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NGHIEN CUU KHA NANG SINH KHIi CH,
TU U YEM KHi RAC THUC PHAM

Nguyén Coéng Thuan® ", Huynh Hoang Nam?

TOM TAT

Nghién ctru nay nham xac dinh kha nang sinh khi CH, tir t yém khi rac thuc phdm phéan hity sinh hoc nhu
la mot giadi phap dugc mong doi trong tai stt dung rac thuc phdm. Thi nghiém @ yém khi rac thyc phdm theo
mé v6i 5 nghiém thte tinh theo ty 1é téng chat ran (TS) duoc nap gém 0,5%TS, 1,0%TS, 1,5%TS, 2,0%TS va
2,5%TS duoc thuc hién trong 60 ngay. Thé tich cfia tdng khi va thé tich khi CH, sinh ra dugc tich don trong
10 ngay va ti le phan tram khi CH, duoc xac dinh & cac ngay thi 10, 20, 30, 40, 50 va 60. Két qua cho thdy,
thé tich ctia tong khi va thé tich khi CH, sinh ra c6 tuong quan thuan véi ty l1é TS duoc nap. Thé tich cta
téng khi va thé tich khi CH, sinh ra cao nhat & ngay 3140, gidam manh & ngay 51-60. Nang suét sinh khi t6t
nhat & nghiém thirc 0,5%TS (259,50 + 8,28 L/KgTS) so véi cac nghiém thic con lai (140,14 + 9,28 L/KgTS,
122,50 + 11,36 L/KgTS, 124,06 + 12,01 L/KgTS va 105,00 + 7,10 L/KgTS lan luot cho cac nghiém thic
1,0%TS, 1,5%TS, 2,0%TS va 2,5%TS). CH, sinh ra tir ngay 50 c6 ty lé cao hon 45%, c6 thé duoc st dung cho
dun ndu. Két qua vé luong va ty lé khi CH, sinh ra & nghién ctu nay cho thay tng dung tiém nang ctia san

xudt khi sinh hoc tir rac thuc phdm.
Tt khoéa: CH,, rdc thuc pham, u yém khi

1. BAT VAN BE

Dan s6 tang nhanh dang khién nhu cau sit dung
nang luong tang cao. Khi dau mo hoa long (LPG) 1a
mot dang nang luong duoc st dung phé bién, nhung
khi dot chay giai phong mot luong 1on khi nha kinh
CO, Khi sinh hoc 1a nguén ning luong tai tao va than
thién voi moi truong, dang duoc phat trién nham
thay thé dan cac dang nang luong hoéa thach, mang
lai sy phat trién bén vimg. O mot khia canh khac, su
gia tang dan s6 dan dén phat sinh nhiéu rac thai da
va dang gay ra nhiéu van dé vé 6 nhiém moi truong.
Treén thyc té, ngay ca sau khi 4p dung khai niém 4R
(Giam thiéu, tai st dung, tai ché va nang luong tai
tao) van khong co giai phap thich hop dé xur ly toan
bo rac thai. Pac biéet, rac thai thuc phdm thuong
chiém ti 1é cao trong rac sinh hoat va thudng duoc st
dung dé san xuat phan hitu co, tuy nhién khong phai
noi nao cing co diéu kién dé thuc hién. Vi vay, cach
tiép can xir ly rac thuc phdm theo huéng san xuat
nang luong da duoc quan tam [1].

San xuat khi sinh hoc tit rac thuc ph4m nhu mot
bién phap dé tai st dung rac thuc phidm, tuy nhién
nghién ctru vé san xuat khi CH, tir rac thuc phdm con
han ché [2]. O nong thon Viét Nam, ti lé thu gom rac
thai, trong d6 cé rac thuc phadm hién kha thap, chi

khoang 65,7% [3]. Thém vao d6, thanh phan rac thuc
phim chiém ti 1é cao (50 — 70%) [3]. Ngoai ra, hién
nay, hé thong khi sinh hoc da duoc 4p dung rat
thanh cong trong xtr Iy chat thai chian nuo6i & nong
thon. Vi vay, nghién ctru san xuat khi sinh hoc tir rac
thuc phdm 1a rat can thiét dé giai quyét van dé o
nhiém rac va tan dung ti 1é rac thuc phdm cao dé san
xuat khi sinh hoc cho nong ho stt dung & viing nong
thon.

2. PHUONG PHAP NGHIEN CUU

2.1. Chuén bj vat liéu

Rac thuc phdm st dung trong thi nghiém duoc
thu tai 4p Tan Thanh Tay, xa Tan Pha Thanh, huyén
Chau Thanh A, tinh Hau Giang. Rac thuc pham dé
phan hay gom rau, ct thira (43,2% tinh theo khoi
lwong twoi), vo trai cay va trai cay hu hong (39,9%),
thitc an da nau chin (12,4%) va cac loai khac (4,5%).
Rac thuc phdm sau khi thu gom duoc cit ngan thanh
1-2 cm nham gia tang dién tich bé mat tiép xdc cho vi
sinh vat va tao diéu kién cho qua trinh phan huy
nhanh hon. Mau rac thuc phdm dung cho thi nghiém
duoc phan tich cac thong s6 4m do, chat ran bay hoi
(%VS), cac bon hiru co téng s6 (%C), dam tong so
(%N) va tinh toan cho chi s6 C/N duoc trinh bay &
bang 1.

Bang 1. Thanh phan &m d, %C tong s6, %N tong s6 va ty s6 C/N cfia rac thyc phim

Loai mau Am do (%) VS (%)

C téng so (%) N téngs6 % N) | C/N

Rac thuc phdm 87,2 5,8

51,3 3,79 13,5
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Nudc moi cho thi nghiém 1a nuéc thai tir he
thong khi sinh hoc dang hoat dong tai 4p Tan Thanh
Tay, xa Tan Phu Thanh, huyén Chau Thanh A, tinh
Hau Giang. Viéc bé sung nuoc thai tir hé thong khi
sinh hoc vao méi chai & duoc thuc hién nham thuc
ddy nhanh qua trinh sinh khi [4]. Pac diém chat
luong nudc moi nhu sau: pH = 7,46; do kiém = 220,6
mg CaCO,/L; dam a-mo6én (N-NH,") = 146,2 mg/L;
phot-phat (P-PO,*) = 52,8 mg/L; téng chat ran (TS) =
39,0 mg/L; VS = 27,5 mg/L.

2.2. B0 tri thi nghiém

. . : Van khoa khi
Ong do mdn truong

Tt chira khi

Binh dung

Hinh 1. Mo hinh thi nghiém @ yém khi theo mé

Thi nghiém @ yém khi theo mé duoc thiét ké
trong chai nhua c6 tong thé tich 1,5 L. Trong d6, thé
tich @ nguyén liéu 1a 1,2 L (1,2 L nuéc + vat lieu),
phan thé tich con lai dé chtra khi sinh hoc sinh ra
(0,3L) d@é han ché ap suat trong chai a tang lén. Chai
duoc déng kin biang vong cao su dat dudi nap, sau

d6, chai duoc kiém tra ro ri khi dé dam bao yéu cau
kin khi. Chai lén men dugc két néi truc tiép véi hée
thong thu khi (mot 6ng nhuwa mém cé bo tri van khoa
dung dé thu khi sinh ra dua vao tui nhom da duoc
hat chan khong) [4]. Truéc khi hoat dong, khong
gian chtta khi ctia chai da duoc vé sinh ki @€ dam bao
diéu kién ky khi. Str dung ni long den bit kin chai dé
ngan diéu kién phat trién cta tao (Hinh 1).

Thi nghiém duoc bo tri theo phuong phap hoan
toan ngau nhién bao gém 5 nghiém thic tuong tng
gom 0,5 %TS, 1,0 %¥TS, 1,5 %TS, 2,0 %TS va 2,5 %TS.
Mbi nghiém thitc déu c6 3 lan lap lai. Dau tién, chat
moi voi thé tich 1a 20 mL duoc nap vao chai 1, sau do
nap tht cong vat lieu (rac duoc cat nhd) co khoi
luong twong tUmg v6i timg nghiém thic di duoc
chuén bi dé dam bao vat liéu chim trong dung dich
va cudi cung diéu chinh bang nuéc may dén diang
thé tich tht nghiém (1,2 L) (Bang 2). Thi nghiém
duoc theo doi trong 60 ngay. Gia tri pH, Eh duwoc do
hang ngay bang cac may do lan luot 1a pH HM-3IP va
DKK TOA. Téng luong khi sinh ra duwoc luu trong
trong tui nhom trong khoang thoi gian 10 ngay va
duoc do & ngay thu 10, 20, 30, 40, 50 va 60 bang déng
ho do thé tich khi (TG 02, Ritter, Pic). Ty 1é khi CH,
va khi thanh phan khac duoc do & ngay tha 10, 20,
30, 40, 50 va 60 bang may phan tich khi Biogas 5000
(Geotechnology, UK).

Bang 2. Khdi lugng nguyén liéu nap cho cac nghiém thirc

Nghiém | TS Khoi luong | Do dm | Khoiluong nguyén | Thé tich chat moi Tong thé tich
thirc %) rac kho (g) %) liéu tuoi (g) (mL) dung dich (mL)
NT1 0,5 6 87,2 46,8 20 1.200
NT2 1,0 12 87,2 93,7 20 1.200
NT3 1,5 18 87,2 140,5 20 1.200
NT4 2,0 24 87,2 187,4 20 1.200
NT5 2,5 30 87,2 234,2 20 1.200

Luong chat ran can nap duoc xac dinh theo cong
thire (1)

TSnap =VSnap/VS 6))

Trong doé: TSnap 1a luong TS nguyén liéu can
nap cho timg chai t (g); VSnap la luong VS nguyén
liéu can nap cho ting chai t (g); VS %) 1a phan tram
vat chat hitu co kho ctia nguyeén lieu (%).

Luong nguyen liéu kho can nap duoc xac dinh
theo cong thuc (2)

NLKnap = TS nap/VS 2)

Nang suat sinh khi sinh hoc tinh trén nguyén
liéu nap duoc xac dinh theo cong thic (3)

NSSK = (3. Vt)/Wxd 3)

Trong d6: NSSK 1a nang suit sinh khi
(L/KgTS); =Vt 1a téng thé tich khi sinh ra ¢ thoi
diém t (L); W 1a khoi luvong nguyén liéu nap tinh theo
TS (g); d 1a thoi diém (ngay).

2.3. Xtr ly s6 lieu

Stt dung phan mém SPSS 22.0 dé thong ké mo ta
cho gia tri trung binh (= Stdev) ctia cac gia tri pH,
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nhiet do, Eh, thé tich khi sinh hoc, san luong khi va
phan tich théng ké One-Way-ANOVA v6i phép kiém
dinh Duncan & d¢ tin cay 95% dé so sanh gia tri trung
binh san luwong khi gitta cac nghiém thtec.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Céc yéu t6 anh hudng dén kha niing sinh khi

Nhiét do nuoc trong chai i dao dong tir 23,2 dén
27,9°C (25,5 + 0,8°C) (Hinh 2). Nhiét do anh huong
dén su phan hay cta chat hitu co, hoat dong cta vi
khuan yém khi sinh CH,. Theo Nguyén Quang Khai
(2009) [5], trong diéu kién tu nhién nhiét do thich
hop cho vi khuén sinh CH, 1a 30 - 40°C, nhiet do thap
hon hodc thay déi dot ngot déu lam cho qua trinh
sinh khi CH, yéu di. Theo Lé Hoang Viét (2005) [6],
diéu kién thich hop cho vi khu4n wa &m phat trién tir
25 - 40°C, vi sinh vat wa nhiét tv 50 — 65°C. Nhin
chung, khoang nhiét do cta cac thi nghiém la kha
thuan loi cho su phat trién cua vi sinh vat.

|| —e— 05%TS
A& —o— 1,0%TS
P —v— 1,5%TS
—a— 2,0%TS
—a— 25%TS

Nhiét d6 (°C)

Ngay

Hinh 2. Dién bién nhiét d6 nudc trong chai i & cac
nghiém thirc theo thoi gian

Gia tri pH thay d6i theo timg giai doan ctia mé 1,
& giai doan thiy phan cac hop chat hitu co va giai
doan sinh axit thi pH giam thap. Két qua cho thay gia
tri pH ctia cac nghiém thic trong 10 ngay dau c6 xu
hudng thap, chi tir 3,82 dén 4,72, 1a do trong rac thuc
phdm c6 chtta mot luong rau ct 16n va chia cac chat
hitu co khé phan hiy nhu hemicellulose, cellulose,
lignin dan dén cac qua trinh thiy phan sinh ra axit
kéo dai. Theo Ngo Ké Suong va Nguyén Lan Diing
(1997) [71, pH thich hop cho cac vi khuédn sinh khi
CH, ton tai va phat trién 12 6,5 — 7,5. Theo Lé Hoang
Viét (2005) [6], pH toi wu cho cac vi khuén sinh khi
CH, tir 7,0 — 7,2. Dé tao diéu kién pH thich hop cho
qua tinh 4, da tién hanh nang pH & ngay that 20 va
ngay thit 30 (do pH c6 khuynh huong giam thap dan
ttr ngay thit 20 dén ngay 30). Sau khi nang pH, gia tri
pH & cac nghiém thitc déu 16n hon 5,0, 6n dinh hon

va phtt hop hon cho diéu kién 0 yém khi. Gia tri pH
co6 twong quan nghich véi ham luong TS, TS cang cao
thi pH cang thdp 1a do su phan hdy chat hiu co
phong thich nhiéu axit (Hinh 3).

9

8

4 | —®— 0,5%TS
—0— 1,0%TS
—v— 1,5%TS
—A— 2,0%TS
—&— 2,5%TS

pH
(=2

16 26 36 4‘0 5‘0 6‘0
Ngay
Hinh 3. Dién bién pH nudc trong binh @1 & cac
nghiém thizc theo thoi gian
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Hinh 4. Dién bién Eh nuoc trong cac mé t theo thoi gian

Gia tri oxy hoa khtt (Eh) dao dong tir -315 dén
115 mV (Hinh 4). Gia tri Eh ¢ cac nghiém thic co
khuynh huong giam dan theo thoi gian, phu hop voi
quy luat cang yém khi thi gia tri Eh cang nho. Trong
qua trinh 4 yém khi, cac vi sinh vat yém khi tuy nghi
tieu thu oxy hoa tan trong nudc va la nguyén nhén
lam giam Eh [8], gia tri Eh cang am cho thay moi
truong trong mé U cé trang thai khir cao, qua trinh
nay sé thuan loi cho qua trinh phéat trién cta vi sinh
vat yém khi sinh khi CH,. Gia tri Eh cao trong giai
doan 20 ngay dau cho thdy qua trinh khir xay ra kém
trong giai doan nay, sau d6 Eh giam va gitt 6n dinh.
Trong moi truong yém khi hoan toan, dién thé oxy
héa khtr luén dat gia tri am (nhé hon - 100 mV) [9].
Khi dién thé oxy hoa khtt trong chai 1 nho hon -250
mV thi khi CH, hinh thanh nhiéu va st dung CO, va
khi H, nhu chét nén bién déi thanh CH,. Nhu vay sau
20 ngay thi diéu kién moi truong ctia cac mé u da &
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trang thai yém khi hoan toan, thuan loi cho sinh khi
CH,.

3.2. Luong khi sinh ra

3.2.1 Tong thé tich khi sinh ra

Téng thé tich khi sinh ra ¢ cac giai doan méi 10
ngay va téng 60 ngay duoc thé hién & hinh 5. San
lwong khi ctia cac nghiém thitc c6 xu huong ting dan
ttr ngay 0-10 dén ngay 31-40, cao nhat & ngay 31-40,
bat dau gidm tir ngay 41-50 va giam thap & ngay 51-
60. Lwong khi sinh ra cé twong quan thuan véi ty 1é
TS dwoc nap. Uéc luwong luwong khi sinh ra hang ngay
& cac nghiém thuc 0,5%TS, 1,0%TS, 1,5%TS, 2,0%TS va
2,5%TS lan luot 1a 0,059 + 0,016 L, 0,061 + 0,015 L,
0,070 = 0,020 L, 0,083 = 0,019 L, 0,086 + 0,013 L. O
giai doan dau, pH thdp va chat hitu co dang & giai
doan bat dau phan hiy nén luong khi sinh ra it.
Luong khi sinh ra nhiéu & ngay 31-40 c6 thé duoc
giai thich 1a do & giai doan nay pH 6n dinh hon va
luong chat hittu co duoc phan hiy toi da. Sau giai
doan nay thi luong chat hitu co giam, dan dén luong
khi sinh ra ciing giam theo.

Tong thé tich khi sinh hoc (Lit)

Hinh 5. Téng thé tich khi sinh hoc sinh ra & cac
giai doan méi 10 ngay va téng 60 ngay

3.2.2. Thé tich khi CH, sinh ra

Thé tich khi CH, sinh ra & cac giai doan moi 10
ngay va téng 60 ngay duoc thé hién & hinh 6. Tuwong
te nhu xu huéng téng luong khi sinh ra, san luwong
khi CH, cta cac nghiém thic c6 khuynh huéng ting
dan tir ngay 21-30, cao nhat & ngay 31-40, bat dau

100 1
50
03

0,5%T'S
1,5%TIS
2,5%T'S
1,006T'S

Ty 18 khi thanh phan (%)
Y Ic |

mCH4 mCO2

giam tir ngay 41-50 va giam thap & ngay 51-60. Ngay
0-20, khi CH, khong duwoc phat hién. Luwong khi CH,
sinh ra cao hon & nghiém thic 2,0%TS so véi cac
nghieém thitc con lai. O giai doan dau, pH thép va Eh
cao 1a cac diéu kien khong thuan loi cho sinh khi
CH,. Liwong khi sinh hoc sinh ra nhiéu & ngay 31-40
c6 thé duwoc giai thich 1a do & giai doan nay pH 6n
dinh hon va Eh phu hop hon cho sinh khi CH,.

1.0

0.8

06 - 0,5%TS
= 1,0%TS
. 1,5%TS
0.4 3 2,0%TS
_— 2,5%TS

Thé tich CH,(Lit)

0.2

0.0 - —
0-10 11-20  21-30  31-40 41-50 51-60  0-60

Ngiy
Hinh 6. Thé tich khi CH, sinh ra & cac giai doan méi
10 ngay va tdng 60 ngay

3.3. Ty 1 khi thanh phan

O ngay 0-20, khong phat hién khi CH, & tit ca
cac nghiém thirc (Hinh 7). Diéu nay duoc giai thich
la do pH va Eh khong phu hop cho sinh khi CH,. Sau
20 ngay thi pH va Eh ngay cang phu hop hon nén
CH, sinh ra ciing tang dan. Ty le CH, c6 tuong quan
thuan véi ham luong TS dwoc nap. Ty lé CH, cao
nhat & nghiém thitc 2,5%TS & ngay 51-60 1a 51,9%. Ty
le CH, c6 trong khi sinh hoc thuong c6 xu huong cao
hon khi thoi gian lén men vat liéu dai hon, khi dé
nong do khi H,S sé giam di [4]. Ty lé khi CH, lon
hon 45% 1a c6 thé stt dung cho dun nau [4], budc dau
nghién cttu cho thiay G yém khi rac thuc phim tir
ngay tha 50 thi khi sinh hoc tao ra c6 thé st dung
duoc cho dun nau.

0,5%T'S
1,5%T'S
2.5%T'S

31-40

Ngay

Khi khdc

Hinh 7. Thanh phan khi & cAc giai doan mdi 10 ngay
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3.4. Ning sudt sinh khi

Nang suit sinh khi trung binh ctia cac nghiém
thuce 0,5%TS, 1%TS, 1,5%TS, 2,0%TS va 2,5%TS ctia rac
thuc phdm lan lwot 1a 259,50 + 8,28 L/KgTS, 140,14 +
9,28 L/KgTS, 122,50 + 11,36 L/KgTS, 124,06 + 12,01
L/KgTS va 105,00 + 7,10 L/KgTS. Nghiém thic
0,5%TS c6 nang suat sinh khi cao nhat va khac biét
c6 y nghia so véi cac nghiém thic con lai. Qua do
cho thay, ty lé nap ctia nghiém thtc 0,5%TS pht hop
san xuat khi trong chai @ c6 thé tich 1,5 lit (Hinh 8).
Nang suét sinh khi & cac nghiém thic 0,5%TS, 1%TS,
1,5%TS, 2,0%TS va 2,5%TS duoc quy déi theo VS nap
lan luot 1a 652,51 + 20,82 L/KgVS, 352,38 + 23,33
L/KgVs, 308,02 + 28,56 L/KgVSs, 311,94 + 30,21
L/KgVS va 264,02 = 17,85 L/KgVS. Do ning suat
sinh khi & giai doan dau thap nén khi tinh nang suat
sinh khi trung binh thi ning suét sinh khi ctia rac
thuc pham théap hon so véi nang suat sinh khi cia luc
binh (681 — 843 L/KgVS [4]).

300

a
T
250 1
n
)
¥ 200 A
d
£ b
& L 1 b
7 T
%100 -
5
4
50 4
0 T T - - -
0,5%TS  1,0%TS  1,5%TS  2,0%TS  2,5%TS
Nghi¢m thirc

Hinh 8. Ning suat sinh khi & cac nghiém thic
Ghi chii: Cic chir cédi (a, b) khac nhau thé hién
sirkhac biét co y nghia o mirc 5%.
4. KET LUAN VA BE XUAT

Nghién cttu cho thdy rac thuc phdm duoc ¢t yém
khi cho nang suat sinh khi t6t nhat & ty 1é nap 0,5%TS
(so voi 1%TS, 1,5%TS, 2%TS va 2,5%TS). Téng luong
khi sinh ra va luong CH, sinh ra cao nhat & ngay 31-
40, giam manh & ngay 51-60. Ty lé CH, cao nhat &
nghiém thirc 2,5%TS & ngay 51-60 1a 51,9%. pH la yéu
to can duoc kiém soat dé dam bao diéu kién sinh khi
tot cho &t yém khi.

Can c6 nhimg nghién ctru @ yém khi rac thuc
phiam dang nap ban lién tuc dua trén ty 1é nap t6i wu
da duoc xac dinh dé danh gia toan dién hon vé kha
nang sinh khi ctia rac thuc phdm cho tng dung vao
thuc té.
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STUDY ON CH, PRODUCTION FROM ANAEROBIC FERMENTATION FOR FOOD GARBAGE
Nguyen Cong Thuan’ ", Huynh Hoang Nam!
1College of Environment and Natural Resources, Can Tho University
"Email: ncthuan@ctu.edu.vn
Summary

This study aimed to identify CH, production from anaerobic fermentation for bio-decomposed food garbage
as the expected solution in food garbage reuse. The batch anaerobic fermentation experiments with five
treatments designed by loaded ratios of total solid (TS), including 0.5%TS, 1.0%TS, 1.5%TS, 2.0%TS, and
2.5%TS, were conducted within 60 days. The total volume of biogas and volume of CH, produced within ten
days, and percentage ratios of CH, were determined on days 10, 20, 30, 40, 50, and 60. The results showed
that the total volume of biogas and volume of CH, produced that correlated positively with percentage ratios
of loaded TS. The total volume of biogas and the volume of CH, were highest on days 31-40 and decreased
deeply on days 51-60. The best biogas yield was accounted for the treatment of 0,5% TS (259.50 + 8.28
L/KgTS) compared to other treatments (140.14 + 9.28 L/KgTS, 122.50 + 11.36 L/KgTS, 124.06 + 12.01
L/KgTS and 105.00 = 7.10 L/KgTS for treatments of 1.0%TS, 1.5%TS, 2.0%TS, and 2.5%TS, respectively.
Ratios of produced CH, from day 50 were higher than 45% that it could use biogas for cooking. The results
of the yields and ratios of CH, in this study showed the potential application of biogas production from food
garbage.

Keywords: Anaerobic fermentation, CH,, kitchen garbage.

Nguoi phan bién: PGS.TS. Pham Quang Ha
Ngay nhan bai: 8/7/2022

Ngay thong qua phan bién: 5/8/2022

Ngay duyét dang: 12/8/2022

NONG NGHIEP VA PHAT TRIEN NONG THON - KY 1 - THANG 9/2022

91



