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TOM TAT

Nudc twong 12 mot gia vi truyén théng cua nhidu nude chau A dugc san xuét tir qua
trinh 1én men dau nanh bai Aspergillus oryzae. Trong nghién ciru nay, hat sen (Nelumbo
nucifera Gaertn) duoc sir dung dé thay thé mot phan dau nanh nham da dang héa hwong vi
cua loai san pham truyén théng nay. Hai giai doan chinh trong quy trinh san XUt tuomg
dugc tap trung nghién ctru 1a giai doan tao koji tir qua trinh 18n men béi médc A. oryzae va
qué trinh tao moromi tir viéc o koji voi dung dich mudi 10%. Két qua cho thay ti 18 hat
sen:dau nanh (Glycine max) phu hop cho qua trinh san xuit twong 1a 7:3 (w/w). Nhiét
d6 va thoi gian 1én men tao koji twong wtng ¢ 30°C trong 72 gio cho hoat d6 protease
1279,46 +13,22 (U/g). Koji sau dé dugc phdi tron véi 35% (v/w) dung dich mudi 10% va
u & nhiét d6 50°C trong thoi gian 72 gio. Ham lugng dam formol trong moromi dugC Xac
dinh trong khoang 6,01 + 0,10 (g/L). Cac két qua nghién ctru cho thay hat sen la mot nguyén
liu bd sung tiém ning de San xuét nudc twong; dong thoi bude diu cung cip mot s6 thong
tin co ban trong san Xuat nuée twong hat sen tir d6 ho tro cho cac nghién cuu tiép theo gidp
nang cao chat luong san pham.

Tur khoa: Bam formol, hoat do protease, koji, Ién men hat sen, moromi, nudc tuong.
1. MO PAU

Nudc twong 1a san pham dang long thu dugc do qua trinh 1én men hat dau nanh hoac hén
hop hat dau nanh véi cac loai ngii coc hoac protein thyc vat [1]. Day 1a mot loai gia vi truyen
théng & cac nudce phuong Dong nhu Trung Quéc, Nhat Ban va Han Quéc. Ngay nay, san pham
Ién men nay tra nén pho bién & chau A va lan ra cac qudc gia phuong Tay. Theo Zhang va
cong su [2], san lugng nudc tuong toan cau hang nam da lén dén 10 triéu tan.

Dé cai thién tdc d6 1én men va hwong vi ciia san pham, céc loai ngii cdc khac thuong
dugc sir dung dé phoi tron vei dau nanh (Glycine max) nhu bot bap, bot mi, bot nép, v.v. Hat
sen (Nelumbo nucifera Gaertn) chua nhiéu chat dinh dlmng va huong vi ddc trung ciing dugc
xem & mot d6i tuong tiém nang dé phéi tron. Hat sen c6 ngum gbc ¢ chau A, xuat phat ter An
Do, sau d6 lan qua Trung Qudc va ving dong bac Chau Uc. O Viét Nam, sen duoc trong nhiéu
& cac tinh Pong Thap, Vinh Long, An Giang, Tién Giang, v.v. [3]. Trong 100 g hat sen tuoi
chira 17,1 g protein, 1,9 g chit béo, 62 g carbohydrate. Pic biét, hat sen 1a mot ngudn gidu
canxi (445 ug/g), phospho (1715 pg/g), kali (16,300 pg/g), Mg (1650 pg/g) va mot s6 vitamin
nhém B, C va E [4]. Ngoai ra, hat sen chira nhiéu cac hop chat thuoc nhém alkaloid (lotusine,
demethylcoclaurine, isoliensinine, neferine, nornuciferin, pronuciferine, methylcorypallme
norarmepavine, neferine) va flavonoid. Nhiéu nghién citu ching minh rang hat sen ¢6 tac dung
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giam huyét ap, ha nhip tim, giam cholesterol trong mau, cit con non hay lam diu phan @ng co
giat cua hé théng tiéu hoa va tir cung, 1am cham tién trinh 130 héa va ngin ngira ung thu [5, 6].

Trong quy trinh san xuét nuéc twong, dau nanh va cac ngii cdc phdi tron (néu c6) duoc
duogc hap chin va tron voi A. oryzae ¢ 25-30°C trong 2-3 ngay. Ban thanh pham cua qua trinh
nay duoc goi 12 koji. Sau do, koji dugc phdi tron véi nuéc mudi nong dd 10-20% va u & nhiét
do phong trong 2-3 thang (duoc goi la moromi). Moromi sau d6 dugc loc va trai qua cac qua
trinh nhu phéi tron, Chlet rét, thanh tring dé tao thanh san pham nuéc twong. Trong quéa trinh
I&én men koji, nAim mdc phét trién va tao ra mot sé enzyme thiry phan protein va tinh bét trong
nguyén liéu [7]. Céc hoat dong protease va glutaminase gilip tao nén vi umami cua nuge tuong
théng qua qua trinh i chin tao moromi. Do d6, qua trinh 1én men tao koji va t chin tao moromi
1a hai cong doan quan trong quyét dinh dén chét luong cua nude twong. C6 nhiéu yéu t anh
huong dén qué trinh Ién men tao koji va moromi nhu nguyén li¢u, nhiét d¢, thoi gian [€n men,
nong d6 nuwdc mudi, v.v. [7-9]. Trong nghién cau nay, anh hudng viéc phdi tron hat sen, nhiét
d6 va thoi gian 1én men koji, ti 1é nudc mudi, nhiét do va thoi gian 1 tao moromi dén san pham
nude tuong hat sen bang A. oryzae da dugc thuc hién.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Nguyén li¢u

Hat sen kho duoc cung cap boi cong ty TNHH Thyc pham Viét San (Viet San Foods Co.,
Ltd) vai mot so chi tiéu chat lugng bao gom d6 am 10,26 + 0,07 %, ham lwong protein 22,42
+ 0,05 %.

Dau nanh Navita (Cong ty CP. APIS) c6 dd 4m 11,41 + 0,06 %, ham lugng protein 36,42
+ 0,05 %.

MGc gidng thuong mai Aspergillus oryzae dang bot dugc mua tai co s¢ thuc dudng Ngoc
Tram - s6 103, ngach 2, ngd Thai Thinh 1, quan Bong Pa, Ha Noi.

2.2. Phwong phap
2.2.1. Anh hweng cua ti 16 phéi trén hat sen

Nguyén liéu dau nanh va hat sen duoc ria sach, ngdm trong nudc Vai ti 1€ nguyén liéu
va nuéc ngam la 1:1,5 (w/v) trong 8 gio. Sau d6 nguyén lidu duoc nghién nho bang may xay
sinh t va 1am chin bang céach hap tiét triing ¢ nhiét do 121°C trong vong 60 phut. 50 g nguyén
liéu véi cac ti I€ hat sen va dau nanh (w/w) khao sat: 10:0; 9:1; 8:2; 7:3; 6:4; 5:5, 4:6; 3:7; 2:8;
1:9; 0:10 duoc cho vao binh tam giac 250 mL va b sung 1% (w/w) méc gidng A. oryzae. Hon
hop duoc [én men & nhiét do 33°C trong 72 gid. Hoat d6 enzyme protease trong koji tao thanh
sau qué trinh 1én men duoc xac dinh theo phuong phap Anson cai tién.

2.2.2. Anh hweng cua nhiée dg va thoi gian 1én men tqo koji

50 g nguyén liéu hat sen va dau nanh duoc chuan bi va phéi tron theo ti Ié thich hop duoc
cho vao binh tam giac 250 mL va b6 sung 1% méc giéng. Cac binh tam gi4c chira mau duoc
Ién men & cac diéu kién nhiét @6 27°C, 30°C va 33°C. Hoat do enzyme protease trong koji
dugc danh gia theo cac mdc thoi gian 24 gio, 48 gio, 72 gid va 96 gio 1én men.

2.2.3. Anh hwéng cua ti 16 nuwéc mudi bo sung tgo moromi

25 g koji dugc tao thanh tir hat sen va dau nanh 1én men & nhiét do va thoi gian thich hop
dugc phoi tron vai dung dich nudc muoi 10% ¢ cac ti 1€ 25%, 30%, 35% va 40% so khoi lugng
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koji. Hon hop dugc cho vao binh tam giéc 250 mL va u ¢ diéu kién 45°C trong 48 gio. Sau do,
mau duoc loc thu dich va xac dinh ham luwong dam formol.

2.2.4. Anh huong cua nhiét do va thoi gian u tao moromi

25 g koji duoc cho vao binh tam gidc 250 mL va b6 sung nuéc mudi 10% theo ti I¢ thich
hop dugc u ¢ cac nhiét @6 45°C, 50°C va 55°C. Cac mau duoc thu nhan va xac dinh ham luong
dam formol trong dich loc theo thoi gian 24 gio, 48 gio, 72 gio va 96 gio.

2.2.5. Phuong phap phan tich
Xac dinh hogt d¢ enzyme protease

Hoat do enzyme protease dugc xac dinh theo phuong phap Anson cai tién [10]. Cu thé
nhu sau 1 g mau duoc nghién min va thém 50 mL nuéc cat, lic hdn hop ¢ diéu kién
180 vong/phut, trong 30 phut. Sau dé, hdn hop duoc ly tdm ¢ 5000 vong/phut trong 15 phat
dé thu dich ndi. Hat 1 mL dich néi cho vao éng nghiém, thém 2 mL dung dich casein 2% u &
30°C trong 10 phat. Sau d6, 5 mL dung dich tricloacetic acid (TCA) 5% duoc thém vao éng
nghiém, lic déu roi dé yén ¢ nhiét do phong trong thoi gian 10 pht. Tiép theo, hdn hop duoc
loc tach két tua va thu dung dich trong sudt. 1 mL dich trong dwoc hit cho vao éng nghiém,
b sung 4 mL NaxCOs 6% lic déu. Sau do, 1 mL thudc thir Folin 0,2 N duoc thém vao, lic
déu trude khi u 30 phit & nhiét dé phong. Tién hanh do mat d6 quang (OD) ciia mau & budc
séng 750 nm dé xac dinh hoat do protease. Két qua duoc biéu thi 1a s6 ug tyrosine/mg ché
pham duya theo phuong trinh duong chuan tyrosin (Hinh 1).
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Hinh 1. Phuong trinh duong chuan tyrosin
Xac dinh ham lugng dam formol

Ham lwong dam formol dugc xéac dinh theo phwong phép chuan d6 [11]. 10 mL moromi
sau khi loc duogc hit cho vao binh dinh mutc dén 250 mL, lic déu. Sau d6, 10 mL dung dich
trén duoc cho vao binh tam giac 250 mL, thém 10 mL nuéc cat, 15 giot hdn hop chi thi (dung
dich bromothymol blue 0,04% va phenolphtalein 0,5% theo ti 1¢ 15:3 (v/v). Tiép theo 5 mL
dung dich formol trung tinh dwgc thém vao, lic déu va dem chuan do bang dung dich NaOH
0,05 N cho dén khi dung dich chuyén tir mau vang sang mau xanh tim. Mau tring (nudc cat)
dugc thyc hién tuong tu.

Ham lugng dam formol dugc tinh theo cong thic:
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(a—b)x0,0007 x 250 x 1000

X(g/l) = 10 x 10

Trong do:

a: s mL NaOH 0,05 N da ding dé chuan do mau thi nghiém.

b: s6 mL NaOH 0,05 N da dung dé chuan o6 mau trang.

0,0007: lwong dam tinh bing gam twong dwong véi 1 mL NaOH 0,05 N.

2.2.6. Phirong phdp xir 1y s6 liéu

Trong nghién ctu nay, mdi thi nghiém duoc tién hanh Iap lai ba lan, két qua dugc trinh
bay ¢ dang gia tri trung binh + SD. Cac ket qua duoc tinh toan bang phan meém thong keé
Minitab 21. D6 thi dugc vé bang Microsoft Excel 2019.

3. KET QUA VA THAO LUAN
3.1. Anh hwéng cua ti 1é phdi trén hat sen

Anh huéng cua ti 16 phdi tron hat sen va dau nanh dén hoat d6 enzyme protease sau 1&n
men tao koji bang A. oryzae dugc thé hién ¢ Hinh 2.
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Hinh 2. Anh hudng cua ti 16 hat sen:ddu nanh dén hoat do enzyme protease
trong qua trinh 1én men boi Aspergillus oryzae ¢ 33°C/72 gio.

Két qua cho thay ti I& bo sung hat sen ¢6 anh huong dén hoat d6 enzyme protease do nam
méc sinh ra sau 72 gio 1én men & nhiét do 33°C (p<0,05). Su c6 mat cia hat sen gitp 1am ting
hoat d6 protease trong san pham. Khi tang ti & hat sen (& cAc mau hat sen: dau nanh (w/w)
tuong tng 6:4; 5:5, 4:6; 3:7; 2:8; 1:9; 0:10) hoat d6 enzyme protease tang 1én dang ké va dat
gia tri cao nhat ¢ ti 1 7:3 (752,3 U/g). Néu tiép tuc tang ti 1¢ hat sen (cac mau 8:2, 9:1 va 10:0)
hoat d6 enzyme protease giam dan.

Sy phat trien cia nam méc phu thudc rat I6n vao thanh phan dinh dudng ciia moi truong
nudi ciy. Theo Steinberg [12], nAm méc, dac biét nhom Apergillus c6 thé phat trién tbi uvu
trong méi truong chira céc thanh phan khoang da dang nhu kém, sat, déng, mangan, v.v.

Hat sen chtra nhiéu cac thanh phan dinh dudng va khoang chat [4]. Do d6 su két hop gitta
hat sen va dau nanh cé thé giup da dang hoa thanh phan dinh dudng trong méi truong 1én men
tir d6 thuc day sy phat trién cta vi sinh vat. Khanh va cong su [13] ciing cho két qua tuong tur
khi nudi cay chung mdc Aspergillus oryzae CNTP 5043 trén moi truong két hop manh ngb va
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bot mi. Sau 72 gio nudi cdy, ti 1é manh ngd: bot mi 7:3 dat hoat do protease cao nhat
(645,6 Ul/g) so vai céc ti 1€ con lai.

Tir két qua trén cho thay su phdi tron hat sen va dau nanh gitp cai thién hoat d6 enzyme
va dat gia tri tbt nhat ¢ ti 1& 7 hat sen: 3 dau nanh.

3.2. Anh huéng cia nhiét d va thai gian 1én men tao koji

Anh huéng caa nhiét do va thoi gian 1én men dén hoat do enzyme protease duoc thé hién
& Hinh 3.
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Hinh 3. Anh h~u(’mg cta thoi gian va nhiét d¢ 1én men dén hoat do protease
trong hon hop hat sen va ddu nanh 1én men str dung A. oryzae

Két qua cho thay nhiét d6 va thoi gian anh hudng co ¥ nghia (p<0,05) dén hoat d6 enzyme
trong sudt qua trinh 18n men hdn hop hat sen va dau nanh (7:3). Hoat d6 enzyme protease ting
lién tuc trong thoi gian tir 24 gio dén 72 gio va dat gié tri cuc dai & 72 gid nudi ciy. Sau do,
gia tri giam dan & 96 giod. Quy luat nay dung & ca ba nhiét do khao sat (27, 30 va 33°C).

V& anh huéng cua nhiét do 18n men, két qua cho thay nhiét d6 cang cao, hoat d6 enzyme
giam dan. Cu thé, hoat do enzyme cao nhét khi A. oryzae duoc nudi ciy & 27°C, tiép theo la
30°C va thap nhat & 33°C. O thoi gian 1én men 72 gio, hoat do enzyme cua mau dugc 1én men
& 27°C khac biét khong co y nghia (p>0,05) so véi mau ¢ 30°C va dat gia tri cao nhat la
1297,82 U/g.

Trong suét qué trinh 18n men (0-96 gid), nAm moc c6 su bién dbi rd rét vé mau sic sinh
khoi tar mau xanh vang chuyen sang nau sam, soi nam dai hon. Piéu nay cho thay moc da gia
di va yéu dan. Su suy giam vé sinh khéi nAm méc s& dan dén su giam dan caa hoat do protease.
Két qua tuong tw duoc thé hién trong nghién ctu ciia Huong va Trang [14]. Nhom tac gia da
nubi cay hén hop A. oryzae KZ3 va A. awamori HK1 trong méi truong ban ran va thu duoc
sinh khéi cao nhat sau 72 gio (8,608 Logtb/g) va hoat do protease 1a 1976,30 Ul/g. Kéo dai
thoi gian nudi ciy dén 120 gio, sinh khdi khong ting nira va gia tri hoat do protease giam dan.
Theo Luong Bic Pham [15], thoi gian pht hop dé nudi cay chung A. awamori thu nhan
enzyme la khoang 48-72 gio.

Bén canh thoi gian 1én men, nhiét do ciing 1a mot yéu té quyét dinh dén sy phét trién cua
A. oryzae, tir &6 anh huong dén hoat do enzyme. Morimura va cong su [16] da tién hanh nghién
cttu anh huéng cua nhiét d6 dén su san sinh protease sir dung Aspergillus usami mut.
shirousami IFO 6082. Trong 3 nhiét do khao sat 25, 30 va 35°C, nhiét d6 30°C cho hoat do
enzyme protease cao nhat va dat 240 U/mL.

Tir két qua nghién cau cho thay nhiét do 30°C trong 72 gio 1a phi hop dé 1én men tao
koji ttir hdn hop hat sen: dau nanh (7:3).
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3.3. Anh huéng cia ti 1§ nwéc mudi bé sung tao moromi

Mot trong nhitng yéu t6 quyét dinh dén chét lugng cua sin pham nude twong 14 qud trinh
U tao moromi. Trong qua trinh nay, nhing bién d6i vé vi sinh vat va sinh héa anh huong dén
chat lwong cua san pham 1&n men cudi cung [17]. Cac qua trinh thiy phan protein, chat béo va
carbohydrate thanh acid amin, acid béo va monosaccharide duoc dién ra. Viéc xac dinh nong
d6 mudi trong qua trinh 18n men ciia moromi quyét dinh chét luong cia nude twong. Trong
nghién ciru nay, sau khi 1én men hdn hop hat sen va dau nanh véi A. oryzae, koji duoc phdi
tron voi nudc mudi 10% véi cac ti 16 25, 30, 35 va 40% so vai lwong koji. Két qua duoc thé
hién & Hinh 4.
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Hinh 4. Anh huéng cua ti 16 nude mudi dén ham lwong dam formol
trong moromi sau khi u ¢ 50°C/48 git
(Céc chir céi a, b,c d tfén moi cot the hi,ein sy khac biét
¢ y nghia vé mat thong ké gira cac mau (p<0,05))

Két qua cho thiy ti 18 nuéc mubi bd sung anh huéng dén ham lwong dam formol cua
moromi. Ham lugng dam formol c6 xu hudng ting dén theo ti 18 nudc mudi bé sung. Cu thé,
ham lugng dam formol thip nhat dugc quan sat & mau bo sung 25% nude mudi (3,62 L) va
tang dan cho dén ti 1& 35% (4,7 g/L). O ti 1¢ bo sung 40%, gia tri dam formol trong mau giam
con 4,49 g/L.

Muc dich ctia dung dich nude mudi cho vao gitp cai thién gia tri cdm quan va tc ché su
hoat dong cua céac vi sinh vat dédc bi¢t la nhom vi sinh vat gay chua, thdi [17]. Su va cong su
[18] bao cao rang su két hop giita nhiét d cao (45°C) va ham luong mubi thap (5%) 1a cach
t6t nhat dé thiic day su hoat dong cua enzyme trong qué trinh 1én men moromi. Hoang va cong
su [19] da st dung dung dich nude muoi 5% b sung vao koji theo i 18 2:1 (w/w) va i ¢ 45°C
trong 2 ngay. Két qua cho thay ham luong acid amin dugc tao ra cao, tuy nhién ham luong
dudng khtr thap.

Trong nghién ctru nay, ti 18 nudc mudi 35% (v/w) bd sung cho ham lugng dam formol
tdt hon so véi cac ti 1& con lai.

3.4. Anh hwéng ciia nhiét @ va thoi gian @ moromi

Két qua anh huong cia nhiét do va thoi gian 4 moromi dén ham luong dam formol dugc
trinh bay trong Bang 1.
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Bang 1. Anh huong cua nhiét do va thoi gian o dén ham lwong dam formol trong moromi

STT | Nhiét do (°C) | Thoi gian (gio) | Ham luong dam formol (g/L)
1 24 3,21"+0,10
2 48 4,327+ 0,10

45
3 72 4,849+ 0,13
4 96 5,13°+ 0,20
5 24 3,799 +£0,10
6 48 4,73% + 0,00
50
7 72 6,01° £ 0,10
8 96 6,06% = 0,10
9 24 3,979 +£0,10
10 - 48 4,49°" + 0,09
11 72 4,849+ 0,05
12 96 543 +0,10

(Céc chiF cai tir a-h thé hién sy khéc biér ¢6 y nghia vé mdt thong ké gia cac mdu trong cling mét cét (p<0,05))

Két qua cho thdy & cac nhiét do va thoi gian o khac nhau, ham lwong dam formol thay doi
dang ké. O nhiét d6 45°C, ham lwong dam formol 12 thip nhat (3,21 g/L) & 24 gio, khi 1én dén
96 gio ham luong dam formol van con tang (5,13 g/L). Khi lén men & nhiét d6 50°C, ham luong
dam formol thip nhét (3,79 g/L) & 24 gi¢ dau, khi ting 1én 72 gid ham lwong dam formol dat
cuc dai (6,01 g/L), sau 96 ham lwong dam formol van ting nhung khong dang ké (p>0,05). O
nhiét d6 55°C, ham luong dam formol tai 24 gio dau la 3,97 g/L va dat nong do 5,43 g/L sau 96
gio. Céc s6 lieu nay cho thdy, nhiét do u cang cao s& lam ting ham lwong dam formol sinh ra
trong thoi gian dau (24 gid). Tuy nhién, theo thoi gian, cac mau duoc t & nhiét do cao hon (55°C)
hay thap hon (45°C) cho hiéu qua san sinh dam formol thip hon so véi mau & 50°C.

Huang va Teng [20] bao co qué trinh 1t ¢ nhiét do thip hon cho san pham tét hon do thoi
gian hoat dong cta enzyme lau hon. Piéu nay c6 nghia 1a nhiét do thap sé& can thoi gian u dai
hon va nguoc lai do hoat tinh cua enzyme bi anh huong. Mot s6 san pham twong truyén théng
ctia Trung Qudc dugc san xuét tai nhiét d6 o moromi 28-40°C trong vai thang dén vai nam. Mot
sb nghién ctru dwoc thuc hién nham rat ngan thoi gian u théng qua viée tang nhiét d6 u chin. Khi
tang nhi¢t do khoang 40-55°C thoi gian u moromi giam con 15-30 ngay [20, 21]. Trong mot
nghién ctru khac cua Hoang va cong su [21], nhom tac gia da to1 wu hoa diéu kién u moromi tir
dau nanh két hop véi lta mi. Két qua thu dugc ham dam tong s6 va dam amin dat gia trj tot nhat
tai diéu kién nhiét 6 40,7°C, thoi gian 1én men 4,6 ngay va nong do nude mudi 10%.

4, KET LUAN

Nudc turong 1a mot gia vi truyén thong duoc st dung rong réi & nhiéu nudc chau A. Viéc
bd sung hat sen trong san xuat nude twong khong chi gitip 1am ting gié tri dinh dudng, da dang
hoa hwong vi ma con thiic day qué trinh 18n men. Trong nghién ciru ndy, nude tuong tir hat sen
dugc san xuét dua trén céc thdng s bao gom ti 1¢ hat sen:dau nanh 7:3 (w/w), thoi gian 1én men
koji trong 72 gi¢o & 30°C. Sau do, koji dugc phol tron vai 35% (v/w) nudc mudi 10% va tu trong
72 ngay ¢ 50°C. Két qua nghién ciru bude dau cung cap mét sb thong tin co ban vé anh huong
ctia nguyén liéu hat sen, nhiét do va thoi gian 1én men koji, moromi tir 6 hd trg cho cac nghién
ctu tiép theo dé nang cao chat luong san pham.

20



Khao sat mét sé yéu té dnh huwdng dén quy trinh sén xuét nwéc tiong hat sen va du nanh...

10.

11.

12.

13.

14.

15.

TAI LIEU THAM KHAO

Tiéu chuan Viét Nam: TCVN 1763:2008. Nudc tuong. Téng cuc Tiéu chuin Po luong
Chat lugng d¢€ nghi. B Khoa hoc va Cong ngh¢ (2008).

Zhang, L., Zhang, L. and Xu, Y. - Effects of Tetragenococcus halophilus and Candida
versatilis on the production of aroma-active and umami-taste compounds during soy
sauce fermentation. Journal of the Science of Food and Agriculture 100 (6) (2020)
2782-2790.

Muoi, N.V., Tan, T.D. and Tric, T.T. - Sy thay doi tinh chét héa Iy cua hat sen theo
d6 tudi thu hoach. Tap chi Khoa hoc Truong Pai hoc Cn Tho (11b) (2009) 327-334.

Bangar, S.P., Dunno, K., Kumar, M., Mostafa, H. and Magsood, S. - A comprehensive
review on lotus seeds (Nelumbo nucifera Gaertn.): Nutritional composition, health-
related bioactive properties, and industrial applications. Journal of Functional
Foods 89 (2022) 104937.

Wang, L., Cen, S., Wang, G., Lee, Y.K., Zhao, J., Zhang, H. and Chen, W. - Acetic
acid and butyric acid released in large intestine play different roles in the alleviation
of constipation. Journal of Functional Foods 69 (2020).

Zheng, Y., Wang, Q., Zhuang, W., Lu, X., Miron, A., Chai, T.T., Zheng, B. and Xiao, J.
- Cytotoxic, antitumor and immunomodulatory effects of the water-soluble
polysaccharides from lotus (Nelumbo nucifera Gaertn.) seeds. Molecules 21 (11)
(2016).

Fukushima, D. - Industrialization of fermented soy sauce production centering around
Japanese shoyu. Food Science and Technology - New York-Marcel Dekker (2004) 1-88.

Cui, C., Zhao, M., Li, D., Zhao, H. and Sun, W. - Biochemical changes of traditional
Chinese-type soy sauce produced in four seasons during processing. CyTA-Journal of
Food 12 (2) (2014) 166-175.

Zhou, W., Sun-Waterhouse, D., Xiong, J., Cui, C., Wang, W. and Dong, K. - Desired
soy sauce characteristics and autolysis of Aspergillus oryzae induced by low
temperature conditions during initial moromi fermentation. Journal of Food Science
and Technology 56 (2019) 2888-2898.

Mai, L., T., T. - Cac phuong phép phan tich nganh cong nghé 1én men. Nha xuat ban
khoa hoc va ky thuat (2009).

Tiéu chuan Viét Nam: TCVN 3707 — 90. Thuy san - Phuong phap x4c dinh ham luong
nito amin-amoniac. Tong cuc Tiéu chuan Po luong Chat lugng dé nghi. B6 Khoa hoc
va Cong nghé.

Steinberg, R.A. - The nutritional requirements of the fungus, Aspergillus
niger. Bulletin of the Torrey Botanical Club (1935) 81-90.

Khanh, N.T.M., Trgng, N.T. ’and Anh, P.T.L. - Nghién cuu kha nang sinh tong hop
protease cia mot s6 chiing nam moc thuéc chi Aspergillus. Ban B cua Tap chi Khoa
hoc va Cong nghé Viét Nam 62 (11) (2020).

Huong, D.T. and Trang, N.H. - Nghién ctru san xuat ché pham Aspergillus oryzae KZ3
két hop Aspergillus awamori HK1 c6 kha ning sinh protease cao trén méi trudng béan
ran (ngd manh-bot my). Hue University Journal of Science: Techniques and
Technology 127 (2A) (2018) 55-68.

Luong Biic Pham - Giéo trinh cdng nghé 18n men, Nha xuit ban Giéo duc Viét Nam
(2010).

21



Lé Thj Hong Anh, Nguyén B4o Toan, Phan Thj Hong Lién, Nguyén Minh Hung, Tran Ngoc Bao

16. Morimura, S., Kida, K. and Sonoda, Y. - Production of protease using wastewater from
the manufacture of shochu. Journal of Fermentation and Bioengineering 77 (2) (1994)
183-187.

17. Kremer, S., Mojet, J. and Shimojo, R. - Salt reduction in foods using naturally brewed
soy sauce. Journal of Food Science 74 (6) (2009) S255-S262.

18. Su, N.W., Wang, M.L., Kwok, K.F. and Lee, M.H. - Effects of temperature and sodium
chloride concentration on the activities of proteases and amylases in soy sauce
koji. Journal of Agricultural and Food Chemistry 53 (5) (2005) 1521-1525.

19. Hoang, N.X., Ferng, S., Ting, C.H., Lu, Y.C., Yeh, Y.F., Lai, Y.R., Chiou, R.Y.Y.,
Hwang, J.Y. and Hsu, C.K. - Effect of initial 5 days fermentation under low salt
condition on the quality of soy sauce. LWT 92 (2018) 234-241.

20. Huang, T.C. and Teng, D.F. - Soy sauce: manufacturing and biochemical changes.
In Handbook of food and beverage fermentation technology, CRC Press (2004).

21. Hoang, N.X., Ferng, S., Ting, C.H., Huang, W.H., Chiou, R.Y.Y. and Hsu, C.K. -
Optimizing the initial moromi fermentation conditions to improve the quality of soy
sauce. LWT 74 (2016) 242-250.

ABSTRACT

INVESTIGATION OF SEVERAL PARAMETERS AFFECTING
THE PRODUCTION OF FERMENTED SOYBEAN AND LOTUS SEED SAUCE
USING Aspergillus oryzae

Le Thi Hong Anh*, Nguyen Bao Toan, Phan Thi Hong Lien,
Nguyen Minh Hung, Tran Ngoc Dao

Ho Chi Minh City University of Food Industry

*Email: anhlth@hufi.edu.vn

Soy sauce, the traditional condiment in many Asian countries, is produced from the
fermentation of soybeans using Aspergillus oryzae. In this study, lotus seeds were used to
partially replace soybeans in order to diversify the flavor of the traditional product. The
two main stages in the soy sauce production process studied were the koji production stage
from the fermentation using A. oryzae and the moromi production stage from the mixture
of koji and a 10% brine. The results showed that the suitable lotus seed : soybean ratio for
soy sauce production was 7:3 (w/w). The temperature and duration time of fermentation for
koji-making were 30°C for 72 hours with a protease activity of 1279.46 + 13.22 (U/g). The
koji was then mixed with 35% (v/w) of a 10% brine and fermented at 50°C for 72 hours.
The formol nitrogen content in the moromi was determined to be around 6.01 + 0.10 (g/L).
The research results show that lotus seed is the potential additional material for soysauce
production while providing some basic information on lotus seed soy sauce production to
support further studies in order to improve product quality.

Keywords: Formol nitrogen, koji, lotus seed fermentation, moromi, protease acitvity, soy
sauce.
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