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Abstract— the investigation dealt with effects of harvesting 

time and MA conditions on quality and storability of ‘Hellawi’ 

yellow dates. Samples were weekly collected between mid-August 

and mid-September, their quality attributes such as color (L, a 

and b), total soluble solids (TSS), fruit firmness were determined 

at each harvest. Significant effects of harvesting time at (p<0.05) 

level were recorded on color properties (L, a, and b), wherein the 

three properties improved as harvesting time advanced. Also, 

TSS were significantly increased and fruit firmness significantly 

decreased up to the 4th harvest. The best fruit quality 

combination of measured quality attributes was recorded at the 

3rd harvest. Samples from the four harvests were kept for 12 

weeks at (1˚C±1) under two MA conditions consisted of <5% and 

>6% CO2 combined with near 5% O2 and regular air (RA) as 

control. Weekly adjustment of air composition inside enclosures 

was made, CO2 percentage means were (4.65±0.182) and 

(7.44±0.176) for the first and second MA treatments, respectively, 

while O2 percentages were (4.71± 0.21) and (4.63±0.26), 

respectively. Respiration rates expressed as (ml.kg-1.h-1) were also 

kept at their lowest rates (0.33±0.014) and (0.35±0.28), 

respectively. Quality attributes measured at harvesting were 

repeated at the end of the storage duration in addition to mass 

loss determination and sensory evaluations using taste panel. MA 

conditions significantly preserved TSS, firmness, and reduced 

mass loss comparing with RA treatment. No significant 

differences among MA and RA treatments in taste attributes 

such as sweetness, taste, and acceptance were recorded. However, 

both MA and RA treatments significantly reduced L and b color 

properties, wherein fruit remained at Balah stage but lost their 

yellowness and turned light brown, and no differences among 

MA treatments and RA treatment were recorded. The study led 

to recommending the first week of September as the best 

harvesting time for ‘Hellawi’. Regarding MA applications on 

keeping ‘Hellawi’ dates, further physiological investigations for 

determining reasons that led to color change are highly 

recommended.   
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I.  INTRODUCTION  

 Dates are indeed the richest fruits in sugar, historically they 

have been considered as an excellent stable foodstuff since the 

ancient civilizations [1], [2]. According to FAO statistical data, 

in 2018 world production of dates exceeds 7.8 million metric 

tons [3], nearly 89% produced in countries located in Middle 

East and North Africa [4]. Libyan attains the tenth place among 

the world top date producers [5]; number of trees is estimated 

at ten million and the annual production exceeded 180 

thousand metric tons, representing about 2.5% of the world 

annual production, nearly 400 cultivars are cultivated, but only 

92 are economically important [6]. Libya also has a unique 

situation in date palm cultivation; the three date groups are 

cultivated, while soft cultivars are grown in the coastal region 

around latitude 32˚N, semidry cultivars are grown in middle 

oases around latitude 29˚N and dry cultivars are grown in oases 

below latitude 24˚N [7]. Amongst the soft cultivars Hellawi”, 

“Hurra” and “Lemsi” are the only cultivars that are palatable at 

“Balah” stage; they normally lose astringency and thus become 

consumable fresh. “Hellawi” yellow dates are quite popular, 

very sweet and crunchy; also the earliest harvested dates in the 

coastal region; entering the market in August. However, the 

produce faces serious difficulties, such as surplus supply in 

short harvesting season, in addition to low prices and high 

losses due to lack of proper storage methods. Quality of yellow 

dates deteriorates fast, under refrigeration it may last for few 

weeks, additionally, fruits are sensitive to heat and moisture  

and susceptible to sever shrinkage. 

 Modified atmosphere (MA) conditions have great potential 

in preserving quality of many agricultural products and foods 

[8], for dates however its role in storing “Burhi”, “Hurra” and 

‘Khenaizy’ dates at Balah stage has been reported [1], [7], [9], 

[10], [11], [12]. Nonetheless, applying MA conditions on 

“Hellawi” dates has been investigated in previous work, but 

high CO2 percentages were used and harvesting time was not 

considered [11]. The current study aimed at investigating 

effects of harvesting time and MA conditions on storability and 

quality attributes of “Hellawi” yellow dates. 

II. MATERIALS AND METHODS 

A. Plant materials 

Samples were collected form an orchard located in the 
eastern part of Tripoli; one tree was selected from which 
samples were weekly collected between August 15th and 
September, 15th, 2017. Bunches were cut early morning and 
transferred to the postharvest laboratory (PL) at the Department 
of Agricultural Engineering, Faculty of Agriculture, University 
of Tripoli. Bunches were washed with tap water, strands were 
cut and undesirable fruits were removed. Harvested fruit 
properties were determined and samples were weighed at 350g 
and randomly distributed among treatments; similar process 
was repeated at every harvest. 

B. Enclosures 

2000ml plastic bottles equipped with 45mm plastic lids were 

used; the wide mouth facilitated easy inserting of dates 

attached to strands. On the lid, two brass valves were installed; 

enabling air sample withdrawal and adjustment of CO2 and O2 

percentages. Samples were filled in, CO2 and O2 were adjusted 

according to treatments and enclosures were kept in walk-in 

cold room its temperature was sat at 1˚C±1.  

C. MA conditions 

The desired gas composition was achieved using a valve-

based air mixing setup developed at the PL. It is consisted of 

N2, O2 and CO2 cylinders equipped with pressure regulators; 

each is attached to a liver valve selectively opens gas to a 

small air room. The room is equipped with another pressure 

regulator mounted on a flexible hose which can be connection 

to the bottle valve. The setup facilitated achieving desired MA 

condition and adjusting air composition manually whenever 

deviation of ±2% of O2 and CO2 was recorded.  

Air analysis for O2 and CO2 percentage in the enclosures 

was performed using portable gas analyzer (Model 

CANAL120 O2 & CO2 Gas Analyzer, EMCO Packaging 

Systems Ltd, Kent, CT14 0BD, UK). The analyzer draws 

small volume air sample, analyzes it, and displays O2 and CO2 

percentage on an LCD screen. 

D. Color 

Fruit surface color was measured at every harvest and at 

the end of the storage period using handheld Tristimulus 

reflectance colorimeter (Minolta CR400, Minolta Corp., New 

Jersey, USA). Color attributes were recorded as L, a and b, 

where L represents lightness between 0 and 100, a represents 

color between green (-100) to red (+100), and b represents 

color between blue (-100) and yellow (+100). 

E. Total soluible solids (TSS) 

TSSs were measured in ˚Brix using digital handheld 

refracrometer (Model PAL-α, ATAGO Co, Ltd, Tokyo, 

Japan). One ˚Brix degree is equivalent dissolving 1g of sugar 

in 100g of water. The instrument was calibrated with distilled 

water before measurements. 10 fruits were taken, grinded, 

pressed, and filtered and few drops were used in the analysis. 

Again, TSS were measured at harvest and at the end of the 

storage period, five replicates were used. 

F. Fruit firmness 

Fruit firmness was measured using digital handheld 

penetrometer (Model FHT 803, General Tools & 

InstrumentsTM, New York, NY, 10013, USA). Sample 

preparation and measurement have been reported in previous 

investigation [11]. 

G.  Respiration rate 

Respiration rate was calculated using method reported in 

[13], changes in CO2 produced and O2 consumed were used in 

calculating respiration rate as (ml. kg-1.h-1). 

H. Visual inspection 

Samples were kept in transparent plastic bottles; facilitating 

continuous inspection of fruit changes such as ripening and 

coloring. Treatments were discarded whenever loss reached 

about 15%. 
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I. Sensory evaluation 

Sensory evaluation was carried out to evaluate effects of 

harvesting time, storage duration, and MA treatment on 

sensory attributes. Sensory test was carried out using untrained 

7 people taste panel randomly requested from students, 

employee and staff of the Department of Agricultural 

Engineering, Faculty of Agriculture, Tripoli. Coded samples 

were introduced to panelists and were asked to record their 

evaluation to the sample on taste, sweetness, color and 

acceptance on a scale between 0 and 100, representing poor 

and excellent. The evaluation form is widely used in 

Qualitative descriptive sensory analysis QDSA analysis and 

similarly used by [14], [15]. Samples were given 

independently and fresh water was provided for drinking and 

rinsing.   

J. Statistical analysis 

The experiment was factorial with MA treatment and 

harvesting time as independent factors. Harvesting time with 4 

levels (four weekly harvests within 30 days harvest time), MA 

treatment were also four (time zero, MA1, MA2, and RA). 

Dependent factors were color attributes (L, a, and b), TSS, 

fruit hardness, mass loss and taste. Date was analyzed using 

SPSS software ver. 20. Factorial ANOVA was used to 

determine effects of the two independent factors on the 

dependent factors at (<0.05) significance level, means were 

compared using Tukey HSD.   

 

 

III. RESULTS AND DISCUSSIONS 

 

A. Performance of the setup 

Means of CO2 percentages inside enclosures within 12 

week storage duration were (4.65±0.182), (7.44±0.176) for 

MA1 and MA2 respectively, while O2 percentages were 

(4.71± 0.21) and (4.63±0.26), respectively. Respiration rates 

as CO2 produced measured as (ml.kg-1.h-1) were also in close 

range at (0.33±0.014) and (0.35±0.28) for MA1 and MA2, 

respectively. Despite manual adjustment of gas compositions 

inside enclosures, percentage were kept throughout the storage 

duration near the targeted percentage 5-6% and 2-3% CO2 and 

5% O2. Respiration rates in the other hand were at their lowest 

rates, this agrees fairly with previous study on ‘Hurra’ cultivar 

[13].  

B. Effects of harvesting time on color attributes 

Table 1 shows ANOVA results of the effects of harvesting 

time and MA treatments on the three color properties (L, a and 

b). Significant effects of harvesting time and MA on L and b 

color attributes were recorded at (<0.05 level), but 

insignificant effect on (a). Interactions between the two factors 

on L and b attributes were also recorded. Lightness property 

(L) decreased from the first harvest to second harvest then 

increased in the third harvest followed by an decrease in the 

fourth harvest. Specified behavior of the (L) attribute was not 

clear with time. It may be much related to changes in the 

second two attributes (a) and (b) those may have affected L 

values. Nonetheless, the (b) color property was considered the 

most important one in the investigation since it represents the 

yellow color.  

Table 1. ANOVA results for the effects of harvesting time and 

MA treatments on color  

Significance F value d.f Property 

Harvesting time 

<0.001 10.402 3, 96 L 

0.012 3.88 3, 96 a 

<0.001 21.31 3,96 b 

MA 

<0.001 131.38 3, 96 L 

0.643 0.56 3,  96 a 

<0.001 416.98 3, 96 b 

Harvest time* MA 

<0.001 6.96 9, 96 L 

<0.001 6.0 9, 96 a 

<0.001 6.69 9, 96 b 

 

 
Effects of harvesting time on color property “a” showed 

significant differences among the four harvests. However, 
similarity between 1st and 2nd harvest and 3rd and 4th harvests 
were recorded. Color property “a” represents color scale 
between red and green, and hence lower values of “a” in the 
first two harvests at (5.28±3.15) and (6.0±2.7), giving clear 
indication on the presence of green color in the fruits.  Later in 
3rd and 4th harvests “a” values increased to (8.18±1.36) and 
(7.07±2.27), respectively. The highest value of “a” was 
recorded after three weeks from the start of the harvesting 
season. Color property “L” showed similarity between 1st and 
3rd harvest at (38.22±7.92) and (39.88±11.3), respectively; also 
similar behavior was seen for (b) attribute at (22.29±10.72) and 
(21.34±14.87), respectively. Once again, 3rd harvest gave best 
color combinations, whereas the three color values increased 
giving clear and concentrated yellow color. 

Figure 1 shows effects of harvesting time and MA 
treatments on the three color properties, time zero represents 
fruit skin color at harvest. Clearly, color changes in relation to 
harvest time and MA treatments can be seen.  In regard to 
harvesting time, rapid increase in three color properties 
between 1st and 3rd harvest can be seen (time zero) followed by 
sharp decrease in 4th harvest. The 3rd harvest indeed gave best 
color combination. Nonetheless, data on date color changes in 
relation to harvesting time is quite scarce in general and for the 
Libyan cultivars in particular.  
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C. Effects of MA treatments on color attributes 

Table (1) (middle) show ANOVA results on effects of MA 
treatments on color attributes, again significant differences 
were recorded on “L” and “b” but not on “a”. Table 2 shows 
effects of MA treatments on color attributes after 12 weeks in 
storage at 1˚C and compared with their values at harvesting 
time. Rapid decrease in “L” values can be seen, indicating 
gaining fruits dark color. Comparison of “L” values among the 
four harvests at time zero and after 12 weeks of storage shows 
decrease from (49.88±8.5) to (30.81±5.18) for the three MA 
treatments. Such reduction shows that fruits lost their bright 
yellow color and became brown. Color values “b” also showed 
significant difference among MA treatments, at time zero their 
means were (41.04± 6.17) and after 12 weeks in storage its 
mean values for the two MA treatments and the RA treatment 
were (20.73±1.32). Such changes clearly indicate that coloring 
was not entirely due to MA treatment alone. In facts such 
changes may be due to physiological changes that related to 
fruit properties or sugar conversion or physiological activities 
affected by low temperature. In another investigation dealt with 
response of “Hurra” yellow dates to MA [7], color changes 
occurred at conditions contained high levels of CO2 (5, 10, and 
15%) but in general were not as severe as in ‘Hellawi’, this 
indeed raise the effect of cultivar. In the current study, coloring 
occurred despite the use of lower CO2 levels. The current 
investigation also led similar color changes in MA and RA 
treatments in the L and b properties. 

The current study did not agree with effects of MA on 
“Burhi” dates [10] which led to preserving color for 26 weeks 
at 20% CO2, also contradicted its color improvement of 
‘Khenaizy’ dates after 4 weeks of storage at 20% CO2 at near 
zero Celsius [12]. Taking into account cultivar difference, 
whereas “Hellawi” is a soft cultivar while “Burhi” is a semidry 
cultivar, in addition to growing conditions that indeed have 
significant effects on fruits [16], the current results are 
justifiable.  

D. Effects of harvesting time on TSS and fruit firmness 

 Table 2 shows AVOVA test showed significant effects of 
MA and harvesting time on TSS  and fruit firmness at 
(p<0.05). Figure 2 shows also effects on TSS (left) exhibited 
rapid increase in TSS in almost linear relation between 1st and 
4th harvest. Such behavior is quite expected because of sugars 
accumulation by time and fruits normally lose moisture as they 

go towards Rutab stage. TSS levels were low in 1st harvest at 
28˚ Brix then increased to reach 61.4˚ Brix in the 4th harvest in 
the second week of September. 

Table 2. ANOVA results of effects harvesting time and MA 

treatments on TSS and fruit hardness. 

Property DF F value Significance 

Harvest time 

TSS 3,64 2103.66 <0.001 

Hardness 3, 64 74.61 <0.001 

MA 

TSS 3,64 2.38 <0.001 

Hardness 3, 64 26.59 <0.001 

Harvest time*MA 

TSS 6, 80 81.9 <0.001 

Hardness 6, 80 1.32 0.247 

 
Significant effects on firmness were also recorded. 

Firmness decreased by time between August 15th and 
September 15th (Figure 2 left). The 1st harvest gave highest 
value at 112N, indicating high crunchiness, later rapidly 
decreased to 76N; making fruits lose nearly 25% of their 
firmness. Also, Figure 2 shows the decrease in firmness was 
very much associated with TSS increase. The first and second 
harvest firmness means were in close range (112.2N±9.2) and 
(110.1N±8.6), respectively, while TSS expressed as ˚Brix were 
quite similar at (28.3±1.42) and (30.7±1.25), respectively.  
Generally, TSS is a clear indication on sugars accumulation in 
fruits, and that was very much related to harvest time. 
However, the highest level of TSS was at the 4th harvest 
(61.35±2.1). Locally, it is well known that sugar content in 
‘Hellawi’ dates increases by delaying harvest, but that may 
raise risk of fruit conversion to Rutab which is not preferred by 
consumers. 

E. Effects of harvesting time and MA on mass loss 

Table (3) shows significant effect of harvest time on mass 

loss, whereas 1st harvest recorded the highest percentage 

compared with the other three harvests that showed similar 

loss percentages. That may be related to the soft tissues of 

fruits and their low TSS contents, but as fruit age advances 

they became mature with high TSS and solid skin, leading to 

less mass loss. In regard to effect of MA on mass loss, the RA 

treatment exhibited the highest mass loss, indeed MA 
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Figure 1. Color properties L, a, and b as affected by harvesting time 

and MA treatments 
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conditions led to less respiration rate and other physiological 

activities [13]. 
 

Table 3. ANOVA results of effect of harvesting time and MA 

on mass loss. 

Property d.f F value Significance 

 

Harvest time 

Mass loss 3,24 5.04 0.008 

MA 

Mass loss 2, 24 21.37 <0.001 

Harvest time*MA 

Mass loss 6, 24 3.5 0.013 

 
F. Sensory evaluation of fruits 

Table (4) shows ANOVA results of the effects of 
harvesting time and MA on fruit sweetness, taste, acceptance, 
color, and firmness. Significant effect of harvesting time on 
sweetness, taste and color were recorded, while no significant 
effect on acceptance and firmness. On the other hand, MA 
treatment showed no significant effects on the five tested 
parameters. This confirms results of TSS wherein increased 
from 28.3 Brix of the 1st harvest to 61.4 for the 4th harvest as 
shown in Figure (2). It is well known that TSS increases as 
harvesting time delayed. Despite the use of untrained taste 
panel still results obtained were quite realistic. 

Table 4. AVOVA results of the effect of harvesting time and 

MA on sensory attributes 

Property DF F value Significance 

Harvest time 

Sweetness 3,62 6.60 <0.001 
Taste 3,62 5.762 0.002 

Acceptance 3,62 2.644 0.057 
Color 3,62 3.644 0.017 

Firmness 3,62 2.152 0.013 
MA 

Sweetness 2, 62 1.685 0.194 
Taste 2, 62 2.128 0.128 

Acceptance 2, 62 0.555 0.577 
Color 2, 62 1.42 0.249 

Firmness 2, 62 1.496 0.232 
 

IV. CONCLUSIONS 

Effect of harvesting time between August 15th and 
September 15th showed significant effects of harvesting time on 
color properties L and b whereas yellowness improved by 
delaying harvesting time, also TSS increased significantly, but 

fruit firmness decreased. Keeping fruits of the four harvests 
under MA treatments for 12 weeks at 1˚C preserved TSS, fruit 
firmness, reduced mass loss and did not change sensory 
attributes such as sweetness and acceptance. However, MA and 
RA treatment at 1˚C negatively affected color properties (L, a 
and b). Fruit lost their bright yellow and turned to light brown. 
There was no significant difference between MA and RA 
treatments, leading to conclude that color changes were not 
entirely related to MA treatment but related to some fruit 
physiological changes. Further investigation on physiological 
reasons that led to color change is recommended.   
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