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ABSTRACT

This investigation was carmried out during two successive secasons (2003
and 2004) at the Horticulture Rescarch Institute, Fruit handling Department. Lime
fruits were picked from a private farm at Kalubia Government Fruit were
transported directly to the laboratory to be sorted, washed, waxed and packed into
a non-ventilated, normal ventilated or micro-ventilated bags (2,4.6,8 micro holes
per bags, 1 mm. in diameter). Fruits physical and chemical properties were
analyzed at 14 days intervals. Lime fruit packaged inside non-ventilated bags had
the highest decay percentage and the lowest weight loss during siorage compared
with the other treatments. Lime fruits packaged inside micro-ventilated bags had
the Jowest decay incidence compared with the other treatments.

Also lime fruits packaged inside micro-ventilated bags had weight loss
incidence less than packaged lime fruits inside pormal ventilated. Micro-
ventilated bags significantly reduced the deterioration rate of lightness and the
dehydration of pigments during storage compared with fruits packaged inside
normal- veatilated bags. Micro-ventilation rate had no effect on fruit contents
juice percentage, Total Soluble Solids, Total acidity and V.C. during storage.
Non-ventilation rate lecad to accumulate high concentration of CO; which
appeared to cause some damage for fruits, This study confirmed that micro-
ventilation rate can be used instead of normal-ventilation rate in order to decrease
decay and weight loss during marketing or storage without any bad effect on fruit
quality parameters.

INTRODUCTION

Limes are popular to the Egyptian consumer as beverage, for food
flavoring and as a source of vitamin C. Lime fruits are extensively used all year
round. Therefore, it's of major importance to increase the grower's income. Lime
also had a good opportunity to increase its exported quantity (NARP, 1994).
Optimal storage for Lime is 13°C to avoid chilling injury but long term storage at
that temperature lead to fruit semescence and fungal decay (Cohen, and
Schiffimann-Nadel, 1978). Loss of the peel green color is due to loss of the green
pigments. Chlorophyll development of the yellow color in the peel due to the
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formation of Caroteniod pigments (Sanson, 1986; Nakasonc and Paull, 1999 from
El-Bassiouny, 2003). High density polyethylene (HDPE) wraps delayed loss of
firmness and peel coloration of iemons for up to 6 months with the fruit kept at 17
to 20°C (Ben-Yehoshua, et af., 1983 and Sharkey, ef al., 1985). Packaging
significantly reduced weight loss and the positive results were obtained by storing
lime fruits at 10°C. Packing green lime fruits stored at 10°C had no snmarketable
fruits after 12 weeks of storage (El-Helaly, et al., 2002). However, waxed fruits
that also scal-packaged was found to accurnulate ethanol and off flavors (Albrigo
and Fellers, 1983; Albrigo and Ismail, 1983 and Purvis, 1983). Storage of
numerous perishable produce in modified atmosphere (M.A.) was effective in
reducing the undesirable effects of ethylene, lowering their metabolic activities
and extending their shelf life. This is achieved by reducing O level and
increasing that of CO; in the storage environment compared to their percentage in
the air (21.3% and 0.03% respectively) Yehia, 1997 and 1998 and Kader, 2002.

_ The physiological needs of the stored produce define the optimum levels
of each of these gases, while the produce tolerance to high CO; and low O, levels
define their limits. The desirable effects of modified atmosphere (M.A.) could be
achieved by placing the fruits in a bag made of special film and is referred as
maodified atmosphere packaging. The film should be selected to have desired gas
transition, Oy, CO, and water vapor to maintain the desired modified environment
of atmosphere 0;%, CO;% and R.H. % to minimize the postharvest changes that
lead to fiuit deteriorate (Schlimme and Rooney, 1994).

However, the :icsirable packaging film should maintain the levels of
these gases within the proper needs and tolerance limits of packaged fruits since
too low O, level would lead to anaerobic respiration and off taste (Kader, 1986
and 2002) and too high CO; level would cause numerous undesirable effects
(Kader, 19806 and 2002 and Watkins, 2(00).

Studies on consumer packaging of citrus were dominated for some vears
by tests as to whether plastic bags are needed to be petforated, and if so how
inuch ventifation was adequate. The Florida citrus commission 1960, standardized
ventilation for 5 Lb. (2.27 Kg.) polyethylene bags for Florida citrus at minimun
of 72 one-forth inch (6.35 mm.) holes (Grierson, 1969).

The present investigation was carried out to study the effect of some
micro-ventilation rate compared with normal-ventilation rate or non-ventilation at
ail on lime fruits quality and storability.

MATERIALS AND METHODS

This investigation was carried out during two successive seasons (2003
and 2004) at Horticulture Research Institute, Fruit handling Department, Ministry
of Agriculture, Egypt. Uniform 15 year ol Balady lime trecs grown in a private
farm at Kalubia Government were selected.
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At maturity stage (according to El-Shiati, 1959), fruits were picked by
clipper and directly transported to the laboratory were washed, dried and divided
into the following treatments:

Treat. 1: packaged in normal ventilated polyethylene bags each had 10 holes

(5mm, in diameter) (Grierson, 1969).

Treat, 2: packaged in non-ventilated polyethylene bags.

Treat. 3, 4, 5, 6: packaged in polyethylene bags had 2, 4, 6, 8 micro holes (! mm.
in diameter) all bags had the same size (15 X 35 cm.) and 330 gm. of
lime only.

Every treatment had 18 bags (10 p m. in thickness), at 14 day intervals
samples were faken and the fruit physical and chemicals properties werc
measured or calculated as following:

- Weight loss % and decay % were calculated as the following équals:

a- Weight loss % = fruits weight of bags at the cxamination date x100/ the
initial weight of bags (at the start of the experiment (330gm. ).
b- Decay % =decayed fruits per bags *100 /the initial weight of bags.

- Juice content was estimated by squeezing 18 fruits (as three replicates) by handy
squeczer and then juice percentage was calculated (w/w).

- Fruit firmness was estimated in 18 fruits (6 from each replicate) by Lfra texture
analyzer instrument using a penetrating cylinder of 1 mm. in diameter to a
constant distance 2 mm, inside the skin of fruits and by a constant speed 2 mm.
per sec. and the peak of resistance was recorded per gm.

- Color of the skin development was estimated by Hunter colorimeter for the
estimation of "L", "a" and "b" values and a subsequent calculation of the
corresponding hue angle according to McGuire, 1992 and Voss, 1992

- Total soluble solids were determined by abb'e rafractometer according to
{A.0.A.C, 1980).

- Total acidity percentage was determined by titration and calculated as citric
acid according to (A.0.A.C., 1980).

- Ascorbic acid was determined according to (Lucas, 1944).

~ Chlorophyll and carotene compounds in the rind were determined according to
the procedure suggested by Robblen (1957). A Carl Zeiss photoelectric
colorimeter was used for determination. The optical density a1 622; 644 and
440 wave length to determine chlorophyll (a), chlorophyll (b) and carotene
contents according to the following equations:;

Chlorophyll (a) = 9.784x0.D. (662) - 0.99x0.D. (664) =....mg/100gm. F. W,
Chlorophyll (b) = 21.426x0.D, (644)-4.65%0.D. (662) =...mg/100gm. F. W
Carotene = 4.695<0.D. (440)-0.268(A+B) =...mg/100gm. F. W.

- Gas measurements within the headspace atmosphere of the bags were estimated
using a sampling syringe inserted through a septum. The gas samples were
analyzed for CO; and O, concentrations using a DualTrak model 902D Gas
analyzer (Quantek Instruments, USA).

All data were tabulated and statistically analyzed (according to Snedecor
and Cochran, 1980). All mean were compared using the L.S.D. values at 5%
level.
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RESULTS AND DISCUSSION

1-Weight loss percentage:

Data presented in Table (1) show that, weight loss percentage increased
gradually and significantly with prolonging the storage period in the two seasons
of this investigation.

These results are in accordance with those obtained by El-Shaiti, 1959;
Corini and Testoni, 1988 on lemon; Hegazi, ef al., 1988 on lime; Eaks, 1990 on
lemon; El-Helaly, 2002 and El-Helaly, et al., 2002, on lime. They reported that,
weight loss in lime or lemon increased gradually and significantly with the
extension of the storage period.

Data also cleared that, no ventilation or micro ventilation rate
significantly reduced weight loss incidence of lime fruits during storage
compared with the normal ventilation rate.

Data also indicated that, weight loss percentage increased gradually but
non-significantly with the increasing micro-ventilation rate. The same trend was
clear in the second scason.

These results agree with those obtained by Ben-Yehoshua, ef al., (1987)
on lemon, Corini and Testoni, 1988 on lemon; and El-Helaly, ef a/., 2002, on
lime. They found that, seal packaging significantly reduced weight loss incidence
during storage.

2- Decay percentage:

‘ It is obvious from data presented in Table (2) that, decay percentage of
stored lime fruits increased gradually and significantly with the extension of the
storage period during the two seasons in this investigation.

These results confirm with those obtained by Salem. ef al., 1988 on lime;
El-Helaly (2002} on lime and El-Helaly, er al. (2002) on lime. They suggested
that, decay incidence of lime increased gradually and significantly with
prolonging the storage period.

Also it is clear from the previous data that, micro-ventilation rate
significantly reduced decay incidence of lime during storage compared with
normal-ventilation or non-ventilation of bags. Moreover normal-ventilation rate
also significantly reduced decay incidence of lime fruit during storage compared
with non-ventilation of bags.

Date also showed that, all micro-ventilation rate had the same effect on
reducing the incidence of decay. This trend was obvious during the two seasons
in this work.

These results confirmed by Ben-Yehous, ef al., 1987 on lemon; Cohen,
. etal, 1990, on lemon; El-Zayat, ef al., 1998 on lime and El-Helaly, et ol., 2002,
" on lime. They found that, packaging sigunificantly reduced decay incidence during
storageé.
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3-Fruit Firmness:

Data presented in Table (3) show that, lime fruit firmness decreased
gradually and significantly with the extension of storage period during the two
seasons in this study.

These results are in line with those found by Ben-Yehoshua, ef al., 1987
on lemon, who reported that lemon fruit firmness decreased gradually and
significantly with the extension of storage period

Also we can conclude from the same date that, fruits packaged inside non-
vontilated or micro-ventilated bags had higher firmness than fruits packaged into
norosst-ventiletod bags. However, fruits packaged inside mon-ventilated lost its
firoancas rapidily during the first stages of storage then fhuctaated w0 be raised again
until reached the muximnn at the end of storage period (Table 3 and figure 1),

These reqults are in line with those mergioned by Ben-Yehoshua, er of., 1983
on lesmon; Cobien, e¢ al., 1990, on lemon; El-Zayat, ef al, 1998 on lime and lemon.
They reported dhink; individual seal packaging of fruits with high density polyethylene
significantly sechied the deterioeation rat of fruit firmncss during storage.

4-Fruit lightness:

Data shown in Table (4) obtained that, lightness decreased significantly
as the storage period increased during the two seasons in this investigation.

Also data cleared that lime fruits packed inside bags with micro-
ventilation rate had the highest lightness compared with the other fruits which
were stored inside non-ventilated or normal-ventilated bags.

S-colour transmission (hue angle):

Data presented in Table (5) cleared that, fruit color (as hue angle)
changed pradually and significantly from green (hue angle = 180 or iess) to
yellow (huc angle = 90) with the extension of the storage period during the two
scasons in this study.

Also data shown in Table (5) cleared that, micro-ventilation rate reduced the
color transmutation rate from green to yellow compared with normal-ventilation rate.
These results are in accordance with those mentioned by Bleinroth, ef al., 1976;
Predebon and Edwards (1992); El-Helaly (2002) and El-Helaly, ef al. (2002). They
reported that, lemon or lime fruit color changed gradually and significantly from
green to yellow with prolonging the storage period.

6-Juice contents:

Data illustrated in Table (6) cleared that, lime fruit juice contents
increased gradually and significantly during the first stages of storage (at the 10™
and 6™ weeks during the first and the second season's respectively) then tended to
decrease till the end of storage period. These results arc in line with those
obtained by Hegazi, ef al. (1988) and Cohen, ef al. (1990). They reported that
juice contents of lime or lemon fruits increased with the extension of storage
period. Also the last author indicated that, this increase had been reflected to
begin decreasing at the Iast of storage period.
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Table (3): Effect of Ventilation rate treatments on firmness (gm./cm2) of lime

fruits during cold storage.

Storage Treatments
eriod T T. T, | Ts¢ | Ts | Ts | Means
days). ¢ first season (2003
11883 | 118.83 | 118.83 | 118.83 83 [ 118.83 [ 118,
108.72 | 11492 | 116.08 | 113.04 | 117, 113.92 14.
10292 | 103.92 | 10833 | 115.18 | 113, 112.00 | 110,
42 104.00 | 99.73 99.9% [ 112.51 [ 1i0. 11166 | 106.46
%6 101.36 | 96.41 | 105.97 | 108.24 I 107. 110.68 L]
10478 | 117.22 | 103.50 | 110.61 | 1(4. 106.67 | 107.
0838 | 132.90 | 9507 | 102.50 | 101.34 | 10089 | .
cans | 105.60 | 112.28 | 106,95 | 111.56 | 110.8¢ | 110.95
The second season (2004).
0 10979 T 109.79 | 109.79 | 109.79 1 109.79 | [09.79 | 109.
14 9682 | 103,02 | 104 18 | 101.14 V1 10568 | 10402 | 1024
18 90.52 9352 110093 1027 10352 1 99,60 X
42 92 .40 88.15 96.90 | 100.91 | 99.27 1 100.06 .
56 90.36 8541 | 9593 0724 | 96.18 99 68 94.13
70 97. 104772 | 8690 9811 91. 93 17 94.63
[ 8638 | [20.70 | 84.97 90.30 | 89.14 88.69 93.40
Mecans | 94.08 | 100.7¢ | 97.09 | 100,04 | 99.33 | 99,43
LS.D, at 5%
Factors Ventilation rate Storage period Interaction
1" season 5.02 5.43 13.29
2" season 4.5 4,97 10.91

2 vr

of time {ruits

I ""*eaamemg e -—{ié
o ITTr, 7T Te | Tz | 1 hWieaa
Thrst season {2003), B B 'lﬁ
5055 7 30551 5055 5055 1 30.55 50G.55 5055 i
3181 175090 1TEIST 1A [TSL51 | 5048 101 ig
4880 i 4808 5149 4967 51.75 4905 | 49.81 i§
46.51 49.04 49.34 4879 48775 49 (65 48 58 8
4534 | 4367 | 48.10 | 4994 | 4949 | 47.26 32 )
4279 40.84 4774 4777 46.34 46.24 .
40.61 39.63 45.28 43139 1 44.62 4579 43.3%
46.63 46.15 49.17 48.56 49,00 48.2%
The second scason (2004),
56.23 56.23 56.23 56.23 56.23 | 56.23 56.23
54.62 5541 55.46 54. 54.41 58.44 55.52
50.50 50.75 59.86 371.67 56.24 55.57 35.10
50.94 52.82 54.91 3577 { 33.03 34.69 .
49.68 51.12 53.53 53,23 53.59 55.62
48.35 50.01 54.20 33.9 5425 33.91
42.13 49.63 54.64 54.45 3481 3l.76
35 (5229 | 3538

Ventilation rafe
1.69
1.93
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Table (5): Effect of Ventilation rate treatments on Hue angle of Lime skin
frults dunn cold storag

110.80 } : 13.41
106.45 . . 102.09
104.76 I i 01.95
10G.15 . ) 10028
99,60 A . 98.16
9733 . .
105.71 . 104,39 |
The second scason (2004),
76 T1il7 | {fi76 T 11176
102732 1 103.72°] 10757 [ '105.27
10237 1 103.43 1 107.38 [ 103.57
10176 | 103.08°] 10356 | 100.73
101.4] 102,16 | 99.40 | 99.23
9826 T 102201 9778 | 9R M4
9795 | 101371 9568 | 97.17
102.36 | 103.96 | 103.30 | 102.28

Ventilafion rate Storage period TInteraction
3.27 3.53 8.64
2.85

Table (6); Effect of Ventilation rate treatments on Juice percentage of lime
fruits during cold storage

Treatments

1 T, I T T, T
irst scason (2003).
50.45 | 5045 | 50.45 50.45
54.30 34.62 33.06 52,45
56.18 | 53.88 57.85 54.37
3720 1 56.34 36.51 35.67
3518 371 5542 1 56.35
55.39 58.13 5577 55.76
50.93 52.79 538 3485
54.35 55.13 54.70 T 54.30
The second season (2004).
52.44 32.44 52.44 52,44
54.26 53.83 54.20 54.58
56.28 57.8 56.42 56.41
56.09 5640 | 5774 524
55.98 5581 55.49 [ 55.60
55.46 [ 353.20 3461 | 5493

3345 54.15 33.05 3.00
| 54.8% 55.10 54,85 54.60

Ventilation rate Storage period
f 57
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Also it's appear from the same data that, lime fruits packaged inside
ventilated or non-ventilated polyethylene bags had the same juice contents at the
end of storage.

These results are in line with those reported by Cohen, ef al. (1990) on
lemon and Mohamed, et al. (2003a) on Valencia orange and Marsh seedless
grapefruit. They reported that, individually seal packaging had no effect on juice
contents of fruits during storage.

7-Total soluble solid, Total acidity and Ascorbic acid (V.C.) contents:

According to data shown in Tables (7, 8 and 9), total soluble solids
contents of lime fruits juice increased gradually and significantly while tota
acidity and ascorbic acid decreased gradually and significantly with prolonging
the storage period.

These results are in agreement with those obtained by Hegazi. er af
(1988) on lime, Rana, et af. (1992) on Sweet orange and Mohamed, 2f af. (2003a
and b) on Valencia orange and Marsh seedless grapefiuits. They suggested that,
Total Soluble Solids increased gradually and significantly during storage. On the
other side, these results are confirmed by Hegazi, et a/. (1988) on lime, Anes, et
al. (1993) on lemon; El-Helaly, ef al. (2002) on lime and Mohamed, ef al. (2003a
and b) on Valencia orange and March seedless grapefruit. They found that, tolal
acidity decreased as storage period increased. Moreover, thesc results arc
confirmed by El-Shiati, (1959) on lime. El-Helaly, er al. (2002) on lime and
Mohamed, ef al. (2003 a-b) on Valencia orange and March scedless grapefruit.
They reported that, Ascorbic acid decreased rabidly during storage.

On contrast, these results disagree with those mentioned by Artes. ef ul.
(1993) on lemon who mentioned that, total solublc solids were constant whilc
Ascorbic acid contents increased during storage. Also these results disagroe with
those found by El-Helaly, (2002) on lime and El-Helaly, et a/. (2002) on lime as
they found that, total soluble solids of lime decreased gradually and significantiv
with prolonging the storage period.

Data also confirmed that, lime fruits either packaged in ventilated on non -
ventilated polyethylene bags had the same contents of total solubie solids, total acidity
and Ascorbic acid during the two seasons in this carrying out work. These results arc
in agreement with those obtained by Burns and Echeverria (1991) on Valencia
orange; Mantinez, et al. (1991) on Orange; Ismail and El-Menshawy, (1997) on
Lemon and Grapefruit, Mohamed, ef al. (2003a and b) on Valencia orange and March
seedless grapefruit they reported that, seal packaging of lemon had no effect on their
contents of totaf soluble solids, total acidity and Ascorbic acid.

8- Pigments contents (Chlorophyll "a", Chlorophyll "'b™ and carotenes):

Data presented in Tables (10, 11 and 12) clearly show that, the pee! of
Lime fruit contents of Chlorophyll (a) and (b) decreased graduaily and
significantly while Carotenes increased gradually and significantly with the
extension of the storage period during the two seasons in this work.



Physiological Studies On Egyptian Lime Fruits,

1213

Table (7): Effect of Ventilation rate treatments on Total Soluble Solids

reen of lime fruit during cold stora
Storage reatments
eriod T, | T 1 T T, Tg | T | Means
days). ~ The first season 3).
883 8383 B33 .53 .83 8.83 g
14 553 9.27 73 | %60 9.17 9.33 8.
9.50 080 9.40 §.30 0.67 9.63 9.53
42 927 9.33 930 | 9.357 9.23 9.20 A
36 930 9.20 9.03 397 887 947 L1
70 9.90 R.90 9.27 “8.90 8.93 9.07 1
84 10.07 3.97 9.60 3.2 570 9.43 9.50
Mecans | 9.39 9,14 517 9.04 9,20 )
The second season (2004).
0 8.70 8.70 270 8.70 3.70 870 A
14 8.90 9.00 B.87 9.00 503 9.10 8.
28 9.00 9.07 9.30 9.10 9.13 9.17 9.11
42 9.10 9.13 9.27 9.30 9.17 9.17 9.19
56 9.I7 1 925 9.33 9.37 9.23 9.27 .
70 927 957 9.40 9.37 9.33 9.20 X
B4 9.30 9.67 9.50 038 948 9.36 9.4
cans | 9.06 9.20 5,18 9,20 9.1% 9.14
L.S.D. at 5%
actors Ventilation rate Storage penod Interaction
1" season .S, .27 X3
2™ season NS. 0.19 “0.46

Table (8): Effect of Ventilation rate treatments on Total acidity percentage of
time fruit during cold storage.

Storage reatments
days). The first season (2003).
9.13 913 913 9.13 9.13 313 9,13
14 9.20 8.80 908 9.08 9.21 9.32 9.12
28 8.98 8.26 9.18 8.87 870 862 3
42 8.65 838 878 8.46 8.50 8.7 8.
56 ~8.34 8.94 874 8.38 §.30 7.99 E
0 8.17 8.95 78 | 834 | 808 7.93 §8.23
84 8.07 9.30 kil 7.46 7.33 7.20 7.86
cans | B.08 8.52 8.65 | B.53 8.49 8.42
The second season (2004).
892 892 8.92 §.92 8.92 8.92 .
. 878 8.42 8§22 8.38 8.34 4
28 8.28 8.00 5.08 7.96 816 8.00 X
42 26 826 838 8.2 838 B.10 .
~ 55 8.02 284 8.36 8.02 7.92 8.10 .
7.84 8.63 7194 7.94 1.73 7.30 .
7.08 §.83 1.73 7.80 7.69 1.69 7.
cans . 8.76 8.185 8.17 8.14
LS.D. at 3%
actors Ventilation rate | Storage period Interaction
sC2500 5. X 0.98
sC2301 N.S. X 0.72
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Table (9): Effect of Veatilation rate treatments on V, C. (mg/100ml. Juice) of
lime fruit during cold sto

torage

reatments

eriod T, | T 1T %, | Tq | Ty [ Ts¢ | Means
ayS) The first season (2003).
52.92 52.92 52.92 5292 | 5192 32.92 52,
42.17 | 43.08 1 5041 | 44. 4400 | 46.75 45.07
28 39.99 41.20 | 4059 | 41.20 | 41.20 877 | X
42 3574 21847 34.53 38.77 | 34.53 31.50 33.
L4 25.1 26.14 2870 | 216138 | 1563 26.14 T 2631
20051 2005 1T 21001 2725 | 26.50 6.0 27.13
24.50 2500 T 2400 | 23.73 2525 T 2400 24.42
Means | 35.45 3494 | 3688 | 36.29 | 38372 ] 3313
The second scason QZW).
0 67.99 67.99 67.99 67.99 | 67.99 67.
14 57.33 64.00 62.67 3967 | 57, 67 63.67 60).
1] 52.3% 36.33 5533 55.67 | 51.67 55.67 £4.50
43 4433 46.74 4433 4338 | 4433 44.33 44.49
.56 4076 | 43.85 | 4254 | 4254 3.83 41.23 42.46
70 38.72 39.38 35.60 3760 | 4050 35.60 37.90
84 37.60 38.94 36.49 3738 | 31.60 33.82 36.97
Means 48.44 50,96 49,28 4918 4909 48.90
L.S.D. at 3%
actors Ventilation rate Stora eriod interaction
1™ season .S, §.12 N.S.
2™ season N.S. 6,52 N.5.

Table (10): Effect of Ventilation rate treatments on Chlorophyil A content

Julce)efhmfrmt skmsdurm

cnid storage

— B I LC) O ame (TUIR SKIOS o B s i
“} Sse}rage Treatiments. !
?erm{i T; | L, T T Ty 1 T [ T ] Keaus

ays) The itrst scason (2003). |
8235 | 8235 | 8235 | 82335 | 823 8235 T 82.53% §
fé_ 74.82 75.15 75.32 65.37 | 64.01 7692 | Ti.93
1z 56.94 67.96 50.60 62.56 60 63 G384 G477 |
42 39.12 | 61.17 47.02 32.04 40.73 4471 4680 i
56 26.45 53,98 39.98 29.16 29.04 28.84 3431 |
70 15.92 40.39 37.80 23.36 24.02 16.82 26.89 &
i 84 5232 24.10 20.61 1777 | 847 13,98 i5.03 1
j_Means | 42,97 38.16 20.53 47.52 44.18 46.64
The second season (2004),
1] 94.57 94.57 94.57 94 .57 | 94.57 04.57 94.57
14 510 73.61 67.34 67.22 55.83 64,21 64,21 I
28 39.74 65.08 55.58 50.31 34.95 58.07 3412 |
33.97 48.99 0274 74308 [ H4.06 4549
31.14 40.76 42.16 t 41.30 | 36.33 43.75
32.99 36.40 38.99 42, 30.40 2875
B4 21.23 3611 | IR46 27.35 2591 32.00
Means | 43512 25.79 5283 5267 | 4947 52.58
 L.S.D. at 3% 5
t Factors Ventilation rate tor!E Eenod Interaction
1" season 33 N.S.
3.69 3,99 . N.S.
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Table (11): Effect of Ventilation rat treatments on Chlorophyll B content

mg/1 Juice) of lime fruit skins during cold stora;
tora, reatments
ri L 1 T 1T T Tg [ T, [ Means
days). The first scason 3
S1.74 81,14 . . e . B1.74 1.
14 79,17 80.76 68.46 £3.20 1275 68.57 .
4606 | 68.83 | . . . 54.55
—31.84 66.96 [ 41.8) 43.14 46.33 46.79
56 35.09 62,30 | J1.83 3996 43,22 41.32
30.06 44 54 2857 3335 24 49 24.49
13.36 34.95 26.74 23.53 16.02 0.48 |
"Means 46.76 6381 47.57 X 48.06 | 48.28
"The second season (2004).
96.07 96.07 96.07 96.07 96.07 96.07
14 72.05 10270 1 76.81 | 81.86 89.72 . X
I8 6609 9827 T2 18 78.49 71.68 74,67 T1.23
42 60,56 | 9203 7185 | 78.33 66.40 6528 | B
56 61.32 54,65 0.72 | 70.09 | 5643 60.67 62.31
Dhierem g ee g
.4 . . X 4.27 R
Means | 62.33 | 78.50 | 67.18 .07 .
. &t 3%
actors Ventilation rate Stor%penod Interaction
seas0n ! k] N.S.
SE2500 [ %] LS vl N.S.

Table (12): Effect of Ventilation rat treatments on Carotens content
mg/100p. Juice) of lime fruit skins during cold storage.

torage reatments
od L | T, | I Te | Ts | Tg [ Means
days). Tli’e_ﬁm scason (2003).
21777 21.77 21.17 177 2177 21777 21.77
14 21.20 910 23.19 18, 26.70 25.30 22.33
863 2823 25.47 21.0 2171 23.88 .
42 36.52 1943 | 7789 20.52 28.83 2457 26.30
%6 4355 37.34 30.12 33.3 297 31.40 34.
0 52.93 68 32,19 4(). 46,13 4183 | 1.
76.14 39.67 51.61 54 40 32.34 30.08 |
cans | 40.39 [ 29.17 | 30.37 | 30.23 | 3337 | 31.%6
The second scason (2004).
93 T 1793 | 1793 17.93 1793 17.
[ 29.90 0.63 I3.09 | 1448 I3.88 72739 A
34 90 2012 16.4 13.40 13.68 1741 A
39.94 1536 | I5.17 22.60 20.14 2754 y
Ber T30k 1058 T BT B [ Nn | ..
5070 | 28.33 | 34.26 | 30.83 | 43. 3249 | 3.
[ k) 41.41 339 | 3871 4911 43,70 X
cang _5%3138 2335 I8 04 | 2839 | B
i ‘t
actors Ventilation rate Stor!ﬁ Eu'lod Interaction
scason K N.S.
scason y N k] 198 “N.S.
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Concerning the effect of ventilation and its rate it is obvious from the
same tables that, non-ventilation or micro-ventilation significantly reduced the
change rate of lime fruits peel contents of pigments during storage. Also data
presented that, Lime fruits packaged inside non-ventilated bags had the highest
conients of Chlorophyll (a) and (b) and the lowest contents of carotenes.

9- Head space:

According to data presented in Tables (13-14) it is clear that, bags
contents of O, significantly decreased while CO; increased with prolonging the
storage period. These results were expected as a result of respiration incidence.

Data also indicated that, O, decreased while CO, increased rapidly
inside the non-ventilated bags (Tables 13 and 14). However, O; contents of bags
didn’t reach less than 5% but CO, concentration raise up to more than 10 %
which lead to increase fruit decay percentage (Table 2).

Table (13); Effect of Ventilation rat treatments on O2 conten: ercentage of
lime bag during cold storag
Treatments :
T | T | T | T | T | T | Means}
The first season (2003), I

21.00 21.00 21.00 21.00 21.00 21.00 21.00
21.00 13.50 19.57 18.80 19.63 20.10 18.77 |
21.00 14.67 19.23 1947 19.23 20.30 18.98 |
21.00 12.07 19.93 20.10 20.47 20.73 19.05 ¢

21.00 10.47 19.70 20.17 19.87 20.17 18.56
21.00 6.50 17.37 2047 20.20 20.37 17.65 |
21.00 9.63 18.97 20.90 20.33 20.63 18.58 |
21.00 12.55 19.40 20.13 20.10 20.47
The second season (2004).
21.00 21.00 21.00 21.00 21.00 21.00
21.00 12.83 19.33 19.57 | 19.77 | 20.03
21.00 12.67 19.93 20.30 2047 20.40
21.00 10.47 19.50 20.40 20.77 20.73
21.00 10.47 20.60 20.97 20.53 20.17
21.00 6.50 18.77 2047 20.60 20.33
21.00 8.63 20.43 20.90 21.00 21.03
Bl 21.00 11.80 19.94 20.52 20.59 20.53

f L.S.D. at 5%

Ventilation rate | Storage period Interaciion
0.17 0.18 N.S.
025 0.27 | NS
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Table (14): Effect of Ventilation rat treatments on CO, content percentage of
lime bag during cold stora

torage reatments
?Cl'i()d 1 1 L3 $ cans
days). ‘The first scason ).
0.10 0, 0.10 010 [ 0.1¢ 0.10 3
14 0.10 343 1.00 0.63 0.20 0.30 .94
28 0.10 7.20 0.67 070 | 0.27 0.20 1.52
42 0.10 7.33 0.93 0.40 0.20 117 1.72
3 0.10 983 1.37 0.53 0.67 .83 211
0.10 10.37 2.00 .17 0.43 0,70
0.10 11.53 2.33 1.53 0.97 033 | 2
eans | 0.10 714 | 1.0 0.72 0.41 0.52
The second season (2004).

0 0.10 0.10 0.10 0.10 1 0.10 0.10 0.10
14 0.10 443 0,77 0.27 0.20 0.27 1.01
28 0.10 3.93 0383 0.53 0.23 0.33 1.33
42 0.10 | 387 T1.33 0.37 0.27 0.23 1.36

0.10 KX 117 0.133 0.37 0.70 1.
0.10 10.37 2.33 1.17 0.87 1.50 172
0.10 10.87 2.3 1.53 1.00 0.77 278

Means | 0.10 6.49 1.25 0.61 0.43 0.56

D, at 5%
actors Ventilation rate Stor%e period Interaction
1° season 0.43 .46 N.S.
2™ season 0.61 0.66 N.S.
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