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Table 1 Means square of crispness and Sensory evaluation (total acceptance) for fresh-cut lettuce

strips
Means square
Source df - 9
Crispness Total acceptance
Coating (C) 2 0.145%%* 64 54%%%
Temperature of storage (TS) 1 0.100%** 63.09%**
Days of storage (DS) 3 1.310%*** 574.80%**
Packaging film (PF) 2 0.120%** 118.80%**
Cx TS x DS x PF 12 0.002%%** 2.69%H*
Error 0.27 0.031%** 1728
* kk Rk Significant at P = 0.05, 0.01, or 0.001, respectively.
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Fig 1 Changes in crispness coefficient of fresh-cut lettuce strips (N) without immersion treatment, (N1) with
immersion treatment containing 1.5%Cal/0.1Cys and (N2) 1.5%CaL/0.5Cys at different temperatures (A) 5 °C
and (B) 10 °C for samples packaged under (D) MAP, (D1) 20-PM-MAP and (D2) 40-PM-MAP system, during
12 days of storage. Values represent means + SD of seven replicates
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Table 2 Results of different models in terms of root mean square error (RMSE) and correlation
coefficient (R?), for crispness and sensory evaluation of fresh-cut lettuce

Index Crispness Sensory evaluation
Model Zero order First order Zero order First order
RMSE 0.57 0.70 3.79 3.79
R’ 0.93 0.92 0.95 0.73
Ceo il (835 cu o o i b ol n Koo 0T 5 a8 w835 yarls Sl o s Gl ol dsles (ol o
S5 ﬂlﬂEal 5 Ao Ol 5 (955 el i Lol Va0 daly) ,\.:le'a.ﬂlu;)'l b Olge
[VE] ol il o 5 ST O gl 5uS] Q=-Ke t+Ce (6 alaily)
Gl bols (Gp dals, glp edd amloe cul oli Kee = Krerexp[-Eai/ Ry (1/T-1/Trer)] (\ akal)

ool ¥ s 3 il (g3 Ol 5 L2Sly e e
s
Table 3 Reaction rate constant (K., Ccco), and activation energy, (Fa;, Ea,) of crispness changes of
fresh-cut lettuce strips (N) without immersion treatment, (N1) with immersion treatment containing

1.5%CaL/0.1Cys and (N2) 1.5%CaL/0.5Cys for samples packaged under (D) MAP, (D1) 20-PM-
MAP and (D2) 40-PM-MAP system, during 12 days of storage

treatment
N N, N,
D D1 D2 D D1 D2 D Dl D2
Kref(S'l) 0.04 0.04 0.06 0.03 0.03 0.05 0.02 0.01 0.05

-1
Eaj(keal mol™) 7100 4 (3645 38524 125922 124769 3965.7 296861 406637 4599.5

R’ 0.95 0.93 0.95 0.90 0.96 0.95 0.85 0.85 0.97
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Table 4 Parameters estimate of the kinetic model describing the changes in crispness coefficient of
fresh-cut lettuce strips (N) without immersion treatment, (N1) with immersion treatment containing
1.5%CaL/0.1Cys and (N2) 1.5%CaL/0.5Cys at 5 °C and 10 °C for samples packaged under (D) MAP,
(D1) 20-PM-MAP and (D2) 40-PM-MAP system, during 12 days of storage

treatment
N N, N,
D D, D, D D, D, D D, D,
N Ke 0.026  0.027 0.034 0032 0021 0.036 0016 0012 0027
g 5 Co 0.737  0.693 0.701 0981 0.715 0.781 0.803 0.755 0.707
) R? 0.95 093 095 090 09 095 085 085 097
&< Ke 0.029  0.030 0042 0.035 0.026 0039 0018 0.028 0.028
S 10 Ce 0.747  0.694 0.705 1.091 0.717 0.796 0.823 0.768  0.768
R? 0.91 094 098 095 099 099 091 088  0.88

Yio


http://dx.doi.org/10.52547/fsct.18.115.19
https://fsct.modares.ac.ir/article-7-39097-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-08 ]

[ DOI: 10.52547/fsct.18.115.19 ]

\F AN )‘})J@Jr NA e)j:‘\\c e)LA..i'

Olnl 2l mbes 5 ple o

G S s o Sl 4 e 45 A3l baatey pl 55 (531se

LV MV ]osi o ab 5 Jlae o 5 48
by ool sl o 5VG 5553 31 ey sl OLES e
SUSY V0 ol Jon b ot osls Lty (sl sad
Vool Glapkd 5o odd sty (s 10/ 5 S
S aS el 518 sl a5 0 glos 3 0l (IS 5 e
5 alie g ot Glaises b (5l pme sl LT
-8 gad rean 530S Sl a3 Ve gles 53 ek (IS
3 oS DSV N0 (ol lome Lol esls S g sla
die Yo bl lakiey 3 odd (IS (et 1070
5 S s YT Jlo s Olrlale 5 SV aizly

LBl Cews bl S 4 Y1 Jle s O,

(S FBndy) (o LYY
Bl Sl il old osls 0L ) Jpds s 4 glailes
Gl 3o IS By 5 Lo (idy e § (ki
Albls lay g8 -l flie 315 030 03,55 oy (5588
(P = Log a8 lasispnd IS oy asli ol s
Sldges NS 5oL Ole das e 0lis ¥ S .0.05)
wrpa Ve 50 gles g3 a3 S 5, VY b s sals
Sluains GG gad uzeen Sl a4l alS ol S sl
Sladizes 5 skl o SV A Yoo ghils slaghd 3 edd
P oo b slasl g meS Ak 05 Glagkd 5o el (ghuany
w3l S Bl ams Ve 50 Gl 5 a5 (S 5, VY
m Bl ol Wl OF s oS oy ol o g

LYY Y]
| = D D
A N * D N‘l NZ + D1
[ T T ™ —a— D2 6 T T T T T 6 T T T ™ & D2
5 l 5 5t p
J[ g fitinm !
o % ‘ 3. = 4l ]
g Wk e ]
k] L% 3 T b d L]
ol B \
& 3 4 3 5 T 3t ]
g o 8 . Y :
% . ” . | S, 3
= o2 = 2} J 2t N
2w L 2
1 1 1t ]
ol Ly ol P T S RS ol L Ly
0 2 4 6 8 10 42D_ 0 2 4 8 8 10 #“D— 0 2 4 6 8 10 —‘—"D—
i ol Storage time(days| i i
B Storage time(days) o g (days) i Storage time(days) W=
§ ———————— D2 § ——— T —a— D2 b a D2
5 * 5 Shoa. 1
o LH
L - . 4 . at - I 4
= \ \ % .
2 . h 3 ] J R
2 . A ¢ N T
2 [} e . 3
83 i 3 \ 3 . *
@ L]
k3 2 2 2t g
‘\.k % il
A L]
1 " L 1 1k f- T o
ol . L \ \ . . ol L \ \ . . . ol . \ . \ . .
[ 2 4 [3 g 10 12 0 2 4 [} g 10 12 [ 2 4 [3 g 10 12

Storage time(days)

Storage time(days)

Storage time(days)

Fig 2 Changes in sensory evaluation (total acceptance) of fresh-cut lettuce strips (N) without immersion
treatment, (N1) with immersion treatment containing 1.5%CaL/0.1Cys and (N2) 1.5%CaL/0.5Cys at different
temperatures (A) 5 °C and (B) 10 °C for samples packaged under (D) MAP, (D1) 20-PM-MAP and (D2)
40-PM-MAP system, during 12 days of storage. Values represent means + SD of three replicates
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Table 5 Reaction rate constant (K, Cy), and activation energy, (Ea;, Ea4) of sensory evaluation
(total acceptance) changes of fresh-cut lettuce strips (N) without immersion treatment, (N1) with
immersion treatment containing 1.5%Cal/0.1Cys and (N2) 1.5%CaL/0.5Cys for samples packaged
under (D) MAP, (D1) 20-PM-MAP and (D2) 40-PM-MAP system, during 12 days of storage

treatment
N N, N>
D D1 D2 D D1 D2 D Dl D2
Kier(s7) 0.220 0.114 0.114 0.216 0.100 0.140  0.188 0.110 0.148
Eaxkcal.mol') 2496.3 8658.9 8366.6 49302 171428 7644.7 62585 15931.6 7644.7
R’ 0.96 0.95 0.96 0.94 0.96 0.92 0.97 0.96 0.94
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Table 6 Parameters estimate of the kinetic model describing the changes in sensory evaluation (total
acceptance) of fresh-cut lettuce strips (N) without immersion treatment, (N1) with immersion
treatment containing 1.5%CaL/0.1Cys and (N2) 1.5%CaL/0.5Cys at 5 °C and 10 °C for samples
packaged under (D) MAP, (D1) 20-PM-MAP and (D2) 40-PM-MAP system, during 12 days of

storage
treatment
N N, N,
D D, D, D D, D, D D, D,
o K, 0.271 0.201 0.202 0.255 0.120 0.193 0.251 0.131 0.181
3 5 C 4.68 5.09 4.58 5.12 4.70 5.14 4.76 5.09 4.97
g ) R’ 0.90 0.97 0.80 0.95 0.98 0.92 0.95 0.98 0.99
g" — K, 0.332  0.323 0350 0.298 0.130 0.232 0.331 0.171 0.270
& 10 (0N 0.33 0.33 0.36 0.29 0.19 0.23 0.33 0.24 0.20
R’ 0.95 0.93 0.95 0.96 0.95 0.96 0.94 0.94 0.91
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Table 7 Values of the estimated shelf lives and the correlation coefficient of fresh-cut lettuce strips

(N) without immersion treatment, (N1) with immersion treatment containing 1.5%CaL/0.1Cys and

(N2) 1.5%CaL/0.5Cys, for samples packaged under (D) MAP, (D1) 20-PM-MAP and (D2) 40-PM-
MAP system, at the investigated storage temperatures

treatment
N N, N,
D D1 D2 D D1 D2 D Dl D2
) Shelf life (day) 4.41 8.40 5.89 6.44 12.62 9.19 5.05 11.59 6.91
L/ 5
g R? 0.90 0.97 0.80 0.95 0.98 0.92 0.95 0.98 0.99
<
g Shelflife (day) ~ 3.66  5.16 5.02 555 1259 736 347 974 5.0
g 10
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Fig 3 Determination coefficient (R*) of experimental vs. predicted values achieved by zero order kinetic model
for the two different parameters studied: A: crispness, B: sensory evaluation (total acceptance)
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Mechanical injuries in to the tissue of ready-to-eat fresh-cut lettuce usually cause
stresses which leads to increasing respiration rate. The shelf life of this product
depends on the processing and packaging steps, the type of packaging film and the
environmental conditions during storage. The purpose of this study was to evaluate
the effect of storage time, storage temperature, immersion pretreatment and the
number of perforations of packing film on the crispness coefficient and sensory
evaluation (total acceptance) of fresh-cut packaged lettuce stored under modified
atmospheric condition and also development of shelf-life kinetic model of this
product. For this purpose, 250 g of the lettuce strips were washed and immersed into
two different concentrations (1.5/0.5 and 1.5/0.1) of CaL/Cys, then packed and
sealed in low-density polyethylene packaging films (LDPE, 42 pum thickness) with
no perforation (N-MAP: 21% 02, 0% CO2) and 20 and 40 perforations per m’
respectively. The study was carried out at two temperatures of 5 and 10 °C, for a
storage time of 12 days. Indices of quality maintenance, i.e., crispness coefficient
and sensory evaluation (total acceptance) were investigated. Furthermore, a
mathematical model was developed to describe the kinetics of changes in crispness
coefficient and sensory evaluation. Then, the shelf life of the samples was predicted
based on sensory evaluation. The results showed that changes in selected targeted
parameters could be best described by a zero-order. The prediction of shelf life of
fresh-cut lettuce samples showed that samples treated with 1.5%Cal/0.1% Cys
packed in 20-PM-MAP, stored at 5°C and 10 °C and samples treated with
1.5%Cal/0.5% Cys packed in 20-PM-MAP stored at 5°C, had a shelf life of 12.62,
12.59 and 11.59 days (with no significant difference at p < 0.05), respectively.
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