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TOM TAT

Rau ma da duoc Say thwee nghiém véi bon phwong phap say khac nhau bao gom phwong
phap say khéng khi nong, khéng khi néng két hop hong ngoai, bom nhiét va bom nhiét két
hop hong ngoai nham xdc dinh phwong phap say phit hop cho rau ma. Két qua da xdac dinh
dwoc phwong phap say bom nhiét két hop hon%{ ngoai la phu hop nhat cho say rau md. Véi
vin toc tic nhan say 0,5 m/s va nhiét dg say 45°C, say bang bom nhiét két hop hong ngoai co
thoi gian sdy 2,5 h, toc d sdy 31,16 %/h, ham lwong Vitamin C la 309,2 mg%, chi s6 ddnh
gid suw thay déi mau sdc rau ma la 2,48, am dé sau khi sdy cia rau md dat 10,1 %. Phuwong
trinh dw dodn qud trinh giam am ciia rau md theo thoi gian sdy da dwoc xdc dinh: M(t) =

89,2639 — 0,5317.t — 6,0714.10°.t%; (R =0,997, P < 0,01).
Tir khéa: rau md; sdy khéng khi nong; sdy bom nhiét, hong ngoai.
ABSTRACT

Centella was experimentally dried by four different drying methods including hot air
drying, infrared-hot air drying, heat pump drying, infrared-heat pump drying in order to
determine a suitable drying a method for Centella. The result has been determined that
infrared-heat pump a drying is the best suited for drying Centella. At the drying air velocity
0.5 m/s and drying temperature was 45°C, the infrared-heat pump drying method has drying
time of 2.5 h, the drying rate of 31.16 %/h, vitamin C content was 309.2 mg%, the index of
color change of Centella is 2.48, moisture content of dried Centella is 10.1 %. The predicted
equation for moisture content of Centella versus drying time in the drying process was
determined: M(t) = 89.2639 — 0.5317 xt — 6.0714 x10° xt*; (R*> = 0.997, P < 0.01).

Keywords: Centella; hot air drying; heat pump drying; infrared drying.

1. GIOI THIEU Tai Viét Nam, v6i su pht hop vé thd
nhudng, khi hau, khong doi hoi cao cac yéu
cau noéng hoc nén rau ma cd thé duoc trong
tr Bic dén Nam. Tuy nhién hién nay & Viét
Nam, rau ma thuong chi dugce dung tuoi dé
lam nuoc giai khat, rau an.. . hau nhu chua
dat gié tri cao vé mat thuong pham cling nhu
gia thanh. Do d6 yéu cau cip thiét 1a can phai
nghién ctru cac phuong phap dé ché bién, bao
quan, chiét xuat dugc liéu tir rau ma nham
tién hanh thuong mai héa, nang cao gia tri
duoc liéu cling nhu kinh té.

Rau ma c6 tén khoa hoc la Centella
asiatica (L)Urb, thuoc ho Hoa tan
(Apiaceae), 1a loai cdy duoc trong phd bién
tai cac nudc chau A ciling nhu Viét Nam. Rau
ma duoc dung 1am rau an va lam thudc dé
phong va chita tri nhiéu cin bénh: cac bénh
vé gan, 1am lanh vét thuong, ha huyét ép,
thanh nhiét,... Thanh phén hoa hoc cua rau
ma c6 cac nhom hop chit hitu co nhu:
Amino acid, Carbonhydrate, Phenol, Vitamin
va cac thanh phan khac...
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Say 1a mot trong nhirg phuong phap xur
1y t6i wu cua ché blen sau thu hoach rau ma.
Rau mé sau khi sdy co thé tao ra cac loai san
pham khac nhau nhu: rau ma khé, nghién bot
rau ma, chiét sut duoc liéu... Ngoai ra, qua
qua trinh sdy, rau ma c6 thé dugc bao quan
lau hon, d& dang van chuyén, luu tri¥, giam
su phu thudc vao diéu kién thoi tiét va thi
truong ti€u thy trong va ngoai nude.

Rau m4 12 loai thuc vat thain mém, 14 va
than chira rit nhiéu nude va cac hoat chat ¢
loi. Cling nhu cdc loai rau qua ndi chung, sdy
s€ lam thay d6i cac thanh phan hoat tinh va
mau sic cia rau ma. Su thay doi nay da duoc
nhiéu tac gia cong bd nhu: d6i voi rau, qua
[1], 14 tra xanh [2], 14 bac ha [3], mang tdy
[4]... Cac phuong phap sdy khac nhau s& dan
dén chét luong cua rau qua s€ khac nhau nhu
nghién ctru sdy rau qua [5], rau diép [6], rau
ma[7], [8]...

Nghién ctru duoc thuc hién nham phan
tich va so sanh thoi gian say va chat luong
san pham rau ma sau khi sy nhu mau sac,
vitamin C khi sdy theo 4 phuong phép siy
khac nhau: bom nhiét, bom nhiét hong ngoai,
khong khi néng két hop hong ngoai va khong
khi noéng nhiam lwya chon phuong phap say
thich hop. Cac phuong phap say nay da dugc
nhiéu tic gia nghién ciru va danh gia cao
mirc 6 tmg dung cta chung trong say thuc
pham noéi chung va rau qua néi riéng:
Madhava [6], Marie [1], Min Zhang [9],
Mingyue Xu [10], Salih Coskun [11], Roknul
Azam [12]...

2. VAT LIEU VA PHUONG PHAP

Vit ligu sdy: vat lidu sdy 1a 12 rau ma
md, 14 c6 dang hinh tron, to, xanh mudt dugc
trong nhiéu tai huyén Binh Chanh TP. Ho
Chi Minh. Rau ma dugc ria sach, ngat bé
cubng 14 va dé rao nudc

Yéu cau 14 rau ma khong bi dap, héo. La
c6 mau xanh diép luc déu trén toan bé mat.
Am d6 ban dau cua 1a 88%. Khéi luong rau
méa mdi lan sy 1a 1000 g

Thiét bj thi nghiém: cac thi nghiém
duoc tién hanh trén cic may siy khong khi
néng va may siy bom nhiét tai xuéng CK09

Truong Dai hoc Nong Lam TP. H6 Chi Minh.
Cac may siy c6 chirc nang giam sat va dleu
khién nhiét do sdy va vén toc tac nhan sdy,
nhiét do say cao nhit c6 thé dat la 60° C, van
tdc tac nhan say cao nhét 1a 2,5 m/s, bd bom
nhiét c6 cong suat 1 HP. Khi sdy két hop hdng
ngoai, 2 dén hong ngoai v6i cong suit phat
16n nhit 600 W s& duoc lip dit vao may sdy
khong khi néng va may siy bom nhiét.

B6 tri thi nghiém: la rau ma dugc say
thi nghiém theo bon phuong phap sdy: say
bom nhiét (BN), say bom nhiét két hop hong
ngoai (BN + HN), siay khong khi nong
(KKN), say khong khi nong két hop hong
ngoai (KKN + HN). Cac thi nghiém cung
duoc thuc hién & mac nhiét do say 450C, van
téc tac nhan siy 0,5 m/s. Mdi thi nghiém
duoc 1ap lai 3 lan, trong qua trinh say sau
mbi 30 phit 1y mau mot 1an. Yéu cau am do
sau khi sdy cta 14 rau ma 1a 10%. Phuong
phap siy thich hop dugc xac dinh trén co s¢
danh gia téc do sdy, thoi gian sdy va chat
luong rau ma sau khi sdy.

Phwong phap phén tich:

- Am d9: thiét bi phan tich am d6 nhan
hiéu A&D-MX 50 cua Nhat Ban, d0 nhay
cta can la 0,001 gram, dai nhiét d phan tich
50 - 200°C duogc su dung dé do 4m dd cua
mau trong qua trinh thi nghiém.

Khdi lu’qng vat liéu say duqc’do bang
can dién tf{ va am dg tai thoi gian say t dugc
xac dinh bang phuong trinh (1) sau:
Mt=100—%(100—M0) Q)

Wi
Trong do: My: am do 14 rau ma tai thoi gian t
(%); Mo: am d¢ ban dau cua 14 rau ma (%);
Wi: khoi luong 1a rau ma tai thoi gian say t
(h); Wo: khoi lugng ban dau cuia 14 rau ma (g).

- Téc dd sdy: téc do say duoc tinh theo
cong thuc (2):

Mi —Myiat
At

Trong dé: dM: tbe do say (%/h); Mt, \Y/ Y,

d6 am cua 14 rau ma tai thoi gian sy t va t +
At (%); Ar: khoang thoi gian say (h).

dM = 2


https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29348752
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- Chi tiéu ly hoéa cia la rau ma: rau ma
sau khi sdy duoc gii mau dé xét nghiém xac
dinh céac chi tiéu ly héa. Ham luong vitamin
C duoc xac dinh bang phuong phap sic ky
long hi¢u nang cao — HPLC (High Pressure
Liquid Chromatography).

- Mau sic: may do mau Minolta CR-200
c6 thé cung cip cac gia tri két hop cua ba
cuong d6 mau sic phan xa twong Gmg véi cac
gia tri mau Lab duoc lya chon dé do mau coa
rau ma trude va sau khi siy.

+ L biéu thi d6 sang: 0 cho mau den va
100 cho mau trang.

+ a xac dinh vi tri gitra xanh 14 cay va dé:
mang gia tri &m chi mau xanh 14 cdy, mang
gia tri duong chi mau do.

+ b xé4c dinh vi tri gitra xanh duong va
vang: gia tri am va duong tuong ung vdi mau
xanh duong va vang.

Mau sic ban dau cua vat liéu siy duoc
do mot lan thé hién qua chi so Lo, ap va by.
Mau sau khi say dugc do mau 3 lan Ung véi
3 vi tri khéc nhau thé hi¢n qua cac chi s6 L*,
a* va b*.

Sy thay ddi mau cua vat lidu sy danh
gia bang cac chi so:

AL*= Lo-L* (3)

Aa* = gp—a* 4)

Ab* = by — b* (®)
Thay do6i yé mau sic chung dugc thé

hién bang chi so AE*:

AE" = VAL 4 A2"2 + AD™2 (6)

Phwong phap xir 1y s liéu:

Céac tham sb .théng ké nhu gia tri trung
binh, do 1éch chuén, khoang tin ciy dugc sir
dung dé xu 1y cac két qua thuc nghiém. Su
khac biét ciia cac so liéu thi nghiém vé mat
thong ké dugc xir Iy bang phuong phap LSD
(Least Significant Difference - Gidi han sai
khac nhé nhat) [13].

Phuong trinh dy doan qua trinh giam am
ciia rau ma dugc xu 1y bang phu:ong phap
phéan tich phuong sai va danh gia bang hé sb
twong quan R? [14].

3. KET QUA VA THAO LUAN

3.1. A,nh huwéng cia phwong phap siy dén
toc do say

Cac thi nghiém d3 duoc tién hanh va so
sanh sy giam am, thoi gian sdy va toc do say
cua 4 phuong phép séy BN-+HN, BN,
KKN+HN, KKN. Cac ket qud thi nghiém
duoc tong hop voi tée d6 say duogc tinh theo
cong thue (2) va duogc trinh bay trong bang 1,
db thi giam am dugc biéu dién trén hinh 1 va
biéu dd so sanh toc do séy duoc biéu dién
trén hinh 2.

Bing 1. Thoi gian, am dj, toc dg sdy cia cdc phwong phap sdy

Phuong phép say BN+ HN BN KKN+HN KKN
Thoi gian siy, h 2,5° 4,0° 3,0° 6,5

Am do sau khi sy, % 10,12 10,3? 9,972 10,22
Tdc d6 sdy, %/h 31,16° 19,43° 26,01° 11,96°

Cac gid tri co ky hiéu chit khdc nhau trén cung mot hang: khdc biét c6 y nghia 6 murc y nghia 0,05.
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Viéc danh gia thoi gian va toc do say cua
cac phuong phap sdy trong qua trinh siy rau
ma dugc tién hanh xur 1y thong ké theo
phuong phap LSD vd6i mac y nghia 0,05.
Hinh 1 va 2 dé cho thay trong cung mot ché
d6 sdy thi thoi gian say va tbe do sdy cua rau
ma phu thudc vao phuong phap sdy. Cac
phuong phéap sdy khac nhau s& cho thoi gian
sdy va toc do say 1a khac nhau.

Két qua thuc nghiém trén hinh 1 cho
thay phuong phap say BN + HN ¢6 thoi gian
sdy ngan nhat, thoi gian sdy 1a 150 phut, toc
do say trung binh ctua cac phuong phéap trén
la 31,16 %/h, 26,01 %/h, 19,43 %/h va 11,96
%/h. Nhu vay, néu danh gia vé chi tiéu thoi
gian say thi chon phuong phap BN + HN dé
sdy rau ma.
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3.2. Anh huwéng cia phwong phap sdy dén
mau siac la rau ma

Gia tri mau cta mau 14 rau ma tuoi L, a,
b va ctia mau 14 rau ma sau khi séy L' a’, b
cia bén phuong phap sdy khac nhau duoc
trinh bay trong bang 2. Gia tri L tang cho ca
4 phuong phap siy so voi mau tuoi ban dau,
trong khi gia tri a déu giam trong tt ca céc
mau khd so v6i mau tuoi. Gid tri biéu thi su
thay d6i mau cua 14 rau ma sau khi sdy so véi
14 rau ma tuoi ban dau AE™ cao nhét 1a &
phuong phap sdy KKN, dat gia tri 7,01 va
thip nhit & phuong phap sdy BN + HN dat
gid tri 2,48 da cho thdy phuong phap siy BN
+ HN giit duoc chat lugng mau cia 14 rau ma
sau khi say 1a t6t nhat.

Badng 2. Cac théng s6 mau sau khi say cua rau md

Chi s Gié tri mau CIE Lab  Thay d6i mau
L a b

Rau ma tuoi 441 -96 241

Phuong phap siy L a b’ AE"

BN + HN 457 -7,7 241 2,48

BN 50 -65 209 4,55
KKN+ HN 479 -79 248 4,22
KKN 50 -74 21 7,01

Céc sb liéu trinh bay trong bang 2 cho
thay cac phuong phap say co ket hop voi
héng ngoai déu cho gia tri mau tot hon khi
khong két hop véi hong ngoai.

3.3. Anh huéng ciia phwong phap siy dén
ham lwgng vitamin C 14 rau ma

Cilng nhu cac loai rau qua khéac, ham
lugng Vitamin C chiém mot ty 1€ kha cao
trong ham lugng dinh dudng cua rau ma.
Nhiét do sdy c6 anh hudng quan trong dén
qué trinh gidam ham lugng Vitamin C c6
trong rau ma. Két qua trinh bay trong bang 3
cho thdy phuong phap siy BN + HN giit lai
nhiéu ham luong Vitamin C trong rau ma
nhat (309,2 mm%) so v6i 224,1 mg% cua
BN, 236,5 mg% cua KKN + HN va phuong

phap KKN géy ra mat ham luong Vitamin C
nhiéu nhat trong 4 phuong phap say (197,6
mg%)

Dé danh gia qué trinh bién thién ciia ham
luong Vitamin C dudi anh hudng cua nhiét
do say, phuong phap sdy BN + HN v6i cac
muc nhiét do say lan luot 1a 30, 35, 40, 45 va
50°C d3 duogc lua chon dé thuc nghiém. Két
qua thuc nghiém dugc trinh bay & bang 4.

S6 liéu trong bang 4 cho thiy tai mirc
nhiét d6 45°C, ham luong Vitamin C trong
rau ma 1a 309,2 mg% va giam manh xudng
dén trj sb 211,6 mg% O muc nhiét do séy
500C Nhu’ vay c6 thé két ludn murc nhiét d6
sdy 45 °C voi phuong phap sdy BN + HN la
phtt hop nhat cho sdy rau ma.
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Bing 3. Anh hwéng ciia phwong phdp sdy dén ham lwong Vitammin C

Phuong phép siy

BN+HN

BN KKN+HN KKN

Ham luong Vitamin C (mg%)

309,2°

224.1° 236,5° 197,61

Cdc gida tri co ky hiéu chir khdac nhau: khac biét co y nghia o murc y nghia 0,05.

Bing 4. Anh hwéng ciia nhiét g sdy dén ham heong Vitammin C (sdy BN + HN)

Nhiét do say

35 40 45 50

Ham luong Vitamin C (mg%)

358,2 347,8 324,1 309,2 211,6

Dya vao cac két qua thu nghiém da
trinh bay nhu trén, c6 thé nhan thay BN +
HN 1a phuong phap phu hop nhat dé siy
rau ma trong 4 phuong phap dugc chon.
BN + HN ¢6 toe d say cao, rat ngan dugc
thoi gian sdy ma van cho ra chit lugng cia
san pham sy co cac chi tiéu t6t hon so véi
cac phuong phap con lai. Cac chi tiéu ly
hoa ctia rau ma sau khi sdy theo phuong
phap siy BN + HN tai nhiét d6 siy 45°C
trinh bay trong bang 5.

Tai ché do siy nay, dé udc luong do
bién dong ctia 4m d6 ctia rau ma sau khi say
vé mat théng ké, do 1éch tiéu chuan am do
ctia rau ma sau khi sdy dugc xac dinh bang
cong thtrc (7):

()

Trong do: M; la am d0 cua rau ma sau khi
sdy cta mé say tht i (%); M 1a 4m d¢ cua
rau ma sau khi sdy tinh trung binh ciia cac
mé say (%); n 1a s6 miu (s mé siy).

Thay cac gia tri thuc nghi¢ém vao cong
thirc (7) xac dinh dugc do I¢ch ti€u chuan
cua qua trinh sdy rau ma la s = 0,326.

Dé biéu dién do chinh xac cua cac két

qua thi ngh1em vung phan bd (khoang tin
cdy) cia am do rau ma sau khi sdy duoc
tinh theo cong thuc:
— s
Trong do: p: muc ¥ nghia, p = 0,05; tp/z
chuén sb theo tiéu chuin Student tra theo sb
béac tu do (n — 1) va mtrc y nghia p/2.

Tir cac két qua thi nghiém, tién hanh
tinh todn theo cong thic (8) da xéac dinh
dugc vung phan bd cia dam d) rau ma sau
khi say:

9,6% <M <10,2%.
Nhu vay, ving phan bd 4m d6 rau ma

sau khi say dat yéu cau trong pham vi cho
phép (P <0,05).

Bing 5. Cdc chi tiéu Iy héa ciia rau md sau khi sdy

Stt Chi tiéu Gia tri
1 Am d6 (%) 10,1
2 Ham luong chat kho hoa tan (°Bx) 97,8
3 Ham luong dudng tong s6 (%) 82,5
4 Ham lugng vitamin C (mg%) 309,2
5 Ham luong axit hitu co tong s (%) 141
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3.4. Xac dinh phuwong trinh dy doan qua
trinh giam 4m theo thoi gian siy

Trén co s cac két qua thi nghiém tai ché
d6 nhiét do sy 45°C va van tdc tac nhan siy
0,5 m/s, st dung phuong phdp phan tich
phuong sai (Analysis of Variance - ANOVA)
dé xac dinh gia tri cua cac hé sd trong md
hinh héi qui dang phi tuyen kiém tra mé
hinh theo céc tiéu chuan thong ké (Student va
Fisher) va str dung h¢ s6 tuong quan R? dé
danh gia do chinh x4c ctia mé hinh. Két qua
da xac dinh dugc phuong trinh dy doan sy
giam am trung binh cta rau ma (M, %) theo
thoi gian say (t, phit) dang da thic bac hai
nhu sau:

M(t) = 89,2639 — 0,5317.t —
(R*=0,997, P < 0,01)

6,0714.10°.t%;

90 ¢-

80 1 >~

70 S

60 - RN |

50 - g

40 | o

30 SN
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10 4 f B ~

o 1

0 30 60 90 120
Thdi gian siy (ph)

®  Gi4 tri thyc nghiém
---- Gia tri du dodn

Am d6 rau ma (%)

Hinh 3. So sanh thuc nghiém va dw doan qua
trinh giam am cua rau ma

Hé s6 tuong quan R? cho thdy co su phu

hop gitta gid tri thuc nghiém va gia tri du

doan. Két qua nay dugc st dung dé dy doan
chinh xac am dd cua rau ma tai thoi diém bat
ky trong qua trinh say.

4. KET LUAN

Bon phuong phap sdy da duoc lya chon
dé thu ‘nghiém sdy rau ma tuoi la phuong
phap siy khong khi néng, khong khi néng
két hop hbng ngoai, bom nhiét va bom nhiét
két hop hdng ngoai. Cac phuong phap sy
dugc thuc hlen O cung che do say voi nhiét
d6 sy 1a 45°C va van tdc tac nhan sy 14 0,5
m/s. Cac tiéu chi dugce dung dé danh gia va
lwa chon phuong phap séy thich hop d01 voi
rau ma 13 thoi gian, tbc do sdy, mau sic va
ham luong vitamin C ciia rau ma sau khi say.

Véi cac dir liéu thu duoc qua do dac
trong qua trinh thtr nghiém va sau khi xu 1y
thdng ké nham phéan tich va so sanh uu
nhugc diém cua cac phuong phap say da cho
két qua la phu()’ng phap sdy bom nhiét két
hop hong ngoai phu hop nhat khl dung dé
sdy rau ma voi nhiét do sdy 45 OC, thoi gian
sdy 2,5 h, tbc do sdy trung binh dat 31,16
%/h,. San pham rau ma sau khi sy béng
phuong phép nay c6 ham luong Vitamin C la
309,2 mg%, chi s6 danh gia su thay d6i mau
sdc rau ma 1a 2,48, 4m d0 sau khi séy cla rau
ma dat 10,1 %.

Vi ché @6 sdy rau ma phu hop duoc xéac
dinh, nghién ctru da xdy dung phuong trinh
du doan qua trinh giam am cua rau mé theo
thoi gian say. Chat luong rau ma sau khi siy
dat tiéu chuan ISO 9001:2008.
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