA solution. Dissolve 
5.579 grams of dried disodium ethylepe- 
diaminetetraacetic acid in 1 liter of 
distilled water. Standardize against 
0.04M and 0.005M calcium chloride 
solutions and store in polyethylene 
bottles. 

Recovery experiments were performed 
with added calcium and phosphate. 
Calcium was added as calcium chloride 
solution while the phosphate was dis- 
solved monobasic sodium phosphate. 
Standard curves were obtained with 
solutions of tricalcium phosphate. All 
chemicals were of reagent grade. 

Procedure. Samples of mixed feeds 
were taken into solution according to 
the A.O.A.C. procedure (7 ) .  Aliquots 

(1 ml.) were transferred to 21 X 70 mm., 
flat-bottomed vials, and an excess of 
EDTA (3 ml.) was added. The pH of 
the solution was adjusted to approxi- 
mately 13 by the addition of 3'V K O H  
(5  ml.). Indicator (2 drops) was added 
and the excess EDTA titrated u i th  
0.005M Ca solution from a microburet. 
The titration was carried out with 
magnetic stirring and illumination from 
a long wave ultraviolet lamp (3660 A.) 
so that the operator could see only the 
fluorescence from the solution. ,4 dull 
background and darkened room in- 
creased the sensitivitv of the end point 
which was the persistence of fluorescence. 

Six samples of feed were analyzed by 
the oxalate method ( 7 )  and the back 
titration method. Methods of analysis 
were compared by recovery experiments 
and by determining the standard curves 
of both methods using solutions of 
calcium phosphate up to concentrations 
of calcium which were equivalent to 6% 
calcium feeds. The effect of excess 

phosphate was tested by raising the con- 
centration of phosphate to 15 times that 
of the calcium present and redetermining 
the calcium present. .411 analyses were 
replicated five times. 

Since bone analysis had been reported 
(8) to be satisfactory by the back titra- 
tion method, six fat-extracted, left 
tibias from mature hens were dry ashed. 
dissolved. and included in some of the 
tests. 

Results and Discussion 

Table I shows that the values for the 
feed samples obtained by the back 
titration method Lvere consistently lower 
than by the oxalate method. Analysis 
of variance (7) of these data (Table 11) 
showed that the methods gave signifi- 
cantly different ( P  = 0.01) results for the 
calcium content of the feed samples but 
not of the bone samples. A correction 
for this difference could be made by 
establishing the relationship (standard 

Table 1. Calcium Content of Feed and Bone Samples Determined by 
the Oxalate and Back Titration Methods 

Feed 
Sample 

1 
2 
3 
4 
5 
h 

Mean 

Oxulote Method, Buck Titrotion Method, 
yo Co f Sfd. Error 70 C a  f Std. Error 

2 282 f 0 0040 2 260 f 0 0008 
2 931 f 0 0029 2 902 f 0 0008 
4 069 f 0 0039 4 065 f 0 0013 
2 348 f 0 0016 2 334 0 0019 
3 131 i 0 0048 3 101 =t 0 0020 
4 183 i 0 0051 4 152 i 0 0007 
3 157 3 136 

Difference, 

-0,022 
-0.029 
-0.004 
-0,014 
-0,030 
-0,031 
-0,021 

% c a  

Bone 
Sample 

1 25.493 f 0.0266 25.504 i 0.0149 +o 011 
2 22.118 f 0,0101 21.937 f 0.0114 -0,181 

4 23.533 i 0,0479 23.365 f 0.0050 -0,168 
5 24.309 f 0.0107 24.196 f 0.0145 -0,113 
6 23.547 f 0.0215 23.313 f 0.0047 -0,234 

Mean 24.038 23.946 -0.092 

3 25.226 f 0.0396 25.359 f 0.0185 + O ,  133 
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Table II. Analysis of Variance of 
Results in Table I 

De- 
grees 

Mean Squares of - 
Source of Free- Feed Bone 
Variance dom samples samples 

Total 59 
Subgroup 11 3.0'535 7 . 7 3 i 9 0  

Sample 5 6,71606" 16.93349O 
Method 1 0.00670b 0.11625 
Sample 

X 
method 5 0.00029 0.05343 

Within 
sample 48 0,00004 0.00265 

Significant at P = 0.001 
* Significant at P = 0.01. 

curve) of volume of back titrant to 
known concentrations of calcium phos- 
phate solution for each set of samples. 
This was checked by obtaining standard 
curves with both the oxalate and back 
titration methods. The respective equa- 
tions of the standard curves for the 
oxalate and back titration methods were 
? = 0 . 9 7 8 0 ~  - 0.0023, and ? = 
0 . 9 9 0 2 ~  - 0.0011, while the respective 
standard deviations from regression (7) 
were 0.947 X l op4  and 0.155 X 

Statistical tests showed no significant 
differences between the tivo regression 
equations. 

Recover) of known amounts of cal- 
cium added to the feed and bone solu- 

Table 111. Recovery of Calcium 
Added to Feed and Bone Solutions 
Feed - % Recovery f Std. Error 
Sam- Oxalate  Bock titration 
Ple method method 
1 99.63 f 0.16  99.44 f 0 . 0 4  
3 100.04 f 0 . 0 4  99.33 f 0 . 0 3  
5 9 9 . 8 0  f 0.06 98.90 f 0.03  

Bane 
Sample 

1 100.22 f 0.08  100.11 f 0 . 0 7  
2 100 .07  f 0.10 100.08 f 0 . 0 4  
3 99.63 f 0 . 0 8  9 9 . 9 0  f 0 . 0 5  

tions are presented in Table 111. As in 
the feed analysis data of Table I, the 
standard error was lower with the back 
titration than with the oxalate method 
for both the feed and bone samples, 
Lvhich is contrary to the standard curve 
results. Recoveries with both methods 
were good and within the working range 
of our laboratory. 

The effect of phosphate on the back 
titration method is presented in Table IV.  
The presence of a 15-fold concentration 
of phosphate did not influence the results 
provided the EDTA was added before 
the solution was made basic. Keversing 
this order of adding reagents resulted in 
varying results. 
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TOMATO B Y - P R O D U C T S  A S  FEEDSTUFFS 

Nutritive Value of Dried Tomato 
Pulp for Ruminants 

RIED TOMATO PULP, unlike dried D tomato pomace and certain other 
tomato feed by-products. consists of the 
whole cull fruit. The fruit has been cut 
and pressed. with the resulting juice 
concentrated by evaporation and re- 
mixed with the press cake for further de- 
hydration. Tomato pomace has been 
shou n useful in feeding fur-bearing 
animals (70). and both tomato pomace 
and pulp have been found useful for 
chickens ( 7 , 8 ) ,  but only limited data are 
available to indicate the nutritive value 
of tomato by-products for ruminants. 
Chapman et  al.  (4 )  reported satisfactory 
gains of yeailing steers grazing pasture 
and consuming 16 to 19 pounds daily of a 
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concentrate containing 10 to 30% 
tomato pulp. Tomato pulp replaced 
citrus pulp at  10 to 30y0 of the concen- 
trate, and the steers fed tomato pulp 
yielded carcasses equal in grade and ac- 
ceptability to those fed citrus pulp. 

The present study was conducted to 
determine the nutrient composition and 
nutrient utilization of dried tomato pulp 
by steers and lambs. 

Experimental Procedure 

The first experiment was a conven- 
tional digestibility trial conducted with 
three 2-year-old steers. A 21-day pre- 
liminary feeding period was followed by a 
7-day total fecal collection period. 
Sutrient digestibility of the tomato pulp 
rcas determined by difference by feeding 
both Alyce clover hay alone and a mix- 
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Table IV. Effect of Added Phos- 
phate on the Determination of 
Calcium in Feed by the Buck Titra- 

tion Method 
Phos- 

Calcium phote 
Feed Present, Added, % Recovery i 

1 0 02116 0 080 99 99 + 0 09 
Somple Mmoles Mmoles Std. Error 

1 0 02116 0 160 99 95 i 0 09 
1 0 02116 0 320 100 12 f 0 04 
3 0 04036 0 080 99 92 f 0 03 
5 0 03100 0 080 100 07 i 0 05 
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ture of 30y0 Alyce clover hay and 70% 
tomato pulp. In  the second experi- 
ment conducted with the same animals, 
the tomato pulp was gradually in- 
creased in the ration until 100% pulp 
was fed for 17 days. Total fecal col- 
lections were taken during the last 7 
days of this period for obtaining diges- 
tibility coefficients. Twelve to 14 pounds 
of the rations were fed daily in t\vo equal 
feedings which maintained animal body 
weight. In addition, 25 grams of de- 
fluorinated phosphate (4.25 grams P, 
8.75 grams Ca) and 25 grams of trace 
mineralized salt (Table I )  were fed 
daily. Water was provided ad libitum 
during the preliminary period but was 
supplied twice daily when the steers \vere 
in the metabolism stalls. 

Ten native lambs averaging 72 pounds 
in body weight were used to obtain 
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