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TOM TAT

Nghién ctru dugc thyc hién nham hoan thién quy trinh 1én men kombucha F2 tir tra xanh b6 sung
thanh long rudt do thong qua viéc xac dinh cac diéu kién t8i wu dé tao ra san phém 6 chat lugong va
cam quan tot. Nghién ciru khao sét cac diéu kién anh huong dén qua trinh 1én men nhu phuong phap xu
1y thanh long rudt dé (cét hat lyu 1x1 cm; dich qua), ham luong trai cdy bd sung (5 - 15% w/v),
pH (3,0 - 4,0), nhiét do (25 - 35 °C), thoi gian 1én men F2 (3 - 13 ngay). Két qua cho thay thanh long
rudt do duoc cat hat Iyu (1 x 1 cm) va bd sung véi ty 18 1a 15% (w/v), pH 3,52, 1én men & 29 °C trong
7 ngay, san phdm c6 ham luong ethanol & mirc 2,98% (v/v), acid tong 1a 3,32 g/L, luong duong khu
10,80 g/100 mL, vitamin C ¢ mtc 46,93 mg/L va flavonoid 1a 904,63 mg/L. San pham cling dat duoc
danh gia cam quan cao ca vé do trong va mau sic, mui, vi. Két qua nghién ctru cho thay san pham
kombucha tir tra xanh bo sung thanh long rudt do la mot san pham tiém ning c6 mau sic va huong vi
hép dan gop phan da dang héa san pham céc loai d6 udng 1én men noi chung va kombucha noi riéng.

Tir khoa: Kombucha, 1én men phuy, thanh long rudt do, t8i uu hoa, tra xanh.
1. MO PAU

Ngay nay, con ngudi khong con xa la v6i cac loai dd udng 1én men nhu bia, rugu, sita chua, kefir
hay kombucha. Tuy nhién, do su tién bo cua xa hoi nén con nguoi ngay cang quan tam dén stc khoe
nhiéu hon. Bén canh dé, viéc sir dung céc loai dd ubng c6 cdn cao thuong xuyén sé gdy ra cdc tac dong
tiéu cuc dén sirc khoe. San phadm c6 ngudn gdc tir sita ciing c6 thé gay anh hudng xau dbi véi nguoi bi
di ung voi lactose. Do do, kombucha la mét trong nhiing su lya chon phu hop véi nguoi ti€u dung.
Khong gidng véi cac san phém 1én men khac, kombucha 1a san pham ciia nhiéu qué trinh 1én men tiy
vao hé vi sinh vat ¢4 trong “con gidng SCOBY (symbiotic colony of bacteria and yeast)”, bao gdm qua
trinh 1én men ruou nho nam men, 1én men acid acetic nhd nhom vi khuan acetic va Ién men acid lactic
nhd nhém vi khuén lactic [1]. Chinh diéu nay da tao nén mét loai thure uong v6i huong vi dac trung, 1a
sur két hop ctia nhidu yéu t6 nhu chua nhe do qua trinh 18n men tao ra acid acetic va acid lactic, ngot nhe
cua lugng duong con sét lai sau qua trinh 1én men, maot it vi chat va mui thom cua tra va déac biét 1a tao
cam giac sui bot twong ty nhu soda hodc nudce ngot c6 gas. Khong chi vy, kombucha con tré nén phd
bién nho vao nhiing loi ich sirc khoe phong phii nhur tang cuong hé mién dich va hé tiéu hoa, giup giam
huyét ap va cholesterol, giam can, giam viém khép va trc ché su phat trién cta ung thu [2]. Tuy nhién,
dé nang cao gi tri dinh dudng va huong vi cia kombucha, viéc bd sung cac loai trai ciy giau dudng
chat vao san pham dang duoc nhiéu nha nghién ciru va nha san xuat quan tim. Mot s6 nghién ctru trong
va ngoai nudc da dugc thyc hién dé cai thién va lam moi huong vi cua san phém, c6 thé ké dén mot sd
loai kombucha tir cac loai trai ciy nhu anh dao, nho, lyu, mang cau, nhan v.v [3-7].

Trong sb céc loai trai cdy, thanh long rudt do (Hylocereus polyrhizus) 1a loai trai cay phé bién va
¢6 dién tich canh tac 16n tai Viét Nam. Thanh long rudt d6 ndi bat voi ham lwong vitamin, khoang chat

cung cac hgp chét chong oxy hoa, dac biét 1a flavonoid, polyphenol va betalain [8], ddng thoi c6 huong
vi ngot thanh va mau sac do tuoi bat mat. Ngoai ra, n6 con mang lai mot so loi ich strc khée cho con

89


mailto:hxphong@ctu.edu.vn

Lwu Minh Chéu, Lé Thj Truc Pao, Nguyén Pham Thién Trang, Nguyén Ngoc Thanh, Huynh Xuén Phong

nguoi bao gdm kha ning hd trg giam can, cai thién ti€u hoa, giam cholesterol trong méu, giup ngén
nglra ung thu va ting cuong hé thong mlen dich [9]. Mac du da c6 nhié¢u kombucha thuwong mai bd sung
céc loai trai cdy khac nhau nhung thyc té gan nhu chua c6 cong bd lién quan dén quy trinh san xuat
kombucha b sung thanh long rudt do.

Do d6, viéc nghién ciru quy trinh 1én men kombucha b sung thanh long rudt do khong chi nham
muyc tiéu tang cudng ham luong dinh dudng cua san pham ma con dé danh gia tiém nang cua loai trai
cay nay déi v6i huong vi, mau sac va tinh chat cam quan cua kombucha. Hon nira, viéc hiéu 1 cac didu
kién 1én men ti wu s& gitip cai thién hiéu qua san xuat va dam bao chat luong san pham cudi clng. Vi
vdy, nghién ctru nay khong chi mang lai gia tri khoa hoc ma con c6 y nghia thyc tién cao trong viéc tan
dung nguon trdi cdy phong phu tai Viét Nam, m¢ ra nhiimg co hoi mdi trong viéc phat trién cac san
pham kombucha da dang trén thi truong. Nghién ciru nham tao ra san phim kombucha bd sung thanh
long rudt d6 dugc chap nhan vé mit cam quan véi cac thong sé hoa 1y co ban. Tir d6, 1a co s¢ dinh
huéng nghién ctru phén tich va xac dinh sy tham gia ctia tmg nhém ciing nhu ca cong dong vi sinh vat
trong qua trinh 1én men dé gép phan cung cap thém co sé khoa hoc cho qua trinh 1én men kombucha.

2. NGUYEN LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Nguyén liéu

Tra xanh dugc cung cap tir cong ty LUYU (100% 14 tra say kho). Thanh long ruét d6 dwoc mua
tai siéu thi Mega Can Tho (phuong Tan An, thanh ph Can Tho), nhitng qua chin déu, c6 trong luong
300 - 450 g/qua, khong bi thdi hay dap nat dwoc lwa chon dé ding trong thi nghiém. Thanh long dwoc
chia thanh hai phan: 1 phan dwoc sir dung dé cit thanh hat Iyu (1 x 1 cm) va 1 phan dwoc ép dé lay dich
bing may ép Panasonic (Model MJ-H100, Nhat Ban).

Glong SCOBY tu cong ty BID (phuong Cai Khe thanh phd Can Tho). Gidng SCOBY dugc nhan
glong dé chuan bj 1én men trong 10 ngay, mang nam kombucha dugc xac dinh véi mat sé nAm men, vi
khuén acetic va vi khuén lactic 1an luot 1a 6,3x10® CFU/mL, 5,1x10® CFU/mL va 7,5x10° CFU/mL.

Hoéa chat: Ethanol (Merck, Puc); 3,5-dinitrosalicylic acid (DNS), tri-butyl phosphate (TBP),
quercetin (Sigma-Aldrich, Dﬁc); NaNO,, AICl;, NaOH, C4sH4O¢KNa.4H,0, H,SO4, K,Cr,07, I, KI
(Xilong Scientific, Trung Quoc); NaOH (Cemaco, Viét Nam); duong sucrose (Bién Hoa, Viét Nam).

2.2. Phwong phap
2.2.1. Khdo sdt anh hwong cia phirong phép xie Iy thanh long rudt do dén quda trinh 1én men kombucha

Qua trinh 1én men kombucha F1 dugc thuc hién véi cac diéu kién da dugc xac dinh [10]. Tra xanh
dugc ngadm trong nudc da dun s61 voi ty 1€ 1,4% (w/v) trong 15 phut va loc dé thu dich tra. Dich tra
dugc bd sung dudng sucrose dén 18 °Brix va diéu chinh pH 4,4 bang acid acetic. Dich tra dudng dugc
phan phdi vao cac binh 1én men, dé ngudi va bd sung ndm SCOBY v&i ham luong 1a 12% (w/v). Binh
1én men duoc day bang vai cotton di duoc xr Iy v6i con 96% va 1én men tinh trong 12 ngdy & nhiét do
phong (28 - 32 °C). Sau khi két thiic giai doan 1én men F1, dich tra kombucha duoc loc, didu chinh Brix
17 va pH 3,5. Tiép theo, thanh long rudt d6 véi ham lugng cb dinh 10% w/v duoc bd sung & 2 dang xtt
Iy 1a cat hat lyu (1 x 1 cm) va ép lay dich. Binh 1én men dugc day kin va 1én men tinh trong 7 ngy &
nhiét do phong (28 - 32 °C). Khi két thuc qua trinh 1én men, miu duoc thu thap dé phan tich cac chi
tiéu bao g6m pH, Brix, ham luong acid téng, ethanol, duong khir, flavonoid, vitamin C va cam quan.

2.2.2. T6i wu héa cdc yéu té danh huong trong qud trinh 1én men kombucha F2

St dung phuong phap be mat dap ing (RSM, Respone Surface Methodology) dé thiét ké va bd tri
thi nghiém t6i wu hoa cac yéu té bao gom ham luong trai cdy (5 - 15% w/v), pH (3-4) va nhiét do
(2-35 °C). Thi nghiém tdi (ru hoa dugc thiét ké theo moé hinh Box-Behken sir dung phan mém
Design-Expert 11.0 (Stat-Ease Inc., Hoa Ky), mdi yéu td duoc ma hoa voi 3 mire d9. Sau khi két thuc
giai doan Ién men F1, dich tra kombucha dugc loc va ¢b dinh TSS & 17 °Brix. Luong trai cdy va pH
dich 1én men dugc dleu chinh vé& cac gi4 tri nhu bd tri thi nghiém va Ién men tinh trong 7 ngay ¢ nhiét
do phong (28 - 32 °C). Cac chi tiéu phan tich bao gom Brix, pH, ethanol va ham lugng acid tong duoc
xéc dinh dé danh gia sy anh hudng cua cac yéu t6 dén qua trinh 1én men kombucha F2.
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2.2.3. Khado sdt anh hiong ciia thoi gian 1én men dén qud trinh 1én men kombucha F2

Str dung cac két qua t6i wu hoa cac yéu td anh huong dén trinh 1én men kombucha F2 tir tra xanh
b6 sung thanh long rudt do, thi nghiém nay duoc thyc hién dé xac dinh thoi gian 1én men & 6 muc (3,
5,7,9, 11 va 13 ngay). Cac chi tiéu ctia san pham kombucha (Brix, pH, ethanol, ham luong acid tong,
duong khur, flavonoid, vitamin C) va cam quan duoc kiém tra & cac mdc thoi gian theo bd tri.

2.2.4. Phirong phdp phan tich chi tiéu va xir i s6 liéu

Gia tri pH duoc xac dinh bang mdy do pH Horiba (pH1100, Nhat Ban). Str dung khuc xa ke Atago
(Master-2a, Nhat Ban) dé xac dinh tong s chat kho hoa tan (TSS, °Brix). Ham luong acid tong dugc
xé4c dinh bang phuong phap chuan d¢ voi NaOH 0,01 N [11]. Ham lugng ethanol dugc xéac dinh dya
trén phan rng v&i TBP va kali chromate [12]. Ham lugng duong khir dugce xac dinh dya trén phan Gng
v6i DNS [13]. Ham luong flavonoid duoc xac dinh bang phwong phap tao phirc mau véi AICI; [14].
Ham luong vitamin C duoc x4c dinh théng qua phuong phéap chuin d6 véi I, [15]. San pham dugc danh
gia cam quan dya theo bang diém (Bang 1) duoc xay dung vién dan theo TCVN 12828:2019 vé nudc
giai khat [16] va TCVN 3215:1979 vé san pham thyc pham (phan tich cam quan va phuong phap cho
diém) [17]. Phuong phap danh gia, cho diém cam quan dbi véi nude giai khat 1én men vé6i 3 chi tiéu
(46 trong va mau sac, mui, vi). Cam quan dugc thuc hién v6i 9 thanh vién thong qua viéc danh gia voi
thang dlem ¢6 6 bac (0 dén 5) cho mdi chi tiéu. Hé sd quan trong cia cac chi tiéu cam quan vé d6 trong
va mau sic, mui va vi lan luot 12 0,8, 1,2 va 2,0 (tong hé sb: 4; thang diém 20).

Bdng 1. Mirc cho diém céc chi tiéu ciia san phdm kombucha xay dung duwa theo TCVN 3215:1979

Tén chi tiéu | Diém sb Yéu cau
5 Trong subt, khong van duc va vat thé la. Mau hoan toan dic trung cho san phém.
4 Trong subt, khong van duc, o it vat thé la. Mau dic trung cho san phém.
3 Trong, twong dbi nhidu vét thé la, nhé thé trdm trong, c6 mau c6 khac mét it so véi
D trong va mau déc trung.
mau sac 2 Hoi duc, c6 nhiéu vt thé la, thd. Mau khac nhidu hon so v&i mau dic trung.
1 DPuc, nhiéuacén l'Zing, ¢6 nhiéu vat thé la, nho, tho trAm trong. Mau khong dic trung
cho san pham.
0 Vén duc, mau ban, san phém bi hong.
5 Hoa hgp, thom diu, hoan toan dac trung cho san phém.
4 Chuwa hoa hop, thom dic trung cho san phdm nhung hoi khé nhén thiy.
il 3 Hfri ndng, thoang mii la, it dic trung cho sénv pham.
2 Nong, thoang mui la, it ddc trung cho san pham.
1 Nong, hing, mui la rd, khong dic trung.
0 C6 mui la, kho chiu cta san phim bi hong.
5 Hoa hop, ém diu, hau tét, hoan toan dic trung cho san pham.
4 Chura hoa hop, hau vira phai, dic trung cho san phdm binh thuong.
Vi 3 Cl,ura h(‘),a hop, hoi git va ,S(A)C, hau yéu, it dic trlrngy cho san pham.
) 2 Pang, soc, thoang vi la, rat it ddc trung cho san pham.
1 Déng sbc, vi la, khong c6 dac trung cla san phém.
0 C6 vi la, kho chiu ctia san phim bj hong.

Két qua dugc xur 1y va ve biéu d6 bang phan mém Microsoft Excel 2013 (Microsoft Corporation,
Hoa Ky). So6 li¢u dugc xu 1y va phan tich thong ké phan mém thong ké Statgraphics Centurion XV
(Statpoint Technologies Inc., Hoa Ky) va Design-Expert 11.0 (StatEase Inc., Hoa Ky).
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3. KET QUA VA THAO LUAN

3.1. Anh hwéng ciia phwong phép xir 1y thanh long rudt dé dén qua trinh 1én men kombucha F2

Lén men kombucha giai doan hai (F2) bang cach bo sung trai cdy khong chi cai thién huong vi va
gia tri dinh dudng ma con hd trg qué trinh 1én men, tao ra cac san pham kombucha da dang vé mau sac
va mui vi. Tuy qua trinh Ién men phy (hay Ién men F2) khong bét budc nhung viéc két hop trai cay lén
men giai doan nay gitp nang cao chét luong va sirc hip dén ctia kombucha, phit hop v&i nhiéu so thich
va nhu cau khac nhau ctia ngudi tiéu diung. Theo d6, thanh long rudt dé da dugc lya chon dé bo sung
vao kombucha 1én men tir tra xanh. Trong thi nghiém nay, thanh long ru¢t d6 dugc thir nghiém ¢ 2 dang
xu ly 1a cit thanh hat lyu (1x1 cm) va ép lay nude. Két qua cac chi tiéu ciia san pham kombucha dugc
tong hop trong Bang 2.

Bdng 2. Két qua cac chi tiéu cua kombucha sau 1én men khi bd sung thanh long rudt dé
¢ cac phuong phap xur 1y khéac nhau

Phuon TSS Ham luong | Ham luong | Ham luong [Ham luong Ham luong Téng diém
hé xﬁgl' (°Brix) pH | dudngkhir | ethanol (% | acid tong | vitamin C| flavonoid | trung binh c6
phap Y (g/100 mL) v/v) (g/L) (mg/L) (mg/L) trong lugng
Citkhbi | 15,000 | 3,26° 9,38 2,31° 2,68% 32,27% 799,632 18,80
Nuéc ép | 15,50* | 3,22° 10,982 2,25° 2,56° 27,130 772,13° 16,60

Ghi chi: Gid tri trong bang la gid tri trung binh ciia 3 lan Igp lai. Cdc gid tri trung binh trong ciing mot cot theo
sau cé cdc mau tr giong nhau thé hién sy khdc biét khéng co Y nghia vé mdt thong ké ¢ dé tin cdy 95%.

Két qua tir Bang 2 cho thay c6 sy thay d6i vé ham lugng TSS va pH trong 1én men phu (F2), cu
thé 1a giam so véi gia tri TSS (6 mirc 17 °Brix) va pH 3 ,50 ¢6 dinh luc ban dau Két qua nay da thé hién,
& diéu kién 1én men ky khi thi hé vi sinh vat SCOBY vén tiép tuc phat trién bang cach sir dung ngudn
dinh dudng con lai sau giai doan 1én men chinh (F1) va ngudn dinh dudng c6 trong thanh long dwogc bd
sung. Pong thoi nhan thay rang tat ca cac chi tidu ghi nhan sau qua trinh 1én men ¢ ca 2 nghiém thirc
xtr 1y nguyén liéu déu cé su khac biét c6 ¥ nghia vé mat thong ké.

So véi giai doan 1én men F1 trong diéu kién hiéu khi, giai doan 1én men F2 dugc dién ra trong
dleu kién ky khi, chinh diéu nay da tao diéu kién cho sy hoat dong manh mé cua ndm men. Luc nay,
nam men san sinh ra enzyme invertase phan cit duong sucrose con sot lai va duong dich qua tao ra
duong glucose va fructose. Sau d6, ndm men chuyén dudng don dé tao ra pyruvate va tiép tuc chuyén
hoéa thanh san pham cudi 14 ethanol nhd enzyme pyruvate decarboxylase va alcohol dehydrogenase [18].
Trong khi d6, diéu kién ky khi s& lam chdm qua trinh 1én men ctia vi khuan acetic do day 1a nhom vi
khuédn Gram am hiéu khi bit budc. Mic du vay, vi khuén acetic van c6 thé thuc hién qué trinh oxy hda
ethanol thanh acid acetic nhung qué trinh s& dién ra chdm hon so véi ¢ diéu kién hiéu khi [19].

O nghiém thirc 1, ham lugng ethanol ctia san pham 1a 2,31% (v/v) va lugng acid tong 1a 2,68 g/L,
cao hon so voi kombucha ¢ nghiém thirc 2 1an lugt 1a 2,25% (v/v) va 2,56 g/L. Diéu nay ciing tuong
mg véi két qua & nghiém thirc 2 ¢6 ham luong dudng khir (10,98 g/100 mL) cao hon so vdi nghiém
thirc 1 (9,38 g/100 mL), két qua nay c6 thé ly giai 1a do vi sinh vét da s dung luong duong khu nhiéu
hon dé thyc hién qua 1én men. Nhin chung, két qua ching to ring qua trinh 1én men ctia nghiém thirc 1
din ra nhanh hon. Mic du dugc bd sung vé6i cting ham lugng 14 10% nhung viée xir Iy nguyén liéu da
¢6 tac dong ¥ nghia dén qua trinh 1én men. Nguyén nhan c6 thé 1a do viéc bo sung thanh long rudt do
cit nho hat Iyu da cung cap ham luong dinh dudng cao hon so véi thanh long ép ldy nude. Viée ép dé
thu nhan dich qua d3 v tinh loai bo cac thanh phan dinh dudng c6 trong thit qua nhu carbonhydrate,
protein, béo, khoang, vitamin va dic biét 1a chat xo [20]. Diéu nay ciing giai thich cho viéc ham luong
vitamin C va flavonoid trong nghiém thirc 1 cao khac biét c6 y nghia thong ké so v6i nghiém thirc 2.

Ngoai sy khac nhau giira cac chi tiéu hoa ly giira 1én men kombucha thanh long ruét do cit nho
hat Iyu va kombucha thanh long rut do ép liy nuéc thi gia trj vé mat cam quan cting c6 sy khac nhau.
O nghiém thic 1, san pham cho ra c6 mau do trong, khéng van duc, mui vi hoa hop va dat
18,80/20 diém. Ngu(yc lai, & nghiém thire 2, san pham cho ra c6 mau d6 dam, hoi véan duc do thit qua
bi ép nén s& chtra cac hat pectin, khi udng c6 vi gt nhe, chua phit hop cho san phdm kombucha va dat
16,60/20 diém (Hinh 1).
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Hinh 1. Kombucha bd sung thanh long ruét dé & dang cit khéi (a) va & dang nudc ép (b)

Toém lai, phuong phéap xir 1y thanh long rudt do bang cach cét hat Iyu (1x1 cm) 1a phu hop dé bd
sung vao kombucha ¢ giai doan 1én men F2. San pham tao ra c6 mau séc, mui vi va diém danh gia cam
quan cao cua 9 thanh vién. Cac chi s6 thu duoc nhu pH, Brix, ethanol, acid tong, vitamin C va flavonoid
da dap umg vé yéu cu ctia mot loai thirc udng kombucha véi muyc dich ting cuong gia tri va dinh dudng
clia san pham.

3.2. Toi wu héa cac yéu t6 anh hwéng trong qua trinh 1én men kombucha F2

Viéc bd sung trai cdy vao giai doan 1én men F2 gitip cai thién huong vi va tang gia tri dinh dudng.
Tuy nhién, dé tang hiéu qua va giam chi phi san xuét, t5i vu hoa giai doan 1én men kombucha F2 1a mot
bude quan trong dé xac dinh gi tri toi wu ciia mot s6 yéu t6 anh huong dén qua trinh 1én men. Nghién
ctru duoc thyc hién véi 3 nhén t6 theo phuong phap Box-Behnken sir dung phin mém Design-Expert
11.0. Nhan t6 b tri t6i ru hoa gdm ham lugng thanh long rudt do, pH va nhiét do 1én men. Két qua ghi
nhan céc chi sau qua trinh 1én men dwoc thé hién & Bang 3. Két qua cho thiy cac nhén t6 khao sat gom
ham lugng thanh long, pH va nhiét d6 c6 anh hudng dén qua trinh 1én men. Sau 7 ngay 1én men trong
diéu kién ky khi, TSS va pH & tit ca cac nghiém thirc déu giam, TSS trong khoang 14,00 - 16,33 °Brix
va pH 2,85 - 3,65. Trong s6 17 nghiém thirc (NT) dugc dé xuat, két qua cho thdy NT7, NT14 cho ham
lugng ethanol cao nhat, 1an lugt 1 2,95 va 3,06% (v/v) va c6 khac biét y nghia so voi cac nghiém thirc
con lai véi dg tin cdy 95%. Nguoc lai, & NT15 cho ham lugng ethanol thép nhit voi ham lugng ethanol
1a 2,07% (v/v). Bén canh d6, xét vé ham luong acid tong c6 trong san pham thi NT7 1a cao nhat
(3,76 g/L) va NT8 1a thap nhat (2,30 g/L), khac biét c6 y nghia thong ké so vdi cac nghiém thirc con lai.

Bdng 3. Két qua cac chi tiéu ctia kombucha sau 1én men theo b tri CCD

Nehiém Nhan t6 Chi tiéu theo ddi
thl’l‘é Ham lugng thanh pH Nhiét do Bri?c pH Ham lugng Hén} luong
long (% w/v) (°C) (°Brix) ethanol (% v/v) | acid tong (g/L)

1 10 3,5 30 15,33bede 3,26" 2,338 2,76fh
2 10 4 35 15,33bede | 3 652b 2,684 3,12bed
3 10 3,5 30 15,17¢d 3,25% 2,53f 2,72feh
4 5 4 30 15,009 3,59b 2,16Mi 2,74
5 15 3 30 15,00% 2,87¢h 2,74 3,36

6 10 3 35 14,83¢ 2,85¢h 2,634t 2,80feh
7 15 3,5 35 14,00f 3,309cf 2,952 3,76°

8 10 4 25 15,83abe 3,66% 2,65% 2,301

9 5 3 30 15,00% 2,82h 2,14hi 2,64¢"
10 10 3,5 30 15,17¢de 3,25t 2,22¢hi 2,60"

11 10 3 25 16,002 2,918 2,55¢f 3,10cde
12 10 3,5 30 15,17¢de 3,40¢ 2,24¢h 2,70feh
13 5 3,5 35 14,67¢ 3,29¢f 2,121 2,944def
14 15 4 30 15,17¢de 3,65% 3,06? 3,18bed
15 5 3,5 25 15,33bede | 3 35cde 2,07i 2,86°f¢
16 10 3,5 30 15,672bcd | 3,37def 2,308 2,74feh
17 15 3,5 25 16,332 3,36 2,83be 3,28b¢

Ghi chi: Gid tri trong bang la gid tri trung binh cua 3 lan lap lai. Cdc gid tri trung binh trong ciing mét cot theo
sau ¢6 cdc mau tw giong nhau thé hién s khéc biét khong c6 y nghia vé mdt thong ké & dg tin cdy 95%.
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Trong thi nghiém nay, viéc t6i ru héa qua trinh 1én men véi 2 chi tiéu chinh 14 ham lugng ethanol
va acid tong. Két qua sau khi phén tich boi phan mém dugc trinh bay trong bang phan tich phwong sai
(ANOVA) dudi day (Bang 4 va 5). Két qua thyc nghiém cho thdy ca 2 mo hinh thong ké déu cé y nghia
(gié tri p-value déu nho hon 0,05). Trong d6, mé hinh thong ké dua trén ham lugng ethanol c6 p-value
= 0,0006 va mé hinh thdng ké dua trén ham lugng acid tong c6 p<0,0001. Bén canh d6, dé xac dinh
mirc d6 thich hop ciia mé hinh, hé s6 xac dinh R? can duoc xem xét va danh gia. Gia tri R? cang gan 1
thi mé hinh t6i wu hoa cang tét [21]. Theo dé, gia tri R? dat 1an luot 12 0,9566 va 0,9811 ddi véi mo hinh
phan tich theo ham luong ethanol va acid tong. Sy thiéu phu hop ciia mé hinh (Lack of fit)) thu duoc
v6i gia tri p-value 16n hon 0,05 da chirmg minh cadc mo hinh la hoan toan phu hop. Mat khac, theo Myers
et al., mot mo hinh dwgc cho 1a tt khi R? thuong 16n va dé danh gia hiéu qua ciia mé hinh, khong chi
danh gia R2ma con danh gia R? diéu chinh, R? du doan [22]. Trong nghién ctru nay, R? diéu chinh, R2
dy doan déu dat gia tri kha cao va 16n hon 0,80.

O mo hinh phan tich ham luong ethanol, két qua & Bang 4 c6 hé s6 bién dong thap (CV%) la
3,94%, cho théy dir liéu tap trung quanh gia tri trung binh, biéu thi tinh 6n dinh cao. Bén canh d6 dua
vao bang ANOVA di cho thay ham lugng thanh long véi p-value < 0,05 ¢6 anh hudéng y nghia dén sy
hinh thanh ethanol. Mit khac, pH va nhiét 6 & dang bac hai ciing c6 tic dong ¥ nghia dén qua trinh 1én
men. Tuong ty, & Bang 5, mo hinh phan tich ham lugng acid tong ciing c6 hé s bién dong thap (CV%)
12 2,48%. Khi danh gia vé gié tri p-value, két qua cho thay ham luong acid téng chiu anh hudng boi ca
3 nhén t6 thir nghiém. Hon nira, sy trong tac gitta ham lugng thanh long x nhiét 9, pH x nhiét d¢ va
ham lugng thanh long x ham lugng thanh long, nhiét d x nhiét d6 cling c6 anh hudng dén luong acid
sinh ra trong san pham kombucha véi mirc y nghia 5%.

Bdng 4. ANOVA két qua xur Iy théng ké theo mé hinh thir nghiém Box-Behnken
dua trén ham lugng ethanol sau qua trinh 1én men F2

Yéu té ngﬁﬁgh Bfﬁ?;g do b{ﬁ“fhzg“g Gid tri F Gié tri p
M6 hinh 1,48 9 0,1639 17,15 0,0006
qu;n;{é}g:;‘-’“g 1,19 1 1,19 124,89 <0,0001
B-pH 0,0300 1 0,0300 3,14 0,1197
C - Nhiét do 0,0098 1 0,0098 1,03 0,3449
AB 0,0225 1 0,0225 2,35 0,1688
AC 0,0012 1 0,0012 0,1282 0,7309
BC 0,0006 1 0,0006 0,0654 0,8055
A2 0,0046 1 0,0046 0,4798 0,5108
B2 0,1188 1 0,1188 12,44 0,0096
c2 0,0773 1 0,0773 8,09 0,0249
Phan du 0,0669 7 0,0096
ffatﬁguh?fﬁ hop 0,0060 3 0,0020 0,1308 0,9368
Sai s6 ngdu nhién 0,0609 4 0,0152
Téng 1,54 16 R2 0,9566
Do 1éch chuén 0,0978 R? hiéu chinh 0,9008
Trung binh 2,48 R2 dy doan 0,8763
C.V. (%) 3,94 Do chinh xdc thich hop | 12,7874
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Bdng 5. ANOVA két qua xir Iy théng ké theo m6 hinh thir nghiém Box-Behnken
duya trén ham luong acid tong sau qua trinh 1én men F2

Yéu té TSEﬁ(}’;’g‘h Bai;g do bfnrﬁnlfhzgfg Gia tri F Gié tri p
Mb hinh 1,89 9 0,2105 40,35 <0,0001
g;nﬁ‘;lg“’ng 0,7200 1 0,7200 138,01 <0,0001
B-pH 0,0392 1 0,0392 7,51 0,0289
C - Nhiét do 0,1458 1 0,1458 27,95 0,0011
AB 0,0196 1 0,0196 3,76 0,0938
AC 0,0400 1 0,0400 7,67 0,0277
BC 0,3136 1 0,3136 60,11 0,0001
A2 0,4530 1 0,4530 86,83 <0,0001
B2 0,0114 1 0,0114 2,18 0,1831
c? 0,1334 1 0,1334 25,57 0,0015
Phén du 0,0365 7 0,0052
fgatﬂg“hfiﬁ hop 0,0210 3 0,0070 1,80 0,2860
Sai s6 ngau nhién 0,0155 4 0,0039
Téng 1,93 16 R? 0,9811
D6 léch chudn 0,0722 R? hiéu chinh | 0,9568
Trung binh 2,92 R? dy doan 0,8134
C.V. (%) 2,48 D6 chinh xac thich hop | 25,2718

Méi twong quan gitra ham luong thanh long, pH va nhiét d6 thong qua phuong trinh hdi quy dwa
trén ham lugng ethanol va acid tong dugc xay dung bang phan mém Design-Expert 11.0 nhu sau:

Ethanol = 14,88975 - 0,075150 x A - 4,73150 x B - 0,307700 x C + 0,030000 x AB + 0,000700
x AC - 0,005000 x BC +0,001320 x A? + 0,672000 x B>+ 0,005420 x C?

Acid tdng = 18,93600 - 0,224400 x A - 1,76400 x B - 0,832200 x C - 0,028000 x AB + 0,004000
x AC +0,112000 x BC + 0,013120 x A?-0,208000 x B>+ 0,007120 x C?
Trong d6 A, B, C la gia tri ham lugng trai cay, pH va nhiét do.

Tir cic két qua phan tich, 44 nghiém thuc 1y thuyét v6i cac gia tri toi wu dwoc thiét 1ap bai phan
mém Design-Expert 11.0 (kém theo ham luong ethanol va acid tong du doan). Tir 44 nghiém thirc nay,
3 t6 hop nghiém thirc duge dé xuit véi ham lugng ethanol va acid téng 1y thuyét phu hop dé thyuc hién
thir nghiém xac nhan. Két qua thiuwr nghiém xac nhan 3 t6 hop téi wu dugc trinh bay ¢ Bang 6.

Bing 6. Két qua cac chi tidu theo 1y thuyét va thyc té sau 7 ngay 1én men F2

Nhan t& Chi tiéu hoa ly ,
Tong
» Ham Ham Ham Ham Ham diém

Ngh}em luong Nhiét TSS luong luong I}Iqqg l}rqqg trung binh
thire thanh pH 40 | op. pH ethanol fethanol ly | acid tong | acid tong ‘
(°Brix) . : . . cO trong

long (O] thyc te¢ | thuyet thuc té 1y thuyét luong

(% wiv) % viv) | (% vIv) (g/L) (g/L) ’
1 15 4,00 35 16,0 3,68 3,19 3,22 3,80 3,83 18,70
41 12 4,00 35 16,0 3,59 2,92 2,94 3,44 3,40 18,60
43 15 3,52 29 16,0 3,37 2,77 2,75 3,32 3,28 19,14
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Tir két qua 6 Bang 6, NT1, NT41 va NT43 ¢6 ham lugng ethanol thyc té lan lugt 1a 3,19%, 2,92%
va 2,77% (v/v), cao hon so v&i gid tri ly thuyét, 1an luot 14 3,22%, 2,94% va 2,75% (v/v). Tuong ty, gia
tri acid tong gitra thuc tévaly thuyet v6i @6 chénh léch chi khoang 0,03 - 0,04 g/L. Viéc xac nhan didu
kién t6i wu da cung c¢b hon nita két qua du doan ciia mo hinh ¢6 do tin cdy. Thanh pham kombucha thu
dugc tir 3 nghiém thic xac nhan ciing duoc xac dinh cac chi tiéu cam quan. Két qua cho thdy NT43 vai
ham luong trai cdy 15% (w/v), pH 3,52 va nhiét d6 1én men ¢ 29 °C dat danh gia cam quan cao nhét ca
vé d6 trong va mau sic, mui, vi cling nhu mirc do yéu thich. Do d6, NT43 duoc lya chon 1 dé x4c dinh
thoi gian 1én men thich hop.

3.3. Anh huéng ciia thoi gian dén qua trinh 1én men kombucha F2

D6i v6i qua trinh 1én men kombucha giai doan F2 ¢6 bo sung trai cdy thi thoi gian 1én anh huong
16n dén huong vi, d9 chua, ham lugng CO; cling nhu gié trj sinh hoc va dinh dudng cia san pham cuoi
cung. Viéc kiém soat thoi  gian 1én men la rat quan trong de tao ra kombucha c6 huong vi can bang, do
chua va sti bot mong mudn, cing véi loi ich dinh dudng tot nhat. Sau khi xac dinh cac gié trj toi wu vé
ham lugng thanh long bd sung, gia tri pH ciing nhu nhiét do 1én men, thi nghiém nay dugc b tri dé
khao sat anh huong cua thoi gian 1én men kombucha F2 (3 - 13 ngay). Két qua theo ddi & cac chi tiéu &
chc thoi diém 1én men duoc tong hop & Bang 7.

Bang 7. Két qua cac chi tiéu cia kombucha sau 1én men bd sung thanh long rudt do
& cac moc thoi gian khac nhau

Th(‘wi TSS Ham luong | Ham luong Hém luong Hé}m qung Ham luqng Téng diém
gian (°Brix) pH duong khir | ethanol acid tong | vitamin C flavonoid | trung binh c6
(ngay) (g/100 mL) | (% v/v) (g’'L) (mg/L) (mg/L) trong luong
3 16,60* | 3,462 12,972 2,66° 2,88¢ 35,93¢ 772,13¢ 12,93
5 16,17% | 3,43® 11,530 2,87¢ 3,08¢d 40,33¢ 855,88¢ 14,64
7 15,67% | 3,38 10,80¢ 2,98¢ 3,32¢ 46,93¢ 904,63° 19,64
9 15,00 | 3,34° 9,344 3,13 3,58 54,27° 952,132 19,16
11 14,50 | 3,284 9,024 3,172 3,882 57,20% 885,88 17,53
13 13,83¢ | 3,25¢ 8,11¢ 3,222 4,10° 60,87° 809,634 16,58

Ghi chi: Gia tri trong bang la gid tri trung binh cua 3 lan Igp lai. Cdc gia tri trung binh trong ciing mot ¢t theo
sau ¢é cde mdu tw giong nhau thé hién su khdc biét khéng cé Y nghia vé mdt thong ké & dé tin cdy 95%.

Theo thoi gian 1én men, gia tri pH va TSS déu c6 sy giam dan. Cuy thé 13, gia tri TSS sau 3 ngay
1én men giam con 16,60 °Brix va dén ngay 13 con 13,83 °Brix. Riéng gia tri pH giam tir 3,46 xudng
3,25, twong tmg tir ngdy 3 dén ngay 13 sau 1én men. Két qua cho thiy qué trinh 1én men da xay ra véi
su hoat dong cua cac chung vi sinh trong dich tra kombucha F1. Viéc bd sung thanh long da cung cap
thém ngudn dinh dudng dé cac vi sinh vat nay c6 thé tiép tuc sinh truong va phat trién. Dan dén sy tiéu
thu ham lugng chat kho hoa tan, chuyén hoa thanh cac san pham 1én men, bao gém cac acid hitu co, 1a
nguyén nhan chinh lam giam pH cua dich sau 1én men [23]. Tuong tu, ham lugng dudng khir c6 xu
hudng giam va ti 1¢ thuan voi ham lugng TSS (Brix). Ham lugng dwong khir giam dan theo thoi gian
1én men, tir 12,97 g/100 mL (6 ngay 3) xuéng muc 8,11 g/100 mL (¢ ngay 13).

Xét vé ham lugng ethanol, san pham kobucha c¢6 lugng ethanol ting dan trong qua trinh 1én men.
Ham luong ethanol & ngay 1én men & ngay thtr 3 13 2,66% va gia tri nay tang 1én 3,22% (v/v) khi két
thiic 1én men vao ngay 13. Nguyén nhan do trong diéu kién ky khi ndm men sé& thyc hién qua trinh 1én
men dé hinh thanh ethanol va CO.. Ném men 1a vi sinh vét c6 thé phat trién ca trong « diéu kién hiéu khi
hodc ky khi. Trong diéu kién hiéu khi, nAm men thyc hién ho hap hiéu khi dé san xut nang luong hiéu
qua va phat trién nhanh chong. Trong khi & diéu kién ky khi, nAm men chuyén sang qud trinh 1én men
dé tao ra ethanol va CO,, mic du hiéu qua nang lugng thap hon [24]. C6 mdt sO loai nam men chi ¢
thé thuc hién qua trinh 1én men bt budc (Rhodotorula glutinis), trong khi nhiing loai khac ho hap bat
budc (Kluyveromyces lactis va Yarrowia lipolytica). Saccharomyces cerevisiae va Dekkera
bruxellensis 1a nhirng loai 1én men tuy y va c6 kha nang thuc hién ca qua trinh 1én men va ho hép dé
san xudt nang lugng. Tuy nhién, cac loai Saccharomyces cerevisiae va Brettanomyces chi hd hép khi
¢6 oxy. Mot s ndm men s& tiép tuc 1én men trong didu kién hiéu khi mién 1a n4m men trong méi trudng
c6 du luong duong dé tiéu thu (dwoc goi 1a hiéu | ung “Crab-tree”) [25].
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Tuong ty, lugng acid tong trong kombucha ciing ¢c6 khuynh hudng tang theo thoi gian 1én men,
ham lwong acid téng dao dong 2,88 - 4,10 g/L tir ngay 3 dén ngay 13 cua qué trinh 1én men. Diéu nay
c6 thé giai thich 1a do su hoat dong ctia 2 nhém vi khuan hién dién trong con giéng SCOBY 1a nhém vi
khuén acetic va lactic. Pau tién, vi khuén acetic 1a vi khuan hiéu khi bat budc, tuy nhién loai vi khuan
nay van c6 thé ton tai trong thoi gian dai hon ¢ diéu kién lugng oxy thip nhu trong chai rugu vang hodc
trong qua trinh 1én men hat ca cao [26]. Do d¢, trong qua trinh 1én men F2 kéo dai khoang 10 ngay thi
vi khuan acetic van c6 thé ton tai dé phat trién va chuyen hoéa thanh acid acetic, acid gluconic, acid
glucuronic v.v [3]. Nguyén nhan thir hai 12 do trong dicu kién ky khi, qua trinh 1én men va sinh acid
lactic van dugc thuc hién boi nhom vi khuan lactic [27].

Ham lugng vitamin C ciing duoc theo ddi trong qua trinh 1én men theo thoi gian. Két qua cho thay
vitamin C trong kombucha ting dan theo thoi gian va dat cao nhat & ngay 13 véi 60,87 mg/L. Cac
nghién ctru trude day cho thay thoi gian 1én men cang dai thi lugng vitamin C cang nhiéu. Nghién ciru
clia Malbaga et al. cho thay gidng khoi dong chira nhiéu vi sinh vat khac nhau tao ra lugng vitamin C
cao hon so véi gidng khoi dong chi co mot loai vi khuan cting mot loai ndm men va khi theo ddi qua
trinh 1én men thi két qua cho thay ham luong vitamin C tiang khoang 6 lan sau 10 ngay 1én men [28].
Mit khéc, thanh long rudt do ciing 1a loai tréi cdy gidu vitamin C (202,59 mg/100 g) [29] nén viéc bd
sung vao tra kombucha cling gop phan lam tang ham luong vitamin C. Két qua nay ciing pht hop véi
nghién ctru cua Torre et al. trong viéc cai thién tinh chat chong oxy hoa va ham lugng vitamin C va B12
trong kombucha biang cach bd sung bot tao tau (Ziziphus jujuba Mill.) [30].

Trong tra rat giau polyphenol tan trong nuéc, nhitng thanh phan nay tao nén mui thom va vi cia
tra. Cac hop chat nay c6 thé chiém t&i 30% trong lugng kho ctia 14 tra. Ham lugng flavonoid ciing nhu
mui vi san pham kombucha tiy thugc vao ham luong cung nhu loai tra bd sung [31]. Do d6, ham lugng
flavonoid trong kombucha cling dugc phan tich va cho thay ¢6 su thay d6i theo thoi gian. O giai doan
dau, ham luong flavonoid c6 sy ting dan tir ngay 3 dén ngay 9, tuong ung véi 772,13 mg/L va
952,13 mg/L va sau d6 lai giam con 809,63 mg/L ¢ ngdy 13. Nghién ctru cua Jayabalan et al. cho thy
nong do polyphenol trong tra tang 1én trong qua trinh 1én men [32]. Tuy nhién, sy tuong tac gilra vi
khudn hay sy chuyén hoa ciia cac thanh phin c6 trong tra 1 mét qué trinh phtrc tap c6 thé lam ting hodc
giam theo thoi gian [33].

Bén canh viéc xac dinh cac chi tiéu hoa 1y, san phdm ciing dugc danh gia cam quan dé chon ra
thoi gian 1én men F2 phu hop. Két qua danh gia cam quan cua cac thanh vién cho thiy san pham ¢
ngay 3 va ngay 5 co do trong kha tét do cac vi sinh vét chua phat trién quéa nhiéu va chua tao ra qua
nhiéu chat ran lo limg, tuy nhién mau sic va hwong vi ciia thanh long rut d6 chwa hoan toan hoa quyén
vao san pham, c6 mau hong nhat chua dic trung cho san phdm. Lic ndy, qua trinh 1én men van dang
dién ra nén chi dat 12,93 & ngay thtr 3 va 14,64 diém & ngay tht 5. San phdm tir ngay 7 dén ngay 13
khong c6 sy khac biét 16n vé do trong va mau sic dong thoi huong tir trai cay di hoan toan hoa hop vao
san pham. Kombucha c6 mau d6 hdng dic trung tir betacyanin c6 trong thanh long. Tuy nhién, vé mui
va vi thi san pham & ngay 11 va ngdy 13 c¢6 ham luong acid tdng va ethanol kha cao nén cam nhan duogc
mui gidm 13 rét hon. Ngoai ra, vi chua cling tang 1én va vi ngot cling giam di do qua trinh chuyén héa
duong va sy tich tu ctia cac acid hitu co. Diéu nay di lam thay d6i 16n dén mui vi va cam quan clia san
pham. Thoi gian 1én men cang lau da 1am cho san phdm cang c6 vi dang, nong va khong dugce yéu thich.
San phém 1én men & ngay thir 7 nhan duoc diém danh gia cam quan kha cao, c6 vi chua va ngot hai hoa,
mau sic dic trung, huong thom nhe cua thanh long. Do d6, san pham tra kombucha 1én men trong
7 ngay duogc xac dinh 1a thoi gian phu hop.

4. KET LUAN

Qua trinh 1én men kombucha F2 tir tra xanh b6 sung thanh long rudt d6 da dugc nghién ctru de
xéc dinh céc gia tri tbi wu cho cac nhan t6 nhim tao dugc san pham kombucha dic trung v6i mau sdc
do dep tir thanh long rudt do. Két qua cho thiy kombucha sau 1én men F1 duoc bd sung 15% (w/v)
thanh long rudt d6 & dang cat hat lyu, pH 3,52, 1én men ky khi & 29 °C trong 7 ‘ngay, san phim c6 chét
lwong va dugc danh gia cam quan cao nhat. Nghién ciru da tao ra mot san pham tiém nang khong chi
nang cao gia tri dinh dudng cua san pham ma con tao ra huong vi va mau sac hap dan, thu hat - nhing
khach hang yéu thich nhimng thirc uong 1én men. Tuy nhién, can thyc hién cac nghién ctu tiép theo
nham tim ra céc diéu kién thich hop dé bao quan ma van dam bao chét lugng cua san phdm ciing nhu
danh gia sy tham gia va anh hudng cua hé vi sinh vat trong qua trinh 1én men.
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Tuyén bd vé déng gop ciia cac tac gia

Luu Minh Chéu: Lén ¥ tuéng va thiét ké phuong phap nghién ctru, tdng hop két qua, viét ban thao, chinh stra bai viét; Lé Thi
Truac Pao: B tri thi nghiém, tong hop két qua, xtr 1y s6 lidu, viét ban thao; Nguyén Pham Thién Trang: Téng hop két qua, xtr ly
s lidu, phan tich dit liéu; Nguy&n Ngoc Thanh: Lén ¥ tuéng va thiét ké phuong phéap nghién ctru, xir Iy sb liéu, phén tich dit lidu;
Huynh Xuan Phong: Thiét k& phurong phap nghién ciru, phén tich dir liéu, chinh stra va hoan thién ban tho.

Tuyén b vé xung dot lgi ich

Céc tac gia tuyén bd khong co xung dot loi ich lién quan dén viéc thyc hién nghién ciru va cong b bai bao nay.

Tuyén bd vé sir dung tri tu¢ nhan tao (AD

Trong qua trinh thuc hién nghién ctru va chuén bi ban thao, cac tac gia khong str dung cong cu tri tu¢ nhan tao (Al) tao sinh. Cac
tac gia hoan toan chiu trach nhiém v& tinh chinh x4c, tinh toan ven va ndi dung khoa hoc cia bai bao.

Loi cdm on va théng tin tai trg’

Cac tac gia xin cam on Pai hoc Cén Tho da hd tro vé trang thiét bi va co s& vat chét trong qua trinh thuc hién nghién ciru.
ORCIDs:

Luu Minh Chau: https://orcid.org/0009-0002-8411-2562

Nguyén Pham Thién Trang: https:/orcid.org/0009-0009-4099-9086

Nguyén Ngoc Thanh: https:/orcid.org/0000-0002-3079-1259

Huynh Xuan Phong: https://orcid.org/0000-0003-0220-2979

TAI LIEU THAM KHAO

[1] L.M. Nyhan et al., “Advances in kombucha tea fermentation: a review”, Applied Microbiology,
vol. 2, no. 1, pp. 73-103, 2022, doi: https://doi.org/10.3390/applmicrobiol2010005

[2] P.V.deOliveira et al., “Kombucha benefits, risks and regulatory frameworks: A review”, Food
Chemistry Advances, vol. 2, p. 100288, 2023, doi: https://doi.org/10.1016/j.focha.2023.100288

[3] N. Yavari et al., “Response surface methodology for optimization of glucuronic acid production
using kombucha layer on sour cherry juice”, Australian Journal of Basic and Applied Sciences,
vol. 4, no. 8, pp. 3250-3256, 2010, doi: https://doi.org/10.1007/s13213-016-1242-2

[4] L. Ayed et al., “Development of a beverage from red grape juice fermented with the kombucha
consortium”, Annals of  Microbiology, vol. 67, pp- 111-121, 2017, doi:
https://doi.org/10.1007/s13213-016-1242-2

[5] N. Yavari et al., “Glucuronic acid rich kombucha-fermented pomegranate juice”, Journal of
Food Research, vol. 7, no. 1, pp. 61-69, 2018, doi: https://doi.org/10.5539/jfr.v7nlp61

[6] W.C. Tan et al., “Influence of storage conditions on the quality, metabolites, and biological
activity of soursop (Annona muricata L.) kombucha”, Frontiers in Microbiology, vol. 11, p.
603481, 2020, doi: https://doi.org/10.3389/fmicb.2020.603481

[7] N.L.Y.Nhiezal, “Nghién ctru qua trinh 1én men phu F2 trd kombucha Oolong nhan
Khoa hoc Cong nghé va Thuc pham, vol. 21, no. 3, pp. 231-236, 2021.

[8] T. Perween et al., “Dragon fruit: An exotic super future fruit of India”, Journal of
Pharmacognosy and Phytochemistry, vol. 7, no. 2, pp. 1022-1026, 2018.

2

, Tap chi

[91 S. Singh and S. Kumar, “A review on nutritional, medicinal and bio-active compound of dragon
fruit Hylocereus polyrhizus (F.A.C. Weber) Britton & Rose”, International Journal of
Biochemistry —Research & Review, vol. 32, no. 5, pp. 57-67, 2023, doi:
https://doi.org/10.9734/ijbcrr/2023/v32i5817

[10] N.T.Khoi, Khao sat cac Yéu té anh hwéng dén qua trinh lén men kombucha tra xanh. Luan van
tot nghi¢p nganh Cong ngh¢ sinh hoc. Truong Pai hoc Can Tho, 2023.

[11] L. Nguyen and E. S. Hwang, “Quality characteristics and antioxidant activity of yogurt
supplemented with aronia (4ronia melanocarpa) juice”, Preventive Nutrition and Food Science,
vol. 21, no. 4, pp. 330-337, 2016, doi: https://doi.org/10.3746/pnf.2016.21.4.330

[12] M. Sriariyanun et al., “A rapid spectrophotometric method for quantitative determination of
ethanol in fermentation products”, Oriental Journal of Chemistry, vol. 35, no. 2, pp. 744-750,
2019, doi: https://dx.doi.org/10.13005/0jc/350234

[13] C. Gongalves et al., “Adaptation of dinitrosalicylic acid method to microtiter plates”, Analytical
Methods, vol. 2, no. 12, pp. 2046-2048, 2010, doi: https://doi.org/10.1039/COAY00525H

98



Téi wu héa diéu kién Ién men kombucha F2 tir tra xanh bd sung thanh long ruét dé (Hylocereus polyrhizus)

[14]

[15]

[16]
[17]

[18]

[19]

[20]

(21]

[22]

(23]

[24]

[25]
[26]

(27]

(28]

[29]

[30]

[31]

D. O. Kim et al., “Antioxidant capacity of phenolic phytochemicals from various cultivars of
plums”, Food Chemistry, vol. 81, no. 3, pp. 321-326, 2003, doi: https://doi.org/10.1016/S0308-
8146(02)00423-5

P. V. Sb va B. T. N. Thuan, Kiém nghiém luong thuc, thuc phcfm, Ha Nbi, Viét Nam: Nha xuét
ban Khoa hoc va K¥ thuat, 1991.

Bo Khoa hoc va Cong nghé, Tiéu chudn Viét Nam: (TCVN) 12828:2019. Nuéc gidi khat, 2019.

Bo Khoa hoc va Cong nghé, Tiéu chudn Viét Nam: TCVN 3215:1979. San phiam thwe pham -
Phan tich cam quan, 1979.

R. Jayabalan et al., “A review on kombucha tea - microbiology, composition, fermentation,
beneficial effects, toxicity, and tea fungus”, Comprehensive Reviews in Food Science and Food
Safety, vol. 13, no. 4, pp. 538-550, 2014, doi: https://doi.org/10.1111/1541-4337.12073

J. M. Guillamén and A. Mas, “Acetic acid bacteria”, in Biology of Microorganisms on Grapes,
in Must and in Wine, H. Konig, G. Unden, J. Frohlich, Konig, H., Unden, G., Eeds. Cham,
Switzerland: Springer, 2017, pp. 43-64, doi: https://doi.org/10.1007/978-3-319-60021-5 2

K. Jalgaonkar et al., “Postharvest profile, processing and waste utilization of dragon fruit
(Hylocereus spp.): A review”, Food Reviews International, vol. 38, no. 4, pp. 733-759, 2022,
doi: https://doi.org/10.1080/87559129.2020.1742152

J. I. Umeh et al., “Optimization of process conditions for alcoholic wine production from
pineapple using RSM”, International Journal of Multidisciplinary Sciences and Engineering,
vol. 6, no. 3, pp. 23-30, 2015.

R. H. Myers et al., Response Surface Methodology: Process and Product Optimization Using
Designed Experiments. Hoboken, NJ, USA: Wiley, 2016.

T. B. Ngoc et al., “Influences of fermentation conditions on the chemical composition of red
dragon fruit (Hylocereus polyrhizus) wine”, Beverages, vol. 10, no. 3, p. 61, 2024, doi:
https://doi.org/10.3390/beverages10030061

F. Rodrigues et al., “Sugar metabolism in yeasts: An overview of aerobic and anaerobic glucose
catabolism”, in Biodiversity and Ecophysiology of Yeasts, G. Péter and C. Rosa (Eds). Berlin,
Germany: Springer, 2006, pp. 101-121, doi: https://doi.org/10.1007/3-540-30985-3 6

C. Boulton and D. Quain, Brewing Yeast and Fermentation. Hoboken, NJ, USA: Wiley, 2013.

D. Mamlouk and M. Gullo, “Acetic acid bacteria: Physiology and carbon sources
oxidation”, Indian  Journal of Microbiology, vol.53, pp. 377-384, 2013, doi:
https://doi.org/10.1007/s12088-013-0414-z

N. K. Nguyen et al., “Lactic acid bacteria: promising supplements for enhancing the biological
activities of kombucha”, Springerplus, vol. 4, p. 91, 2015, doi: https://doi.org/10.1186/s40064-
015-0872-3

R. V. Malbasa et al., “Influence of starter cultures on the antioxidant activity of kombucha
beverage”, Food  Chemistry, vol. 127, mno. 4, pp. 1727-1731, 2011, doi:
https://doi.org/10.1016/J.FOODCHEM.2011.02.048

L. Anggraini ef al., “Vitamin C levels in skin and flesh of red dragon fruit (Hylocereus lemairei
(Hook) Britton & Rose) by UV-Vis spectrophotometry”, International Journal of Research
Publication and Reviews, vol. 3, no. 6, pp. 769-772, 2022.

La Torre et al., “Improved antioxidant properties and vitamin C and B12 content from
enrichment of kombucha with Jujube (Ziziphus jujuba Mill.) powder”, Fermentation, vol. 10,
no. 6, p. 295, 2024, doi: https://doi.org/10.3390/fermentation 10060295

H. Ozyurt, “Changes in the content of total polyphenols and the antioxidant activity of different
beverages obtained by kombucha ‘Tea fungus”, International Journal of Agriculture
Environment and Food Sciences, vol.4, no. 3, pp. 255-261, 2020, doi:
https://doi.org/10.31015/jaefs.2020.3.3

99



Luwu Minh Chéu, Lé Thj Tric Bao, Nguyén Pham Thién Trang, Nguyén Ngoc Thanh, Huynh Xuén Phong

[32] R. Jayabalan et al., “Changes in content of organic acids and tea polyphenols during kombucha
tea fermentation”, Food Chemistry, vol. 102, no. 1, pp. 392-398, 2007, doi:
https://doi.org/10.1016/j.foodchem.2006.05.032

[33] S.C. Chuand C. Chen, “Effects of origins and fermentation time on the antioxidant activities of
kombucha”, Food Chemistry, vol. 98, mno. 3, pp. 502-507, 2006, doi:
https://doi.org/10.1016/j.foodchem.2005.05.080

ABSTRACT

OPTIMIZE KOMBUCHA SECONDARY FERMENTATION CONDITIONS
FROM GREEN TEA SUPPLEMENTED WITH RED DRAGON FRUIT

Luu Minh Chau, Le Thi Truc Dao, Nguyen Pham Thien Trang,
Nguyen Ngoc Thanh, Huynh Xuan Phong*
Institute of Food and Biotechnology, Can Tho University
*Email: hxphong@ctu.edu.vn

The study was conducted to perfect the fermentation process of kombucha F2 from green tea
supplemented with red dragon fruit by determining the optimal conditions to produce a product with
the best quality and sensory characteristics. The study investigated the conditions affecting the
fermentation process such as the treatment method of red dragon fruit (1x1 cm diced; juice), the content
of added fruit (5 - 15% w/v), pH (3.0 - 4.0), temperature (25 - 35 °C), and fermentation time of F2 (3 -
13 days). The results showed that red-fleshed dragon fruit was diced (1 x 1 cm) and supplemented with
a content of 15% (w/v), pH 3.52 and fermented at 29 °C for 7 days to obtain a product with ethanol
content (2.98% v/v), total acid (3.32 g/L), reducing sugar (10.80 g/100 mL), vitamin C (46.93 mg/L),
and flavonoid (904.63 mg/L). The product also received high sensory scores for clarity and color, aroma,
and taste. Therefore, the kombucha product from green tea supplemented with red dragon fruit is a
potential product with attractive color and flavor for those who love fermented drinks in general and
kombucha in particular.

Keywords: Kombucha, secondary fermentation, red dragon fruit, optimization, green tea.
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