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ABSTRACT

By-products from seafood processing plants in the Mekong Delta
contain about 40% protein. Many treatment methods have been
studied to reuse this protein source, including the use of protease-
producing bacteria. In this study, the survival ability and protease
activity of a microbial mixture comprising three Bacillus strains (B.
subtilis, B. flexus, and B. stratosphericus) in various carrier
formulas and at different microbial ratios were investigated. The
results showed that a 1:1:1 ratio of the bacterial mixture in a
carrier containing 95% rice bran and 5% molasses resulted in the
highest survival ability of bacteria and protease activity. After 2, 4,
and 6 months of storage, the initial density of 6.96x10° decreased
t0 5.08%10°, 3.73x10°, and 1.11x10° (CFU/g), respectively; while
protease activity decreased from 204.1 Ul/g to 187.8, 130.6, and
70.2 (Ul/g), respectively. The probiotic product preserved after 2,
4, and 6 months was able to decompose 53.7%, 47.7% and 39.5%
of total protein in seafood by-products.

Keywords: Bacillus, carrier material, protein degradation, rice
bran
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1. GIOI THIEU

Hién nay, nganh cong nghiép ché bién thuy san
va ché bién gia cam phat trién manh. Tai dong bang
song Curu Long, ¢6 gan 300 doanh nghiép che bién
thity san xudt khau, 14 co so giét mo gia cam, con
¢b cac co s& san xut quy mo nho (Le, 2014). Mot
trong nhitng van dé cta nganh ché bién 1a phé phu
pham duoc thai ra rat nhiéu (Doan & Doan, 2023).
Cac phu phém d6 lai rat giau protein, c6 thé dung dé
san xudt ché pham c6 loi cho ndng nghiép nhu phan
boén cho céc loai cay trong Ngoal ra, khi cac phe
pham d6 dwoc phan giai s& giai quyét dugc van dé
gy 6 nhidm mai trudng cla cic nha may ché bién.

Bén canh do, van dé an toan vé sinh thyc phdm
va san xudt nong nghiép hitu co ngdy cang dugc
quan tam. Pdc biét, viéc san xuét néng nghiép theo
huéng hiru co can ding phan bon hitu co hién nay
vira dam bao ning suit va chat lugng khong thua
kém so v6i viée dung phan bén hoa hoc. Do do, viéc
xtr 1y phé pham giau protein tao ra san pham phan
bon sinh hoc s& giai quyét dugc viée 6 nhiém moi
trudng ma con tao ra dang phén bon giau dam cho
cdy trong (Le & Nguyen, 2016; Doan & Doan,
2023).

Dé phan giai protein, protease tir nhidu ngudn
khéc nhau ¢6 thé duoc st dung nhu dong vat, thuc
vat hodc vi sinh vat. Qua trinh phén giai c6 thé dung
enzyme d tinh sach véi diéu kién thity phan nghiém
ngit dé tranh viéc mét hoat tinh ciia enzyme, hodc
¢6 thé ding ché pham vi sinh san sinh protease. Viéc
sir dung nhiéu chung vi sinh vat song c6 kha ‘nang
sinh nhiéu loai enzyme dé xir ly nhitng phé phu
phim cua cong nghiép ché bién 1a mot trong nhiing
phuong phép dugc quan tdm va mang tinh kha thi
cao (Maragkoudakis et al., 2006; Dias et al., 2008;
Tran et al., 2012; Doan & Doan, 2023).

Nhitng chung Bacillus spp. duoc phan lap tir ao
nudi thuy san cho thiy kha ning sinh protease ngoai
bao cao (Nguyen & Phan, 2014; Doan & Doan,
2023). Bén canh d6, dé tao ra ché pham c6 kha nang
bao quan vi sinh va gitip ching duy tri kha nang tiét
enzyme, can quan tim dén nhiing yéu t6 anh huong
nhu chit mang, ty 1é cac chung vi sinh. Két qua cac
nghién citu trude ddy cho thay ty 18 cac chung vi
sinh trong hdn hop thay dbi theo timg ché pham, va
mot s chat mang thuong dugc st dung 1a than bun,
bot talc, bot bap, ri duong theo céc ty 1¢ khac nhau
(Pham et al., 2013; Nguyen et al., 2016; Dang et al.,
2019). Vi vay, déc tinh sinh enzyme, cong thirc chét
mang dé bao quan cac chung vi khuin nay dugc
nghién ctru dé dinh hudng tng dung chung trong
phan hiy cac phé pham giau protein tir nha méay ché
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bién thiry san hay xtr Iy ngudn phu pham nay trong
tuong lai (Boominadhan, 2009; Bajaj et al., 2013;
Dang et al., 2017; Singh & Bajaj, 2016, 2017).

2. VAT LIEU VA PHUONG PHAP
NGHIEN CUU

2.1. Vatli¢u

Ba chung vi sinh vét duoc tuyén chon dé thu
nghiém 1a Bacillus subtilis (T17), Bacillus
stratosphericus (1T24), Bacillus flexus (T36) dugc
phéan 1ap va dinh danh trong nghién ctru cia Doan
and Doan (2023) duoc luu trit tai Truong Dai hoc
Tién Giang.

Nguyén liéu chat mang dugc sir dung trong
nghién curu 1a than bun (hiéu Manh Hung) c6 mau
den than, kich thudc 2 — 2,5 mm, do 4m tir 20 dén
30%; bot talc c6 mau tre‘ing xanh, dang bot min, do
4m 1% (hiéu Nam Hai); bot cam gao tho (tr nha may
Nam Hai 2) ¢6 mau vang cam nhat sang tu nhién,
dang bot kha min, xép, do 4m khoang 12%; mat ri
duong tai co sé san xuat duong két tinh Thuén Tam,
My Tho va phé pham thuy san dugc thu tir nha may
ché bién thity san tai khu cong nghiép My Tho, Tién
Giang. Cac hoa chit dugc mua tir hing Himedia, An
d6 va Merck, Drrc.

2.2. Phuwong phap nghién ciru

2.2.1. Phuong phap hoat hoa, nhan sinh khéi va
chung vi sinh vdt vao chat mang

Mot khuén lac tir dia petri sau 24 gid nudi cdy
cua cac chung Bacillus spp. dugc chon céy vao 5 mL
mdi truong LB long dé hoat hoa gibng, tlep tuc ciy
chuyen sang 250 mL moi truong nhan gidng cap I
(cao nam men 12,5 g/L, KoHPO4 0,25 g/L, ri duong
25 g/L) va nudi léc 150 vong/phut ¢ 30°C.

Céc chung Bacillus spp. sau khi nhan sinh khéi
dugc tién hanh kiém tra mét s bang phuong phap
so sanh mat do quang ODeoonm vOi dung dich
McFarland. Sau khi dich nuéi ciy dat mat s6 10°
CFU/mL, 30 mL dich sinh khéi chung dugc st dung
vao 100 g chit mang da hip khir trung va siy kho.
Sau khi chiing dich sinh khdi vao chat mang s& tién
hanh sdy & nhiét d¢ 40°C, d6 4m duoc kiém tra dinh
ky mdi 20 phut bang may Soil Tester — Japan dén
khi dat 20 - 25% thi tién hanh kiém tra mat s6 vi sinh
tai thoi diém 0 ngay. Ché phdm dwoc bao quan &
nhiét do 28 — 30°C & noi kho rao, tranh anh ning
mat troi; sau thoi gian bao quan nhét dinh, mat sd vi
sinh trong ché pham s& tiép tuc dugc kiém tra bang
phuong phap & muc 2.2.2.
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2.2.2. Phwong phdp khdo sat mdt sé cac ching
Bacillus spp. trong che pham sau thoi
gian ton trir

Pau tién, 10 g ché pham dugc can, cho vao 90
mL nude mubi sinh 1y va ddng nhat miu bang may
lic trong 1 gid & 150 vong/phiit, sau do tiép tuc pha
lodng thanh céc do pha loang 1072, 103, 10, 107,
10, 107,108,

Cdy trang: 100 pL huyén phu vi khudn da duoc
pha lodng vé ndng do thich hop dugc hut vao dia
moi truong LB agar va trang déu trén bé mat moi
truong bang que cdy, sau do u dia & 30°C. Sau 24
gio, viée dém s6 khuan lac dugc hinh thanh va tinh
mat s6 vi khuan duoc tién hanh. S6 té bao vi khuan
song sot duge xac dinh theo phuong phap cua
Maragkoudakis et al (2006). S6 t& bao vi khuan
trong 1 mL hodc 1 g mau (CFU: colony forming

units)
x.C

n;vd,+...+ n;vd;

Trong do6:

N 14 s6 té bao (don vi hinh thanh khuan lac) vi
khuan trong 1 mL hodc 1 g mau,

Cla téng s6 khuan lac dém duoc trén cac hop
petri da chon,

n; 14 sb dia petri cdy tai do pha lodng thir i,
d; 14 hé s6 pha lodng tuong ting,

v 1a thé tich dich miu (mL) ciy vao trong mdi
dia.
2.2.3. Thi nghiém khdo st anh hwéng cia chdt
mang den mdt so vi sinh va hoat tinh
protease cua ché pham

Thi nghiém dugc thyc hién trén timg chung, moi
chung véi 10 nghiém thirc chdt mang (Bang 1), mdi
nghiém thirc dugce lap lai 3 1an, mdi 1an 14 100 g chat
mang. Thong s6 nghiém thirc dwoc tham khao tir
Nguyen et al. (2016).

Céc loai chit mang duoc rdy (kich thudc 0,5
mm) nham loai bo tap chat, da soi, 14 cay trude khi
st dyng. Sau d6, cac loai chét mang dugc phéi tron
theo céc cong thirc thi nghiém va chinh pH ciia chat
mang tir 6,5 dén 7 bang voi. Tiép dén, viéc phan phdi
chat mang di dugc phdi tron vao timg gbi PE chiu
nhiét v6i khéi lugng mdi goi 1a 100 g, bit kin bang
nat bong khong thdm va hap khir tring & 121°C, 1
atm, 20 phit, sau do sdy kho cac goi chit mang &
40°C dén khi dat @6 am 8 - 10% va chung vi sinh
nhu muc 2.2.1. Tai thoi diém 0 ngay va 30 ngay,
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viéc ki€ém tra mat s vi sinh va hoat tinh protease
duoc tién hanh.

Bang 1. Cac nghiém thirc phoi tron chit mang

(%)

Nghiém Than Bot Cam Ri
thirc bun talc ga0 dwong
NT1 100 - - -
NT2 - 100 - -
NT3 - - 100 -
NT4 33,3 33,3 333 -
NT5 25 25 25 -
NT6 50 25 25 -
NT7 25 25 50 -
NT8 95 - - 5
NT9 - 95 - 5

NT10 — - 95 5

2.2.4. Thi nghiém khdo sat anh huong cia ty ¢
vi sinh den mdt so vi sinh va hoat tinh
protease cua ché pham

Sau khi chon cong thirc chat mang 6t cho ca 3
chung. Ty 18 cuia 3 ching vi sinh dugc phdi tron nhu
Bang 2 va dugc ching vao cac goi chit mang nhu
muc 2.2.1.

Bang 2. Cac nghiém thirc ty 1§ phoi tron gidng

T36 T17 T24
1 _

Nghiém thirc
NT1

NT2

NT3

NT4

NTS

NT6

NT7 -
NT8
NT9
NT10
NT11
NTI12
NT13

N — = N = =
|

—_——m N = = N = = N = |

1
1
2
1
1
2
1

N — = =

Téng thé tich vi sinh dwoc ching vao dugc cb
dinh & 30 mL. Tai thoi diém 0 ngay va 30 ngay, mat
s6 vi sinh va hoat tinh protease duoc xac dinh.

2.2.5. Thi nghiém kha nang thiy phan protein

tir phé phdam thiy san ciia ché pham vi
sinh tao thanh

Phé phu phdm thuy san tir nha may ché bién, &
thi nghiém nay nhém nghién ciru dung ca xay
nhuyén véi nude theo ty 18 1:1. Tiép theo, 80 g ché
pham vi sinh da tao (sau thoi gian bao quéan 2, 4 va



Tap chi Khoa hoc Dai hoc Cén Tho

6 thang) duoc bd sung vao 1 kg hdn hop trén dé dam
bao mat s6 vi sinh theo khuyén nghi (Tran et al.,
2023, Vajiheh et al., 2024) va u ¢ nhiét do phong.
Ham lugng protein tong s6 duoc do tai thoi diém 0
ngdy va 30 ngay sau t. Nghiém thirc dbi ching 1a
hén hop phu pham khong bo sung ché pham vi sinh.

Bing 3. Cac buéc dung dwong chuin tyrosin
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2.2.6. Phuwong phdp kiém tra hoat d¢ enzyme
protease cua cdc ching Bacillus spp.
trong ché pham vi sinh

Trudc tién, 10 g ché pham dugc can va hoa vao
90 mL nudc cat v tring, dong nhat mau va ly tim
thu dich vi khuén (loai bd céan). Hoat d¢ enzyme
protease dugc thuc hién theo phuong phap Anson
(1938) cai tién, cy thé nhu sau:

Dung dich Ong nghiém s6

héa chat 1 2 3 4 5 6
Dung dich tyrosin chuin (mL) 0 0,2 0,4 0,6 0,8 1
Luong tyrosin tuong tng (uM) 0 0,2 0,4 0,6 0,8 1
Dung dich HC1 0,2N (mL) 5,0 4,8 4,6 4,4 4,2 4,0
Dung dich NaOH 0,5N (mL) 10 10 10 10 10 10
Thude thir Folin 1 M (mL) 3 3 3 3 3 3

Lic manh, sau 10 phit do OD ¢ budc séng 660nm

Dung dudng chuan tyrosin: cac budc dung
duong chuan tyrosin dugc thé hién trong Bang 3.

Ong s6 1 1a éng dbi chimg khong chira tyrosin,
ong s6 2 dén 6 c6 nong do tyrosin ting dan. DO thi
biéu dién su bién thién mat s6 quang (AOD) dugc
v€ theo luong tyrosin twong ting. Pudng trong quan
tuyén tinh dwgc xac dinh theo cong thirc:

y=ax+b.

Do hoat tinh protease: Dich chira protease dugc
cho vao 2 dng nghiém, 1 dng di chimg va 1 éng thi
nghiém, 1ap lai 3 1an. Thanh phan phan tmg dugc
cho vao 6ng nghiém theo thir ty nhu Bang 4.

Bang 4. Thanh phin phin wng do hoat tinh

protease

Ong nghiém

Dung dich héa chit Thi Poi
nghiém ching

Dung dich casein 1% (mL) 5 5
Dung dich TCA 5% (mL) 0 10
Dung dich enzyme mau (mL) 1 1
Lic déu va giit & 35,5°C trong 20 phiit
Dung dich TCA 5% (mL) 10 0

Dé yén 30 phut, loc lay dich trong

Sau 30 phut, 2,5 mL dich loc ctia mdi éng duoc
hut cho vao éng nghiém sach méi, bd sung 5 mL
NaOH va 1,5 mL Folin, l4c manh, sau 10 phut do
OD & budc séong 660 nm. Dya vao dudng chuin
Tyrosin suy ra dwoc sb pM tyrosin c6 trong mau.

Tinh két qua hoat tinh protease:
Hoat tinh = (uM tyrosin * V * L)/(t*v)

&9

V: tong thé tich hdn hop trong 6ng (16 mL),
v: thé tich dich loc dem phén tich (2,5 mL),
t: thoi gian thiy phan (30 phut),

L: d6 pha lodng enzyme (néu co),

UM tyrosin: lwong pM tyrosin trong v (mL) tur
duong chuan.
2.2.7. Dinh luong protein trong mau thiy phén
bang phwong phap Bradford (Bradford,
1976)

Dé xac dinh protein trong mau, viéc xdy dung
duong chudn véi dung dich protein chuan dugc tién
hanh, can 10 mg albumin bang can phan tich, pha
trong 1 mL nudc cat, lac déu cho tan va giir & -20°C.
Khi ding pha lodng ra 100 lin, dugc dung dich c6
ndng d6 0,1 mg/mL.

Mau thi nghiém duoc tron déu va ldy ngiu nhién
15 mL, ly tim ¢ 6.000 vong/phut, 30 phut roi lay
phan dich noi xac dinh ham lugng protein.

Sau 20 phit cho thudc thtr, d6 hap thu cua dung
dich ¢ budc song 595 nm dugc tién hanh do. Pudng
tuyén tinh dwoc dyng giira ndng do protein (ug/mL)
v6i mat s6 quang ODses. Ham luong protein ¢ trong
mau phan tich X c6 cong thirc: Protein (mg/g) = P x
V/m vé6i V = thé tich dung dich trich ly (mL), m =
khdi lwong miu (g).

2.2.8. Phwong phdp xit Iy s6 liéu

S6 liéu thu duoc tir thi nghiém xac dinh chét
mang thich hop véi cac chung Bacillus spp. va thi
nghiém ty 1& phéi tron 3 chung giéng dugc thong ké
bang kiém dinh ANOVA.
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3. KET QUA VA THAO LUAN

3.1. Khao sat chit mang thich hop dé tao ché
pham vi sinh

nghiém thirc & Bang 1, két qua mat s6 vi khuan va
hoat tinh protease sau 0 ngdy va 30 ngay khi tao che
pham duogc thé hién qua Bang 5 va Bang 6.

Ddi voi mdi ching, chy 30 mL dich nuéi céy cip
IT vao 100 g chat mang dugc chuan bi theo céc

Bang 5. Mt s0 ciia chiing Bacillus flexus (T36), Bacillus stratosphericus (T24), Bacillus subtilis (T17)
trong cac nghiém thirc chat mang

Nghiém thirc Thoi gian z
; 0 ngay (x10° CFU/g) 30 ngay (x10° CFU/g) Ty 1€ song (%)
T36
NT1 0,026"+£0,0009 0,0198+0,0003 74,8942 31
NT2 0,058¢"+0,0009 0,0428+0,0002 72,5%1,16
NT3 2,340°£0,0721 1,980°+0,0608 84,6+1,74
NT4 2,930°+0,0819 2,210Y+0,1308 75,4942 48
NTS5 0,787%0,0027 0,612%0,0017 77,8°+0,06
NT6 1,1205£0,0361 0,947°£0,0110 85,442 69
NT7 1,940%£0,0458 1,670%£0,0200 86,1+1,04
NT8 0,1202£0,0027 0,097¢£0,0064 80,85 81
NT9 0,1108+0,0050 0,0898+0,0029 80,9%+6,31
NT10 3,5602+0,0608 3,270°+0,0200 91,9+1,08
F tinh *k sk Kk
CV (%) 3,44 4,10 3,89
T24
NT1 0,540,015 0,378+0,003 69,5°+2.06
NT2 0,262+0,006 0,16"+0,002 61,4%1,96
NT3 2,93°+0,036 2,37°+0,026 80,9°+1,02
NT4 3,10°+0,173 2,20°+0,026 71,0°+3,63
NTS5 2,33°+0,020 1,63°+0,026 70,0°+1,62
NT6 2,450,017 2,019+0,079 82,0°+3,80
NT7 2,514£0,026 2,19%£0,036 87,3%:1,98
NT8 0,890,011 0,740,004 82,9+1,17
NT9 0,548+0,003 0,438+0,003 79,1%+0,57
NT10 3,592+0,017 3,19°+0,062 88,9°+1,88
F tinh sk sk sk
CV (%) 2,86 2,07 2,85
T17
NT1 0,34%40,01 0,24°+0,01 70,09+2,64
NT2 0,3840,02 0,22°4+0,02 68,8%+5,12
NT3 3,28%+0,09 2,59°+0,02 79,0°+2.69
NT4 3,43+0,13 2,86+0,04 83,4543 88
NTS5 2,6540,11 2,109+0,16 73,6°+£3,67
NT6 3,059+0,05 2,59°+0,19 80,19+1,55
NT7 3,19¢4+0,03 2,78"+0,03 87,1%+0,72
NT8 0,375£0,02 0,31¢£0,02 82,7126
NT9 0,35%£0,01 0,30°£0,02 84,092 31
NT10 3,68°+0,20 3,402+0,02 92,4*+4,66
F tinh kk sk sk
CV (%) 433 4,46 3,90

Cic 56 trong ciing mot cot c6 cing chir theo sau thi khéc biét khéng y nghia ¢ mirc 1%.
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Tir Bang 5, tai thoi diém 0 ngay sau khi tao ché
phfim, mac du lugng té bao dugc chung vao chét
mang nhu nhau, nhung sau khi sy dén do 4m can
thiét va bat dau bao quén, mat s6 té bao vi khuan lai
¢6 su khac biét. Cac nghiém thuc NT1 (100% than
bun), NT2 (100% bdt talc), NT8 (95% than bun +
5% ri duong), NT9 (95% bot talc + 5% ri duong) cod
luong té bao giam nhiéu nhit chi con khoang 107
CFU/g, riéng cac nghi¢m thirc NT3 (100% cém
gao), NT4 (33,3% than bun + 33,3% bot talc +
33,3% cém gao), NT5 (25% than bun + 50% bdt talc
+25% cam gao), NT6 (50% than bun + 25% bt talc
+25% cam gao), NT7 (50% than bun + 25% bt talc
+ 25% cam gao), NT10 (95% cam gao + 5% ri
duong) van duy tri duge mat sé té bao cao trén 10°
CFU/g. Trong d6, NT10 cho mat s6 t& bao cao nhat
v6i két qua lan lugt & 3 ching 1a 3,56£0,0608 x 10°
CFU/g (T36), 3,59+0,017 x 10° CFU/g (T24) va
3,68+0,20 CFU/g (T17). Cac nghiém thurc su dung
c4m gao lam chat mang s& cho mat sé té bao cao hon
s0 voi sir dung chat mang 1a than bun va bot talc.
Cam gao c6 kha nang bao v¢ vi sinh vat khoi tac
dong cua nhiét d9, cam gao hut nude vao tirng phan
tr 1am sy hydrate héa cac phan ti tinh bdt c6 trong
cam nén mic di do Am cua céc ché phém la nhu
nhau nhung lugng phan tir nude lién két voi cam gao
nhiéu hon, chinh cac phan tir nay s& gitip duy tri mat
s6 té bao cho vi sinh vat (Gabriela et al., 2019; Kaur
et al., 2023). Dong thoi, Bacillus spp. ¢ kha ning
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tao bao tir trong diéu kién khic nghiét, tuy nhién tai
thoi diém nay thi Bacillus spp. chua st dung dugc
céc chit dinh dudng dé tao bao tir nén mat sb té bao
giam so véi mat s6 nhan gidng cap hai.

Tai thoi diém 30 ngay sau khi tao ché phém, mat
s6 té bao vi khuan trong cac ché pham déu giam, duy
tri & mac 107 CFU/g tr6 1én va phu hop véi ti€u
chuan dé san xuat ché pham hitu co vi sinh (TT
36/2010 BNNPTNT). Trong d6 mat s vi khuan &
nghiém thuc NT10 cho gia tri cao nhat va khac biét
¢6 ¥ nghia thong ké so véi cac nghiém thic con lai,
v6i ty 16 mat sd t& bao sau 30 ngdy bao quan la
91,9% (T36), 88,9% (T24)va 92,4% (T17) Vi sinh
vat sir dung cac chét dinh dudng tir chdt mang dé
duy tri su song, trong d6 ngudn Cacbon (C) va dam
(N) c6 vai tro quan trong trong su sinh truéng va
phat trién cia vi sinh vat. Ri duong 13 ngudn cung
cép Cacbon cho vi sinh vét phat trién dic biét l1a
lugng duong d6i con sot lai, do do, voi cung loai
chat mang nhung néu c6 bd sung thém mat ri duong
thi s& cho mat sd té bao cao hon, cu thé nhu & NTS
(0,097+0,0064 x 10° CFU/g) cao hon NTI1
(0,019+0,0003 x 10° CFU/g) & chung T36 va két
qua tuong ty ¢ hai chung con lai (Bang 7). Cam gao
¢6 chtra ham lugng dinh dudng kha cao, trong d6
protein chiém téi 12,7%, glucid 56,1%, lipid 18,4%
(Nguyen et al., 2015), vi viy cam gao la ngudn chit
mang tot gitp duy tri mat so vi khuan.

Bang 6. Hoat tinh cac ching Bacillus flexus (T36), Bacillus stratosphericus (T24), Bacillus subtilis (T17)

trong cac nghiém thirc chat mang

on , Thoi gian . 1A o
Nghi¢m thire 0 ngay (Ul/g) 30 ngay (Ul/g) Ty ¢ (%)
T36
NTI 2525137 1145204 4481104
NT2 24,5140.95 18.9502.13 77.145,79
NT3 59,142.05 45.643,06 77254437
NT4 72.642.41 63.743.10 87,7946 53
NT5 35,8233 18.95:0.98 52,805, 44
NT6 42,6541 .23 10,12£0,05 24.01£0,57
NT7 89.3041.67 73,8%+1,08 82,6%42.70
NT8 33.78£0.25 15,5:£0,95 45,.9542.70
NT9 30,5"40,53 18,1511 59.342.66
NTI0 116%£0.95 109%43.35 94414306
CV (%) 2,91 5,39 7,95
T24

NTI 27,17%1,89 11,32£0,46 41,751 .25
NT2 25,1231 9,66%£0.63 38.51:5.24
NT3 94,9252 71,2641,02 75,0442.72
NT4 87.3%41,99 63.7%0,50 73.01,99
NTS 32,4%£1.39 20,3¢£1,57 62,744 87
NT6 4132251 18.6°41.56 45.0°41.17
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i . Thoi gian . 1A o

Nghiém thire 0 ngay (Ul/g) 30 ngay (Ul/g) Ty1e (%)

NT7 O1,0°41,81 74.5°21.58 R1.8°22.00
NT8 33,01.86 16,151,39 48.7°44.74
NT9 29,1841 2] 18,341 85 62,4443 82
NTI0 101%£2.44 95,1%:1,74 93.843.62
F tl'nh kk kk kk
CV (%) 2,86 3,34 5,56

17

NTI 653217 38,1542,18 62.19:10.40
NT2 43.0M+1.62 2442200 56.74+5.79
NT3 95.742,05 71.3442.34 74444 37
NT4 104541 34 87.1°42.03 84.2046,52
NTS 60,5217 33.112.94 81 4545 44
NT6 71,0402.23 39.2¢41.94 78.0%0.57
NT7 97164127 79.6:42.15 82.0°2.70
NTS 5501158 33.7541.60 61,0%22.70
NT9 47762237 26,7224 56.0%22.66
NTI0 11724191 105%:2.44 89.043.06
F tl'nh kk kk kk
CV (%) 2,52 2,86 4,74

Cdc 56 trong ciing mot cét c6 cing chir theo sau thi khdc biét khéng y nghia ¢ mirc 1%.

Két qua trong thi nghiém khdo sat chat mang
thich hop ddi v6i ca 3 chung B.subtilis, B.flexus,
B.stratophericus & Bang 6 ta thiy duoc rang, hoat
tinh protease & 0 ngay & cac nghiém thire la khac
biét voi nhau 13 do anh huéng cua qua trinh sy,
nhiét d6 1a nguyén nhan chinh 1am cho hoat tinh
protease bi giam. Cac nghiém thirc c6 chat mang 1a
bot tale (NT2, NTS, NT9) s& cho hoat tinh protease
thap, do bot talc c6 chira ham lugng mubi cao s& tic
ché hoat dong clia cac gen san sinh protease ngoai
bao cua vi khuén, lam cho hoat tinh giam (Liu et al.,
2015). Tuy nhién & NT10 (95% cam gao + 5% ri
duong) hoat tinh protease c6 gia tri cao ¢ 0 ngay va
30 ngay. Dong thoi, hoat tinh va mat sé con lai ciing
duoc duy tri trén 80% & ca ba chung B.subtilis,
B.flexus, B.stratophericus. Vi vay nhdm nghién ctru
chon NT10 dé tién hanh thi nghiém tiép theo. Két
qua nay ciing phi hop véi nghién ctru ctia nhiéu tac
gia. Két qua nghién ctru cua Dang et al. (2017) ciing
da cho thay cam gao 1a chat mang gitp duy tri dugc
mat s tot nhat. Theo nghién ctru ciia Shikha et al.
(2007) da c6 két luan viéc sir dung mat ri duong
trong mdi truong nudi ciy s& tang hoat tinh protease
kiém cua cac chung Bacillus. Két qué tir nghién ctru
nay da giup khing dinh thém két ludn trén. Cac
nghiém thirc c6 bd sung mat ri duong cho hoat tinh
protease cao hon so v&i cac nghiém thirc khong bd
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sung mat ri dudng (so sanh gifta nghiém thirc NT1
va NT8, NT2 va NT9, NT3 va NT10).

Tru6c d6, Uyar and Baysal (2004) & Tho Nhi Ky
da nghién ctru anh hudng cua cam lia mi va trau dén
san xudt protease kiém tir Bacillus spp. cho thiy cam
loa mi gidp viéc san Xuit enzyme cao nhat, san
luong toi da 429,041 (Ul/g) va 168,640 (Ul/g) da dat
dugc bang cach sir dung cam loa mi va trau lam chat
mang. Bén canh d6, két qua nghién ctru san xuat
protease kiém ctia Shikha et al. (2007) tai An D9 cho
thdy trong moi truong mat mia (242 Ul/g), moi
truong mat mia va cam laa mi (285 Ul/g). Nhu vy,
gia tri hoat tinh protease trong cac nghién ctru nay
cao hon so véi thi nghiém dé khao sat nhung chat
mang 14 cdm van cho hoat tinh cao nhét twong tu véi
cac nghién ctru trén.

3.2. Khio sat sy 6n dinh ciia hn hgp vi sinh

trong chit mang

Sau khi x4c dinh dugc loai chét mang thich hop
cho cac chung Bacillus spp. 1a 95% cam gao + 5%
ri duong tién hanh phdi tron cac ching Bacillus spp.
Két qua kiém tra mat sb vi sinh va hoat tinh protease
céc chiing T36, T24 va T17 khi dugc ching vao hén
hop chat mang 95% cam gao + 5% ri dudng tai cac
thoi diém 0 ngay va 30 ngay sau khi tao ché phim
duoc trinh bay trong Bang 7.
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Bang 7. Mat s6 va hoat tinh protease ciia cac hdn hop vi sinh trong 95% cam gao + 5%

Mit s6 Hoat tinh
Nghiém thic 0 ngay 30 ngay Ty 1€ 0 ngay 30 ngay TV 18 (%)
(x10° CFU/g)  (x10° CFU/g) (%) (Ul/g) (Ul/g) ylelro

NT1 4,45°+0,087 3,740,070 84,0 91,71°¢1,84  76,12°+0,98 83,0
NT2 4,380,070 3,710,090 84,7 90,05°¢1,66  75,32°£1,46 83,6
NT3 4,42°40,036 3,680,070 83,3 92,61°+2,31 74,74%+1,44 80,7
NT4 3,75%+0,056 3,17£0,130 84,5 83,62°x1,08 66,398+0,66 79,4
NTS 3,849+0,045 3,219+0,125 83,6 8191ft1,63 67,12f£1,26 81,9
NT6 3,819¢+0,026 3,259+0,122 85,3 84,32¢+0,74 6831fx]1,48 81
NT7 3,72°40,061 3,134£0,072 84,1 86,09%+0,90 69,13°%1,04 82,3
NT8 3,870,141 3,180,090 82,2 87,139+0,93  70,59°+0,94 81
NT9 3,77%+0,046 3,15%0,080 83,6 82,092,222  72,66%1,15 88,4
NT10 5,19°+0,017 4,78°+0,082 92,1 141,6+1,48 126,2*+1,09 89,1
NT11 5,21°40,020 4,41°+0,061 84,6  97,17°:1,82  80,75*+1,41 83,1
NT12 5,0820£0,030  4,44°+0,081 87,4  96,51°+0,53  81,94%+1,20 84,9
NT13 5,03%+0,160 4,39°+0,055 87,3 89,93cx1,73  73,11%¢ 1,15 81,3
F til’lh skzk sk k3k kk

CV (%) 1,78 2,83 1,67 1,55

Cic 56 trong ciing mot cot c6 cing chir theo sau thi khéc biét khéng y nghia & mikc 1%.

Tai thoi diém 0 ngay, mat s6 vi khuan cia cac
nghiém thic dao dong & muc tir 3,72+0,061 x 10°
dén 5,210,020 x 10° CFU/g. Trong d6, NT10 va
NT11 khac biét co y nghia thong ké véi cac nghiém
thire con lai. Céc chung Bacillus c6 kha nang chiu
nhiét, trong thoi gian say vi khuan van c6 thoi gian
tang truong nhung khong cao, do nhiét d siy 40°C
khong phai 1a nhiét do thich hop cho vi khuan phat
trién (Kexin et al., 2022).

Tai thoi diém 30 ngay sau khi tao ché pham, mat
s6 vi khuan cuia cac nghiém thirc giam so véi thoi
diém 0 ngay sau khi tao ché phim, mat s6 vi khuan
dao dong tir 3,13+0,072 x 10° dén 4,780,082 x 10°
CFU/g. Trong d6 mat s6 vi khuan & NT10 khac biét
¢ ¥ nghia véi cac nghiém thirc con lai, mat sb vi
khuén duy tri 92,1% & nghiém thiic nay va trén 80%
& cac nghiém thtrc con lai. Mac du cung loai chét
mang dugc chon (95% cam gao + 5% ri duong), mat
s6 vi khuan dugc ching vao 1a nhu nhau nhung &
cac nghiém thire chi sir dung mot chung vi khuén s&
cho mat sb té bao vi khuan thap hon so v&i khi phdi
tron cac chung vi khuén lai v6i nhau. Tai thoi diém
0 ngay sau khi tao ché phdm & NT10 khi chi sir dung
ching T36 thi mat s6 t& bao 1a 3,560,061 x 10°
CFU/g cho két qua mat s6 thap hon NT10 trong thi
nghiém nay khi phdi tron 3 ching T36:T24:T17
(1:1:1) 1a 5,19+0,017 x 10° CFU/g. Cac chung vi
khuéan nay twong thich khong canh tranh véi nhau
khi kiém tra bang phuong phap céy chit T trén dia
thach (Hinh 1), vi vdy chung phat trién tu do trong
mbi trudng t61 wu duge chon 13 95% cam gao + 5%
ri duong.
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Hinh 1. Ba chiing phat trién twong thich trén
moi truong LB agare

Hoat tinh protease cua cac nghiém thurc tai thoi
diém 0 ngay dat gia tri cao trén 80 Ul/g. Gia tri hoat
tinh protease ¢ nghiém thirc NT4 (1T36 : 1T24),
NT5 (1T36 :2T24), NT6 (2T36 : 1T24),NT7 (1T17
: 1T24), NT8 (1T17 : 2T24), NT9 (2T17 : 1T24)
thdp hon cac nghiém thirc con lai va khong c6 su
khac biét vé mat thong ké vdi nhau. O NT10 (1:1:1)
¢6 su khéc biét co y nghia thong ké véi cac nghiém
thirc con lai v6i hoat tinh protease cao lén dén
141,61 Ul/g. Khi phdi tron ca ba chung Bacillus véi
nhau thi cac ty 1€ con lai NT11(1:1:2), NT12(1:2:1),
NT13(2:1:1) déu c6 hoat tinh thap hon NT10, c6 thé
1a do & cac ty 1& nay ba chung tiét ra ham luong
enzyme khong déu nhau.

Sau 30 ngay bao quén, hoat tinh protease ctia tat
ca cac nghiém thirc déu giam so véi 0 ngay, trong
d6 nghiém thirc 10 cho hoat tinh cao nhét
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(126,17+1,09 Ul/g) va c6 su khac biét c6 y nghia vé
mit thdng ké v6i cac nghiém thirc con lai cing véi
su duy tri hoat tinh 1én dén 89,1%. Cac nghiém thirc
NT4, NT5, NT6, NT7, NT8 van c¢6 hoat tinh thép
nhit va hiéu qua duy tri hoat tinh thip hon cac
nghiém thirc kha, tuy nhién dén NT9 thi hoat tinh
cao hon (72,66 £1,15 Ul/g) va muc duy tri gan nhu
cao nhat (88,4%) chi thap hon NT10.

Céac nghiém thie NT1, NT2, NT3 c¢6 mat s6
giam dan tuong tmg hoat tinh protease ciing giam
dan & cac nghiém thirc nay. Cac nghiém thirc NT4,
NT5, NT6, NT7, NT8, NT9 c6 mat sb 1a twong
duong nhau, nhung hoat tinh protease cé sy khac
nhau gilra cac nghiém thirc nay. Nghiém thitc NT10
(ca ba chiing) c6 mét s cao nhit twong tmg hoat tinh
protease ciing 1a cao nhit. Cac nghiém thirc NT11,
NT12, NT13 c6 mat sé tuong duong nhau va cao
hon céc nghiém thirc NT1, NT2, NT3, nhung hoat
tinh protease cua sau nghlem thirc ndy tuong duong
nhau. Két qua cho thiy mat s6 vi khuén it anh huong
dén hoat tinh protease sinh ra. Khi thay dbi ty 1& cac
chung vi khuan, mat s6 t& bao va hoat tinh protease
khong 6n dinh. Vi vy, ty 1é cac chung phai pht hop
thi méi c6 thé duy tri mat s6 va hoat tinh protease
(Nguyen et al., 2016).

Dua vao két qua mat sé va hoat tinh protease cua
céc nghiém thuc ta ¢ thé xac dinh duoc ty 18 phdi
tron cua cac chung Bacillus spp. 1a 1:1:1 trong chét
mang 13 95% cam gao + 5% ri duong. Diéu nay phu
hop véi nghién ciru cua Pham et al. (2013) va
Nguyen et al. (2016).

3.3. Khio sit mit so vi sinh va hoat tinh

protease ciia ché phiam vi sinh theo thoi
gian bdo quin

Sau khi x4c dinh duoc loai chét mang (95% cam
gao + 5% ri dudng) va ty 1& phdi tron cac ching
Bacillus spp. thich hop (1:1:1) tién hanh tao ché
pham v6i 30 thir nghiém. Tai cac moc thoi gian 0, 2,
4, 6 thang bao quan ¢ nhiét do phong 28+2°C, mau
duoc kiém tra mat s6 vi sinh vat va hoat tinh
protease. Két qua nghién ctru duoc thé hién qua
Hinh 2. Nhin chung, & nghiém thirc c6 mét s6 vi sinh
cao tuong ng voi gia tri hoat tinh 16n. O nghiém
thirc c6 mat sd thip hon thi c6 gia tri hoat tinh
protease nho hon.
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Hinh 2. Mt sb vi sinh va hoat tinh protease ctia
ché pham theo thoi gian

Sau 2 thang bao quan, mét s vi sinh va hoat tinh
protease bi giam nhe tir 6,96+0,02 x 10° CFU/g va
204,1+3,3 Ul/g xuéng con 5,08+0,01 x 10° CFU/g
va 187,8+1,9 Ul/g. Sau 4 thang bao quan, mit sb va
hoat tinh protease con 3,73+0,02 x 10° CFU/g va
130,6+2,7 Ul/g. Ché phém duoc bao quan sau 2
thang va 4 thang c6 mat s6 va hoat tinh protease chi
giam nhe 1a do vi sinh vat da thich nghi, st dung
ngudn dinh dudng c6 trong chit mang dé duy tri mat
s0. Sau 6 thang bao quan, mat sd va hoat tinh ciia
ché pham giam manh chi con 1 ;110,005 x 10°
CFU/g va 70,2 Ul/g. C6 thé 1a do nguon dinh dudng
co trong chat mang giam dan theo thoi gian bao
quan, 46 4 4m cua chat mang ciing giam dan dan dén
mat s6 giam tir do hoat tinh giam theo. Két qua
nghién ctru nay tét hon nghién ctru cua Nguyen et
al. (2016), khi cho thdy ché pham chi duy tri dugc
mat s t6i thiéu ciia san phdm ché pham vi sinh theo
tiéu chuan ciia TCVN sau 3 thang bao quan. Két qua
nghién ctru cua An et al. (2017) cho thay hdn hop
chat mang gdm talc, cam gao va triu gitap hdn  hop
vi khuén Bacillus spp. sau 6 thang duy tri mat s 10°
CFU/g. Trén hét & tat ca cac thoi diém khao sat trén
déu cho mat s6 16n hon 108 CFU/g, pht hop sir dung
lam ché phdm vi sinh theo tiéu chuin cia TCVN
6168:2002.

3.4. Khao sat kha ning phan hiy protein tir
phé pham thiy san

Ché pham duoc tao ra voi ty 1é chit mang va ty
1¢ vi sinh da chon. Tai cac thoi diém bao quan 1a 2
thang, 4 thang va 6 thang, ché phim dwoc danh gia
kha nang phén giai protein trong phu pham thiy san.
Két qua dwoc thé hién trong Hinh 3.
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Hinh 3. Ham lwgng protein con lai trong miu trude va sau 30 ngay i

Tir két qua Hinh 3, ham luong protein con lai
trong mau xtr 1y bai ché pham vi sinh sau 2 thang, 4
thang va 6 thang bao quan cho thiy thoi gian bao
quan cang dai thi hoat tinh enzyme giam dan nén
kha néng phén huy protein giam dan. Tai thoi diém
2 thang bao quan, ché pham vi sinh c6 kha ning
phan huy cac protein la cao nhit nén ham luong
protein con lai trong mau chi co 144 mg/g chiém
46,3% so voi thoi diém trudc khi b6 sung ché pham
dé tién hanh u 30 ngay thip hon rat nhiéu so v&i mau
dbi chung khong bd sung ché pham 1a 311 mg/g
chiém 67,6% so véi thoi diém trude khi bat dau qua
trinh 0 30 ngay. Dén thoi diém 4 thang bao quan,
hoat d protease trong miu giam nén ham luong
protein chua bi phan giai cao hon 227 mg/g chiém
khoang 52,3% ham luong protein c6 trong mau
trudc khi bo sung ché pham. Sau 6 thang bao quan,
ham lugng protein con lai trong mau sau khi 1 30
ngdy 1a cao nhét tai ba thoi gian khao sat, 254 mg/g
chiém 60,5% luong protein ban dau. Khi mét s6 va
hoat tinh ciia ché pham giam thi kha ning phan cat
protein cling s€ gidm dan dén luong protein con lai
trong mau ngay cang cao. Bén canh d6, mui ¢ cac
mau c¢6 bd sung ché phdm vi sinh d& chiu hon miu
khong bd sung. Piéu nay giup giam 6 nhiém moi
truong khong khi trong qua trinh xir Iy phé phu
pham thity san. Tuy nhién, ché phdm vi sinh chua
dugc st dung dé u phé phdm ca trong nghién ciru
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nao, nhung enzyme tinh khiét, nhu alcalase va
flavourzyme dd dugc st dung trong nhiéu nghién
clru, sau 26 gid hiéu sudt thuy phan dat 39,7%
(Truong & Le, 2020). Két qua nghién ctru hién tai
gilip mo rong hudng xu ly phé pham nhiéu protein
bang cong nghé vi sinh v6i chi phi ré hon va dinh
huéng san xuét cic san pham ly giai protein tmg
dung trong néng nghiép an toan hon.

4. KET LUAN

Ty 1¢ chit mang thich hop nhit 1 95% cam gao
va 5% ri duong va ty 18 phdi tron ba giéng T36, T24
va T17 1a 1:1:1 phu hop nhét dé tao ra ché pham vi
sinh. Mat s vi sinh ban dau dat 4,8 x 10° CFU/g,
duy tri 92,1% sau 30 ngay bao quan; hoat tinh ban
diu dat 126,2 Ul/g, duy tri 89,1% sau 30 ngay bao
quan. Sau 2, 4 va 6 thang bao quan, mat sb vi sinh
va hoat tinh protease tong trong ché pham giam dan.
Vé6i mét s6 ban dau 1a 6,96x10° CFU/g va hoat tinh
ban dau 1a 204,1 Ul/g, sau 6 thang bao quan con lai
lan lwot 14 1,11x10° CFU/g va 70,2 Ul/g. M4t s6 nay
thoa tiéu chi vé vi sinh vat trong ché phim vi sinh
cia TCVN. Ty 1¢ thay phan phu phim ca cua ché
pham thir nghiém sau 2, 4 va 6 thang bao quan lan
luot 14 53,7%, 47,7% va 39,5%. Thoi gian bao quan
ctia ché phim trong 6 thang van duy tri hoat tinh sinh
hoc va hiéu qua phan giai protein.
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