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TOM TAT

Trong nghién ctru nay ching t6i tién hanh danh gi4 anh huéng ciia cac loai dén LED néng nghiép (LED

NN), bao gf)m dén LED d6 don séc (R), dén LED xanh don sic (B), dén do LED xanh va LED d6 két hop voi
LED trang am (W) theo cac ty 1¢ khac nhau (BR, BRW1, BRW2 va BRW3) dén qua trinh sinh truong phat trién
va chit lugng qua thé ciia ndm Cordyceps militaris (L1nk ) Fries (C. militaris) trong diéu kién nubi cdy in vitro.
Sau 7 ngay theo ddi thi nghiém, nhan thiy duéi anh sang dén LED NN nim C. militaris ¢6 thoi gian phat sinh
mam qua thé ngén hon va ty 18 mau phat sinh mdm qua thé cao so v6i dén huynh quang T5 (d6i ching). Sau 2
thang nudi cdy, két qua cho thiy céc loai dén LED c6 nhiéu anh sang d6 nhu dén LED d6 don sic va LED BR
da gy tc ché dén sy sinh trudng phat trién cua qua thé ndm C. militaris. Nguoc lai, & nhimg loai dén LED c6
su két hop giira anh sang xanh, do va tring 4m nhu dén LED BRW1, LED BRW2 va LED BRW3 lai anh huong
tich cuc 1én sy sinh truong va phat trién ctia ndm C. militaris. Dic biét, du6i 4nh sang dén LED BRW2 qua thé
ndm co chiéu cao (5,79 cm), sinh khéi tuoi (3,67 /20 cdy), ham lugng cordycepin va adenosine tong sb trong
qua thé (twong tng 13 64,2 mg/100 g twoi va 6,37 mg/100 g twoi) déu cao hon so v&i cong thirc dbi ching va cac
cong thire dén LED con lai. Qua qua trinh khéo st ching t6i nhan thiy anh sang LED két hop theo ty 16 BRW2
= 1:5:1 ¢6 cudng d6 chiéu sang 13 452 pmol.m™.s™(twong tmg véi 511,59 Lux) phi hgp cho sy sinh truéng,
phat trién ctia ndm C. militaris khi nudi cdy trén moi truong dic va c6 kha ning img dung lam ngudn sang thay

thé dén huynh quang trong nudi cdy nhén tao nim C. militaris.

Tir khéa: adenosine, Cordyceps militaris (Link.) Fries, cordycepin, dén LED, qué thé

MG PAU

Nam dong tring ha thao (BTHT) con goi 14 ha
thao dong trung hay dong trung thao 12 mét loai dong
dugc quy c6 ban chét 1a dang ky sinh ctia loai nim
thudc ho Cordyceps trén sau non, nhong hoac co thé
sau truong thanh cia mot s6 loai con trung thudc chi
Thitarodes (Nguyén Thi Thanh Mai et al, 2017).
Nam dong tring ha thao ding dé san xuit duoc liéu
dugc xac dinh gdm hon 680 loai khac nhau va chi
riéng & Trung Qudc da tim thay hon 60 loai (Park et
al., 2001). Tuy nhién cho dén nay nguoi ta méi chi
nghién ctru nhiéu nhit dugc vé 2 loai 1a Cordyceps
sinensis (Berk) Sacc va Cordyceps militaris (L. ex Fr)
Link, ¢ Viét Nam loai thir hai dugc goi 1a Nhong triing
thao (Pai Duy Ban, Luu Tham Muu, 2018). Khac véi
nam Cordyceps sinensis voi san lugng rat it va chi
moc trong tu nhién, loai nim Cordyceps militaris cb
thé d& dang nuoéi trong trong méi trwong nhén tao. Do

vdy, dd c6 nhiéu nghién ctru vé quy trinh nudi trong
nam C. militaris, dic tinh sinh hoa va duoc Iy cia ndm
C. militaris. Phan duoc tinh cia nAm DTHT da dugc
chung minh 13 do cdc chit chiét xudt tir nim
Cordyceps. Thanh phin hoa hoc ctua nim C. militaris
trong tu nhién va nudi trén moi truong nhan tao la
tuong tu nhau (Li ez al., 2006), tuy nhién co su khac
biét 1on giita thanh phin hoat chat ciia cac chung
Cordyceps khac nhau va giita cic san phdm tao thanh
trong qua trinh nuoi nhan tao. Cac phan tich hoa hoc
cho thdy trong sinh khdi (biomass) ciia nAm DTHT c6
tir 17-19 loai acid amin khac nhau, c6 nhidu nguyén
td vi lugng (Na, K, Ca, Mg, Al, Mn, Cu, Zn, Bo, Fe...
trong d6 cao nhit 1a phospho); va quan trong hon ca
1a c6 céac hop chét ty nhién c6 hoat tinh sinh hoc nhu
cordiceptic acid, cordycepin, adenosine,
hydroxyethyladenosine; ngoai ra con c6 khoang 25-
30% protein, 8% chit béo va dwdng mannitol. Nhiéu
cong bd khoa hoc cho thdy nim C. militaris 14 loai
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nédm dugc liéu quy va c6 tiém ning ing dung 16n trong
nganh cong nghiép dugc phdm, thudng duoc sir dung
dé diéu tri nhidu loai bénh nan y nhu bénh ung thu,
suy giam mién dich, suy giam chtic ning gan, than...
(Seulmee et al., 2009; Shonkor et al., 2010).

Trong nudi trong nam DTHT C. militaris, ngoi
cac yéu to nhu gidng, thanh phan moi truong dinh
dudng thi nhiét d6 va anh sang 1a hai yéu t6 moi truong
¢6 anh huéng 16n dén viéc duy tri san luong va chat
lugng ndm C. militaris. Nhidu nghién ctru da cho biét
nhiét do phu hop dé nuoi céy C. militaris 1a tir 20- 25°C
va d6 4m 14 tir 85-95%. Anh sang 1a yéu t6 moi truong
quan trong nhét anh huong dén vigc nudi cy tao thé
qua nam C. militaris. Sau khi tiép xic v6i anh sang,
mau sic clia hé soi nim thay d6i tir mau trang sang mau
vang hodc mau cam, sau d6 bét ddu hinh thanh qua thé
va khong ¢6 qua thé dugc tao thanh trong bong tdi
(Sato Shimazu, 2002 Yang, Dong, 2014). Céc bao cao
gan day cho thay ring cuong do anh sang thich hop cho
viéc san xuat thé qua nim trong khoang tir 500-1000
Lux tuy thugc vao ching nam nudi cay va thoi gian
chiéu sang dai hay ngén (Sung et al., 1999; Gao et al.,
2000; Sato, Shimazu, 2002).

Ngoai ra, ndm déng trung ha thao C. militaris 1a
loai wa lanh nén viéc han ché nhiét lugng tda ra tur
thiét bi chiéu sang that su can thiét cho qua trinh nu6i
céy. Do d6, nhiéu nha khoa hoc trén thé gisi da thyc
hién cic nghién ctru vé& anh huong cua céc nguon
chiéu sang LED khac nhau (ngudn sang c¢6 nhiéu dic
tinh vu viét nhu tiét kiém dién, bude song xac dinh,
tudi tho cao, khong téa nhiét...) dén qua trinh nudi
trdng ndm C. militaris. Nghién ciru ciia Dong va ddng
tac gia da cho biét budc song anh sang co anh hudng
dang ké dén sy phat trién cua sgi ndm, ham lugng hoat
chat adenosine va cordycepin trong nim C. militaris
khi nuéi cdy trén moi truong 1ong. Thi nghiém dugc
thuc hién ¢ diéu kién 4nh sang ty nhién, diéu kién tdi
va cac loai dén LED c6 budc song khac nhau, nhung
déu c6 cudong do chiéu sang 1 400 Lux, chu ky chiéu
sang 1a 12h/12h. D4i voi su phat trién cia sgi ndm va
su tich lily adenosine thi dén LED d6 (budc song 620-
630 nm) 1a phu hop nhét sau d6 dén dén LED hdng
(gdm 1/3 LED xanh phéi hop véi 2/3 LED d6) va thip
nhét 1a & dén LED xanh (budc song 450-460 nm). Dén
LED do dugc danh gia 1a khong phu hgp cho su tich
lily cordycepin, ngugc lai dén LED xanh 1a thich hop
nhét cho su tich liiy cordycepin (Dong ef al., 2012).
Trong mdt nghién clru khac vao nam 2013, Dong va
ddng tac gia ciing da danh gi4 anh hudng cua cac loai
deén LED trén dén qué trinh san xuat qua thé va chat
lwong qua thé cua ndm C. militaris khi nuéi trong trén
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mbi trudong dic. Két qua cho thay dén LED hong co
hiéu suit sinh hoc va ham lugng chét kho (6,77% va
40,06%) qua thé cao nhét, sau d6 1a anh sang LED
xanh (4,86% va 24,44%), tiép theo 1a anh sang huynh
quang (4,55% va 22,69%) va cubi cing 14 4nh séang
LED d6 (4,17% va 22,06%). Bén LED hdng duoc
danh gia 1a t6i wu nhit cho su tich liy ham luong
cordycepin va carotenoid, tuy nhién dén LED do lai
phit hop nhit cho sy liiy ham luong adenosine trong
qua thé nim C. militaris (Dong et al., 2013). Theo
nghién ctru ctia Yi va dong tac gia (2014), trong lugng
thé qua (twoi va khd) ciia ndm C. militaris khi nudi
trdng & didu kién 4nh sang LED d6 (630-660 nm) va
LED d6 xa (730 nm) la thap hon dang ké so véi nubi
trdng dudi dén huynh quang, nhung khong co khac
biét nhiéu giita anh sang LED két hop (LED d6 két
hop voi LED xanh duong theo ty 1€ 2:1, trong d6 c6
10% la LED do xa) so voi anh sang huynh quang.
Ham lugng cordycepin cao hon dang ké khi nubi
trdng dudi 4nh sang dén LED két hop va dén LED do,
dugc danh gia 1a tang 62% so voi anh sang huynh
quang. Ham lugng carotenoid thap hon dang ké khi
nudi trong dudi dnh sang LED d6 va d6 xa, nhung lai
cao hon ¢ anh sang LED két hop. Ham luong
polysaccharide khong khéac biét dang ké giita cac cong
thirc den LED va deén huynh quang (Yi et al., 2014).
Béo céo ciia Chao va dong tac gia (2019) cho biét 4nh
sang dén LED do (budc song 625-630 nm) va LED
xanh la cdy (budc song 520-530 nm) co6 tac dung rit
ngén thoi gian phat sinh mam qua’ thé. Anh sang LED
do lam tang s6 lugng mam qua thé. Dén LED két hop
gitta LED d6 va LED xanh Blue (budc song 465-475
nm) theo ty 1¢ 8: 1, cuong do chiéu sang 500 Lux, chu
ky chiéu sang 1a 16h sang/8h tbi ¢6 tac dung lam ting
sinh khdi qua thé va ting tich liy ham lugng
cordycepin (Chao et al., 2019).

Nhu vay, cac nghién ctru vé anh hudng cua anh
sang LED dén dic diém qua thé va chit luong qua thé
ctia ndm C. militaris da phan déu 1a cic nghién ctru
cua nudc ngoai va trén loai dén LED do LED do va
LED xanh két hop v6i nhau theo cac ty 1€ khac, hién
chua c6 nghién ctru nao dugc thuc hién trén loai dén
LED do LED xanh va LED d6 két hop v6i LED tréng
4m (W) theo cac ty 1¢ khac nhau. O Viét Nam, cic
cong trinh nghién ctru vé anh huéng cua 4nh sang
LED dén qué trinh nuéi trong nam C. militaris con
rat han ché va chua chi tiét trén nhiéu loai dén LED
khac nhau. Budc ddu méi c6 nghién ciru ciia nhém
tac gia Pham Thi Lan va ddng tic gia cho biét, khi
nudi ciy nam C. militaris dudi anh sang dén compact
thi thu dugc két qua tét hon so voi anh sang dén LED
do thu dugc sb lugng, kich thudc qua thé va ham
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lwgng cordycepin cao hon (Pham Thi Lan et al.,
2016). Loai dén LED dugc st dung trong thi nghiém
gdm 750 bong LED nho do 4nh sang xanh dwong va
anh sang do két hop voi nhau theo ti 1¢ 1:2, dén c6
cong suit 1a 716 Lux, nhung trong bio co chua néu
13 vé bude song ctia cac loai bong LED sir dung. Con
theo Trung tim Ung dung tién bd Khoa hoc va Cong
nghé tinh Quang Tri (thudc S& Khoa hoc va Cong
nghé tinh Quang Tri) didu kién nudi cdy ndm C.
militaris thich hop 1a & nhiét d 21+1°C, d6 4m khong
khi 80-90%, cuong d6 anh sang 400-600 Lux, thoi
gian chiéu sang 14 gid/ngay bang anh sang dén LED
va ciing khong chi tiét rd vé budc song cua loai dén
LED su dung (http://elib.dostquangtri.gov.vn). Do
d6, trong bao cao nay ching t6i tién hanh thi nghiém
danh gia anh hudng cua cac loai den LED néng
nghi¢p (dén LED cta Vién Han lam Khoa hoc va
Coéng nghé Viét Nam) c6 budc song va cuong do
chiéu sang khac nhau dén qué trinh nudi trong nhan
tao nam C. militaris, v6i mong mudn 1a tim dugc
nguf)n chiéu sang thich hop cho viéc tao thanh qua
thé, nang cao chat luong qua thé va giam dugc chi
phi trong san xut ndm dong tring ha thao C. militaris
thwong phim tai Viét Nam, dap Gng nhu cau
thi truong trong va ngoai nudc.

VAT LIEU VA PHUONG PHAP

Vit liéu

- Chung nam Cordyceps militaris (Link.) Fries c6
s6 higu NBRC 100741 dugc cung cip boi Trung tim
tai nguyén sinh vat thugc Vién Cong nghé va Banh
gid Qudc gia cia Nhat Ban.

- Hé théng chiéu sang LED nong nghiép (LED
NN): gdm dén LED d6 don séc (Red) (c6 budce song
630 nm); dén LED xanh don séc (Blue) (c6 budc song
450 nm) va den do LED xanh don sac va do don sac
phdi hop véi LED tring 4am (Warm White ) (ving
quang phd rong) theo cac ti 16 khac nhau (LED BR,
LED BRW1, LED BRW2, LED BRW3). Cac loai dén
LED NN str dung trong thi nghiém la dén LED dang
tuyp dai 0,6 m, cong suat 9 W, c6 bude song khac
nhau, c6 cudng d6 sang tir 30 - 79 pmol.m™.s™ va la
dén LED do Trung tam Phat trién cong nghé cao, Vién
Han 1am Khoa hoc va Cong nghé Viét Nam thiét ké
va ché tao ra. Ben huynh quang (FL) T5 dai 1,2 m,
cong suat 36 W, ¢o cuong d6 chiéu sang 1a 46 + 1
umol.m™s™” do cong ty C6 phan Bong dén phich nude
Rang Dong cung cép dugc s dung lam ngudn chiéu
sang ddi chimg.

- Mat d dong photon quang hop (pmol.m™.s™) &
vung budc song 400 nm-700 nm va d6 roi (Lux) cua
cac loai dén trong thi nghiém dugc do bing may do
Li-Cor- 250 A .

- Vat tu, héa chit: K,HPO,, MgS0,.7H,0,
glucose aga, pepton, cao nédm men, gao lat, dich chiét
nhong tam, nude dira, dich chiét khoai tay...

Bang 1. Thang tin vé cac loai dén LED NN sir dung trong thi nghiém.

Cwong d6 anh sang

T Tén dén Tilé LED mau

Khoéng cach (cm)
chiéu sang (ttr dén

Mat dé dong photon Do roi P I U
quang hop (umol.m?.s™)  (Lux) xuong mat gian)
1 FL 4611 459,06 40
o X
2 LED dé (Red) 109 %, LED do 5147 516,38 40
(g6m R=630 nm)
3 LED xanh 100 %, LED xanh (B=450 7943 755,12 40
(Blue) nm)
B:R:W=1:4:2
4 BRW 1 (B=450 nm, R=630 nm, 5317 526,18 40
W=trdng 4m)
B:R:W=1:5:1
5 BRW 2 (B=450 nm, R=630 nm, 452 511,59 40
W=trdng 4m)
6  BRW3 BRY 2;:2\;5:(5;:;2';;" 4945 51222 40
7 BR B:R=1: 4 (B=450mn, R=630 3041 31112 40

nm/660 nm=1/1)
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Phwong phap

- Phuong phap b tri thi nghiém: Nim déng tring
ha thao C. militaris dugc nudi cay trén moi truong gia
thé dic gdm: 20 g gao lit huyét rong + 40 ml dich
chiét (200 g/lit khoai tay + 100 g/lit nhong tdm + 100
ml/lit nuée dua +1 g/lit MgSO,4 + 6 g/lit pepton + 6
g/lit cao nim men + 15 g/lit glucose). Mdi binh thi
nghiém duoc cdy 5 ml dich giong nam C. militaris va
dugc chuyen vao nudi trong trong diéu kién t6i. Khi
soi ndm d4 moc va lan kin bé mit gia thé thi chuyén
cac binh thi nghiém vao cac gian déen LED va den
Huynh quang. Mdi cong thirc chiéu sang khao sat voi
30 binh thi nghiém. Cac chi ti€u danh gia cua thi
nghiém gom: thoi gian hinh thanh mam qua thé sau
khi ra sang (ngay), chleu dai qua thé (cm), dac diém
qué thé, sinh khdi ndm (g) va chét lugng qua thé (phan
tich ham lwong chat cordycepin, adenosine).

- Pinh lugng hop chat cordycepin theo phuong
phap HD/HS1/138 va adenosine theo phuong phéap
HD/HS1/073, cac chi tiéu nay dugc phan tich tai
Trung tim Chting nhan Pht hop (Quacert) thudc Tong
cuc Tiéu chuén Do luong Chit lugng.

Dd Thi Gam et al.

- Céc s6 lidu duogce xu ly véi ph?m mém Microsoft
excell 2007 va Statgraphic XV theo phuong phap
Ducan véi a = 0,05.

KET QUA VA THAO LUAN

Anh huéng ciia cic loai déen LED NN dén thoi gian
va ty 1¢ hinh thanh mim qua thé ciia nim dong
trung ha thao C. militaris (Link.) Fries

Dé danh gia anh huong cia cac diéu kién chiéu
sang khac nhau dén thoi gian va ty 18 hinh thanh mam
qué thé ctia ndm déng trang ha thao C. militaris nubi
céy, thi nghiém dugc thyc hién & 7 diéu kién chiéu
sang khac nhau, bao gdm dén huynh quang va 6 loai
den LED khac nhau (LED Red, LED Blue, LED BR,
LED BRW1, LED BRW2 va LED BRW3). Sau khi
céy giéng xong cac binh thi nghiem dugc nudi trong
buong t6i (pha t61), khi sgi ndm da moc kin bé mat gia
thé nuoi tréng thi chuyén cac binh thi nghiém sang
nudi & pha sang tic 1a chuyén vao cac gian nudi c6
lap cac loai dén khac nhau vé budc séng va cuong do
chiéu sang. Cac két qua thu dugc trinh bay & Bang 2.

Bang 2. Anh hwéng clia cac loai d&n LED NN dén thdi gian va ty 1& hinh thanh mam qua thé ctia ndm ddng triing ha thao

Cordyceps militaris (Link.) Fries.

Diéu kién chiéu sang Ty lé chip LED

The&i gian cam
tao mam qua
thé (ngay)

Ty Ié (%) phat
sinh mam qua
thé sau 7 ngay

Ty 1€ (%) phat
sinh mam qua
thé sau 14 ngay

FL (n =32)
LED Red (n=32)
LED Blue (n=30)

Bén huynh quang
100% LED d5 (R)
100% LED xanh (B)

LED BR (n=30) BR=1:4

LED BRW1(n=30) BRW=1:4:2
LED BRW?2 (n=30) BRW=1:5:1
LED BRW3(n=30) BRW=1:2:2

7 28,12 100
5 42,85 100
5 56,67 100
6 48,27 100
5 53,84 100
6 51,17 100
6 53,57 100

Khi chuyén ra nudi trong & pha sang, nhan thiy
sau 1-2 ngay cac soi nam di bat dau chuyén tir mau
trang sang mau vang nhat va sau 3 ngay thi da chuyén
sang mau vang cam dam. Dudi anh sang déen LED
NN, nim C. militaris c6 thoi gian phat sinh mam qua
thé ngén hon so v6i dudi anh sang dén huynh quang.
O cong thirc dén LED Red, LED Blue va LED BRW1
thi chi sau 5 ngdy mam qua thé di dwogc hinh thanh.
Con & cac cong thitc dén LED con lai nhu LED BR,
LED BRW2 va LED BRW3 thi sau 6 ngay cling da
xudt hién mam qua thé. Cong thirc dén huynh quang
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¢6 thoi gian cam tng tao mam qué thé dai nhét trong
cac cong thirc nghién clru, tirc 1a sau 7 ngay thi méi
xuét hién mam qua thé. Cac két qua thu dugc trong thi
nghiém dugc danh gia 1a pht hop véi két qua nghién
clru ctia Chao va dong tac gia (2019), cho biét 4nh
sang dén LED d6 va LED xanh 14 cay co tac dung rut
ngin thoi gian phat sinh mam qua thé cua nim C.
militaris. Sau 7 ngay theo ddi, nhan thiy cac cong
thirc dén LED NN déu c6 ty 1¢ hinh thanh mam qua
thé cao hon so véi cong thirc dén huynh quang va ty
1¢ hinh thanh mam qua thé cao nhét 12 & cong thic
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LED Blue (56,67%). Tuy nhién, sau 14 ngay thi 100%
cac binh nuoi cay nam C. militaris & tat ca cac cong
thirc dén déu da xuit hién mam qua thé.

Anh huéng cia cac loai dén LED NN dén hinh thai
qua thé ctia nam C. militaris (Link.) Fries

Anh huéng khac nhau ciia anh sang LED dén sy
phat trién hinh thai da duoc ghi nhan trén nhiéu dbi
tuong thyc vat khac nhau. Cac nghién ciru cho thiy
anh sang do va xanh don sic thudng c6 tac dong trai
ngugc nhau dén hinh thai cua thuc vat. Anh sang do

don sic thuong c6 tic dong kich thich kéo dai than
trong khi 4nh sang xanh don sic lai gy trc ché dén sy
phat trién cua choi cay. Bén canh d0, su Kkét hop giira
4anh sang d6 va xanh & ty 1¢ thich hop 1a can thiét cho
sy sinh truong va phat trién cua thuc vat (Duong Tan
Nhut, Nguyén B4 Nam, 2014). Tuwong tu nhu & thuc
vat, gin day nhiéu bdo céo ciing cho biét anh sang
LED c6 budc song khac nhau c6 anh huong khac nhau
dén viéc tao thanh qua thé va chét lugng qua thé cua
ndm C. militaris (Dong et al.,, 2013; Yi et al., 2014;
Chiang et al., 2017, Chao et al., 2019).

Bang 3. Anh hwéng clia céc loai dén LED NN dén sw phat trién hinh thai qua thé clia ndm Cordyceps militaris (Link.) Fries.

S6 lwong qua
Ty I& chip LED thé/100 g méi .
trwong nudi cay

Pidu kién

chiéu sang thé (cm)

Chiéu dai qua

Ty 18 (%)
qua thé
phan nhanh

Dac diém hinh thai qua thé cta nAm
C. militaris

Bén huynh
FL quang 110

. .
LED Red (12)0 #LEDAS 49

100% LED
LED Blue xanh (B) 128

LED BR BR=1:4 128

LED

BRWA1 BRW=1:4:2 126

LED

BRW?2 BRW=1:5:1 125

LED

BRW3 BRW=1:2:2 128

4,44° +0.26

3,727 £ 0.30

5,15%+ 0.21

4,12°+0.48

5,48 + 0.70

5,79°+ 0.57

5,63% + 0.43

Qua thé hinh try, mau vang cam )
4,5 nhat, qua thé& nhé véi dinh nhon, sb
qua thé bi phan nhanh 5/110 qua thé

Qua thé hinh try, mau vang cam,
ngan va nhd, moc khong déu, sb
qua thé bi phan nhanh di dang la
18/128 qua thé.

Qua thé hinh try, mau vang cam,
moc khong déu va nhd, sé qua thé
phan nhanh di dang la 15/128 qua
thé.

Qua thé hinh try, mau vang cam,
moc khong déu va nhd, sé qua thé
phan nhanh di dang la 8/128 qua
thé.

Qua thé hinh tru, mau vang cam, moc
771 khong déu, dau qua tpé phinh to va dai
’ ttr 2-3 mm, s6 qua thé phan nhanh di
dang 1a 9/126 qua thé.

Qua thé hinh try,mau vang cam,
moc d&u, dau qua thé phinh to vadai
4-5 mm, sb qua thé& phan nhanh di
dang 1a 2/125 qua thé.

Qua thé hinh try, mau vang cam,
moc déu, qua thé nhd, dau qua thé
phinh to va dai 2-3 mm, sé qua thé
phan nhanh di dang la 2/128 qua
thé.

14,06

8,59

1,60

1,56

Ghi chu: Cac chir cai khac nhau trong cung moét cét thé hién sw khac biét & mirc y nghia v&i a=5%.

Sau 2 thang theo di, nhan thdy sé lugng qua thé
(trong 100 g méi trudng dic nudi cay) thu duge & cac
cong thire chiéu sang bang dén LED déu nhiéu hon so
v6i cong thie den huynh quang (Bang 3). Anh sang
LED c6 tic dong khac nhau dén hinh thai qua thé cua
nam dong tring ha thao C. militaris. Chiéu dai qua thé
nam C. militaris & cac cong thirc chiéu sang giam dan

theo trinh ty sau: LED BRW2 > LED BRW3 > LED
Blue > LED BRW1 > FL > LED BR > LED Red. Anh
sang LED don sic d6 va don séc xanh c6 tac dong trai
ngugc nhau dén chidu dai qua thé ndm C. militaris.
Trong khi 4nh sang xanh don sic ¢6 kha ning kich thich
tang truong chidu dai qua thé (dat t6i 5,15 cm) thi 4nh
sang do don sic lai gay hiéu ung nguoc lai, tirc 13 ¢b
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chiéu dai thap nhit trong cic cong thirc nghién ciru,
chiéu dai chi dat 3,72 cm. V& hinh thai, qua thé ndm thu
duoc tir & 2 cong thirc dén nay déu c6 mau vang cam,
moc khong déu va nho, co nhiéu qua thé bi phan thanh
cac nhanh nho nhu simg hwou va c6 mau tréng nhat.
Pay ciing 1a 2 cong thirc dén c6 ty 1¢ qua thé phan
nhanh cao nhét trong tit ca cac cong thirc nghién ciru,
ty 1& qua thé phan nhanh ¢ cong thirc dén LED d6 don
sic va LED xanh don sic twong tng 1a 14,06% va
11,7%. O cong thitc ¢én LED BRW2 qua thé ndm C.
militaris ¢6 chidu dai (5,79 cm) 16n hon tat ca cac cong
thurc nghién ciru va su khac biét nay dugc danh gia 1a
¢6 y nghia thong ké. Tai cong thirc dén LED nay qua
thé nAm moc kha dong déu, c6 mau vang cam dam, dau
qua thé phinh to (dai tir 4-5 mm) va ty 1¢ qué thé bj phan
nhéanh thép, chi chiém 1,6% (Bang 3, Hinh 1).

O cong thirc dén LED BRW3, qua thé nim C.
Militaris ciing ¢6 chidu dai kha t6t (5,63 cm) chi kém
cong thirc dén LED BRW2, qua thé moc rat dong déu
va ty 1¢ phan nhanh thap, chi chiém 1,56% (Hinh 1).
Qué thé ndm & cong thirc dén LED BRW1 ¢6 chidu dai
la 5,48 cm va dugc danh gia 1a twong duong véi dén
LED Blue. V& hinh thai nhan thiy ¢ cong thirc dén
LED BRW1, qua thé c6 mau vang cam, c6 dau phinh
to dai tir 2-3 mm, tuy nhién lai moc khong déng déu va
¢6 ty 18 phan nhanh 14 7,71%. Qua thé thu dwoc tir cong
thirc dén LED BR c¢6 chiéu cao 1a thap nhat (4,12 cm)
va moc khong dong déu, ty 1& qua thé bi phan nhanh 1a
8,59%. Tur nhiing két qua thu dugc nhan théy, trong 7
cong thirc nghién ctru thi cong thirc dén LED BRW2
va LED BRW3 1a phii hop cho sy phat trién qua thé cua
nam dong tring ha thao C. militaris.

Anh huwéng ciia cic loai déen LED NN dén chét
lwong nim déng trung ha thio C. militaris Link.

Bén canh sy thay ddi vé chidu dai va hinh thai qua

Dd Thi Gam et al.

hé cua nam C. militaris, anh sang dén LED NN con
anh huong toi chit lugng qua thé théng qua mot s6
chi tiéu theo ddi nhu sinh khdi tuoi, ham lwong chét
kho va ham lugng hoat chit cordycepin va adenosine
trong thé qua ndm déng tring ha thao C. militaris.

Sinh khéi tuoi ciia qua thé nAm C. militaris cao
nhat 12 & cong thire dén LED BRW2 (3,67 g/20 qua
thé) va dén LED BRW3 (3, 68 g/20 cay), két qua nay
cling phtt hgp vé6i sy phat trién hinh thai qua thé do
& cac cong thirc dén nay qua thé thu dugc déu to va
dai hon so véi cac cong thirc dén khac. Sinh khi
tuoi va ham luong chit kho thip nhat & cong thirc
deén LED do don sic (twong tng 1a 2,29 g/20 qua thé
va 24,73%). Két qua nghién ctru nay ciing phu hop
voi nghlen ctru ciia Dong va dong tac gia (2013), cho
biét ¢ diéu kién anh sang LED do thi hiéu suat sinh
hoc va ham lugng chat kho cua thé qua ndm C.
militaris 1a thap hon so v6i anh sang LED két hop va
anh sang dén huynh quang. Ham lugng chit kho cao
nhit 14 & cong thirc dén LED xanh don séc (29,71%)
va cong thirc dén huynh quang (27,77%), con thip
nhét 1a & cong thirc dén LED BR (24,73%) va dén
LED BRW1 (24,83%). Ham lugng sinh khéi tuoi ty
1¢ nghich v6i ham lugng chat khé trong quéa thé ndm
C. militaris, diéu ndy cho thay & nhiing cong thirc co
ham lugng sinh khdi twoi 16n thi ciing tich lity nhidu
nuée hon & nhitng cong thire ¢6 ham lugng sinh khéi
tuoi thap.

Chat lugng anh sang cta cac loai dén LED khac
nhau c¢6 anh huong 16 rét dén viée tich liy cac chét
chuyén hoa khac nhau trong thyc vat (Bian et al.,
2015). Su gia tang cac chat chuyén hoa cua thuce Vat
bao gdm ca hop chat so cap va thir cdp (nhu dudng,
tinh bot, vitamin-C, protein va polyphenol) da nhan
thy ro & 4nh sang LED d6 hodc LED xanh so véi anh
sang huynh quang.

Bang 4. Anh hwéng cla cac loai den LED NN dén sinh khdi twoi, ham lwgng chét khd va ham lwong cordycepin, adenosine

trong qua thé ndm C. militaris.

Didu kién 016 chi Sinh’khéi tu’ozi Ham Iwong Ham Iu’qn.g Ham Iu’c_lyng
hibusing  DOCHRLED  goadtand  Giuld)  Cotenn | A

FL DPén huynh quang 2,98 27,77 60,00 6,47

LED Red 100% LED d5 (R) 2,29 24,73 45,40 6,46

LED Blue 100% LED xanh (B) 2,49 29,71 55,33 3,26

LED BR BR =14 2,87 24,73 51,60 4,67

LED BRW1 BRW=1:4:2 3,10 24,83 50,40 4,96

LED BRW2 BRW=1:5:1 3,67 25,95 64,2 6,37

LED BRW3 BRW=1:2:2 3,68 25,54 54,34 5,87
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Trong nghién ctru nay, ching toi ciing da tién
hanh danh gia anh huong cta cac loai dén LED NN
khac nhau dén ham luong cic hop chat ¢ hoat tinh
sinh hoc trong ndm DTHT C. militaris 1a cordycepin
va adenosine. Ham lugng hoat chat cordycepin va
adenosine trong cac cong thi nghiém dugc tinh theo
mg/100 g ndm tuoi. Ham lugng cordycepin cao nhat
la & cong thitce LED BRW2 (64,20 mg/100 g), sau
do6 1a ¢ cong thue FL (60,0 mg/100 g) va thép nhat
1a ¢ cong thirc LED Red (45,40 mg/100 g). Két qua
nay cling tuong dong v6i két qua cua Yi va dong tac
gia (2014), cho biét ham luong cordycepin cua nédm
C. militaris khi nuéi trong dudi anh sang dén LED
két hop (do: xanh: d6 xa=6:3:1) cao hon dang ké so

We2100010
#62100010

AW T

:
’é

#62100010

:
g
:

v6i nudi trong dudi anh sang huynh quang. Ham
lugng adenosine cao nhit & cong thirc dén LED Red
(6,46 mg/100 g) va dugc danh gia 1a tuong duong
véi cong den huynh quang (6,47 mg/100 g). Trong
4 loai dén LED két hop, dén LED BRW2 ciing ¢6
ham lugng adenosine twong ddi cao (6,37 mg/100
g). Ham lugng adenosine thap nhét 1a & cong thirc
déen LED Blue, tai cong thitc nay ham luong
adenosine 1a 3,26 mg/100 g. Pidu d6 cho thiy 4anh
sang LED d6 c6 tac dung ting tich lily adenosine
va két qua nghién ctru nay ciing phit hgp véi nghién
ciru cua Dong va dong tac gia (2012, 2013) da cho
biét anh sang LED d6 phi hgp nhit cho sy lily ham
lugng adenosine.

Hinh 1. Hinh anh cGa ndm déng triing ha thao C. militaris Link khi nudi ciy & cac didu kién anh sang khac nhau (a, FL; b, LED
Red; ¢, LED Blue; d, LED BR; e, LED BRW1; f, LED BRW2; g, LED BRWS3; h, i, hinh anh m&m qué thé sau 14 ngay nuoi cy

(h, dén FL; i, dén LED BRW2).

Tir nhitng két qua thu dwgc nhén thiy dén LED
¢6 nhidu anh sang d6 nhu dén LED Red va dén LED
BR 12 khong phu hop cho viée san xuit qua thé nim
C. militaris trén moi truong dic. Cac loai dén LED
dugc phdi hop giita 4nh sang LED d6 don sic, LED
xanh don sic va LED tring am theo ty 1¢ phi hop thi
d3 c6 anh huéng tich cuc dén hinh thai va chét luong
qua thé cua ndm C. militaris. Dén LED phdi hop
BRW2 va BRW3 c6 cuong chiéu sang tuong duwong
nhau (twong tmg 1a: 45+2 pmol.m™.s™; 511,59 Lux va
49+5 pmol.m™s™; 512,22 Lux) dwoc danh gia la
nhitng cong thirc dén LED phu hop cho viée san xuét
qua thé ndm C. militaris. Tuy nhién, cong thirc dén

LED BRW?2 do c¢6 nhiéu chi tiéu sinh truéng, phat
trién hodc 1a vuot troi hon hodc la twong duong so véi
diéu kién anh sang dén huynh quang nén dugc dédnh
gia 1a ngudn sang c6 thé thay thé dén huynh quang
trong qué trinh nudi tréng nhan tao nim PTHT C.
militaris. Ké qua nghién ctru nay 1 pht hop véi két
qua da cong bd cua nhidu tic gia nhu Dong va ddng
tac gia (2013), Yi va dong tac gia (2014), Chiang va
ddng tac gia (2017) ciing nhu cua Chao va dong tac
gia (2019) vé viéc khing dinh dén LED két hop giita
budc song LED xanh va LED do theo ty 1¢ phu hop
da c6 tac dong tich cuc dén viéc san xuét sinh khéi
qua thé cling nhu viée tich lity cac hop chit hoat co
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tinh sinh hoc trong ndm C. militaris. Theo Yi va dong
tac gia, dén LED két hop gitra LED d6 + LED d6 xa
+ LED xanh theo ty 1€ 6:1:3 va 4:4:3 duoc danh gia la
ngudn anh sang tot nhét cho qua trinh san xuat qua thé
ndm C. militaris (Yi et al., 2014). Chao va dong tac
gia lai cho biét dén LED két hop gitra LED d6 va LED
xanh theo ty 1& 8:1 & cuong d6 chiéu sang 100 Lux c6
tac dung lam tang sinh kh6i qua thé va tang tich liy
hoat chat cordycepin, & cuong do chiéu sang 300 Lux
lai lam tang ham lugng manitol, con & cuong do chiéu
sang 500 - 1000 Lux lai lam tang ham lugng
adenosine va polysaccharides. Dén LED BRW2 dugc
tao ra tir sy két hop giita LED d6 don sic c6 bude song
630 nm va LED xanh don sic c6 budc song 450 nm,
nén ciing kha tuong dong voi cac loai dén LED sir
dung trong nghién curu cua nhitng tac gia trén. Tuy
trong dén LED BRW2 khong st dung LED do xa co
bude song 660 - 730 nm nhu trong den LED cua Yi
va dong tac gia, nhung viing phd thleu hut nay da dugc
bu lai bang cach st dung LED trang 4m (W) vi LED
trang 4m c6 dai pho rong bao gdm ca dai phd dnh sang
d6, d6 xa cho dén 730 nm. Hon nita dén LED nay cé
cuong d¢ chiéu sang 1a khoang 500 Lux nén rat phu
hop cho viéc san xudt ndm dong tring ha thao C.
militaris nhu nhidu tac gia da cong bd. Do dén LED
BRW?2 c6 cong sudt 1a 9 W, nén khi sir dung dé chiéu
sang trong nudi trong ndm dong tring ha thao C.
militaris s& tiét kiém dugc it nhat khoang 50% chi phi
dién ning so véi dén Huynh quang T5 (cong suét 36-
40 W) hodc dén Compac (cong sudt 20 W) nho do sé
gidm duoc chi phi san xuét va cac san phdm thuong
mai tit nAm C. militaris s& duoc gidm gia dap ing nhu
cdu tiéu ding cua thi truong.

KET LUAN

Céc két qua nghién ctru d chi ra ring & cac diéu
kién chiéu sang bang dén LED NN khéc nhau c6 anh
huéng dang ké dén sy sinh truong, phat trién ctia nAm
d6ng tring ha thao in vitro. Anh sang LED NN c¢6 tac
dung kich thich sy hinh thanh mam qua thé ciia ndm
dong trung ha thao nhanh hon tir 1-2 ngay so véi anh
sang huynh quang. Trong diéu kién chiéu sang bang
dén LED két hop gitra 4nh sang LED xanh don séc (B),
do6 don sic (R) va LED tring am (W) theo ty 1¢ BRW
2=1:5:1, ¢6 cuong do sang 1a 45+2 pmol.m™.s™' (twong
{g v6i 511,59 Lux), qua thé ndm dong tring ha thao
C. militaris phat trién tot nhat v6i chiéu cao 14 5,79 cm,
khdi lugng tuoi 1a 3,67 g/20 cay, ham lugng cordycepin
14 64,2 mg/100 g ndm twoi va ham luong adenosine 1a
6,37 mg/100 g nam twoi. Didu d6 cho thiy dén LED
BRW2 véi cac chi sb nhu trén co thé sir dung dé thay
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thé dén huynh quang T5 trong qua trinh nudi ciy nhan
tao nam dong trung ha thao C. militaris.

Loi cam on: Tdp thé tac gia xin chdn thanh cam on
dé tai “Nghién ciru anh hwong cua anh sang LED NN
dén sinh truong, phat trién cua ndam déng tring ha
thao Cordyceps militaris” md so S HTD.CS.03/18 va dé
tai “Nghién ciru phdt trién cong nghé chiéu sang LED
phuc vu néng nghiép Tdy Nguyén”, md s6 TN3/C09
thudc chwong trinh Tdy Nguyén 3 di cung cdp kinh
phi, thiét bi, vt liéu dé thie hién nghién ciru.
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EVALUATION OF THE EFFECTS OF AGRICULTURAL LED LIGHTING ON INVITRO
PROPAGATION OF Cordyceps militaris (Link.) Fries

Do Thi Gam', Duong Huong Quynh', Phan Thi Lan Anh', Nguyen Hoang Duong', Chu Thi Hoa', Do Thi

Kim Hoa?
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SUMMARY

In this study, the effects of various agricultural LED lights (LED NN), including single red LED (R), single
blue LED (B), and four combinations of blue, red, and warm white (W) LED (BR, BRW1, BRW2, BRW3) on
the growth and development of C. militaris (Link.) Fries were evaluated in vitro. After 7 days, samples subjected
to LED NN showed shorter sporocarp sprouting time and higher sprouting ratio than the control, which was
subjected to TS5 fluorescent light. After 2 months, LED lights with high red ratio, such as single red LED and
LED BR, had suppressing effect on the growth and development of C. militaris (Link.) Fries. On the other hand,
combinations of red, blue, and warm white such as LED BRW1, LED BRW2, and LED BRW?3 had the positive
impact on the growth and development of this fungus. Notably, samples subjected to LED BRW2 reached 5.79
cm in height, fresh biomass of 3.67 g/20 samples. Cordycepin and Adenosine levels were 64.2 and 6.37 mg/100
g fresh mass, respectively. All of studied indicators were the higher compared to those of the control and other
LED lighting schemes. Therefore, it can be conlcuded that LED lighting combination with BRW2 ratio of 1:5:1
and luminous intensity of 45+2 pmol.m?s™ (511,59 Lux) was suitable for the growth and development of
C. militaris (Link.) Friesand a potential replacement of fluorescent light for C. militaris (Link.) Friesin vitro

propagation.

Keywords: adenosine, Cordyceps militaris (Link.) Fries, cordycepin, LED lighting, fruiting body
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