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Abstract

Livestock odor, driven largely by ammonia emitted from cattle manure, has become a growing source of complaints as
residential areas expand toward farms. Wood ash and biochar are waste-derived materials with odor-adsorbing potential, but
in powder form they generate dust and are difficult to recover after use, which limits their practical application. Forming these
powders into alginate-based beads can overcome these limitations; however, the effects of such beads on cattle manure and
their field applicability remain poorly understood. In this study, we investigated the effects of adding wood ash, biochar, and
alginate-based beads containing wood ash and biochar to cattle manure over a specific period and assessed how these
additives influenced the characteristics of the manure. The goal of the study was to demonstrate the environmental reuse of
these waste resources while providing foundational data that can be used to address ongoing environmental challenges in the
domestic livestock industry, such as odor-related complaints. Seven treatments—a control (manure only), two wood ash
levels, two biochar levels, and two bead formulations—were applied to cattle manure and incubated for 15 days, with moisture
content, pH, and ammonia emissions measured at 5-day intervals. The treatment groups exhibited decreasing moisture
content over time compared with the control group. On day 15, the Bead 1 and Bead 2 treatment groups had the lowest
moisture contents among all groups. No distinct pH variation patterns were observed, and all treatment groups maintained
similar pH levels throughout the study. Ammonia emissions decreased gradually over time across all treatments. On day 15,
ammonia emissions from the Bead 1 and Bead 2 groups were lower than those from the control group, whereas emissions
from the other treatment groups were slightly higher than those from the control group. These findings indicate that the Bead
1 and Bead 2 groups are highly promising materials that could be used to promote environmental sustainability by reusing
waste resources, to improve livestock management practices. More broadly, converting waste residues such as wood ash and
biochar into stable beads offers a practical route to valorize waste while mitigating livestock odor, supporting both a
circular economy and more sustainable livestock production.
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g H] FAl W=, 2022 715 Aol A EAYE
AA AxA H71E2 ¢F 1,3675 =0l @5t Aoz
HIEJEHKE and KEC, 2023). £3] AR ]
Hgo] St wA F2 "el-g -8t Hio] Qufj A
Aa7t F7reke] wpet Aot B84 A4 (wood
ash) g #E5] sojv ot 28y o] = &4
grego] Yol dRom =2 5255 W3] o2&
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Fig. 1. Materials utilized in this experiment: A) biochar, B) wood ash, and C) bead.

Table 1. Mixing ratio for bead production based on wood ash and biochar content

Item Wood ash Biochar Rice husk Starch CMC Sosiium Water
alginate
Bead 1 135 ¢ 15¢ 250 g 10g 6g 15¢ 2L
Bead 2 1275¢g 22.5¢g 250 g 10g 6g 15¢g 2L

(5 879 TEE 2 ke 5 16 kg AF5Hct. A
27 Table 29] 82 7102 Agsgion, &
2 22 AMESHRITh Bead 1> WA 1 % BC 1
Aol A AL A B vlol 02} g A
7hotaal, Fhe HAlC 2 Bead 2= WA 2 €9 BC 2
Aol gl wrd Aottt

2.2, B 32| U 24

2o W] 25 500 g4 Hj4E5te] Table 29141 Al
ARt 7} Hl&a} Zo] A9} Hio] @ 2L 3 7}stod
wEF S 27 1 ecmd] 182 wEo] A2(¢F 20°0)ll
A 1597 Basglt). HIE A2t AA A 87
of| Al 7+52] gefol] ofaf H| =7t nhEl= @4-S HAL
st7] Sl & FAZ 1/32 d94o=2 ALA o4
stof ARgSIITE 2 ZF A TE 370 5 g~ 10
g2 AFste] x27] 105°CollA 24413 Ax § 7
W3S S4sto] A4S pHE A2+ E AlRE
20 g¥ Aot S7< 180 mIE Alo] wRket & =
Al pH meterg AM&3l 35HE0 2 451t gy
obE £ 241X A A o] QIS dof WEst &

GASTEC pump (GV-100S; GASTEC Corp.,
Ayase, Japan)2} NH; detector tube (3L; GASTEC
Corp., Ayase, Japan)= ©|-8-5}o] S5}t

2.3. A=A

2 Ao A AR AT}= SAS program (ver. 9.4
2013)0& ol8stey  ANOVA

(analysis of variance) SAE4E AAloI) =

9] pH, = % dHYolE A Aatof thet 7+ A
27 oA Tukey's testZ p<0.05914 B35}
Atk

program, SAS,

3. 240} U Dt

Table 32 U5A], vHloleat 9 H| =7 2 ] 32
ol mA]= YT oot BE Al AT
oF A7t 73t mpat 2 g st fefngt Ao
SRIEATHp<0.05). 2 A|7ke] -9 10141 <]
A} 2T % BC 1, WA 1, WA 2, Bead 1, Bead 2
t SR gl |foust HHsE Holx] oskth
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Table 2. The experimental treatments based on wood ash and biochar content

Treatment Wood ash Biochar
CON - -
WA 1 16.19 g
WA 2 15.65 g
BC1 1.74 g
BC2 2.86g

Bead 1 16.19 ¢ 1.74 g
Bead 2 15.65 g 2.86¢g

CON: Control, BC: Biochar, WA: Wood ash

Table 3. Effect of wood ash, biochar, and bead additives on the

moisture content (%) of cow manure as a function of time

Treatment!

Item SEM
CON BC 1 BC 2 WA 1 WA 2 Bead 1 Bead 2
0 day 68.8%% 68.6° 69.3%5¢ 68.9° 68.6° 68.1% 66.9° 0.25
5 day 72.8%4 69.0° 68.3°C 68.3 69.0° 66.9" 65.1¢ 0.56
10 day 72.9* 69.3 70.1%% 69.5 69.4 68.2 70.6 1.71
15 day 74.0% 70.5° 70.6 69.5" 70.1° 68.4° 68.6° 0.44
SEM 0.50 0.44 0.23 0.57 2.17 0.47 1.55

*¢ Means within a row with different lowercase superscripts differ significantly (p€0.05)
A€ Means within a column with different uppercase superscripts differ significantly (p<0.05)

'BC 1: Biochar 15 g, BC 2: Biochar 22.5 g, WA 1: Wood ash 135 g, WA 2:

Bead 2: Wood Ash 127.5 g + Biochar 22.5 g
CON : Control, BC: Biochar, WA: Wood ash
SEM : Standard error of the means

(p»0.05). AFHA =& T2 AE 0¥l Bead 25
ALlstal RO He|FolA PHH o= oF 68%E
AR =0l qitt. Alxte] A aRtel] weH(5U~159)
RE A e 8 ol S7ioke A3 BRI,
2} vlwshd Um 2] Aelqle Hastke A
Uerdth o] FollAl Bead 13 Bead 2 A 2++= tHx
ToF H WS o) 7Y W2 R RS 7155k
o]+= Bead 13 Bead 2 A& IHgollA] LA} Hio]
22} 5 et AlmEo] ArtEe] Aoz T vt
FE A= A vro]l et A Sl 7t
H 7ot nRTA 2 Eqe| HgAlE vA 3=
(0.02~0.002 mm)°] FE3 =45 A&H o2 52
Sh=t| 7]ofgtet. &3], £23=1(0.2~ 0.02 mm) 4
A D 1A 7 g2 G S vfspe) E2 o

=0 0.2 mm)2 F7148= 7IAdsta, & ols % &

Wood ash 127.5 g, Bead 1: Wood ash 135 g + Biochar 15 g,

g5 2| Yot EQFe] 84 AL E 2 Ho}
SHH(Sun and Lu, 2014). UF+A= <
FEO| Ro] QAR HA o Axe 22 et &
=4, ol 5L =82 A =2 58S Yehdtt
= oA o] AE St

Table 4= U7, vl @2f 12|11 H|EE 929
A7Vt & 47 717F 54t pH Wiste| it A3HE AA
sttt Al7te] ket A2t 73] pH W= 54
S 2 {ongt zfol & YEFH S (p<0.05), L&} 10
d 9 15 SA4E pH a2 BE A 2FolA FAA
°2 {9Jgt Zpol7F TAE]A] ¢ TH(p)0.05). ZF A&
T9] pHE A8 £271(08)%FH 10714 gioks &
S BYoy, 15900 A S7tohs &l
AAAQ] pH W= BE A2+ 7He] gakst feS
Holz] ¢fl Hjgt 220 2 =E|QI) gty oz
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Table 4. Effect of wood ash, biochar, and bead additives on the pH of cow manure as a function of time
Treatment'
Item SEM
CON BC1 BC 2 WA 1 WA 2 Bead 1 Bead 2
0 day 8.80P 8.84PA 8.794 9.05% 9.07* 8.78% 8.81" 0.02
5 day 8.58"% 8.72:048 8.6948 8.69%F 8.78% 8.60°°AB 8.694 0.03
10 day 8.41° 8.48¢ 8.48¢ 8.638 8.52¢ 8.50" 8.39% 0.04
15 day 8.56° 8.62% 8.53% 8.71° 8.68"¢ 8.48" 8.63* 0.04
SEM 0.04 0.03 0.04 0.03 0.05 0.04 0.05

*¢Means within a row with different lowercase superscripts differ significantly (2{0.05)
ACMeans within a column with different uppercase superscripts differ significantly (p¢0.05)
BC 1 : Biochar 15 g, BC 2: Biochar 22.5 g, WA 1: Wood ash 135 g, WA 2: Wood ash 127.5 g, Bead 1: Wood ash 135 g + Biochar 15 g,

Bead 2: Wood Ash 127.5 g + Biochar 22.5 g
CON : Control, BC: Biochar, WA: Wood ash
SEM : Standard error of the means

Table 5. Effect of wood ash, biochar, and bead additives on ammonia emissions (ppm) of cow manure as a function of

time
Treatment
Item SEM
CON BC1 BC2 WA 1 WA 2 Bead 1 Bead 2
0 day 45.1%* 23.3 33.40°A 78.0% 73.7%4 39.00<A 26.94 3.18
5 day 8.33%P 8.33%¢ 7.672c8 7.333<B 9.67%5¢ 433 5.00>8 0.71
10 day 12'5313 5.33136(: 4.67bCB 8.00bB 7.33bcC 3~33CC 4.00ch 0.75
15 day 10.7°® 15.7¢0B 13.3%8 15.0%B 22.5% 8.67° 8.33 1.79
SEM 2.66 0.97 2.34 1.70 2.47 0.54 2.82

2 Means within a row with different lowercase superscripts differ significantly (p<0.05)
AMeans within a column with different uppercase superscripts differ significantly (p¢0.05)
'BC 1 : Biochar 15 g, BC 2: Biochar 22.5 g, WA 1: Wood ash 135 g, WA 2: Wood ash 127.5 g, Bead 1: Wood ash 135 g + Biochar 15 g,

Bead 2: Wood Ash 127.5 g + Biochar 22.5 g
CON : Control, BC: Biochar, WA: Wood ash
SEM : Standard error of the means

a9
=42 g4 ok olg°] f7lEd &
A7VE A%, g ol 22 wiEEAA pHot
Jotth= Fo] ®aH v 9lok(Shinogi and Kanri,
2003; Park et al., 2021). 71822 H[E9] 799
T R} Hio| @ 217 £3tE o] 9lof pHYF ¢ el
S O AEFS vEpd Ao =2 gt 4= Qi

UEA, vio]lezt, T18|al HIEE 2ol 7}sto]
24 ot Ak tigh A= Table 59 2
o}, 2 Ao A= rr ol Al o] tisl At B
A 7te] SAFCR {ogt zpolrh TAEGT
(p€0.05). A¥ 0¢Atoll= BE Ao gryo}

LA e} vho] @ 2bi= A EFe] Ao Fatt

S 3} 2 0]
= =
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Qe dutd o= ermujop W2 pH gho] 8 o)A
d Ag 7t Ao A Atk(Hristov et al.,
2011). 28v &2 Aol Bead 13} Bead 2 A=+
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