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Effect of Storage Conditions on Postharvest Quality of Tomatoes:
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Abstract. Postharvest loss is one of the main obstacles for ensuring food security in Oman as it leads towards reduced fresh produce quantity, quality and market value. The aim of this study was to determine the postharvest losses
due to quality reduction in fresh produce of tomato during storage at market level in Oman. This paper consisted of two
separate studies. Firstly, a semi-structure survey was conducted to collect the data from the market vendors. Secondly,
fresh tomatoes were also purchased from the market and were stored in the laboratory at 10oC and 22oC for 12 days.
All data were analyzed using SPSS statistical software. The results of the survey showed that 35% of respondents suggested that the color and texture are the most important quality attributes attracted by the consumers. Two days period
was the best duration to store fresh produce in the current market. About 55% of the respondents mentioned that the
nature of the produce was the most important factor causing postharvest losses along the supply chain. The results of
the experiments showed a significant (p<0.05) changes of color attributes such as lightness (L*), redness or greenness
(a*), total color change (∆E), weight loss and firmness during 12 days at both temperature conditions. However, no
significant impact of both factors on yellowness or blueness (b*), chroma, hue and total soluble solid (TSS) values was
observed. This study indicated high changes in weight loss, lightness, redness, total color change and firmness in tomato stored at 22°C. The lower was the lightness (4.96) and firmness (11.18 N) and the greater was the redness (12.22)
and weight loss (16.6%), caused the greater the rejection by the customers of the tomato at market level. Accordingly,
storage temperature played a critical role on the improvement and development of tomato and any perishable fresh
produce along the supply chain.
Keywords: Color, market, postharvest losses, quality, texture, tomato

تعترب خســارة مــا بعــد احلصــاد إحــدى العقبــات الرئيســية أمــام ضمــان األمــن الغذائــي يف ســلطنة عمــان ألهنــا تــؤدي إىل اخنفــاض كميــة:املســتخلص
 كان اهلــدف مــن هــذه الدراســة هــو حتديــد خســائر مــا بعــد احلصــاد بســبب اخنفــاض جــودة املنتجــات.املنتجــات الطازجــة وجودهتــا وقيمتهــا الســوقية
 اشــتملت األوىل علــى إجـراء مســح. تتألــف هــذه الورقــة مــن دراســتني منفصلتــن.الطازجــة مــن الطماطــم أثنــاء التخزيــن علــى مســتوى الســوق يف عمــان
، واشــتملت الدراســة الثانيــة علــى مجــع البيــاانت املخربيــة علــى نــوع مــن الطماطــم الطازجــة احملليــة.ميــداين شــبه هيكلــي جلمــع البيــاانت مــن ابئعــي الســوق
 مت حتليــل مجيــع البيــاانت ابســتخدام برانمــج احلزمــة اإلحصائيــة.يومــا
ً 12  درجــة مئويــة ملــدة22  درجــة مئويــة و10 حيــث مت ختزينهــا يف املختــر عنــد
 من املســتجيبني أشــاروا إىل أن اللون وامللمس مها أهم مسات اجلودة اليت جتذب٪35  وأظهرت نتائج املســح امليداين أن.)SPSS( للعلوم اإلجتماعية
 مــن املســتجيبني أن طبيعــة املنتــج كانــت٪55  ذكــر حـوايل. وقــد كانــت فــرة التخزيــن املفضلــة للمنتجــات الطازجــة يف الســوق هــي يومــان.املســتهلكني
) يف مســات اللــون0.05<p( ًـرا مؤثـرا
ً  أظهــرت نتائــج التجــارب تغـ.العامــل األكثــر أمهيــة يف حــدوث خســائر مــا بعــد احلصــاد علــى طــول سلســلة التوريــد
. يــوم يف مجيــع درجــات حـرارة التخزيــن12  فقــدان الــوزن و الصالبــة خــال،)∆E(  تغــر اللــون الكلــي،)a*(  اإلمحـرار أو اإلخضـرار،)L*( مثــل اخلفــة
 تشــبع اللــون وقيــم املـواد الصلبــة الذائبــة الكليــة، صفــاء اللــون،)b*(  مل يالحــظ أي أتثــر كبــر لــكال العاملــن علــى اإلصفـرار أو اإلزرقــاق، ومــع ذلــك
22  وتغــر اللــون الكلــي وثبــات الطماطــم املخزنــة عنــد، واالمحـرار، أشــارت هــذه الدراســة إىل حــدوث تغـرات كبــرة يف فقــدان الــوزن واخلفــة.)TSS(
حيــث زاد رفــض الزابئــن، )٪16.6( ) وفقــدان الــوزن12.22(  نيوتــن) و أزداد االمحـرار11.18( ) و الصالبــة4.96(  كلمــا قلــت اخلفــة.درجــة مئويــة
مهمــا يف حتســن الطماطــم وأي منتجــات طازجــة قابلــة للتلــف علــى
ً  تلعــب درجــة ح ـرارة التخزيــن،  وف ًقــا لذلــك.للطماطــم علــى مســتوى الســوق
ً دورا
.طــول سلســلة التوريــد
. الطماطم، الصالبة، اجلودة، خسائر ما بعد احلصاد، السوق، اللون:الكلمات املفتاحية

Introduction

G

lobally, One-third of the total fresh food produced is lost during food supply chain before
reaching to the consumers (Gautam et al., 2017;
Munhuewyi, 2012). Despite all of the benefits derived
from any fresh produce, postharvest losses make them
Pankaj B. Pathare* (
) pankaj@squ.edu.om; pbpathare@gmail.com,
Department of Soils, Water and Agricultural Engineering, College of
Agricultural & Marine Sciences, Sultan Qaboos University, Oman

unprofitable and useless (Sarma, 2018). Postharvest
losses of fresh produce can be encountered during harvesting, storing, handling, packaging, transporting and
marketing operations (Sibomana et al., 2016). The nature of fresh produce is one of the main causes of postharvest losses along the whole value chain as they are
highly perishable (Parfitt et al., 2010), respire and live
even after harvesting (Kader and Rolle, 2004). Improper
harvesting method and equipment, inadequate storage
and packaging facilities are the factors contributing to
the postharvest losses in fresh produce (Chebanga et al.,
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2018). Cultural practices (Semida et al., 2019), environmental factors (Singh et al., 2014), poor transportation
services (Caixeta-Filho and Péra, 2018) and improper market facilities are other important causes of the
postharvest losses (Sharma and Singh, 2011). At market level, the incidence of fresh produce quality losses
and deterioration can occur due to poor management
(Sharma and Singh, 2011) and performance of traders,
processors, producers, retailers and other labors in the
marketing system. Absence of technical awareness and
knowledge on postharvest losses (Sarma, 2018), limited marketing strategies and information (Rolle, 2006),
and lack of efficient communication between producers and buyers are other factors leading to postharvest
damage on fresh produce at market level (Arah et al.,
2015). Moreover, losses during marketing can occur due
to non-existence of adequate postharvest infrastructure,
technologies (Aujla et al., 2011) and sanitation, packaging, loading, unloading and storage (Kader and Rolle,
2004). Additionally, inappropriate storage facilities can
cause high quantitative losses compared to the qualitative losses in fresh produce (Ayomide et al., 2019). Subsequently, negative impacts on several parameters such
us nutritional status, consumer acceptance and income
are affected (Sarma, 2018; Seyoum and Woldetsadik,
2004). Postharvest losses in fresh produce at market level in Oman are estimated between 3-19 % (Opara, 2003).
Tomato (Solanum lycopersicum) is one of the major and popular fresh produce in the world (Costa and
Heuvelink, 2018; Guan et al., 2018; Sarma and Ali, 2019).
Statistics display that the production of tomatoes in Sultanate of Oman ranked first among other vegetables like
onions (Allium cepa) (Ona, 2017), cucumbers (Cucumis
sativus) and potatoes (Solanum tuberosum) which reach
up to 199,132 tons (886 ha cultivated area) in 2018 after
it was 39,586 tons (2532 ha cultivated area) in 2000 (Figure 1) (FAOSTAT, 2020). It is a vital source of nutrients
(Ayandiji et al., 2011; Erba et al., 2013), minerals (Sarma,

2018; Sibomana et al., 2015) with various benefits to human body (Arab and Steck, 2000; Bhowmik et al., 2012)
like vitamins (A, B and C), amino acids, calcium, copper,
sodium (Mandal et al., 2018), antioxidants, lycopene and
carotenoids that are responsible for reducing the incidence of some chronic and vascular diseases (Arah et
al., 2015; Tadesse et al., 2015). Tomato production can
be a source of income (Addo et al., 2015) in most of the
developing countries (Arah et al., 2015; Sarma, 2018).
The quality of tomato can be recognized predominantly
by flavor, texture, color and nutritional value (Kader and
Rolle, 2004). Due to the current postharvest problems,
losses in tomato could reach to 50% worldwide (Addo et
al., 2015).
During marketing, temperature is the main factor
that impacts tomato quality as it directly influences the
rate of losses. Proper control of temperature condition is
the most suitable way to retain the quality of fresh produce during the whole supply chain (Arah et al., 2015).
Basically, temperature can influence tomato color, firmness and flavor (Tadesse et al., 2015). Storage below 10°C
cause poor color development of tomato (Khairi et al.,
2015), however, storage at 20°C and 30°C reduce tomato
firmness and weight loss (Tadesse et al., 2015). Storing
tomato at low temperature can decrease the metabolic
activity of tomato. High increase in temperature can
elevate transpiration rate, respiration rate and ethylene
production rate. However, chilling temperature can
reduce tomato quality due to the incidence of chilling
injuries (Atanda et al., 2011). Most of the studies reported that storage temperature around 10°C is the most
appropriate storage temperature condition for maintaining the quality (Cantwell et al., 2009; Khairi et al.,
2015; Ponce-Valadez et al., 2016) and delaying softening
of tomato (Ayomide et al., 2019). Relative humidity (RH)
is another important factor during storage of tomato
(Ramaswamy, 2014), which can influence its texture and
weight loss (El-Ramady et al., 2015). The optimal rela-

Figure 1. Tomato annual production among other vegetables in Oman. (FAOSTAT, 2020)
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tive humidity values for green and firm ripe tomato are
85-95% and 90-95%, respectively (Suslow and Cantwell,
2009). Application of proper temperature and humidity
management practices at market level plays a significant
role to reduce postharvest food losses at market level.
Therefore, the aim of this study was to determine vendor’s knowledge on postharvest practices and their related losses at market level and to correlate them with
local tomato produce quality losses during storage using
laboratory experiments.

Color value of each tomato sample was measured
using a colorimeter (Model: TES 135A, TES Electrical
Corp., Taiwan) which expresses the color values of L*
(Lightness), a*(redness, greenness) and b*(yellowness,
blueness). The devise was calibrated using a white standard tile (L*=93.90, a*= 3.13, b*= 3.20). Total color differences, (Eq. 2), chroma (Eq.3) and hue angle in (Eq.4)
(Pathare et al., 2013) were respectively calculated to
show color changes (Bal et al., 2011) during 12 days at
10°C and 22°C.

Materials and Methods
Market survey
The study was conducted in the Central Market of Fruits
and Vegetables, Muscat, Sultanate of Oman. This market
was selected due to its large-scale of sales and availability of different fresh produces compared to other markets in Muscat. A semi-structure survey was designed
as a tool for data collection by conducting short interviews with the 20 vendors. The questionnaire consists
of formal questions and it was pre-reviewed and tested
to provide the desired wide-range of responses from the
vendors. The purpose of this survey was to determine
the vendor’s knowledge about postharvest quality and
losses in fresh produce.

Laboratory Experiment
About 32 kg of tomatoes were purchased from the market and delivered to Postharvest Laboratory, College of
Agriculture and Marine Sciences at Sultan Qaboos University. Tomatoes with no bruising signs, uniform color
and shape were selected to be tested for some quality
analysis for total period of 12 days at two days intervals.
The tomatoes were stored at 10°C with 85±5% RH and
22°C with 45±5% RH (simulate market storage temperature). Each storage condition consisted of seven groups
of tomato samples for storage time (temporal) assessment. Each group included five replicates. Temperature/RH prop (Model: TES 13604, TES Electrical Corp.,
Taiwan) was used to measure temperature and relative
humidity.

Tomato Quality Measurements
Electric weight balance (Model: GX.4000, Japan) was
used to weigh each tomato group. The percentage of
weight loss in tomato was calculated using the equation
(Eq. 1) applied by Moneruzzaman et al. (2009):

Hand penetrometer (Model: FT 327, EFFEGI, Italy)
was used to determine each tomato firmness by using
the standard method of OECD (2018) at two days interval. Kleinhenz and Bumgarner (2012) procedure was
used to identify total soluble solid by using hand-held
refractometer calibrated in o Brix at 22ºC.

Data Analysis
In order to determine, the effect of storage time and
temperature on tomato quality parameters, analysis of
variance (ANOVA) was performed by using SPSS 20.0
(International Business Machine Crop., USA) software.

Results and Discussions
Survey Analyses
The analysis of the semi-structure survey of the vendors
showed that 75% of the participants were (from the age
of 31-40) and this age is almost appropriate for people to
sell fruits/vegetables products especially for those who
are searching for a job. This is an active age of the community who can establish an excellent marketing network. Almost, 50% of the vendors were school graduate,
this helped to facilitate good and rapid understanding
of the respondents to the survey. This also pays the attention for the vendors to know the most common fresh
produce consumed by people and getting more knowledge about postharvest and its related losses. The majority of the respondents were non-Omani (90%) because
Omani farms owners let their labors (from other nationalities) to sell their fruits/vegetables on the market.
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Vegetables Vendor’s Observations on Postharvest Quality, Losses and Practices

bient storage condition showed the ability to increase
weight loss of tomato due to high water dehydration
(Fagundes et al., 2015), transpiration (Žnidarčič et al.,
2010) and respiration rate (Žnidarčič and Požrl, 2006).
Furthermore, Ayomide et al. (2019) stated that low relative humidity (45±5%) at 22°C was responsible for the
reduction of water content in fresh produce leading to
weight loss. Similar findings were recorded by Pinheiro
et al. (2013) on the stored fresh tomato. These results
were in agreement with different studies in which a progressive increase was also found in weight loss during
storage time at 8°C, 12°C, 20°C for 20 days (Park et al.,
2018), at 34°C for 10 days (Pila et al., 2010) and at room
temperature, 12°C and 5°C for two weeks (Javanmardi and Kubota, 2006). These findings were also in accordance with that of Abiso et al. (2015) who reported
high percentage of weight loss in tomato with different
maturity stages after 10 days storage at room temperature that could be mainly due to respiration and transpiration with a minimum loss in tomato stored at cold
temperature. Overall, low weight loss in tomato at low
storage temperature can be resulted from the ability of
cold stored tomato to affect vapor pressure and increase
water retention.
Color Measurements: Color measurements of this
study showed that L* value was significantly (p<0.05)
affected by storage time and temperature (Table 2). L*
value decreased from 14.13±1.68 to reach 11.76±0.63 on
day 0 and 12, respectively, at 10°C storage. However, the
reduction was three times higher on tomato stored at
ambient storage condition as it became 4.96±0.55 in the
last day of storage. At 12 day of storage, study showed
64.89% reduction on lightness on tomato stored at 22°C
compared to only 16.77% at 10°C. This attributed to
tomato darkening resulted from the synthesis of carotenoids (Yahia et al., 2007).

Four of these 20 vendors were from closed markets (retail shops), but the other 16 were from an open markets
(retail shade). The temperature of the closed markets
was between 18oC to 23oC. On the other hand, the temperature of the open markets was 32.7oC in the dates of
conducting this survey. For consumer preference on a
specific product, color and texture were having the highest attention by the consumers for a specific fresh produce as suggested by 35% of the vendors compared with
flavor and money. Generally, color is the most significant
quality preference of any fresh produce (Tadesse et al.,
2015) as well as texture (Batu, 2004) and the availability of undesirable color and texture in any fresh produce
can consider as a serious problem encountered during
the supply chain. About 60% of the vendors are more
likely to store their products for two days. However, others prefer to store them for three and five days. Vendors
are storing their products within time that is not exceeding these specific periods due to the lack of ventilated
storage utilities (Negasi et al., 2013). High temperature
(Tilahun, 2010) was also one of the reasons that make
vendors storing their products for not more than 5 days
as it was characterized to reduce the quality of fresh produce as it can reach to 45°C in Oman. Some of the vendors were not storing their products as they were selling
the whole amount in the same day. There were several
factors causing postharvest losses along the supply chain
as stated by the vendors. For example, 55% of the vendors suggested that nature of the product was the most
important barrier causing fresh produce losses as they
are highly perishable (Nath et al., 2018), sensitive (Parfitt
et al., 2010) and required careful storage, transportation
and handling facilities (Kader, 2013) before they reach
to the market. This is followed by marketing problems,
improper harvesting and other causes due to infections
with 30%, 10% and 5% respectively. Summary of vendor’s
respondents on postharvest quality, losses and practices
is shown in Table 1.

Table 1. Summary of vegetables vendor’s responses on questionnaire (%)
Consumer preference on
a specific product

Days of storing the products

Texture

35%

2

60%

Infection

Color

35%

3

20%

Improper harvesting

Flavor

20%

5

20%

Nature of the product

55%

Money

10%

7

0%

Marketing problems

30%

Tomato Quality Analysis: Experimental Results

Weight Loss: The results showed a significant effect
(p<0.05) of storage days and temperature on tomato
weight loss. In the current study, high weight loss was
recorded with 16.6% in tomato stored at 22°C compared
to 3.18% losses at 10°C for 12 days storage period. Am-

16

The main barrier of postharvest losses
5%
10%

Similarly, storage days and temperature showed a statistical difference (p<0.05) with a* value as tomato color
altered from bright green (-) to dark red (+) color (Table
2). Storage at 22°C decreased a* values of tomato from
-2.19±0.83 on day 0 to 8.02±1.59 and 12.22±0.98 on day
6 and 12 respectively. In contrast, a* value was increased
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slowly to reach 1.53±0.51and 5.68±0.72 on day 6 and 12
respectively after it was 2.19±0.83 on day 0 at 10°C. The
a* value increment at 22°C occurred due to ethylene biosynthesis (Hatami et al., 2012), synthesis of lycopene and
degradation of chlorophyll (López and Gómez, 2004)
that allowed for the intensification of red color (Weingerl and Unuk, 2015). This can also advocate what has
been recorded by Munhuewyi (2012), where tomato kept
at ambient condition can provide an ideal environment
for tomato ripening that is categorized with increasing
redness compared to cold storage condition. Messina et
al. (2012) found the same behavior in tomato stored for
7 and 14 days. Regarding storage at cold temperature,
Guillén et al. (2006) reported similar results on different
variety of tomato cultivars at 10°C for 28 days.
Table 2 presents b* value (mean±sd) at 10°C and 22°C
for 12 days storage conditions. There was no significant
(p>0.05) change on b* value of fresh tomato at both storage conditions during the whole period of storage. Same
results of non-significance on b* value were recorded
by López and Gómez (2004) during storage. Total color change ∆E during storage is consider as a result of
changes in L*, a* and b* values. Storage days showed
a significant impact (p<0.05) on color differences ∆E
value of tomato stored at 10°C and 22°C. Overall color
differences (∆E) was mostly higher for ambient stored
tomato (20.05±4.56) compared to optimum temperature
(7.74±4.07) after 12 days of storage (Table 2). Moreover,
no changes (p>0.05) occurred in chroma and hue values
during 12 days at both storage temperature conditions
(Table 2). However, Tadesse et al. (2015) showed a significant differences in chroma and hue stored for 16 days
at 4, 20 and 30°C.

Firmness: The data showed that firmness of stored tomato was significantly (P<0.05) affected by storage time
and temperature. In the day last of storage, the highest
value (49.64 N) was reported in tomato stored at 10°C
while the storage at 22°C reported the lowest value
(11.18 N) (Table 2). Moisture losses (Lana et al., 2005),
degradation of polysaccharide (Teka, 2013) and degradation of tomato cell wall were due to enzymes activation could be the main reason for decreasing firmness
during storage (Hatami et al., 2012). Slow increase of
firmness was shown on tomato firmness stored at 10°C
due to the increment of relative humidity, which had the
ability to slow softening and enhance/retain the firm status of tomato during storage (Ayomide et al., 2019). The
findings of firmness reduction were in agreement with
Tigist et al. (2013) who stated storage at 22°C reduced
the firmness of tomatoes.
Total Soluble Solids (TSS): Tomato total soluble solid
(TSS) ranged from (4.04 to 4.48) °Brix in this study (Table 2). The highest value (4.48 °Brix) was recorded on day
10 in tomato stored at 10°C where the lowest value (4.04
°Brix) was shown on day 6 and 10 in tomato stored at
22°C. Therefore, the study revealed no statistical differences (p>0.05) of storage days and temperature on tomato total soluble solid (TSS). Similarly, Wills and Ku (2002)
experienced the same finding of non-significance after
storing tomato for 10 days at ambient room temperature.

Table 2. Quality parameters data of tomato at two storage conditions during12 days of storage.

Quality
parameter

Storage
temperature

Storage days
0

2

4

6

8

10

12

L*

10°C
22°C

14.13±1.68
14.13±1.68

12.39±1.56
12.37±0.55

13.25±1.07
9.09±0.72

13.26±1.13
7.81±0.63

13.36±1.56
6.34±0.71

11.87±1.75
5.95±0.75

11.76±0.63
4.96±0.55

a*

10°C
22°C

-2.19±0.83
-2.19±0.83

0.45±1.26
2.64±2.58

1.1±0.15
5.88±0.63

1.53±0.51
8.02±1.59

2.7±0.49
9.15±1.33

3.0±0.63
10.13±0.73

5.68±0.72
12.22±0.98

b*

10°C
22°C

54.36±4.42
54.36±4.42

52.40±1.23
49.22±2.56

54.02±3.36
44.80±2.68

56.95±4.95
50.96±1.01

54.52±1.83
41.72±5.25

54.74±6.68
41.99±3.10

56.90±2.20
46.35±6.28

∆E

10°C
22°C

-

5.94±4.02
8.42±2.45

5.94±3.59
13.98±5.33

6.12±2.72
18.70±10.98

6.60±1.03
19.14±5.44

7.86±2.06
19.81±5.65

7.74±4.07
20.05±4.56

Chroma

10°C
22°C

54.41±4.40
54.41±4.40

52.41±1.24
49.34±2.53

54.03±3.36
45.19±2.60

56.97±4.95
51.60±0.90

54.59±1.85
42.74±5.05

54.82±6.65
43.20±2.99

57.18±2.25
47.94±6.23

Hue

10°C
22°C

-1.53±0.01
-1.53±0.01

0.93±1.38
5.27±18.74

1.55±0.003
7.72±1.28

1.54±0.008
6.52±1.11

1.51±0.007
4.65±1.02

1.51±0.01
4.16±0.51

1.47±0.009
3.79±0.40

Firmness (N)

10°C
22°C

34.73±3.92
34.73±3.92

37.08±3.73
32.18±5.30

41.79±3.83
27.27±6.77

43.16±2.75
21.78±1.45

46.89±2.06
20.01±1.08

48.46±2.55
12.16±1.57

49.64±2.35
11.18±1.08

TSS (%)

10°C
22°C

4.12±0.17
4.12±0.17

4.26±0.23
4.08±0.08

4.10±0.23
4.32±0.44

4.42±0.34
4.04±0.05

4.30±0.18
4.16±0.08

4.48±0.04
4.04±0.05

4.34±0.18
4.12±0.17
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Conclusion
Color and texture of fresh tomato were highly affected
by time and storage temperature. This indicated the significance of these two parameters as they greatly affect
consumer’s acceptance in markets. This agreed what
had been responded in the questionnaire as most of the
vendors suggested that color and texture were the top
consumer’s preference for a specific food product. Similarly, weight loss, L*and a*, were influenced by storage
days at 10°C and 22°C. Most of these quality parameters
were almost retained at low temperature (10°C). No significant changes were observed for b*, chroma, hue and
TSS values at both storage conditions for 12 days storage. This study indicated that storage temperature was
one of the vital factors, which required high monitoring
along postharvest supply chain and marketing.
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