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Tém tit

Toi den 1a san pham I&n men tir toi tuoi trong diéu kign nhiét do, do am va thoi gian nhét dinh. Toi den c6 thanh phéan hoa
hoc dac trung va khac biét voi toi twoi nén co gia tri dinh dudng quan trong. Ba yeu té dugc Xac dinh c6 anh huong quan
trong 1én chat lugng toi den bao gom: so che, nhi¢t do va do am tuong doi trong qua trinh 1én men. D3c biét, phan ung
Maillard xay ra trong qua trinh u da lam thay d6i thanh phan hoa hoc nén tao ra mui, vi, trang thai vat Iy va mau sac cua
toi den. Bai bao nay chung toi tom tat mot s6 dac diém qua trinh 1én men, thanh phan hoa hoc va gia tri dinh dudng cua
toi den.

Tir khéa: Allium sativum; toi den; 1én men; thuc phim chirc ning; phan trng Maillard.

Abstract

Black garlic is a form of aged garlic obtained from raw garlic under certain conditions of temperature, humidity, and
within a certain time. Black garlic has a characteristic chemical composition and is different from fresh garlic, so it has
important nutritional values. Three important factors significantly influence the quality of black garlic during fermentation
including preliminary processing, temperature, and relative humidity. In particular, the Maillard reaction occurred during
the incubation process changed the chemical composition, creating the smell, taste, physical state, and color of black
garlic. In this review, we summarized the fermentation, chemical composition, and nutritional values of black garlic.

Keywords: Allium sativum; black garlic; fermentation; functional foods; Maillard reaction.

e twoi duogc tién hanh trong diéu kién d6 am va
1. Giei thigu nhiét 46 cao véi thoi gian nhat dinh. Qua trinh

Toi tuoi (Allium sativum L.) la san pham 18 men chuyén hoa tao ra toi den c6 Vi ngot,
quen thudc, da dugc con nguoi st dungtirxaxua  dong thoi lam thay doi mot so tinh chét vat ly
trong ché bién thuc pham va lam thudc chira  cua toi. Qua trinh 1én men tao san pham toi den
bénh. Toi den 1a dang san pham 1én men tir toi  phu thudc vao gidng toi lam nguyén liéu va
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phuong phap tién hanh. Nguén géc chinh xac
cua toi den hién chua duoc biét rd rang va co
nhiéu gia thuyét trai nguoc. Tuy nhién, toi den
da duoc sur dung tir 1au ¢ Han Quéc, Nhat va
Thai Lan va duoc gioi thiéu toi cac qubc gia
khac tir nhitng nam 2000. Trong vai nim gan
day, cac dau bép da bat dau chu y dén t6i den
lam huong vi cho cdc mén ga, ca, sup va com
risotto [1]. Theo wdc tinh cua Bae va cong su
nam 2014 [2], gia tri thi truong cua toi den vao
khoang 94 triéu USD va dang gia ting nhanh
chong.

Toi den khong co mui dac trung cua toi tuoi
la do ham lugng allicin trong toi den da giam
dang ké, nhiéu hop chit da duoc chuyén hoa
thanh chat chéng oxy hoéa nhu cac alkaloid va

flavonoid trong qua trinh I1én men [3]. Su thay
dbi dic tinh sinh ly, sinh héa la nguyén nhan lam
tang hoat tinh sinh hoc cua toi den so véi toi tuoi.
Ngoai ra, su khac biét vé hinh thai va mau sic
gitra toi tuoi va toi den dugc minh hoa trong
Hinh 1. Bén canh viéc dugc tiéu thu hang ngay,
cac nghién ciru da chi ra rang dich chiét toi den
c6 nhiéu ich loi quan trong nhu chdng oxy hoa,
chéng tiéu duong, khang viém, khang ung thu,
chéng di ang [4, 5, 6, 7, 8]. Trong nam 1990,
chwong trinh thiét ké thuc phim (Designer
Foods Program, My) d liét ké toi dimg dau bang
trong sb cac loai thuc pham cé tac dung khang
ung thu [9].

To1 twot

To1 den

Hinh 1. Hinh anh toi tuoi va toi den sau khi 1én men.

2. Qua trinh Ién men va thanh phan héa hoc
cua téi den.

2.1. Cdc yéu té anh hwong chinh trong qud
trinh 1én men tao toi den

Tién x&r ly mau toi twoi c6 vai tro quan trong.
Cac gidng toi & chau A co su khac biét trong ham
lugng duong, protein, allicin, v.v... Nghién cau
cho thay thoi gian dong lanh (freezing time) c6
thé lam gia ting qua trinh 1én men va giam thoi
gian ché bién do lién quan t&i sy thuy phan thanh
phan fructans. Ngoai ra, str dung ap suat cao co
thé lam ting ham lwong dinh dudng va hoat tinh
chbng oxy hoa [10].

Nhiét d6 anh huong trong dai rong tu 40-
90°C. Nhiét do cao thiic diy nhanh qua trinh
chuyén hoéa allicin, tao mau den va giam d6 am,

ddng thoi lam ting ham luong acid téng sé va
phenol. Cac két qua nghién ciu cho thiy 70°C la
phu hop nhét dé san xuat toi den. Bae va cong su
[2] da bao cao rang nhiét d6 tang cung lam gia
tang cac hoat tinh sinh hoc nhu chong oxy héa.
Hoat tinh enzyme, d6 4m va cac dac tinh ly hoa
khac cling thay ddi theo nhiét do.

D6 am twong d6i anh huong t6i hoat tinh
enzyme va sy thay di |y hoa trong qua trinh 1én
men. D6 4m cao lam cham qua trinh chuyén doi
mau sic toi (sang mau nau), ham luong acid hitu
co thdp va giam vi ngot nhung lai lam ting
polyphenol va duong khir. Sun va Wang mo ta
d6 4m twong d6i phu hop nhét trong khoang 75-
85% [11]. Qua trinh thuy phan cac phan tu I6n
va chuyén hoa enzyme tao mau nau phu thudc
chu yéu vao nhiét d6 va d6 4m (Hinh 2).
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Qua trinh 1én men lién tuc 5 budc (14 ngay):
90°C va d6 4m 100% trong 34h — 60°C va do
4m 60% trong 6h — 75°C va d6 am 70% trong

o

Hinh anh cac nhanh
toi duoc 1én men sau
30 ngay.

Toi twoi bao gdbm
cac nhanh nim déi
xumg, dwoc 1 o nhiét
do va o am cao

Toi lén men sau 40
ngay. Tép toi chuyén
sang mau den va co
hoat tinh chong oxy
hoa tang lén.

48h — 70°C va d6 4m 60% trong 60h — 65°C
d6 4m 50% trong 192h [12].

Qua trinh Ién men hoan
tat sau 90 ngay. Téi co
mui dé chiu. mém, ngot
va khong can bat ky
chat bao quan nao dé
hru gi.

Toi lén men sau 60 ngay.
Vi hang va mui fir nhién
clia toi twoi bién mat
nhung van gitr duoc hoat
chat c6 loi cho suc khoe

Hinh 2. Sy chuyén hoa toi tuoi thanh toi den trong qua trinh 18n men [29].

2.2. Swhinh thanh cac san phdm cua phan wng
Maillard trong qua trinh [én men

Phan (tng Maillard ciing dugc goi la phan ing
amino-carbonyl, dugc xem la phan ung xay ra
nhung khong c6 mat enzyme xuc tac gitra cac
loai duong khir va nhom amino trong amino
acid, peptides va protein [13]. Bat dau véi su
hinh thanh cua glycosamine chira nguyén tu
nitrogen (N) tir phan tng gitra nhom amino cua
amino acid va nhom carbonyl cua duong khir.
Tiép theo, glycosamine dugc chuyén thanh
ketosamine théng qua phan ung Amadori. Cac
ketosamine nay tiép tuc trai qua mot s6 phan ting
dé tao ra reductones, butanedione,
methylglyoxal, v.v... Cac ketosamine cung tao
thanh melanoidins va hop chét polymer chira
nitrogen mau nau, do d6 tao ra mau nau dac
trung cua thuc pham Phan (ng nay xay ra trong
qua trinh ché bién va du trir thuc pham va tao ra
cac san pham c6 mau nau [14].

Phan ing Maillard duoc chia lam 3 giai doan.
Giai doan mot duoc bat dau véi phan tng gitra
nhom carbonyl cua duong khir va amino cua
amino acid dé tao ra san pham Amadori
(«—glucose) hoic san pham Heyn («—fructose);
giai doan hai bao gdom su bé gay phan tr duong
va phan huy amino acid dé tao ra cac chét trung
gian khac nhau, dic biét hop chat dicarbonyl.

Giai doan ba xay ra su polymer hoa cac hop chat
trung gian tir d6 tao thanh san pham cé khdi
lugng phéan tu 1on, dac biét la melanoidins [15].
Hinh 3 m6 ta co ché tao san pham acrylamide ti
asparagine va duong khu.

Cac furoylmethyl amino acids, dac biét la
furosine dugc tao thanh sau qua trinh thuy phan
acid cua san pham Amadori va Heyn, duoc xem
la hoat chét chi thi cho giai doan mét cua phan
ng Maillard. Toi den co chia 2 hoat chit sinh
ra trong phan wng Maillard bao goém
5-hydroxymethylfurfural (5-HMF) va
2-acetylpyrrole. Trong d6, 5-HMF dugc xem la
hop chat chi thj trong gia doan hai. Hoat chat
2-acetylpyrrole ¢6 vai tro tao ra mui dé chiu cua
toi den. C4c hoat chat c6 khéi luong phan tu 16n,
4.07 va 3.98 kDa duogc xem la cac melanoidins,
Xuat hién trong giai doan cudi ciia phan ung
Maillard. Toi den ciing chtra nhiéu hoat chat
thom, d& bay hoi. Vi du, cac chat acetic acid,
propanoic acid, furaneol (caramel),
5-heptyldihydro-2(3H)-furanone (apricot),
2(5H)-furanone (burnt), 1-(2-furanyl)-ethanone
(balsamic), 2-acetyl-1-pyrroline (roasted nut),
and butyrolactone (caramel), 3-(methylthio)
propionaldehyde (cooked potato) Ia san pham
cua phan ng Maillard [16].
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Hinh 3. Co ché tao thanh san 7ph§m‘ acrylamide tur asparagine va duong khu theo phan tng Maillard [30].
Trong hoa hoc thuc pham, hau hét mau nau cua san pham la két qua cua phan ang Maillard.

2.3. Thanh phan hea hec cua toi den

Ham lwong hop chat trong téi den phu thudc
vao diéu kién 1én men. Mot s6 nha nghién ctu
bao c4o rang nhiéu thanh phan quan trong trong
t6i den chdng lai bénh tat da gia ting ham luong
dic biét la cac polyphenol, flavonoid va mot sb
dan xuat cua phan tng Maillard dugc biét co
chtc ning chéng oxy hoéa. Hon nira, hoat tinh
chéng oxy hoa cua toi khac nhau tuy thudc ving
dia ly, tuy nhién, toi den da dugc chang minh co
hoat tinh sinh hoc cao hon toi twoi [17, 18, 19].

Mot s6 nghién ciu da chi ra rang cac loai
duong tan trong nudc, amino acid, polyphenols
va flavonoids gia ting hodc giam trong suét qua
trinh 1én men (Bang 1) [17, 20, 21]. Ba hop chit
loai Amadori va ba hop chit Heyns trong toi den
gia tang 40-100 lan so vai t6i tuoi. Nguoc lai,

ham lugng fructans trong toi den lai giam, do
thue té la ham luong glucose va fructose, amino
acid dong vai tro quan trong trong phan tng
Maillard cua Ién men.

bac tinh sinh hoc cua toéi den khi so sanh voi
toi twoi phu thude viée chuyén ddi cac hop chét
trong qué trinh 1én men. Bang 1 trinh bay tom
tat su thay d6i vé thanh phén gitra toi tuoi va toi
den. Banh gia cam quan dugc thuc hién theo cac
tiéu chi bao gom: huong vi (taste), mau sic
(color), két cdu cua san pham (texture), mui
(smell) va mic do kho (dryness). Thang diém
nhu sau: 0 = khong hai long, 10 = hoan toan hai
long do cung mot nguoi tht ding san pham dura
ra.
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Bang 1. Thanh phan hoa hoc co ban cua toi den sau khi 1én men & cac muc nhiét d6 khac nhau

[22].
Thong sb Nhiét do (°C)

60 70 80 90
Thoi glan Ién 69 30 15 9
men (ngay)
S'\g;’g" md;’u r‘:;‘tj’ye” 7414+ 056° | 7444 +042° | 7455+097% | 74.60 + 0.28°
D6 am (g/kg) 490.23 + 2.70° | 460.61 + 22.69° | 471.19 + 33.87° | 470.84 + 6.80°
Z}flf;)g KU\ 9501 4 0.45¢ | 357.96 +3.44% | 34893+ 121° | 154.91 + 2.19°
Amino-N (g/kg) 3.15 + 0.04° 3.29 + 0.04? 1.49 + 0.04° 1.03 + 0.04¢
HMF (g/kg) 1.88 + 0.02¢ 4.32 + 0.02° 4.82 + 0.06° 4.08 + 0.08°
E’gr}ig‘)" ©ng S0 | 1300 4 0.09° 12.35 + 0.13 15.12 + 0.36° 13.27 + 0.87°
g‘l’l'(‘é) ©Ng S0 | 3361 4017° | 37.50+017° | 30.96+017% | 36.37 +0.17°
Allicin (g/kg) 0.16 + 0.07¢ 0.28 + 0.07% 0.93 + 0.072 0.41 + 0.07°
?j;‘nh gla Cam| 5971 + 0.44¢ 39.95 + 0.312 39.95 + 0.312 29.41 + 0.41°

ab.c.d. Cac gia tri trung binh theo sau boi cac chi s6 trén khac nhau trong cing mot hang thi khac biét

cd ¥y nghia & mirc P <0,05.

Toi twoi chia khoang 63% nudc, 28%
carbohydrate (fructans), 2.3% hop chét sulfur
htru co, 2% protein (alliinase), 1.2% amino acid
tu do (arginine) va 1.5% soi. Toi twoi chua xu ly
cung chaa ham lugng cao y-glutamylcysteines.
Nhirng hop chat nay c6 thé bi thay phan va oxy
hoa dé tao ra alliin, vén duoc tich Iy tu nhién
trong qua trinh luu gitr toi o nhiét @ mat. Sau
qua trinh ché bién nhu cat, nghién, nhai hoic loai
nudc, alliinase bi ly giai nhanh hop chét alliin
tao thanh hop chét allicin. Allicin gop phan tao

ra mui vi dac trung cua toi. Allicin va cac
thiosulfinate khac bi phan huy nhanh chong
thanh cac hop chat khac nhu diallyl sulfide,
diallyl disulfide, diallyl trisulfide, dithiins va
ajoene [23, 24]. Bdng thoi, y-glutamylcysteines
dugc chuyén hoéa thanh S-allyl cysteine (SAC),
day 1a chat c6 hoat tinh sinh hoc quan trong nhu
chéng oxy hoa, khang ung thu, v.v... Thanh phan
hoa hoc dién hinh cua toi den dwoc mo ta trong
Hinh 4.



N.H.Thuan, N.D.Khirong,... | Tap chi Khoa hoc va Cong nghé Pai hoc Duy Tan 6(61) (2023) 50-59

0O-glc

R; H; gle; (gle),
Melanoidins Saponin khung spirostanol Saponin khung furostanol
? 0 CH; O
] o ¢ o e o
HN NH, | NH, }
HN NH,
Tryptophan Histidine Valine
(0]
OH NH (0] 0
HZNW Py -
H,N N OH
0 H NH, OH NH,
Glycine Arginine Aspartic acid
CH,OH 0 S
o HOH,C OH }{C\H/ﬂ\ I
o 3 - q—
OH HO—S—O0H
OH HO
OH OH CH,OH 0
OH HO . . .
Glucose Fructose Pyruvic acid Thiosulfuric acid

COOH
\ NH
N CH,4
H H

1-methyl-1,2,3,4-tetrahydro-
B-carboline-3-carboxylic acid (MTCC)

COOH

NH

CH,4
COOH

\
N
H
1-methyl-1,2,3,4-tetrahydro-
B-acid (MTCdiC)



56 N.H.Thudn, N.D.Khirong,... | Tap chi Knoa hoc va Cong nghé Pai hoc Duy Tan 6(61) (2023) 50-59

(0]

NH,
S-allyl-Lcysteine (SAC)

OH
N _
., COOH

on ©

HO
Fructosyl-S-allylcysteine (Fru-SAC)

OH
- O COOH
o COOH H
on ©H

HO

Fructosyl-g-glutamyl-S-allylcysteine

(Fru-GSACQ)
oH COOH
H
o N
OH OH

HO

Fructosyl-phenylalanine (Fru-Phe)

\/\/v/

S SN

Diallyl sulfide (DAS)

woo A\

5-Hydroxymethyl furfural (5-HMF)

§§§//\s/s\v/l\\COOH

S-allylmercaptcysteine (SAMC)  S-methyl-L-cysteine (SMC)

Diallyl disulfide (DADS)

9 o
O
’ ®
O

o

NH, o

\S/\TJ\OH

NH,

OYOH

O O S
Ve o NN
HO H E \/\
NH,

S-glutamyl-s-allylcysteine (GSAC)

H
O N~ NH
OH cooH H
OH
HO

Fructosyl-arginie (Fru-Arg)

OH
q O COOH
0 Nw/\)LN)\/SJ"’///
OH COOH H
OH

HO

Fructosyl-g-glutamyl-S-1-propenylcysteine
(Fru-GS1PC)

/\/S g S N~ X
Diallyl trisulfide (DATS)

0]

OH

OH

Flavanols Flavonols



N.H.Thuan, N.D.Khirong,... | Tap chi Khoa hoc va Cong nghé Pai hoc Duy Tan 6(61) (2023) 50-59 57

<
HO OH

DL-lactic acid

(18,35)-1-methyl-1,2,3,4-tetrahydro-
B-carboline-3-carboxylic acid

OH
HO

uridine

COOH

NTN
Hy, &

(IR, 35)-1-methyl-1,2,3,4-tetrahydro-
B-carboline-3-carboxylic acid

Hinh 4. M6t s6 hoat chit thuong gap trong toi den

Lu va cong su [25] di phan tich thanh phan
héa hoc cua hoat chat gay ra dic tinh chdng oxy
hoa manh cua toi den. Két qua cho thay c6 7 hoat
chat duoc tim thiy, trong d6 3 hop chat bao gom
adenosine, uridine, va 2-acetylpyrrole lan dau
tién duogc phat hién ¢ toi den (Hinh 4).

Trong toi den, ham luong allicin giam xudng
muc Vét (trace level) nhung SAC ting 1én 4-8
lan. Cac amino acid va SAC gia ting lan luot dat
2.5 va 8 lan khi toi dugc ché bién ¢ 60°C véi do
am 90% trong 45 ngay. SAC duoc téng hop
théng qua phan ung loai bo acid glutamic tur y-
glutamyl-S-allyl cysteine do enzyme y-glutamyl

transpeptidase xac tac. Sy oxy hoa sulfur cua
SAC do enzyme flavin-containing
monooxygenase Xuc tac da tao ra san pham S-
Allyl-I-Cysteine Sulfoxide (ACSO) (Bang 2).
Tiép theo, ACSO duwoc chuyén hoéa thanh
allylsulfenic acid (2-propene-1-sulfenic acid) va
aminoacrylic acid nho sy xac tac cua enzyme
alliinase. Aminoacrylic acid tiép tuc bi chuyén
hoa nhanh thanh acid pyruvic va ammonia. Hai
phan tr acid allylsulfenic két hop tao ra allicin
(diallyl thiosulfinate). Do d6, ACSO la tién chat
tao nén cac dan xuit cua nhom thiosulfinate cua
cac loai rau thugc chi Allium [13, 26].
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Bang 2. So sanh thanh phan hoat chat co ban cua toi den va toi tuoi [27].

Thanh phan héahoc | So sanh toi den va toi | Ham lwong géc Tai liéu tham khao
troi
Puong tan trong nuoc | 1 1.88-7.91 lan 450 mg/g [3]
Polyphenol 14.19 lan 13.91 mg GAE/qg [17]
Flavonoid 1 4.77 lan 3.22 mg RE/g [17]
Amadori&Heyns 1 40-100 10 pg/g [3]
Leucine 1 1.06 lan 58.62 mg/100 g [17]
Isoleucine 1 1.67 lan 50.04 mg/100 g [17]
Cysteine 1 0.58 lan 81.06 mg/100 g [17]
Phenylalanine 12.43 lan 55.64 mg/100 g [17]
Fructan 1 0.15-0.01 lan 580 mg/g [3]
Tyrosine 10.18 lan 449.95 mg/100 g [17]

GAE: duong luong acid gallic; RE: duong luong rutin

3. Gia tri dinh dwdng va mdt s6 ky thuat lam
tang nong dd dinh dwdng cua t6i den

Do chira nhiéu loai hoat chat nhu flavonoid,
duong, polyphenol va acid amin nén toi den co
gia tri dinh duong cao, co hoat tinh sinh hoc da
dang nhu chéng oxy hoa, chdng ung thu, khang
viém, v.v... bai vay chang rét tét cho sic khoe
con nguoi.

Gan day cac nha nghién ciu da s dung k¥
thuat 1én men vi sinh (microbial fermentation) dé
lam gia tang gia tri dinh dudng cua toi den. Cac
gidng vi sinh vat duoc str dung phé bién bao gom
Saccharomyces cerevisiae, Bacillus subtilis,
Weissella koreensis, v.v... Vi du, vi khuan lactic
thudc cac gidng Lactiplantibacillus plantarum
X7021, X7022 va Limosilactobacillus
fermentum S1L23 trong 1én men toi den, ngoai
ra co bd sung 2% protein dau nanh (wiv). Két
qua phan tich sau 20h 1én men cho thdy ham
luong SAC ting khoang 3.2-4.5 lan, dat cao nhat
61.3 pg/mL voi chung X7022. Bong thoi, toi 1én
men thé hién hoat tinh chéng oxy héa, khang
chung vi khuan H. pylory tang 1én 6 rét [28].

4. Két luan

Toi den 1én men tur t6i tuoi 1a san pham c6
thanh phan héa hoc, gia tri dinh dudng cao va d&
str dung. Qua trinh ché bién toi den bi anh huong
boi cac yéu té: tién su ly, nhiét do va do am

tuong d6i. Thanh phan héa hoc va tac dung dinh
dudng, hoat tinh sinh hoc cua toi den thay doi
nhiéu so véi toi tuoi. Cu thé, ham luong allicin
giam nhung SAC va cac hop chat polyphenol,
acid amine, duong khtr lai ting 1én dang ké.
Nghién ciru thuc nghiém cho thay, toi den c6 vai
tro nhu mot loai thuc pham chic ning quan
trong nén can duoc diy manh viéc san xuét va
tiéu thu nham hd tro sirc khoe con nguoi.
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