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Effect of Diets Containing Ground Charcoal Powder, Wood Vinegar
and Fermented Acetic Acid on the Protein and Energy Metabolism in

White Leghorn Strain Layer
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SUMMARY

The investigation concerned an effect of the ground charcoal powder and organic acids on the
digestibilities of protein and energy or the contents of uric acid, ammonia, creatine and urea in
excreta of 113 week-old White Leghorn strain layers. Birds were fed basal(control) diet
composed of mainly corn-soybean meal during a week of previous feeding and subsequent
experimental diets during 12 weeks of experimental feeding. The experimental diets were the
control diet(CON), diet(CPD) substituted 0.5% of the ground charcoal powder with the
defatted rice bran of the CON, diet(PWV) added 0.1mM (based on the acetic acid) wood
vinegar in the CPD and diet{PFA) added 0.1mM (based on the acetic acid) fermented acetic
acid in the CPD.

Birds fed CPD excreted significantly (P<(.05) more fecal nitrogen(FN) and lower urinary
nitrogen(UN) than those of birds fed CON. Digestibility of protein was lower significantly (P<
0.05) in CPD-fed bird than in bird fed CON, while birds fed CON, PWV and PFA showed
similar values. Also urinary nitrogen per nitrogen intake(UN/NI) or absorbed nitrogen(UN/
AN) was significantly (P<0.05) lower in birds fed CPD compared with those in birds fed CON.
And birds fed PWV tended to increase UN/NI and UN/AN, while PFA-fed birds excreted
significantly (P<0.05) higher UN/NI and UN/AN than those of birds fed CPD diet.

The uric acid nitrogren(UAN) per nitrogen intake (UAN/NI) or absorbed nitrogen(UAN/AN)
were lower significantly(P<0.05) in CPD-fed birds and were tended to decrese in birds fed
PWV compared with those in birds fed CON and PFA. The ammoniacal nitrogen(AMN) per
nitrogen intake (AMN/NI) or absorbed nitrogen(AMN/NI) was tended to increase in birds fed
experimental diets and was increased significantly (P<0.05) in birds fed PFA compared with
those of birds fed CON. The excretion of creatine and urea nitrogen per nitrogen intake or

absorbed nitrogen was shown similar values among birds fed experimental diets.



Digestibility of energy (DE/GE) was not shown any significant effect of experimental diet and
were in the range of 80~84%. But metabolizability (ME/GE or MEn/GE) was increased in birds
fed CPD and PWV and was decreased in birds fed PFA compared with those in birds fed CON.
Although birds fed PWV showed significantly (P<0.05) higher ME/GE than bird fed PFA, the
MEn/GE were higher significantly (P<0.05) in birds fed CON and CPD compared with that in
birds fed PFA. Fecal energy affects 10~23% in the change of metabolizability though
significant effect of fecal energy on the metabolizablilty were not found. But the effect of

urinary energy on the metabolizability of diet was lowered as 2.3~3.0% and the effect of

experimental diets on the metabolizability of diets was due to change of urinary energy which

also was originated from the change of uric acid energy.
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Table 1. Composition of basal diet

Ingridients (%)
Yellow corn 62.03
Soybean meai (CP %) 21.70
Animal fat 3.4
Defatted rice bran 4.0
Calcium carbonate 7.0
DL-methionine 1.2
Sodium chloride 0.07
Trace mineral mixture! 0.10
Vitamin mixture? 0.25

DThe trace mix. supplied(milligram per killo-
gram feed) : Mn, 60; Zn, 50 . Fe, 30. Fe,
30, Cu, 5.0. I, 1.2, Se, 0.1

2The vitamin mix. supplied(per kilogram feed) :
vitamin A, 5,000IU ; vitamin D, 1,100 IU
tocopheryl acetate, 11 IU ., menadion, 1.1
mg; thiamin-HCl, 2.2mg:. rivoflavin, 4.4

mg

Table 2. Chemical composition (%) of experimental diets

Chemical composition CON CPD PWV PFA
Moisture 10.7 9.7 11.7 11.1
Crude protein 17.1 17.3 17.0 17.0
Crude fat 3.8 3.8 3.8 3.8
Crude fiber 7.0 7.1 6.9 7.0
Ash 10.2 10.3 10.1 10.1
Nitrogen-free extracts 51.2 51.7 50.5 51.0
Gross energy (cal/g) 3,615.0 3,691.1 3,609.3 3,634.8

CON : basal(control) diet

CPD : contained 0.5% of ground charcoal powder in the basal diet
PWYV : added 0.1mM (based on acetic acid) wood vinegar in the CPD
PFA : added 0.1mM (based on acetic acid) fermented acetic acid in the CPD
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Table 3. Distribution of nitrogenous compounds of excreta as nitrogen per urinary nitrogen in the

layer fed experimental diets

Nitrogenous CON CPD PWV PFA
compounds (16) (16) (8) (8)

Uric acid 76.0%5.0° 68.3+5.5° 69.7+1.7° 71.8+4.5%°
Ammonia 8.4+3.7* 12.5%+4.4° 11.7£3.12° 13.0+3.8°
Creatinine 1.6+0.2 2.1+x0.8 1.8+0.2 1.4+0.3
Urea 14.0+3.2 17.1£5.1 16.9+1.9 13.8%2.4

Mean+SD of replicates. Figures in parenthesis are number of replicates. Urinary nitrogen is the sum of
nitrogen contents of uric acid, ammonia, creatinine and urea of excreta.
Mean with different superscripts within the same row are significantly different at P<0.05.
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Table 4. Effect of ground charcoal, wood vinegar, fermented acetic acid on the excretion of
nitrogenous compounds per gram diet in layer fed experimental diets

n Uric acid Ammonia Creatinine Urea
mg/g diet
CON 16 9.40+1.68° 1.03+0.50* 0.201%0.026 1.76£0.57
CPD 16 7.24+1.96° 1.39+0.742° 0.201+0.033 1.70+0.29
PWV 8 7.38+1.33® 1.24+0.38%° 0.188+0.043 1.79+0.41
PFA 8 9.73+1.87 1.69+0.33° 0.190+0.040 1.86+£0.40

Mean£SD of replicates

Mean with different superscripts within the same column are significantly different at P<0.05
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'Table 5. Effect of ground charcoal,

wood vinegar, fermented acetic acid and zeolite on the

excretion of fecal and urinary nitrogen of layer during 12 weeks of experimental feeding

period.
n NB FN+UN UN FN
mg/g diet
CON 16 12.91+2.46% 14.45+ 2,382 12.39+2.13% 2.10£0.65*
CPD 16 13.78+2.32% 13.78+£2.24%° 10.53+2.60° 3.24+1.63°
PWV 8 14.68+2.67° 12.68+2.50° 10.61+1.942 2.07£0.74°
PFA 8 11.67+2.77° 15.69+£2.59° 13.47+£1.87° 2.22+0.80°

Mean+SD of replicates. NB:

Nitrogen balance, FN : Fecal nitrogen, UN : Urinary nitrogen. Nitrogenous

compounds in excreta were determined at 8th week of experiments.
Mean with different superscripts within the same column are significantly different at P<0.05.
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wood vinegar and fermented acetic acid on

the nitrogen distribution of nitrogeneous compounds as nitrogen per nitrogen intake

Diet AN/NI UN/NI FN/NI UAN/NI  AMN/NI CRT/NI UREA/NI
CON 92.2+£2.3" 45.3%8.0° 7.5%£2.5° 34.3£6.4> 3.8+1.9° 0.74+0.10 6.4+2.2
CPD 87.7£6.4* 38.2+9.2* 12.3+6.4> 26.1+6.9° 5.1+2.8° (.73+£0.12 6.2+1.1
PWV 92.4%3.4%> 42.2+4.6* 8.9+1.2 28.9+3.8®° 4.5+1.5" 0.75+0.12 6.6%1.5
PFA 91.9%£3.4% 49.6+7.4* 7.7£3.4 35.5£7.4> 6.2£1.3® 0.72+0.15 6.8+1.6

Mean+SD of replicates, AN : Absorbed nitrogen,

NI : Nitrogen intake,

UN : Urinary nitrogen, FN :

Fecal nitrogen, UAN : Uric acid nitrogen, AMN : Ammoniacal nitrogen, CRT : Creatine nitrogen,
UREA | Urea nitrogen, AN/NI : Digestibility of protein
Mean with different superscripts within the same column are significantly different at P<0.05
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Table 7. Effect of diets containing ground charcoal, wood vinegar and fermented acetic acid on

the nitrogen distribution as nitrogen per absorbed(digested) nitrogen

Diet AN UN/AN UAN/AN AMN/AN CRT/AN UREA/AN AvailabilityV
mg/day %

CON 2,657+184 49.0+9.3%® 37.2+7.4> 4.1+2.1* 0.8%+0.1 7.0£2.4 46.9+9.2

CPD 2,511+258 43.0£9.7* 29.4+7.1® 5.7+3.2** (.8+0.2 7.0x1.5 50.1+8.7

PWV 2,560+105 45.7+5.6%° 31.3x3.2%® 5.3+1.2¢* 0.8%0.1 7.0£1.9 50.2+6.3

PFA 2,570+£146 54.0+9.9> 38.6+5.6° 6.7+1.2° 0.7+0.3 7.4x1.8 40.6+10.1

Mean+SD of replicates, Abreviations : see table 5.

YDigestibility X Retention (= (100—UN) /100)

Mean with different superscripts within the same column are significantly different at P<0.05
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Table 8. Effect of diets containing ground charcoal, wocd vinegar and fermented acetic acid on

the energy intake and energy balance of layer

Diet BW FI El EE/GE UE/GE FE/GE
g/bird g/bird/day  kcal/day % % %

CON 1,705+ 156 104.8+7.3 379.0+26.2 21.5+3.6%° 2.6+0.5% 18.9%3.2

CPD 1,774+83 103.7x7.2 382.7+26.8 20.5+1.92 2.3+0.5° 18.2£1.8

PWV 1,710£92 103.0+1.9 372.0+6.6 19.3+2.2® 2.3+0.2°2 17.0+£2.3

PFA 1,731+97 101.8+4 .4 370.0+15.1 22.7£3.4° 3.0x0.6° 19.7£3.0

EI(GE)
FE : Fecal energy

Mean+SD of replicates, BW : Body weight, FI:@ Feed intake, " Energy intake(Gross energy),

EE : Excreta energy = UE+FE, UE : Urinary energy,
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Table 9. Effect of diets containing ground charcoal,

the energy utilization of diets

32 Table 9ol Felelict. BE+ae] g4 DE&
2.917~3.021kcal 2 Aol FAl6ks 0»} ol =] i
{t% (DE/GE)2 #f# o CPDAISE Fod 7Y
747t 81.1% H 81.8%1 84 PWVoMf 83.
197} =lo] Zolxle Ado] 2]3 PFA &A= 80.
3%7} slo] solxle 73] drt. MEX DE9
7399} w|<=abAl Als g 2.810~2.934kcal 7} =
of Mz FAkE Frelvt, SAH (ME/GE)-2 ¥l
u]8l4d) CPD 2 PWV o4 Zolxlz PFA<l4 3
oldol} FEY #E BAHA Y4odrt. PFAY
ME/GE ¥ 77.3%% PWV ¢] 80.7%5c} $-<]317
(P<0.05) w2k

At8 g+ MEn gh2 32 2.729kcal ol v]siAl
CPD = PWVell4 Ztzt 2.825 % 2.796kcal 2 %
olzlz PFA & Fodslw 2.719kcal & ot} 4

wood vinegar and fermented acetic acid on

Diet DE DE/GE ME ME/GE MEn MEn/GE
kcal/g % kecal/g % kcal/g %

CON 2.932+0.115 81.1%+3.2 2.837+0.129 78.5+3.6%° 2.729+0.110 75.5%£3.0%°

CPD 3.021+0.067 81.8+1.8 2.934+0.070 79.5%£1.9%° 2.825+0.058 78.2t1.6°

PWV 3.001+0.078 83.1+2.3 2.916+0.075 80.7+2.2° 2.796+0.067 77.5%£1.9%®

PFA 2.917+0.102 80.3%3.0 2.810+0.118 77.3+3.4° 2.719£0.098 74.8+£2.7°

Mean+SD, GE : Gross energy,
-corrected metabolizable energy

DE : Digestible energy.

ME : Metabolizable energy,

DE/GE : Digestibility of energy, ME/GE and MEn/GE : Metabolizability of energy.
Mean with different superscripts within the same column are significantly different at P<0.05
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(O'Dell et al., 1960; Sykes, 1970. McNabb
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Table 10. Effect of ground charcoal, wood vinegar and fermented acetic acid on the energy
utilization and urinary and uric acid energy per digestible energy of diet

Diet ME/DE MEn/DE NRE/DE UE/DE UAE/DE
% % % % %
CON 96.7+0.7 93.0%0.1 3.7+0.6% 3.3+0.7°° 2.6%0.6%
CPD 97.120.6 93.5+0.4 3.6x0.5° 2.9%+0.6° 2.1%0.4°
PWV 96.9%0.2 92.6+0.2 4.31£0.3° 3.1+0.2° 2.1+0.2°
PFA 96.0+0.9 92.7%£0.3 3.3x1.0° 4.0+0.9* 3.0+0.9°

Mean+SD, UAE : Uric acid energy, DE, ME, MEn and UE : see Table 10.
NRE : Energy for nitrogen retention (NR X8.22kcal/g)
Mean with different superscripts within the same column are significantly different at P<0.05
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