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Abstract  

Thai Cultivar Date Palm (KL1) (Phoenix dactylifera cv. KL1) has been grown in Thailand for decades. 

Mature fruits are popular for fresh consumption. However, 50% or more of the fruit production was thrown away each 

year because of its low quality. 2) Objectives: To help farmers avoid wasting huge amounts of money, these low-quality 

fruits were preliminary developed into three value-added products. The fresh juice and its processed products were 

analyzed for types and amounts of sugars. 3) Methodology: The ripened date fruit was boiled and filtered to yield 

“boiled juice.”. The juice was sterilized further using the retort technique under high temperature and pressure and 

called “retort juice.”. The date-boiled juice was also concentrated to yield “syrup.”. The type and amount of sugars 

contained in date palm fruit and its developed products were analyzed by a validated HPLC-RI detector. The injection 

volume of 3 µL was performed at 30°C with a flow rate of 1.4 mL/min using 75 % acetonitrile with 25% water as a 

mobile phase. The retention times of the containing sugars were compared with standards. 4) Result and Discussion: 

Thai Cultivar Date Palm (KL1) and its products contained higher amounts of monosaccharides than disaccharides. The 

mean values of fructose, glucose, and sucrose were in the range of 0.1449 – 1.4227 g/100 mL, 0.2539 – 1.6696 

g/100mL, and 0.0893 – 0.3019 g/100mL, respectively. Galactose and maltose could not be detected. Among the 

products, syrup contained the highest amount of total sugar, followed by the retort juice, the boiled juice, and the fresh 

date juice, in order from highest to lowest in sugar content. 5) Conclusions: The waste date fruit could be developed 

into other value-added products. These products are a source of fast energy drinks, due to the high amount of 

monosaccharides that, are easier to absorb into gastrointestinal cells than disaccharides. The sugar contents increased 

significantly by temperature and time of heating. This paper is the first report on sugar analysis of Thai Cultivar Date 

Palm (KL1).  
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1.  Introduction 

Date palm (Phoenix dactylifera) has been popular in countries across the Arabian Peninsula, North 

Africa, and the Middle East for a thousand years. Date palm cultivation has spread from its center of origin 

to the rest of the world since ancient times but only very recently to Thailand (Jaradat, 2011). More than 

200 cultivars have been cultivated globally such as Bahee, Khalas, Khunaizi, Naghal, Khasab, Fardh, and 

Mabsli. Each cultivar is suitable for either fresh or dried consumption. Phoenix palms are dioecious, 

denoting that the trees are either male or female trees. They are a natural and highly nutritious source of 

dietary fiber (DF), acidic amino acids, essential minerals, vitamins, and sugars, especially monosaccharides 

(Al-Farsi and Lee, 2008). Sugar contents differ by cultivars and fruit maturation (Maqsood et al., 2020) 

ranging from about 40% (fresh dates) to 80% (dried dates), which mainly are glucose and fructose (Siddiq 

and Greiby, 2013). In a study carried out by Zhang et al. (2015), the total sugar content of 29 dried date 

https://scholar.google.co.th/citations?view_op=view_org&hl=en&org=14261461339511303947


RSU International Research Conference 2022 

https://rsucon.rsu.ac.th/proceedings                                29 APRIL 2022 

 

[446] 
 

Proceedings of RSU International Research Conference (2022) 

Published online: Copyright © 2016-2022 Rangsit University 

 

fruit varieties was quantified by HPLC. The monosaccharides content ranged from 61.7% to 78.6%. Among 

these, only Deglet Noor, Sukkari Al Qassim, and Nabtat Ali date contained a small amount of sucrose, 

while the rest of the varieties showed higher levels of fructose than glucose and were devoid of sucrose. As 

well as being eaten as fresh fruit, dates can be made into many processed products such as beverages, 

candy, chocolate, or syrup (“Silan” in Arabic). The sugar profiles of different stages of Barhee date fruit 

juices were studied by Burapalit et al., 2020. They revealed that dried dates contained three times more total 

sugar (69.42 g/100 g dry weight) than fresh dates (22.16 g/100 g dry weight) and premature dates 

(29.28g/100 g dry weight), while neither  lactose nor maltose was detected in the fruits.  In another study, 

Deglet Nour date syrup was analyzed using high-performance anion-exchange chromatography (HPAEC) 

with pulsed amperometric detection (PAD). The syrup contained equal amounts of glucose and fructose 

(36.4%, 36.5%) (Lajnef, et al., 2021). This high amount of monosaccharides in date fruits and their 

products show their potential benefits as a form of energy booster. Unlike disaccharides, these simple 

sugars do not need to be hydrolyzed before absorption through gastrointestinal cells. Hence, Muslim people 

can consume date products during Ramadan. Furthermore, date fruits and products have been shown to 

exhibit various medicinal properties such as galactagogue, antimicrobial, antioxidant, anticancer, 

antidiabetic, and antihyperlipidemic activities (Idowu et al., 2020). 

 In Thailand, many date palm cultivars have been imported and become an important commercial 

plant since 2002. However, their sensitivity to Thailand’s climate, pests, and diseases required significant 

investment for cultivation, resulting in a high market price. Ten years later, the first Thai cultivar (P. 

dactylifera cv. KL1), was developed from the breeding of Deglet Nour and Barhee cultivars. The mature 

fruits vary in color from yellow, orange to red. The fresh fruit is sweet, juicy, and crunchy but has some 

astringency and bitterness. This cultivar has become more popular among Thai farmers since then because 

of the reduced cost of management. They are widely cultivated in the northern and north eastern regions, 

can adapt to a humid climate, flower in three-five years, produce large fresh fruits and give a high yield per 

crop (Intha and Chaiprasar, 2020). These locally grown cultivars are two or three times cheaper than 

imported varieties, making them more attractive to customers. However, Thai farmers lost a huge amount of 

money every year because some of the fruits were not good enough to sell, being too astringent or too 

small. Therefore, there has been a need to develop these low-quality date palms into other value-added 

products. In this study, the low-quality Thai cultivar date palm (KL-1) was preliminary developed into 

boiled juice, retort juice, and syrup. Then, the sugar types and contents of the fresh date extract and other 

date products were further investigated. This study will almost certainly be the first investigation of the 

sugar component of the Thai cultivar date palm (KL1) and its developed products. Furthermore, this data 

could help to establish and verify the health benefits of date palm by providing safety information on daily 

consumption for consumers.  

 

2.  Objectives  

1) to analyze for types and amount of sugars of KL1 date palm juice and its products. 
 

3.  Materials and Methods 

3.1  Material Preparation 

The low-quality fresh and ripen date fruits (P. dactylifera cv. KL1) were generously provided by 

Aud date palm farm in Chaiprakarn, Chiang Mai, Thailand, between June and September 2020. The fresh 

dates were washed through tap water and air-dried before keeping in zip lock bags at -20 °C until use. The 

dates were divided into 4 groups and proceeded by different methods in the following.  

3.1.1 Fresh juice: 500 g of fresh date fruit (without seeds) were mixed with 1 L of distilled water, 

then ground with an electronic blender. The filtrate was filtered through a muslin cloth. The fresh date juice 

was kept in Eppendorf at -20 °C until use. 
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3.1.2 Boiled juice: Ripe fresh dates were added with distilled water (1:1 ratio) and then boiled on a 

hot plate at 130 °C for an hour. The filtrate was filtered through a muslin cloth and kept in a glass bottle at -

20 °C until use. 

3.1.3 Retort juice: The boiled juice from 3.1.2 was further retorted at 118 °C, under pressure at 

1.8 bar for 15 min to sterilize. The juice can be kept longer for at least one year at room temperature.   

3.1.4 Syrup: The boiled juice from 3.1.2 was slowly stirred on a hot plate until viscous. The syrup 

was cooled down and kept in the glass bottles at room temperature until use.   

 

3.2  Reagents 
Standard sugars i.e. fructose, glucose, galactose, sucrose, and maltose were purchased from Sigma 

Aldrich (St. Louis, MO, USA). All HPLC grade solvents were purchased from Merck KGaA (Darmstadt, 

Germany). The deionized (DI) water was purchased from RCI Labscan Ltd. (Bangkok, Thailand). 

 

3.3  Standard Solution and Sample Preparation 

 One gram of each standard sugar was dissolved in 50 mL of DI water, filtered through 0.22 µm, 

13 mm, nylon membrane filter, and then diluted in various five concentrations. Each date sample (3 g) was 

mixed with Acetonitrile 25 mL and adjusted to 100 mL with DI water. The mixture was centrifuged to get 

rid of undissolved materials at 600 rpm and filtered through a 0.22 µm, 13 mm, nylon membrane filter in an 

HPLC vial. 

 

3.4  System Validation and Quantification of sugars in date fruits 

3.4.1  Linearity  

Linearity was established by triplicate injections of five different concentrations of the standards 

dissolved in DI water i.e., fructose (2.1 to 21.1 mg/mL); glucose (2.2 to 22.7 mg/mL); galactose (2.0 to 21.0 

mg/mL), sucrose (2.0 to 21.0 mg/mL) and maltose (2.0 to 20.3 mg/mL). The calibration curve for each 

sugar was obtained by plotting the concentration of the compound versus the area of the respective peaks 

[Figure 1]. 

 

3.4.2  Precision  

The repeatability of the method was assessed by determining the coefficient of variation (CV%) of 

the areas obtained from the injection of 3 replicates of the standard solutions (fructose, 0.5 mg/mL, glucose, 

0.5 mg/ mL, galactose, 0.5 mg/mL,  sucrose, 0.5 mg/mL and maltose, 0.5 mg/mL) and the date palm 

products added to this mixture, respectively. In the evaluation of intermediate precision, three replicates 

were used over three non-consecutive days. 

 

3.4.3  Accuracy  

Accuracy was calculated by considering the recovery obtained for each compound at different 

concentration levels. Each sugar at 0.1 mg/mL were added 3 concentrations of each sugar i.e., 0.1, 0.2 and 

0.4 mg/mL. The results were expressed by %recovery. 

 

3.4.4  Sensitivity 

The standard deviation and slope of the calibration curve were considered for a limit of detection 

(LOD) and limit of quantification (LOQ). The LOD and LOQ were determined with the formula 3.3α/S and 

10α/S, respectively. Where α is the standard deviation of the y-intercept and S is the slope of calibration 

curve. 

 

3.4.5  Quantification of sugar 

The standards and samples were performed by HPLC coupled with the refractive index detector 

(Agilent 1100 G1362A Refractive Index Detector, Agilent Technologies, Inc., Santa Clara, CA, USA). 



RSU International Research Conference 2022 

https://rsucon.rsu.ac.th/proceedings                                29 APRIL 2022 

 

[448] 
 

Proceedings of RSU International Research Conference (2022) 

Published online: Copyright © 2016-2022 Rangsit University 

 

Analysis was acquired using the ZORBAX carbohydrate analysis column (4.6 mm ID x 150 mm; 5 µm). 

The injection volume was 3 µL and performed with an isocratic system of 75 % Acetonitrile with 25% 

water, a flow rate of 1.4 mL/min at 30°C for 15 min. The HPLC system was validated by linearity, 

precision, accuracy, and sensitivity. 

 

3.4.6  Statistical analysis 

Statistical significance was calculated using Duncan’s test comparing the means of each sugar between 

samples. Values are expressed as mean ± SD of multiple replicates. Bars labeled with different letters are 

significantly different (P<0.01). 

 

4.  Results and Discussion  

4.1  Results 

Chromatographic Conditions 

The analytical method validation was performed as ICH guideline method validation. All 

validation factors were in the range of standard limitations [Table 1]. Regression equations of all standard 

sugars were linear with the coefficient of determination (R
2
) in the range of 0.9949 - 0.9996 [Figure 1]. The 

method has high repeatability with high recovery values (99.40 – 106.3%). The relative standard deviation 

of all the parameters intra-day was 1.03 – 1.32% and inter-day was 1.14 - 1.35%,  which was less than 

2.0%, confirming that the method was precise. LOD and LOQ were lower than the amount of each sugar 

found in the samples. Therefore, this HPLC method is regarded as selective, accurate, and precise for sugar 

quantification. 
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Figure 1 The standard curves of all five standard sugars, fructose (a), glucose (b), galactose (c), sucrose (d), 

and maltose (e), the regression equations of all standard sugars were linear with the coefficient of 

determination (R
2
) in the range of 0.9949 - 0.9996, the analysis was performed in three replicates. 

 

The selectivity of the compounds was determined by the correlation of the retention times (Rt) 

obtained from the five standard sugars. HPLC chromatogram and the retention time (min) of fructose 

(3.966), glucose (4.533), galactose (4.954), sucrose (6.342), and maltose (7.885) show in Figure 2. 

 

 

Table 1 Validation parameters of HPLC-RID for analysis of sugars 

Standards 

Validation parameters 

intraday 

precision (%) 

interday 

precision (%) 
% Recovery LOD LOQ 

Fructose 1.21 ± 0.12 1.25 ± 0.02 

101.2 ± 0.12 

105.3 ± 0.24 

99.7 ± 0.02 

0.01 0.03 

Glucose 1.27 ± 0.20 1.30 ± 0.01 

99.5 ± 0.25 

103.2 ± 0.14 

106.3 ± 0.08 

0.01 0.03 

Galactose 1.32 ± 0.18 1.35 ± 0.07 

102.4 ± 0.09 

103.2 ± 0.10 

105.2 ± 0.31 

0.01 0.03 

Sucrose 1.18 ± 0.05 1.19 ± 0.11 

99.4 ± 0.17 

99.8 ± 0.04 

101.7 ± 0.03 

0.02 0.05 

Maltose 1.03 ± 0.03 1.14 ± 0.08 

100.3 ± 0.09 

104.8 ± 0.12 

103.5 ± 0.16 

0.02 0.05 
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Figure 2  HPLC-RID chromatogram of the standard sugars, fructose (a), glucose (b),  

galactose (c), sucrose (d) and maltose (e) 

 

The date juice from fresh fruit and processed products i.e. boiled juice, retort juice, and syrup were 

quantified for those three monosaccharides as well as two disaccharides. All date samples contained only 

two kinds of monosaccharides, i.e., fructose and glucose, and only one disaccharide, i.e., sucrose, with 

various amounts [Table 1]. All samples had higher monosaccharides than disaccharides and had a higher 

amount of glucose than fructose. Apart from that, the retort juice showed a higher amount of fructose than 

glucose. The total amount of sugar is elevated by the increasing time and temperature of heating. The fresh 

juice did not proceed through the heat and the fruits were not ripe. 

Fresh dates juice showed glucose (46.36%w/v) almost two times higher than fructose (26.46%w/v) 

and sucrose (27.19%w/v). The boiled juice from ripened date fruit had glucose (47.60%w/v) almost the 

same ratio as fructose (40.30%w/v) but very less sucrose (12.10%w/v). The syrup presented the same trend 

as boiled juice, in which glucose (49.19%w/v) was almost the same ratio as fructose (41.92%w/v) but very 

less sucrose (8.89%w/v). Only retort juice exhibited higher fructose (42.61%w/v) than glucose 

(32.04%w/v) and sucrose (8.89%w/v).  

 

Table 2  Sugar content in KL-1 date palm fresh juice and processed products  

Sample 
Amount of sugar in weight (g/100 mL) and percentage 

Fructose Glucose Galactose Sucrose Maltose Total 

Fresh juice 0.1449± 2.52E-05d 0.2539 ± 1.73E-05c ND 0.1489± 5.80E-06b ND 0.5477d 

26.46% 46.36%  27.19%  100.00% 

Boiled juice 0.2974±1.00E-05c 0.3513±0.00E+00b ND 0.0893± 4.69E-01c ND 0.7380c 

40.30% 47.60%  12.10%  100.00% 

Retort juice 0.5002±1.00E-05b 0.3761±1.00E-05b ND 0.2977±1.73E-05a ND 1.174b 

42.61% 32.04%  25.36%  100.00% 

Syrup 1.4227±2.31E-05a 1.6696±5.80E-06a ND 0.3019±2.52E-05a ND 3.3942a 

41.92% 49.19%  8.89%  100.00% 

The statistical significance was calculated by means ± SD, n=3 between the same kind of sugar in the same column and expressed in 

the different letters  (p < 0.01).  
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4.2  Discussion 

The thermal degradation of sugars is a very important reaction in beverage production. It is 

responsible for the yield of sugars obtainable in date palm manufacturing and the characteristics of the final 

processed products (Quintas et al., 2014). The total amount of sugar in heated samples was elevated by 

increased times and temperatures [Table 1]. The fresh juice revealed the lowest amount of total sugar. The 

fruits were not ripe and not developed through the heat condition. When dates are ripening, the starch stored 

in the fruit gradually degrades into disaccharides and monosaccharides. Therefore, all products from 

ripened dates, such as boiled juice, retort juice, and syrup had higher amounts of sugar than fresh juice. The 

syrup that was produced in the longest time of heating showed the highest amount of total sugar. The 

studies of Woo and coworkers (Wo et al., 2009, 2010 & 2015) supported our study of the increasing 

amount of sugar through heating. When date syrup was slowly stirred on a hot plate until viscous, all 

fructose, glucose, and sucrose increased. The sucrose in boiled juice decreased noticeably compared to 

fresh juice. The sucrose might be degraded into fructose and glucose, which also increased. Double heating, 

using higher temperatures, together with added pressure or longer heating, transformed the starch into 

sucrose, as well as fructose and glucose, which could be seen in both retort juice and syrup. There is a 

danger of heating for too long, resulting in the breakdown of fructose and glucose into degraded products 

such as furfural, 5- methyl furfural, HMF, formic acid, lactic acid, and levulinic acid (Kim & Taub, 1993).  

 

In Table 2, all samples showed a higher amount of glucose than fructose. Only the retort juice showed 

the opposite result and had a high amount of sucrose. This sample was the only one that performed under 

pressure. This high pressure, together with a high temperature, might transform starch into sucrose. Then, 

the degraded glucose from sucrose would probably convert into fructose instead [Kumar et al., 2020]. All 

developed products had better taste than fresh fruits, with no astringency and bitterness. The samples were 
tasted by more than hundreds of people in a different range of ages (18-65), more than 90% like all 

products. These products showed high potential to commercialize into the market. The intensive studies of 

product development such as nutritional tests, stability, pH, heavy ions, and microbial contaminations have 

to be further investigated.    

 

 

5.  Conclusion 

Thai cultivar KL1 date palm was shown to be composed of higher amounts of monosaccharides 

than disaccharides. The heating and pressure during product development increased the amount of all 

sugars and destroyed the astringency and bitterness of low-quality date fruits. Our study could promote the 

possibility of developing low-quality date palm, a source of natural sugars, into new products, however, it is 

only the first step of product development, which requires further intensive study.  

 

6.  Acknowledgements 

This research was supported by research and researchers for industries (RRi), Thailand Science 

Research and Innovation (TSRI).                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  

 

7.  References    

Aida, T., Sato, Y., Watanabe, M., Tajima, K., Nonaka, T., Hattori, H., & Arai, K. (2008). Dehydration of d- 

glucose in high temperature water at pressures up to 80 MPa. Supercritical Fluids, 40, 381-388.  

 Al-Farsi, A., & Lee, Y. (2008). Nutritional and functional properties of dates: a review. Critical Reviews in 

Food Science and Nutrition, 48, 877-878. Retrieved October 24, 2008. doi: 

10.1080/10408390701724264 

Burapalit, K., Kitsawad, K., & Tipvarakarnkoon, T. (2020). Physicochemical and sensory properties of 

juice from different types of date. Food and Applied Bioscience Journal, 8(2), 40−52. 

http://dx.doi.org/10.1080/10408390701724264


RSU International Research Conference 2022 

https://rsucon.rsu.ac.th/proceedings                                29 APRIL 2022 

 

[452] 
 

Proceedings of RSU International Research Conference (2022) 

Published online: Copyright © 2016-2022 Rangsit University 

 

Ensari, P. (2013). The Effects of Acid and Heat on Fructose Content. Califonia State Science Fair 2013 

Project Summary. 

Hannou,
  
S.,  Haslam

 
, D.,  McKeown

, 
N & Herman

 
M. (2018). Fructose metabolism and metabolic disease. 

The journal of Clinical Investigation. 128(2), 545-555. doi: 10.1172/JCI96702 

Idowu, A., Igiehon, O., Adekoya, A., & Idowu, S. (2020). Dates palm fruits: A review of their nutritional 

components, bioactivities and functional food applications. AIMS Agriculture and Food, 5(4), 734-

755. Retrieved October 13, 2020, doi: 10.3934/agrfood.2020.4.734 

Intha, N., & Chaiprasar, P. (2020). Micropropagation of “KL1” date palm (Phoenix dactylifera L.). Agr. 

Nat. Resour, 54(1), 79–84. doi: 10.34044/j.anres.2020.54.1.11 

Jaradat, A. (2011). Biodiversity of date palm. Land Use, Land Cover and Soil Sciences. In: Encyclopedia of 

Life Support Systems (EOLSS), Developed under the Auspices of the UNESCO, Eolss Publishers, 

Oxford, UK. Retrieved June 25, 2012, from http://www.eolss.net 

Kumar S., Sharma S., Kansal S.K., & Elumalai S. (2020). Efficient conversion of glucose into fructose via 

extraction-assisted isomerization catalyzed by endogenous polyamine spermine in the aqueous 

phase. ACS Omega, 5(5), 2406-2418. 

Kim, HJ., & Taub IA. (1993). Intrinsic chemical markers for aseptic processing of particulate foods. Food 

Technol, 47, 91-97. 

Lajnef, I., Khemiri, S., Yahmed, N., Chouaibi, M., & Smaali, I. (2021). Straightforward extraction of date 

palm syrup from Phoenix dactylifera L. byproducts: application as sucrose substitute in sponge 

cake formulation. Journal of Food Measurement and Characterization, 15, 3942–3952. 

Maqsood, S., Adiamo, O., Ahmad, M., & Mudgil, P. (2020). Bioactive compounds from date fruit and seed 

as potential nutraceutical and functional food ingredients. Food Chem. Retrieved March 5, 2020, 

doi: 10.1016/j.foodchem.2019.125522 

Mavrias, D. & Mayer, R. (1973). Metabolism of fructose in the small intestine I. The effect of fructose 

feeding on fructose transport and metabolism in rat small intestine. Biochimica et Biophysica Acta. 

291(2),531-537. doi: 10.1016/0005-2736(73)90504-X 

Siddiq, M., & Greiby, I. (2013). Overview of Date Fruit Production, Postharvest handling, Processing, and 

Nutrition. Retrieved September 20, 2013, doi: 10.1002/9781118292419.CH1 

Woo, K., Kim, H., Hwang I., Lee, S. & Jeong, H. (2009). Characteristics of  Sucrose and Thermal 

Degradation with Heat Temperature and high pressure treatment. Journal of Medicinal food. 14, 

167–172. doi: 10.1089=jmf.2010.1166 

Woo, K., Kim, H., Hwang I., Lee, S. & Jeong, H. (2010). Thermal Degradation Characteristics and 

Antioxidant Activity of Fructose Solution with Heating Temperature and Time. Journal of 

Medicinal food. 14, 167–172. doi: 10.1089=jmf.2010.1166 

Woo, K., Kim, H., Hwang I., Lee, S. & Jeong, H. (2015). Characteristics of the Thermal Degradation of 

Glucose and Maltose Solutions. Prev. Nutr. Food Sci. 20(2), 102-109. doi: 10.3746/pnf.2015.20. 

2.102 

Zhang, C., Aldosari, S., Vidyasagar, P., & Shuklu, P. (2015). Determination of the variability of sugars in 

date fruitvarieties.  Journal of  Plantation Crops, 43(1),53-61. Retrieved March 16, 2015. 

 

https://pubmed.ncbi.nlm.nih.gov/?term=Hannou+SA&cauthor_id=29388924
https://pubmed.ncbi.nlm.nih.gov/?term=Haslam+DE&cauthor_id=29388924
https://pubmed.ncbi.nlm.nih.gov/?term=McKeown+NM&cauthor_id=29388924
https://pubmed.ncbi.nlm.nih.gov/?term=Herman+MA&cauthor_id=29388924
https://pubmed.ncbi.nlm.nih.gov/29388924/#affiliation-1
http://www.eolss.net/

