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Bién mau do enzym la moét trong nhitng nguyén nhan lon nhat lam gidm chét luong nam tuwoi. Do d6, cac
chét tu nhién khac nhau cé kha nang kim ham sim mau nidm da duoc cac nha nghién ctu sang loc trong
nhitng nam gan day. Trong nghién ctru nay, cac diéu kién thich hop vé nhiét do, pH va thoi gian phan tng
dé chuyén hoéa ba dau thu tir cac co sé san xuat dau phu truyén théng ctia Viet Nam tao chat tc ché
tyrosinase ttr nAm rom da dwoc xac dinh. San ph4dm thiy phan giau peptid c6 khoi luong phan tir 3959. Gia
tri IC50 ctia san phidm 1a 70,48 pug/ml. Phun pha dich thily phan ba dau lén qua thé nim 4 gid trudc khi thu
hoach gitip lam cham s thay ddi mau sac va cac dac tinh cdm quan khac ctia ndm rom tuoi trong thoi gian
5 ngay béo quan ¢ nhiét do 15 - 18°C. Viec st dung két hop dich thily phan ba dau nanh va cac phuong phép
bao quan khac c6 kha nang kéo dai them thoi gian bdo quan clia cac san phdm nam an.

Tt khéa: Tyrosinase, chong sdm mau, nim rom, ba dau tiong, peptide kim ham.

1. BAT VAN BE

Tyrosinase (EC 1.14.18.1) la metaloenzyme co
chttc nang quan trong duoc tim thdy trong nhiéu loai
sinh vat [1]. Trong co thé nam lon, tyrosinase xuc tac
phan tng hydroxyl héa monophenol nhuw gamma-L-
glutaminyl-4-hydroxy benzene, tyrosin thanh L-3,4-
dihidroxyphenylalanin (L-DOPA) va phan tng oxy
hoéa L -3,4-dihidroxyphenylalanin thanh dopachrom,
ttr d6 hinh thanh melanin lam mau ctia ndm bi sam
nau, giam gia tri ctia san phdm nidm trang sau thu
hoach [1, 2, 3]. Do &0, cac bién phap hoa ly khac
nhau nhu bat hoat enzym bang hoa chat hodc bang
nhiet do da duoc nghién ctru dé kim ché sy sim mau
nam trong qua trinh b4o quan va ché bién [1, 2]. Tuy
nhién, cau trac, huong thom ctia ndm nhin chung bi
tac dong kha nhiéu sau qua trinh bat hoat nay [3].
V6i mong mudn tao duoc cac thanh phan cé kha
nang chong sim mau nidm hiéu qua, nhung an toan
doi voi stc khée nguoi san xuat va tieu dung, da tién
hanh khéo sat chuyén héa mot s6 protein khac nhau
tao peptide c6 kha niang tao lién két hydro véi cac
axit amin trong trung tam hoat déng cta tyrosinase
nhu tyrosine, histidine va do d6 kim ham enzym nay
[4, 5]. Trong nghién ctru nay, cac thong s6 chuyén
hoa ba dau tuong, ngudn phé liéu con chia luwong
kha 16n protein ctia qua trinh san xuat dau, sita dau,
tao san phdm kim ham tyrosinase cia ndm rom sé
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duoc trinh bay. Nhitng két qua budc dau cta viec sit
dung san phidm trén dé chong bién mau nim rom
Volvariella volvacea (Bull. Ex Fr.) Sing, 1a mot loai
niam an ngon, b6 dudng, duoc nudi trong nhiéu tai
Viet Nam va thé gioi [5] ciing sé duoc dé cap.

2. VAT LIEU VA PHUONG PHAP NGHIEN CUU

2.1. Vat lieu

Ba dau twong Glycine max (40 am 81,2%, protein
tho 4,3%, cellulose 9,6%, lipid 2,9%) duoc mua tai co
s& san xudt dau theo phuong phap truyén thong tai
Ha Dong (Ha Noi); ché phdm Alcalase 2.4L tir
Bacillus Iicheniformis (2,4 U/g) ctia Novo Nordisk,
ban Mach; ndm rom Volvariella volvacea (giong
Than Nong) nuéi tréng tai Vinh Bao (Hai Phong);
3,4-Dihydroxy-L-phenylalanine (I-DOPA), Cystein
ctia Sigma-Aldrich (My); tyrosinase duogc tach chiét
ttr phan dinh ctia vé bao cia ndm rom & giai doan
hinh tring (210 U/L). Cac hda chat tinh khiét khac
ctia Trung Quéc.

2.2. Phuong phap

Xac dinh hoat tinh irc ché€ tyrosinase [4]: 100 pL
dung dich thay phan ba dau va 400 pL dung dich
dem natriphosphat pH 6,5 duoc bd sung vao 6ng
chita 250 pL enzyme tyrosinase. Dung dich sau d6
duoc @ & 30°C trong 10 phut, roi duoc bé sung thém
250 uL L-DOPA 10 mM va dem do mat do quang tai
budc song 475 nm (sau 30 gidy ghi gia tri OD mot
lan, cho dén phut thie 5 thi dimg do). Tuong tu, lam
mau do6i chung, trong d6 dich thiy phan ba dau duoc
thay bang dung dich dém natriphosphat pH 6,5. Tinh
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hoat @6 kim ham tyrosinase theo céng thitc: hoat do
kim ham tyrosinase (U/L) = (AODg -
AOD ;,).10°V;/(elt.V). Trong d6, AODy: trung
binh hiéu s6 mat do quang do duoc trong 30 gidy
phan tng & mau kiém chung; AOD,,: trung binh
hiéu s6 mat do quang do duoc trong 30 gidy phan
tng & mau thi nghiém; Vy: téng thé tich phan tng
(uL); V;: thé tich dich thiy phan kim ham tyrosinase
(ul), & d0 hap phu phan tt cta dopachrome
(€dopachrome = 3600 M.cm™); 1: d6 day cuvet (1=1 cm),
t: thoi gian phan tmg enzym (phut).

Thuy phin ba dau tirong: ba dau tuwong duoc
pha 5% w/v trong nuoc cat (pH 7) duoc b sung
alcalase cho dat 6 U/g ba dau, hon dich dugc 0 &
nhiét do xac dinh (60 hoac 45, 50, 55, 60, 75°C); trong
thoi gian nhat dinh (1 hoac 2, 3, 4 va 5 gio). Phan tng
duoc dinh chi bang cach dun soi dung dich trong 10
phut. Ly tam 6000 vong/phut, 15 phut, thu dich thiy
phan. Mau d6i chung, tién hanh tuong tw, nhung
alcalase da duoc vo hoat (dun s6i 10 phut) trudce khi
duoc b6 sung vao hén dich ba dau.

Phan tich khoi Iuong peptide bang khoi pho

MALDITOF: 3 uL ctia hon dich phan tich va sinapic
acid (ty 1é 1:5) duoc dat len dia phan tich (Bruker
Daltonics, Bremen, P1ic), duoc lam kho va phan tich
tren thiét bi Microflex LT (Bruker Daltonics,
Bremen, Dtc) st dung phin mém FlexAnalysis
phién ban 3.4 (Bruker Daltonics) va laser nitrogen 60
Hz (337 nm). Phé khoi duoc thu thap & ché do tuyén
tinh va ion dwong trong pham vi tit 0 dén 150000
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Phan tich thanh phan dich thiy phan bang sdc
ki ban mong TLC [6]: stt dung hé dung moi n-butilic:
axit acetic: nuwéc = 3:1:1 (v/v); hién mau bang
ninhidrin 0,5% pha trong aceton & 110°C trong 5 phut.

Xac dinh ham lrong sdn pham thiy phéan theo
phuong phdp ninhydrin: 1 mL mau duoc b6 sung
thém 200 pL dung dich ninhydrin 0,35% (pha trong
ethanol) va dugc dun so6i 15 phat, lam lanh nhanh va
dem do do hap thu quang OD tai budc song 570 nm
[6], stt dung duong chuén tyrosine.

Str dung dich thuy phan ba diu dé kim ham su
bién mau cta nam ronz. dich thiy phan ba dau sau
khi duoc loai can bang ly tam 10000 vong/phut & 4°C
trong 20 phut, duoc phun phu lén trén qua thé nim
tuoi 4 gio trude thu hoach hodc trén ndm ngay sau
hai. Qua thé sau thu hoach dugc van chuyén vé
phong thi nghiém, bao quan & 15-18°C va duoc theo
doi mau sac hang ngay. Do ting sim mau ctia nim
thi nghiém duoc tinh trén co sé phan tich tri s6 L (do
trang) cta ndm (va cta bang dinh gidy mau trang
trén nam) tai thoi diém do bang may do mau thuc
phdm Colorimeter so voi tri s6 L tai thoi diém ban
dau. Trang thai va khoi luong qua thé ciing duoc
danh gia hang ngay.

8. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Xac dinh diéu kién chuyén hoa ba dau tao
chit kim ham tyrosinase nim rom
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Hinh 1. Anh hudng ctia nhiét do va pH téi qua trinh thiy phan ba d4u tao chat kim ham

Su khac biét vé trang thai ton tai cua protein
trong nguyén lieu ban dau ciing nhu tyrosinase tir
nam rom duoc st dung dé sang loc diéu kién cho
hoat tinh kim ham cao thay vi enzym tach tir nAm mo
c6 thé sé dan dén su khac biét vé cac thong so cta
phan tmg thuy phan. Két qua nghién cttu anh huong
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ctia nhiet do (Hinh 1) cho thay hiéu suat tao chat kim
ham dat cao khi thity phan ba ting theo nhiét do
trong pham vi tit 55°C dén 70°C va dat cuc dai & 65°C
(Hinh 1). Trong khi ciling vé6i thoi gian thuy phéan 1
gio & pH 8, nhiet do toi vu thiy phan bot dau 1a 60°C
[4].
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O 65°C, pH du ctia phan tng c6 anh huéng 1o
rét dén hieéu suat thiy phan ba dau tao chat kim ham
(Hinh 1). Khi tang pH t 6,5 — 8,0 hoat d0 kim ham
tyrosinase ctia san phdm thiy phan tang, sau do
giam manh trong khoang pH tir 8,5 — 9,0. Vi pH dau
8,0 hoat do kim ham dat gi4 tri cao nhat. Do d6, da
lua chon pH cho phan tmg thay phan ba dau 1a 8,0.

Theo tién trinh thay phan, phé san phdm phan
ung c6 thé sé khac nhau va do d6 hoat tinh kim ham
tyrosinase sé anh huong. Két qua & hinh 2 cho thay,
& thoi gian thiy phan 1 gio, hoat do0 kim ham
tyrosinase thu duoc cao nhat. Khi ting thoi gian
phan tng, hoat do kim ham gidam nhanh. Két qua nay
cling v6i két qua ¢ hinh 2 cho thay, tuong ty nhu cac
nghién ctru khac da cong bo, chi ¢ thé thu san pham
¢6 hoat tinh kim ham tyrosinase trong diéu kién thay
phan ntta voi [4]. Khi dé phan tmg dién ra triét dé,
cac san pham c6 hoat tinh kim ham c6 thé bi phan
cat tiép hodc hon hop thu duoc c6 thé xuat hién cac
chat hoat hoa tyrosinase va hoat tinh kim ham tong
vi thé sé giam.
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Hinh 2. Anh huéng ctia thoi gian t6i qua trinh thity
phan ba dau tao chat kim ham

3.2. Phan tich thanh phan va x4c dinh gi4 tri IC
50 ctia dich thiiy phan

Két qua phan tich thanh phan dich thay phan
bang sic ky 16p méng (Hinh 3) cho thdy, dich thiy
phan chita cac peptide/axit amin phan tng véi
ninhydrin, nhung khong chtta cystein 1a thanh phan
duoc Kahn (1985) cong bo cé hiéu qua ngan chin
hinh thanh melanine [7]. Trong san phadm thiy phan,
theo két qua phan tich MALDI-TOF (Hinh 4) ciing
khong thdy xuat hién peptid nhé 234 dalton 1a thanh
phan chua yéu trong dich thity phan protein trong
dich chiét tir bot dau tuong (& 95°C trong 1 gio) [4].
San phdm chinh c6 trong dich thiy phan ba dau
trong nghién ctru nay la oligopeptide ngan cé khoi
lwong khoang 3959 dalton (Hinh 4). Ngoai ra trong
san pham thdy phan con chira cac peptide nho c6
khoi luong 1754, 1973, 2253, 2980, 3035 va 3468
dalton (Hinh 4).

Hinh 3. Sic ky @6 TLC san phdm thiy phan ba dau.
Ghi chu: 1, 2: Sin pham thuy phan,; 3: Cystein.
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Hinh 4. Phan tich thanh phan sin ph4m thiy phan bang MALDI-TOF
(A) Mau kiém ching, thiy phan ba voi enzym vo hoat; (B) Mau thi nghiém.

EF-Talaul

Phuong trinh biéu dién méi quan hé gitta phan
tram kim ham va nong d¢ san phdm thay phan (duwoc
xac dinh bang phan tmg véi ninhydrin) c6 dang y =

NONG NGHIEP VA PHAT TRIEN NONG THON - KY 2 - THANG 6/2022

0,0069x + 0,0137 voi hé s6 twong quan R? 1la 0,9984
cho thay hiéu qua kim ham tyrosinase (y) cua dich ti
lé thuan voi nong do san phidm thay phan (x). Tir
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phuong trinh nay, nong d6 tc ché 50% hoat tinh kim
ham tyrosinase cta dich thay phan ba dau duoc xac
dinh la 70,48 pg/ml. Trong khi d6 IC50 cua
lysozyme, ctia axit kojic 1a >10 mg/ml va 5,11 pug/ml
(10 uM) [8].

3.3. Budc dau stt dung dich thiy phan ba &au
kim ché syt sim mau ctia nAm rom tuoi

Nam rom tuoi c6 hoat do nuoc cao, nén tiém
dich thily phan (~30 uL/quéd) 1am cho nidm den (va
nhiin) hon mau kiém ching (KC) khong xt ly (Hinh
5). Viéc nhung qua thé trong dich nhin chung cho
két qua tot hon. Khi nhiing qua thé sau thu hai trong
dich thay phan trong thoi gian 1 phut va phéi hop véi
théi khi oxy lién tuc véi toc do 0,5 L/phut, trong binh
c6 chtra chat hut 4m va c6 duc 16, sau 3 ngay mau sic
va trang thai ctia ndm rom khong thay ddi (két qua
khong duoc trinh bay). Tuy nhién, phun pht dich 1én
qua thé sau thu hoach cho két qua tot nhat trong cac
phuong an khao sat (Hinh 5), qua trinh thuc hién
ciing don gian, nén duoc luya chon dé xir ly qua thé
nam cho muyc tiéu chéng sim mau.

Phun Nhting Tiém KC

Hinh 5. Nam sau thu hoach dugc xit ly véi dich thiy
phan theo cac cach khac nhau

Két qua khao sat thoi diém (va s6 1an) phun pht
dich thiy phan lén ndm trudc va ngay sau thu hoach
cho thdy mau sic cing nhu trang thai nidm duoc
phun pht dich thily phan ba dau (khi bao quan & 15-
18°C) déu thay ddi it hon so v6i cac mau do6i chimg
(Hinh 6, 7).

Mitc do tang d0 sam mau cua cac mau thi
nghiém vo¢i dich thity phan nam trong khoang x4p xi
2 lan (Hinh 6). Cac mau duoc phun trudc khi hai
tang do sim cham, hay no6i cach khac sy sim mau
duoc kim ché t6t hon mau phun sau hai. Mau nam
duoc phun dich thiy phan 1 1an (trudc khi thu hai 4
gi0) va 2 lan (trudce thu hai 4 gid va ngay trudce luc
thu hai) c6 mc do kim ham sy sdm mau la twong

duwong nhau (va tot hon so véi mau phun hdén hop c6
chtra natri benzoate 1a chat chéng méc nhung hoat
hoa nhe tyrosinase vé6 bao nim rom), nén dé tiét
kiém kinh phi phun 1 lan truéc khi thu héi 4 gio.
Mau phun dich thdy phan 1 1an truoc khi hai 4 gio
khong bi moc, thoi nhiin trong 5 ngay bdo quan.
Trong khi d6 ndm rom duoc xtt ly song siéu am va
bao quan trong diéu kién kiém soat do 4m, sau 3
ngay da hong [9]. Do sim cla cdc mau nidm rom
duoc bao quan trong CO, duoc Jamjumroon va cs.
(2012) cong b6 sau 3 ngay ting trén 2,1; sau 4 va 5
ngay tiang 2,5-2,7 [10]. Viéc phun dich thiy phan 1
lan truéc khi thu hai cé hiéu qua kim ché su sim
mau tot. Tuy nhién khdéi luong cia nim (duwoc phun
va doi ching) déu giam khoang 32% (trong thoi gian
5 ngay bao quan c6 do 4m thap 45-60%) cho thiy su
ho hap ctia ndm can duoc kiém soat tot hon (bang
cach phoi hop voi cac bién phap cong nghé khac
nhu bao goi bién d6i khi quyén MAP, kiém soat do
am va nhiét do bao quan...) dé gitt duoc chat luong
ctia nadm rom tuoi trong thoi gian dai hon voi mic do
hao hut thap.
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Hinh 6. Mttc d6 sim mau ctia ndm twoi khi bao quan

Ghi chu: KC: mau nam kiém chung, khong
phun; H,O: mau phun phi nuoc cat; P1: mau phun
phit dich thiy phan truoe thu hoach 4 gio; P2: mau
phun phu dich thuy phin truoc 4 gio va ngay truoc
khi thu hoach; Ps: mau phun ngay sau thu hoach;,
Phh: mau phun hén hop dich thiy phan, natri-
benzoate va CaCl, truoc thu hoach 4 gio.
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Hinh 7. Sy thay d6i hinh thai ctia qua thé ndm rom duwoc phun phi dich thiy phan trong

thoi gian bdo quan ¢ trong phong 15-18°C

Ghi chii: KC: mau nam kiém chung, khong phun,; H,O: mau phun phi nuée cat trudce khi thu hoach 4 gio;
Phun 1 Iin: mau phun phu dich thiy phéan trude thu hoach 4 gio; Phun 2 lan: mau phun phu dich thiy phan
trioe 4 gio va ngay trucc khi thu hoach; Phun sau: mau phun ngay sau thu hoach; Hon hop: mau phun hon
hop dich thuy phan, natri-benzoate va CaCl, truoc thu hoach 4 gio:

4. KET LUAN

ba xac dinh duoc diéu kién chuyén hoa ba dau
tuong (5%) bang alcalase (6 U/g ba) tao chat kim
ham tyrosinase: nhiét do: 65°C pH: 8,0; thoi gian: 1
gio. San phadm thay phan thu duwoc giau peptide co
khoi luong nhé hon 3596 dalton, c6 IC50 1a 70,48
pg/ml.

ba stt dung dich thiy phan ba dau phoi hop voi
nhiét do thap bao quan nidm rom tuoi. Trong diéu
kien: phun dich thay phan trén ndm trudc khi thu hai
khoang 4 gid, bao quan nhiét do 15 — 180°C, sau 5
ngay bdo quan, ndm tuoi it bi bién den va théi nhiin
hon so voi khéng bao quan. Phuong phap bao quan
nay khong doi hoi cac trang thiét bi phuc tap, co6 tiém
nang trién khai tai co s¢ trong nim & Viet Nam va
cac nuoc dang phat trién.
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BIOCONVERSION OF SOYBEAN RESIDUES INTO PADDY STRAW MUSHROOM
ANTIBROWNING AGENTS

Do Bien Cuong, Nguyen Ngoc Anh, Hoang Thi Thanh Thuan,

Duong Thi Thu Ha, Vu Thi Lan

Summary

Enzymatic browning is one of the largest causes of quality loss in fresh mushroom. Therefore, various
natural anti-browning agents have been screened by researchers in recent years. In this publication,
suitable conditions for converting soybean residues exhausted from Vietnam traditional tofu manufacturers
to produce tyrosinase inhibitors for preventation of paddy straw mushroom browning were determined. The
hydrolysate was rich of peptides with a molecular weight of 3959 dalton. The IC50 value of the product was
70.48 pg/ml. Spraying this soybean residues hydrolysate on mushroom 4 hours before harvesting fruit
bodies helped to slow color changing and remain other sensory characters of fresh straw mushroom during
the 5-day storage at 15-18°C. The combined use of soybean residue hydrolysate and other preservation
methods has potential to prolong shelf life of edible mushroom products.

Keywords: Tyrosinase, anti-browning, straw mushroom, Alcalase, soybean residues, peptide inhibitors.
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