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Table 1 - Comparison of means of two different polymeric films and gas combinations on strawberry quality during storage life

RS

b sLs U S 035 el S eSS S5 o 3 S s
(Decay) (Fruit fimness) % Weight loss Sepal (&) Fruit (a) S.tr‘l’rfge Treatment
1.00£0c 100£0m  299:008e -11.13+0.72i  27.19%0.50 odef 0
122+011¢c  153+006i 1296+1.93d 6.57£+080h  27.07 + 1.83 cdef 5
245+022b 267+024cd 1948+080c -483+109gh 2812%1.73bcdef 10 (Control) 1u.:
279+015a 360+011b 2398+114b 263+117fg 3044 +2.18bc 15
239+018b 387 +017b 3091+305a -2.41+ 0.49fg 3544 +£0.31a 20
1.002£0 ¢ 14020 209+008e  -11.13+0.72i  26.26+0.48 def 0
100£0c  200+0.11fg 154+034e  -7.26+023f  26.63+0.41 def 5 _
100£0c  240+011de 177 +040e  -7.3+199h  29.15+ 0.50 bcde 10 el
Poly amide + Air
100£0c  367+017b 144+033e -5690:083h 2807+0.12bcdef 19
1.00£0c  447+006a 125+072e  -634+050h  33.35+0.31bc 20
100£0c  1.33:006m 299+008e -11.13:£0.72i  26.64 +0.53 def 0
1.002£0 ¢ 167+006i 150+008e 227+085cde  27.70%0.77 cdef 5 o fan
S+ e
100t0c  193:0.13fg 1.892013e  483+164bc  27.18 +0.69 cdef 10 Frrdel
Poly amde + CO2
100t0c  293+006c 237+023e 7.01:070ab 2840+0.31bcdef 15
1.002£0 ¢ 3.80+02b 370+100e  7.77+062a 2856+0.12bcdef 20
100toc  107+006Im 2992008e  -11.13+0.72i  27.70 £ 1.13 cdef 0
1.00£0¢c 140+ 011i 181+029e -763+075 h  29.61+ 1.13 bcd 5
1.04 +0.03c  140+0.11i 257+0.10e  -624+154h  27.80 +0.92 cdef 10 s
Poly ethylene +Air
130 £029¢c 213+0.17ef 205+047e  -598 +0.49h 3143+0.42b 15
111£011c 273+0.06cd 245%019e -03320.34ef  3544:0.31a 20
100t0c  1.26:013m 2992008e  -11.13+0.72i  27.37 +0.38 cdef
1.00£0c  1.33+006m 162+0.13e 046+1.05de  26.32+0.36 def 5 O e s
B+ Ak
1.00+0c  173+0.13ghi 1.37+0.35¢ 3.04+ 0.8 cd 27.53 +0.92 cdef 10 Poly ethylene + CO2
1.00+0¢c 173+ 006i 213:017e 4.76+062bc 2868+2.07bcdef 15
111 £041c 187+0.06fg 179+029e 376 +0.70c  28.85+2.17bodef 20

Il mn BN S5 O 9051 el p Ao y3 0 pea 3 (bl S 51D 53 S ke By sl sl Sl

In each column, means followed by the same letter are not significantly different at 5% using Duncan Multiple Range Tests (DMRT).
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Fig. 1 . Effects of different polymeric films and gas combinations on mean strawberry fruit weight loss during storage
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Fig. 2 . Effects of different polymeric films and gas combinations on mean strawberry fruit (a*) during storage
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Fig. 3 . Effects of different polymeric films and gas combinations on mean strawberry sepal (a*) during storage
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Fig. 6 . Effects of different polymeric films and gas combinations on mean strawberry TA during storage
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Fig. 7 . Effects of different polymeric films and gas combinations on mean strawberry pH during storage
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Fig. 8 . Effects of different polymeric films and gas combinations on mean strawberry vitamin C during stirage

% 22 i _lf:] ; Treatment L.
17 b 7 b b
I
215 pT/ / / yT’ ;‘T’
SEiE
s
QQQ\@ X ¢ X C
& & & J
] (b@@ Q& \\\\\%Q
QQ\\ QQ\\Q,

G125t 0593 Isb 53 (Kb g ogm Jaloee dalr 3l ge Kl (59, gl 38 5 g Ol 51— A ls 4ed

Fig. 9 . Effects of different polymeric films and gas combinations on man strawberry TSS during storage

Y VY



\Y‘/\/\)L@.:w\ o)Lq..ird\ c)j>4L5)')jL.:.54.l.>.u

5 bzl cld [hals sl &S Sl
JJS oslaul 3l o8 0 g L;“J-w uig‘ﬁ‘ Cpeimat
G 3 odal Cawsdds @L:S ab (VY 5 8)
o 5 Sl el slls Jals Cel oS el
23 Gbgme Jl B S5 s s SRy

I sl nals
6LQL5JM‘5LQ°):.A b#‘ﬁ Juu 43-3.4&“‘ C)‘J'-;-‘
wlsl 3 s a4 Sl 3l e 2 030
0SS 5 Juld s dul b e s
(L Ygane) I slad Ko b pa 53 54 40
Sl ks ol 3 b s 5 il e 23l o
A o 00) sde bas a3 a0 JI
Sladeul ol huares Glajles )3 &S du) o
Js

5 Lldd LS A3 w4 Ol a0 I
Olpe ald 4 Sl ol (it slajles
2B L el S amil oS STl
OLes 5 5L 5 (0489) LuS 5 <3l SUspn
Sl S par S 5 (S po s, 53 (1440)
Lol s e 55 sl glana

A 5T sl Gl VL SanSiss
I Sl fasn 0 tese PH Ol
Sy S S Ol e PH g5 D
kil e 8 PH s ey 0555 58
s Sl A5 5o a8 e SR i
@Bl Al Bl SASles ol slaaia o
Ldime s leds 5 AL e ialS pH
PH il 4 e SduSles ol
50) 3L pH 55 bz b 5 ssie
5 PH Ol 55 (g ms (VAAQ) jus 5 J (Vo

VY

Ole (V44Y) S Sl 5 Coonsl 0 g0 b i
o310 Sl 3 oS L K s oS s S
350 3 b e DB G SeSlss
I s ek LU b K pos 5l jed
S Wlesls Ol Olallas pioman ((VA) LSl o
oxn e Bl el WL Susies
Sl sl 0oy Anl b sb 53 .(00) 553
O sedltns Sl Sl 2 5 565, 5SS
Sk olms Gl 5y S, sSYE A
Soo iy 53 35 5o oS O g3 5 0l
PP AmBod g ok 1 Ik olms ey
Al o BT o 5m O3 o5 dad sk o)l g5 O
mAl S e e L Koy
o5 3 Lamﬂ e 5 dls 3L, sSYE L
Voo 5 SRS (Spes o
5 el laat 53 baege (V) il
S (Bl 5 (STl glls ilesT gl
4 Caed bty (pl 208 (g p i35 s g
Sbo 0kl L 5 0 anlas Gl of Sl
Lae oo 45 b o> aslsl 3 5 ol 050 (555
ol Ao B o B ks O ams > s
Loy 6lp el i Kl e lases
e OF aalsl iy 48 Al a8 15 S0

25 o ge OAS Fo 5 4
sams 035 dgpl Lol huaras 13lad Ol 5
23 Jpame b= 4 5 ol 2 b
Ly Jpams oled 03505 S s il b Lol
OY) s o ool ledsSes T 5 Las sl L
Sk 5 KA 5 edd Oly Sl o8 e

ol bl 51 Ol e bae ge 51 S5 & s



\Y‘/\/\)L@.:w\ o)Lq..ird\ c)j>4L5)')jL.:.54.l.>.u

Sl 5w KAy oS el
o el By s 5L B la St
5 bl Al sk s e O a0
5 ol ol S sy e 5 o
Odesy S5l s ogme deoys b0 31 i o, o
b b g () 558 s SO e s @
Pl b b SRS Sty S
39 a8 5 sld el s Slea &
Sluls sdes e s pn Jseese
33 opSASles bl 5 e Sl Ko s
Sl 5 S sl 53 S i U e
Doy 4 oese oplcduanas 5 ol aldlw
el 3 e Osjie g, Olpe a4 il
gty CodS b e SLBL s

238 o

S g S
Ls‘)jt‘é 9 g_}:"“j}i &Léjl-‘ﬂ )‘ ‘*'L:“Jui-’“
Ol o8sils b b 5 G5sWES sz

.Jsj.fdc PIESEY

References

1 . Agar IT, Streif J and Bangerth F (1997) Effect of

high CO, and controlled atmosphere on the
ascorbic and dehydroascorbic acid content of
some berry fruits. Postharvest Biology and
Technology 11: 47-55.

. Batu A and Thompson AK (1995) Effect of
controlled atmosphere storage on the extention
of postharvest qualities and storage life of

tomatoes. Workshop of the Belgium Institute

Seasl b Ll s “Selva’ vﬁjjéojs »TAL
OF) w8l ol J 28
& by Ol

el O o b5 o SenSliss 5008
b r ple s KAD5 50 & el Sl
Lol S5 e SASliss SRl A() 550 s
yame § 50 a5 a5 035 Soline Sy sS
Sl s Jsb s G SASles Ol
B 5 S heSIgs RIS Sy Al
S @l:.; Ll sl oujvﬁ o}:“ﬁ
(V) LT e s
d e ol 3l 40

b plepids 53 & A Bia o
(el ) 03] 4 o 1S (i3580
Fddst gl fdy Sl eSS i Olgs
28 Gl ity cnlnl 5 e (GUSIL)
23 (5 03le iy Ol e 4 4S) 000 A3 Lok
03,5 SaS (b Drae Gloll il p b

ol

for Automatic Control, Ostend. June 1995. Pp.

263-268.

3 . Behnamian M and Masiha S (2005) Strawberry.

\h%A

2" Ed. Sotodeh publication, Tabriz, Iran.

. Farber JN, Harris LJ and Parish ME (2003)

Microbiological safety of controlled and
modified atmosphere packaging of fresh and
fresh cut produce. Food Science and Food

Safety 2: 142-160.



\Y‘/\/\)L@.:w\ o)Lq..ird\ c)j>¢L5)')jL.:.54.l.>.u

. Gil MI, Holcroft DM and Kader AA (1997)

Changes in strawberry anthocyanins and other
polyphenols in response to carbon dioxide
treatments. Journal of Agricultural and Food

Chemistry 45: 1662-1667.

6 . Goldstein L, Mahony MO and Kader AA (1991)

10 .

11

12.

Effect of short term exposure to low O, and
high CO, atmosphere on quality attributes of

strawberries. Food Science 56: 50-54.

. Hancock JF (1999) Strawberries. 1* Ed. CABI

Publication, New York, 237 p.

. Holcroft DM and Kader AA (1999) Controlled

atmosphere-induced changes in pH and organic
acid metabolism may affect colour of stored
Postharvest

strawberry  fruit. Biology and

Technology 17: 19-32.

. Jiang Y, Joyce DC and Terry LA (2001) 1-

methylcyclo-propene treatment affects
strawberry fruit decay. Postharvest Biology and
Technology 23: 227-232.

Kader AA (2002) Postharvest Technology of
Horticultural Products. 3 Ed. University of

California Agriculture and Natural Resources

Publication 3311. California: 135-144 pp.

. Lara I, Garcia X and Vendrell M (2006) Post-

harvest heat treatments modifies cell wall
composition of strawberry (Fragaria X ananassa
Dach.) fruit. Scientia Horticulture 109: 48-53.

Lee L, Arul J, Levcki R and Castagine F (1995)

A review of modified atmosphere packaging

13

14 .

15 .

16

17 .

18 .

\Vo

and preservation of fresh fruit and vegetables:
physiological basis and practical aspects-part 1.

Packaging Technology and Science 8: 315-31

. Li C and Kader AA (1989) Residual effects of

controlled  atmosphere = on  postharvest
physiology and quality of strawberries. Journal
of the American Society for Horticultural
Science 114: 405-407.

Mitcham EJ (2004) Strawberry, In: Gross KC,
Wang CY, Saltveit M (Eds.), the Commercial
Storage of Fruits, Vegetables, and Florist and
Nursery Crops. Agricultural Research Service,
Beltsville Area. USA.

Roger Harker F, Elgar HJ, Watkins CB and
Jacksons PJ and Hallet IC (2000) Physical and
mechanical changes in strawberry fruit after
high carbon dioxide treatments. Postharvest
Biology and Technology 19: 139-146.

Sandhya (2010) Modified atmosphere
packaging of fresh produce: Current status and
future needs. Food Science and Technology 43:
381-392.

Sharma KD, Dhankhar OP, Kaushik RA and
Saini RS (2001) Laboratory manual of
analytical techniques in horticulture. 1% Ed.
Agrobios publication. 136 p.

Smith RB and Skog LJ (1992) Postharvest
carbon dioxide treatment enhances firmness of

several cultivars of strawberry. HortScience 27:

420-421



\Y‘/\/\)L@.:w\ o)Lq..ird\ c)j>4L5)')jL.:.54.l.>.u

19

20 .

. Vander-Steen C, Jacxens L and Deberere J

(2002) Combining high oxygen atmosphere
packaging to improve the keeping quality of

strawberries and  raspberries.  Postharvest

Biology and Technology 26: 49-58.
Weichmann J (1986) The effect of controlled-

atmosphere storage on the sensory and

nutritional quality of fruits and vegetables.

Horticultural Review 8: 101-127.

21

22 .

v

. Zagory D (1998) An update on modified

atmosphere packaging of fresh produce.
Packaging International. 117 p.

Zheng Y, Wang SY, Wang CY and Zheng W
(2005) Changes in strawberry phenolics,

anthocyanins and antioxidant capacity in
response to high oxygen treatment. Journal of
the Swiss Society for Food Science and

Technology 40: 1-9.



Journal of Agriculture, Vol. 11, No. 1, Spring 2009

The effect of high CO, Modified Atmosphere Packaging (MAP) on storage properties
of strawberry (Fragaria ananassa cv. Selva)
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M. Maghoumi " Y. Mostoufi , A. R. Talaie ", M. Dehestani ~ and A. Asghari

Abstract

This study was conducted to evaluate the effect of high CO, Modified Atmosphere Packaging (MAP) on
storage quality of ‘Selva’ strawberry fruits. The statistical analysis carried out using factorial experiment by
Completely Randomized Design (CRD) with three replications. Treatments included cover in two levels
(polyethylene and polyamide) and two different gas compositions (2% O, + 15% CO, + 83% N, and Air). Fruits
were stored at 0-2°C and 85-90% relative humidity (RH) for up to 20 days with the five days intervals, followed by
24h at 257 and 70% (RH) to simulate market conditions. The results showed that MAP is more effective to prevent
weight loss and decay incidence whereas decreased vitamin C content. High CO, inside the packages had led to
inhibited red color development (a* value) of fruit and caused sepal necrosis. By the application of MAP with high
level CO, using polyethylene film, fruit firmness had not showed decrease whilst TSS in polyamide film was
maximum compared to controls and other treatments.

Key words: Modified Atmosphere Packaging (MAP), Polyethylene film, Polyamide film, High CO,, strawberry,

Storage properties, Quality
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