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TOM TAT

Nghién cttu tap trung vao phan lap va tuyén chon vi khuan phan giai protein va
cellulose tir réc thai hitu co tai Thanh phd Hué nham tim giai phap sinh hoc trong
xtt ly rac thai. Mau rac dugc thu thap tir chg, chung cu va quan dn duoc nudi cdy
trén moi truong chon loc. Két qua thu dwgc 99 chiung vi khudn c6 kha nang phan
giai protein va 95 chtng vi khudn c6 kha ning phan giai cellulose tir 12 mau
nghién ctu, v6i s6 luong vi khudn dao dong trong khoang 77,65 x 105 - 722,97 x
105 CFU/ml. Hai ching vi khuan tiém ning duoc xac dinh béng giai trinh tw 165
rRNA: Stenotrophomonas maltophilia V93 ¢6 vong phéan giai gelatin 1én nhét
(23,32 mm) va Bacillus velezensis C24 c¢6 vong phan giai cellulose 16n nhat (24,61
mm). Nhitng chung vi khuan nay cé thé ting dung trong xt ly rac httu co, gop
phan giam 6 nhiém mdi truong. Ngoai ra chung cé thé duoc tan dung dé san xuat
phén bon sinh hoc hoac khi sinh hoc, mang lai lgi ich bén vitng cho moi treong va
kinh t€.

Tt khoa: phan giai cellulose, phan giai protein, rac thai hitu co.

1. MO PAU

Réc thai hitu co 1a thanh phan chinh trong tong lwong chat thai ran do thi va
néng nghiép trén toan cau. Tuy nhién, hé théng x ly rac hién nay van con nhiéu bat
cap, dan dén nhiing hé luy nghiém trong ddi véi moi treong va stec khoe cong dong

[7]-

Mot trong nhiing van dé 16n nhat trong quan ly rac httu co la tinh trang chén
1ap btra bai hoac xtr ly chwa triét d€. Hau hét rac thai httu co tai Viét Nam duoc xw ly
theo phuong phap chon 1dp, chiém hon 70% tong luwgng rac thai sinh hoat [1]. Khi rac
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h@tu co bi phan huy trong diéu kién yém khi tai cac bai chon 1ap, né sinh ra khi metan
(CHs4) — mdt loai khi nha kinh ¢6 kha ndng gay hiéu tng néng 1én toan cau gap 25 lan
so voi CO, [3]. Ngoai ra, nwdc ri rac tir cac bai chon 1ap chira nhiéu hop chat hiru co
ddc hai, vi khuan va kim loai nang c6 thé thim vao nguon nudc ngam, anh huong dén
strc khoe con nguoi [1].

Bén canh phuwong phap chon 1ap, viéc d6t rac ciing duoc ap dung tai mot s6 dia

phuwong. Tuy nhién, d6t rac hitu co khong chi tiéu t6n nang lwong ma con tao ra cac
khi d¢c hai nhw dioxin, furan, anh huwong dén chat lwgng khong khi [6].

Xudt phat ttr thueee trang rac thai httu co va nhiing han ché trong cac phuong
phap xt ly hién nay, nghién cttu nay hudéng dén viéc phan lap va tuyén chon cac
chuing vi khuan c6 kha nang phan giai protein va cellulose tir rac thai httu co tai Thanh
ph6 Hué. Str dung vi sinh vat ¢6 kha nang phan giai protein va cellulose 1a mét hudng
di tiém nang trong xw ly rac thai hitu co. Vi sinh vat c6 thé tiét ra enzyme gitp phan
htly nhanh chdéng cac hop chét hitu co phtic tap, tir d6 giam thoi gian xw ly va tao ra
cac san pham c6 gia tri nhu phan bon hitu co hodc khi sinh hoc [7].

2. PHUONG PHAP NGHIEN CUU
2.1. DGi tuong

Céc chung vi khudn c6 kha nang phan giai protein va cellulose manh duoc
phan 1ap ttr rdc thai httu co thu duwoc tir cac chg, chung cue va quan an trén dia ban
Thanh phd Hué.

2.2. Phuwong phap nghién cttu
2.2.1. Phuong phép phan lap va dém s6 luong t€ bao

St dung phuong phap Koch d€ phan lap vi khuan cé kha nang phan giai
protein trén moi truong Vinogradski, trong d6 KNOs duoc thay thé bang gelatin va
phan 1ap vi khuan c6 kha nang phan giai cellulose trén moéi truong CMC thach dia [5].

Pém s8 leong t& bao vi khuan bang phwong phap dém gian tiép thong qua sd
luwong khuan lac moc trén méi treong thach dia [5].

2.2.2. So tuyén cac chung vi khuan cé kha nang phan giai protein va cellulose

Cac chung vi khuan dwoc cay vach 1én bé mat thach dia, nudi cay ¢ thoi gian va
nhiét d6 thich hop. Sau d6, nhudm béng thudc thir Frazier d6i véi vi khuan phan giai
protein va thudc thtr Lugol d6i véi vi khuan phan giai cellulose [5].

2.2.3. X4c dinh hoat tinh protease va cellulase

Céac chung vi khuan tuyén chon duwgc nudi cdy lac tdc dd 120 rpm & nhiét dd
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phong véi thoi gian thich hop. Ly tam dich nudi bang mdy ly tdm lanh, t6c d§ 8000
rpm trong 10 phat, thu phan dich noi.

Chuén bi cac dia petri chita mdi treong thach Vinogradski b8 sung gelatin cho
vi khuan phan giai protein va moéi treong thach CMC cho vi khuan phan giai cellulose.
Tao giéng thach c6 duong kinh 10 mm, dung micropipette hut 0,7 ml dich enzyme vao
giéng. Lam lanh trong 12 gio (4 - 6°C) sau d6 dua vao ta am (28 - 30°C) va u trong 36
gio. Nhuoém mau bé mat thach va do dwong kinh vong phan giai co chat [2].
2.2.4. Xac dinh ddc diém hinh thai va phan loai vi khuan

Quan sat hinh thai khudn lac trén mdi treong thach va hinh thai t& bao bang
phuong phap nhudém don [5].

Phan loai chiing vi khuan béang giai trinh te gene 16S rRNA va tra ctu trén
Blast search dé& xac dinh loai vi khuéan [8].

2.2.5. Xtr 1y s6 liéu

SO liéu duwogc tinh gid tri trung binh va phan tich phuong sai mét chiéu
(ANOVA), kiém dinh Duncan (p < 0,05) bang phan mém SPSS 20.0.

3. KET QUA VA THAO LUAN

3.1. Phén 14p va tuyén chon cic ching vi khuan c6 kha ning phén giai protein va
cellulose

3.1.1. Tim hiéu s lwong vi khuan

Tt 12 mAu rac hitu co thu dwoc tir cac bai rac trén dia ban Thanh phd Hug, tién
hanh phan 1ap va dém s0 luong khuan lac vi khuan c6 kha nang phan giai protein trén
mdi truong Vinogradski (chita ngudn nitrogen la gelatin) va mdi treong thach CMC.
Két qua duoc trinh bay ¢ bang 1.

Bdng 1. S8 luong vi khuan trong cidc mau nghién ctru.

Ky hiéu Dia diém thu mau 56 }u’ ong V% 56 Iuong vi khuan
STT miu (Bai rac) khuan protein cellulose
CFU/ml (x109) CFU/ml (x105)
1 AC1 Bai rac chg An Cuu 133,934 137,54¢
2 AC2 Bai rac chg An Cuu 350,64> 78,08f
3 bB1 Bai rac cho Dong Ba 349,38p 326,13¢
4 bB2 Bai rac cho Dong Ba 365,190 722,972
5 DB3 Bai rac cho Dong Ba 295,36¢ 312,91¢
6 DB4 Bai rac cho Dong Ba 138,014 352,95¢
7 BN1 Bai rac cho Bén Nguw 280,56¢ 101,12¢
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8 BN2 Bai rac cho Bén Ngu 350,18> 130,31
9 Pbb1 Bai rac chung cu Bong Da 361,49° 77 65f

10 pbD2 Bai rac chung cu Bong Da 280,73¢ 340,54¢
11 QA1 Bai rdc quan com Nam Ki 229,05¢ 250,224
12 QA2 Bai rdc quan com Nam Ki 402,182 479,28

Ghi chii: Sw sai khdc giira cic chir cdi trén cing mgt cft biéu hién sai khdc c6 y nghia thong ké
v0i p < 0,05 (Duncan’s test)

Két qua bang 1 cho thdy cdc mau rac tai cho Pong Ba va quan com Nam Ki c6
mat d6 vi khudn kha cao. Dic biét hai mau DPB2 va QA2 dwoc danh gia la giau nguon
vi sinh vat tiém nang vdi sO lugng vi khuan dao dong tir 402,18 x 10° dén 722,97 x 105
CFU/ml. Nguoc lai, cac mAau thu tir cho An Cuu va khu chung cu Pong Da lai thé hién
mat do vi khudn thdp hon, phan anh su khéc biét vé thanh phan rac thai dic trung cua
tirng khu vuee.

Bén canh d6, ngay trong cing mot dia diém thu mau, s6 lugng vi khuan ciing
c6 su bién dong. S khac biét nay c6 thé bat ngudn tit nhiéu yéu t8 nhu thanh phan rac
thai, d6 am, diéu kién thoi tiét cling nhue phiong phap va thoi gian thu mau.

3.1.2. Danh gia kha nang phan giai protein va cellulose

Bdang 2. Kha nang phan giai protein ctia cac chung phan lap.

Chiéu rong vach phan giai

Kha nang phan giai (w - mm) S6 chung Ty 1& (%)
Yéu w<10 5 5,05
Trung binh 10<sw<15 22 22,22
Manh 15<w <20 44 44,44
Rat manh w >20 28 28,28

Tt két qua ¢ bang 2 cho thdy tit ca cac ching vi khuan phan lap duoc déu cd
kha nang phan giai protein nhung ¢ cac mic do khac nhau. Co tong s6 72 chung
(chiém ti 1€ 72,72%) c6 kha nang phan giai protein & mitc manh va rat manh. Cac chung
c6 kha ndng phan giai protein 6 muec trung binh chiém ty 1é 22,22%. S6 luwong cac
ching c6 kha ndng phan giai protein yéu rat thap, chi 5,05%, cho thdy phan 16n vi sinh
vat duoc phan lap déu c6 hoat tinh enzyme protease tot.

Két qua nghién ctru ctia ching t6i kha tuwong dong voi nghién ctru cta Tran
Van Diing va cdng su (2021), trong s§ 58 chting vi khuan phan giai protein tr 75 mau
rac thai httu co sinh hoat tai Thanh phd Can Tho ¢6 46 ching c6 kha nang tiét enzyme
protease manh (79,31%) [3].

Trong khi d6, nghién cttu cia Nguyén Tran M§ Hoang (2024) vé vi khuan phan
giai protein trong dich chugp nudc mam truyén théng Nam O chi ghi nhan 13,92% s6
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chung (11/79) c6 kha nang phan giai manh. Ty 1é nay thdp hon dang ké so véi két qua
cta chung toi [4].

|\HI|‘ H‘HI \IIH‘ i ‘HIIU H‘H' |HH| i ‘\IIH H‘II\ |HH| i ‘IIIH wH| |IIH\! \I|H\ \HII‘ i |HH|| II‘H‘ UIH‘ I |\HI| H‘HI \IIH‘ i ‘HII\ IH‘
o am 100 cm 0

Hinh 1. Vach phan giai gelatin manh ctia mét s& chung vi khuan

Bang 3. Kha nang phan giai CMC ctia cac chung phan lap.

Chiéu rong vach phan giai

Kha nang phan giai (w - mm) SO chung Ty 1€ (%)
Yéu w <10 39 41,05
Trung binh 10<w<15 41 43,16
Manh 15<w <20 10 10,53
RAt manh w =20 5 5,26

Tt két qua ¢ bang 3 cho thdy tat ca cac chung vi khuan phéan lap dwoc déu cd
kha nang phan gidi CMC nhung ¢ cac mttc d¢ khac nhau. Cac chiing cé kha nang phan
giai CMC trung binh va yéu chiém ty 1é cao nhat (41,05 dén 43,16%). Nhoém vi khuan
c6 kha nang phan giai manh (10,53%) va rdt manh (5,26%) c6 ty 1é kha thap.

So sanh véi két qua nghién cttu ctia Nguyén Thi Thu Thuy va cong sw (2018)
khi nghién ctru vé cac chiing vi khudn phan giai cellulose tir cAc mau rdc, mun cuwa va
dat canh tac & Thira Thién Hué cho thay ty 1é cac chung vi khudn c¢é kha néng phan
giai cellulose manh (11,1%) cao hon so v6i nghién cttu ctia ching t6i. Diéu nay c6 thé'la
do su khéc biét vé phuong phap nghién ctru, nguén mau va moi treong séng cua vi
sinh vat anh hudng kha 16n dén két qua nghién ctru [7].
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Hinh 2. Vach phan giai CMC manh ctia mét s6 chung vi khuan
3.1.3. Hoat tinh phéan giai gelatin va CMC ctia cac ching vi khuan tuyén chon

Trong s6 cac chung vi khuan phan lap duwoc, chung t6i chon ra 10 chung vi
khuan phan giai gelatin manh va 10 chtiing vi khudn phéan giai CMC manh d€ tién hanh
tuyén chon bang phuong phap khuéch tan thach dia. Két qua duoc trinh bay ¢ bang 4.

Bdng 4. Kich thudc vong phan giai gelatin va CMC cua cac chung vi khuan.

STT Chung Kich thuwdce (mm)

1 V3 14,13¢

2 V5 17,90b¢

3 V16 19,83
4 V46 9,63¢

Vong phan giai 5 V67 22,532
gelatin 6 V82 9,05¢

7 V84 11,524

8 V93 23,322

9 V95 16,72b¢

10 V96 17,55b¢

1 C24 24,612

2 C28 19,34°

Vong phan giai 3 C29 17,05b¢
CMC 4 C39 14,93¢

5 C62 12,224

6 C72 23,337
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STT Chung Kich thwdce (mm)
7 C76 20,53
8 C87 17,84bc
9 C88 15,46¢
10 C89 19,41°

Ghi chii: Sw sai khdc giira cdc chir cdi trén cing mot cft biéu hién sai khdc cd y nghia thong ké
voi  p<0,05(Duncan’s test)

Trong cac chung da xac dinh hoat tinh enzyme, chung V93 c6 vong phan giai
gelatin 16n nhét, hiéu s6 vong phan giai 1a 23,32 mm va chung C24 ¢6 vong phan giai
CMC 16n nhat, hiéu s6 vong phan giai la 24,61 mm.

‘\|‘\|n I‘\II\|IHI|HI\|IHI|\ H\IIH|HI ‘||u||m| \||‘ I I‘\II\|IHI|HI\|IHI|\ |\‘|.\|| ‘\H|H I‘\II\|IHI|HH|IHI|I H|HI1‘IH |HII‘IIH| \II‘ NI I‘\II\|IHI|HI\|IHI|\ H\MI|
0 em 10 0 cm 10

Hinh 3. Vong phan giai gelatin va CMC ctia chung vi khuan V93 va C24
3.2. Dic diém hinh théi ctia cac chiing vi khuan
3.2.1. Chuing V93

Khuan lac dang tron, 16i, mau tréng trong va bé mat nhan. Khuan lac dat kich
thude 1 - 3 mm sau 2 ngay nudi cay.

Tién hanh nhuém Gram chung V93 va quan sat trén kinh hién vi véi d6 phong
dai x 100, cho thay chung V93 1a vi khudn Gram am, c6 dang hinh que ngan.

Hinh 4. Hinh thai khudn lac va t€ bao ctia ching V93 (x 100)
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ACTTCACCCCAGTCATCGGCCACACCGTGGCAAGCGCCCTCCCGAAGGTTAAGCTACCTGCTICTGGTGCAACAAACTCCCATGGTG

TGA AA TTCACH TTCCGACTTC
AGTTGCAGACTCCAATCCGGACTGAGATAGGGTTICTGGGATIGGCTTACC T6C, TCCCTACCATIGTAGT
AC CTGGC C. TIGACGTCATCCCCACCT TIGTCA TCTCCTTAGAGTT

CCCACCATTACGTGCTGGCAACTAAGGACAAGGGTTGCGCTCGTIGCGGGACTIAACCCAACATCTCACGACACGAGCTGACGACAG
CCATGCAGCACCTGTGTTICGAGTICCCGAAGGCACCCATCCATCTCTGGAAAGTTCTCGACATGTCAAGGCCAGGTAAGGTTCTICGC
GTTGCATCGAATTAAACCACATACTCCACCGCTIGTGCGGGCCCCCGTCAATICCTTTGAGTTTCAGTCTIGCGACCGTACTCCCCAGG
CGGCGAACTTAACGCGTTAGCTICGATACTGCGTGCCARATIGCACCCAACATCCAGTICGCATCGTTTAGGGCGTGGACTACCAGGG
TATCTAATCCTGTTIGCTCCCCACGCTTTCGTGCCTCAGTGTCAATGTIGGTCCAGGTAGCTGCCTICGCCATGGATGTICCTCCTGATCT
CTACGCATTTCACTGCTACACCAGGAATTICCGCTACCCTCTACCACATICTAGTCGCCCAGTATCCACTGCAGTICCCAGGTTIGAGCCC
AGGGCTTTCACAACGGACTTAAACGACCACCTACGCACGCTTTACGCCCAGTAATICCGAGTAACGCTIGCACCCTTCGTATTACCGE
GGCTGCTGGCACGAAGTTAGCCGGTGCTTATICTITGGGTACCGTCATCCCAACCAGGTATTAGCCGGCTGGATTTCTTTCCCAACAAA

AGGGCTTTACAACCCH GCCTICTICACCCACGCGGTATGG! TIGCGCCCATIGTCCAATATICCCCACTGCTGCE
TCCCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCTGATCATCCTCTCAGACCAGCTACGGATCGTCGCCTIGGTGGGCCTTTA
CCCCGCCAACTAGCTAATCCGACATCGGCTCATICAATCGCGCAAGGCCH CCTGCTT

ATTAGCGTAAGTTTCCCTACGTTATCCCCCACGACAGAGTAGATICCGATGTATICCTCACCCGTCCGCCACTCGCCACCCAGAGAGCA
AGCTCTCCTGTGCTGCCGTICGACTT
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Hinh 5. Két qua giai trinh tu gen 16S rRNA cua chung vi khuan V93

Qua két qua nghién ctru, ching t6i nhan thiy trinh ty doan gen 16S rRNA cta
ching V93 la twong dong 99,93% voi trinh ty doan gen 16S rRNA cua chung
Stenotrophomonas maltophilia S38 ¢6 trinh tu tham chiéu trén GenBank, ma s0 truy cap
OR681912.1. Chung V93 duoc xép vao chi Stenotrophomonas, loai Stenotrophomonas
maltophilia, mot loai vi khuan Gram am cé kha nang phan hay nhiéu hop chat hitu co
phtec tap. Loai nay thuwong duoc tim thay trong moéi treong dat va nudce, voi tiém ndng
tng dung trong x ly 6 nhiém va cong nghé sinh hoc méi treong nho vao kha nang
sinh enzyme va khang sinh tir nhién.

3.2.2. Chung C24

Khuén lac dang tron, 16i, mau trang duc va bé mit nhén. Khuan lac dat kich
thudc 2 - 4 mm sau 2 ngay nudi cdy.

Tién hanh nhuém Gram chiung C24 va quan sat trén kinh hién vi v6i dd phéng
dai x 100, cho thay chung C24 1a vi khuan Gram duong, c6 dang hinh que dai.
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Hinh 6. Hinh thai khudn lac va té bao ctia chung C24 (x 100)

TTACCTCACCGACTICGGGTGTTACAAACTCTCGTGGTG

TTACTAGCGATTCCAGCTTCACGCAGTCG

T TIGT ATIGTAGCA

AGTTGCAGACTGCGATCCGAACTGAGAACAGATTTGTGGGATTGGCTTA,

TIGTCACCGGCAGTCACCTIAGAGTGCC

AGGTC: ATGATGATTTGAC

ATG

CAAC! AAC TIGCGCTCGT CTTAACCH
CACC/ ATCTCTAGGATIGTCAGH A TCTTICGCGTTGCT
TCGAATTAAACCAC) TGT TCAATTCCTTTGAGTTTCAGTCT
TGCTTAATGCGTT TAGCACTCATCGTT

ATCCTGTTICGCTCCCCACGCTTTCGCTCCTCAGCGTCAGTTACAGACCAGAGAGTCGCCTICGCCACTGGTGTICCTCCACATCTCTAC

AAGTTCCCCAGTTTCCAATGACCCTCCCCGGTTGAGCCGGGG

GCATTT TCCACTCTCCTCT
GCTTTCAC TTAAGAAA \GCCCTTT GCTTGCCACCTACGTATIACCGCGGC
TGCTGGCACGTAGTTAGCCGTGGCTTICTGGTT TTT TGTTCTICCCTAACAACAG
AGCTITACGAT TICATCACTC T CAGACTTICGTCCATIGEGGAAGATICCCTACTGETGECTCE
= TCAGTCCC TC ACGCATCGTCGCCTTGGTGAGCCGTTAC
CTCAC GO TTTTATGTCTGAACCATGCGGTICAAACAAGCA
TCCGGTAT T TTATCCCAGTCTT TIACCCACGTGTTACTCACCCGTCCGCEGCTAACATCAG
GGAGCAAGCTCCCATCTGTCCGCTCGAC
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Hinh 7. Két qua giai trinh ty gen 16S rRNA cuia chung vi khuan C24

Qua két qua nghién cttu, ching t6i nhan thay trinh tw doan gen 16S rRNA cua
chung C24 1a twong dong 100% voi trinh tw doan gen 16S rRNA cta chung Bacillus
velezensis SCGB574 ¢6 trinh tw tham chiéu trén GenBank, ma sd truy cap CP023431.1.
Chung C24 duoc x€p vao chi Bacillus, loai Bacillus velezensis, mot loai vi khuan Gram
duwong c6 kha nédng sinh chat khang khuén va kich thich sinh trudng thuc vat. Loai nay
duoc tiing dung pho bién trong nong nghiép sinh hoc, ddc biét la trong phong trir sinh

hoc va cai thién ndng suat cay trong.

177



Phan 1dp, tuyén chon chiing vi khudn phin gidi protein va cellulose trong rdc thdi hitu co ...

4. KET LUAN

Ttr 12 mau réc thai hitu co thu dugc tir cac dia diém khac nhau ¢ Thanh phd
Hué da phan lap duoc 99 chung vi khudn c6 kha nang phan giai protein véi s6 luong
dao dong tir 133,93 x 10° dén 402,18 x 10° CFU/mL va 95 chung vi khuan c6 kha nang
phan giai cellulose véi s6 lwgng tir 77,65 x 10° dén 722,97 x 105 CFU/mL. Qua tuyén
chon da xac dinh duoc 2 ching V93 va C24 c6 kha nang phan giai protein va cellulose
manh. Bang phuong phap giai trinh ty gen 16S rRNA da dinh danh duoc chtng V93 1a
Stenotrophomonas maltophilia va chang C24 1a Bacillus velezensis.

Cac chung vi khuan nay khong nhiing c6 kha nang phan hay cac hgp chat htu
co phttc tap nhu protein va cellulose ma con mang tiém nang tng dung thuc tién trong
xw ly réc thai hitu co sinh hoat va cong nghiép. Viéc st dung chung trong cac hé thong
 hiéu khi hodc y&m khi c6 thé gitip rat ngan thoi gian phan hty rc, giam phat sinh
khi nha kinh va han ché& 6 nhiém mdi treong. Ngoai ra, cic chung nay c6 thé duoc khai
thac dé€ san xudt phan bén sinh hoc hodc tich hop vao quy trinh tao khi sinh hoc
(biogas), gop phan phat trién cac giai phap kinh t&€ tuan hoan, than thién véi méi
truong va bén ving.
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ABSTRACT

This study focuses on isolating and selecting protein-and cellulose-degrading
bacteria from organic waste in Hue City as a biological approach to waste
treatment. Waste samples were collected from markets, apartment complexes, and
restaurants and cultured on selective media. The results revealed 99 bacterial
strains capable of protein degradation and 95 strains capable of cellulose
degradation from 12 studied samples, with bacterial populations ranging from
77.65 x 10° to 722.97 x 10° CFU/mL. Two promising bacterial strains were identified
through 16S rRNA sequencing: Stenotrophomonas maltophilia V93, which exhibited
the largest gelatin hydrolysis zone (23.32 mm), and Bacillus velezensis C24, which
exhibited the largest cellulose degradation zone (24.61 mm). These bacterial strains
have potential applications in organic waste treatment, contributing to reducing
environmental pollution. Additionally, they can be utilized for biofertilizer and

biogas production, offering sustainable environmental and economic benefits.

Keywords: cellulose degradation, protein degradation, organic waste.
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