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Fig 6. Variation of sweet cherry temperate during FAC and HC process
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Table 2. Effect of precooling methods, packing methods and storage time on quality properties of sweet cherry
during the cold storage
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Fig 7. Effect of precooling and packing methods on A) mass loss and B) stem browning of sweet cherry during
cold storage
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Fig 8. Effect of precooling and packing methods on A) firmness and B) TSS of sweet cherry during cold storage
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Fig 9. Sweet cherry stored at 3 °C temperature for 16 days and then stored for 6 days at ambient temperature (28
"C)

bz 5los )0 (GIagSS 5o (WS p 2 I -T-F-)
o0l 6)“-‘-955 MAP (5[.@4.:“.} 2 O L&bos.:.a [ ad cdl Ql)’.:.a 4 ols UL“‘“' Ja..:m ‘_gLoo e Lmow ‘_g)‘..\.e‘ii )" J..al} C"L"'
o Bl e e Sles 53 59, 7 (65IMSS e 9 AlE0 5 55 Woge (IS oy Do SRl L g b 5L o

Adgs 0al (6l Albo )0 59, Vo a5 Sleoss py> Bl FACHMAP JLas j0 aS (5 sbas ol iy 55 badiges oles
39 pS > poliee Wigy 3 b yles plu ;0 .W00g oud (5l A0 (0 59, T aS 0g oleoges 5l in as )0 TYY S0



Journal Pre-proofs

397 o 9 A3 13 IS5 59, Vo L FACHMAR slooges )3 py2r Sl Gl 0o (LS (ized gl (1 Jgo)
loazs gl (ulply 09 yieS NCHMAP slaogo s HCHMAP a4 s aS 045 00,0 /0 F S0 oo sbos ;0 (5 IS
Oliee chasze slod ;0 059, 7 (5 IS5 9 Larme (slod ;0 (6555 gy Sl 93 52 )3 (i S (oo wb |, FACHMAP oS
591 yeS FACHMAP Lo 15 o,

buzo Glod 50 (5,4 jo WS alw (yols gloged -Y-Y-Y

Lo los ;0 59, 7 g Widg 0ol z 15 albo,w 5l 6l Yo 55, ,0 a5 FACHMAP slroges ;o 4Bl uls (sloged ()l5e
15 il ud glosgd lime NCHMAP claogee 10 .05 1o )loi plos 51 12aS a5 S5 duoys FY/A Ll s divgs o (g,agSs
B9 0 0318 iz LS a8l ol gloged Jai I FACHMAP | oslisul sazes (Y Jguz) 051 2o )0 YAIQ 55, jlen

oo glod 50 (6,104 jo WS Shw -Y-Y-Y

dop )3 albosw 5l il )l 59y 4 Cuns Laze )3 )N o, Pl an MAP sladieg )0 ogee (Sde (e
o Lo dus 51 yaS clams slod 1 (6,05 el 4 FACHMAP Jloss o i ilS lme cpwizr o il alS Lo las
bee ;0 Jgame 039, 7 )l 5l am iz (7 Joo2) Sl 03g) a8 Jgamme (FobS lie S0 ke 4 109
s NC+MAP o5 4 Coed FACHMAP jlos j0 S ¢lime el o3l (3505 10 Jaazme (6,105 (gilwands a5 g5
S o 9SG |, FACHMAP 35, sl a5 541 5YL HCHMAP Lo

Vg Al )0 6,005 59, VY jlaw g 48,5 1,8 MAP guidaing ;0 a5 obboge 50,5 Lo (Y-Y) ), Se 5 Del
TA] wiagy 1o j55 2 (6 VL gt 3l ciogs o () leS Lame (slos 49 5,

Lo lod 33 (6,14 0 (WS Joloro doler Slgo —Y-Y-F

ool 00 g0 MAP 5525 5 s (6 y2aS Lialil 1o plos & o FACHMAP Lo ;5 Jalons dal> slgo yyolie
¥ Ji) 255 a8 M TSS Slpenis b Lana slasys (6,455 53, # 5l sy o o5

S (51 (o ke g (g i lo ey 9 (2 e LI -T-F

0B Aoy 45 S 5ey Vo Usb o biges oled dbogee a5 olsm dnlllas 5 ousl Cows 4 b il
o 9558500 Lulph b aileo e 0 (65l e Lol oy 1565 5 (Jou BB Codgadia Sl g wogy (S5 8S g (S
MAP o a5 olooges g0 (og,900,5 (pyng 10 Jeame 5,lgS byld alic a5 (¥ °C) Lo slos jo (5,l04SS
oS o oanbie Ll o (Fo3GS BTl 0 59, 515 wings (T30S w8l Lo )3 5l plez 5o, U wdg: ool (ot
D3 Jylae sladiug jo a5 Hleogae a5 el S5 4 p3Y 06 o5 Lo FACHMAP 5 55385 5 (Sawwg 5l oliee ol
2 6105 D b 19 1o IS Wl 0 (Slostd s, iz ed oy Byan HB b came 5 60 53, F 5l
S W 00d aidioy MAP o aS laoges 28,5 &jso sl Kial L FACHMAP Lo s ailss o 51
e 95 ORL )o wao)d +[FYO laie L FACHMAP las 4 bgyje py2 S8l plie (5068 g ails |) o2 21 ke
el Fge Jless €95 Cn e QB 50 53 655l Bpas g Glepme i Gloy (S (S sladasly pogdle bg (5l
booads Gioleyuwsion sogus Lol .ol ploxil FAC U Ll Gislo s 31 Sas s il 90 Lo y@5 HC )0 brogan (il yus o o
S Olier (IS Hsbar Sl Joud 0)90 stien Glalepw iy gy (ol Cnlpl dog 1005 0 6 5VL (ST els> 51 FAC
Job 0 Jsame TSS 5 b polie laa> g aBle ol sloged g p,o <l ol Jlos il L FACHMAP jlos cé 5
aogi S IS 5o Jlerd Gaie Olsre w4 daeme Sled )0 IS 5, G 9 VT sled 15 (65l s, e
5 Woge (IS oy D ogat ;s 8l clie (oo Sal) Cinlioo le i Oloy BT Sl wiz a9 oo
Sl ae 31 L 55 aisg; 00 (5)0g55 Ao 5 5 Vsh S 4 &5 plbsges o el Coanl Sl S5 (] S

Dgr 0,55y gy oal )13 As sl Sog) a5 Slbogee 4 S (g S8l 1 LT CuiS 5 Wog 0,55 5 (g 5eS



Journal Pre-proofs

Sl 0 05 plowl laore 10 (6,055 ol g Ao ;0 (6,055 Saw (o bLS I (69, (6 tien andllae el o3Y cpl plo

DBl IS 50 Jgame (gt Bl (g5, Wlgi oo dame 0 YL (5l
Lie slos 13 (6,0 L s MAP Glises gla Lo 10 (oIS oS Slovguas Sl (F) Jgua
Table 3. Variation of quality properties of sweet cherry at different treatments of MAP and then stored for 6 days
at ambient temperature (28 °C)
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Precooling Forced air FAC
methods (A) cooling
Hydro cooling HC
No cooling NC
Packing Modified MAP
methods (B) atmosphere
Packaging
Commercial CP
packages
Storage time First day 1D
© 4 days 4D
8 days 8D
12 days 12D
18 days 16 D

20 days 20D
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(V) Jgu=
S.V. df M.S
Mass Stem Firmness TSS
loss (%) browning (N)
(%)
Precooling 2 2407 8177 013™  0.16
methods (A)
Packing 1 5892 70.27 0.93 0.11
methods (B) . . .
Storage time 5 0.339 0.06 1.27 0.02
©) N "
AxB 2 1030 139.80 ™ 0.01"™ 0.44
AxC 10 0157 0.78™ 0.03™  0.02
ns
BxC 5 5027 843" 0.085™  0.01
ns
AxBxC 10 007”7 0.07" 0.01"™ 0.01
ns
Error 36 0017 0.03™ 0.08 ™ 0.02
ns
C.V. 4.03 % 3.95 % 255%  0.72

%

™, "and ™ indicate a significant effect at 1% and 5% probability level and a non-significant effect, respectively.
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(¥) Jgus
Quality Exiting day Precooling method
properti from cold No Hydrocooli Forced air
es storage cooling ng cooling
4D 9.54 9.69 10.01
Firmness 8D 9.26 9.37 9.77
(N) 12D 9.19 9.29 9.63
16 D 9.08 9.12 9.58
20D 9.02 9.17 9.51
4D 21.67 21.25 20.00
8D 21.95 21.66 20.21
TSS (%) 12D 22.08 21.78 20.41
16 D 22.12 21.85 20.52
20D 22.22 21.95 20.59
4D 8.40 6.30 4.00
Decay 8D 8.60 8.50 4.50
%) 12D 8.60 8.50 6.50
16 D 10.50 9.60 7.60
20D 13.60 11.60 8.60
4D 12.14 10.21 9.57
Stem 8D 22.02 19.41 16.34
browning 12D 48.00 36.78 30.23
(%) 16D 58.90 45.61 36.90
20D 78.90 55.61 43.90
4D 3.02 2.28 151
Mass 8D 3.10 2.35 1.83
loss (%) 12D 3.07 2.49 1.94
16D 3.14 2.50 1.98
20D 3.23 2.53 2.04
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Introduction: High loss and waste of fresh fruits and vegetables are always one of the major problems of the
agricultural industry. The amount of postharvest loss of these crops varies from 5 to 60 % in different countries.
Application of postharvest technologies such as precooling process and packaging by new methods, including
modified atmosphere packaging and MAHP, has a significant effect on maintaining quality and increasing the shelf
life of fruits such as sweet cherry. Sweet cherry is a highly perishable fruit whose marketability depends on its
overall quality and the prevention stem browning.

Materials and methods: In this study the effect of precooling methods, type of packaging and storage time was
studied on the quality properties of sweet cherry. The precooling methods were forced air cooling (FAC),
hydrocooling (HC) and no cooling (NC). A forced-air cooling system was used in a cold room where the
temperature and relative humidity were 3 °C and 85 %, respectively. This system consisted of a suction fan to
generate a desirable airflow rate and an open tunnel. For the precooling process, the fruit packages were located in
the center of the tunnel. Four fruits were instrumented with K- type thermocouple wires placed in their centers and
the temperature of these points was measured every 1 min. A data acquisition system including a PC and data logger
was used to collect data. The precooling process continued until the central temperature of the fruit reached 7/8 th
cooling temperature. The hydrocooling process was conducted by the immersion method at the water temperature of
3 °C. The type of packaging included the commercial package (CP) and modified atmosphere packaging (MAP). CP
was the commercial polyethylene package without film and lids. The same commercial polyethylene packages were
used for packing the fruit as MAP. Polypropylene film with a thickness of 0.03 mm was used to seal the top of this
package (MAP). The fruit was stored at 3 "C and 85 % relative humidity for 20 days and fruit quality was measured
at the harvesting day, and days 4, 8, 12, 16 and 20. The quality properties was mass loss, decay, stem browning and
TSS. In addition, to simulate and evaluate fruit quality changes in the market, the fruit was stored for 6 days at
ambient temperature (28 °C) after storing at cold storage. For example, fruit which exited from cold storage after 4
days was stored in the laboratory (28 °C) for another 6 days. The data were analyzed based on a completely
randomized design as factorial experiments in three replications.

Results and discussion: The results indicated that the lowest mass loss (0.24 %) was observed in the fruit cooled by
the FAC method and then packed as MAP (FAC+MAP). Stem browning in the fruit packed in MAP (7.64 %) was
lower than that in the fruit packed in CP (11.57 %). Firmness and TSS were better preserved in the fruit that was
cooled. In all treatments, no decay was observed during cold storage of fruit. In addition, storage of all fruit at
ambient temperature showed that the lowest mass loss (2.04 %) and stem browning (43.90 %) were obtained in the
fruit treated with the FAC+MAP and no decay was observed in the fruit up to 4 days.

Conclusion: Therefore, the simultaneous use of FAC and MAP had a positive effect, and precooling of sweet cherry
by FAC followed by packing in MAP was the best method for storing the fruit which reduced stem browning and
preserved fruit quality.

Keywords: Modified atmosphere packaging, Precooling, Shelf life, Stem browning, Sweet cherry
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