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Malodor-reducing effects of providing
fulvic acid to growing pigs in drinking
water and spraying fulvic acid in swine
barns

Su Yeon Bae'?, Yoon Soo Song', Sang Rak Lee', Beob Gyun Kim'
and Jun Ik Song?

"Department of Animal Science and Technology, Konkuk University, Seoul 05029, Korea
2Division of Animal Husbandry, Yonam College, Cheonan 31005, Korea

Abstract

The objective of the present work was to evaluate the malodor-reducing effects of
spraying fulvic acid in swine barns and providing to growing pigs in drinking water.
Fulvic acids for drinking and for spraying to barns were prepared at 0.02%, and fulvic
acid for spraying to compost were prepared at 0.1%. Prepared fulvic acid of 1 L was
sprayed to the test nursery pig barns twice a week but was not sprayed to the control
barn. Fulvic acid at 0.02% for drinking was provided to growing pigs for 4 weeks but
was not provided to the control group. In the experiment for spraying to compost, 3
additives consisted of 1) probiotics 0.08 L, 2) probiotics 0.04 L + fulvic acid 0.04 L, and
3) fulvic acid 0.08 L were tested by adding to the compost samples of 80 L in 100 L
plastic bucket for each and directly adding to the mechanical agitated composting
facility. As a result of spraying fulvic acids to nursery pig barns, ammonia concentration
was not increased compared with the control barn in which ammonia increased
continuously. Fulvic acid provided to growing pigs did not result in difference of excreted
ammonia compared with the control group. Probiotics, probiotics + fulvic acid, and fulvic
acid sprayed to the test compost resulted in reduced malodor and ammonia after
agitation compared with before agitation (p < 0.001) with the greatest effects in the fulvic
acid group among the 3 additives. Additionally, the temperature of compost receiving
fulvic acid reached 40°C earlier than that of the control compost, which means that the
time for primary fermentation of the compost was advanced by receiving fulvic acid. In
conclusion, fulvic acid at 0.02% sprayed to pig barns and fed to pigs as water showed
effective reduction of malodor, and fulvic acid at 0.1% sprayed to the compost reduced
the time for primary fermentation and thus decreased the malodor.
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Table 1. Nursery pig barns and growing pig barns tested in the present study

Barn" Number of head Size of barns (m?) Allowed space (m?/head)
Nursery pig

Control 128 43 x 147 0.49

Fulvic acid 126 43 x 147 0.50
Growing pig

Control 274 8 x 40 1.17

Fulvic acid 269 8 x 40 1.19

YNursery and growing pig barns were used for spraying and drinking test of fulvic acid, respectively.
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Fig. 1. Odor-measuring point in nursery pig barns for the experiment of spraying fulvic acid.
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Fig. 2. Odor-measuring point in growing pig barns for the experiment of providing fulvic acid in drinking
water.

Table 2. Standard of scoring for direct sensory method (odor intensity method)

Malodor score Degree of odor

0 (none) Odorless

0 < Score < 1 (threshold) Barely detectable odor
1 < Score < 2 (moderate) Detectable odor

2 < Score < 3 (strong) Strong odor

3 < Score < 4 (very strong) Very strong odor

4 < Score < 5 (over strong) Unbearable odor

FulAte] E57F HH] Reof g 2% Hjol nAe FIFE Elshr] fiste] 714 wEkA
EH|} AJdo|A 7]E AAE oF T BRAAAE ol&ste]l Ade AAST £ =E
(0.32 mm) & }F|A|Z} vlo] © AN (QRAL-E 75%) 282 AA5HIch EH] ol w2 L%
Ash= 717 Rk Hujgk A 25 m Al ST

AL I A 2M
4 AL &IE gotE7] Yoto] gas chromatography with flame ionization detector Z74
9 oA A2 TA19)2 olgsiol ok WSFE AN,

Fryo} = 1.670 x Log X + 2.38

X 23] 2XKpropionic acid) = 1.380 x Log X + 4.60

HeAKbutyric acid) = 1.290 x Log X + 6.37

[ 24k(I-valeric acid) = 1.090 x Log X + 5.65

¥ 24K(n-valeric acid) = 1.580 x Log X + 7.29

A F1SE (ST A AL 4% Bt Log?l 28) = 1.335 x Log X + 5.978

Ao El+= SAS(SAS Institute, Cary, NC, USA)®] PROC MIXEDE o]-&s}to] 4519
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< 0.05; Table 4). ZF, Kim et al. [20]-2 52| pH7} 5 0]} AejoflAEs Yool 3ito]
9 2O Gt i 48 G e § RS B0 e
o 4 QoB[21], BUAL Fuyole] FLL FAAGE AF 222)2 vjSo] Hol, B
QA BT Euo] A oo EAE B 1) %Pwou LS FAAATE 2S

S8l S F07F AL W 243 XM DXl B

SAEAR U 294 S Fof AF 43, Eulike ROt AYaet ks ‘ETW &
2 ol Yot B ol WATES] Xfo]7h WEA] F9tth(Table 3). wWebA 55~ &
o= QIZ A Adhe itk TSIt ol Aol w=H, FHiE AT A4S AUl
A5} 24, A B4 9 WY 7| SRAo] B8-S Z=n R Q10 Serratia, Acinetobacter,

Table 3. Effects of spraying 1 litter of fulvic acid (0.02%) twice per week in nursery pig barns and providing fulvic acid (0.02%) in drinking water in
growing barns on ammonia (NHs) and hydrogen sulfide (H»S) production

Control Fulvic acid

SEM ;_7—va|t_1e for
ltem Dy 3 5 8 10 12 3 5 8 10 12 fubvic acid effect
Spraying

NHs (mg) 8 7 9 9 8 6 5 7 6 6 0.1 < 0.001

Drinking
NHs (mg) 5 8 4 6 12 4 3 4 6 8 0.7 0.129
H2S (mg) 0 0 2 0 2 0 0 0 2 0 0.5 0.621
Table 4. Effects of spraying 1 litter of fulvic acid (0.02%) twice per week on reduction of malodor in nursery pig barns"

ltem Control Fulvic acid SEM p-value
Ammonia 13.21 11.34 - -
Propionic acid 4.78 3.92 - -
Butyric acid 4.65 4.21 - -
[-Valeric acid 5.21 4.67 - -
n-Valeric acid 4.69 4.23 - -
Volatile organic compounds 8.21 6.74 - -
Mean 6.79 5.85 0.17 0.012

"The odors were measured by using gas chromatograph/flame ionization detector.
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24 71718 B9 43 TR SAORE WA 59 B AeTold b 2 axt
g Bl gEuol WAFS W A A A Mol wsh it Fol o ARHLAT( <
0001 Table 7), $ABOZE WY Fol B AT ol 5 A Aol w13 5

oVgol rmUjot A7 e Bk vlgotsl BAYH £ A OE Wyt 2] v3)
it o) A A HeFoIA B AgE D7k LeRdeHp < 0.001; Table 8). Lee et al. 2419
new FEFY £ofd pH/t $245 Be G2l SR} p2v BASETHT s,
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Table 5. Effects of probiotics, probiotics + fulvic acid, and fulvic acid at 1 litter per ton of compost on reduction of complex odors of compost before
and after incubating”

Before incubating After incubating
ltem Probiotics Probiotics SEM p-value
Probiotics + Fulvic acid Probiotics + Fulvic acid
fulvic acid fulvic acid
1 145 65 35 48 27 10 - -
2 98 57 M 36 23 9 - -
3¢ 105 78 54 4 20 7 - -
4" 58 25 12 24 19 8 - -
" 45 29 19 32 14 7 - -
6" 47 31 7 26 10 4 - -
7" 39 27 10 19 9 3 - -
g 28 21 6 " 16 0 - -
Mean 71° 42° 23> 30% 17% 6 5 < 0.001

"The probiotics and fulvic acid products were diluted to 0.1% using water. A complex odor sensor was used to measure the complex odors.
TYWithin a column means without a common superscript differ (p ¢ 0.05).
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Table 6. Effects of probiotics, probiotics + fulvic acid, and fulvic acid at 1 litter per ton of compost on complex odors of compost before and after incubating
based on direct sensory method (odor intensity method)"”

Before incubating

After incubating

ltem Probiotics Probiotics SEM p-value
Probiotics + Fulvic acid Probiotics + Fulvic acid
fulvic acid fulvic acid
1 5.0 4.0 3.0 3.0 2.0 1.2 - -
2 4.0 35 3.0 35 25 15 - -
3¢ 5.0 4.0 3.0 3.0 1.5 1.5 - -
4t 3.0 3.0 2.5 2.5 2.0 15 - -
5" 3.0 25 25 3.0 25 1.0 - -
6" 35 3.0 3.0 3.0 2.0 1.5 - -
Ak 3.5 3.0 2.5 3.0 2.5 15 - -
g" 3.0 25 3.0 25 2.0 2.0 - -
Mean 3.8 3.2% 2.8° 2.9° 2.1° 1.5° 0.2 < 0.001

"The probiotics and fulvic acid products were diluted to 0.1% using water.
9Within a column means without a common superscript differ (o < 0.05).

Table 7. Effects of probiotics, probiotics + fulvic acid, and fulvic acid at 1 litter per ton of compost on ammonia production of compost before and after

incubating”
Before incubating After incubating
ltem Probiotics Probiotics SEM p-value
Probiotics + Fulvic acid Probiotics + Fulvic acid
fulvic acid fulvic acid
7 57 32 17 10 8 3 - -
2 69 47 24 8 6 4 - -
3¢ 75 36 17 10 7 3 - -
4t 65 43 12 7 5 3 - -
5 54 29 9 9 6 2 - -
6" 43 21 10 8 8 4 - -
7" 37 19 7 6 4 2 - -
g 32 19 8 5 3 1 - -
Mean 54° 31° 13° 8 6~ 3 2 < 0.001
"The probiotics and fulvic acid products were diluted to 0.1% using water. A complex odor sensor was used to measure the ammonia production.
Z9Within a column means without a common superscript differ (o < 0.05).
FAE 2o AEstetd A7 2oy Sof wer gt £ 9low, A Sle
w7 Y % 59 7ol HH|Y Fe 71 Be dFL2 A7) fiEolEke ol AT
Hio| A oI ATH25]
Fu)3 250] e Hujs 49 L WSk AT A7, Bulie ERsK gk Eu|s)
A9l A 1A Eart s 2&R1 40T ol=7|7k] 1549 AlZte] 84 WY, &Y
Abe et EB|Ae] 79 7o) A8 F AT Lee et al[26]0] W=r E{v] FE oFf 109 5%
L& 5 712717 AA YEHOH, o]F 4% AAA] 60T-65C 2] 2:=7F FAS Tl il
St & AgolM EuikE Aot Eujek Alde] ke 71CE YEEEH, ols g
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Table 8. Effects of probiotics, probiotics + fulvic acid, and fulvic acid at 1 litter per ton of compost on dimethylamine production of compost before

and after incubating”

Before incubating After incubating
ltem Probiotics Probiotics SEM p-value
Probiotics + Fulvic acid Probiotics + Fulvic acid
fulvic acid fulvic acid
19t 170 92 57 8 39 19 - -
2" 135 98 46 10 34 17 - -
3¢ 154 110 48 11 30 13 - -
4t 45 46 10 6 15 12 - -
5 84 52 21 3 21 14 - -
6" 92 48 19 5 32 19 - -
7 53 26 13 0 18 9 - -
g" 42 13 8 2 16 5 - -
Mean 97° 61° 28° 6° 26° 14° 7 < 0.001

"The probiotics and fulvic acid products were diluted to 0.1% using water. A complex odor sensor was used to measure the dimethylamine production.
9Within a column means without a common superscript differ (o < 0.05).
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Table 9. Effects of spraying fulvic acid (0.1%) at 1 litter per ton of compost on the changes of ammonia
production over time in mechanical agitated composting facility

After incubation

Item
Immediately 30 minutes 2 hours 3 hours

78t 120 35 M 65
2 105 43 48 60
3¢ 89 52 57 63
4 75 35 46 57
5" 46 27 52 48
6" 37 25 46 51
7" 32 21 38 39

TFET 8T o &S L3O Lee et al.[ze]sq o)A Rugd Eu) vhg H1L%0] 65T
Bt 6CE o w2 2Eth E94RS BF5E EH[sh Ao A= |37t A& 5t 2
=7h #EA A5she Al ﬂﬂii E3E AFSote] EH|SE s 7]7to] ©E5E 4 9
18 717 % 259 ¥shs nE Eojagoli] Bshs AR Ua
g 4= Y= WY T8 xS, Edlito] fE HERAE AR U7 A
Aol WEH, [ERAL Lo] 11 Fo]2 X|Eo] FHET =o HgEC] A
2 SHo|ER FH] B& 9 2% 30| I vFHS Aol BastglcH14].
U ZHAF B0 e oFF dAyEFe] HglE GC/FIDE o] g3te] 243 23}, T2 u A4l
HEEAL I 24F n-dE 24t 9 S /713 ST S o fonet x}olﬂ
UERHA] QRokAlRE xl*M*i Aol A4S Btk ER, oA A 34 [19]E &
S ALt A3}, Fel4k BRIF EolA ¥cks ryol, TR u2Al REEAL U 24T,
n-TE 24 2 3y 719}%‘% SRS W GHHOE Aol AoE Ve

-
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e ‘1
o gy Mo
I ofo R WY
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N
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]_
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I
Jﬂﬁ
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0.001; Table 10).
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2 A7 R4 EH4Y] A &5 9 &5 Fole HHAF 2571 = oFF A
3]s P 2ARR: Aol A=A 58 H S S Foi8 EHARS 0.02%, EH]
Ab BRE EEARZ 0.1%E AlRsto] ARGStGloH, tiRTole FHARE B 52 FosHA|
URATE A=A UL B 23] AAstloH, 254 =8 1 LA 7013l 25 Fo
+ E94H0.02%)& F/gAt0l 457 Fofstqitt. FHIAl Bi+= 80 Lo &3t EH|E E-2 100
L ZetAE & 7hzto] 3@ESol4l 0.08 L, Z2ESIoAF 0.04 L + ZH]4F 0.04 L 2 ZH)4}
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1=

T,
>,
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i
[e)

nofe] S| H4EE WS AEA B AY A B BEsH ge
o) el R AHTOA B e G ASIATHy « 0.001). SHE
FoLe 84 Soig Ak, gmUol o :%@»ri oy XV* EIE ek oo Sy

> 2 9o
BN
-
o)
jus)

Table 10. Effects of spraying fulvic acid on reduction of malodor in composts based on measuring and
calculating values

Item Control Fulvic acid SEM p-value
Measuring”
Ammonia 126.3 107.2 - -
Propionic acid 0.9 04 - -
Butyric acid 0.7 0.6 - -
[-Valeric acid 0.1 0.0 - -
n-Valeric acid 0.1 0.0 - -
Volatile organic compounds 2.6 15 - -
Direct sensory method 5.7 3.7 - -
Mean 19.5 16.2 1.9 0.265
Calculating?
Ammonia 54 3.8 - -
Propionic acid 7.9 3.1 - -
Butyric acid 5.7 3.8 - -
[-Valeric acid 45 3.0 - -
n-Valeric acid 6.5 3.8 - -
Volatile organic compounds 8.3 3.6 - -
Direct sensory method 54 2.7 - -
Mean 6.3 33 04 0.001

"The odors were measured by using gas chromatography with flame ionization detector.
IThe equations for the odors production were suggested by Nagata & Takeuchi (2003) [19].

http://www.e-ait.org | 61



BUIMO| 5X 84 &

2 YEY BTt M ®Zol 0Xl= 3%

62 | http://www.e-ait.org
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