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Nutritional Composition, Phytochemical Properties, Soil Nutrient Profile,
and Antibacterial Activity of Spent Coffee Grounds from Sakon Nakhon, Thailand,
for Potential Utilization

Aekkaphon Thammayod"*?, Wuttichai Roschat**, Nathaporn Jirawattanasomkul*,
Sunti Phewphong'?, Tappagorn Leelatam'?7, Janeeya Khunchalee®,
Preecha Moonsin®, and Prawit Nuengmatcha’

'Biomass Energy Research Laboratory, Center of Excellence on Alternative Energy, Research and Development Institution,
Sakon Nakhon Rajabhat University, 680 Nittayo Road, That Choeng Chum, Mueang District, Sakon Nakhon 47000, Thailand

Innovation in Chemistry for Community Research Unit, Faculty of Science and Technology, Sakon Nakhon Rajabhat University,
680 Nittayo Road, That Choeng Chum, Mueang District, Sakon Nakhon 47000, Thailand

*Program of Chemistry, Faculty of Science and Technology, Sakon Nakhon Rajabhat University, 680 Nittayo Road,
That Choeng Chum, Mueang District, Sakon Nakhon 47000, Thailand

*Program of Environment Science, Faculty of Science and Technology, Sakon Nakhon Rajabhat University, 680 Nittayo Road,
That Choeng Chum, Mueang District, Sakon Nakhon 47000, Thailand

*Appropriated Technology Center, Faculty of Science and Technology, Sakon Nakhon Rajabhat University, 680 Nittayo Road,
That Choeng Chum, Mueang District, Sakon Nakhon 47000, Thailand

SProgram of Chemistry, Faculty of Science, Ubon Ratchathani Rajabhat University, 2 Ratcha Thani Road, Nai Mueang,
Mueang District, Ubon Ratchathani 34000, Thailand

"Nanomaterials Chemistry Research Unit, Faculty of Science and Technology, Nakhon Si Thammarat Rajabhat University,
1 Moo 4, Tha Ngio, Mueang District, Nakhon Si Thammarat 80280, Thailand

* Corresponding author: Abstract: This study explores the nutritional, phytochemical, and antimicrobial

tel: +66-876530534
email: roschatl@gmail.com

properties of spent coffee grounds (SCGs) collected from cafes in Sakon Nakhon Province,
Thailand. Proximate analysis showed high contents of carbohydrates (48.23%), crude

fiber (19.69%), and protein (10.10%). Fatty acid profiling revealed linoleic acid (41.06%)

Received: July 30, 2025 and palmitic acid (36.27%) as major components, along with essential omega-6 and
Accepted: October 9, 2025 omega-3 fatty acids. Phytochemical screening indicated the presence of flavonoids and
DOL: 10.22146/ijc.109907 phenolics (16.11 mg GAE/g DW), which may contribute to bioactivity. SCGs also

exhibited favorable soil-enhancing properties, with high organic matter (66.89%) and
organic carbon (38.81%), and moderate levels of N, P, K, Ca, and Mg. The extract
demonstrated selective antibacterial activity against Escherichia coli (15.20 £ 0.98 mm
inhibition zone) but not Bacillus subtilis, likely due to differences in cell wall structure.
These findings suggest the potential use of SCGs in soil amendment, composting, and
bioactive compound recovery. However, pretreatment is recommended due to their low

pH and moderate phytotoxicity, underscoring their potential as a sustainable, value-

added resource for agricultural, cosmetic, and chemical applications.
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m INTRODUCTION

Coffee is one of the most consumed beverages
worldwide, appreciated for its distinctive aroma, taste,
and stimulating effects. Global consumption exceeds 2.25
billion cups per day, and production in 2024 reached
approximately 10.49 million tons, with Brazil, Vietnam,
Colombia, Indonesia, and Ethiopia as the leading
producers [1-4]. Beyond its popularity as a drink, coffee
has attracted scientific attention for its diverse bioactive
compounds, including caffeine, chlorogenic acids,
diterpenes, and polyphenols, which exhibit strong
antioxidant properties. These compounds are associated
with various health benefits, including reducing oxidative
stress, modulating inflammation, and potentially
preventing chronic diseases such as cardiovascular
disorders and certain cancers. Owing to its rich chemical
composition and functional properties, coffee has become
a focus of research not only for human health but also for
the development of innovative applications in the food,
pharmaceutical, and cosmetic industries [1-2,5-6]. In
Thailand, coffee consumption has grown steadily in
recent years. Data from 2024 indicate that the average
Thai consumes over 340 cups of coffee per year—
approximately one cup per day—totaling around 100,800
tons nationwide, a 3.1% increase from 2023 (97,800 tons).
This upward trend reflects lifestyle changes and the
expanding coffee culture among various age groups and
regions. The domestic coffee market is valued at about 14
billion baht (=383 million USD), underscoring its
growing economic significance within Thailand’s food
and beverage sector. Key drivers of this growth include
the rise of specialty coffee shops, improved access to
premium coffee products, and increasing consumer
interest in both traditional and innovative coffee
beverages [7-8].

Considering both global and domestic coffee
consumption, spent coffee grounds (SCGs) represent a
major by-product generated throughout the coffee supply
chain. Globally, around 18 million tons of wet SCGs are
produced each year from beverage preparation, most of
which are disposed of in landfills or incinerated,
[9-10].
However, SCGs contain valuable organic matter, lipids,

contributing to greenhouse gas emissions

carbohydrates, and antioxidants, making them a
promising raw material for resource recovery through
biofuel production, composting, biochar synthesis, and
value-added [1,6,11-13]. In
agriculture, SCGs are increasingly recognized as eco-

other applications
friendly soil amendments owing to their high nutrient
content—particularly potassium, phosphorus, calcium,
and magnesium—and low levels of heavy metals [14-
17]. They help improve soil fertility, suppress weeds, and
retain soil moisture, especially when co-composted with
animal manure or organic wastes, enhancing organic
matter and supporting plant growth [10,13,18-19].
Moreover, fermented SCGs (FSCGs) have demonstrated
potential as a sustainable feed additive for ruminants.
Studies report that microbial fermentation improves
crude protein digestibility and nitrogen utilization, and
reduces methane emissions, thereby enhancing both
productivity and environmental sustainability [20-25].
Nonetheless, excessive inclusion may reduce
digestibility due to the high fiber and lignin content,
underscoring the need for further optimization.

Given the growing interest in valorizing SCGs for
feed

applications, a comprehensive understanding of their

agricultural, environmental, and animal
nutritional, chemical, and functional properties is
essential, particularly in local contexts. This study focuses
on SCGs collected from Sakon Nakhon Province,
Thailand—an area with a rapidly growing coffee culture
and substantial SCG generation from local cafés and
production facilities. However, existing studies remain
limited, often focusing on specific applications, such as
composting or soil amendment, with little attention to
their overall nutritional, phytochemical, and biological
characteristics. An overview of the research framework,
including the evaluation of nutritional composition,
phytochemical properties, soil nutrient profile, and
antibacterial activity of SCGs for potential applications,
is illustrated in Fig. 1. Therefore, this study aims to
comprehensively assess the nutritional composition,
phytochemical properties, soil nutrient profile, and
antibacterial activity of locally sourced SCGs to evaluate
their potential for sustainable utilization. The findings
will provide baseline data to support SCG valorization

Aekkaphon Thammayod et al.



762 Indones. J. Chem., 2026, 26 (3), 760 - 775

. Carbohydrate

. Lipids

Stearic acid

Linoleic acid

Palmitic acid

Oleic acid Arachidic acid

. Antibacterial properties

I "Escherichia coli* (E. coli)
"Bacillus subtilis” (B. subtilis)

e [ [=T2 ]
DOOaoa

Spent Coffee Grounds (SCGs)

. Soil nutrient profile

Protein

. Phenolic compounds
. Phytochemicals

« Anthraquinones « Cardiac Glycosides
« Flavonoids « Coumarins
S, i « Terp id:

« Steroids

« Tannins
« Alkaloids

Fig 1. Overview of the study on nutritional, phytochemical, soil, and antibacterial properties of SCGs for potential

applications

strategies in agriculture, soil improvement, and
community-based enterprises, while contributing to
circular economy practices and sustainable development

in Thailand.
m EXPERIMENTAL SECTION
Materials

All chemicals used in this study were of analytical
reagent grade and were obtained from reputable
suppliers. Examples of the substances used in this study
include n-hexane (> 95%, Merck, Germany), copper(II)
sulfate (= 98%, Sigma-Aldrich, USA), sodium hydroxide
(= 97%, QREC, New Zealand), and boric acid (= 99.5%,
Fluka, Switzerland), which were used without further
purification. Methylene blue (analytical grade, Carlo
Erba, Italy) and methyl red (AR grade, Acros Organics,
Belgium) were employed as indicators. Hydrochloric acid
(37%, Lab Scan, Thailand) and sulfuric acid (98%, Merck,
Germany) were used as mineral acids. Ethanol (95%,
QREC, New Zealand) and methanol (= 99.8%, Carlo Erba,
Italy) were used as solvents. Folin-Ciocalteu reagent
(Sigma-Aldrich, USA) and sodium carbonate (= 99%,
Fluka, Switzerland) were used for total phenolic content
determination. Gallic acid (= 98%, Sigma-Aldrich, USA)
was used as the standard compound. Ammonium acetate
(= 98%, Merck, Germany) was used to prepare the buffer.
Dimethyl sulfoxide (DMSO, =99.5%, Sigma-Aldrich,

USA) was used as a solvent for dissolving the crude SCG
extract. SCGs used in this study were collected as mixed,
unseparated samples from a café in Mueang District,
Sakon Nakhon Province, Thailand, to provide a
representative overview of locally produced SCGs.
While this represents a single-source sampling, it aligns
with the study’s aim to comprehensively evaluate the
nutritional, phytochemical, soil, and antibacterial
properties of SCGs for potential applications in
agriculture and community-based initiatives. The
samples were then dried in a hot air oven at 60 °C
overnight. After drying, they were stored in zip-lock
bags and sealed in containers to preserve them for
further analysis.

Instrumentation

The experimental analyses were carried out using a
range of laboratory instruments to ensure precise and
reliable measurements. The equipment included a gas
chromatograph (GC-7890A, Agilent, USA), a rotary
(Hei-VAP Expert Heidolph,
Germany), a UV-visible spectrophotometer (UV-1800,
Shimadzu, Japan), and a hot air oven (MC-2808,
Memmert, Germany). For proximate and elemental

evaporator Control,

analyses, an atomic absorption spectrometer (AAS, AA
Duo 240FS/240Z, Agilent, Malaysia) was employed to
determine mineral

contents. Fat extraction was
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performed using an automatic Soxhlet extraction
apparatus (Soxtec 8000, FOSS, Denmark), while protein
and nitrogen contents were analyzed with a protein and
nitrogen analyzer (Kjeltec 8200, FOSS, Denmark). Fiber
content was determined using a fiber extraction apparatus
(Fibertec™ 800, FOSS, Denmark), and ash content analysis
utilized a chamber furnace (ELF11/23, Carbolite,
England). Microbiological and antibacterial assays were
conducted under sterile conditions using a biosafety
cabinet (1300 Series A2, Class II Type A2, Thermo
Scientific, Germany). Sample sterilization was performed
in an autoclave (Hiclave HV-II, Hirayama, Japan), and
bacterial cultures were incubated in an incubator (311DS,
Labnet, USA).

Procedure

Proximate analysis

The proximate composition of SCGs, including fat,
protein, crude fiber, ash, moisture, and carbohydrates, as
well as the energy value, was analyzed. The analysis
followed the AOAC method [26] along with procedures
adapted from previous studies by Preecharram et al. [27-
29], Phewphong et al. [30], and Suwannatrai et al. [31-32].
All experiments were performed with at least three
replicates, and the results were calculated as
mean + standard deviation (SD). All data were carefully
controlled to ensure that the percent relative standard
deviation (%RSD) did not exceed 5%.

To analyze the crude fat content, approximately 5 g
of SCGs were weighed and placed in a Whatman filter
paper thimble. The thimble was then positioned inside a
Soxhlet extractor, which was connected to a 200 mL
round-bottom flask containing hexane as the solvent. The
system was heated to allow the hexane to evaporate,
condense, and continuously wash over the sample for 4 h.
Once the extraction process was complete, the thimble
was removed, and the solvent was recovered, leaving the
extracted oil in the flask. The flask was subsequently
placed in an oven at 60 °C for 30 min to remove any
residual solvent. After drying, the flask was cooled in a
desiccator and weighed to determine the crude fat
content. The fat yield was calculated based on the
difference in weight between the flask before and after

extraction, using Eq. (1).

[Wf ~We ]
Sample weight (g)

Fat (%)= x100% (1)

In this calculation, W. refers to the weight of the empty
extraction flask, while W represents the weight of the
flask after the fat extract has been collected. The crude
fat content was then determined by subtracting the
second weight from the first. The result was expressed as
a percentage of the sample's initial weight to indicate the
fat content in the SCGs. In addition, the extracted SCGs
oil samples were analyzed for their fatty acid
composition using gas chromatography (GC-7890A),
following the procedures outlined in ASTM D6751 and
EN 14214 standards [33-34].

To determine the crude protein content, a 1.5g
digested with 15mL of
concentrated sulfuric acid in the presence of a catalyst

sample of SCGs was

tablet containing CuSO,. The mixture was heated until a
clear solution formed. After digestion, the solution was
neutralized by adding an equal volume of 32% NaOH,
followed by distillation with 4% boric acid containing
methylene blue and methyl red indicators. The distillate
was then titrated with 0.05 M HCl until a deep red color
indicated the endpoint. A reagent blank was also
prepared to ensure accuracy.

The nitrogen content (N%) was calculated using
the titration data and then multiplied by a conversion
factor of 6.25 to obtain the crude protein content. The
calculations follow Eq. (2);

Protein (%) =N (%)x6.25 (2)

where the nitrogen content N (%) is given by Eq. (3);

(Vg = Vi, )X Ny x1.4 3)
w

where V; is the volume of hydrochloric acid used for

N (%)=

titration of the sample (mL), Vy is the volume of HCI
used for titration of the blank (mL), and Nuc represents
the normality of the HCI solution, and W is the weight
of the dried sample (g). The nitrogen content is
calculated based on the difference between the sample
and blank titration volumes and is expressed as a
percentage relative to the original sample weight.

To determine the moisture content, approximately
5.0 g of the SCGs sample was weighed into a beaker. The
sample was then dried in a hot air oven at 105 °C for 3 h.
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After drying, the sample was cooled in a desiccator and
weighed. The drying and weighing process was repeated
until a constant weight was obtained. The moisture
content was calculated based on the weight loss during
drying, using Eq. (4).

Initial weight

x100% (4)
Weight loss

Moisture content (%) =

In this calculation, weight loss refers to the difference
between the weight of the beaker containing the SCGs
sample before drying and the weight of the beaker with
the sample after drying to a constant weight. The initial
weight refers to the weight of the beaker with the SCGs
sample before drying, minus the weight of the empty
beaker. The resulting moisture content was expressed as a
percentage of the initial sample weight.

To determine the total ash content, approximately
5.0 g of the sample was weighed into a pre-weighed
crucible. The crucible containing the sample was then
placed in a muffle furnace and heated to 550 °C until
complete combustion was achieved, leaving only ash.
After combustion, the crucible was cooled in a desiccator
and weighed again to determine the total ash content. The
ash content was calculated using Eq. (5).

Wi =W
Ash content (%) =%X100% (5)

In this calculation, W refers to the weight of the crucible
containing the ash (g), Ws is the weight of the empty
crucible (g), and W is the weight of the sample (g). The
result was expressed as a percentage of the initial sample
weight.

To determine the crude fiber content, a 5.0 g sample
was refluxed in 200 mL of 0.13 M H,SO, for 30 min. After
boiling, the sample was thoroughly washed with hot
water. It was then reflux-boiled in 200 mL of 0.31 M
NaOH solution for an additional 30 min. The sample was
drained, rinsed, and dried before being transferred to a
pre-weighed crucible. The crucible containing the sample
was dried in an oven at 105 °C until a constant weight was
obtained. Subsequently, it was burned in a muffle furnace
to remove all organic matter, leaving only ash. The crude
fiber content was calculated using Eq. (6).

W, - W.
Crude fiber (%) = 1TZ><100% (6)

In this equation, W, represents the weight of the crucible
with the dried sample (g), W is the weight of the crucible
containing only ash (g), and W is the initial weight of the
sample (g). The result was expressed as a percentage of
the original sample weight.

The total carbohydrate content was calculated by
subtracting the percentages of ash, crude fat, protein,
and crude fiber from 100, according to Eq. (7).

Total carbohydrate

content (%) =100 — (%moisture + %ash + %fat+%protein (7)
+%crude fiber)

Additionally, the energy value of the sample was

estimated using Atwater factors: protein and

carbohydrates were multiplied by 4, and crude fat by 9,

to calculate the total energy content.

Preliminary phytochemical screening

The SCGs extract was prepared using a soaking
extraction method. Dried spent SCGs were soaked in
70% ethanol at a 1:100 (g/mL) ratio and left at room
temperature for 24 h. After extraction, the mixture was
filtered, and the filtrate was concentrated using a rotary
evaporator to obtain the crude extract. The crude extract
was stored in a tightly sealed bottle and refrigerated at
4°C for further analysis. Subsequently, preliminary
phytochemical screening was carried out on the SCGs
extracts using chromophore reagents. For this analysis,
5 mL of the SCGs extract was placed in a glass test tube
and subjected to qualitative phytochemical tests
following the describes methods [35-37]. The tests
aimed to identify and confirm the presence of
phytochemical compounds, including anthraquinones,
cardiac  glycosides,
coumarins, terpenoids, steroids, and alkaloids.

flavonoids, saponins, tannins,

Determination of total phenolic content

The total phenolic content of the SCGs extract was
determined using the Folin-Ciocalteu method. In this
assay, 50 pL of the crude extract was added to each well
of a 96-well microplate, followed by 80 pL of 10% Folin-
Ciocalteu reagent and 150 pL of 7% Na,COs solution.
The mixture was incubated in the dark at room
temperature for 2 h. After incubation, the absorbance
was measured at 765 nm using a microplate reader.
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Gallic acid was used as the standard, and methanol served
as the control. The total phenolic content was expressed
as gallic acid equivalents (pug/mL), following the
previously described methods [27-28,30,32].

Soil nutrient analysis of SCGs

The soil nutrient analysis of SCGs, including
moisture content, pH, electrical conductivity (EC),
organic matter (OM), Organic carbon (OC), total
nitrogen (N), phosphorus (P), potassium (K), calcium
(Ca), magnesium (Mg), and germination index, was
conducted following the methods described in detail by
Cervera-Mata et al. [19], Thammayod et al. [38], and Jeon
et al. [39]. The moisture content of SCGs was determined
by drying approximately 10 g of sample in a hot air oven
at 105 °C for 24 h until a constant weight was achieved.
The pH and EC were measured by mixing SCGs with
distilled water ata 1:10 (w/v) ratio and stirring for 30 min.
The pH was measured with a pH meter, and EC was
determined with a conductivity meter.

OM content was analyzed using the loss-on-ignition
method, where dried SCGs were combusted in a muftle
furnace at 550 °C for 4 h. OC content was estimated based
on the measured OM content using the van Bemmelen
factor (1.724), which assumes that organic matter
contains approximately 58% organic carbon. Total N was
determined using the Kjeldahl digestion method.
Available P was analyzed using the Olsen method,
involving NaHCO; extraction followed by colorimetric
determination. K, Ca, and Mg were extracted with
ammonium acetate solution (pH 7.0) and quantified
using AAS. The phytotoxicity of SCGs was evaluated
through the germination index (GI) test using lettuce
seeds (Lactuca sativa). Aqueous extracts were prepared by
mixing 10g of SCGs with 100 mL of distilled water,
shaking for 24 h, and filtering the mixture. Ten lettuce
seeds were placed on filter paper in Petri dishes, and 5 mL
of the SCGs extract was added. The dishes were incubated
at 25 °C for 72 h. The GI was then calculated based on the
percentage of seed germination and root elongation
relative to the control. Additionally, the mineral elements
present in the SCGs samples, including Na, Al, Fe, Mn,
Cu, Zn, and Mo, which are commonly found and

beneficial to plants, were also analyzed using AAS
technique.

Evaluation of antibacterial properties of SCGs extract

The antibacterial activity of the SCGs extract was
evaluated using the paper disk diffusion assay, a
standard method widely applied in microbiological
research to assess antimicrobial properties [3,7]. In this
study, the inhibitory effects of the SCG extract were
evaluated against selected bacteria, including the Gram-
positive Bacillus subtilis TISTR 1248 and the Gram-
negative Escherichia coli TISTR 527. The crude SCG
extract was diluted to 100 mg/mL in DMSO. The
experimental procedure followed the described methods
[40-43] with minor modifications. Briefly, bacterial
suspensions were prepared and adjusted to the 0.5
McFarland turbidity standard. The suspensions were
then evenly spread onto agar plates to create a consistent
bacterial lawn. Sterile 6 mm filter paper disks were
carefully placed on the agar surfaces, and 10 uL of the
SCG extract, along with the positive and negative
controls, were applied onto each disk. Ampicillin at
100 mg/mL was used as the positive control, and DMSO
as the negative control. The plates were incubated at
37 °C for 24 h. Following incubation, the antibacterial
activity was assessed by measuring the diameter of the
inhibition zones surrounding the disks, with results
reported in mm.

m RESULTS AND DISCUSSION
The Proximate Nutrient Composition of SCGs

The proximate composition of SCGs analyzed in
this study is summarized in Table 1. The results were
compared with values reported in previous literature
[44-45], revealing both consistencies and notable
variations. The moisture content of the SCGs was
12.74 + 0.09%, which is substantially higher than
previously reported values (2.65-2.84%). This difference
may be attributed to variations in drying techniques,
storage conditions, or coffee processing methods. The
crude fat content was 8.17 + 0.06%, which falls within the
reported range (8.58-18.55%) but is lower than specific
values, potentially due to differences in oil extraction
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Table 1. Percentage of proximate composition and energy value of SCGs

Previous studies

Component (%) Current study Bijla et al. [44] Panpraneecharoen et al. [45]

Moisture content 12.74 £ 0.09 2.65+£0.01 2.84+£0.17

Crude fat 8.17 £ 0.06 8.58 £ 0.01-18.55 £ 0.01 14.42 + 0.43

Crude protein 10.10 £ 0.03 13.87 £ 1.12-16.12 £ 1.30 10.93 £ 0.03

Crude fiber 19.69 + 0.23 NR NR

Ash 1.07 £ 0.01 2.16 £ 0.01-3.61 £ 0.01 14.93 £ 0.55

Total carbohydrate 48.23 £ 0.26 61.76 £ 1.21-70.37 £ 1.21 56.88°

Energy value (kcal/100g) 306.85 + 1.16 NR NR

Note: The carbohydrate content was calculated by difference using the formula: 100 — (moisture + ash + protein + fat);

NR = Not Reported

efficiency, coffee bean variety, and roasting conditions.
Crude protein was measured at 10.10 + 0.03%, slightly
below previously published ranges (10.93-16.12%),
possibly influenced by the degree of defatting and brewing
method. The crude fiber content was relatively high at
19.69 £ 0.23%, although comparable data were not
available in the referenced studies. This substantial fiber
fraction suggests SCGs may serve as a viable source of
dietary fiber or act as a bulking agent in agricultural or
compost applications.

Ash content was low (1.07 £ 0.01%) compared to
previous reports (2.16-14.93%), indicating a reduced
presence of inorganic matter, which may result from
effective removal of soluble minerals during coffee brewing.
Total carbohydrate content, calculated by difference, was
48.23 £ 0.26%, which is lower than reported values
(56.88-70.37%). These variations may reflect differences
in proximate composition arising from processing
techniques or the relative distribution of macronutrients.
The estimated energy value was 306.85 + 1.16 kcal/100 g,
reflecting the cumulative contribution of proteins, lipids,
and carbohydrates. Although not directly reported in
earlier studies, this caloric value suggests that SCGs retain
substantial energy content even after coffee extraction.
Overall, the findings confirm that SCGs possess
considerable nutritional and calorific potential,
supporting their suitability for applications in food,

animal feed, and bio-based product development.
Fatty Acids Composition of Oil Extracted from SCGs

The fatty acid profile of oil extracted from SCGs, as

illustrated in Fig. 2 and summarized in Table 2, revealed
the presence of 18 identifiable fatty acid compounds
comprising both saturated and unsaturated types. The
predominant fatty acids were linoleic acid (Cis:nec, 41.06
1 0.560 wt.%), palmitic acid (Ciso, 36.27 £ 0.860 wt.%),
oleic acid (Ciginoe, 9.47 + 0.120 wt.%), and stearic acid
(Ciso, 7.29 £ 0.160 wt.%), which collectively accounted
for over 94% of the total fatty acid content. Linoleic acid
(omega-6) was the most abundant unsaturated fatty
acid. Its concentration in this study was slightly lower
than values reported in previous literature, while
palmitic acid, the principal saturated fatty acid, was
comparatively higher. Oleic acid (omega-9) and stearic
acid (Cigo) were found in moderate amounts, with
stearic acid aligning closely with earlier reports and oleic
acid slightly lower. Linolenic acid (Cissns), an omega-3
fatty acid, was detected in minor quantities (0.93 wt.%),
consistent with previously observed ranges. In addition
to the major components, several long-chain saturated
fatty acids, including arachidic (Cao), behenic (Cizo),
and lignoceric acid (Cis), were present in trace
amounts. The total saturated fatty acid content (SFA)
was 48.19 wt.%, which exceeds values documented in
earlier studies (35.79-44.5 wt.%), indicating a relatively
higher proportion of saturated lipids. Conversely, the
total unsaturated fatty acid content (UFA) was
51.81 wt.%, slightly below previously reported values
(55.4-64.21 wt.%).

Compared with previous studies by Bijla et al. [44]
and Vu et al. [46], the fatty acid distribution in the present
study showed similar qualitative profiles. Still, it differed
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Fig 2. GC chromatogram of fatty acid composition in oil extracted from SCGs

Table 2. Fatty acid compositions of oil extracted from SCGs

Composition (wt.%)
Current study Bijlaetal. [44]* Vuetal. [46]
Octanoic acid (Cgy) - - -
Decanoic acid (Cig,) - - -

Fatty acid

Lauric acid (C20) B i

Myristic acid (Ci4) 0.08 +£0.001 0.10 -
Pentadecylic acid (Cis.) 0.03 +0.001 - -
Palmitic acid (Cye) 36.27 = 0.860 27.16 334
Palmitoleic acid (Cie.1) - 0.12 -
Heptadecanoic acid (Ci7.1) - 0.07 -
Stearic acid (Cisq) 7.29 +0.160 5.76 7.2
Oleic acid (Cig.1n9c)° 9.47 £ 0.120 13.33 11.0
Linoleic acid (Cisanec)® 41.06 + 0.560 49.39 43.0
Linolenic acid (Cigq3)¢ 0.93 £ 0.001 0.90 1.0
Arachidic acid (Cygy) 3.35 + 0.045 2.67 3.0
Eicosenoic acid (Cag.1n.9) 0.35 +0.001 0.37 0.4
Eicosadienoic acid (Cy.) 0.05 +0.001 - -
Heneicosanoic acid (Ca1,) 0.09 + 0.001 - -
Behenic acid (Cyz0) 0.61 +0.022 - 0.6
Erucic acid (Cy.1) - - -
Tricosanoic acid (Cas,) 0.11 +0.001 - -
Ligniceric acid (Cau0) 0.31 £0.001 - 0.3
Total saturated fatty acid compound 48.19 £ 0.755 35.79 445
Total unsaturated fatty acid compound 51.81 £ 0.550 64.21 55.4

Note: a = refers to sample code SCG1, b = refers to omega 9, ¢ = refers to omega 6, and d = refers to
omega 3
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quantitatively, particularly in the relative proportions of
palmitic, linoleic, and oleic acids. These differences may
stem from variations in coffee origin, roasting conditions,
and oil extraction methods. The GC chromatogram (Fig.
2) confirmed these findings, showing dominant peaks for
linoleic, palmitic, and oleic acids. The significant levels of
polyunsaturated and monounsaturated fatty acids,
particularly linoleic and oleic acids, suggest that SCG-
derived oil retains nutritional and functional properties
suitable for various bio-based applications, including
food, cosmetics, and biodiesel production. Therefore, the
SCG oil exhibited a balanced fatty acid composition,
characterized by essential fatty acids and a notable ratio of
unsaturated to saturated compounds. These attributes
reinforce SCGs' potential as a sustainable source of
functional lipids. Such fatty acid profiles are desirable not
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incorporation into cosmetic formulations. SCG-derived
oil can be used to produce moisturizing soaps, body
lotions, skin creams, and other personal care products
due to its emollient properties, oxidative stability, and
natural origin. Furthermore, the presence of unsaturated
fatty acids enhances skin absorption and contributes to
the formulation of environmentally friendly, bio-based
cosmetic products.

Preliminary Phytochemical Screening of SCGs
Extracts

The preliminary phytochemical screening of the
SCG extract, as summarized in Table 3, revealed the
presence of various bioactive compounds. Among the
tested compounds, terpenoids were highly detected (+++)
using the Salkowski test, indicating a strong presence in

only for nutritional applications but also for the SCG extract. Flavonoids, saponins, tannins, cardiac
Table 3. Results of preliminary phytochemical screening of the SCGs extract
_ Sample extract Test References?
Phytochemical — M -
compounds Test method Test result  Original extract results’)  El-Desouky etal.  Tinrat
P appearance appearance [47] (48]
Anthraquinones Borntriger reaction - No result -
Flavonoids Lead acetate test ++ + +
Saponins Froth test ++ + +
Tannins Braymer test ++ +++ +
Cardiac Glycosides  Keller Killani test ++ + -
Coumarins NaOH test + No result No result
Terpenoids Salkowski test +++ No result +
Steroids Color test - - +
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) Sample extract Test References®
Phytochemical — " -
compounds Test method Testresult ~ Original extract results” El-Desouky etal.  Tinrat
u
P appearance appearance [47] (48]
Alkaloids Wagner reagent ++ + +

Note: ) Test results: +++ (highly detected), ++ (moderately detected), + (slightly detected), - (not detected); @ References indicate

detection results from El-Desouky et al. [47] and Tinrat [48]

glycosides, and alkaloids were moderately detected (++),
suggesting these compounds are also present in
considerable amounts. Meanwhile, coumarins were
slightly detected (+) based on the NaOH test. In contrast,
anthraquinones and steroids were not detected () in the
crude SCG extract under the conditions used. The
absence of steroids is noteworthy and aligns partially with
previous findings. Compared with earlier studies by
El-Desouky et al. [47] and Tinrat [48], this study's results
were largely consistent, particularly in the detection of
flavonoids, saponins, terpenoids, and alkaloids. However,
some discrepancies were observed, such as the absence of
anthraquinones and steroids in this study, whereas
El-Desouky et al. [47] reported their presence. The
observed differences in phytochemical profiles may be
attributed to various factors, including differences in
extraction methods, solvents used, coffee bean origin,
roasting conditions, and storage duration. The presence
of these secondary metabolites, especially terpenoids and
flavonoids, supports the potential bioactivity of SCGs
extract, including its antioxidant and antimicrobial
properties reported in related studies.

Total Phenolic Content

The total phenolic content of the SCGs in this study
was 16.11 £ 0.65 mg GAE/g DW. The SCGs used were
mixed, unseparated samples collected from a café,
representing a combination of various coffee types
commonly found in the area. When compared with
previous studies, Zainol et al. [49] reported the total
phenolic content of SCGs from Arabica, Robusta, and
Liberica varieties, ranging from 18.94+0.06 to
26.23 £ 0.86 mg GAE/g, with Robusta SCGs exhibiting
the highest value among the three species. Similarly,
Arauzo et al. [50] reported a total phenolic content of

17.9 mg GAE/g, while Maiyah et al. [51] reported 6.80 to
31.31 mg GAE/g DW in SCGs. Although the value
obtained in this study is slightly lower than those
reported in the aforementioned studies, the difference is
relatively minor. Such variations may arise due to
multiple factors, including the origin of the coffee beans,
cultivation conditions, degree of roasting, grinding size,
and extraction procedures (solvent concentration,
extraction time, and temperature). The type of coffee
served at each café and the brewing method (e.g.,
espresso or drip) could also influence the residual
phenolic content in SCGs. Nevertheless, these results
confirm that SCGs consistently retain significant
amounts of phenolic compounds, regardless of their
source or processing conditions. These bioactive
compounds possess strong antioxidant, antimicrobial,
and anti-inflammatory properties, making SCGs a
promising low-cost raw material for the development of
value-added products in food, cosmetics, and
pharmaceutical industries. Furthermore, utilizing SCGs
for phenolic compound extraction could contribute to
waste valorization and environmental sustainability by

reducing the amount of organic waste sent to landfills.
Physicochemical and Nutrient Properties of SCGs

The physicochemical characteristics and nutrient
composition of SCGs used in this study are presented in
Table 4. The pH of the SCG extract was slightly acidic at
4.47 + 0.02, which is lower than the pH range (5.0-6.0)
reported in previous studies. The EC was measured at
0.81 £ 0.002 mS/cm, indicating a relatively low salinity
compared to prior reports (1.47-2.17 mS/cm), which
may reflect differences in the coffee type, extraction
method, or geographical origin. The SCGs contained a
high OM content of 66.89 + 1.20% and OC content of
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Table 4. Physicochemical properties and soil nutrient analysis of SCGs

Parameter

SCGs

This work

Previous reports

pH (1:10)

Electrical conductivity (EC)

Organic matter (OM)
Organic carbon (OC)
Total nitrogen (Total N)
Phosphorus (P)
Potassium (K)

Calcium (Ca)
Magnesium (Mg)
Germination index (GI)
Sodium (Na)
Aluminum (Al)

Iron (Fe)

Manganese (Mn)
Copper (Cu)

Zinc (Zn)

Molybdenum (Mo)

4.47 +0.02
0.81 £ 0.002 mS/cm
66.89 + 1.20%
38.81 £ 0.70%
1.47 + 0.005%
0.08 + 0.001%
0.23 £ 0.005%
1.85 %+ 0.04%
0.19 £ 0.003%
52+ 1.5%
280.00 + 5.44 mg kg™
76.32 £2.79 mg kg™
152.66 £ 5.82 mg kg™
21.02 + 1.51 mg kg™
15.38 + 0.65 mg kg™
38.40 + 2.63 mg kg™
1.49 £ 0.15 mg kg™

5.0-6.0
1.47-2.17 mS/cm
~62%

~36%

1.8-2.5%
1.47%
3.70%
1.38%
1.29%

349.18 + 28.31 mg kg™!
22.30 £ 3.50 mg kg™
45.27 + 3.66 mg kg™
16.09 + 1.31 mg kg™*
23.97 + 1.95 mg kg™

9.72 £ 0.74 mg kg™
<0.08 mg kg™

Note: Previous studies reported by de Bomfim et al. [11], Bijla et al. [44], Alghamdi et al. [52],
Afriliana et al. [53], and Ballesteros et al. [54] were also referenced

38.81 + 0.70%, consistent with values reported in previous
literature (~62% OM and ~36% OC). These values highlight
the potential of SCGs as an organic soil amendment. The
total N content was 1.47 + 0.005%, which is slightly lower
than previous reports (1.8-2.5%). In terms of primary
macronutrients, P and K contents were relatively low at
0.08 £0.001% and 0.23 +0.005%, respectively, when
compared to previous findings [11,44,52-54].

Ca and Mg contents were found to be 1.85 + 0.04%
and 0.19 + 0.003%, respectively. Notably, the Ca content
in this study was higher than previously reported values
(1.38%), while Mg was lower (1.29%). The GI of SCGs was
52 + 1.5%, indicating moderate phytotoxicity, as values
below 80% generally suggest the need for further
composting or dilution prior to direct soil application. For
trace elements, Na was detected at 280 + 5.44 mg/kg,
slightly lower than the 349.18 + 28.31 mg/kg reported in
earlier studies. Al, Fe, Mn, Cu, Zn, and Mo were all
present in varying amounts, with Fe and Zn levels
(152.66+5.82 and 38.40 + 2.63 mg/kg,
being notably higher than previously reported values

respectively)

[11,44,52-54]. This variation may be influenced by factors

such as soil contamination, roasting process, and
extraction conditions. Overall, the results demonstrate
that SCGs possess favorable organic matter and carbon
contents, along with a rich micronutrient profile, making
them a promising candidate for use as a soil amendment
or in composting applications. However, the low pH and
moderate phytotoxicity suggest that pretreatment or co-
composting with other organic materials may be
required for optimal agronomic performance.

Evaluation of Antibacterial Properties of SCGs
Extract

The evaluation of the antibacterial properties of
SCGs extract is presented in Fig. 3, which shows
photographs illustrating the antibacterial activity of the
samples against Gram-positive B. subtilis and Gram-
negative E. coli ata concentration of 100 mg/mL of crude
SCG extract. Ampicillin at the same concentration was
used as the positive control, while DMSO served as the
negative control. The results indicated that the SCGs
extract exhibited antibacterial activity against E. coli,
with a clear zone measuring 15.20 + 0.98 mm, which was
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smaller than that produced by the positive control,
ampicillin (33.00 + 1.79 mm) as shown in Fig. 3(a). In
contrast, no inhibition zone was observed for B. subtilis
when treated with the SCGs extract, whereas ampicillin
produced a clear inhibition zone of 46.80 + 2.32 mm, as
shown in Fig. 3(b). Selective inhibition of E. coli by the
SCG extract can be traced to fundamental differences in
cell-envelope architecture.

The lipopolysaccharide-rich outer membrane of
Gram-negative bacteria facilitates the binding of phenolic
and flavonoid compounds, compromising membrane
integrity and leading to cell death. In contrast, the thick
peptidoglycan layer of the Gram-positive B. subtilis limits
the penetration of these bioactive compounds, thereby
reducing antibacterial efficacy [40,55-56]. The presence of
phenolic compounds, flavonoids, and terpenoids in the
SCG extract, as confirmed by phytochemical screening,
likely contributes to its antibacterial activity. Phenolics
are known to cause protein precipitation and membrane
disruption, while flavonoids may inhibit nucleic acid
synthesis and interfere with bacterial energy metabolism.
Moreover, the findings of Canci et al. [55] align with this,
as their study demonstrated selective inhibition of Gram-
negative pathogens Salmonella typhimurium and E. coli
by aqueous extracts of roasted and green coffee (C.
arabica and C. canephora). In contrast, no inhibitory effect
was observed against Gram-positive probiotic bacteria
Lactobacillus plantarum and L. rhamnosus. This selective

sample test

negative control

Q0 positive control

(b) sample test

Fig 3. Photographs showing the antibacterial activity of
the samples against (a) the Gram-negative E. coli TISTR
527 and (b) the Gram-positive B. subtilis TISTR 1248 at a
concentration of 100 mg/mL of crude SCG extract

antibacterial action may be attributed to bioactive
compounds such as chlorogenic and caffeic acids, which
inhibit pathogenic bacteria while supporting beneficial gut
microbiota. Variability in antibacterial efficacy among
studies may arise from differences in extraction methods,
solvent polarity, coffee variety, roasting degree, and
bacterial strain specificity. Therefore, further purification
and characterization of active constituents are necessary
to enhance the antibacterial potential of SCG-derived
products and clarify their mechanisms of action.

m CONCLUSION

This study provides a comprehensive assessment
of the
constituents,

nutritional composition, phytochemical

physicochemical characteristics, and
biological activities of SCGs collected from Sakon
Nakhon Province, Thailand. The results revealed that
SCGs are rich in macronutrients such as carbohydrates,
proteins, and fibers, and contain essential fatty acids,
including linoleic, oleic, and a-linolenic acids.
Phytochemical analysis confirmed the presence of
flavonoids, phenolics, and terpenoids. High OM and OC
contents indicate the suitability of SCGs as an organic
soil amendment; however, their slightly acidic pH and
moderate phytotoxicity (GI < 80%) require pretreatment
or co-composting before agricultural use. Nutrient
profiling also reflected variations related to coffee origin
and processing methods. The SCG extract showed
selective antibacterial activity against E. coli but not B.
subtilis, suggesting potential use as a targeted
antimicrobial agent against Gram-negative bacteria. It
should be noted that this study focused on single-source
sampling from a single café, which is a limitation.
Therefore, future studies are recommended to include
SCGs from multiple sources and regions to validate and
generalize the findings. Such extended research will
further support the development of comprehensive SCG
valorization strategies for agriculture, soil improvement,
cosmetics, and community-based enterprises. These
findings demonstrate the multifaceted value of SCGs as
a sustainable, value-added resource for agriculture,
cosmetics, and antimicrobial applications, contributing
to sustainable waste utilization and the development of

a circular bioeconomy.
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