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= SUMMARY

The calcium balance study was carried out to determine the availability of calcium in
different sources for chicks and laying hens. The sources of calcium were calcium car-
bonate (CC), dicalcium phosphate-dihydrate (DCPH), and dicalcium phosphate-anhydride
(DCPA) for chicks and calcium carbonate (CC) and oyster shell (OS) for laying hens.
The radioisotope dilution method was employed to measure the endogenous excreta calcium
during the period of balance study following preliminary feeding.

A. Experimental results with chicks:

No significant difference was found among feed consumption of chicks fed diets con-
taining different sources of calcium. Body weight gain of chicks was dependent upon the
source of calcium. The gain decreased in the order of DCPH, DCPA and CC (P<0.01).
The feed conversion efficiency in chicks fed DCPH was better than those in chicks
fed CC or DCPA. The average tibia ash contents for chicks fed different sources of
calcium were similar. The DCPH was superior to CC or DCPA regarding the calcium
content in tibia ash. There were no significant differences among the average calcium
contents in plasma trichloracetic acid filtrate in chicks irrespective of calcium sources.
The mean apparent retention of calcium by chicks fed DCPH, CC and DCPA were 65.9,
64.0 and 59.9% respectively. The calcium to phosphorus ratios in tibia ash and plasma
trichloracetic acid filtrate for chicks fed different sources of calcium were similar. The
chicks fed DCPH showed the partition of endogenous excreta calcium in total excreta
calcium as 35.6% which was higher than 31.0 or 31.4% for chicks fed CC or DCPA.
“The endogenous excreta calcium per day per chick in group fed DCPH, DCPA or CC were
17.2, 16.1 and 14.6mg respectively. The true retained calcium per day per chick in
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group fed DCPH were 109.9 mg which was higher than those observed with CC or DCPA
group (P<0.01). The true retention of calcium by the birds fed diets containing DCPH,
CC or DCPA were 78.1, 75.1 or 72.6% respectively.

B. Experimental results with laying hens:

The feed consumption, egg production and feed converion efficiency of laying hens fed
diets containing different sources of calcium were similar. Calcium concentration in plasma.
trichloracetic acid filtrate in laying birds fed CC was equivalent to the value obtained by
feeding 0S. The apparent calcium retention by laying birds fed CC was 61.6%  and it
was significantly more than that of hens fed OS of 51.6% (P<0.05).
endogenous excreta calcium in total excreta calcium of laying hens fed CC was 23.5%
and this was higher than that of birds fed OS of 15.6%. The laying hens fed CC
showed 310 mg of endogenous excreta calcium per day per bird while birds fed 0S shéwed
261mg. The true retention of calcium by léyers fed CC was 70.7% against 59.2% for

The partition of

birds fed OS (P<0.05).
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Table 1. Composition of experimental diets for chicks

Description Diet #1 Diet #2 Diet #3 Diet #4
Basal and variable Ingredients: % % i % %
Yellow corn meal 51.85 52.37 53.13 53.56
Vegetable oil 3.50 3.50 3.50 3.50
Soybean meal 40.50 40.00 40.00 40.00
Dicalcium phosphate, dihydrate 2.01 — 2.02 —
Calcium carbonate 1.33 1.23 - -
Dicalcium phosphate, anhydrous — — - 1.59
Monopotassium phosphate — 1.55 — -
Salt 0.25 0.25 0.25 0.25
Mineral premix? 0.36 0.36 0.36 0.36
Vitamin premix? 0.65 0.65 0.65 0.65..
DL-Methionine - 0.09 0.09 0.09 0.09
~Analysis: -

Metabolizable energy, kcal/kg® 3,108 3,128 3,155 3,170
Protein® 23.91 23.96 24.02 24.06
Calcium® 1.12 0.59 0.62 0.56
Phosphorus® 0.75 0.71 0.75 0.72
Potassium? 1.07 1.56 1.08 1.07
Available phosporus® -0.51 0.50 0.51: 0.51
Ca:P Ratio 1.49 0.83 0.83 . 0.78

1 Supplied per kg of diet: NaHCOs 1.98g;MnS0;H,0 110mg; FeS0:7H,0 77mg; NaySeQs
2.2mg; Ca(10s); 0.48mg; NaMoO,+5H;0 13.2mg; ZnCO; 98. 2mg; Cerelose 4. 3g.

]

) Supplied per kg of diet: vitamin A 9900IU; vitamin Dz 1100IU; vitamin E 11IU; vitamin
K 2.2mg; folic acid 1.32mg; riboflavin 2. 38mg;

niacin 33mg; pantothenic acid 5.5mg;

vitamin Bip 0.011mg; zinc bacitracin 11mg; Santoquin 121mg; Cerelose 3.3g.

8 Calculated values.
4 Analyzed values.
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Table 2. Composition of experimental diets for laying hens.

Description Diet #1 Diet #2 Diet #3 Diet #4
Basal Ingredients: % % % %
Ground yellow corn 57.375 57.375 57.375 57.375
Pure lard 3.000 3.000 3.000 3.000
Soybean meal(Protein 51%) 21.000 21.000 21.000 21.000
Corn distillers solubles 3.000 3.000 3.000 3.000
Alfalfa meal 2.000 2.000 2.000 2.000
Dicalcium phosphate, dihydrate 2.000 2.000 2.000 2.000
Calcium carbonate 4.000 4. 000 4.000 4.000
Todized salt 0.125 0.125 0.125 0.125.
Mineral premix? 0.035 0.035 0.035 0.035:
Vitamin premix? 0.790 0.790 0.790 0.790
DL-Methionine 0. 050 0. 050 0.050 0. 050
Variable Ingredients:
Calcium carbonate 8.000 4.000 4.000 4. 000"
Oyster shell(hen-size) — 4.000 4.000 4.000
Todized salt 0.125 -— — —
Sodium bicarbonate — 0.125 0.125 0.125
Corn 2.500 - 2.500 - -
Dried whey — — 2.500 2. 500
Thyroprotein (Protamone) — — - - 0.010
Analysis:
Metaolizable energy, kcal/kg® 2,807 2,807 2,807 2,807
Pretein® 17.2 17.2 17.2 17.2
Calcium® 3.74 3.73° 3.91 3.67
"Phosphorus® 0.96 0.98 0.94 1.01
Potassium® 0.78 0.77 0.86 0.84
Ca:P Ratio 3.90 3.81 4.16 3.63

D Supplied per kg of diet:MnSOs-H:0 0.25¢; ZnO 0.12¢.
? Supplied per kg of diet:vitamin A 6600 I.U.; vitamin Ds1100 L.U.; riboflavin 4.4mg;
menadione sodium bisulfite 2. 2mg; vitamin By 7.3ug; nicotinic acid 16.5mg; calcium

pantothenate 4.4mg; pyridoxine 4.4mg; folic acid 2. 2mg;

thiamine 4.4mg; vitamin

E 12.1 LU.; choline 440mg; all premixed in glucose.

9 Calculated values.
4 Analyzed values.
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Talbe 3. Feed consumption, body weight gain and feed conversion in chicks fed

different sources of calcium?.

Source of calcium (Calcium- content)

tF eed consumption iBodv wexght gain

!

F eed conversion

3

| g/chick/day | g/chick/day [
1. CaCO;+CeHPO-2H,0(1.1% Ca) | 24.3040.32a% |  13.50-£0.19a% | 1.8030.03
2. CaC0; (0.6% Ca) ‘! 22.3930.21b 12.26740.13c ! 1.8340.03
3. CaHPO+2H,0 (0.6% Ca) | 23.1920.63b 12.9610.46b | 1.7940.05
4. CaHPO, (0.6% Ca) | ezs3ossh | 1zs7E0.1sb | L78E0.04

Y Ten chicks X4 replications per group
2 p<0.01
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Table 4. The ash content in dry tibia and mineral concentration in bone ash for chicks?

Source of calcium Ash in dry tibia

Mineral content in bone ash-

Calcium Phosphorus Potassium
% % % %
1. CaCO;+CaHPOs~2H,0 42.56+1.27 37.2942.79 17.9440.21 0.5140. 06
2. CaCOs 41.67+0.25 32.58+2.49 17.9130.19 0.560.03
3. CaHPO,-2H,0 42.09-£1.52 34.99+-0.56 17.6810.52 0.5540. 06
4. CaHPO, 40.2840. 24 34.29+0.27 17.9540.39 0.5740.05
' Five chicks were sampled randomly from ten chicks per replication.
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Table 5. Phoshorus and potassium contents in plasma TCF and their apparent

retention in chicks.

) Phosphorus Potassium
Source of calcium
In plasma TCF Retention In Plasma TCF I Retention
mg/100ml % mg/100ml %

1. CaCO;3+CaHPO.-2H,0 3.22+0.05 43.6816. 1222 6.641+2.56 10.984+2.16
2. CaCOs 3.51-E0.54 32.9242.23b 7.8311.91 11.89+1.49
3. CaHPO4-2H,0 3.4940.31 39.1343. 31ab 6.49+1.26 12.31+1.79 ..
4. CaHPO, 3.5940. 36 34.47%3.51b 8.3411.97 11.18+1.97

b P<0.05
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Table 6. Calcium content in plasma TCF and apparent calcium retention by chicks.

Apparent calcium retention
Source of calcium Plasnlla' TCF
calcium 0-2wks ) 2-3wks Overall
mg/100ml % | % %
1. CaCOs+CaHPO,-2H,0 7.4843.03 40.98+2.52b" | 48.5971-2.36bY | 44.81+2.41bY
2. CaCOs; 7.54+1.17 51.46+2.49a 63.9911.90a ~ 57.5011.95a
3. *CaHPO,—2H,0 7.15+1.65 57.7246.58a 65.90-+3. 22a 61.84t4.76a
4. CaHPO, 7.2011.52 51.4445. 20a 59.9444.97a 55.6315.02a
1 P<0.01
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Table 7. The calcium to phospherus ratios in diets, t’ibia ash, and plasma TCF for chicls, *

Calcium to phosphorus ratio in
Source of calcium ' '
Diet . Tibia ash Plasma TCF
1. CaCOs-+CaHPO,-2H,0 1.497 © 2.08:+0.17 2.32:0.91
-2. CaCOg 0.83 1.8240.15 2.2710.79
3. CaHPO,-2H,0 0.83 1.98230.07 2.0970.50
4. CaHPO, 0.83 1.9123:0:.05 2.03+0. 47

1 No standard deviation due to same diets.
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Table 8. The specific activity of excreta and plasma TCF calcium and the partition of

endogenous excreta calcium in total excreta calcium.

_ Source of calcium

Specific activity
of excreta calcium

Specifié activity
of plasma TCF Ca

Partition of endoge-
nous excreta Ca in
total excreta Ca

DPM/mg DPM/mg %
1. CaCO3+CaHPO,-2H0 1.04-0.11bY 0.67+4.13 13.594£6. 57b"
2. CaCOs 3.08+0. 35a 10.14=+1.60 30.95+4.80a
3. CaHPO4~2H,0 . 3.3840.182 9.904+2.17 35.56-+7.21a
4. CaHPO, | . 2.90k0. 46ab 9.702.47 31.37+7.04a
1 p<0.01
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Table 9. The endogenous and exogenous excreta calcium in chicks.

Partition of

soweof clion | Ty | s | Bl [ Bosmon
mg/day/chick mg/day/chick mg/day/chick ‘ mg’/day/chick

1. CaCQ;+CaHPO,-2H:0 140.214-5. 15a? 13.3946. 57bY 19.024-9.99 121.197-6. 82aV
2. CaCOs 47.31+2.76b 30.9544.80a 14.6312.41 '32.683. 38b
3. CaHPO,-2H,0 48.144-5. 04b 35.56£7.21a 17.1544.00 30.9914.73b
4. CaHPO, 51.2246.80b 31.37£7.04a 16.1144.54 35.114:5.48b

B PL0.01

Table 19. The endogenous excreta calcium per kg body weight in chicks.

Source of calcium Body weight

‘ Endogenous excreta calcium

l Per chick l Per kg body weight
g mg/day mg/day
1. CaCO3+CaHPO.-2H.0 225.5+1. 85aV 19.(249.99 84.54-+44.68
2. CaCOy 212.7+1.95b 14.€31+2.41 68.72411.00
3. CaHPO4-2H:0 219.748.56ab 17.1534.00 78.36+19.22
4. CaHPOQ, 215.€3-4.5¢Sb 16.11+4.54 74.60120.43
v P, 05

] & e Hol},

® AE 2 et

Table 9o]4 WA Z2EHA+ES »d W1
Eel A B 140mge 2 fE 2] 47,48 2 5lmg ol

o SolH gl FhEol F

-2k k4ol

—e Aol

A% 23 geo] KELE,
BiE A S-2fkmz ek fo

= Eold. g2
%

B REZE RIS Bt BE ke

el B%3] 2 #HREE dehldesl oA oz REZEFELS HED ERE Table 10674 =
BHEel B9l Wl EF‘A&%E gotxl Aoz ol vl Fo] HE 1EAAM HE 84.54mg, T+
R MELHREAL Ol MEHNY BEESA EAA 69-78mgg U KBS HHTE F
Ak AEZEY fﬁﬁ%ﬁa ¥o R 1ES B whel o] EHIgl A 90.76 B 120.85mg < 2o
g 19.02mg o2 Mg Egker dgol #E2AE DR yolElnd o L& Kk#EYL ¢ F Qo
2KMEHEZA 17.15mg, Tohso] M2 nE-  ERBET RS wzwt %o B9 deel R

EKYEE A 16.11mg, 28 2 F— Fe& Ao R
BAEFERZA 14.63mgel Y. R IES BT

€ EE BAAE RMELE] godd K¥=s 4
EZFol AAE Mgl Ve, Pty 4
o] Adede #Rd BKkIE ZEo B

#HEESY o B¢ A4S BRY a5 ==
2 Z&d RESWIT ¥ Bebds] s Eols 44
A,

(9) 49 True Retentin

Table 110] 4 2E & vre} 7o) true retained

Table 11. True retained calcium and true retention of calcium by chicks.

Scurce of calcium

Calcium intake

Exogenous

True retained

True retention

excreta calcium | calcium of calcium o
mg/day/chick | mg/day/chick | mg/day/chick %
1. CaCO3+CaMPO,-2H:0 272.843.59ab | 121.19+6. 822" | 151.68+9. 15a 55. 5612, 87b??
2. CaCOs ) 131.3641.26b 32.68+3.38b 98.68+2.43c 75.144-2.19a
3. GaHPO42H:0 140.93+3.83b | 30.99+4.73b | 109.93+1.83b 78.07+2.80a
4. CaHPO, 127.8012.13b | 35.1115.48b 92.68+4.97c 72.5514. 08a
b P<0. 01
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Table 12. Calcium requirement for female broiler at the age of 3 weeks per day.

A. Deposition in bod'y weight gain=228.3 mg (25.7gx0.8885%) (Scott et al, Blair et al)

B. Endogenous excreta loss

C. Skin loss

Total (A+B+C)

Average retention

Requirement’ '

Ideal percentage calcium in diet

Minimum requirement by NRC

=19. 02mg(Table 9)

=2.0mg(Lutwak and Whedon)

=249. 32mg

=55.56% (Table 11)

=448.74mg (249. 32/0. 5556)

=1.12%(448. 72mg/40, 000mg) (Scott et al.)
=1.0% (1971)
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Figure 1; Correlation between plasma TCF

calcium and endogenous calcium in chicks
(**P<0.01)
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Figure 2. Correlation between apprent and true
retention of calcium by chicks (**P{0.01)
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‘Table 13. The feed consumption, egg production and feed conversion in hens fed diets containing
different source of calcium, dried whey and thyroprotein!.?

Treatment consugf}iion pmfffﬁon congeereﬁon
g/day/hen %/day/hen g feed/egg
1. CaCO; 8% 105.5+3.74 80.671:2.20 i 114.6115.32
2. CaCO0s 4% +oyster shell 4% 106.74-1.91 81.4112.10 121.944-3.30
3. 2+dried whey 2.5% 106.4-+4.38 81.341+3.69 116.99111.09
4. 3+thyroprotein 0.01% 106.043.25 82.57+5.21 117.13+6.75

1 Five hens X five replications per group
2 Duration of feeding: 9 and half months
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Table 14. The phosphorus and potassium contents in plasma TCF and their apparent retention by

hens?
) . Phosphérus . Potassium
Treatment : ‘
In plasma TCF Retention In plasma TEF Retention
mg/100ml % g /100ml %
1. CaCO; 8% 4.3240.69 39,03+5.23 12.92-+1.26 12. 874-0.91a2
2. CaCO; 4%+ oystér sheH 49| 4.2440.71 37.2815.64 11.5541.24 7.68+2. 72b
3. 2+driedwhey 2.5% 4.05:£0. 24 31.38+4.11 | 12274115 | 11.7143.07a
4. 3+ Thyreprotein 0.01% 3.75%0.31 39.58+4.58 11.31+0.68 | 11.00-t2.90ab

' Six hens per group
2 P<L0.05



Table 15. The calcium content in plasma TCF and apparent retention of calcium by hens!

Plasma Calcium | Apparent
Treatment : retention
TCF Ca Ingested Excreted Retained of calcium
mg/100m] mg/day/hen %
1. CaCO3 8% 15.4+1.74] 34574405 13331210 21244-200a? 61.632=1. 84a¥
2. CaCO; 4% +oyster shell 4%| 16.0£2.19] 34384442 16751328 17634197bc| 51.57+4.53b
3. 2+dried whey 2.5% 14.441.99] 34324391 1463+268] 1973-£189ab| 57.663.97ab
4. 3+4-thyroprotein 0.01% 12.340.71) 3112508 1445+520] 16671225c | 54. 59+48.45ab
1 Six hens per group
2 P<0.01
3 P<0.05
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Table 16 The specific activity of excreta and plasma TCF calcium and the partition of endogenous
excreta calcium in total excreta calcium in hens?

Specific activity of calcium

Partition of endogenous

Treatment excreta Ca in total
| Excreta Plasma TCF excreta Ca
DPM/mg DPM/mg %
1. CaCQ3 8% 769552 332512138 23.54413.91
2. CaC0s 4%+ oyster shell 4% 5184170 425012714 15. 601428. 45
3. 2+dried whey 2.5% 750500 f 703942541 1 12.39410.71
4. 3+thyroprotein 0.01% 586268 ‘ 542744078 \ 14.74+9.08

Y Six hens per group
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Table 17. Endogenous and exogenous excreta calcium in hens

Total Partition of Endogenous Exogenous
Treatment excreta endogenous excreta excreta
: calcium excreta Ca calcium calcium
mg/day/hen % mg/day/hen
1. CaCO; 8% . 13334210 23.54+13.70 310177 10231269
2. CaCOsz+oyster shell 4% 16751328 15.60-+ 8.44 261133 14154-414
3. 2+dried whey 2.5% 1463-+268 12.39410.71 1744126 12894318
4. 3+thyroprotein 0.01% -14454-520 14.7449.08 1971107 12484-519

b Six hens per group

Table 18. Endogenous excreta calcium per kg body weight of hens?

Endogenous excreta calcium
Treatment Body weight
Per hen ] Per kg body weight
g mg/day mg/day
1. CaCO; 8% : 1502198 3104177 2{08i120’
2. CaCO; 4% +oyster shell 4% 17484119 2614133 147470
3. 2+driedwhey 2.5% 16724274 © 1747126 10673
4. 3-+thyroprotein 0.01% 15891176 197107 143161

L Six hens per group
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Table 19. True retained calcium and true retention of calcium by hens

Treatment Calcium True retention of

Ingested True retained calcium
mg/day/hen mg/day/hen %

1. CaCO; 8% 34571405 243412472 70.7015. 34a?

2. CaCOs 4% +oyster shell 4% 34381442 2023+237b 59.15+5.43b

3. 2+4dried whey 2.5% 34324390 21461-266b 62.7116.48b

4. 3+thyroprotein 0.01% 31124508 1864+-254b 61.0319.60b

1 Six hens per group 2 PL0.05 ‘
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Table 20. The calcium requirement for laying hens based on the true retention of calcium

A. Endogenous fecal and urinary loss =260mg/day (Table 17)

B. Deposition in egg (75% production)=1750mg/day (Romanoff)

C. Skin loss =20mg/day (Lutwak & Whedon)
Total (A-+B+C) =2030 mg/day

True retention =60% (Table 19) .
=3.38¢g/day (75% production)
=3.44g/day (60% production)
=3.30g/day (90% production)

Requirement
., NRC requirement

Scott et al. recommendation
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Figure 3. Correlation between apparent
and true retention of calcium
by laying heas (**P<0.01)

Table 21. The calculation of calcium requirement for laying hens using assumed

apparent retention of calcium.

Assumed app.

Calcium

Available Source Total Feed
calcium of retention calcium ) to be content
required calcium of calcium required supplied in diet
g/day % g/day g/day %
1.768 A 50 3.536 106 3.3
1.768 B 60 2.946 106 2.78
Minimum requirement by NRC (1971): 3.440 110 2.75
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