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Nghién ctu nay dwoc thwc hién nhdm ti wu héa hai yéu té thwe nghiém goém ty I& dién
tich bao goéi/ khéi lwong néng san (cm2/g) va nhiét dé bao quan (°C) c6 anh huéng dén
diéu kién can bang néng dé khi oxy (%) va néng d6 khi cacbonic (%) trong méi trwdng bao
g6i badng mang nhwa nhiét déo cé phu gia khang khuén polyguanidine dé bao quan rau
can ta (Oenanthe javanica). K& hoach thwc nghiém da yéu t6 dwoc thiét ké gdm 9 thi
nghiém véi khodng khao sat cla 2 yéu td thwe nghiém: ty & dién tich bao bi/ khdi lwong
néng san 4,8-6,0 cm?/g va nhiét dd bao quan 3-7°C. Két qua tdi wu xac dinh dwoc ty lé
dién tich bao bi/khdi lwgng néng san la 4,95 cm?/g (twong &ng v&i 4849 rau can ta bao goi
trong tui kich thwéc 400x300 mm) va nhiét dé bao quan la 3°C, twong (rng trang thai can
bang méi trwdng trong bao goéi & ndng dd khi oxy va cacbonic 1an lwot 1a 1,09% va 5,19%.
Chét lwgng rau can ta (sau 15 ngay bao quan bdo quan & diéu kién téi wu) cé ham lwong
vitamin C 18,57mg%, chat khé hoa tan téng sb 2,71°Brix, chat xo 3,01%, protein 3,13%.

Rau can ta, bdo quan, mang khang khuén, bao g6i khi quyén bién déi.

This study endeavors to optimize two experimental factors: the packaging area-to-product
weight ratio (cm?/g) and the storage temperature (°C), which significantly influence the
equilibrium conditions of oxygen (%) and carbon dioxide (%) concentrations in the
packaging environment for preserving water celery. A multifactorial experimental plan has
been designed, consisting of 9 experiments, with a range of investigation for two
previously mentioned factors: the packaging area to product weight ratio spanning from
4.8 to 6.0cm?/g, and the storage temperature varying between 3-7°C. The optimal results
showed a packaging area to product weight ratio of 4.95cm?/g and a storage temperature
of 3°C, corresponding to an equilibrium state in the packaging environment with oxygen
and carbon dioxide concentrations at 1.09% and 5.19%, respectively. Subsequent
evaluation of the quality attributes of water celery under optimal conditions, after a storage
periods of 15 days, revealed a vitamin C content of 18.57mg%, total soluble solids of
2.71°Brix, fiber content of 3.01%, and protein content of 3.13%.

Oenanthe javanica, preservation, antimicrobial film, modified atmosphere packaging.
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1. GIOI THIEU

Rau can ta (Oenanthe javanica) la loai rau
than thao c6 chat lugng dinh dudng va chit
lwong cam quan tbt, duoc st dung nhiéu trong
thuc phim va y hoc dé hd trg diéu tri céc
ching bénh nhu vién gan cip tinh, vang da,
tang huyét ap, dau bung, khoé tiéu,... [9, 10,
11]. Vé thanh phan hoé& hoc, rau can ta la
nguon cung cap gidu chat xo, vitamin va
khoang chét, ngoai ra con chira cac hoat chat
phenolics, flavonoid c¢6 dic tinh chéng oxy
hoa cao [17]. Tuy nhién, rau can ta sau thu
hoach thuong bi giam chét lwong rat nhanh do
gia tri dinh dudng va lugng nudc cao lai tao
moi truong thich hop cho céac loai vi sinh vat,
con trung, sau bo phat trién. Hién nay, rau
thuong duoc bao quan biang bao go6i thdng
thuong tai nhiét 3 dudi 10°C. Theo phuong
phap nay chi dam bao duoc chat luong cua
rau trong khoang 07 ngay. Dé co thé kéo dai
thoi gian bao quan, ki thuat bao goi khi quyén
bién d6i (MAP) Ia mot hudng ung dung kha
quan. Bén canh do, viéc sir dung cac loai vat
lieu bao g6i c6 kha nang tham nuéc, tham khi,
khang khuan,... ciing gop phan dem lai hiéu
qua cao. Trong nghién ctu nay, khao sat da
yéu t6 bao quan rau can ta bang mang bao goi
nhya nhiét déo chira chat khang khuan tng
dung k¥ thuat MAP da duoc thuc hién.

2. POl TUONG VA PHUONG PHAP
NGHIEN cUU

2.1. Nguyén vat liéu

Rau can ta duoc thu hai tai ruong (Hiép Hoa,
Bic Giang) sau 40-45 ngay trong, dong tai va
chuyén ngay vé phong thi nghiém dé so ché;
lya chon cac cay co kich thudc, ngoai hinh
ddng déu vai chiéu dai than 25-27 cm, trong
luong 30-35 cay/500 g.

Mang bao g6i dang tai ché tao tur vat liéu
LLDPE c6 b6 sung polyguanidine (Trung tam

Cong nghé vat lieu - Viéen Ung dung cong
nghé) c6 kha ning khang khuin > 99%, do
day 0,04+0,01 mm; kich thuéc 400x300 mm.
Mang bao goi ddi chung 1a mang HDPE
thwong mai, d6 day 0,04+0, Olmm; kich
thudc 400x300 mm.

2.2. Thiét bi va dung cu thi nghiém

May do O,, CO, (ICA 250, Uc); can phan tich
(Ohauos, M¥); may khudy tir; binh tam giac
100 ml; micropipet 100-1000 pl; 1, 2, 5 ml
(AHN, b1c); binh dinh mac 10, 50, 100, 250,
500 ml; éng nghiém; dng dinh mic 50 ml; gia
dé 6ng nghiém; va mot sé dung cu thi nghiém
co ban khac.

2.3. Phwong phap nghién cieru
2.3.1. Phuong phap lay méu

Mau dugc chuan bi theo TCVN 5102:1990.
Céc loai mau s& duoc lay theo thir ty sau: (1)
méu ban dau: thu hoach rau can ta tai ruong;
(2) mau chung: gop va / hoic tron 1an cac mau
ban dau; (3) ¢& mau thi nghiém: liy ngau
nhién tir mau chung. Mau dugc so ché dé loai
bo bét bui, dat ban, nhiing cay bi dap nat, ria
bang nudc sach, dé rdo ty nhién.

2.3.2. Phuwong phap bé tri thi nghiém

Rau can ta s& duoc bao quan theo quy trinh:
Rau cin ta > Rira > Dé rdo 2> Bao goi >
Bao quan lanh.

Str dung md hinh truc giao bac 2 vai 2 yéu t6
thuc nghiém gém: Ti I& dién tich bé mat bao
bi/khdi lugng nong san (X,), nhiét do bao
quan (X,). Mdi yéu té tién hanh tai 3 muc
(- 1,0, +1) v6i o = 1 (k = 2). Ké thira két qua
nghién ctru thyc nghiém don yéu td tir nghién
clru trude xac dinh dugc mién bién thién cua
céc yéu té thuc nghiém twong ung cac bién
(X1 va X;) va vat liéu bao goi da duoc Xac
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dinh lam co s& xay dung ké hoach thuc
nghiém da yéu t6. Quy hoach thuc nghiém
goém 9 thi nghiém vai 2 ham muc tiéu 1a Y, -
nong d6 khi O, (%) va Y - nong d6 khi CO,
(%) voi mong muén cé gia tri dat duoc gan
nhét véi diéu kién ti wu bao quan can ta bing
phuong phap diéu chinh khi MA ndng d6 khi
O, 1% va nong do khi CO, 5% [12, 13] va
danh gia chat luong twong ung sau 15 ngay
bao quan. Mdi mau thi nghiém duoc tién hanh
theo nhu thiét ké thi nghiém trong quy hoach
thuc nghiém, véi ciing ché do so ché, xur li va
d6 am tir 90-95%. Theo ddi nong do O,, CO,
bén trong bao bi 3 ngay/lan cho dén khi két
thuc thuc nghiém vao ngay thi 15. Céc thi
nghiém duoc tién hanh doc 1ap véi s6 lan lap
lai & 3 1an.

2.3.3. Phuong phép phéan tich va x& ly sé
liéu

Thanh phan khi O,, CO, sinh ra trong qua
trinh bao quan bén trong bao g6i duoc xac
dinh theo phuong phap tinh sir dung may do
0,, CO,. Cac chi tiéu chat lugng dugc Xac
dinh theo cac phuong phap tiéu chuan: ham
luong nusc (10TCN 842:2006 [1]); ham
luong chat khd hoa tan tong sé (TCVN
7771:2007 [2]); ham lugng vitamin C (TCVN
6427-2:1998 [3]); ham luong luong protein
(TCVN 8125:2015 [4]); ham luong chat xo
tong (TCVN 9050:2012 [5]); Salmonella
(TCVN 10780-1:2017 [6]); E.coli (TCVN
7924-2:2008  [7]); Coliform  (TCVN
6848:2007 [8]).

S6 lieu thi nghiém duoc théng ké va xir ly
bang phan mém Microsoft Excel va Minitab
16. Xtr i sb liéu cho qua trinh t6i uu hoa diéu
kién bao quan duoc thuc hién bang phan mém
Design Expert 13.

3. KET QUA VA THAO LUAN
3.1. Chéat lwong rau can ta nguyén liéu

Chét luong mau rau can ta sau khi duoc chuan
bi nhu trinh bay tai muc 2.3.1.

Bang 1. Chat lwong cua rau nguyén liéu

T Chi tiéu Khoi lugng
twoi
1 | Ham luong nude (%) | 95,56+ 1,43
2 Chat khe hooa tan tong 203401
so ("Bx)
3 Protein (%) 3,28 £ 0,01
4 Chét xo thd (%) 3,35+0,2
5 Ham lugng vitamin C 19.14 + 0,01
(mg%)

Nhan thay ham lugng nuéc trong rau can ta
nguyén liéu tuong d6i cao (95,56%); théng
thuong luong nuéc chia trong rau chiém tir
70-95%, mdi loai rau khac nhau cé thé c6 ham
lwgng nudc khéac nhau. Lugng nudc trong rau
quyét dinh dén chét lugng cam quan cua rau,
rau c6 ham lugng nuéc cao thi sé gion va co
vi mat hon [15]. Protein ciia rau can ta nguyén
liéu dat 3,28%. Ham lugng nay cao hon so véi
rau can ta duogc trong tai mién Nam Thai Lan
(2,88%) [16]. Ham lugng chét xo dat 3,35%;
cao hon so v6i ham lugng chét xo cua rau can
ta trong tai Bijie, Trung Quéc (0,9%) [17]
nhung lai thip hon rau can ta dugc trong trén
nGi Nga Mi, Trung Quéc (8,74%) [18]. Ham
lwong vitamin C caa rau can ta nguyén liéu
dat 19,14 mg%; cao hon S0 Vdi rau can ta
dugc trong tai mién Nam Théai Lan (3,29
mg%) va Bijie (5,00 mg%) [16,17]. Két qua
nay cho thay mau rau nghién ciu cé chat
luong tét va phi hop muc dich nghién ctu
bao quan.

3.2. Xac dinh diéu kién bao quan

Can ctr cac diéu kién da néu tai muc 2.3.3, xac
dinh mién bién thién cua cac yéu t6 thuc
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nghiém tuong wng cac bién, ty I¢ dién tich
mang bao goi/khdi lwong néng san (A-cm?2/g)
trong khoang 4,8-6,0 va nhiét ¢ bao quan
(B-°C) trong khoang 3-7°C. Sir dung md hinh
truc giao bac 2 véi 2 yéu té thuc nghiém, két
qua duoc trinh bay trong bang 2.

Bang 2. Anh hwéng chaty 1é dién tich mang/khéi

lwong rau va nhiét doé bao quan dén ndng do khi O,
COg trong bao goi

STT | A(cm?g) | B (°C) | Y1 (%) | Y, (%)
1 48 7 0,98 6,10
2 5,4 7 1,90 5,30
3 48 5 1,10 5,60
4 48 3 1,15 5,20
5 6,0 5 2,40 4,30
6 5,4 5 1,10 4,90
7 6,0 7 1,78 4,60
8 6,0 3 2,52 4,00
9 5,4 3 1,70 4,50

3.2.1. Ham muc tiéu Y,

Kiém tra sy c6 y nghia cia md hinh va bang
phan tich hdi quy cua hai yéu t6 ti 18 dién tich
mang bao gdi/khéi luong néng san (cm2/g),
nhiét d6 bao quan (°C) dén ndng do khi O,
(Y1, %).

Bang 3. Gia tri héi quy Y,

TT | Ngudngéc | ChuanF | Giatrip
1 M6 hinh 10,30 0,0115
2 A 19,77 0,0043
3 B 0,8278 0,3980

Két qua trong bang 3 cho thay md hinh c6 y
nghia F = 10,3 (p<0,05). Piéu nay ching to 2
yéu t6 khao sat ¢ anh huong dén nong do khi
O, trong bao géi bao quan ra can ta (hé s6
tuong quan R?= 0,9963). Su c6 nghia cua cac
hé s6 hdi quy dugc kiém dinh boi chuan F, cac
gia tri p<0,05 cho thay céc hé sé hdi quy A -
ty 1¢ dién tich mang bao g6i/ khéi lvong ndng

san 1a c6 nghia. Phuong trinh hdi quy Y, c6
dang nhu sau:

Y:=1,63+0,5783A -0,1183B

Perturbation
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A: t7 1¢ dién tich mang/ khoi lirong va B: nhiét
do bao quan
Hinh 1. Sw twong tac cua yéu t6 tilé dién tich
mang/khéi lwong va nhiét do
bao quan dén ham néng dd khi O, (Y,)

Thong qua hé sb hdi quy cia phuong trinh hoi
quy Y4, do thi 2D (hinh 1) cho thay: yéu tb ti
1& dién tich/ khdi luong (A) va nhiét d6 bao
quan (B) ¢6 anh huong dén ham muyc tiéu ham
lugng khi O, (Y1,%). Trong d6 ti I¢ dién tich/
khi lugng c6 quan hé ti 1é thuan véi nong do
khi O,, khi ti 18 dién tich/ khéi luong ting thi
nong do khi O, ting va nguoc lai. Piéu nay
dugc danh gia la phu hop véi quy luat bao goi
¢6 dic tinh ban tham khi O, trong qua trinh
hd hip cua ddi twong la rau qua twoi noi
chung, hay néi cach khéc ta cé dinh mot khoi
lwong rau can ta nhit dinh va diéu chinh ting
hoac giam dién tich mang bao g6i hoac vat
liéu bao goi ciing nhu d6 day mang bao goi thi
luu lwong tham khi O, tir méi truong vao
trong bao bi sé tang hoac giam, do lugng khi
O, tiéu thu cua cling mot khéi luong rau can
ta tai cung mot thoi diém 1a khong ddi. Mat
khac nhiét d6 bao quan cé quan hé ti 1€ nghich
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véi ham lugng khi O,, tuy nhién sy anh
huéng nay 1a khong nhidu. Nhu vdy anh
huong caa yéu t6 ti 18 dién tich/ khéi luong co
tac dong dén néng do khi O, manh hon so vdi
yéu tb nhiét do.

3.2.2. Ham muc tiéu Y,

Kiém tra sy co y nghia caa md hinh va bang
phan tich hoi quy caa hai yéu tb ti 18 dién tich
mang bao gdi/khéi luong néng san (cm2/g),
nhiét do bao quan (°C) dén ndng do khi CO,
(Y2, %).

Bang 4. Két qua phan tich héi quy Y,

TT | Nguéngdéc | ChuanF | Giatrip
1 M® hinh 522,56 0,0001
2 A 1170,73 0,0001
3 B 387,07 0,0001
4 AB 9,88 0,0256

Két qua bang 4 cho thay mé hinh ¢ ¥ nghia
F = 522,56 (p<0,05). Diéu nay chiing té 2 yéu
t6 khao sat c6 anh huong dén nong do khi
CO, trong bao géi bao quan rau can ta (hé sb
twong quan R?=0,9968).

Su c6 nghia cua cac hé sé hdi quy dugc kiém
dinh bai chuan F, céc gié tri p<0,05 cho thay
cac hé s6 hoi quy A - ty Ié dién tich mang bao
g6i/ khi luong ndng san va B - nhiét d6 bao
quan 1a c6 nghia. Phuong trinh héi quy co
dang nhu sau:

Y, =4,94-0,6667A + 0,3833B — 0,0750AB

Tir hé sé hdi quy caa phwong trinh hdi quy Y,
db thi 2D (hinh 2) cho thay ti Ié dién tich/khdi
lwong c6 quan hé ti 1& nghich véi ndng do khi
CO,, diéu nay nguogc voi ham nong do6 khi O,
la khi ti 1& dién tich mang/ khéi luong tang thi
nong do khi CO, giam, ching to kha ning
thoat khi CO, tur bén trong bao gbi ra moi
trueong véi luu lugng 16n hon va nguoc lai.

Trong khi do, nhiét d6 bao quan c6 quan hé ti
I¢ thuan véi ham luong khi CO,, nguoc lai
véi ham luong khi O,. Nhu vay, khi ting
nhiét 6 bao quan thi ndng do khi CO, ciing
sé& tang va nguoc lai, diéu nay co thé ly giai do
kha nang can troé muc thoat khi CO, tir bén
trong bao goi ra ngoai moi truong.

Perturbation
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A: ti 1& dién tich mang/ khéi luong;
B: nhiét d6 bao quan

Hinh 2. Sy twong tac cua yéu té ti lé
dién tich mang/khdi lwong va nhiét do
bao quan dén ham néng dé khi CO, (Y,)

3.2.3. Téi wu hoéa diéu kién bdo quan rau
can ta bang mang bao géi khang khuan

Ti wu véi cac diéu kién: ti 1& dién tich mang
bao goi/khéi lrong 4,8-6,0 cm2/g (dam bao vé
kha ning trao doi khi tranh hién tuong yém
khi): nhiét d6 bao quan 3-7°C (c6 kha ning
trao doi khi dong thoi dam bao tinh co ly cua
bao gdi trong quéa trinh van chuyén). Ham
muc tiéu vé ndng d6 khi O, (Y1, %) va CO,
(Y2, %) tuong trng muc tiéu dat dugc 1% va
5% da dugc xac dinh trong diéu kién bao quan
rau can ta bang phuwong phap diéu chinh khi
MA. Két qua téi wu xac dinh duoc Vi
A = 4,95 cm?g (ti 18 dién tich bé mat mang
bao gdi/khéi lugng ndng san), B = 3°C (nhiét
d6 bao quan rau), ndng d6 khi O, dat 1,3% va
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nong d6 khi CO, dat 5,0%. Tu két qua nay
tién hanh thi nghiém xéac nhan dé kiém ching
mé hinh va két qua duoc trinh bay & bang 5.

Bang 5. Néng dd khi O, va CO,
trong bao géi theo mé hinh va thuwc té

Ty 1€ dién A Thuc
tiCyfll;)én:lét Nhiét M hinh nghiém
mang bao | dd
goi/ khoi | bao
lu-qng qué"n 02 C02 02 C02
nongsan | (°C) | (%0) | (%) | (%) | (%)
(cm2/g)
1,09 | 5,19
4,95 3 1,3 | 50 * *
0,03 | 0,06

Sau 15 ngay béo quan

Hinh 3. Rau cn ta trwéc va sau 15 ngay bao quan

Céc chi tiéu chat lugng cua rau can ta trong
qua trinh bao quan ¢ diéu kién tdi wu ciing
dugc xac dinh va dbi ching véi cong thic bao
quan ¢ diéu kién dang dugc ap dung phé bién

la bao go6i bang mang LDPE thdng thuong, ap
dung & cung diéu kién nhiét do 3-7°C, do am
90-95%. Sy thay do6i cac chi tiéu chat lugng
dinh dudng, cam quan va vi sinh vat trong
thoi gian bao quan 15 ngay. Két qua duoc
trinh bay trong hinh 3 va bang 6.

Sy thay d6i ham luong vitamin C, chét xo tho,
protein va chat kho hoa tan téng sé trong qué
trinh bao quan phu hop véi qué trinh bién doi
sinh 1i va sinh hoa. Ddi véi rau can ta bao
quan ¢ diéu kién téi wu chat rin hoa tan ting
lén 14 do c&c thanh phan nhu cellulose,
hemicelluse, pectin, lignin,... bi thuy phan dé
tao thanh duong. Rau can ta bao quan ¢ diéu
kién thuong c6 ham lwong chat ran hoa tan
giam, c6 thé do sy tc ché quéa trinh hd hap
xay ra khi néng do khi CO, trong bao goi
khong dugc duy tri & mac hop ly. Khi so sénh
gitta hai cong thirc nhan thay rang sau 15 ngay
bao quan thi rau cin ta dwoc bao quan trong
diéu kién t6i wu déu c6 ham luong vitamin C
va chat rin hoa tan cao hon so véi rau can ta
duoc bao quan & didu kién thong thuong bang
mang LDPE thuong bao quan ¢ cung diéu
kién nhiét do, do am. Két qua kiém tra chat
lwgng vi sinh sau bao quan duoc trinh bay
trong bang 7.

Bang 6. Sw thay déi chét lwong cua rau cin ta sau 15 ngay bao quan

Chit lwgng cam quan
Vitamin C o Chét xo thd o
Pidu (mg%o) TSS (BX) (%) Protein (%) | pigm cam Xép logi cam
kién bao guan guan
quan
R 15 0 15 R 15 0 15 0 15 0 15
0 ngay X R ~. |0 ngay X R X R X R X
ngay | ngay | ngay ngay | ngay | ngay | ngay | ngay | ngay | ngay
Téiwu | 19,16° | 18,57* | 2,04* | 2,71* | 3,21* | 3,01* | 3,30* | 3,13% | 19,2* | 17,7* | Tét | Kha
X a b a b a b a b a b| T4 | Trung
Thuong | 19,16° | 17,20° | 2,04 | 1,62° | 3,21% | 2,75 | 3,30% | 3,05 | 19,2° | 14,8" | Tot binh

Ghi chl:cac chit mii khdc nhau trong cing mét cét thé hién s khdc nhau la ¢6 ¥ nghia & mirc

a=0,05
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Bang 7. Chét lwong rau can ta (sau 15 ngay bao quan
& diéu kién téi wu)

Chitieu | Pon | Két | Giéi han |Panh
danh gia vi qua | chophép | gia
E.coli CFU/g <1 10 Dat
Coliform | CFU/g 3 10 Pat
Salmonella| CFU/g KhC%ng Khong c6 | bat

Vi khuan Salmonella, Coliform va E.coli la
nhitng chi tiéu duoc st dung dé danh gia chat
luong thuc pham (theo QCVN 8-3:2012/BYT
va Qb 46/2007/QD-BYT). Pay la céac tac
nhan gay hai trong h¢ tiéu hoa dan dén tiéu
chay, mat nuéc. Két qua cho thay rau can ta
bao quan trong nghién ctru nay dap tmg dugc
yéu cau dbi vai céc chi tiéu trén trong 15 ngay
bao quan.

4. KET LUAN

Diéu kién bao quan téi wu cho rau can ta bang

mang bao goi nhya nhiét déo LLDPE da dugc
bd sung chat khang khuan polyguanidine la
bao quan & nhiét @6 3°C, ty 1€ dién tich bao
bi/khdi lugng ndng san 1a 4,95 cm2/g tuong
g véi 484 g rau can ta bao goi trong tui kich
thugc 400x300 mm, véi diéu kién nay s& tao
duoc moi trudng trong bao goi ¢ nong do khi
O, va CO; lan luot Ia 1,09% va 5,19%. Sau
15 ngay dugc bao quan trong diéu kién toi vu,
chat lwong rau can ta van duoc dam bao vé
dinh dudng va vé sinh an toan thuc pham theo
quy dinh hién hanh.

LO1 CAM ON

Nghién ciu nay dwoc thuc hién trong khuon
khé nhiém vu “Nghién ciru xay dwng quy
trinh s dyng mang nhwa nhiét déo co két
hop phu gia khang khudan trong bdo quan rau
can ta (Oenanthe javanica)” (HP sé
13/2023/HP-PTCS) do Trung tam Coéng nghé
vt liéu chu tri thyc hién.
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