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TOM TAT

Nghién ctiu nay da khao sat cac yéu to thich hop dé tao san pham ruou lén men tir téi den va cac
yéu td dé co dinh cac té bao ndm men cho qua trinh 1én men. Nghién ctru duoc tién hanh song
song voi 2 phurong phap 1én men rugu tir téi den, d6 14 1én men bang ndm men tu do va lén men
bing phuong phap c6 dinh té bao dé cé thé so sanh cac wu, nhuoc diém ciia timg phuong phap.
Két qua tir 2 phuong phap lén men cho thiay nim men duoc c¢6 dinh c6 tinh uwu viét hon so véi
niam men tur do, cé hoat Iuc 1én men tot hon, ham luong riou tao ra cao hon. Két qua ciing cho
thdy, ty 1é nAm men phu hop vdi ca 2 qua trinh 1én men 1a 0,6%, ham luong bot toi den 7,5%, nong
do chat kho 18°Bx, nong do Na-alginate 3%, thé tich chat mang 20 ml, dung dich tao gel CaCl,
1,5% 1a toi uvu. Ham luong flavonoid, phenolic axit thu dugc sau qué trinh 1én men lan luot 12 9,7
mg/ml, 5,7 mg/ml thiap hon khong dang ké so véi tdi den nguyen liéu. Sin pham ruou téi den tao
ra co mui dac trung ctia téi den va dé udng co con, nong do con khong qua cao va co tiém nang

trong san xudt quy mo céng nghiép trén thi trudng trong thoi gian dén.

Tirkhoa: Lén men cod dinh, lén men tir do, natri alginate, rirou t6i den, t6i den.

1. DAT VAN BE

Hién nay nganh cong nghé lén men da va
dang phat trién voi nhiéu phuong phap lén men
moi, dac biét la cong nghé co dinh té bao. Phuong
phap c6 dinh té bao ndm men trén chit mang gitp
tang hiéu suat thu héi ndm men va giam chi phi
tinh sach san phdm [1-3]. O' Viét Nam téi duoc
trong trén khap ca nuéc san luong nam 2021 dat
48.000 tin/nam [4], téi duoc xem nhu 1a phuong
thuéc truyén thong nhung mui vi kho chiu. Vay
nén, t6i den dang dan thay thé cho tdi trang boi
ham lugng chat dinh duong cao, dic biét cac chat
chong oxy hoa [5]. Trén thi truong, cac san pham
vé tdi den khong duoc phong phu, cac loai nudc
lén men hay ruou lén men tir toi den dudong nhu
chua xuat hién, do d6 day 1a mot san phadm moi
cho nganh cong nghiép thuc phidm hién nay.

Xuat phat tir nhtmg Ii do trén, viéc nghién ciu
tng dung cong nghé co dinh té€ bao trong 1én men
ruou toi den la mot hudng nghién ctu co v nghia
thiét thuc, vira da dang hoa san phim tir téi den,
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vira tao ra mot san pham 1én men c6 loi cho stc
khoe, ngoai ra, con gop phan thic ddy nganh cong
nghé sau thu hoach noi chung va cong nghé thuc
pham noi riéng ciia nuoc ta ngay cang phat trién.

2. BOI TUDNG VA PHUDNG PHAP NGHIEN CUU
2.1. Péi tuong nghién ciru

Téi tia Ha Noi dugc lua chon va thu mua tai
thanh ph6 Pa Nang sau d6 van chuyén vé phong
thi nghiém. Tién hanh cit bo ré cudng, béc so 16p
vo bén ngoai, ngdm cung bia voi ty 1é 1 kg/1 lon.
Trong thoi gian 30 phat, méi 5 phut dao 1 1an, sau
30 phut vot toi ra va dé rao. Sau cung boc gidy bac
va a téi & nhiét do tir 70 — 75°C trong 12 ngay, thu
duoc toi den.

Niam men Saccharomyces cerevisiae duogc
hoat hoéa tir 6ng giong lay tir Phong thi nghiém
Cong nghé Thuc pham, Truong Pai hoc Su pham
Ky thuat, Pai hoc Pa Nang.

Hoa chédt thuc phdm: Na-alginate, CaCl,
Na,CO,, NaNO,, AICl,, NaOH (Xilong-Trung
Quoc), methanol (Fisher Chemical-My), axit gallic
(Merck-Pc), thudc thit Folin-Ciocaltue (Merck-
D).
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2.2. B6 tri thi nghiém

2.2.1. Nhan giong nim men

Nidm men Saccharomyces cerevisiae dugc
tang sinh va nhan giong bang dung dich nudc mia
trong 48 gi¢. Sau do tién hanh ly tam, bo 16p nudc
phia trén, thu dugc nim men & dang paste, tién
hanh bao quan & ta dong.

2.2.2 Khio satyéu t6 dnh huong dén quad trinh
1én men rurou 65 den khi stk dung (6 bdo nim men
firdo

Khio sat nim men Saccharomyces cerevisiae
& nong do 0,4%, 0,6%, 0,8%. Véi thong sé ¢ dinh 1a
5% bot toi den trong 100 ml dich 1én men va nong

do chat kho ban ddu 1a 20°Bx dén qua trinh lén
men ruou.

Khao sat ham lugng téi bd sung trong 100 ml
dich lén men 5%, 7,5%, 10% voi thong s6 ¢o dinh sir
dung 0,6% ndm men va néong do chat kho 20°Bx
dén qua trinh 1én men ruou.

Khao sat nong dd chat kho ban dau cta san
phim 16'Bx, 18°Bx, 20°Bx bing cach hiéu chinh
bang duong saccharose voi thong sé ¢ dinh st
dung 0,6% nim men, 7,5% bot toi den dén qua trinh
1én men ruou.

Cac thi nghiém trai qua qua trinh lén men
theo so dd hinh 1.
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Hinh 1. Quy trinh lén men ruou t6i den

223 Khdo st yéu t6 cdc chat cé dinh nam
men Saccharomyces cerevisiae

Khio sat noéng do phian tram thé tich chat
mang natri alginate dé cé dinh té€ bao nim men &
5%, 10%, 20% trong 100 ml dich lén men voi néng
@6 ndm men duogc co dinh trong chat mang 1a 0,6%,
5% ti den va 20°Bx.

Khéo sat lugng nim men c6 nong do 0,2%,
0,4%, 0,6%, 0,8% duoc co dinh trong chit mang.
Théng s6 ¢ dinh: nong do phan tram thé tich chat
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mang natri alginate 20% voi 5% bot toi den, 20°Bx
trong 100 ml dich 1én men.

Khao sat s6 1an tai str dung hat nAm men trong
1én men ruou toi den.

Nim men duoc ¢ dinh trong hat natri
alginate voi nong do natri alginate 3% trong dung
dich canxi clorua 1,5% [6-7].

Tao hat c¢6 dinh nim men Saccharomyces
cerevisize [6]. Thuc hién theo so dd hinh 2.
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Hinh 1. So @6 cach tao hat ndm men c6 dinh
2.2.4. Cdc chi tiéu phéan tich
Xac dinh néng @6 chat kho bing brix ké cam
tay; do pH do bang may do pH dé ban Mettler
Toledp; nong do con duoc do bang phuong phap
chung cét va xac dinh bang cén ké; xac dinh ham
luong duong khir bang phuong phap Luff Schoorl
[8]; ham luong flavonoid toan phan duoc xac dinh
bing phuong phap tao mau véi AlClL, trong méi
treong kiém dugce mo ta boi Marinova va cs (2005)
[9], Mythili va Chamundeeswari (2014) [10]; xac
dinh ham lwong phenolics duoc thuc hién theo
phuong phap Folin - Ciocalteu duge moé ta bai
Feduraev va cs (2019) [11].

2.3. Phuong phap xtt Iy sé liéu

S6 lieu dugc phan tich trén phan mém
Microsoft Excel.

8. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Nhan gi6ng nim men

°©
® e
©

Nam men Saccharomyces cerevisiae sau khi
nhan giéng thu dugc c6 mat do té bao khoang 10°
té€ bao/ml, bao quan & ti dong.

3.11. Xidc dinh thinh phin hoa hoc trong toi
den

Thanh phan cda t6i den duoc 1én men sau 12
ngay, & 75°C duoc thé hién & bang 1.

Bang 1. Thanh phan ciia téi den

Thanh phan Ham luong
buong khtr (mg/g) 77,8+ 0,53
Flavanoid (mg QE/g) 9,98 + 0,07
Phenolics (mg GAE/g) 6,3+ 0,05

Ham luong duong khtr xdc dinh duoc la 77,8
mg/g. Két qua twong dong voi nghién ciu cta
Novitaria Sembiring va Yoppi Iskandar (2019)
[12], sau 10 ngay lén men ham luong duong khir
xac dinh la 63,92 mg. Theo Xinyan Zhang,
Ningyang Li va cs (2015) [13], ham luong duong
khtr c6 xu huong ting tir ngay 10 dén ngay 16 o,
do pH giam xudng, mdi truong axit & nhiét do cao
14 moi truong thuan loi cho viéc thay phan duong
saccharose thanh cac duong don fructose va
glucose.

Ham luong flavanoid xac dinh duoc la 9,98
mg/g. Tuong déng so voi nghién ctu cha Mia
Azizah 1a 10,31 mg/g [14]. Két qua nay cao hon
nghién cuu ctaa II Sook Choi va cs (2014) 1a 8,34
mg/g trong 14 ngay lén men va 15,37 mg/g trong
21 ngay lén men [15].

Ham luong phenolics xac dinh duoc la 6,3
mg/g, thip hon so véi nghién ctru ctia Tran Gia
Biru va cs (2018) 1a 11 mg/g & t6i 1én men sau 15
ngay [16]. Khi xtt Iy nhiét cac hop chat phenolic sé
bi pha v& va ham luong ctia né thay déi phu thuoc
vao nhiét do va thoi gian xt ly.

3.1.2. Khao sat yéu té' anh huong dén qua trinh
lén men rupu tr (6 den bang nim men
Saccharomyces cerevisiae tir do
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Hinh 3. D6 thi anh hudng ty 1é nAm men dén su thay d6i pH, °Bx trong thoi gian 1én men
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Anh hudng ty lé ndm men dén qua trinh lén
men: Anh hudng ty 16 nim men Saccharomyces
cerevisiae & nong do 0,4%, 0,6%, 0,8% (voi thong s6
co dinh 1a 5% bot toi den trong 100 ml dich 1én men
va nong do chat khé ban dau 1a 200°Bx) dén qua
trinh 1én men rugu dugc thé hién & hinh 3, 4.

Hinh 3 cho thdy, pH, néng do chat kho déu
giam dan sau 8 ngay 1én men. Ty 1&é nAm men cang
nhiéu thi téc do 1én men nhanh lam giam "Bx, pH.
bo pH gidm dan trong qua trinh 1én men do trong
qua trinh sinh truéng ctia nim men, dudng duogc
phan giai thanh axit pyruvic, axit lactic, axit, ester,
andehit,... ciing gop phan lam giam do pH cta san
pham.

Hinh 4 cho thdy, & ty 1é n4Am men 0,8% ngudn
dinh dudng duoc stt dung chil yéu vao viéc ting
sinh khéi, khi qua trinh 1én men bat dau thi khong

lé n4m men thich hop nhat la 0,6% & i lé nay téc do
lén men vira phai, luong con tao ra nhiéu 9,8 do,
gitt duoe mui vi dic trung cia téi den. Vi thé ty 1e
ndm men t6i wu nhat 1a 0,6% & ti 1é nay toc do lén
men vira phai, ltong con tao ra nhiéu, gitr duoc
mui vi dic trung caa toi den.
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Hinh 4. D6 thi 4anh hudng ty 1& nAm men
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Hinh 5. P46 thi &nh hudng ty 1é tdi den dén su thay d6i pH, °Bx san ph4m trong thoi gian 1én men
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Hinh 6. D6 thi anh hudng ty 18 bot toi den
dén d6 con
Anh huéng ty 1é bot téi den dén qua trinh lén
men: Anh hudng ty 1& bot toi den 5%, 7,5%, 10%
(thong s6 c6 dinh str dung 0,6% nim men va nong
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do chat khé 200°Bx) dén qua trinh 1én men rugu
duoc thé hién ¢ hinh 5, 6.

Hinh 5 cho thiy, pH, nong do chat kho déu
giam dan sau 8 ngay 1én men, gidam manh nhat & 2
ngay dau tien. O 5% bot t6i den pH giam nhanh
trong 4 ngay dau tién, 4 ngay sau su giam khong
1o rét.

Hinh 6 cho thdy, mau 5% cho ra do con thip
nhét 9,6 do. O 10% ham luong téi den cao dan dén
qua trinh 1én men nhanh, tao ra 6 con cao nhat
11,2 d9, san pham phu nhiéu khién san phdm co vi
dang, néng. Ham luong 7,5% cho ra san phdm co
mui hwong dé chiu, khéng c6 vi diang, co mui dic
trung cta toi den, dé ruou & mirc chap nhan duoc.
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Vi thé chon ty lé t6i den 1a 7,5%, tao ra san phdm c6
huong vi hai hoa, khong diang, mui vi dac trung
cuia ruou toi va loi ich kinh té.

Anh hudong néng do chit kho dén qua trinh
lén men: Anh hudng néng do chat kho 16°Bx;

18°Bx; 20°Bx (thong s6 c6 dinh st dung 0,6% nim
men, 7,5% bot toi den) dén qua trinh 1én men rugu
dugc thé hién & hinh 7, 8.
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Hinh 7. D6 thi anh hudéng nong do chat kho dén sy thay ddi pH, °Bx trong thoi gian 1én men
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Hinh 8. D6 thi anh huong néng do chat kho
ban diu dén d6 coén

Hinh 7 va 8, khi so sanh téc do lén men giira
16"Bx,, voi 18'Bx,,; va 20°Bx,, c6 thé thdy: Nong
do chat kho cang cao, té bao nim men dé dang
tiép xuc va trao déi chat dinh duong dan dén toc
do 1én men nhanh, nhung khi so sanh téc do lén
men giita 18°Bx,,, v6i 20°Bx,,, c6 thé thay, nong do
chat kho qua cao dan dén ap luc tham thau tir dich

A

5% toi den va 20015'_);

Itm

lén men tc ché qua trinh trao ddi chit qua mang
té bao, khién toc do lén men khong ting ma c6 xu
huéng gidm & nhimg ngay cudi ctia qua trinh Ién
men nén néng do con tao ra & 2 truong hop xdp xi
nhau.

Tir két qua cac khao sat trén tién hanh chon ty
lé nAm men toi wu 1a 0,6%, ty lé toi den 7,5% va
nong do chat kho dich 1én men 18Bx.

3.2. Khao sat yéu té anh hudng dén qua trinh
lén men ruou tir t6i den theo phuong phap c6 dinh
ndm men Saccharomyces cerevisiae

3.2.1. Anh huong ctia nong do phan tram thé
tich chat cé dinh t€ bao trong dich Ién men dén
sdn pham

Anh huéng néng do phan tram thé tich chat
mang natri alginate dé c6 dinh té€ bao nAim men &
5%, 10%, 20% trong 100 ml dich lén men véi néng
d6 ndim men duoc co dinh trong chit mang 1a 0,6%,
duoc thé hién ¢ hinh 9, 10, 11.

Hinh 9. S6 lugng hat n4m men & cac trueong hop c6 ndong d6 phan tram 5%, 10%, 20%
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Hinh 10. P4 thi 4anh hudng ctia néng dé % chat mang dén su thay d6i pH, °Bx trong théi gian 1én men
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Hinh 11. P4 thi anh hudng ctia ndng d6 % chit
mang dén néng do cén
Két qua & hinh 10 va 11 cho thdy, trong qua
trinh 1én men cé dinh té bao, dich 1én men c6 nong
do phan tram chit mang la 20% tao ra nong do
ruou cao nhat 10,5 do, voi 5% tao ra nong do ruou
thap nhat 5,4 do. Vi nong do phan tram chat mang

cang nhiéu hat nim men sé cang nhiéu, dién tich
tiép xtic gifta té€ bao nim men véi dich 1én men sé
cao hon, nim men dé dang trao d6i chat voi moi
truong lén men nén qua trinh 1én men sé dién ra
nhanh hon va ndéng do con tao ra cao hon. Vi thé ta
chon nong d6 phan tram chat mang la 20% cho qua
trinh 1én men ¢6 dinh té€ bao vi tao ra d rugu cao
nhit va qua trinh 1én men dién ra nhanh.

322 Anh hudng cia néng do nam men bé
sung dé tao hat ndm men cé dinh doi voi san phdm

Anh hudéng néng d6 ndm men hé sung vao
dung dich natri alginate véi nong do 0,2%, 0,4%,
0,6%, 0,8% dé tao hat nAm men c6 dinh. Théng s6:
nong do phan tram chat mang trong dich 1én men
1a 20% v6i 5% bot toi den, 20°Bx. Qua trinh 1én men
ruou duoc thé hién & hinh 12, 13.
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Hinh 12. 6 thi &nh hudng ciia nong d6 nAm men dén su thay ddi pH, °Bx trong théi gian 1én men

Hinh 12 cho thay, ham lwong chat kho giam
manh nhét & truong hop nong do nAm men 1a 0,8%
va giam it nhat & nong do nam men 1a 0,2%. Do pH
& cac truong hop déu co su gidm nhe & ngay ngay
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cudi ctia qua trinh 1én men. Két qua & hinh 13 cho
thay, trong qua trinh 1én men c6 dinh té bao, néng
do6 ruou tao ra nhiéu nhit & néng do nim men la
0,8% voi 11,6 do va thap nhat & 0,2% vai 6,8 do.
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§ con

Nong d

0,6%
Ty I1& ndm men

0,2% 0,4% 0,80%

00,2% @0,4% B80,6% [@0,80%

Hinh 13. D6 thj 4nh huéng ctia néng d6 ndm men
dén ndng d6 con

O néng do ndm men cé dinh 0,8%, qua trinh
lén men dién ra nhanh, manh (ham lwong chat kho
con lai 1a 5°Bx, thap nhat trong tat ca cac khao sat)
dan dén su hinh thanh cta ruou bac cao lam cho
san phadm c6 mui hiang noéng, mat di huong vi dac
trung cta san phdm. Vi thé st dung nong dé nim
men 0,6% vi qua trinh lén men 6n dinh, vira phai va
tao ra san pham van git duoc huong vi dac trung.

3.2.3. Khéo sét s6'Ian tii sir dung hat ndm men
trong qud trinf1 /én men

Hat nim men duoc tai sir dung 4 lan trong
dich lén men véi néng d6 nim men 0,6%, néng do
phan tram chit mang trong dich lén men la 20%,
20"Bx duoc thé hién & hinh 14.

7

7
7

Lan 4

Lan 3
S8 Ian tai sir dung ndm men

Lan 2

0°8x EpH ENong dd con

Hinh 14. Sy thay déi d6 pH, “Bx, nong do cén qua
céc lan tai str dung ndAm men

Hinh 14 cho thdy, néng do con thiap nhat va
ham luong chat khé cao nhat & lan st dung hat
nam men dau tién. Vi trong lan dau 1én men, cac té
bdo ndm men sé mat thoi gian trai qua pha thich
nghi va lam quen v6i méi truong ciaa dich 1én men,
sau do qua trinh 1én men méi that su dién ra nén
noéng doé con it hon so véi cac truong hop sau. Mat
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khac, khi hat ndm men duoc tai st dung & cac lan
thit 2, 3, 4, nim men da quen véi moi trudong cla
dich 1én men vi thé qua trinh 1én men dién ra
nhanh hon nén & cac truong hop nay co néng do
c6n cao va ham luong chat kho thap.

Vi vay hat nAm men can phai hoat héa va lam
quen voi moi truong cua dich 1én men trudc khi
cho lén men. Ngoai ra, qua 4 1an tai sir dung ma
ndm men van dam bao kha nang 1én men tot, chat
luong 1én men khong giam sut. Pay la huong tiém
nang dé tai stt dung nim men. Hon nira stt dung
ndm men c6 dinh té bao giup thu héi nAm men dé
dang, lam tang do trong san phidm rugu

3.3. So sanh sy thay d6i ruou len men bing
nim men tu do va ndm men c§ dinh t€ bao

So sanh su thay déi ctia san phdm ¢ 2 truong
hop: Stt dung ndm men tur do c6 nong do 0,6%;
nong do toi den 7,5%; néng do chat kho 18°Bx. Voi
str dung hat nidm men c6 dinh voi thong s6: nong
do nam men bd sung vao natri alginate dé tao hat
ndm men la 0,6%; nong do phan tram chit mang
trong dich lén men 1a 20%; nong do téi den 7,5%;
nong do chat kho 18"Bx dugc thé hién & hinh 15.
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Hinh 15. St thay d6i ndng do con gifta nAm men tu
do va nim men c6 dinh

Hinh 15 cho thiy, ham lugng ruou chia méiu
nam men c6 dinh cao hon so v6i mau nim men tu
do. P6 cén miu nim men tu do dimg & muc 10,5
d6, miu ndm men c6 dinh lén dén 13 do. Vi trong
qua trinh 1én men, ndm men tu do bi lang dong
xuéng day din dén dién tich tiép xuc cla té bao
nam men va dich 1én men thap, qué trinh 1én men
dién ra cham. Nguoc lai, doi véi 1én men bang
phuong phap co dinh té bao, cac hat nAm men c6
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xu huong phan tan trong dich lén men, dién tich
tiép xtc ctia té bao nim men va dich 1én men tang,
dan dén qua trinh 1én men dién ra nhanh va thuan
loi hon 1én men bang ndm men tu do.

3.4. Xac dinh ham lugng cac chit trong ruou
toi den 1én men

Nhin chung sau khi lén men ham luong cac
chit quan trong trong téi den gidm di rat it, van
gitr duoc cac hop chat quan trong nhu flavonoid,
phenolics. Vi trong qua trinh lén men, nAim men
chi yéu st dung duong dé lén men ruou, nén
ham lugng cac chat khac bi tiéu tén rat thap. Keét
qua nay tuong dong vai nghién ctru ctia Hye Jung
Choi va cs (2016) [17] ham luwong phenolics,
flavonoid thdp hon khong diang so voi toi den
nguyeén liéu.

malg
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@ Flavonoids O Phenolic

Hinh 16. Sy thay d6i ham lrong cac chat
3.5. Téng két
Céc chi tiéu cam quan va gia tri san phdm khi
lén men st dung nim men tir do va nAm men cé
dinh té bao, dugc thé hién qua bang 1 va 2.

Béang 2. Céc chi tiéu san phdm ruou t6i den

, Gia tri
Thong so ,
Tudo Co dinh
Néng do chit kho (“Bx) 85 7.4
pH 25y 351
Ham luong ruou etylic ( do) 10,5 13
Flavanoid (mg QE/g) 9,791 9,693
Phenolics (mgGAE/g) 5,939 5,716
Bang 3. Chi tiéu cam quan rirgu t6i den
Chi tiéu Lén men tir do Lén men co6 dinh
Mau sac Mau nau den
Mui Thom dic trung ctia téi den va sin phdm ruou, khong c6 mui vi la
Vi Dac trung ctia téi den, vi chua ngot diu, khéng co mui vi la.
Trang thai Long
Do trong C6 can lo ling Trong sudt
4. KET LUAN

Két qua nghién cttu cho thdy: Do qua trinh lén
men tu do, sau khi lén men can loc gan bo nim
men truiede khi thanh tring khong hét hoan toan
nén con can lo lttng trong san pham.
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hon, ham luong chat khé giam va ham luong ruou
etylic cao hon so véi khi 1én men st dung nam
men tur do, cac thong so khi 1én men ruou téi den
nhu sau: Ty 1é téi den 7,5% va nong dé chat kho
dich 1én men 18°Bx, néng do nim men bd sung
vao natri alginate dé tao hat nAm men 12 0,6%; nong
d6 phan tram chat mang la 20%. San phidm ruou
1én men tir toi den van gitr duoc huong vi dic tring
ctia toi den, ham luong cac chit chong oxy hoéa cta
s4n phdm gidm so véi ban dau nhung khéng dang
ké.
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Summary

This study investigated the appropriate factors to create fermented wine products from black

garlic and elements to immobilize yeast cells for fermentation. The study was conducted in

parallel with two methods of alcoholic fermentation from black garlic. It is fermentation by free

yeast and fermentation by cell fixation method to be able to compare the advantages and

disadvantages of each method. Based on the results from the two fermentation methods, fixed

yeast is superior to free yeast, has better fermentation activity, high alcohol content. The results

also showed that the percentage of yeast suitable for both fermentation processes was 0.6%, the

content of black garlic powder 7.5%, the concentration of dry substance 18°Bx, the concentration

of Na-alginate 3%, the volume of carrying 20 ml, the CaCl, gel solution 1.5% is optimal. The

content of flavonoids and phenolic acids obtained after fermentation is 7.9 mg/ml, 4.58 mg/ml,

respectively, which is negligible lower than that of raw black garlic. The resulting black garlic

wine product has a characteristic smell of black garlic and alcoholic beverages, the alcohol

content is not too high and the potential of black garlic wine products can produce industrial
scale in the market in the near future.
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