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TOM TAT

Say kho 1a mot phuong phap bao quan nong san dai han gop phan phat trién bén viing san xut nong 1am nghiép,
v6i nguyén 1y tach nudc ra khoi san phim sy, rau cu nho @6 ma bao quan dugc 1au hon. Nghién ctru nay khao
sat sy thay ddi vitamin C va céc vi khoang Ca, Fe, P trong 5 loai rau cu ca rét, bi do, chum ngdy, rau ngot va cai
b6 x6i sau khi sdy nong tai 100°C va siy lanh tai cac nhiét do 10°C, 30°C, 50°C. Ham lugng vitamin C dugc xac
dinh theo tiéu chudn TCVN 6427-2:1998, cac vi khoang Ca, Fe, P dugc xac dinh béng phuong phap ICP-MS.
Ham luong vitamin C gidm manh trong cac mau rau cu theo nhiét do séy, rau chum ngay c6 ti I¢ vitamin C con
lai cao nhét, 11,80% dén 25,46% trong diéu kién s?iy lanh va con lai 0,41% sau séy néng; khong c6 sy chénh 1éch
nhiéu d6i voi ham luong céc vi khoang Ca, Fe, P dugc gitr lai. T1 I¢ P trong cac mau con lai sau séy cao hon Ca,
Fe, trung binh 1a 73,99% dén 85,90%. Trong 5 loai rau ci, bi do ¢ ti 1& st dugc giir lai cao nhat 83,78 dén 84,7%
khi sdy lanh; rau chim ngay c6 ti 1& canxi duogc giit lai cao nhét, 74,23% dén 78,57%. Ti 1é dinh dudng duoc giir
lai cao hon khi sdy lanh rau cii trong khoang nhiét d tir 30°C dén 50°C.

Tur khéa: ham lugng chit dinh dudng, phat trién bén virng, phuwong phap ICP-MS, rau ci qua sz"ly, say

khd, vi khoang, vitamin C.

1. PAT VAN DE

Dé gop phan phat trién bén vimg san xuét
ndng 1am nghiép thi viéc bao quan néng san can
dugc quan tam chu trong. Co nhiéu loai rau cu,
qué chi c6 vao mot khoang thdi gian nhat dinh
trong ndm, thém vao d6, cac san pham rau cu
ngodi st dung cho viéc dn ubng hang ngay
chung con dugc st dung trong linh vuc dugc
pham, my pham, thyc pham chirc nang... Theo
d6, dat ra nhu cau phai luu trir, bdo quan rau cu
sau thu hoach ma van giir duoc tdi da thanh
phan, chat dinh dudng ciing nhu dam bao an
toan, thuan ti¢n khi sir dung.

Vitamin va khoang chit 1a nhitng chat thiét
yéu cua co thé, tham gia vao ciu tao té bao,
chuyén hoa cung cdp ning lugng ciing nhu tat
ca cac hoat dong sdng cua co thé. Vitamin va
chat khoang 1a nhitng hop chét hiru co ma co thé
khong thé tu tong hop dugc, phan 16n phai lay
tir ngoai vao qua cac loai thuc pham sir dung
hang ngay (B mon Dinh dudng — An toan thuc
pham, 2004; Pham Duy Tuong, 2012).

Vitamin C tham gia qua trinh hinh thanh chét
tao keo (collagen), 14 chat cAn dé gin két cac té

bao va lam lién vét thuong, lam ving bén thanh
mach. Vitamin C 1a chit chdng oxy hoa, 1am
ngan can sy hinh thanh cac géc tu do, lam cham
lai qua trinh 130 hoa va phong céc bénh tim
mach va ung thu. Thiéu vitamin C thudng giy
chay méau chan rang, cham lién vét thuong,
xuyét huyét duéi da... (B6 mén Dinh dudng —
An toan thuc phém, 2004; Pham Duy Tuong,
2012).

Khoang chat 1a mot trong sau loai chit dinh
dudng can thiét cho su sdng. CO t6i 92 chat
trong bang tuan hoan tham gia vao cac chirc
nang sinh hoc. Ca, P 1a cac chét khoang da
lwong, nhu cau hang ngay 13 800 mg. La thanh
phan ciu tao ciia xwong va ring, phdt pho két
hop véi canxi lam cho xuong va ring chic va
khoe déng thoi va diéu hoa nhiéu hoat dong
chtrc ning va qu4 trinh sinh hoa khac cta co thé.
Fe 1a chat khoang vi luong, ngudi ta tinh nhu
cdu sit & nam 13 10 mg, & nir 1a 15 mg. Sét co
trong moi t& bao, nhiéu nhit trong mau, ching
thudng gin voi enzym c6 chira sat. Sit trong co
thé co thé chia ra sit chirc ning, 1a nhing sit
tham gia vao chirc ning sinh hoa ciia co thé va
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sat khong chirc nang 1a nhitng dang du trit hodc
vén chuyén trong co thé (B6 mén Dinh dudng —
An toan thuc phém, 2004; Pham Duy Tuong,
2012).

Nhiéu nghién ciru vé phuong phap sy chi
ra rang phuong phap sdy lanh c6 vu diém sir
dung nhiét dg, do Am thép dé san phém thoat
hoi nuéc (Hoang Vin Chuéce, 1997; Nguyén
Vian May, 2004) nén gilr lai duwgc ham lugng
chét dinh dudng trong rau ct sau siy cao. Tuy
nhién, sb luong nghién ctru c6 tinh thuc tién
trong nudc con han ché. Do vdy bai bao da
danh gid anh hudng cua nhiét d6 siy dén su
thay d6i ham luong chét dinh dudng trong mot
sb rau cu va dé xuit nhiét do séy t6i wu cho céac
mau nghién ciru.

2. PHUONG PHAP NGHIEN CUU
2.1. Pbi twong

Nghién ctru tién hanh véi 05 loai rau cu: Cai
b6 x61, chum ngay, rau ngot, bi do, ca rot. Mau
nghién ciru dugc 14y tir co s& san xuét rau ct an
toan. Ca rt, bi do duoc lya chon c6 mau vang
dam, khong gia qué hoac non qué, dugc rira sach
bﬁng nudc, got vo, dé rao nude va tién hanh thai
lat voi @6 day 3 mm. Rau cdi bo x0i, rau ngot,
chum ngay duogc lya chon c6 mau xanh dam,
khong qué gia hoac qua non, khong bi bénh.
Rau duoc cét géc, nhat léy 14, dwoc rira sach, dé
r40 nude trude khi dem sdy.

2.2. Phwong phap nghién ctru
2.2.1. Phwong phdp siy mdu

S4y mAu rau cu da chudn bi bang hai phuong
phap siy lanh va sy nong dén khdi luong 6n
dinh (khdi lwong thay dbi khong dang ké).
Nghién ctru Ira chon phuwong phap sdy lanh tai
cac nhiét do 10°C, 30°C va 50°C dé xac dinh su
thay d6i ham luong vitamin C va vi khoang,
ddng thoi sy nong tai 100°C dé dbi chimg.
2.2.2. Phwong phdp phén tich méu

- Phuwong phap phan tich ham lwong cac vi
khodng trong mdu

Ham luong cac nguyén t6 Ca, Fe, P dugc xac
dinh bang phuong phap ICP-MS (Inductively
Coupled Plasma- Mass Spectrometry) - Phuong
phap Quang phd ngudn plasma cam tmg cao tan
két ndi khdi phd. Pho ICP-MS ¢ d6 nhay cao

hon nhiéu so véi cac phuong phap phd hép thu
va phat xa nguyén tur. Gigi han phat hién cua nod
c6 thé dat toi ¢& ppt (DS Van Chi, 2020).

- Phuong phap phdn tich ham lwong vitamin C

Ham luwong Vitamin C trong mau rau ct dugc
xac dinh theo tiéu chuan TCVN 6427-2: 1998
2.2.3. Phwong phdp xir Iy 56 li¢u

- Ham lugng Vitamin C va cac vi khoang
trong cic mau rau cu sau khi sdy duoc quy doi
ra ham lugng trong mau tuoi theo cong thirc:

_ Py xm,
~ 10m,
Trong do: q
P la ham luong quy do6i ra mau tuoi
(mg/100g);

Ps 12 ham luong trong mau sau khi siy kho
(mg/ke); ,

ms 1a khoi lugng rau, cu sau khi say kho (g);

mo, 13 khdi lwong rau cii dem di siy ban dau (g).

- Ham lugng cac chét dinh dudng trong cac
mau rau, cu dugc danh giad bang ty 18 % chat
dinh dudng con lai so véi ham luong chat dinh
dudng trong mau twoi ban dau theo cong thirc:

H = L x100%
T
Trong do:
H 1a ty 1é chat dinh dudng con lai trong mau
sdy kho (%);

P 1a ham luong vi khoang hay ham lugng
vitamin C sau quy d6i (mg/100g);

T 12 ham luong cac chit dinh dudng trong
mau troi ban dau (mg/100g).
3.KET QUA VA THAO LUAN
3.1. Ham luwgng dinh duéng trong miu rau
cu tuoi

Két qua phan tich 4 chi tiéu dinh dudng (sit,
canxi, photpho, vitamin C) trong mau rau cu
tuoi duge biéu dién trén cac biéu d6 hinh 1.

Theo két qua phan tich, rau chim ngay chira
ham luong céc chi tiéu dinh dudng cao nhét, sau
d6 1a rau ngot. Sy chénh 1éch ham lugng vitamin
C giira cac mau nghién ciru 14 16n nhét (vitamin
C trong chum ngay cao gip 35,37 lan trong ca
rét). Trong khi do, su khac biét vé ham luong
photpho trong cic miu nghién ctru 1a nhé nhat
(photpho trong chum ngiy cao gip 3,18 lan
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trong cai bo x6i). Két qua so sanh ciing kha
twong dong véi “Bang thanh phan thuc pham
Viét Nam” (B0 Y té, Vién dinh dudng, 2017)
ham luong sit trong ca rét 1a 0,8mg/100g, ham

Ham luong sit (mg/100g)
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Ham lugng photpho (mg/100g)
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lugng canxi trong rau ng6t 1a 169mg/100g, ham
luong vitamin C trong bi do 1a 8mg/100g... Tuy
vay, ham lugng dinh dudng con phu thudc vao
gidng, tudi cay, diéu kién tréng va cham soc.

Ham lugng canxi (mg/100g)
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Ham lugng Vitamin C (mg/100g)
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Hinh 1. Him lwgng dinh dudng trong miu rau ci twoi

3.2. Su thay d6i ham lrong dinh dudng sau siy

Két qua phan tich va tinh ti 1& sat, canxi,
photpho va vitamn C con lai trong mau rau cit
sau sdy duoc trinh bay trong bang 1. Riéng cai
b6 x6i khong sdy duoc ¢ nhiét d6 10°C, nguyén
nhan 1a do ham lugng nudc trong cai bo x6i 1on,
sdy O nhiét do thip can thoi gian say dai ddn dén
cai bo x0i bi nat hong.
3.2.1. Ham lwong sit

Theo sb liéu trong bang 1, ti 16 ham lwong sit
duogc giit lai trong cac mAu rau cu thay d6i theo
nhiét do séy nhung su sai khac khong 16n. Ti 1€
sat cao nhat duoc giir lai trong cic mau sau sdy

dugc biéu dién trén hinh 2. Sau khi sdy, bi do 1a
mau nghién clru co6 ti 1€ sit duoc gitr lai cao
nhat, cu thé 1a 83,78% dén 84,7% khi siy lanh
va 82,5% khi sdy nong (Hinh 2), con cai bo xdi
12 mau nghién ctru c6 ti 1& sit duogc gitr lai thip
nhat (50,3% dén 60,3%). So sanh s liéu ciing
cho théy, ti 18 sit duoc gitr lai cao hon khi séy o
nhiét d6 trong khoang 30 dén 50°C.

So sanh két qua sau khi sdy lanh (10°C, 30°C,
50°C) va say nong (100°C) cho thdy, 2/5 miu
rau cu (bi do, cai bé x6i) khi siy nong thi ti 18
sat duoc giit lai thap hon 3 trudng hop sdy lanh.
3 mau rau cu con lai cho két qua sdy ndng co ti
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1é sit duoc gitr lai dugce van ¢ mirc thip hon 2
truong hop sdy lanh. Tinh trung binh thi ca 5

mau rau cu déu cho két qua 1a say lanh giir lai ti
1¢ sat cao hon say nong.

Bang 1. Ti 1§ vi khoang Ca, Fe, P va Vitamin C dwgc giir lai trong miu nghién ciru sau sy

. . Diéukign Thoigian % Fe % Ca %P % Vitamin
STT Loairau ci £ £ o es o oo o o
: say (°C) say (gio) giir lai giir lai giir lai C giir lai

1 10 - - - - -

2 Cai b6 x6i 30 36 60,28 56,03 77,07 16,46
3 50 20 53,58 57,25 93,11 8,50

4 100 10 50,32 54,04 81,33 0,74

5 10 24 80,36 78,57 75,10 25,46
6 Chiim ngay 30 15 76,05 74,23 82,90 23,72
7 50 4 74,08 76,30 73,97 11,80
8 100 3 78,54 73,69 70,25 0,41

8 10 32 68,02 65,50 71,85 22,18
10 Rau ngot 30 24 70,67 66,06 75,88 23,78
11 50 12 63,20 76,69 74,24 18,46
12 100 4 64,52 68,25 69,61 0,58
13 10 36 83,78 50,90 73,72 17,86
14 Bi dé 30 18 84,77 63,41 86,38 16,49
15 50 12 84,48 52,05 91,04 10,11
16 100 4 82,50 58,44 86,92 0,22
17 10 32 61,98 69,77 76,89 18,47
18 Ca rt 30 20 74,86 74,02 79,12 18,54
19 50 16 75,27 67,00 79,77 11,65
20 100 4 68,19 67,08 72,11 0,59

Ti 1é sit cao nhét dugc giit lai (%)
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Hinh 2. Ti I¢ sit cao nhit dworc giir lai trong cic miu sau siy

3.2.2. Ham lwong canxi

Theo sb liéu trong bang 1, ti 1& phan trim
canxi dugc giir lai trong cac mau rau cu khong
khac nhiéu khi siy ¢ cac nhiét do khac nhau.
Sau khi sdy, rau chum ngay c6 ti 1é canxi dugc
gitt lai cao nhat, 74,23% dén 78,57% trong diéu
kién sdy lanh. Diéu nay co thé giai thich trong

rau cu Ca thuong chi ton tai dudi dang céc
cation trong mudi nén dudi tac dung cua nhiét
do séy, Ca hau nhu s& duoc bao toan khéi luong.
Ti 1é mét di thé hién trén két qua phan tich mdt
phan phu thudc trang thai miu (twoi, kho), quy
trinh so ché mau trudc khi sdy, va cac budc
chuén bi mau dé phan tich... Ham luong canxi
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trong cidc mau chum ngiy tuoi va chim ngay
sdy (d3 quy ra mau twoi) thé hién trong hinh 3.
Tuong tu nhu chi tiéu sit, cai bo x6i 12 mau
nghién ctru c6 ti 18 canxi duoc giit lai thap nhat
(56,03% va 57,25 % trong 2 diéu kién sdy lanh
va con lai 54, 4% trong diéu kién siy nong). So

sanh két qua tinh toan ciing cho thay, 4 trong 5
loai rau cu nghién ctru c6 ti 1€ canxi dugc gitr lai
cao hon khi sdy ¢ nhiét do trong khoang 30°C
dén 50°C. Riéng chum ngay thi ti 1& canxi con
lai sau sdy khi sdy & nhiét d6 10°C 1a cao nhit.

Ham lwgng canxi trong cac mau chum ngay

(da quy ddi, mg/100g)
450 42293

400

350 33231 31396 32268 31167
300
250
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Tuwoi 100C 30 oC 50 oC 100 oC

Hinh 3. Ham lwgng canxi trong cic miu chum ngiy

3.2.3. Ham lwong photpho

So sanh s6 liéu bang 1 thu dugc sau khi say
cho thiy cai b6 x6i 1a mau nghién ctru c6 ti 16
photpho dugc giit lai cao nhét, trung binh 1a
85,09% trong diéu kién séy lanh, cao hon so v6i
sdy nong 1a 81,33%. Rau ngot 14 miu nghién
ctru c6 ti 16 photpho duoc gitr lai thip nhat, trung
binh 13 73,99% trong diéu kién sdy lanh va con
lai 69,61% trong diéu kién say nong. Két qua
tinh toan ciing cho thiy, 4 trong 5 loai rau cu

nghién ctru co ti 1¢ photpho dugc gitr lai cao hon
khi siy ¢ nhiét d6 trong khoang 30°C dén 50°C
1a cai b6 x6i, rau ngoét va bi do va ca rét. Tuy
vay, sb liéu ciing cho thiy ti 1& photpho duoc
giit lai khong khac nhau nhiéu gitta két qua sy
lanh va sdy nong, Ti 1 photpho trung binh con
lai sau séy lanh dugc biéu dién trong hinh 4.

So v6i 2 chi tiéu 1a sdt va canxi thi photpho
1a chi tiéu con lai nhiéu hon sau khi siy & cac
ché d¢ khac nhau.

Ti 1é photpho trung binh con lai sau siy lanh
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84.00

82.00

80.00

78.00 77.32

76.00
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Caibo x6i Chumngdy Rau ngot Bi do

83.71

78.59
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Hinh 4. Ti 1¢ photpho trung binh con lai sau siy lanh (%)
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3.2.4. Ham luwong vitamin C

So véi 3 chi tiéu dinh dudng da phan tich &
trén, vitamin C la chi tiéu duoc gitr lai thép nhét
sau khi sdy. Rau chum ngdy 12 mau nghién ciru
c6 ti 1& vitamin C con lai cao nhat, 11,80 dén
25,46% trong diéu kién sy lanh trong khi chi
con lai 0,41% sau khi sy nong (Hinh 5). Tuong
tw nhu chi tiéu sdt va canxi, cai b6 xoi la mau
nghién ctru c6 ti 1& vitamin C duoc giit lai thip
nhat (16,46% va 8,50% trong 2 diéu kién sy
lanh va con lai 0,74% trong diéu kién sdy nong).

Ca 5 loai rau cu nghién ctru ¢6 ti 1€ vitamin

Ti 1¢ vitamin C con lai sau say chum

ngay (%)
120
100
100
80
60
40 25.46 23.72

20 I 11.80
0.41
0 - . .

Mau Say Say
twoi  100C  300C

Say
500C

Say
1000C

Hinh 5. Ti 1& vitamin C con lai sau sy
rau chum ngay (%)

4. KET LUAN

Ham lugng vitamin C va ham lugng cac
nguyén té vi luong Ca, Fe, P trong cic mau rau
cu tuoi da dugce xac dinh. Rau chum ngay chura
ham luong céc chi tidu dinh dudng cao nhat,
ham luong vitamin C trong chum ngay cao gip
35,37 lan trong ca rot, ham lugng photpho trong
chum ngay cao gap 3,18 lan trong cai b6 x6i.

Nghién ctru sy thay d6i ham luong chat dinh
dudng trong hai diéu kién sdy cho thdy ham
luong vitamin C giam manh trong cdc mau rau
cu theo nhiét do séy, rau chum ngiy co ti 1¢
vitamin C con lai cao nhat, 11,80% dén 25,46%
trong diéu kién séy lanh va con lai 0,41% sau
khi siy noéng. Trong khi d6, khong c6 su chénh
1éch nhiéu déi voi ham luong cac vi khoang Ca,

C duoc giir lai cao hon khi sdy ¢ nhiét d6 trong
khoang 10 dén 30°C, cao hon nhiéu (30 dén 80
lan) so véi sdy néng. Sau khi sdy ¢ 100°C,
vitamin C con lai déu dudi 1% (Hinh 6). Diéu
nay ciing phu hop véi dic diém 1y hoa cua
vitamin C, 12 mot chét hitu co khong bén voi
nhiét, dé bi oxy hoa. Két qua nay ciing tuong
ddng voi cong bd ciia Anna Korus (Anna Korus,
2021) khi nghién ctu anh hudong cua phuong
phap lam kho dén ham luwong khoang chét,
vitamin nhoém B va tocopherol trong 14 cai xoan.

Ti 1& vitamin C con lai sau sdy lanh
va sdy néng (%)

25.00 9147
20.33 )
20.00
16.22
14.82

15.00 12.48

10.00

5.00
0.74 A1
0.00 =

Caibo Chum Rau Bido Carét
XO0i ngay  ngot
m S3y lanh ®S3y néng

Hinh 6. Ti 1¢ vitamin C con lai sau siy lanh
va siy néng (%)

Fe, P; Ti 1€ P trong céc mau con lai nhiéu hon
Ca, Fe sau khi sdy & cac ché do khac nhau trung
binh 14 73,99% dén 85,90%; bi do c6 ti 1¢ sit
duoc gitr lai cao nhét, 83,78% dén 84,7% khi
sdy lanh; rau chum ngay c6 ti 1é canxi duoc gt
lai cao nhat, 74,23% dén 78,57% trong diéu
kién sﬁy lanh. Nhin chung, ti 1€ dinh dudng
dugc gitr lai cao hon khi sdy lanh rau cu trong
khoang nhiét d6 tir 30°C dén 50°C.

Két qua bai bao nay la mot tham khao cho
cac nghién ciu phat trién bén vimg vé cong
nghé sy, bao quan rau cii qua noi riéng va san
xuit néng 1am nghiép néi chung.
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SUMMARY

Drying is a method of long-term preservation of agricultural products that contributes to the sustainable
development of agro-forestry production, with the principle of separating water from dried products and
vegetables preserved longer. This study investigates the change of vitamin C and microminerals Ca, Fe, P in 5
types of vegetables: carrot, pumpkin, moringa, katuk, spinach after drying at 100°C and heating pump drying at
10°C, 30°C, 50°C. Vitamin C was determined by TCVN 6427-2:1998, the content of microminerals Ca, Fe, P
were determined by ICP-MS method. Vitamin C content decreased sharply in vegetable samples according to
drying temperature, moringa had the highest percentage of vitamin C remaining, 11.80% to 25.46% in heating
pump drying condition and remaining 0.41% after drying at 100°C. Meanwhile, there is not much difference in
the content of microminerals Ca, Fe, P. The percent of P in the remaining samples after drying was higher than
Ca and Fe, 73.99% to 85.90%. Pumpkin had the highest of Fe remaining 83.78% to 84.7% when heating pump
drying; moringa had the highest percentage of Ca remained, 74.23% to 78.57%. The percentage of nutrients
remaining is higher when heating pump drying vegetables from 30°C to 50°C.

Keywords: drying, drying vegetables, ICP-MS method, microminerals, percentage of nutrients,

sustainable development, vitamin C.
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