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At present, the production of agricultural bio-products has become increasingly diverse in both
powder and liquid forms. However, limitations in user convenience remain, as most products require
mixing or microbial activation prior to application. This study aimed to develop a pelletized bio-product
using Bacillus subtilis in combination with agricultural residues, namely, rubberwood sawdust and corn
cobs, which serve as carrier materials and nutrient sources. The prototype product was evaluated for
bacterial growth efficiency and hydrogel coating performance. The hydrogel coating was prepared from corncob
extract mixed with maltodextrin at a ratio of 1:1, which demonstrated effective coating properties using an
encapsulation technique to delay the degradation of the pelletized bio-product. The pelletized bio-product
exhibited an initial microbial concentration of 1.52x10% CFU g¢*. After a storage period of 3 months, the
survival rate of Bacillus subtilis remained at 6.3x10° CFU g™, Scanning Electron Microscopy (SEM) analysis
revealed a clearly defined coating layer, which effectively prevented a reduction in bacterial
performance. Biodegradation tests conducted through soil burial demonstrated that the hydrogel-
coated pellets degraded within 3—4 months, whereas uncoated pellets degraded within 2 days. In

distilled water, the coated product maintained its structural stability for more than 2 months.
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Furthermore, the hydrogel-coated pellets extended the shelf life to more than 6 months, with a

microbial survival level of 1.84x10° CFU g¢. Toxicity and contamination assessments confirmed the

absence of harmful residues, highlighting the strong potential of the developed pelletized bio-product

for sustainable application in organic agricultural systems.
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(Table 1)

Table 1 Appropriate ratio of carrier material and bacterial suspension volume for immobilization

on the carrier

Method Bacterial suspension volume Carrier material ration
(mU) (sawdust : corncob)
1 20 50:50
2 40 50:50
3 60 50:50
4 80 50:50
5 100 50:50
6 120 50:50
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Table 2 Study of the optimal ratio for forming biological product formulations

Ingredients Method
(9) 1 2 3
Rubber wood sawdust 50 30 30
Finely ground corncob 25 30 25
Coarsely ground corncob 25 30 25
Cornstarch 30 30 20
Maltodextric 43 30 20
Bacterial culture + distilled water 200 150 300
Total 373 300 420
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Figure 1 Size and appearance of corncob and rubberwood sawdust sample and pellet formation

of Bioformulation using agricultural waste materials; (A) rubberwood sawdust and (B) corn cobs
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Table 3 Bacterial survival rate on carrier materials over a 3-month period

Method 7 Day 30 Day 60 Day 90 Day
(cfu/g) (cfu/g) (cfu/g) (cfu/g)

1 1.52x10° 7.89x10° 8.94x10° 1.65x10"

2 1.52x10° 7.20x10° 4.65x10° 5.30x10*

3 1.52x108 1.20x10° 1.20x10° 2.08x10*

4 1.52x108 2.25x10° 6.40x10° 4.40x10*

5 1.52x10® 3.82x10° 3.52x10° 3.82x10*

6 1.52x10° 8.95x10’ 2.89x10’ 6.30x10°

n1swdnansialasieaindedialnaioldlunis
indeutpuuAUAaTuYa ST usisaLiia
nsudnanslalasieaaindsdalng Tneds
250 n¥usetNdY 1 403 Tigaungdl 80° 1Hunan 30
Wi dwhiiadaldnanfuaisuealnangdniu
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Wuan 1 uil wuINeasIdIuimuIzausnon1sii

\wa Ao 1:1 vlbiinealaffgaunzausoinluld

Tunsindevanslelasiealnemaiaeuuntgadu
W 991N153 118 ANE LY a* way b* ANdUed
$msdniimanzay 1:1 AWy 21.750£1.100,
2.477+0.565 wag 7.813+1.272 (Table 4)

Figure 2 Evaluation of the optimal maltodextrin concentration for hydrogel production

from corncob
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Table 4 Color measurement values of corncob samples and corn extract

Sample

Color analysis values (mean+SD)

L*

Corn starch extract
1:1 maltodextrin
1:2 maltodextrin

1:3 maltodextrin

22.177+1.431
21.750+1.100
22.107+1.381
21.233+1.222

a* b* Ae
2.267+1.434 7.957+1.832 12.037+1.431
2.477+0.565 7.813+1.272 13.120+1.715
2.253+0.660 6.943+1.023 14.087+1.644
2.867+0.617 7.900+1.000 12.690+1.558
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Electron Microscope (SEM)
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Figure 3 Structure of pelletized biological products; (A) pelletized biological product without

hydrogel coating and (B) pelletized biological product with hydrogel coating
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Table 5 Degradation test results of pelletized biological products and shelf life test results

of pelletized biological products

Sample Degradation time Shelf life
in water in soil
Biological product coated with corncob More than More than More than
hydrogel 1 week 3-4 months 6 months
Biological product coated with hydrogel 21 hours 7 day 10 day
from distilled water
Biological product without hydrogel coating 2 mins 2 day 7 day
N1SNAFDUAITNEANAIN 35lNan1TINY

NAADUAITANA19Na ¥ Organochlorine,
Organophosphate, Pyrethroid kag Carbamate lng
15 In-house based on QUEChERS waginaiia GC-
FPD, GC/p-ECD, LC-MS m1ud1au SIURIn1Inadau
lanignn Arsenic, Cadmium, Lead way Mercury
M1U7T 5 Manual for Organic Fertilizer Analysis
(APSRDO, DOA:4/2551) lal ff nsuwd euvesans
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