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Abstract 

 

Introduction: To understand the increased fruit content of soluble proteins, sugars, certain enzymes activities, 

and certain polyphenols in context to date fruit ripening. Materials and Methods: The study collected four 

varieties of date fruits from a farm in Riyadh, Saudi Arabia. In it, 10-14-day intervals separated the various 

stages of maturity. The process of sample preparation and extraction includes the samples of fruits at different 

stages of maturation. Results and Discussion: The Polyphenols oxidize activity appeared to decline with further 

maturation of date fruit. There was an increase in the protein content and the reducing sugar in all varieties of 

dates. The changes in the total sugar and reducing sugar occurred due to the increased enzyme’s activity. 

Conclusion: The reducing sugar increased in all varieties of the date fruit. The coordination of the enzyme might 

influence the quality of the ripening of date fruits. 
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Introduction  
 

Date palm is recognized as the staple food 

crop for the Middle East, enabling food supply 

for people for about 5000 years especially to 

those living in the Kingdom of Saudi Arabia 

(Aleid, Al-Khayri, & Al-Bahrany, 2015). 

Commonly known as Phoenix dactyliferaL 

(family Arecaceae), date fruit is a food product 

that is highly rich in calories, minerals, and 

many vitamins. The content of date fruit is 

composed of about eighty percent of the sugar 

while the remainder consists of fat, minerals 

and protein products (Nestle, 2013). It serves 

as a staple fruit item for the people suffering 

from hypertension based on extremely low 

sodium content and exceptionally rich in 

potassium (Sirisena, Ng, & Ajlouni, 2015). 

Along with this, the fruit consists of a large 

amount of hemicellulose and cellulose 

materials that are compulsory for the 

maintenance of intestinal motility. Apart from 

promoting the formation of blood (Das, 2015), 

the date fruit also enjoys the status of being 

easily digestible food with many health 

benefits. 

The amount of dietary fibers in date fruits 

ranges from 6.5 percent to 11.5 percent, where 

remaining content comprises of 1 percent fat, 

two percent ash, and two percent protein, and 

is a primary source for phenolic antioxidants 

(Ghnimi et al., 2017). The nutritional value of 

the date fruit is affected by its chemical 

composition variations, along with its quality 

sensor and industrial consumption (Mrabet et 

al., 2012). Fruit softening is termed as the 

primary determiner of the fruit quality which 

also impacts the cell wall degradation triggered 

by enzyme (Rastegar et al., 2015). Among the 

development procedure, ripening is the final 

phase of the fruits that intrinsically affects the 

quality distinctiveness appearance of the fruit. 

The chemical composition of the date fruit 

goes under high chemical and physical 

variation given its formation and ripening 

stage. The fruit passes through four different 
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stages distinguishable by changes in one or 

more particular characteristics. Four Arabic 

terms are used for the development stages of 

date fruits; namely, Kimri that refers to the 

phase when the dates are green in color and 

young. At this stage, there is a rapid increase 

in size, weight, and reducing sugars; it is the 

period of highest acid activity and moisture 

content (up to 85%). The development of date 

fruit in the second phase, Khalal also known as 

Bisr, is reached when dates reach to the 

maximum size and weight and begin to change 

in color and may turn into yellow, yellow-

scarlet, red pink or yellow spotted with red 

depending on the variety of dates. At this 

stage, weight gain is slow; whereas, sucrose 

content increases, moisture content declines, 

and tannins precipitates and lose its 

astringency. The development of date fruit in 

the third stage appears when the date fruit 

loses their astringency and initiation of 

acquiring a darker and less attractive color 

begins, indicating towards the third phase 

known as Rutab. The Rutab stage is the one 

when the tips of the fruit start to turn brown. 

The fourth and the final stage of the date fruit 

development is Tamar stage when fruit 

becomes completely solid and brownish. 

Climatic conditions make the dates ripen 

further and turn into Tamar, which is 

characterized by darker colors, and such low 

moisture content date becomes self-preserving 

(Shamim et al., 2013). 

The ripening of date fruits brings changes 

to the fruits including variations in the sugar 

content, aroma, and flavors, production of 

color compounds, and also the softening of cell 

walls. The softening of the date fruit is linked 

with the ripening process of many fruits and is 

attributed to the degradation of cell-wall 

polysaccharides (Terasaki et al., 2013). Not 

only this, various studied have claimed date 

fruit, in general, contains antimutagenic and 

antioxidant properties (Al-Jasass, Siddiq, & 

Sogi, 2015). Recent paperwork on dates has 

emphasized the exploration of the health 

benefits associated with the date fruit and date 

pits along with their utilization of functional 

component for the development of numerous 

value-added products of food as well as its 

supplements (Amira et al., 2012). The date 

fruit market accounts to 7.2 million mt 

globally which is further expected to increase, 

emphasizing towards the exploration of its 

content and its associated developmental 

stages (Haider et al., 2014. Consequently, the 

objective of this study is to examine the overall 

composition of date fruit as well as its ripening 

stages. 

 

Enzymes in Date Fruit Ripening Processes 

In this study, the focus is on the date fruit 

changes in the activity of amylase, pectinase, 

cellulase, and polyphenol oxidase (PPO) that 

undergoes the various stages of maturity. 

These enzymes are often involved in changes 

in the four significant attributes of fruit during 

ripening: color, taste, aroma, and texture. Four 

different varieties of dates were examined to 

test the universality of these enzymes in date 

fruit ripening processes. 

Pectinase is a term that refers to a mixture 

of enzymes that includes polygalacturonases, 

pectin, and pectin lyases. This enzyme is 

helpful during the natural ripening procedure 

of fruits and plays a significant part in cell wall 

metabolism during the ripening process. The 

softening and remodeling of the walls of cells 

during the development and growth could be 

more accessible due to continued activity of 

these enzymes together with other enzymes.  

Previous work by Rastegar et al (2012) has 

declared that ripening of the date fruits 

involves other enzymes as well like cellulase, 

invertase, pectinesterase, and polyphenol 

oxidases. Saleem et al (2005) coordinated 

actions of all the enzymes are observed as a 

dependable factor for converting Rutab into 

Tamar with all its associated manifestations in 

the characteristics such as sweeter taste, 

softening of structuring, and changes in the 

colors of fruits and the precipitations of 

tannins and other ripening-associated quality 

parameters.  

Another vital enzyme is amylases that are 

revealed as a group of enzymes hydrolyzing 

starch, which is the most common digestible 

polysaccharide, found in foods (Sahni & Goel, 

2015). Starch granules are relatively resistant 

to penetration by both hydrolytic enzymes and 

water due to the development of intra- and 

intermolecular hydrogen bonds. Their 

digestion occurs before starches enter or leave 

the cell (Agudelo et al., 2014). Amylases are 

synthesized during the ripening process in 

many plants and fruits making them sweeter. 

These are the heterogeneous groups of 

enzymes that catalyze the hydrolysis of α-1, 4-

glycosidic bonds of polysaccharides to yield 
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dextrin, oligosaccharides, maltose, and D-

glucose (Li et al., 2016).  

There are a group of enzymes called 

cellulose, which shows increased activity 

during the process of fruits ripening. The 

activity of certain enzymes is found to result in 

apoptosis, the disintegration of the walls of the 

cells and also in the softening of the fruits 

(Tucker & Grierson, 2013). There are many 

significant roles of pigments in the ripening 

process of date fruits. The formation of 

different colors during the process of ripening 

might be the result of pigments breakdown or 

due to the synthesis of new ones (Mou et al., 

2015). The primary purpose of conducting the 

research was to understand the increased fruit 

content of soluble proteins, sugars, specific 

enzymes activities, and certain polyphenols in 

context to date fruit ripening. 

 

 

Materials and Methods  
 

Sample Collection and Storage Procedure 

The study collected the date fruits at 

various stages of ripening from four different 

date palm varieties (Sukkari, Hilwa, Sullaj, 

and Khalas) part of a private farm in Riyadh, 

Saudi Arabia. Ten different sets of samples 

representing ten different stages of maturity for 

each date fruit variety was examined. Fruit 

maturity stages were separated by 10-14 days 

intervals (Table 1). 

 

Table 1: Time for Date Fruit Sample 

Collection 
Dates Sukkari Hilwa Sullaj Khalas 

May 19 - 6, 16, 

30 

16, 30 

June 14, 24 2, 14, 

24 

14, 23 14, 23 

July 3, 18, 

27 

3, 18, 

27 

3, 17, 

27 

3, 17, 

27 

August  10, 25 10, 25 10, 25 10, 25, 

September  8, 23. 8 - 7 

 

For each variety, all samples were collected 

from the same tree to minimize variations 

among the representatives of this variety.  

The powder homogenate was centrifuged at 

15,000xg in a Beckman J-20 centrifuge at 4°C 

for 15 min. The study used supernatant for the 

various biochemical parameters mentioned 

above (content of soluble proteins, sugars, 

certain enzymes activities, and polyphenols). It 

extracted 1 g (wet-weight) date with 3 mL 

buffer for all samples of this study. The 

process of sample preparation and extraction 

includes the samples of fruits at different 

stages of maturation and the samples were 

rinsed with distilled water and divided into two 

parts. A buffer containing 50 mM sodium 

acetate (pH 5.0) and 100 mM NaCl was used 

for extraction of the data. Whereas, extraction 

of the second sample occurred with methanol 

to determine the sample’s content of pigments. 

The purpose of determining the content of 

reducing sugars, total sugars, protein and 

various enzymes activities of the sample. The 

calculation for the concentration of reducing 

sugars in samples was held from a standard 

glucose curve prepared under the same 

conditions, except that 1 mL samples 

containing 0, 0.2, 0.5, 1.0, 2.0, 3.0- or 5.0-mM 

glucose was used. Reducing sugar in date fruit 

extracts was determined using the same 

procedure. Due to the high sugar content of 

most samples, it was necessary to dilute all 

extracts (1.250ml) before sugar determination. 

The equivalence reporting was found for 

reducing the sugar content of as equivalent 

glucose concentration. 

 

Preparation of Crude Extract 

Fruit samples were cut into pieces and 

weighed after the removal of and mashed with 

methanol (99.8%). Throughout this research, 

the study used a ratio of 5 mL methanol per1 g 

date. After maceration, the extract was 

centrifuged at 15,000xg in a Beckman J-20 

centrifuge at 4°C for 15 min. Total sugar was 

determined using the anthrone reagent (97%), 

and in this assay, hydrolyzation was used to 

convert carbohydrates into simple sugars, 

which then are converted into refural 

derivatives that interact with anthrone to form 

a blue-green complex. The concentration of 

total sugar was determined using glucose as a 

reference sugar. A standard curve was 

prepared using 250 µl samples containing 0, 

0.2, 0.4, 0.6, 0.8, 1, or 2 mM glucose. 

Reducing sugar content was determined by 

using dinitrosalicylic acid (DNS). This method 

tests for the presence of free carbonyl group in 

sugars (C=O, or the so-called reducing sugars). 

The reaction involves the oxidation of the 

51 



50                      Annales Bogorienses Vol. 23, No. 1, 2019 

         DOI: http://dx.doi.org/10.14203/ann.bogor.2019.v22.n2.49-57 

aldehyde functional group present in sugars 

with simultaneous reduction of 3, 5- 

dinitrosalicylic acid (DNS) to 3-amino, and 5-

nitrosalicylic acid under alkaline conditions. 

Standard glucose curve prepared under the 

same conditions was used for determining the 

concentration of reducing sugars in samples, 

except that 1 mL samples containing 0, 0.2, 

0.5, 1.0, 2.0, 3.0- or 5.0-mM glucose was used. 

Under these conditions, the absorbance at 540 

nm was linear with glucose concentration in 

the range 0-5 mM. 

The protein content of samples was 

calculated from a standard curve using bovine 

serum albumin (BSA) as a reference. 200 µl 

samples containing 0.0 –25 µg BSA were 

used, and the absorbance at 595 nm was 

plotted against known concentrations of BSA 

Extractions of the sukkari samples were also 

carried out with a buffer containing 0.5% 

nonidet (a detergent) to increase the extraction 

power of the buffer. However, the results 

showed that the presence of this detergent had 

little impact on all parameters tested, and 

subsequently, was eliminated from all 

extraction procedures. 

 

 

Results 

 
Sukkari 

The results have shown major changes 

during the process of ripening, and it was a 

result of synthesis pathways (proteins, sugars, 

etc.) as well as the degradation pathways 

(Pigments, certain enzymatic activities). 

Changes in different parameters were 

superimposed in order to gain a better insight 

into these processes. Figure 1 compares the 

variations in reducing sugars, total sugars, and 

proteins in sukkari fruit ripening. It has been 

observed that all three contents appeared to 

change in simultaneous trends. The changes in 

total sugar come out to precede changes in 

reducing sugar. This result has suggested that 

synthesis of the non-reducing agents most 

probably sucrose preceded the synthesis of 

reducing sugars specifically to fructose and 

glucose. It is possible that there was a transient 

induction of invertase in sukkari fruit, an 

enzyme that converts the sucrose into glucose 

and fructose.  

The changes in total sugars or the reducing 

sugars might occur as a result of the increased 

activity of enzymes responsible for the 

hydrolysis of starch into simple sugars. There 

is a transient change in the activity of amylases 

concurrent with the increase in the content of 

reducing the sugar content of sukkari. At the 

latter stages, there was a decline observed in 

the process of ripening accompanied by the 

modest increases in reducing the sugar content 

of sukkari.  

 

 
Figure 1. Total Sugars, reducing Sugars and 

Soluble Proteins of Sukkari during Ripening. 

The figure defines the changes in the total 

soluble content (●) during Sukkari Ripening 

Stages.  

 

The superimposition activity of PPO, 

amylase, and pectinase can be observed in 

figure 2. The activity of pectinase can be 

observed fluctuating during the process of 

ripening. Whereas, amylase and PPO have 

shown a sudden burst of activities during the 

last stages of ripening process followed by an 

abrupt decline. PPO has been reported as a 

major player in the ripening process of sukkari 

fruit.  

Other date fruit types (hilwa, sullaj, and 

khalas) indicated similar biochemical changes 

of sukkari date as shown in figure 2. Figures 

have shown the results for all types of dates 

including hilwa, sukkari, sullaj and khalas. 

 

Hilwa 

Figure 3 has shown that hilwa date has low 

levels of protein during the process of ripening 

at early stages, but its protein content has been 

observed to substantially increase during the 

rutab stage and reached a maximum at the 

Tamar stage. At the last stage of the ripening 

52 



Annales Bogorienses Vol. 23, No. 1, 2019  49 

DOI: http://dx.doi.org/10.14203/ann.bogor.2019.v22.n2.49-57 

process, a slight decrease in the protein content 

was observed. This decrease might be 

attributed to the breakdown of the proteins, 

normally observed during senescence of fruits. 

The highest protein content observed was 1.7 

mg/g date recorded for samples collected on 

the 25th of August. 

 
Figure 2. Changes in Enzymatic Activities of 

Sukkari during Ripening. This figure contrasts 

the change in enzymatic activities of amylase 

(Δ), Pectinase (◊), polyphenol oxidase (■) 

during ripening of sukkari date fruit. The scale 

on the left is applicable to PPO activity only. 

 

 
Figure 3. Soluble Protein of Hilwa Fruit 

during various Stages of Ripening. This figure 

contrasts the change in soluble protein (●) 

during the ripening of sukkari date fruit.  

 

The results also showed that hilwa fruit had 

modest levels of sugar at the early stages of 

ripening (73 mg/g date or about 7 % by weight 

for June through July 18; Figure 4). Highest 

total sugar content was 782 mg/g date or about 

78 % of date fruit by weight at the Tamar stage 

in Hilwa date.  

Variations in the reducing sugars content of 

hilwa paralleled that of total sugars; the lowest 

reducing sugar content (40 mg/g date or about 

4% by weight) was recorded at first stages of 

ripening. The later stages of ripening exhibited 

dramatic increases in reducing sugar content. 

The highest content (654 mg/g date or 65% by 

weight) was recorded for samples collected on 

the eighth of September when the fruits were 

fully ripened (Figure 4). 

 

 
Figure 4. Sugar Content of Hilwa Date Fruit 

during Ripening Stages (The results show 

changes in total sugar (hatched bars), reducing 

sugars (solid bars), and non- reducing sugars 

(open bars).  

 

The results have shown that the PPO 

activity appeared to decline with further 

maturation of date fruit, possibly the result of 

the accumulation of polyphenolic compounds 

(Figure 5). It has been observed from the 

results that hilwa fruit underwent major 

changes during ripening. Ripening increased 

the soluble proteins, total sugars and reducing 

sugars. The comparison between the 

concurrent trends can be observed through 

figure 6, representing the various stages of 

ripening were extracted with a buffer 

containing 50 mM sodium acetate (pH=5.0) 

and 100 mM NaCl. The Protein content of 

each extract was determined using the 
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Bradford method as described in the method 

section. All measurements were performed in 

duplicates. 

It has been observed from the results that 

the increase in reducing sugars content of 

hilwa was probably the result of increased 

activity of hydrolysis enzymes that convert 

polysaccharide into simple sugars. 

 

 
Figure 5. PPO Activity at Various Stages of 

Hilwa Ripening. This figure contrasts the 

change in polyphenol oxidase (■) during 

ripening of Hilwa date fruit. 

 

 
Figure 6. Soluble Protein Content (●) of Sullaj 

Fruit at the Various Stages of Ripening 

 

Sullaj 

The results from figure 6 have shown the 

soluble protein content of sukkari fruit at the 

various stages of ripening of the sullaj fruit 

during different phases of the ripening process.  

At the early stages of the ripening process, the 

protein content has been observed relatively 

low. However, the protein content of sullaj 

fruit has been observed to increase 

dramatically as the fruit entered the Tamar 

stage. The PPO activity of sullaj extracts 

showed definitive, but low levels of PPO 

activity during the first stages of ripening. 

The changes have been observed in the 

reducing sugars and total sugars, and this 

might be the result of increased enzymes, 

which was responsible for starch hydrolysis 

into simple sugars. The results have also 

reported that the increase in amylase activity in 

sullaj was concurrent with the increase in 

reducing sugar content (Figure 7). 

 

 
Figure 7: Soluble protein content of Sullaj 

fruit at the various stages of ripening. Samples 

representing the various stages of ripening 

were extracted with a buffer containing 50 mM 

sodium acetate (pH 5.0) and 100 mM NaCl. 

 

The changes in total sugars come out to 

make changes in reducing sugars, which in 

turn preceded changes in protein content; this 

suggested that the synthesis of non-reducing 

sugar preceded the synthesis of reducing sugar. 

There might be an independent occurrence of 

the non-reducing sugar via different pathways 

or enzymes. There was a transient induction of 

intervase in sullaj that converts sucrose into 

fructose and glucose due to the decline in the 

sugar content at the final ripening stage. 

 

Khalas 

The results have reported that the transient 

increase in the amylase activity was concurrent 

with the increase in reducing the sugar content 
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of khalas. Moreover, the decrease of amylase 

activity at the latter stages of ripening was 

accompanied by a decrease in reducing sugars 

content of khalas. Figure 8 has explained the 

transition of color to show the increase in PPO 

activity. The color turned from yellow to light 

brown due to the enzyme activity, and it might 

oxidize many phenolic compounds with 

subsequent generation of darker colors. 

 

 
Figure 8. Changes in Enzymatic Activities of 

Khalas during Ripening. This figure contrasts 

the change in enzymatic activities of amylase 

(Δ), Pectinase (◊), soluble protein (●) during 

ripening of Khalas date fruit.  

 

 
 

Figure 9: Chlorophylls and carotenoids 

content of Khalas during ripening. The 

concentrations of chlorophyll a (●) & 

chlorophyll b (□) as well as carotenes ( ) in 

the extracts of Khalas were estimated from 

absorption spectra via empirical formulas 

given in the method’s section.  

 

There are many interesting similarities and 

differences among different varieties of dates. 

In all varieties of dates, there is increased 

sugar content, protein content, certain enzymes 

activities and synthesis of certain phenols. The 

ripening process also involved many catabolic 

changes such as degradation of chlorophylls, 

carotenes, and other pigments (Figure 9). 

An important characteristic of all varieties 

of date has been explored by examining the 

protein content. It has been observed that the 

protein content occurred in all varieties of 

dates during July. The major increase in the 

protein content was first observed in khalas, 

but all the changes in the types of dates 

occurred in a narrow frame of time. This has 

suggested that the temperature of the season 

might have an effective role in protein 

induction. The protein content in other 

varieties of dates also continued to increase the 

protein content with the process of ripening 

except for hilwa variety that showed a slight 

but significant decrease in the protein content 

at the final stage of the ripening process 

(Figure 10).  

 

 
Figure 10: Soluble protein content of khalas 

fruit at the various stages of ripening. Samples 

representing the various stages of ripening 

were extracted with a buffer containing 50 mM 

sodium acetate (pH 5.0) and 100 mM NaCl. 

 

 

Discussion 

 

The changes in total sugars come out to 

make changes in reducing sugars, which in 
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turn preceded changes in protein content; this 

suggested that the synthesis of non-reducing 

sugar preceded the synthesis of reducing sugar. 

There might be an independent occurrence of 

the non-reducing sugar via different pathways 

or enzymes. There was a transient induction of 

intervase in sullaj that converts sucrose into 

fructose and glucose due to the decline in the 

sugar content at the final ripening stage. 

The comparison between the total sugars 

and reducing sugars among the date fruits have 

been examined, which showed all the varieties 

of dates have a high content of total sugars in 

variant form. The similar findings have been 

reported in the analysis of Assirey (2015) 

which studied 10 type of date fruit. In the 

present study, a considerable variation has 

been observed among the date fruits in terms 

of their content of non-reducing sugar. Among 

all the varieties of the date, fruits examined, 

sukkari has the highest non-reducing sugar 

content at the rutab stage. The minimal amount 

of reducing sugar was observed in khalas date 

throughout the process of ripening. 

A study conducted by Eid et al. (2013) 

reported how the levels of polyphenols in date 

fruits changes with the cultivar type and the 

process of ripening. Ajwa, Barni, and Khalas 

were the varieties of dates considered in this 

study. It has been observed that the 

concentration of polyphenols was at the 

highest level at the early phase of the ripening 

process. The Ajwa dates were observed to 

have higher levels of phenols than measured in 

Barni and Khalas (Eid et al., 2013). The study 

conducted by Adam et al. (2016) partially 

relates to the present study as the results 

obtained showed that PPO activity might be 

responsible for the browning of date fruits, 

possibly via oxidation of polyphenols, which 

are abundant in all date varieties. 

 

 

Conclusion 
 

The results have concluded that there was 

an increased fruit content of soluble proteins, 

sugars, certain enzymes activities, and certain 

polyphenols in context to date fruit ripening. 

Although, most of the cultivars contain almost 

similar chemical components there are several 

differences also. The coordination among 

several enzymes may also influence the 

ripening or the quality of date fruits; the 

relative ratio of enzyme activities might be as 

important as the absolute amount of each 

enzyme. It is of interest to note that non-

reducing sugar content declined as the fruit 

entered the Tamar stage in all date varieties 

examined in this study. By contrast, the 

reducing sugar increased in all date fruits with 

ripening. This suggested that non- reducing 

sugars were being hydrolyzed to reducing 

sugars in date fruits. While the nature of non-

reducing sugars present in date fruit was not 

determined in this study. It was interesting to 

note that the content of non-reducing sugar 

declined as the fruit entered Tamar stage in all 

the date varieties examined in this study. 

According to the results, the reducing sugar 

increased in almost all varieties of dates, and 

this suggested that non-reducing sugar were 

being hydrolyzed to reducing sugar in date 

fruits. It suggests that date fruits utilization on 

an industrial basis must be based on different 

phenotypical and biochemical features. It 

directs the future researches to explore the 

relationship between the date fruits chemical 

composition and its fruit color, taste and 

texture. Future studies might be conducted by 

some microbiological analysis that can assist 

in finding more about the enzyme activities in 

dates. Since the study only used two 

concentrations for BSA standard, therefore, 

future studies take more concentrations. It has 

also been highly recommended to improve the 

handling and harvesting methods (grading, 

storing and packaging) of dates. Future studies 

must focus on the microbial analysis and 

chemical composition of the other kinds of 

dates found in Saudi Arabia. 
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