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Abstract 
The present study explains the maturation stage of the Sukkari and Hilwa along with the associated biochemical 
changes. A total of 10 different samples were studied of the Sukkari and Hilwa dates in total, in which each 
represents different maturation stage. The outcomes of the study showed that the changes were emerging due to 
the proteins and enzymes present in dates. The study showed that the date fruit goes through different 
biochemical changes with its maturation, which can assist in the expansion of the date fruit cultivation. 
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1. Introduction 
The palm family, also called Arecaceae, constitutes of various genera and species, which range about 183 and 
above 2400 respectively (Al-Alawi et al., 2017). Phoenix dactylifera L., also known as date fruit, is a nutritious 
plant which is found from countries located in the regions of North America to the Middle East encompassing 
the Arabian Gulf countries (Trabzuni et al., 2014). Date palm trees are excessively nutritious and are incredibly 
rich in minerals, carbohydrates, amino acids and dietary fibres (Eid et al., 2013). The fruit is cultivated in a 
significant amount in the region of Saudi Arabia and makes earnings of about USD 500 million (Al-Khalifah, 
2012). The date fruits based on their different composition in terms of chemical and phenolic as well as 
capabilities for antioxidant vary from each other (Benmeddour et al., 2013).  

The date palm encompasses an array of polyphenol. The fruits softening and maturation capabilities are 
dependent on the cell-wall degradation as well as the polysaccharides particularly concerning the pectins, by 
several classes of degradative enzymes (Rastegar et al., 2012). The Polyphenol oxidase (PPO), recognized as the 
bifunctional copper-protein complex, is found in the date palm to catalyse the catecholase and cresolase reactions. 
This catalytic characteristic assists in the fruit maturation. Similar is the effect produced in the amylase, 
pectinase, and cellulase reactions, which are often used for the conversion of polysaccharides into oligo and 
monosaccharides (Torun et al., 2015).  

The date palm cultivators around the world make a total of about 2000, mainly present in the regions of Asia and 
Middle East. The study of Awad et al. (2011) presents some of the biochemical changes in developing and 
maturation stages with respect to cultivators. It was found that both late and early cultivators of ‘Lonet-Mesaed’ 
and ‘Helali’ date palm comprise of cellulase, xylanase, polygalacturonase, and α-amylase activities. The maturity 
stage changes are based on various biochemical attributes, which the date fruit comprise of. The cultivars can 
expand the cultivation of the date fruit that demonstrated the elevated value of the beneficial biochemical 
attributes (Haider et al., 2014). The polyphenol contents ripping effects have also been evaluated in the study of 
Eid et al. (2013), which showed that the content was highest in the early maturation stages.  

The maturation stages in the date fruit are designated universally accepted Arabic names i.e. Kimri, Khalal, 
Rutab and Tamar respectively. These stages show the cell division, its elongation i.e. immature green, its fully 
mature form full-color brown, the soft brown as well as the hard-raisin stage of the maturation of date fruit. The 
date fruits are basically marketed and harvested at three stages named khalal, rutab, and Tamar, which is based 



jas.ccsenet.org Journal of Agricultural Science Vol. 11, No. 3; 2019 

615 

on the demand made by the market, their soluble tannin level as well as climatic conditions (Awad, Adel, 
Al-Qurashi, & Mohamed, 2011). At the first stage, the color of date fruit is green and it is usually not suitable for 
eating. In the following second stage, the date fruit turns into yellow or red color and it becomes sweet and 
consumable.  

During the Khalal stage, the date fruit turns into yellow or red color and it becomes sweet and consumable. In 
the Rutab stage, the date fruit turns into a soft, sweet and delicious form in the majority of the cultivars. The last 
stage of maturation is Tamar, in which the water of date becomes less than 24% and it converts to a dark brown 
color (Baliga et al., 2011). Throughout the maturation stage, the date fruits vary in their physical and chemical 
characteristics. In the development stage, the weight of date fruit and its flesh increase and reach a maximum 
point at an immature green stage, which is known as Bisir. However, a slight decrease in the weight and flesh is 
observed during the maturation process. Based on the biochemical changes associated with the maturation of the 
date fruit, the present study intends to evaluate the biochemical variations, which take place with the date fruit 
maturation. 

2. Materials and Methods 
Various types of dates have been selected in this study to evaluate the biochemical changes in the progression of 
the maturation stages. Starch was purchased from the USA; however, different chemicals were collected from 
the UK that include 3, 5-Dinitrosalicyclic acid, Carboxymethylcellulose, Coomassie brilliant blue G-250, and 
sodium chloride catechol. The samples of date fruits were rinsed with distilled water at every stage of maturation. 
The sample was extracted with buffer, which comprises 50mm sodium acetate (pH = 5.0), and 100 ml of NaCl to 
determine the sample content of soluble proteins and various enzymatic activities. 

2.1 Soluble Proteins Determination 

Bradford method was used to determine the soluble protein content within the extracts of date fruit extracts 
(Bradford, 1976). Assays were prepared by mixing the 200 μl sample with 800 μl Bradford reagent. However, 
the process of incubation started after five minutes, which measured the absorbance at 595 nm against blank 
prepared using 200 μl of distilled water. 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 was plotted against known concentrations of BSA at 595 nm. 

2.2 Polyphenol Oxidase Assay 

Polyphenol oxidase (PPO) activity was assayed using catechol as a substrate. PPO is capable of converting 
catechol (colourless) to benzoquinone (orange) in the presence of oxygen. Benzoquinone is converted to melanin 
(dark brown) through slow non-enzymatic reactions. The PPO reaction can be monitored by measuring the 
changes in absorption at 540 nm. PPO activity in date-fruit extracts was measured in a 4-mL reaction mixture 
containing 10mm sodium phosphate buffer (pH 6.5), 10 mm catechol, and a specified amount of extract. Extracts 
of the later stages of maturation had high PPO activities, which necessitated the use of small amounts of extract 
(50 µl) in the assays. PPO activity was expressed as mM products produced per hour per mL extract. The amount 
of benzoquinone produced was calculated from the changes in absorption using extinction coefficient 3600 M-1 
cm-1 for benzoquinone at 540 nm. The high amount of extracts is required for measuring the PPO activities at 
the earlier stages of maturation (300 µl). All assays were conducted at 25 °C using Ultrospec 2000 
spectrophotometer attached to a computer.  

2.3 Amylase, Pectinase, and Cellulase Assays 

The activities of amylase, pectinase, and cellulase have been investigated simultaneously in the parallel assays. 
The activities of these enzymes have been assessed by measuring the number of sugars, which is generally 
released during the reaction. The mixture of assay comprised of 200 µL desalted extract, 350 µL buffer of 
sodium acetate, and 450 µL of the substrate. Dinitrosalicylic acid (DNS) was used to incubate the mixture for 24 
hours at room temperature before determining the released reducing sugars (Miller, 1959). 

3. Results 
3.1 Biochemical Changes in Sukkari Date 

The biochemical changes in Sukkari dates were examined by collecting ten different samples that represented 
various maturity stages of sukkari date. Various samples showed the definite development of color from green to 
yellow and then to dark brown. The change in color during the maturation process of Sukkari dates has been 
illustrated in Figure 1. 
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Tamar. Hilwa had low levels of amylase activities in the maturation stage although its activity enhanced rapidly 
during Rutab and Tamar stages. The induction of amylase activities seemed to be better in contrast with the 
sukkari dates. The decline in amylase activity with the further maturation of date fruit can be classified to several 
factors including transient expression, protein degradation, or senescence of fruit as evident by the low moisture 
content.  

As per the sukkari date, the pectinase and cellulase enzyme activities has increased as the date ripens, but 
decreases in the final maturity stage. The findings have been supported by Brummell and Harpster (2001), which 
reported the similar results. Whereas, in the maturation of hilwa, definite and low level elements were recorded 
though trivial variation in the stages of maturation. Furthermore, the aqueous extracts of hilwa fruits did not 
exhibit the significant activity of cellulase. At the final stage of maturation, an apparent increase in the cellulase 
activity was also observed.  

5. Conclusion 
Polyphenol oxidase is a significant and major component for the maturation of date fruits. It demonstrated low 
levels of polyphenol oxidase during Kimri and Khalal stages; whereas, there is a significant enhancement in the 
level of polyphenol oxidase at the stage of maturity, i.e. the Tamar stage. Moreover, low levels in amylase 
enzymes have also been investigated during earlier stages, and high levels were observed at the stages of rutab 
and Tamar. Low activity levels in polyphenol oxidase have been observed at an earlier stage of maturation and 
the amylase activities are observed to be increased when the maturation process is in its final stage of maturation. 
From these enzyme activities, pectinase activity has been observed to have a slight fluctuation during the 
maturation stages.  

On the contrary, some particular, as well as sudden bursts of activities, have been shown by the amylase and 
polyphenol oxidase activities during final stages of maturation, which is likely to be followed by the abrupt 
decline. Besides this, certain astounding differences in quantitative data have been observed at the levels of 
induction. It has been evaluated through quantitative outcomes that the activity of polyphenol oxidase was 40 to 
100 folds higher, as compared to the pectinase, cellulase, or amylase during any maturation stage. The 
significance of this observation remained unknown; however, polyphenol oxidase activity has been clearly 
indicated as a major player in the maturation of sukkari date fruit. For the enzyme activities of polyphenol 
oxidase, amylase, cellulase, and pectinase, the results are likely to be explained in terms of transient inductions, 
where the polyphenol oxidase enzyme activity increased to two folds. 
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