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Abstract

Palm sap is obtained by tapping the inflorescence of the palmyra palm, and is usually used in terms
of pasteurized palm sap. So far, this product has been produced by each producer using their own
experience, and using conventional methods. Therefore, the purpose of this study was to characterize the
quality of pasteurized palm sap collected from 3 provinces, including Bangkok, Phetchaburi, and
Ayutthaya. Five pasteurized palm sap samples were randomly collected from each province, and analyzed
for their physical, chemical and microbiological qualities. The results showed a range of L*, a* and b*
values between 44.12 to 78.67, 0.40 to 2.61, and 10.47 to 19.33, respectively. The transmittance value
ranged from 27.32 to 81.30 %. The pH value varied from 5.00 to 8.17, while total acidity ranged from
0.01 to 0.23 %. The total soluble solids ranged from 14.60 °Brix to 24.10 °Brix. Total and reducing
sugars varied in a range of 14.23 to 24.10 %, and 0.25 to 8.47 %, respectively. The sucrose, glucose and
fructose contents were found in a range from 13.67 to 19.05 %, 0.14 to 4.85 %, and 0.17 to 4.17 %,
respectively. Phenolic content varied from 0.64 to 1.03 mg/g. The total viable count, and the yeast and
mold count, of all samples were higher than the allowed maximum limit, as recommended by Thai
Community Product Standards. The results indicated a large variation in quality of pasteurized palm sap
among the 3 provinces (p < 0.05).
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Introduction

Palmyra palm (Borassus flabellifer Linn.) can be found in tropical countries such as India, Thailand,
Myanmar, Sri Lanka, and Cambodia. In Thailand, palmyra palm trees are dense in the southern part of
Thailand, from the Phetchaburi to Songkhla provinces. In addition, they can be found in other parts, such
as in the Phitsanulok, Buriram, and Ayutthaya provinces. The tapping process involves the bruising of the
interior of the developing inflorescences by means of a wooden mallet or tong, thereby stimulating sap
flow. Sap is collected by cutting the grown inflorescences with a very sharp sickle or knife at the apex of
the palm tree. The sap collector cuts the outer end of the inflorescence to collect the sap. Each
inflorescence is 25 to 30 cm in length, and 2.0 - 2.5 cm in diameter. Normally, sap is collected twice a
day from each inflorescence, either in the morning or in the evening. Three to 6 inflorescences are tied
together and inserted into a suitable container for sap collection, usually using an earthenware pot (in Sri
Lanka) or a bamboo tube (in Thailand). During the collecting process, pieces of wood, such as Kiam
wood (in Songkhla province), Takian wood (in Ayutthaya province), or Payorm wood (in Phetchaburi
province), are generally added to the container, to prevent fermentation from microorganisms [1,2].
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However, farmers stop tapping the sap in the rainy season, because there is little yield and, also, there
may be water contamination of the sap in the open containers. After each harvesting season,
inflorescences are removed, by using a sickle or knife, to allow new inflorescences to grow.

The main product of the Palmyra palm tree is sap, or juice. Palm sap is usually used in the form of
fresh palm sap. However, fresh palm sap is sensitive to rapid spontaneous fermentation by naturally
occurring yeast and bacteria. Consequently, it is transformed into an alcoholic beverage within some
hours at ambient temperatures. Thus, preservation techniques, such as pasteurization and concentration,
are applied to prolong the shelf life of fresh palm sap, and this leads to the creation of new products, such
as pasteurized palm sap, palm sugar syrup, and palm sugar cake. Among palm sap products, pasteurized
palm sap is well utilized.

Pasteurized palm sap is normally produced by heating palm sap at boiling temperatures. It has been
reported that thermal deterioration can take place during thermal processing, and this can affect the
quality of a product, especially the color, flavor, and nutritional value [2-5]. To date, this product has
been produced by each producer using their own experience, and using conventional methods. In
addition, the specific qualities of other products remain undefined. There is a lack of standard procedures
in controlling critical factors influencing the final product quality during the traditional methods of
production.

The quality of pasteurized palm sap varies across producers, depending on individual production
techniques. The differences are based on personal hygiene, sanitary facilities, harvesting conditions,
heating temperatures, heating time, and storage conditions. Until now, scientific data has rarely been
reported on the properties of pasteurized palm sap in Thailand, even though it is a commercial product.
Therefore, the aim of this work was to characterize the properties of pasteurized palm sap produced in
various areas of central part of Thailand, such as in the Bangkok, Ayutthaya and Phetchaburi provinces.
The data produced could be used as a guideline to differentiate the quality of pasteurized palm sap.

Materials and methods

Sample collection

Pasteurized palm sap samples (15 samples) were collected from producers in the Phetchaburi,
Ayutthaya and Bangkok provinces. Five pasteurized palm sap samples were randomly collected from
each province. After that, the bottles of pasteurized palm sap were kept in an icebox (4 °C) during
transportation to the Faculty of Agricultural Product Innovation and Technology, Srinakharinwirot
University, Bangkok, Thailand (approximately 2 h from Ayutthaya, 2.5 h from Phetchaburi, and 0.5 -1 h
from Bangkok). The physical, chemical, and microbiological qualities of each sample were determined
within a day of collection. The harvesting procedures, processing conditions, and sanitation practices of
the samples collected from the Ayutthaya and Phetchaburi provinces are presented in Table 1.

Physical quality measurement

The color measurements of the samples were carried out using a Hunter Lab Colorflex colorimeter
(illuminant D65, 2.5 inches of port size and 10° of observation angle). Instrumental color data was
provided as a CIE system in terms of L* (lightness), a*(redness and greenness) and b*(yellowness and
blueness). The clarity of the palm sap was estimated by measuring the transmittance at 650 nm using a
spectrophotometer (Shimadzu, Kyoto, Japan). The browning index (BI) of the samples was measured
according to the method of Ajandouz et al. [6]. Appropriate dilution of the samples was made using
distilled water and the absorbance was measured at 420 nm. The absorbance was measured by using a
UV-160 spectrophotometer.
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Table 1 Harvesting procedures and processing conditions of the pasteurized palm sap collected from the
Ayutthaya and Phetchaburi provinces from the survey data.

Harvesting procedures/

. . Ayutthaya Phetchaburi
Processing conditions
Collection time of palm sap 10-12h 10-12h
Container for palm sap collection Bamboo tube Bamboo tube
Antimicrobial agent added during Lime powder (2 - 3 g) and Payorm wood (3 - 5 g)
palm sap collection Takian wood (2 - 3 g)
Delay time before pasteurization 1-2h 1-2h
Pasteurization process Boiling temperature (100 °C) and  Boiling temperature (100 °C)

approximately 30 min and approximately 1 h

Delay time before packaging Immediately after pasteurization Approximately 30 min
Packaging for pasteurized palm sap Plastic bottles or plastic bags Plastic and glass bottles
Temperature during the sale Approximately 4 - 10 °C Ambient temperature

Chemical properties measurement

Determination of pH, total acidity and total soluble solid

The pH value was measured at an ambient temperature with a pH meter (Satorious, USA) which
was calibrated with a pH of 4.0 and 7.0. The total acidity was determined by titration with NaOH and
calculated in term of lactic acid, as described by Rangana [7]. The total soluble solid (TSS) was
determined as degree °Brix using a hand refractometer.

Determination of sugar

The total and reducing sugars were quantified by titration with Fehling reagents, according to the
Lane and Eynon volumetric method. The results were expressed as grams of glucose per 100 gram of
sample [7]. The type and concentration of sugar were determined using an HPLC (Agilent 1100 series)
with a Zorbax Carbohydrate column and refractive index detector. The mobile phase was a solution of
acetonitrile and water (80:20), pumped at a flow rate of 1.5 ml/min. The samples were prepared by
making appropriate dilutions with distilled water. All sample solutions were passed through a 0.45 um
nylon syringe filter to remove particulates prior to HPLC analysis. D-glucose, D-fructose and sucrose
were used as external standards. The calibration curve of each sugar was plotted between peak areas and
concentrations [8].

Determination of phenolic content

The quantification of the phenolic content in each sample was carried out according to the method
of Balange and Benjakul [9]. The appropriate diluted sample (0.5 ml) was mixed with 0.5 ml of distilled
water. Thereafter, 0.5 ml of Folin-Ciocalteu reagent (1:1 with water) and 2.5 ml of 2 % sodium carbonate
solution were added. The mixture was mixed thoroughly and placed in the dark for 40 min. After that, the
absorbance was recorded at 725 nm, and the phenolic content was calculated from the standard curve of
gallic acid.

Determination of antioxidant activity

DPPH radical-scavenging activity was determined by DPPH assay, as described by Binson et al.
[10], with a slight modification. An appropriate diluted sample (1.5 ml) was added to 1.5 ml of 0.15 mM
2,2-diphenyl-1-picrylhydrazyl (DPPH) in methanol. The mixture was mixed vigorously and allowed to
stand at room temperature in the dark for 60 min. The absorbance of the resulting solution was measured
at 517 nm using a UV-1601 spectrophotometer (Shimadzu, Kyoto, Japan). The blank was prepared in the
same manner, except that distilled water was used instead of the sample. A standard curve was prepared
using trolox.
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Determination of 5-hydroxymethylfurfural (HMF)

For the determination of the 5-hydroxymethylfurfural (HMF), the sample was centrifuged at 5,000
rpm for 15 min. The supernatant was used to measure the HMF content. To determine the HMF content, 2
ml of a sample (appropriate dilution) was introduced into the tube. Two ml of 12 % trichloroacetic acid
and 2 ml of 0.025 M thiobabituric acid were subsequently added and mixed thoroughly. The tube with the
sample was then placed in a water bath at 40 °C. After incubating for 50 min, the tube was cooled
immediately, using water, and the absorbance was measured at 443 nm. A calibration curve of the HMF
was utilized to quantify the HMF concentration [7].

Microbiological quality measurement

The total viable count (TVC), mold and yeast count (M&Y) and lactic acid bacteria (LAB) were
analyzed. Each sample was aseptically taken and a serial dilution in 0.1 g/100 g peptone water conducted
for the microbial counts. Pour plating on Plate Count Agar (Merck KGaA, Darmstadt, Germany) was
performed for the TVC, overlaid with the same medium, and the plates were incubated at 35 - 37 °C for 1
- 2 days. Spread plating on Potato Dextrose Agar, acidified with 10 g/100 g tartaric acid (Merck KGaA,
Darmstadt, Germany), was performed for the mold and yeast count, and the plates were incubated at 20 -
25 °C for 5 days. The lactic acid bacteria count was analyzed using the pour plate technique with MRS
agar, and the plates were incubated at 37 °C for 2 days [11].

Statistical analysis

All analysis and measurements of each collected sample were performed in triplicate. The
experimental design was a completely randomized design (CRD). The data was subjected to analysis of
variance (ANOVA). A comparison of means was carried out by Duncan’s multiple-range test [12].
Analysis was performed using an SPSS package. Principle Component analysis (PCA) was applied to
observe the relationship among all the property indicators from fifteen pasteurized palm sap samples by
using XLSTAT software (www.XLSTAT.com).

Results and discussion

Table 2 shows the physical properties of pasteurized palm sap samples, including L*, a*, b*,
transmittance value and browning index. The results indicate a large variation in the quality of
pasteurized palm sap among the provinces (p < 0.05). Normally, fresh palm sap is oyster white in color
and translucent, with a nearly neutral pH [13]. However, pasteurized palm sap samples tend to show a red
color shade, as indicated by the positive a* values. The red shade of pasteurized palm sap was mainly
affected by the harvesting procedures and pasteurization process. During the collecting process, Takian
wood, Payorm wood, and lime paste were commonly added in the collection receptacle to prevent
fermentation from microorganisms. The pigment of Takian wood, Payorm wood, or even lime paste could
dissolve the palm sap during collection, leading to the red shade of the palm sap [14,15]. In addition, an
enzymatic browning reaction can take place during the collecting of palm sap [16,17]. Polyphenol
oxidase is responsible for this reaction. This enzyme catalyzes the hydroxylation of monophenols (from
the metabolite of the plant and Kiam wood) to o-diphenols, and the oxidation reaction of o-diphenols to
o-quinones. Quinones are very reactive compounds, which strongly interact with other molecules, leading
to a high level of pigment with a high molecular weight and marked red to brown coloring [18].
Moreover, a Maillard reaction could take place during pasteurization and storage, resulting in the brown
color formation.

From the results, the highest a* value was found in samples collected from Ayutthaya province. We
found that a combination of lime powder and Takian wood was usually used as an antimicrobial agent
and added in the bamboo tube during the harvesting of palm sap in Ayutthaya province. However, only
Payorm wood was used during the harvesting of palm sap in Phetchaburi province. It is well known that
nonenzymatic browning reactions are very much dependent on pH [19-21]. The pH of a system
significantly influences both the reaction rate and the type of product formed. At high pH, more colour
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intensity is produced, by both Maillard reaction and Caramelization [21]. The amount of unprotonated
amino groups, which is considered to be a reactive species, obviously increases with increasing pH.
Furthermore, pH has an effect on the reactant sugar. First, the open chain form of the sugar is considered
to be the reactive species, and the amount of open chain increases with pH [22,23]. Hence, the higher pH
levels of samples collected from Ayutthaya province might enhance the browning development in the
samples during pasteurization and storage. The lowest browning index was observed in all samples
collected in Phetchaburi province. According to our survey data, the producers in Phetchaburi province
usually added sucrose to the palm sap before pasteurization to adjust the sweetness. The reducing sugar
content in palm sap can be reduced by the addition of sucrose. Since sucrose is a non-reducing sugar,
therefore, it cannot participate in a Maillard reaction, leading to the reduction in brown color formation.

Table 2 Physical quality profiles of pasteurized palm sap.

Physical quality Ranges' Ranges’ Ranges®

L* 44.12 -73.51 46.56 - 53.11 74.57 - 78.67
a* 0.48-1.14 1.45 -2.61 0.40-1.35
b* 11.08 - 13.56 10.47 - 12.40 17.86 - 19.33
Transmittance value (%) 32.43 -75.29 27.32-33.15 76.22 - 81.30
Browning index 0.31-1.02 1.08 - 1.28 0.69 - 0.74

Note: 'Quality of pasteurized palm sap collected from Bangkok province.
?Quality of pasteurized palm sap collected from Ayutthaya province.
*Quality of pasteurized palm sap collected from Phetchaburi province.

The clarity of the palm sap was measured in terms of the transmittance value (%). More clarified
juice was found with a high transmittance value. In general, the presence of cell fragments has been found
to be responsible for the clarity of fresh juice. Additionally, haze formation causes a reduction in the
clarity of juice. The clarity of palm sap depends greatly on its protein concentration and the polyphenol
compounds, which are dissolved from wood (Kiam, Takian or Payorm woods), and are present in natural
palm sap itself [2]. An interaction between protein and polyphenol can be induced and, therefore, a large
colloid size or haze can be developed [24,25]. The clarity of pasteurized palm sap is also mainly
influenced by the harvesting procedures of palm sap and the processing conditions. High amounts of
Takian wood and Payorm wood are responsible for the turbidity of palm sap, due to the polyphenol
present in wood that can dissolve into palm sap. In addition, lime powder is not fully soluble in palm sap
and causes turbidity in it. The results showed that the samples collected from Ayutthaya province had the
lowest clarity. This result could be because of the use of lime powder and Takian wood as antimicrobial
agents during the collection of the palm sap. The highest clarity was found in samples collected from
Phetchaburi province. According to the survey data from some producers in Phetchaburi province, palm
sap was pasteurized and then placed at ambient temperatures to allow the undissolved particles to settle
down. After that, the supernatant was packed in bottles. Thus, samples collected from Phetchaburi
province showed greater clarification than those from Ayutthaya province, which were packed
immediately after pasturization.

The pH of all pasteurized palm sap samples was significantly different among the samples (p <
0.05), while total acidity showed a narrow range. Pasteurized palm sap collected from Ayutthaya province
yielded a high pH, while lower pH values were found in all samples collected from Phetchaburi province
(Table 3). Normally, natural palm sap showed a neutral pH of approximately 7, as reported by
Jitbunjerdkul [26] and Lasekan et al. [27]. However the growth of microorganisms during collection
caused a decrease in the pH, due to the conversion of sugars to acids [1]. The alkaline pH found in all
samples collected from Ayutthaya province might be due to the addition of lime powder to the bamboo
tube added before harvesting in order to retard the growth of microorganisms.
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Table 3 Chemical quality profiles of pasteurized palm sap.

Chemical quality Ranges' Ranges’ Ranges’

pH 5.03-8.11 7.46 -8.17 5.00 - 6.30
Total acidity (%) 0.11-0.23 0.11-0.22 0.22-0.23
Total soluble solid (°Brix) 14.60 - 20.30 17.50 - 19.40 22.00 - 24.10
Total sugar (%)* 14.23 - 20.15 17.46 - 19.44 22.04 -24.10
Reducing sugar (%)* 0.25-6.37 0.37-0.82 7.56 - 8.47
Sucrose content (%)* 14.38 - 19.05 16.71 - 18.62 13.67 - 16.54
Glucose content (%)* 0.14 -3.45 0.20 - 0.49 3.62-4.85
Fructose content (%)* 0.17-3.21 0.21-0.37 3.24-4.17
Polyphenol content (mg/g)* 0.65-1.03 0.75-0.89 0.64 - 0.81
HMF (mg/kg)* 4.24-10.22 4.32-6.34 10.42 - 13.45
DPPH radical scavenging activity = 5.43 - 9.67 5.77-17.58 9.05-11.24
(pmol TE/g)*

Note: 'Quality of pasteurized palm sap collected from Bangkok province.
*Quality of pasteurized palm sap collected from Ayutthaya province.
3Quality of pasteurized palm sap collected from Phetchaburi province.

*These values were calculated in terms of dry basis.

The total soluble solid (TSS) of all pasteurized palm sap samples varied from 14.60 °Brix to 24.10
°Brix (Table 3). Mainly, the initial TSS of palm sap and the processing conditions affected the TSS of
pasteurized palm sap. Normally, palm sap contains TSS at approximately 10 - 18 °Brix. Microorganism
contamination during collection is responsible for the low TSS of palm sap, due to the effects of the sugar
fermenting process [1]. In addition, processing conditions, such as the processing temperature and
processing time, also influenced the TSS of pasteurized palm sap. During pasteurization palm sap was
boiled in an open container, resulting in the removal of water, especially at high processing temperatures
and long processing times. The highest TSS was found in all samples collected from Phetchaburi
province. This result could be explained by the long processing time (approximately 1 h) used during
palm sap pasteurization. All samples collected from Ayutthaya province were boiled for approximately
30 min, according to our survey data. The samples collected from Bangkok province showed a large
variation in the pH and TSS. This could be because the pasteurized palm sap sold in Bangkok province
was obtained as fresh palm sap from various producers in areas near and around Bangkok province.

The total sugar, the reducing sugar, and the fructose and glucose contents of all pasteurized palm
sap samples were analyzed in this study, and showed significant differences across the samples (p <
0.05). A positive correlation between the total sugar and TSS was observed, suggesting that the highest
proportion of the soluble solid in pasteurized palm sap were sugars. All samples were boiled to produce
pasteurized palm sap, thus, the processing temperature and times were the main factors affecting the total
sugar content in pasteurized palm sap. The samples collected from Phetchaburi province showed the
longest processing time, resulting in the production of increased total sugar content.

The most abundant of the sugars found in palm sap was sucrose. The presence of fructose and
glucose can come from its natural state and the inversion reaction caused by invertase activity and acidic
conditions. The occurrence of invertase in palm sap was due to its natural presence, and it was also
synthesized by microorganisms. Sucrose can be converted to glucose and fructose by invertase via
microorganisms, and, thus, yield organic acids and alcohols in palm sap. The fermenting organisms,
particularly Saccharomyces cerevisiae and S. carlsbergensis, are considered as primary sources of
invertase [28]. In addition, the inversion of sucrose could take place significantly during thermal
pasteurization. The highest reducing sugar content, as well as the glucose and fructose content, was found
in all samples collected from Phetchaburi province (Table 3). This result suggests that the low pH of
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palm sap and a long heating time could promote the inversion reaction of sucrose. A low reducing sugar
content was observed in all samples collected from Ayutthaya province, indicating that alkaline
conditions and a short heating time could minimize the formation of glucose and fructose. A high content
of reducing sugars present in the pasteurized palm sap influenced the brown color development of a
sample during storage via a Maillard reaction. However, the browning index of the samples collected
from Ayutthaya was higher than those collected from Phetchaburi, although higher reducing sugar
content was detected in the samples collected from Phetchaburi province when compared to the samples
collected from Ayutthaya province. This result might be explained by the effect of pH being a dominant
factor to promote nonenzymatic browning reactions during heating when compared to the effect of
reducing sugar content.

Phenolic compounds are one of the most important compounds in plants. In addition, they can be
found in plant sap [29,30]. The presence of phenolic compounds in palm sap can occur naturally, or be
added from external sources, such as from Payorm wood and Takian wood, during collection. Low
amounts of phenolic content were found in all samples collected from Ayutthaya province. This result
might be due to the farmers in Ayutthaya province using both Takian wood (2 - 3 g) and red lime paste (2
- 3 g) as antimicrobial agents during the collection of palm sap. High amounts of Takian or Kiam wood (4
- 5 g) were inserted into the bamboo tube for palm sap collected from Phetchaburi province.

Chemical indicators for assessing the quality of over-processed foods have proved to be useful. The
HMF is commonly used as an indication of Maillard reaction and sugar pyrolysis intermediates formed
during thermal processing in food products [31,32]. Furan compounds have been evaluated as an
indicator of the severity of heat treatment, including temperature and time, in several food products,
including honey, fruit juices, coffee, breakfast cereals, breads, and baby cereals. HMF is not present in
fresh, untreated foods, but it rapidly accumulates in sugar-rich foods during heating at high temperatures
for longer times. The accumulation of HMF is considered undesirable in thermally processed foods, and
its presence in food is the focus of some potential toxicological concerns [33]. A lower HMF content was
found in all samples collected from Ayutthaya province compared to those collected from Phetchaburi
province. This result might be because all samples collected from Phetchaburi province contained the
highest reducing sugar content and the lowest pH. Theoretically, sucrose is hydrolyzed, particularly at
high temperature and low pH. Sugars decompose into furans or HMF by 2 possible pathways:
caramelization and Maillard reaction. In caramelization, reducing carbohydrates directly suffer 1,2-
enolisation, dehydration and cyclization reactions [32]. In the Maillard reaction, the Amadori product is
subjected to enolization and subsequent dehydration of the sugar moiety and the release of an intact
amino acid. The Maillard reaction is favored in foods with a high carbohydrate content, temperatures
above 50 °C and a pH of 4 - 7. However, the caramelization reaction needs more drastic conditions, such
as higher temperatures (> 120 °C) [32]. Thus, the low reducing sugar content and alkaline medium found
in all samples collected from Ayutthaya province could minimize the formation of HMF.

Among antioxidant evaluation methods, the DPPH assay has been most widely used. The DPPH
assay is relatively simple and stable, and the DPPH is available commercially in a usable format. The
literature suggested that a DPPH assay would be an easy and accurate method with regard to measuring
the antioxidant capacity of fruit and vegetable juices or extracts [34]. The DPPH assay is based on the
reduction by antioxidants of the purple DPPH radical to a corresponding pale yellow, and is measured by
colorimetrey at 517 nm [35]. The highest DPPH radical scavenging activity was observed in all samples
collected from Phetchaburi province. Phenolic compounds present in palm sap are responsible for
antioxidant activity. The antioxidant activity of phenolic compounds is clearly related to free radical-
scavenging and hydrogen-donation ability [36]. Moreover, Maillard reaction products (MRPs) and
caramelization products (CPs) formed during pasteurization also showed antioxidant activity. CPs and
MRPs showed DPPH radical scavenging activity, because they were able to reduce the DPPH radical to
yellow-colored diphenylpicrylhydrazine [37,38]. MRPs and CPs could function as electron donors. The
hydroxyl groups of MRPs or CPs play an important role in reducing such activity. Hence, the high
phenolic and HMF contents found in all samples collected in Phetchaburi province were responsible for
the high DPPH radical scavenging activity. HMF can be generally classified as MRPS and CPS and, thus,
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presents antioxidant activity. However, though HMF is not a good indicator for antioxidant activity, it is
normally claimed to be an indicator of heat stress for sugar based product.

Table 4 Microbiological quality profiles of pasteurized palm sap.

Microbiological quality Ranges' Ranges’ Ranges®

TVC (cfu/g) 1.40x10° - 8.60x10° 1.10x10° - 9.50x10° 4.20%10° - 7.20x10°
M&Y (cfu/g) 1.20x10® - 7.90x10® 1.70x10" - 6.80x10° 1.00x10® - 5.30x10"
LAB (cfu/g) 4.30x10%-2.10x10° 6.30x10% - 1.10x10° 1.20x10° - 1.90x10*

Note: 'Quality of pasteurized palm sap collected from Bangkok province.
*Quality of pasteurized palm sap collected from Ayutthaya province.
*Quality of pasteurized palm sap collected from Phetchaburi province.

The largest variation in the quality profiles was found in all samples collected in the Bangkok
province. It could be seen that the quality of the pasteurized palm sap collected in the Bangkok province
were made up of the quality profiles of samples collected from the Phetchaburi and Ayutthaya provinces.
According to our survey, pasteurized palm sap sold in the Bangkok province was generally received from
producers near Bangkok province, such as from the Phetchburi, Ayutthaya, Nonthaburi and
Chachoengsao provinces. This resulted in the large variation in quality. Delays in the times of the
pasturization process can occur due to the distances involved. In such cases, greater fermentation
processes can take place.

Table 4 shows the microbiological quality of pasteurized palm sap samples, including TVC, M&Y,
and LAB. The Thai Community Product Standards [39] require that TVC and M&Y in pasteurized palm
sap samples shall not be more than 500 and 100 cfu/g, respectively. According to these criteria, all the
pasteurized palm sap samples in this study did not meet these standards. The microbial load was generally
reduced after pasteurization. However, some spoilage microorganisms may have survived and developed,
leading to a limited shelf life. In addition, inadequate sanitation and hygiene practices could affect the
safety and quality of the product. According to the survey data, poor sanitation and facilities are the main
factors affecting the microbial load of pasteurized palm sap. The highest microbial loads were detected in
samples collected from Bangkok province. As mentioned previously, all the samples collected from
Bangkok province were received from various areas. This involved long transportation times and
improper transportation conditions, such as insufficient ice in iceboxes, or lack of temperature control
during transportation and storage. These might induce an increase in microbial loads for pasteurized palm
sap. In addition, the survey data revealed that almost all samples sold in the Ayutthaya and Phetchaburi
provinces had short selling periods (approximately 1 - 3 days) compared with those sold in Bangkok
province (3 - 7 days).

Pasteurized palm sap samples showed large variations in quality (p < 0.05). The data analysis of 12
qualities from 15 samples was plotted using a multivariate technique-Principal Component Analysis
(PCA). Three main principle components (PCs) characterized the quality profile of the pasteurized palm
sap samples collected from the three provinces (86.92 % of all variance): PC1 (57.99 %); PC2 (15.89 %);
and PC2 (13.55 %). The graph of the PCA illustrates a high positive relationship between L* value and
clarity (measured in term of transmittance value). On the other hand, for the color parameters, a negative
correlation of L* with a* and BI was found. This suggests that the enzymatic browning of palm sap,
pigment from wood, and higher pH of palm sap caused the decrease in the L* value and an increase in the
a* value and BI. In addition, the pH value showed a negative relationship with reducing sugars, including
fructose and glucose, and the HMF content. This suggested that the formation of reducing sugar and HMF
took place largely under acidic conditions. In addition, a positive relationship was found in the HMF
content, polyphenol content and DPPH radical scavenging activity, suggesting that MRPs and CPS, such
as HMF and phenolic compounds, had hydrogen-donating activity.
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Figure 1 Biplot PC1 and PC2 (a) and biplot PC1 and PC3 (b) of the qualities of fifteen pasteurized palm

sap samples.
Note: P1 - P5 refer to the samples collected from Phetchaburi province. Al - A5 refer to the samples

collected from Ayutthaya province. B1 - B5 refer to the samples collected from Phetchaburi province.
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All samples collected from Phetchaburi province are located in the left part of the score plot. These
samples are correlated with high reducing sugar content, indicating that a high rate of inversion reaction
took place during collection and production. On the other hand, almost all samples collected from
Ayutthaya province appeared on the right part of score plot, showing that these samples had high sucrose
content. These results could suggest that alkaline conditions, caused by the addition of red lime paste,
could minimize the loss of sucrose. Furthermore, the largest variation in the quality profiles was observed
in the samples collected from Bangkok province; this is confirmed by the distribution of all samples in the
score plot.

Conclusions

The physical, chemical, and microbiological properties of pasteurized palm sap differed among the
samples, as the products were produced locally and individually by each producer. They were not in
agreement with the Thai Community Product Standards. The quality of the pasteurized palm sap is
affected by factors such as harvesting procedures, processing conditions, and sanitation practices. The
producers in each province used different harvesting procedures, leading to varied initial quality of the
palm sap. In addition, Maillard reactions and inversion reactions also took place, particularly during
pasteurization, and these resulted in browning and the loss of sucrose in products. The microbial loads of
all pasteurized palm sap samples were higher than the standards recommended by the Thai Community
Product Standards. Therefore, adequate sanitation and good hygiene practices need to be integrated
during the collecting, processing, packaging, and storing of palm sap. This must be done in order to
prevent all potential hazards, especially the growth of microorganisms; this would result in an
improvement in the quality and safety of pasteurized palm sap.
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