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Tém tat. Nghién ctru nay khao sat anh huong ctia d6 chin thu hoach, thoi gian hdp va nhiét do say
bom nhiét dén ham luong hop chat phenol tdng s6 (TPC) va hoat tinh khang oxy hda (ICsp) ciia bdt
Gung den (Distichochlamys orlowii). Két qua cho thdy giai doan trudng thanh sinh ly déng vai tro quyét
dinh dén chét luong nguyén liéu; trong do, thoi diém thu hoach 11 thang sau trong la tot nhat voi ham
luong chét kho hoa tan va duong khtr cao, dong thoi TPC tang va ICse giam so véi cac giai doan sém
hon. Trong céng doan tién xtt 1y, hdp hoi nudc bao hoa trong 2 phat gitp ting ham luwong TPC va cai
thién ndng lwc khang oxy hoéa (ICs thdp nhét). Doi véi qua trinh sdy, nhiét d6 sdy bom nhiét 55 °C la
diéu kién phu hop dé€ bao ton hoat chat nhay nhiét, cho san pham bot c6 TPC dat 3,44 mg GAE/g CK,
gia tri ICsy thdp nh4t (451,56 pg/mL) va d6 hoa tan dat 25,75%. Két qua nghién cttu la co s& khoa hoc
quan trong cho viéc chuan hoéa ché bién bot Gling den giau hoat chat va c6 hoat tinh chéng oxy hoéa
cao.

Tw khoa: bot Glieng den, Distichochlamys orlowii, &6 chin thu hoach, hdp hoi nudc, sdy bom nhiét
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Abstract. This study focused on the effects of harvest maturity, steaming time and heat pump drying
temperature on the total phenolic content (TPC) and antioxidant activity (ICso0) of Black ginger powder
(Distichochlamys orlowii). The results indicated that the physiological ripening stage plays a decisive
role in raw material quality; specifically, the 11-month post-planting harvest time was optimal with
high total soluble solids (TSS) and high reducing sugar content, while there was an increase in TPC
combined with a decrease in ICsy values compared with earlier stages. In the pre-treatment stage,
saturated steaming for 2 minutes significantly enhanced TPC and improved antioxidant capacity
(achieving the lowest ICs). Regarding the dehydration process, a heat pump drying temperature of 55
°C was the best for preserving heat-sensitive bioactive compounds, resulting in a Black ginger powder
product with a TPC of 3.44 mg GAE/g DW, the lowest ICso value (451.56 pug/mL), and a solubility of
25.75%. The research results are an important scientific basis for standardising the processing of a
Black ginger powder, which is rich in bioactive compounds and has high antioxidant activity.
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treatment
1 Mo dau

Gung den (Distichochlamys orlowii) la loai
thue vat dac hitu thudc chi Distichochlamys, ho
Gung (Zingiberaceae), duoc phat hién lan dau tai
Viét Nam. Trong y hoc cd truyén va am thuc dan
gian, than ré cdy Gung den khong chi dwoc st
dung nhut mét loai gia vi tao hwong vi dac trung
ma con la mét duoc liéu quy véi cac dédc tinh sinh
hoc wu viét. Cac nghién cttu cong b6 trong nhiing
ndm gan day da khang dinh Gluing den c6 luong
hop chét tht cdp déi dao, bao gom cac dan xuat
polyphenol, polymethoxyflavones, flavonoid va
cac anthocyanin — nhitng thanh phan truc ti€p
tham gia vao co ché bao vé t&€ bao thong qua hoat
tinh chong viém, bat gc tu do va ngan ngira cac
hoi ching chuyén hoa [1]. Ddc biét, cac hoat chat
khong bay hoi nhu gingerol va shogaol con gép
phan ting cuong stic khoe tim mach [2] va hd tro

diéu tri bénh tidu duong [3-5].

Trong xu hudng tiéu dung hién dai, bot
Guing den dang trd thanh dang thwong pham pho
bién nho tinh tién dung, han bao quan dai va kha
nang tng dung da dang trong cong nghiép thuc
phém, dwgc phdm va thwc phdm chiic nang. Tuy
nhién, chat luong hoa sinh va hoat tinh sinh hoc
cua bot thanh pham phu thudc khit khe vao su
twong tac gitta yéu t6 noi tai va cac thong so ky
thuat trong qua trinh ché bién. B¢ chin thu hoach
khong chi anh hudng dén su tich lity chat kho ma
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con quyét dinh ho so phenol va nang luc khang
oxy hoéa tu nhién ctia nguyén liéu. Bén canh do,
cac phuong phép tién xt ly nhiét nhw hap hay
chan va cong nghé sdy dong vai tro then chot
trong viéc bat hoat enzyme oxy hda va bao ton cac
hop chat nhay nhiét [6, 7].

Mac du tiém nang cta Gling den la rat 16m,
nhung cac cong bé vé quy trinh san xudt bot tie
loai gttng dac hitu Distichochlamys orlowii hién con
rat han ché, ddc biét la sy thiéu hut cac nghién ctru
vé su két hop gitta do chin t6i wu va cong nghé sdy
bom nhiét hién dai. Do d6, nghién cttu nay duoc
thiee hién nham xac 1ap co sé khoa hoc cho quy
trinh ché€ bién thong qua viéc xac dinh thoi diém
thu hoach thich hop dé dat ham luwong hoat chat
cao nhat, khao sat anh hwong ctia qua trinh hap
nhiét am dén viéc giai phong cac hop chat phenol
lién két va ché€ d¢ sdy bom nhiét d€ duy tri ti da
nang luc khang oxy héa. Két qua nghién ctru sé
cung cap quy trinh cong nghé chuan hda, gop
phan nang cao gia tri chudi cung tng néng san va
phat trién cac san phdm duoc liéu chat luong cao
tr cit Ging den tai Viét Nam.

2 Vatliéu va phuwong phap

21 Vitliéu

Cu Gung den dwgc thu hoach tai cac ho
dan thudc Xa Phong bién, Thanh phd Hug, trong
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theo cling quy trinh canh tac. Sau thu hoach, mau
duwoc van chuyén vé phong thi nghiém trong
ngay, rira sach, d€ rao, got vo va cit 14t v6i do day
2 +0,5 mm. Mau duogc bao quan trong tti zip 6 4 +
1 °C va duoc tién hanh thi nghiém trong vong <
48 gio sau so ché.

Céac hoa chat chinh gom: Folin-Ciocalteu,
Na,CO3, AlCl;, DPPH, ABTS, K,S,0g, Trolox,
ethanol (hodc methanol) va cac hoa chédt phan tich
thong thuong (d0 tinh khiét phan tich).

22 Phuwong phap
B4 tri thi nghiém

Thue nghiém dwoc trién khai hé thong qua
cac giai doan ké tiép nhau, bat dau tir khau tuyén
chon nguyén liéu dat chuan vé d¢ chin thu hoach.
Sau khi so ché va rtra sach, nguyén liéu duoc cat
lat v6i kich thude dong nhat nham t6i wu hoéa dién
tich tiép xuc cho cac phan ting nhiét hoa tiép theo.
Tiép dén, cac lat gung trai qua cong doan chan
(hodc hap hoi nudc) d€ bat hoat hé enzyme oxy
hoéa, dong thoi thuc day su dit gay cac lién két ndi
bao nham giai phéng cac hop chat phenol tu do.

Cong doan quan trong tiép theo la qua
trinh sdy (sit dung cong nghé sdy bom nhiét) dé
tach am va dua san phdm vé ngudng an toan bao
quan. Cudi cling, mau khé dugc nghién min dé
tao ra san pham bot thanh pham dat d6 dong nhat
cao, st dung cho cdc phan tich danh gid ham

luwong hoat chat va hoat tinh sinh hoc.

Quy trinh thi nghiém duwoc thuc hién theo
trinh tu: nguyén liéu — so ché — cat 1at — hap —

sdy — nghién — thu san phdm.

Xac dinh d6 chin thu hoach
Mau Gling den twoi dwoc thu hoach tai

ndm giai doan sinh treédng twong tng 8, 9, 10, 11
va 12 thang sau trong nham lga chon nguyén liéu
c6 chat luong tot nhét cho cac cong doan ché bién
bot gling. O mdi giai doan, mau duoc phén tich

céc chi tiéu hoda ly va sinh hoa. Cac chi tiéu hoa ly
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gom do dm (sdy dén khdi luong khong dai), chat
kho hoa tan (TSS, °Brix), ham luong dwong khte
(phuong phap DNS, %). Céc chi tiéu sinh héa bao
gom polyphenol tong s6 (TPC) va hoat tinh chong
oxy hoa (DPPH). Két qua duoc tong hop thanh
chi s& chin dé€ lua chon giai doan thu hoach thich
hop lam nguyén liéu dau vao cho cac nghién ctru

tién xw ly va sdy tiép theo.

Khao sat anh huéng caa thoi gian hip

Ging den tuoi sau so ch& dugc cat lat voi
d% day 2 + 0,5 mm va xtt Iy béng hoi nwéc bao hoa
o nhiét do s6i ctia nwdc véi cac khoang thoi gian
thay d6i: 0 (d6i chung), 1, 2, 3, 4, va 5 phut. St
dung ndi hdp c6 nap kin véi 100 g cho mdi mau,
duoc trai 160p mong trén ludi hap dé dam bao
truyén nhiét dong déu. Thoi gian hap duoc tinh
ttr thoi diém hoi nwde 6n dinh va nhiét d¢ trong
budng hap dat trang thai s6i on dinh sau khi dua
mau vao. Khi két thtic hdp, mau duwoc 13y ra ngay
va d€ ngudi nhanh vé nhiét do phong trudc khi
say bang cong nghé bom nhiét & 50 °C dén khi dat
dd am an toan 8%. San phdm kh6 duoc nghién
min thanh bdt va tién hanh phéan tich ham lwong
polyphenol tong s6 va kha nang khang oxy hoa
(ICs0).

Khao sat diéu kién sdy bom nhiét

Mau Gung den sau khi xtt ly hap theo diéu
kién da chon duoc sdy bang hé thdng sdy bom
nhiét tai cdc mrc nhiét do 40, 45, 50, 55 va 60 °C
nhdm xac 1ap ché d6 nhiét ti wu cho viéc bao ton
cac hop chat sinh hoc nhay cam. Thi nghiém duoc
thuc hién theo phuong thitc sdy dén diém két
thiic muc tiéu tng véi d6 dm khoang 8% (TCVN
8959:2011), nham phan tich sdu vé déac tinh tach
am; bién thién khoi luong duoc ghi nhan dinh ky
véi tan suat 30 phut.

Sau khi sdy, mau duwoc phan tich cac chi
tiéu chdt luong gom d6 am, ham luong
polyphenol tong s6 va hoat tinh chong oxy hoa.

Nhiét d¢ sdy dwoc lya chon dua trén kha nang

19



Nguyén Hién Trang va CS.

bao toan t6i da hgp chat phenol va hoat tinh
chdng oxy hoda, dong thoi dam bao diéu kién bao

quan 6n dinh cua bot thanh pham.

Phueong phap phan tich

Xdc dinh polyphenol tong va hoat tinh chong oxy hoa
(DPPH — ICs)

Can 0,2 g bot; thém 10,0 mL ethanol 70%
(v/v) (ty 1é 1:50, w/v). Siéu am & 40 kHz va 30 °C
trong 30 phut; ly tam 5000 g/10 phut; loc va thu
dich chiét d€ phan tich.

Ham luwgng polyphenol tong s6 dugc xac
dinh theo Folin-Ciocalteu v6i duwong chuén acid
gallic (R? > 0,995), biéu thi bang mg GAE/g CK.

Kha nang khang oxy héa: Chuan bi DPPH
0,1 mM; pha loang mau t6i thidu 5 muic nong do;
u t6i 30 phat; do dd hap thu quang & bude song
517 nm. Tinh % ttc ché€ DPPH va xac dinh ICs,
(ug/mL) theo phuong phap hoi quy tuyén tinh
8, 9.

Xdc dinh d6 dm

D6 dm duoc xac dinh bang phuong phap
sdy dén khoi luong khong d6i ¢ 105 °C + 2 °C
(TCVN 8949:2011).

D6 hoa tan

D6 hoa tan cua bot giing dwge xac dinh
béng céch hoa tan 2 g bot gling trong 50 mL nudce
cat va khudy trong 10 phut. Sau d¢, ly tam dung
dich thu dwgc ¢ t6c do 5000 vong/phut trong 10
phat. Phan dich n6i duoc thu thap va sdy kho ¢
105 °C trong 12 gio cho dén khoi lwgng khong doi
nham xac dinh tong luwgng chat rin hoa tan. Do
hoa tan trong nudc tinh theo phan tram dwoc tinh
nhu sau [10]:

. Khdi lwong phan dich néi
Do hoa tan (%) = —— = — X% 100
Khoéi lwgng mau ban dau
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Xur Iy s0'liéu

S6 liéu dugc xtt Iy bang Microsoft Excel va
phan mém SPSS phién ban 22.0 véi phan tich
phuong sai dé xac dinh sy sai khac gitta céc

nghiém thitc bang kiém dinh Duncan (p < 0,05).

3  Két qua va thao luan

3.1 Anh hwéng ctia do chin thu hoach dén cic
chi tiéu hoa 1y va hoat tinh sinh hoc caa
bot Glirng den

Viéc xac dinh thoi diém thu hoach thich
hop doéng vai tro quan trong trong viéc kiém soat
chét luong nguyén liéu va hiéu qua bao ton cac
hop chét sinh hoc trong qua trinh san xuat bot
gung. Cac chi tiéu hda ly va hoat tinh sinh hoc ciia
bdt Gung den bién thién ro rét theo giai doan sinh

truong cua cay (8-12 thang sau trong).

Bang 1. Anh huéng ctua d6 chin thu hoach dén cac chi
tiéu héa ly va hoat tinh sinh hoc ctia bdt Gliing den

Ham . Kha ning
Ham \ .
R lwong Ham lwong  khang oxy
bo » luong ,
, chat .\ polyphenol hoa ICso
chin N duong
kho hoa Khi (mg GAF/g (ng/mL)
(théng) tan uw CK)
0,
K
%) (% CK)
8 24,832+ 29,26+ 2,142+ 0,39 616,82+
0,91 1,29 14,27
9 26,83+ 32,11+ 2,50°+0,19 603,60°+
0,81 1,02 11,42
10 27,026+ 33,16  2,82¢+0,32 552,800+
0,52 +2,15 8,15
11 27,56+ 34,50+  2,90°+0,49 533,83+
0,68 2,04 10,27
12 24,872+  32,78>  2,96°+0,51 541,25+
0,82 +3,11 31,76

Ghi chii: Cac chit céi in thuwong khac nhau trong cling
mot cot cho biét su sai khac c6 y nghia théng ké (p <
0,05).

Cac chi tiéu hoa ly va hoat tinh sinh hoc
trong bot Ging den phu thudc vao giai doan sinh
truong, phan anh qua trinh chuyén hda sinh hoéa
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ndi tai. Xu hudng nay cho biét giai doan tich lay
carbohydrate hoa tan manh & pha trudng thanh
sinh ly (9-11 thang), trudce khi xay ra tai phan bd
vat chat hodc tang thanh phan cdu truc. Két qua
nghién cttu cho thady ham luong chat kho hoa tan
va duong khur dat gid tri cuc dai tai thoi diém 11
thang sau trong truede khi cd xu hudng sut giam &
giai doan 12 thang (Bang 1). Ham luwong chét kho
hoa tan tang ro ttt 24,83% ¢ thang thit 8 lén
27,56% & thang thit 11, sau d6 giam xudng 24,87%
& thang thit 12. Dién bién tuong tu cling dugc ghi
nhan d6i voi dwong kht, khi gid tri tang tie
29,26% CK ¢ thang thit 8 1én 34,50% CK ¢ thang
thit 11, sau d6 giam nhe ¢ thang thix 12.

Hién twgng nay c6 thé la do su chuyén hoa
cac hgp chat carbohydrate hoa tan thanh cac
polymer cdu tric nhu cellulose va lignin khi cu
gia hoa hodc do sy tiéu ton nang luwgng cho hoat
dong ho hap duy tri trong giai doan ngt nghi cta
thuee vat. Xu hudng ting trwong TSS trong giai
doan treong thanh cta Gung den hoan toan
twong dong vdi cac cong bo ctia Plotto va cong sw
[11] va Sida va cdng su trén cac gidng gung
thuong pham [12].

Déang cha y la ham luong polyphenol tong
s0 va luc khang oxy hoéa tang lién tuc va dat trang
thai t6i wu O giai doan 11-12 thang. Viéc giam chi
s0 ICso ttr 616,82 pg/mL xudng con 533,83 ug/mL
cho thdy su tich liy manh mé ctia cac hop chat
phenol thit cdp déng vai tro chu dao trong viéc
khtr cac goc tw do [13]. Diéu nay ching t6 c6 mdi
twong quan nghich gitta TPC va hoat tinh chong
oxy hda. Xu huéng nay twong dong voi cac cong
b8 vé tang cac hop chét phenol dan dén tang kha
nang bét goc tw do [14, 15]. Tuy nhién, mdc du
thang tht 12 ¢6 TPC cao nhdt vé mat sd hoc (2,96
mg GAE/g CK), gia tri nay khong khac biét c6 y
nghia thong ké so véi thang thit 11, trong khi ham
luong chat kho hoa tan va lwong duong khtr giam
rd va d¢ dao dong ctia ICso 16n hon. bBiéu nay cho
thdy sau khi dat dén dinh sinh ly, su tich lay cac

hop chat phenol c6 xu hudéng 6n dinh, con chat
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luong cong nghé ctia nguyén liéu bat dau suy
giam. Vi vy, xét tong hop trén ca phuong dién
hoa ly, hoat tinh sinh hoc va tinh thich hop cho
ché bién sau thu hoach, thang thit 11 dwgc xem la
thoi diém thu hoach phu hgp nhat dé san xuét bot
Glng den.

3.2  Anh hwéng cta thoi gian hip dén ham
lwgng polyphenol va hoat tinh khang oxy
héa ctia bot Girng den

Qua trinh hap hoi nudc tadc dong truc ti€p
dén cAu trac mo va dd bén cua cac lién két hoa
hoc trong ci Gung den. Két qua thuc nghiém vé
sw bién déi TPC va gia tri ICso ctia bot Gling den
sau sdy duoc trinh bay trén Hinh 1.

2 w

Polyphenol tong (mg GAE/g CK
—

Kha nang khang oxy hda IC,, (ug/mL)

Egt gttt
\}b“@ mzEm Polyphenol tong (mg GAE/g CK)
Q =—+=Kha nang khang oxy hoa IC50 (ug/mL)

Hinh 1. Anh hudng ctia thoi gian hdp dén ham luong
polyphenol va kha nang khang oxy hoéa cta ctia bot
Gtling den
Ghi chii: Céc chir cai khac nhau (a, b, ¢, d d6i véi TPC va
a', b', ¢' d6i voi IC50) cho biét s khac biét c6 y nghia
théng ké (p <0,05).

Két qua tir Hinh 1 cho thdy ham luong TPC
tang tt 2,86 1én mttc cec dai 3,15 mg GAE/g CK
sau 2 phut hap. Su gia tdng nay khong chi do viéc
bat hoat enzyme oxy héa ma con lién quan mat
thiét dén sy pha vo cdu truc mang ludi cellulose
va pectin cua thanh t€ bao. Dudi tac déng cta
nhiét va dm, cdc lién két ester va glycoside gitra
polyphenol véi polymer thanh t&€ bao bi dit gay,
chuyén hoa cac hop chat phenol tir dang lién két
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sang dang tw do, dan dén hiéu suit chiét xuit gia
tang biéu kién. Twong tu, hoat tinh khéng oxy hoa
cing dat mwrc cao nhat tai thoi diém nay (ICso
thap nhat, dat 485,10 pug/mL). Két qua nay tuong
déng voi nghién ctru cia Wang va cong sy trén
gtng tuoi khi ap dung cong nghé chan hoi nudce,
giup bao ton va lam giau ham luwgng cac hop chat
sinh hoc nhay nhiét qua viéc giai phdng cau truc

md [6].

Khi thoi gian hdp vuot qua 3 phat, ham
luong TPC giam manh xudng con 2,08 mg GAE/g
CK va gia tri ICs tang vot 1én 623,90 ug/mL tai
mdc 5 phut. Day la két qua chu yéu cua qua trinh
phan hay nhiét so véi qua trinh giai phong hoat
chat. O nhiét @6 sbi ctia nude trong thoi gian kéo
dai, sw oxy héa céc dan xuat gingerol va pha hay
cau truc vong thom cua cac hgp chat phenol don
gian dién ra. Ngoai ra, viéc hap qua lau lam tang
dd x8p md quéa muc, khién cac hop chat dé bay
hoi va cac chdt chdng oxy hda hoa tan bi thit
thoat theo dong hoi ngung tu. Xu hudng nay
cing duwgc quan sat thdy trong nghién cttu cta
Wang va cong sir [6] khi chitng minh xt ly nhiét
cao lam suy giam dang k& nang luc bat gdc tu do
do sy trung hop cac phenol thanh cidc dang co
hoat tinh thadp hon [16].

Su twong quan nghich chat ché gitta TPC va
ICs0 trong thi nghiém nay hoan toan tuwong dong
véi cac két qua cong bd trén cac loai than ré ho
Zingiberaceae nhu cti nghé [17]. Theo Pellegrini
va cdng su, phwong phap hap duoc wu tién hon
so vdi chan nudce sdi vi han ché duoc s mat méat
do tham thau, tir d6 bao ton dwoc hoat chat sinh
hoc tot nhat cho san pham dang bot [18]. Vi vay,
thoi gian hdp 2 phut la thong s6 ky thuat thich
hop dé san xudt bot Ging den giau gia tri dwoc
tinh.
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3.3 Anh huong cta nhiét d6 siy dén dén ham
lwong polyphenol va hoat tinh khang oxy
hoa ctia bot Girng den

Anh huéng ctia nhiét do sdy dén thoi gian sdy va
d6 4m caa bot Gung den

Say la giai doan then chdt trong quy trinh
san xudt bot Gung den, tac ddng truc tiép dén
hiéu qua kinh t& (thdng qua thoi gian sdy) va kha
nang bao quan (thdong qua d6 am cudi). Két qua
thuc nghiém vé sy bién d6i thoi gian sdy va ham
lwong dm tai cac muirc nhiét dd khac nhau (40, 45,
50, 55 va 60 °C) duoc trinh bay trén Hinh 2.
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Nhiét dé say (°C)
= Ham dm (%) —=—Thoi gian say (Gio)
Hinh 2. Anh huéng ctia nhiét d6 say dén thoi gian sy
va d6 dm cua bot Gling den
Ghi chii: Céc chir cai khac nhau (a, b, ¢, d d6i véi dd &m
cua bot Giing den va a', b', ¢, d' ddi véi thoi gian sdy)
thé& hién su khac biét c6 y nghia théng ké (p < 0,05).

Két qua thyre nghiém vé dong hoc sdy bom
nhiét cia Gimng den xat lat (Hinh 2) cho thdy mai
twong quan nghich rd rét gitra nhiét do say va thoi
gian dat dén d6 am can béng. Khi nhiét d6 tang tt
40 1én 60 °C, thoi gian sdy giam dang k& (p < 0,05).
Déc biét, tai cac mitc nhiét d6 cao (55-60 °C), tdc dod
tach am o giai doan dau dién ra rat manh do dong
luc qua trinh (su chénh 1éch &p sudt hoi nude gita
bé mat vat liéu va mdi truong) gia tdng manh mé.

Sw rit ngan thoi gian sdy khi ting nhiét do
la quy luat pho bién trong ky thuét sdy 16p mong.
Tuy nhién, v6i cong nghé sdy bom nhiét, viéc duy
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tri ¢ am tuwong d6i (RH < 30%) ctia khong khi say
& muc thdp gitp qud trinh thoat am dién ra lién
tuc ngay ca ¢ vung nhiét d6 thap (40-45 °C). Theo
nghién ctu mdi nhat cia Muthukumar va cong su
trén Gling den, viéc tang nhiét d¢ sdy lam tang hé
s8 khuéch tan &m hiéu dung, gitp rat ngan thoi
gian sdy nhung dong thoi cling lam tang nguy co

bién ddi ciu trac cac hgp chat nhay nhiét [19].

Mot diém quan trong can luu y la d6 am
cudi cung cta san pham. Theo két qua thuc
nghiém, tat ca cdc mau bot Ging den sau say déu
dat d6 am khoang 8%. DGi chiéu véi TCVN
8959:2011 (ISO 5562:1983) vé nghé ct va nghé bot
(mot d6i twong twong dong trong ho
Zingiberaceae), quy dinh d6 am t6i da cho nghé bot
khoéng duoc vuot qua 10% khoi luong. Nhu vay,
ché€ do sdy bom nhiét trong nghién ctru nay khong
chi ddm bao hiéu suit tich &m ma con dwa san
pham vé ngudng do am an toan theo tiéu chuan
qudc gia, gitp ngdn ngtra sy phat trién caa vi sinh
vat va kéo dai thoi gian bao quan.

Xét dudi goc dd vi cau truc vat liéu, viée
sdy & nhiét d0 qua cao c6 thé gay ra hién tuong
chai ciing bé mat, trong dé 16p bé mat khd nhanh
tao thanh mot 16p can tréd khuéch tan &m tir 16i ra
ngoai. Hién twong nay dan dén sy phan b8 am
khong dong déu va co thé anh huong dén ciu
tric cua bot sau nghién. Cac nghién ctu trén
gling va cac loai than ré gia vi cho thdy khi nhiét
do sdy tang, toc do thoat am tang dang ké do hé
s0 khuéch tan am hiéu dung ting. Tuy nhién,
nhiét d6 qua cao cé thé gay bién ddi ciu trtuc va
suy giam mot s6 hop chat hoat tinh sinh hoc [20,
21]. Ngoai ra, sy giam do am nhanh chéng khi
tang nhiét d6 cing duoc cong bd trong nghién
ctru cua Malik va cong su [7]. Céc tac gia nhan
manh rang d6i véi cac loai nhay nhiét nhw Gling
den, viéc duy tri nhiét d¢ sdy 6 muic trung binh la
can thiét d€ tranh hién twong chai ciing bé mat,
mot hién twong ngédn can su thoat am tir tam mau
va phéan huy cac hop chat phenol quy gia. Vi vay,
khuyén nghi st dung nhiét d6 sdy trung binh (50—
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55 °C) d€ dat duogc su can béng gitta hiéu qua tach
am va bao toan cdc hop chat nhay nhiét

trong girng.

Anh huwéng cta nhiét d6 siy dén ham luong
polyphenol va hoat tinh khang oxy héa ctia bot
Gung den

Sw bién d6i ham luong polyphenol tong s6
va kha nang khang oxy héa (ICs) ctia bot Girng
den dudi tac dong cua nhiét do sdy dwoc trinh
bay trén Hinh 3. Két qua cho thay nhiét d6 sdy c6
anh huong dang ké va mang tinh chat hai mat

dén chat luong hoat chét cua san pham (p < 0,05).

e

- 7005

(85

Polyphenol tong (mg GAE/g CK
. ra

=

40 45 50 55 60
Nhiét dé say (°C)
i Polyphenol téng (mg GAE/g CK)
—+—Kha nidng khang oxy héa IC50 (ug/mL)

Hinh 3. Anh hudng ctia nhiét d¢ sdy dén
ham luong polyphenol va hoat tinh khang oxy héa ctua
bot Gling den
Ghi chii: Céc chi@ cai khac nhau (a, b, ¢, d d6i v6i TPC va
a', b, ¢', d’d6i véi ICso) thé hién su khac biét c6 y nghia
théng ké (p <0,05).

Ham luong TPC dat gia tri cao nhat tai muic
nhiét d¢ say 55 °C (3,44 mg GAE/g CK). Dong
thoi tai gia tri nay, mau cling co6 hoat tinh khang
oxy hoda manh nhédt véi chi s6 ICs thdp nhat
(451,56 pg/mL). Mac du nhiét d6 sdy thap thuong
duoc uu tién dé€ bao vé hoat chdt, nhung tai muec
40 va 45 °C, ham lugng TPC lai thdp dang ké
(twong tng véi 2,31 va 2,82 mg GAE/g CK).
Nguyén nhan chu yéu la do thoi gian sdy kéo dai

(lTan luot la 13,5 va 12,0 gio), tao diéu kién cho cac
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phan ting oxy hda xay ra trong qua trinh ti€p xtc
lau v6i oxy trong khong khi sdy. Cac hop chat
phenol tu do dé bi oxy hda trong diéu kién tac
dung nhiét va oxy kéo dai, dan dén suy giam ham
luwong polyphenol tong s6 va hoat tinh khang oxy
héa. An va cdng sy khiang dinh rang trong giai
doan dau cua qua trinh sdy nhiét d¢ thdp, ham
lwong &m cao va thoi gian tiép xtc dai vdi oxy la

nguyén nhan chinh gay ton that hoat chat [22].

Khi nhiét d6 tang lén 55 °C, thoi gian sdy
dugc rat ngan déng ké (7,0 giod), gitp han ché sy
tiép xuc cua hoat chét véi oxy. Bong thoi, nhiét
d6 nay pha v& cdu trac vach t&€ bao thuc vat, gitp
giai phong cac hop chat chong oxy hda dudi dang
tw do. Theo Muthukumar va cong su vé sdy Gung
den, khoang nhiét d¢ trung binh tit 50 dén 60 °C
giup duy tri tot nhat ham lugng methoxyflavones,
thanh phan quan trong tao nén hoat tinh sinh hoc
cta loai ci nay [19]. Sy twong quan nghich gitta
TPC va ICso tai mdc 55 °C cho thdy nong do
polyphenol déng vai tro chtu dao trong viéc quyét
dinh ndng luc bit gbc tu do DPPH cua san
pham bot.

Tuy nhién, khi nang nhiét d¢ lén 60 °C, mdc
du thoi gian sdy ngan nhat (6,5 gio), nhung ham
lwong TPC giam xudng chi con 2,6 mg GAE/g CK
va gia tri ICso tang 1én 546,80 ug/mL. Hién tuong
nay c6 thé la do sy phan huy nhiét cua cac hop
chat phenol nhay nhiét. Ngoai ra, viéc tach am
qua nhanh & bé mét c6 thé gay ra nhitng bién doi
héa hoc bat 1oi tai tAm mau trudc khi m kip thoat
ra ngoai. Theo Zagodrska va cong su, viéc vuot
ngudng nhiét do 6n dinh gay ra s bién doi cau
tric vong thom va lam mat cac nhém hydroxyl
hoat dong, thanh phan cdt 16i quyét dinh kha
ndng bat gdc tw do ctia duoc lidu [23]. Két qua nay
cho thdy viéc lya chon nhiét do say trung binh la
can thiét dé dat dwoc su can béng gitra hiéu qua
tdch 4m va bao toan hoat tinh sinh hoc ctia bot
Gung den [24].

24

Do hoa tan trong nudc cua bot gitng

D6 hoa tan trong nuede la mot chi tiéu vat ly
quan trong, truc ti€p phan dnh kha nang phan tan
va giai phong cac hgp chat sinh hoc ¢6 1¢i ctia san
pham bot khi ste dung. Két qua khao sat cho thay
nhiét d6 sdy bom nhiét c6 tac dong ro rét dén déc

tinh nay ctia bot Gling den.

Két qua thuwe nghiém cho thdy d6 hoa tan
trong nudc cuia bot gling ti 1€ thuan voi nhiét do
sdy trong khoang tir 40 dén 55 °C. Mau sdy o
40 °C c6 d¢ tan thdp nhat (22,47%), sau do tang
dan va dat gia tri cuc dai tai 55 °C (25,75%). Sw
khéc biét gitta cac muirc nhiét d¢ nay c6 y nghia
thong ké (p < 0,05), duwoc danh dau béng cac chix
cai khac nhau trén Hinh 4. Xu huéng gia ting nay
6 thé la do nhiét d6 sdy toi wu giup thac ddy qua
trinh tdch &m nhanh, tao ra ciu trtc hat bot c6 do
x0p mao quan 16n, tao diéu kién thuén lgi cho
nudc xam nhép va hoa tan cac thanh phan nhw
duong tw do, acid httu co va cac hop chét phenol.
Tuy nhién, khi nang nhiét d6 1én 60 °C, d6 hoa tan
c6 xu hudéng giam nhe xudng con 25,40% va
khong co su sai khac ¢d y nghia théng ké so véi
cac mau sdy & 50 va 55 °C. Hién twong nay cd thé
lién quan dén su co rut cau tric mo thyce vat hodc
su tai sip x&p ctia cac thanh phan cau tric khi vat
liéu bi sdy & nhiét d¢ cao, lam giam nhe kha néng

thdm nwde ctia bot sau nghién.

Mtc do hoa tan dat xdp xi 25-26% trong
nghién cttu nay, twong do6i twong dong voi cac
cong bd trude day trén cac san pham bot tir than
ré ctia c4c loai cay gia vi. Ratnawati va cong s
ghi nhan d6 hoa tan cua bot girng thuwong pham
dao dong trong khoang 22-28% [25], trong khi
Shaukat va cong s cong bd gia tri 25,7-33,2% d6i
véi gling sdy bang cac phuong phap khéc nhau
[26]. Ngoai ra, cac nghién cttu trén cac loai bot gia
vi tit than ré nhu bot nghé ciing cho thdy do hoa
tan thuong nam trong khoang 16,17-26,51% [27].
Theo Belwa va cong sw, do hoa tan ctia cac loai
bot thuc pham noéi chung phu thudc dang ké vao

kich thudc hat, ham luong chéit xo khong tan va
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phuwong phap ché bién [28]. So véi cac két qua
nay, gia tri d hoa tan thu duoc trong nghién cttu
hién tai c6 thé dugc xem la twong d6i cao déi voi
san phdm bot dugc liéu nguyén chdt khong qua
trich ly. Nguyén nhan la do Gling den chira mét
luong dang ké cac thanh phan cdu tric khong hoa
tan nhue cellulose, hemicellulose va lignin, lam
han ché mot phan kha néng hoa tan hoan toan ctia
vat liéu. Do d¢, viéc dat duoc do hoa tan xdp xi
26% duoc xem la mirc phu hop d6i voi cac san

phém bt thao moc tw nhién.

Bén canh d96, dd hoa tan cao tai mc nhiét
do sdy 55 °C cling c6 xu hudng twong tng voi
hiéu qua bao ton cac hop chét hoat tinh sinh hoc
ctia san pham. O diéu kién nay, bot Ging den
khong chi dat d6 hoa tan cao nhdt ma con ¢6 ham
luong polyphenol téng s6 lon nhdt (3,44 mg
GAE/g CK) va hoat tinh khang oxy hdéa manh
nhat (ICs, thap nhat, 451,56 ug/mL). Diéu nay cho
thdy nhiét d6 sdy bom nhiét khoang 55 °C c6 thé
tao ra su can bgmg thuén loi gitta qua trinh tach
am va bao ton cac dac tinh hoéa ly quan trong ctia
bot Girng den, gdp phan nang cao gid tri st dung

cua san pham duoc liéu dang bot.
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Hinh 4. Anh hudng cta nhiét do sdy dén d6 hoa tan
trong nudc ctia bot Gling den

Ghi chii: Céc chit cdi khac nhau thé hién sy khac nhau
¢6 y nghia thong ké (p <0,05).
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4  Kétluan

Nghién cttu nay da danh gia anh hudng
cua do chin thu hoach, hap tién x ly va sdy bom
nhiét dén chat lugng va hoat tinh sinh hoc ctia bot
Guling den. Nguyén liéu thu hoach & giai doan 11
thang cho chat luong tot nhdt véi ham luwong
polyphenol cao va hoat tinh khang oxy héa manh.
Hap hoi nudc trong 2 phat gitp taing ham lugng
cac hgp chat polyphenol va cai thién kha ndng
khang oxy hoa ctia san phdm. Trong qua trinh
say, nhiét do 55 °C la diéu kién phu hgp nhat,
giup bao toan tdt hoat chat sinh hoc, dat TPC
3,44 mg GAE/g CK, ICso 451,56 pug/mL, d6 am
khoang 8% va d¢ hoa tan 25,75 + 0,19%. Két qua
nghién cttu la co s6 khoa hoc cho viéc chuan hoéa
quy trinh ché bién bot Gliing den va nang cao gia

tri st dung ctia ngu6én duoc liéu ban dia.
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Cong trinh dwoc thuc hién véi su hd tro
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