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Nghién ciru tap trung phan lap va danh gia cic ching Bacillus ban dia tir h¢ sinh
thai ca phé Robusta c6 kha ning tong hop enzyme phéan gidi polysaccharide
(pectinase), nham thiic diy qua trinh bién doi sinh hoa ciia qua ca phé trong lén
men. Nghién ciru d3 phan lap, xdc dinh va dinh danh dwoc 3 chiing vi khuan, gom
Bacillus siamensis (1), Bacillus velezensis (I1) va Bacillus aryabhattai (II1), c6 kha
niing tong hop pectinase véi vong phan giai pectin kha 16n 13-15 mm, gitp cai thién
cac chi tiéu héa sinh thiic diy qua trinh axit héa trong 1én men qua ca phg, lam
giam pH xudng 4,2-4,8 va giam ham lwong dwong khir xudng duéi 1,0 g/l, trong
diéu kién 1én men véi ty 1¢ rin/léng 2:1 & 37°C sau 48 gio 1én men. Hat ca phé sau
1én men cé tong ham lwong polyphenol dat 120-125 mg/g va hoat tinh chong oxy
héa dat 1Cs0=0,28-0,32 mg/ml. Trén co sé d6, hé chiing két hop da thé hién hiéu
qua vuot troi, dic biét to hop II+IIL, véi kha niing ting cwdong chuyén héa co chit
va nang cao ham lwgng polyphenol (135-137 mg/g chat khd) cuing hoat tinh chong
oxy hoa (ICs ~0,25 mg/ml). Két qua cho thiy, 1én men c6 kiém soat bang hé chiing
Bacillus ban dia 12 hwéng tiép cin tiém ning ginp cai thién chit lwong ca phé

Robusta Viét Nam theo huéng gia tri cao.

Tir khéa: Bacillus, ca phé Robusta, chéng oxy hoéa, 1én men ca phé, pectinase,
polyphenol.
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Abstract:

This study aimed to isolate and evaluate indigenous Bacillus strains from the
Robusta coffee ecosystem with the ability to produce polysaccharide-degrading
enzymes (particularly pectinase), thereby promoting biochemical transformations
during coffee fermentation. Three bacterial strains were successfully isolated,
identified, and characterised, namely Bacillus siamensis (1), Bacillus velezensis (11),
and Bacillus aryabhattai (I11), all of which exhibited significant pectinase activity,
with clear pectin hydrolysis zones ranging from 13 to 15 mm. These strains
contributed to the improvement of key biochemical parameters during
fermentation, notably accelerating acidification, reducing pH 4.2-4.8, and
decreasing reducing sugar content to below 1.0 g/l under fermentation conditions
of a solid-to-liquid ratio of 2:1 at 37°C for 48 hours. Fermented coffee beans showed
total polyphenol contents of 120-125 mg/g and antioxidant activity with I1Cso values
of approximately 0.28-0.32 mg/ml. Furthermore, the combined starter culture
demonstrated superior performance, particularly the consortium of strains Il and
II1, which enhanced substrate conversion efficiency and increased total polyphenol
content (135-137 mg/g dry weight) along with improved antioxidant activity
(IC50=0.25 mg/ml). Overall, the results indicate that controlled fermentation using
indigenous Bacillus consortia represents a promising approach for improving the
quality of Vietnamese Robusta coffee toward higher value products.

Keywords: antioxidant activity, Bacillus, coffee fermentation, pectinase,
polyphenols, Robusta coffee.

Classification numbers: 2.8, 2.10
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1. Dat van de

Ca phé Robusta (Coffea canephora) 1a mot trong nhitng ciy coéng nghiép chién
luoc, dac biét tai Viét Nam - quéc gia gilr vi tri hang dau thé gioi vé san luong xuét khau
Robusta, chiém khoang 40% san luong toan cau [1]. Tuy nhién, so voi Arabica, chat
luong cam quan ctia Robusta thuong bi danh gia thap hon, chu yéu do ham luong
caffeine va axit chlorogenic (CGA) cao, gop phan tao nén vi ding git va hau vi kém ém
diu [2]. Bén canh dé, 16p nhay (mucilage) giau polysaccharide, dic biét 1a pectin, bao
quanh hat ca phé déng vai trd quan trong trong qué trinh ché bién sau thu hoach; viéc
loai bo 16p nay 1a mot bude thiét yéu trong xir Iy ca phé va c6 anh huong déang ké dén
sw hinh thanh huong vi cta san phdm cudi cing [3].

Trong tu nhién, ca phé Kopi Luwak - san pham di qua hé tiéu hoa ctia chdn huong
chau A (Paradoxurus hermaphroditus) - duoc ghi nhan c6 dic tinh cam quan mém mai
va khac biét. Cac phan tich hé vi sinh vat dudng rudt cia loai nay cho thay sy chiém uu
thé ctia cac vi khuan c6 kha nang chuyén hoa carbohydrate, téi cu tric hop chat phenolic
va diéu chinh tién chat huong [4]. Tuy nhién, mé hinh san xuét truyén thong dua trén
dong vat dat ra nhiéu van dé vé phuc lgi dong vat, tinh bén viing va an toan sinh hoc,
lam han ché kha ning tmg dung & quy mo céng nghiép. Trong bdi canh dé, cong nghé
1én men str dung ching khoi dong ban dia ndi 1én nhu mot chién luoc thay thé c6 kiém
soat. Pic biét, cac loai thudc chi Bacillus thu hit sy quan tdm nho kha ning sinh tong
hop hé enzyme ngoai bao phong pht, bao gdm pectinase, cellulase va protease [5, 6].

Céc nghién ctru trude ddy da chimg minh rang, hé enzyme cua Bacillus spp. tac
dong kép 1én hé thong hop chat phenolic, bé giy mot phan cac polyphenol giy dang gat
nhu CGA thanh cac dan xuét c6 cau tric nho hon, gop phan 1am giam vi ding gat va cai
thién cam quan thong qua bién d6i tién chat huong [2]. Mit khac, su phdi hop gitta
enzyme pectinolytic va cellulolytic giup phd v& ma tran polysaccharide, gidi phong céac
phan tir phenolic vén ton tai & dang lién két trong vach té bao thuc vat thanh dang ty do.
Qua trinh giai phong nay lam gia ting tong ham luong polyphenol ty do (TPC) va cai
thién manh mé hoat tinh chéng oxy hoa trong nhiéu nén nguyén liéu nhu ba ca phé [7].
Tuy nhién, cho dén nay, céc dit liéu vé qua trinh 1én men str dung Bacillus phén lap truc
tiép tir hé sinh théi ca phé, cling nhu tac dong hiép dong giita cac ching trong viéc diéu
chinh, bién ddi polyphenol va hoat tinh chdng oxy hoa trén nén ca phé Robusta Viét
Nam van con han ché.

Muc tiéu cua nghién ctru 1a phan lap, tuyén chon va tng dung céc vi sinh vat ban
dia nham nang cao chat lugng ca phé Robusta. Cu thé, nghién ciru tap trung tim kiém
cac ching Bacillus tir hé sinh thai ca phé c6 kha ning 1én men chuyén hoa tét co chat
va tong hop enzyme pectinase, dong thoi danh gia vai trd ciia cac vi sinh vat tuyén chon
trong cai thién ham luong polyphenol va hoat tinh chdng oxy héa ciia ca phé 1én men.

2. Vit liéu va phwong phap nghién ciru
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2.1. Vit liéu

Vit liéu sir dung trong nghién ciru 12 cac mau 14 ca phé, qua ca phé tuoi va dat
vung r&, thu thap tai cac ving trong ca phé thudc xa Ea Ning, Tan An (Pik Lik), x3 Chu
Pih va x3 Bién Ho (Gia Lai), mau ca phé chdn tho (Kopi Luwak) thu nhan tir co so san
xut tai xd Bién HO (Gia Lai). Nguyén liéu st dung cho thi nghiém 1én men 13 qua ca
phé Robusta tuoi, chin mong do, déng déu vé kich thuée, thu hoach tai vuon thude xa
Bién HO, Gia Lai, trong giai doan chinh vu (thang 12/2025). Sau thu hoach, mau duoc
bao quan lanh vé phong thi nghiém trong vong 48 gio.

2.2. Phwong phap nghién ciru
2.2.1. Phdn Idp, tuyén chon va dinh danh cdc chiing Bacillus

25 gram mau (qua, 1, dat, ca phé chon thd) duoc xir 1y va dong nhét trong 225
ml nudc cit vo trang. Hon hop duoc xir 1y nhiét & 80-85°C trong 10 phat nham tiéu diét
phan 16n vi khuan sinh dudng va lam giau vi khuéan sinh noi bao tir thudc chi Bacillus.
Sau xir Iy nhiét, mau dugc pha lodng & ba nong do lién tiép (10" dén 10°?) va ciy trai
100 pl 1é€n dia thach moi truong NA, 0 ¢ 37°C trong 20-24 gio.

Céc khuén lac nghi ng¢ Bacillus dugc tinh sach, kiém tra dic diém hinh thai,
nhudém Gram, thtr catalase, quan sat ndi bao tir theo phuwong phap nhudém bao tir bang
xanh Malachite [8] va dinh danh dén loai bang hé théng MALDI-TOF MS (Vitek MS)
[9]. Binh danh phan t& dugc thuc hién thong qua giai trinh ty gen 16S rRNA st dung
cip moi phd bién 27F (5-AGAGTTTGATCMTGGCTCAG-3") va 1492R (5'-
TACGGYTACCTTGTTACGACTT-3') theo phuong phéap PCR tiéu chuan [10]. Trinh
tu 16S rRNA ciia cac chung phan 1ap dugc so sanh véi dit liéu NCBI bang BLAST. Cay
phat sinh loai duoc xay dung bang phuong phap Maximum Likelihood (MEGA X) véi
m6 hinh Tamura-Nei, va d tin ciy duoc danh gia bang bootstrap 500 1an lap.

Céc chung Bacillus dugc danh gia hoat tinh pectinase theo cac budc:

a) Chuan bi dich n6i khong chura té bao (CFS) cac ching Bacillus: Nudi cay cac
chung Bacillus spp. trong mdi truong Minimal Broth chtra 0,5% pectin ¢ nhiét d§ 37°C
trong 24 gio, sau d6 ly tim, loc qua mang loc 0,22 pM va bao quan & 4°C dén khi sir
dung.

b) Xéc dinh hoat tinh pectinase: Nhé 100 pl CFS cua timg chiing don 1¢é va to
hop cac ching (I+11, I+I11, TI+11T) vao cac 16 giéng cia moi truong Minimal Broth véi
1,5% agar trong cac dia petri va u & 37°C trong 24-48 gi0. Hoat tinh pectinase ctia cac
chung Bacillus duoc danh gia bang duong kinh ving quang thity phan pectin nhd dung
dich Lugol 1%.

2.2.2. Lén men ca phé s dung cac chung Bacillus phan ldp
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Ba chung Bacillus phan lap ky hi¢u I, II, III va mét chung thuong mai Bacillus

subtilis var. Natto Takahashi (ky hiéu 1a Natto) duoc st dung lam cac gidng khoi dong
cho 1én men ca phé va dugc hoat héa trong moi truong Nutrient Broth (NB) ¢ 37°C
trong 18-24 gir dé dat mat do xap xi 10° CFU/ml trudc khi dua vao 1én men.

2.2.3. Lén men ca phé su dung don chung Bacillus

Qua ca phé twoi sau khi xat vo duoc giir lai 16p nhdy va tién hanh 1én men voi
hai ty 16 rdn/long (1:1 va 2:1), sir dung mdi trudng Modified Nutrient Broth (Modified
NB) hoic nudc cit lam dich 1én men. Sinh khdi cac chung Bacillus dugc bd sung véi ty
1€ 10% (v/v), tuong trng mat do ban dau khoang 108 CFU/ml. Thi nghiém duoc b tri
v6i 4 cong thirc 1én men don chung & 37°C trong 48 gid trong diéu kién hiéu khi tinh va
02 cong thirc dbi chimg str dung Modified NB va nudc cat. Trong qué trinh 1én men, cac
chi tiéu pH, ham luong acid tong va duong khir duoc theo ddi, danh gia tai cac thoi diém
0, 24 va 48 gio, trong d6 pH dich 1én men duoc do bang pH meter di hiéu chuén; tong
axit dugc xac dinh bang phuong phap chuan d6 vdi NaOH 0, 1N va dugc tinh theo (mmol
H"/ml dich 1én men) [11]; Ham lugng duong khir trong dich 1én men dugc xac dinh theo
phuong phap véi thude thir DNS [12].

Hat ca phé sau 1én men duoc phan tich tong ham lwong polyphenol (TPC), hoat
tinh chdng oxy hoa theo phuong phéap cu thé nhu sau:

Chudn bi dich trich ly ca phé [13]: Hat ca phé sau 1én men duoc lam sach, sdy
kho, loai bo v trdu va vo lua dé thu ca phé nhan. Mau duoc nghién min, riy qua ludi
60 mesh, sau d6 tién hanh trich ly bang dung méi methanol 70% & nhiét d6 55-60°C.
Dich trich duogc ly tam thu phﬁn dich ndi, dinh muc va bao quan lanh.

Xac dinh tong ham heong polyphenol (TPC) ciia ca phé nhdn theo phwong phdp
Folin-Ciocalteu: Dich trich dugc phan tng véi thude thir Folin-Ciocalteu va dung dich
Na»CO:s, sau d6 u trong diéu kién tdi va do tai bude song 750 nm, ham luong polyphenol
dugc tinh toan dua trén dudng chuan axit gallic va biéu thi bang mg GAE/g chét kh.

Xdc dinh hoat tinh chong oxy héa theo phwong phdp phan iing véi DPPH [14]:
Dich trich ly dugc phan tng véi dung dich DPPH trong methanol va U trong t6i trong
30 phut. B hép thu dugc do tai 517 nm. Kha nang khu géc tu do duoc biéu dién thong
qua phan tram trc ché va gia tri ICso, xac dinh tir phuong trinh hdi quy gitta nong do mau
va murc do tc ché. Phan tram (e ché duoc tinh theo cong thrc:

0] = [(Ao =40 ] x 100

Ao

trong d6: Ao 1a gia tri hap phu quang phd tai bude song 517 nm ciia mau kiém chimg;
A\ 14 gia tri hap phu quang pho tai budc séng 517 nm clia mau thi nghiém; Gia tri ICso
dugc xac dinh tir phuong trinh hdi quy giita %I va ndng d6 mau, trong d6 ICsp thé hién
luong mau can thiét dé oxy hoa 50% luong DPPH ban dau [15].
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Lén men ca phé sw dung két to hop cdc chung Bacillus: Thi nghiém 1én men ca
phé st dung t6 hop cac ching Bacillus dugc trién khai véi 5 cong thirc, gdm 3 cong thirc
stt dung t6 hop cac chung (I+II, I+III va II+III) va 2 cong thirc ddi chimg sir dung
Modified NB va nudc cat. Ty 1é cip giéng 1a 10% (v/v) sinh khdi cac chung vi sinh vat,
v6i mat do ban dau xap xi 108 CFU/ml va cac diéu kién 1én men (nhiét do, ché do cap
khi) dugc thuc hién nhu 1én men ca phé st dung don ching Bacillus. Theo doi va danh
gia cac chi tiéu pH, acid tong, duong khir trong qué trinh 1én men, tong ham luong
polyphenol (TPC) va hoat tinh chdng oxy héa cta hat ca phé sau 1én men theo céc
phuong phap dugec mo ta & trén.

2.2.3. Phwong phdp xir Iy s6 liéu

Céc thi nghiém duoc thuc hién lap lai tdi thiéu 3 1an. SO liéu duoc xir 1y bang
Excel va phén tich phuong sai. Kiém dinh Tukey HSD duoc sir dung dé so sanh cac gia
trj trung binh (p<0,05), vdi cac ky tu khac nhau (a, b, ¢) biéu thi su khac biét c6 ¥ nghia
trong cung mot nhom. Mbi twong quan giita ham luong polyphenol téng (TPC) va hoat
tinh chdng oxy hoa duoc danh gia bang hé sb tuong quan Pearson (), voi muic ¥ nghia
p<0,05. Két qua duoc biéu dién dudi dang gid tri trung binh+dd 1éch chuan.

3. Két qua
3.1. Phédn lap, dinh danh chiing Bacillus spp. bdan dia

Tir cac mau 14 ca phé, dat ving ré, qua ca phé tuoi va ca phé chon da phan lap
duogc 42 ching vi khuan c6 khuan lac hinh tron dén khong déu, mau tring dén tring nga.

Sau khi sang loc so b dya trén dac diém hinh thai va sinh hoa, 11 chung c6 dac
trung dién hinh cta Bacillus (Gram duong, hinh que, sinh ndi bao tir, catalase duong
tinh) da duoc lya chon dé dinh danh bang hé thong MALDI-TOF MS (Vitek MSV) va
xéc dinh tat ca déu thudc chi Bacillus voi do tin cdy cao.

Két qua dinh danh phén tir thong qua giai trinh tu gen 16S rRNA xac dinh 3 ching
phan lap, gdm 2 chung duoc phan 1ap tir ca phé chon tho (ky hicu I va IT) va 1 ching
phan 1ap tir 14 ca phé (ky hiéu III) déu thudc chi Bacillus, pht hop véi két qua dinh danh
so bd béng MALDI-TOF MS, cu thé, chung B-I phan nhém g?m v&1 Bacillus siamensis,
v6i gid tri bootstrap cao, chung B-1I nam trong cung clade v6i Bacillus velezensis va
chung B-III ¢6 quan hé gan voi Bacillus aryabhattai. Két qua dugc thé hién ¢ hinh 1 va
hinh 2. Déi chiéu vdi cac loai dd duoc cong nhan an toan (GRAS - Generally Recognized
As Safe), 3 chung Bacillus tuyén chon dap tng ti€u chi an toan sinh hoc va duoc lya
chon cho cac nghién ciru tiép theo.
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Hinh 1. Anh khuén lac va té bao cac chiing Bacillus 1, 11, I11.

15 Bacillus siamensis KCTC

12 —— Bacillus amyloliquefaciens NBRC

9 —— Bacillus siamensis B-1

98 —— Bacillus velezensis FZB42

99

Bacillus velezensis B-11
Bacillus subtilis 1AM

—— Bacillus pumilus ATCC

—— Bacillus cereus ATCC

97

42 —— Priestia megaterium [AM
Bacillus aryabhattai BEW22
85— Bacillus aryabhattai B-TIT

- Paenibacillus violae PFR10

95

P

0.05

Hinh 2. Cay phat sinh loai dua trén trinh tu gen 16S rRNA cta cac ching Bacillus
phan lap, dwgc xAy dung bing phwong phip Maximum Likelihood.

Két qua xay dung duong cong ting truéng cua 3 chung Bacillus tuyén chon dugc
nudi cdy trong mdi truong NB, & 37°C, trén may lac tdc do 150 vong/phut (hinh 3) cho
thdy ca ba chung déu c6 pha thich nghi ngan trudc khi nhanh chéng budc vao pha sinh
truong liy thira. Dit liéu ODeoo thé hién trén dudng cong ting trudng va khi trang ciy
ghi nhan mat do té bao dat trén 10° CFU/ml sau khoang 18 gid nudi cdy. Két qua nay
phan anh tiém ning tang sinh nhanh trong diéu kién dinh dudng thuan lgi, dong thoi
cung cip co so cho viée xac dinh thoi diém cip giong phi hop. Cu thé, mdc 18-20 gid
duoc xem la giai doan tdi wu dé thu nhan sinh khoi & trang thai sinh truong manh, dam
bao kha nang khoi dong hi€u qua ctia qua trinh 1én men ca phé sau nay.
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Hinh 3. Pudng cong sinh trwéng cua cac chung Bacillus trong moéi trueong Nutrient
Broth.

3.2. Hoat tinh pectinase cdc chung Bacillus phdn ldp

Hoat tinh pectinase cac ching Bacillus trong diéu kién nudi cdy riéng 1¢ va két
hop dugc thé hién & cac hinh 4 va hinh 5.

Hinh 4. Hoat tinh pectinase cac chiing riéng ré I, IL, III va két hop I+IL, I+III va
II+III twong &ng véi anh A, B, C,D, E, F.
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Hinh 5. Pwong kinh vong thuy phan pectin cta cac ching Bacillus.

Két qua cho thay, su khac biét rd rét vé kha ning sinh tong hop pectinase gitta
cac ching vi khuan phén 1ap. Hai chung Bacillus 1 va II, dugc phan 1ap tir hé sinh thai
ca phé chdn, tao vong thity phan pectin v6i dudng kinh 16n, phan anh hoat tinh enzyme
ngoai bao cao; trong d6, ching II thé hién hoat luc cao hon ching I. Ching III ¢6 vong
thity phan kha nho, cho thay kha ning tong hop pectinase han ché. Sy khac biét nay co
thé lién quan dén ngudn gbc sinh thai cta cac chung, khi cac chung I va II da trai qua
qué trinh thich nghi trong moi trueong ti€u hoa cua dong vat, noi h¢ enzyme phan giai
polysaccharide, dic biét 1a pectin, thudng phat trién manh nham hd trg qua trinh chuyén
hoa co chat phuc tap [16].

Qua trinh 1én men ca phé thyc té dién ra trong mot h¢ vi sinh vat phtrc tap va cé
tinh twong tac cao do d6, viéc khao sat cac hé dong nudi cdy 1a can thiét nham danh gia
anh hudng ciia tuong tac vi sinh vat dén hi¢u suat phan giai pectin. Két qua cho thiy,
hoat tinh pectinase trong tat ca cic hé phdi hop déu cao hon so véi cac mau nudi cay
don chung. Pang chu v, to hop II+I1I c6 gia tri hoat tinh cao nhat, dat 18 mm vuot qua
hoat luc cua chung II khi nuoi céy doc 1ap. Cac td hop I+I1 va I+III cling ghi nhan muic
gia tang so voi ting chung don.

Két qua nay phu hop véi cac nghién ciru trude day khi xac dinh cac hé vi sinh
vat cong sinh thuong sé hitu phd enzyme rong hon va hiéu suit chuyén hoa cao hon so
v6i cac ching don 16, nho sy phan cong chirc ning trong chuyén héa [17]. Trong bdi
canh 1én men ca phé Robusta, hoat tinh pectinase déng vai trd then cht trong qué trinh
phan giai 16p nhay gidu pectin bao quanh nhan ca phé, gop phan rit ngan thoi gian xir
1y va thiic dy cac bién ddi sinh hoa lién quan dén sy hinh thanh huong vi cta san pham
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[18]. Do do, hiéu trng hi¢p dong cua to hop cac to6 hop 1a co s¢ khoa hoc cho viéc lya
chon va thiét ké hé chung khai dong t6i wu cho qua trinh 1én men ca phé trong cac nghién
ctru tiép theo

3.3. Hiéu qua lén men qud ca phé Robusta khi sir dung cdc chiing Bacillus
riéng lé

3.3.1. Bién déng pH, dé axit va dwong khir ciia dich 1én men ca phé

Két qua theo doi su bién dong cua pH, ham luong duong khir va tong axit cua
dich 1én men tai thoi diém 0, 24 va 48 gid sau 1én men thé hién tai bang 1 cho thay, gia
tri pH ban d4u cta cac miu dao dong quanh ~6,0 va giam nhanh xudng khoang 4,1-4,7
sau 24 gio 1én men, sau d6 duy tri 6n dinh dén thoi diém 48 gio.
Bang 1. Bién doi pH, ham lwong axit va dwong khir trong qua trinh 1én men ca phé
Robusta sir dung cac ching Bacillus phan lap.

Ching Bacillus Ty 1& rin Thoi Axit Puwong khir
sir dung Néng gian () PH (mmol H*/ml) (@)
1:1 0 5,960,042 0,100+0,003¢ 4,71+0,16°
1:1 24 4,65+0,04° 0,200-+0,007° 1,23+0,04%
1:1 48 4,53+0,04¢ 0,340+0,0122 0,41+0,02¢
! 2:1 0 5,75+0,042 0,100+0,004¢ 4,89+0,172
2:1 24 4,1620,04¢ 0,450+0,018a 1,42+0,04°
2:1 48 4,3420,04° 0,400+0,016° 0,59+0,02¢
1:1 0 5,9240,042 0,100+0,003¢ 4,85+0,17=
1:1 24 4,71+0,04> 0,200+0,007° 1,27+0,04°
1:1 48 4,69+0,04° 0,340+0,0132 0,44+0,02¢
1 2:1 0 5,3340,032 0,100+0,003¢ 5,10+0,17=
2:1 24 4,17+0,04¢ 0,400+0,014° 1,50+0,040
2:1 48 4,24+0,04% 0,470+0,0202 0,64+0,02¢
1:1 0 6,23+0,042 0,100+0,004¢ 4,98+0,172
1:1 24 4,70+0,04¢ 0,200-0,006° 1,31+0,040
1:1 48 4,89+0,04° 0,300+0,0112 0,46+0,02¢
m 2:1 0 5,41+0,042 0,100+0,003° 5,230,182
2:1 24 4,17+0,04> 0,450+0,0182 1,56+0,04%
2:1 48 4,23+0,03% 0,400+0,014a 0,68+0,02¢
1:1 0 6,060,042 0,100+0,004¢ 4,51+0,142
1:1 24 4,56+0,04° 0,250+0,011% 1,12+0,04°
Natto 1:1 48 4,52+0,04° 0,340+0,012a 0,42+0,02¢
2:1 0 5,4240,042 0,100+0,003¢ 4,62+0,152
2:1 24 4,12+0,03¢ 0,500+0,0222 0,94+0,04%
2:1 48 4,24+0,04° 0,400+0,016° 0,26+0,02¢
Nutrient Broth 1:1 0 5,31£0,042 0,100+0,004° 4,50+0,142
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1:1 24 4,29+0,04¢ 0,250+0,0112 1,14+0,04°
1:1 48 4,54+0,04> 0,240+0,0112 0,35+0,02¢
2:1 0 5,14+0,032 0,100+0,003¢ 4,55+0,152
2:1 24 4,41+0,03% 0,450+0,018s2 1,21+0,04°
2:1 48 4,35+0,03° 0,350+0,019® 0,59+0,02¢
1:1 0 5,25+0,042 0,100+0,003" 4,35+0,132
1:1 24 4,63+0,03° 0,250+0,0122 1,57+0,04°
H0 1:1 48 4,52+0,04> 0,220+0,0112 0,62+0,14¢
2:1 0 5,23+0,032 0,100+0,003¢ 4,54+0,132
2:1 24 4,54+0,03" 0,350+0,0182 1,734+0,03
2:1 48 4,38+0,04¢ 0,320+0,0022 0,67+0,14¢

Chu thich: Céc gia tri trong cting mot nhom (cung chiing va cling ty 18 rin/long) mang chir cai khac nhau
(a, b, ¢) biéu thi sy khac biét co ¥ nghia thong ké giita cac mdc thoi gian (p<0,05) theo kiém dinh Tukey
HSD.

O cac mau c6 b sung chung Bacillus, qua trinh axit hoa dién ra rd rét hon so voi
d6i chung, dic biét voi ty 1& ran/long 2:1, noi pH giam sau trong 24 gio dau va sau d6
duy tri on dinh dén 48 gio (pH tir 4,23-4,34), voi 2 mau dbi ching 1a NB va H2O ¢6 pH
13 4,35-4,38. Xu hudng nay cho thay, khi ndong do co chat cao hon, hoat dong chuyén
hoa cuia vi sinh vat dugc tang cuong, din dén hiéu suit sinh acid cao hon.

Ham luong duong khir cac mau c6 ty 18 rin/long 2:1 ban dau c6 ham luong dudng
cao hon, nhung lai giam nhanh hon trong qua trinh 1én men, ban dau nam trong khoang
4,54-5,1 g/l, giam nhanh sau 24 gio va tiép tuc giam xubng con 0,26-0,68 g/l tai thoi
diém 48 gio. Murc do giam duong khir cac mau c6 bd sung chung Bacillus (giam 87-
>90%) nhiéu hon mau ddi chimg H,O (sau 24 giam 62% va sau 48 gid giam 85%).

Tong thé, su bién doi dong thoi cua pH, ham lugng acid va dudng khir cho thay
qua trinh 1én men v&i cic miu c6 bd sung chung Bacillus dién ra triét dé va hiéu qua
hon so v6i mau ddi chimg, trong d6 su axit hoa méi truong va hoat dong enzyme cia
cac chung bo sung dong vai trd quan trong trong viéc bién doi cau tric nguyén lidu. Két
qua nghién ctru ciing cho thay ty 18 ran/long 13 2:1 cho hiéu qua tot hon so véi ty 1& 1/1
va duoc lya chon cho céac nghién ctru tiép theo.

3.3.2. Tong ham lwong polyphenol va kha ndng chéng oxy héa cia ca phé nhan
sau lén men

Céc hop chat polyphenol dong vai trd nhu céc tién chat quan trong, tham gia vao
céc phan tng bién doi nhiét trong qua trinh rang, tir 46 hinh thanh cac hgp chit gop phan
vao huong vi, d6 déng va dic tinh cam quan cta ca phé [19]. Nhiéu nghién ctru cho thiy
hoat lyc enzyme pectinase cac chung Bacillus cai thién kha rd rét ham lugng va thanh
phan polyphenol cua nhan ca phé [7]. Két qua danh gia tong ham luong polyphenol
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(TPC) va kha niang chdng oxy hoa cidc mau ca phé nhan sau 1én men 24 va 48 gio thé

hién & hinh 6 va 7.
I A &\ &

RS

]

Ham lugng Polyphenol (g/kg)

[
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&

Hinh 6. Tong ham hrong polyphenol cic miu ca phé sau 1én men don chiing.

— m-

Hinh 7. Kha ning chong oxy héa cic miu ca phé nhin sau 1én men.

xanh

\«
K

4

Gid tri IC,, (ma/mi)

0.0

Két qua cho thay, so vdi mau d6i ching 13 ca phé nhan xanh khong 1én men (TPC
xap xi 67 mg/g chat kho), tit ca cac mau 1én men - bao gém ca cac mau khong bo sung
vi sinh vat (1én men ty nhién nhu KC nuéc cat va NB) va cac miu bod sung chung
Bacillus d&u ghi nhan sy gia ting rd rét ham lwong TPC ngay sau 24 gio va dat gia tri
cuc dai & 48 gio. Hidu qua gia tang TPC thé hién rd nhat & ty 1é ran/léng 2:1, trong d6
céc ching II va III ¢6 gia tri TPC cao nhat dat 120-125 mg/g, chung I dat xap xi 120
mg/g. Mirc ting gan gap doi so voi dbi chimg, dong thoi vuot dang ké so voi cac miu
1én men khong bo sung ching (khoang 80 mg/g), cho thay vai tro ndi bat cia cac ching
Bacillus trong viéc thiic ddy qué trinh giai phong cac hop chat phenolic. Song song v&i
xu huong gia tang TPC, hoat tinh chéng oxy hoa cling dugc cai thién 10 rét, thé hién qua
su giam gia tri ICso tir 0,45 mg/ml (d6i ching) xudng con 0,28-0,32 mg/ml & cac mau II
va III, cac két qua co hé s6 twong quan (r) mang gia tri 4m va cé y nghia thong ké
(p<0,05).

Vé mit co ché, hiéu qua quan sat dugc nhiéu kha nang bat nguén tlr su két hop
giita hoat dong cua hé enzyme ngoai bao va su thay doi vi moi trudng trong qua trinh
1én men. Vi ty 18 ran/long cao (2:1), sy han ché cia pha 16ng c6 thé lam ting nong do
enzyme cuc bo tai bé mit co chit, qua d6 nang cao hiéu qua tiép xuc giita enzyme va
nén polysaccharide. Cac chung Bacillus duoc biét dén v6i kha ning tiét da dang enzyme
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thuy phan nhu cellulase, pectinase va protease gop phan pha vo cau tric 16p nhay va
thanh té bao thyc vat din dén sy phan cit cac lién két ester va glycoside lién két cac hop
chét phenolic v6i ma tran polysaccharide, tir d6 giai phong cac dang phenolic ty do ¢6
kha nang hoa tan va hoat tinh sinh hoc cao hon [20].

3.4. Hiéu qud lén men qud ca phé Robusta khi siv dung t6 hop cdc chiing
Bacillus

3.4.1. Bién déng pH, dé axit va dwong khir ciia dich 1én men ca phé

Két qua theo ddi bién dong pH, ham luong duong khir va tong ham lugng acid
ctia dich 1én men ca phé bo sung t6 hop cac chiung Bacillus phan 13p tai cac thoi diém 0,
24 va 48 gio duoc tong hop trong bang 2.

Bang 2. Bién dong pH, ham lwong axit va dwong khir trong qua trinh 1én men ca
phé Robusta sir dung to hop cac chiing Bacillus.

Chiing

Ty 1€ Thoi gian Axit
Bacillus st , pH Puwong khir (g/1)
dung rin /16ng (h) (mmol H*/ml)
2:1 0 5,66+0,042 0,100+0,004" 5,41+0,192
I+III 2:1 24 4,24+0,04¢ 0,400+0,014~ 1,70+0,04°
2:1 48 4,37+0,04° 0,400+0,0162 0,78+0,02¢
2:1 0 5,38+0,042 0,10040,003¢ 5,53+0,192
II+I1T 2:1 24 4,17+0,04¢ 0,500+0,0242 1,78+0,04°
2:1 48 4,30+0,04° 0,400+0,014b 0,84+0,02¢
2:1 0 5,62+0,032 0,100£0,004¢ 5,3240,182
I+ 2:1 24 4,16+0,03¢ 0,45040,0192 1,6340,04°
2:1 48 4,28+0,04° 0,400+0,014° 0,73+0,02¢

Cac gia tri trong cung mdt nhém chiing cé chir cai (a, b, c) khac nhau biéu thi s khéac biét
c6 y nghia théng ké gitra cac méc thoi gian (p<0,05) theo kiém dinh Tukey HSD.

Két qua bang 2 cho thy, gia tri pH ban dau cta dich 1én men sir dung t6 hop
chung dao dong trong khoang 5,6-5,7 va giam nhanh xudng mic 4,1-4,5 sau 24 gio, sau
d6 duy tri twong dbi 6n dinh dén thoi diém 48 gid, tuy nhién, téc 6 va mirc do axit hoa
& cac to hop chung thé hién rd rét hon so v4i don chung, dac biét ¢ cac to hop II+I1I va
[+II dat pH 4,16-4,17, tuong ing ham lugng axit 1a khoang 0,50 g/l sau 24 gio).

Ham lugng duong khir gidam tir mire ban dau 5,4-5,5 g/l xuéng con 1,6-1,8 g/l
sau 24 gio va tiép tuc giam xudng con 0,73-0,84 g/l tai thoi diém 48 gior sau 1én men ¢
mirc d6 giam nhiéu hon so vé&i cac ching don tir muc ban dau (5,4-5,5 g/1) xudng khoang
1,6-1,8 g/l sau 24 gid va tiép tuc giam xudng muc t6i thiéu (khoang 0,73-0,84 g/l) tai
thoi diém 48 gio. Hién twong nay cé thé duoc giai thich boi sy da dang vé hé enzyme
ngoai bao trong cac hé dong nudi cdy, cho phép phin giai hiéu qua hon céc
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polysaccharide trong 16p nhay ca phé thanh cac hop chat don gian, tir 46 cung cip ngudn
co chit cho qua trinh sinh truéng va sinh tong hop acid cua hé vi sinh vat [21].

3.4.2. Tong ham lwong polyphenol va kha ndang chéng oxy héa cia ca phé nhan
sau lén men

Két qua thé hién trong hinh 8 va 9 cho thdy, viéc s dung to hop céac ching
Bacillus d3 1am gia ting dang ké hiéu qua giai phong cac hop chit phenolic va cai thién
kha ning chdng oxy héa cta hat ca phé sau 1én men so v6i sit dung don ching. Sau 48
gid 1én men, tat ca cac cac cong thirc sir dung t6 hop cac chung déu dat gia tri TPC cao
hon 1 rét so v6i ca phé nhian xanh khong 1én men va cdc mau ca phé 1én men sir dung
don chung. T6 hop ITI+11I ¢6 gia tri cao nhat TPC cao nhat, dat 136 mg/g.

: I I I I I I

Ham lugng Polyphenol (g/kg chit kha)

Mau thi nghigm

Hinh 8. Tong ham lwgng polyphenol cic mau ca phé sau 1én men.

110

Mau thi nghiém

Gid tri ICs, (mg/mi)

Hinh 9. Kha ning chong oxy héa cac miu ca phé nhan sau Ién men.

Cung v6i su gia ting TPC, hoat tinh chéng oxy hoa ctia ca phé nhan sau 1én men
cling duoc cai thién khi st dung t6 hop cic chung Bacillus. Gia tri ICso cia cac cong
thire sir dung t6 hop giam xudng con 0,25-0,30 mg/ml, thap hon 13 rét so véi cac cong
thire str dung don chiing. Pang cht y, t6 hop II+III tiép tuc thé hién hiéu qua ndi bat véi
gia tri ICso thap nhét, dat 0,25 mg/ml va twong quan nghich c6 ¥ nghia thong ké véi ham
luong TPC (Hé sb twrong quan Pearson: 1<0, p<0,05).

Hiéu qua vuot trdi clia cac cong thire sir dung to hop cac ching Bacillus nhiéu
kha ning lién quan dén sy bo trg chirc ning gitta cac hé enzyme ngoai bao va tuwong tac
trao d6i chét giita cac chung. Mdi ching Bacillus c6 thé s& hitu mot phd enzyme dic
trung, bao gdm cellulase, pectinase va protease. Khi duoc phdi hop, cac hé enzyme nay
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c6 thé mé rong pham vi co chat bi thuy phan trong ma tran thanh t€ bao thuc vat phuc
tap cta hat ca phé. Két qua nay kha phu hop véi cac nghién ctru vé hé vi sinh vat trong
1én men ca phé cua F.D. Bruyn va cs (2017) [22].

4. Két luan

Két quia nghién ctru xac dinh 3 chung Bacillus phan 1ap tir hé sinh thai ca phé
gdém 2 chung Bacillus tir ca phé chon va 1 ching tir 14 ca phé thudc loai Bacillus
siamensis (chung 1), Bacillus velezensis (chung I1) va Bacillus aryabhattai (chung III)
co hoat tinh pectinase dat vong thuy phan 13-15 mm. St dung don chung Bacillus ban
dia cho 1én men ca phé Robusta véi ty 18 ran/long 14 2/1 & 37°C trong 48 gid da thuc day
manh céc bién doi sinh héa cua dich 1én men, trong d6 ndi troi nhét 1a chung II da giam
pH tir 5,23 xudng con 4,24, ham luong dudng khir giam tir 5,10 xudng con 0,64 g/l sau
48 gio 1én men, gia ting tong lwong polyphenol trong hat ca phé sau 1én men tir 67 mg/g
1én thanh 120 mg/g va cai thién hoat tinh chéng oxy héa so véi ddi ching.

Ca phé 1én men sir dung t6 hop cac ching Bacillus phan lap c6 hiéu qua cao hon
so voi sir dung don chung don. T6 hop cac chung II+111 lam giam pH cua dich 1én men
tir 5,38 xubng con 4,3, ham lwong duong khir giam tir 5,53 g/ xubng con 0,84 g/l sau
48 gio 1én men, gia ting tong lwong polyphenol trong hat ca phé sau 1én men tir 67 mg/g
1én thanh 136 mg/g va giam ICso tir 0,45 xudng 0,25 mg/ml. Két qua nghién ctru dd mo
ra hudng tiép can moi va thuc tién trong nang cao chat lugng ca phé ca phé Robusta
Viét Nam thong qua qué trinh 1én men st dung cac chung Bacillus ban dia c6 kiém soat.
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