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Abstract 

Background:  Coffee beans contain oil with health benefits from fatty acids. The unprocessed and processed coffee 
beans are mostly identical in coffee oil quality and are substantively supplied for certain industries. However, the cost-
effective valorization of specialty ingredients from spent coffee grounds for cosmetics is sparely presented. Linoleic 
acid-rich spent coffee oil, as a specialty material for skin lightening and antiaging cosmetics, is objectively to be 
presented.

Results:  Spent coffee oils were prepared by different methods. The most cost-effective material with a high extrac-
tion yield, linoleic acid content and unsaturated/saturated fatty acid (UFA/SFA) ratio (13.21  ±  0.25, 32.09% and 0.97) 
was modified. The modified oil was boosted in linoleic acid (77.20% or 140.57% improvement) and the UFA/SFA ratio 
(33.12). The physicochemical properties of the oil were applicable for cosmetics as per its safety profiles in B16F10 
melanoma and normal human skin fibroblast cells. The oil significantly better inhibited cellular melanogenesis than 
kojic and linoleic acids (p  <  0.01), with prominent tyrosinase and TRP-2 inhibitions. The cellular antioxidant activ-
ity of the oil was comparable to those of ascorbic and linoleic acids. The collagen stimulating efficacy of the oil was 
significantly better than that of ascorbic but comparable to that of linoleic acid as indicated by the MMP-2 inhibitory 
activities (p  <  0.01 and p  <  0.001, respectively).

Conclusions:  The oil is a specialty material for skin brightening and skin wrinkle reduction/skin elasticity improve-
ment products. A successive circular bioeconomy of spent coffee ground waste in a more profitable cosmetic indus-
try is indicated.

Keywords:  Spent coffee grounds, Fatty acids, Cosmetics, Cellular biological activity, Specialty material, Biological 
residues
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Background
Coffee is an important industrial crop worldwide, and 
the global demand continues to increase every year in all 
forms, i.e., coffee beans and processed coffee. Thailand is 
one of the major coffee producers and ranks as the global 
no. 7 exporter of processed coffee [1]. Accordingly, there 
are many agricultural residues, especially spent coffee 

grounds (SCG) wasted from the instant coffee industry. 
This is a challenge for recovering specialty material for 
certain industries [2, 3].

The bean of coffee contains 10–12% oil, which is com-
posed of fatty acids important for skin and hair esthetic 
conditions [4–6], i.e., linoleic (44%), palmitic (34), oleic 
(9) and stearic (7%) acids. The unprocessed and pro-
cessed coffee beans are mostly identical in coffee oil qual-
ity and are substantively supplied for certain industries 
[7]. Several attempts have been conducted to isolate valu-
able materials from SCG [8], especially in biofuel appli-
cations [9]. The key concepts of a circular bioeconomy 
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are recycling resources into the form of multiple prod-
ucts with the feasibility of scale-up integration with cost-
effective processes, more profit and market demand for 
the transformed product [10]. Cosmetics is a potential 
sector in accordance with consumers’ awareness and 
preference for sustainable or natural products [11], par-
ticularly the niche market.

In the present study, SCG wasted from the instant 
coffee industry were therefore objectively valorized as 
a specialty material for skin brightening and antiaging 
cosmetics using a cost-effective and industrially feasible 
method. Data required for the cosmetic industry [12], i.e., 
physicochemical, chemical and biological profiles of the 
coffee oil, are presented. Derivatization of coffee prod-
ucts for new industry uses, i.e., value-added cosmetic 
products, positively impacts the value chain of coffee and 
fits consumers’ awareness and expectations of sustain-
able/natural cosmetics.

Methods
Materials
All reagents and chemicals used for extractions were 
of commercial grade. Those for in vitro and cell culture 
assays were analytical grade, unless otherwise stated. 
Standards and solvents for GC/MS analysis were GC 
grade.

Preparation of SCG oils
SCG were given from the ready-to-drink coffee factory 
(Chachoengsao, Thailand). SCG were air-dried under 
the shade, oven-dried at 45  °C and kept in a vacuum-
sealed package. The dried SCG were activated with heat, 
extracted with n-hexane at the solid/solvent (w/v) ratio 
of 1:7.5 [13, 14] for 1 and 3  h by different conditions, 
i.e., maceration at 60  °C (60  °C_1h and 60  °C_3h), Sox-
hlet (Sox_1h and Sox_3h), reflux (Ref_1h and Ref_3h) 
and maceration under ambient condition (RT_1h and 
RT_3h). The extraction procedure of each condition was 
undertaken in triplicates, and the extraction yields were 
compared.

Fatty acid profiles of SCG oils
SCG oil (8 samples) was esterified by mixing the oil with 
toluene, MeOH, and 8% HCl, and incubated at 45 °C for 
24 h. The resulting reacted solution was partitioned with 
n-hexane, the organic phase was dried over MgSO4 anhy-
drous and filtered to collect the FAMEs solution for GC/
MS analysis. The FAMEs solution (1  μL) was injected 
(220 °C) in the splitless mode into a gas chromatography 
(Agilent, 6890 N, USA). Chromatographic separation was 
by a HP-5MS capillary column (Agilent, 30 m  ×  250 μm, 
0.25  μm film thickness) with the oven program start-
ing at 50 °C (5 min), rising to 65 °C at a rate of 2 °C/min, 

and then 200  °C (5  °C/min, 5  min), and 250  °C (10 ºC/
min) and held for 10  min, at which the carrier gas was 
helium (1.0  mL/min). Mass spectrophotometer (Agi-
lent, 5973  N) and the reference mass spectrum (MS-
Willey7n.1database) were analyzed [13, 14].

Preparation of linoleic acid‑rich SCG oil
SCG oil was modified by different methods to archive lin-
oleic acid content, i.e., crystallization [15] and complexa-
tion [16]. The modified oils were comparatively assessed 
on their fatty acid profiles as above.

Physicochemical properties of SCG oils
The acid, iodine, peroxide, saponification, and unsaponi-
fication values were determined in accordance with the 
official methods [17].

Cellular activity assessments in B16F10 melanoma cells
B16F10 melanoma cells (ATCC​® CRL 6475, USA) used 
in this study were cultured in DMEM supplemented 
with 10% FBS and 1% penicillin/streptomycin at 37 °C in 
a humidified incubator with 5% CO2. The cells that were 
grown to semiconfluence, were harvested by 0.25%, w/v 
trypsin and 0.06  mM EDTA in phosphate buffer saline 
[18].

Cellular safety assessment
The sulforhodamine B (SRB) assay was assessed for cell 
cytotoxicity. Cells (1  ×  104 cells/well) in 96-well plate 
were treated with different concentrations of the sam-
ples for 72 h. The adherent cells were fixed, washed, dyed 
and absorbance measured at 540 nm with the microplate 
reader (SPECTROstar Nano, BMG Labtech). The cell via-
bility was compared with the control treated with abso-
lute ethanol [18].

Activity on melanin production
Cells with a same density with cytotoxicity assay were 
plated in a 6-well plate and incubated for 24 h. Samples 
and absolute ethanol were separately added and incu-
bated for more 72 h under the same condition. Melanin 
content was measured at 450  nm in parallel with total 
protein content analysis. The relative ratio of melanin 
content (%) was calculated [18, 19].

Inhibitory effect against tyrosinase
Cells (5 ×  105  cells/well) in 6-well plate was incubated 
for 24  h, treated with the samples and incubated for 
more 72  h. The treated cells were washed, lysed with 
RIPA buffer containing protease inhibitor, incubated 
(4  °C, 30  min) and centrifuged (14,000×g, 10  min). The 
supernatants were mixed with 0.05% L-DOPA in 50 mM 
phosphate buffer (pH 6.8) and incubated for 2  h at 
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37  °C. Tyrosinase activity was determined by means of 
DOPAchrome formation at 490 nm. The enzyme activity 
was compared with the standard mushroom tyrosinase. 
The relative ratio of the enzyme activity (%) was calcu-
lated [18].

Inhibitory effect against tyrosinase‑related proteins‑2 (TRP‑2)
The supernatant of the lysis treated cells was mixed with 
1 mM phenylthiourea, 2 mM EDTA and 10 mM sodium 
phosphate buffer (pH 6.8). Thereafter, the mixture was 
added with DOPAchrome containing 1  mM L-DOPA 
and 2  mM NaIO4, and incubated at 37  °C for 2  h. The 
reduction of DOPAchrome was measured at 490  nm. 
The reaction mixture with bovine serum albumin instead 
of the cell supernatant was used as a negative control. 
The TRP-2 activity was compared with the control and 
expressed as the relative ratio (%) [18].

Cellular activity assessments in human skin fibroblasts
Normal human skin fibroblasts or NHF (ATCC​® CRL 
2097, USA), primary cell culture passage at 10–20th pas-
sage, cultured in 75-cm2 flask in DMEM medium supple-
mented with 10% FBS and 1% penicillin/streptomycin at 
37  °C under 5% CO2, were used in this study. The cells 
were grown and harvested by 0.25% w/v trypsin and 
0.06 mM EDTA in phosphate buffer saline [20].

Cellular safety assessment
The SRB assay was used for cell cytotoxicity determina-
tion as above.

Antioxidant activity assessment
Incubation of the seeded NHF in 96-well plate 
(1  ×  104  cells/well) for 48  h was undertaken. Thereaf-
ter, the cells were treated with the samples as well as the 
solvents (absolute ethanol or culture medium) for 24  h. 
Consequently, they were treated with the fresh medium 
containing 150 µM H2O2 and further incubated for 3 h. 
The cells were fixed, washed, dyed with SRB, and solu-
bilized with 10 mM Tris base and monitored at 540 nm 
[20].

Cellular collagen production activity
NHF (1 ×  105 cells/well) in 12-well plate cultured in the 
non-fetal bovine serum media for 24 h were treated with 
the samples and further incubated for 24 h. Lysis buffer 
containing protease inhibitor was added, dyed with Sirius 
Red and further incubated under an ambient condition 
for 30 min. Dyed cell pellets were collected by means of 
a centrifugation, and washed with 0.01 M HCl. The cell 
pellets were dissolved in 0.01  M NaOH. The collagen 
content was examined at 550 nm in addition to protein 

content (Bradford assay). The relative ratio of collagen 
production was calculated in a comparison with that of 
the control [21, 22].

Inhibitory effect against matrix metalloproteinase‑2 (MMP‑2) 
assay
NHF (5  ×  105 cells/well) in 6-well plate, cultivated with-
out the supplement of fetal bovine serum, were incubated 
for 24 h. The cells were treated with the sample and incu-
bated for 72  h. The supernatant was collected, MMP-2 
quantification was carried out by SDS-PAGE zymogra-
phy using gelatin as the substrate. The inhibitory effect 
was calculated in a comparison with that of the control 
[20].

Statistical analysis
Data are presented as the mean  ±  SD. The results from 
the cell cultures study are expressed as the mean  ±  SEM. 
Statistical analysis was performed using the SPSS pro-
gram version 16.0 for Windows. The parameters were 
compared and analyzed using one-sample t test and 
ANOVA test (post hoc analysis) with a significance level 
of p  <  0.05.

Results and discussion
Recently, consumers’ concerns about environmental and 
sustainable issues have dramatically increased with the 
awareness of integrating benefits for farmers produc-
ing the agricultural crops supplied for certain indus-
tries. Thus, valorization of industrial crops is not only 
an exhaustive issue among researchers, but also con-
sumers and is widely regarded as a circular bioeconomy. 
The key concepts of a circular bioeconomy are recy-
cling resources into the form of multiple products with 
the feasibility of scale-up integration with cost-effective 
processes, more profit and market demand for the trans-
formed product [10]. Of these, cosmetics are exhibited 
as the appointed sector. Coffee, the no. 1 global favorite 
beverage, is highlighted as a potential industrial crop to 
be explored for its sustainable utilization, which is ben-
eficial for its value chain. In particular, for SCG due to 
the huge portion left over as wasted from instant coffee 
factories, retail industries, and private coffee shops, it is 
worth revealing its circular bioeconomy [2, 3]. Although 
there have been attempts to evaluate SCG, biofuels have 
been shown to be the major application [8, 9]. Personal 
care and cosmetic products with more profit with high 
market demand are sparsely presented [23].

Coffee oil (10–12%) is composed of fatty acids, such 
as linoleic, palmitic, oleic and stearic acids (44, 34, 9 and 
7%), which are useable for certain industries, includ-
ing cosmetics. In addition, the quality of the processed 
and unprocessed coffee oil is similar [7]. High natural 
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cosmetic demand includes plant oils products [24]. The 
preparation of SCG oil for cosmetic uses is therefore a 
challenge.

Preparation and fatty acid profiles of SCG oils
SCG oil colors were in harmony with those of the 
reported oil, i.e., dark-orange to brownish-chocolate 
[25]. n-Hexane was used as the extractive solvent based 
on its use as the major and feasible solvent for industrial 

vegetable oil production [13, 14, 26]. Each extraction 
condition was conducted at the same SCG per solvent 
ratio that was not less than 1:7 to maximize the extrac-
tion yield [27].

SCG oils prepared by different methods were compa-
rable in extraction yields (<  10% differences), as shown 
in Fig. 1a. The oil contents extracted were in accordance 
with the previously reported 10–12% oil content of cof-
fee [7]. Thus, maceration without heat for 1 and 3 h was 

Fig. 1  Extraction yield (a), fatty acid profiles (b), and UFA/SFA ratio (c) of SCG oils prepared by different conditions
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shown to be promising, cost-effective and easy-to-scale 
method [10] for SCG oil preparation. All SCG oils were 
thereafter comparatively assessed bases on their fatty 
acid profiles (Fig. 1b).

The oils mainly contained palmitic (38–49%), followed 
by linoleic (22–33%), oleic (14–21%) and stearic (5–6%) 
acids, which were in accordance with the coffee oil pre-
pared by supercritical CO2 [28] extraction. It should be 
noted that maceration afforded a higher proportion of 
linoleic acid than Soxhlet and reflux. Moreover, the UFA/
SFA ratio of SCG oils ranged between 0.5 and 1 (Fig. 1c). 
In addition, the revealed content of linoleic acid in SCG 
oil was greater than those reported in the oils of para 
rubber and tea seeds [29, 30].

Natural extracts with high UFA contents are more ben-
eficial for health [31]. Linoleic and oleic acids are impor-
tant UFAs for cosmetics [4–6]. Of these, the potency 
of linoleic acid against melanogenesis is superior to 
that of oleic acid. In contrast, palmitic and stearic acids 
exacerbate melanogenesis [29, 30]. SCG oils contain-
ing these cosmetically important fatty acids are there-
fore appointed for different cosmetic claims. Taken into 
account the high demand for skin brightening prod-
ucts, SCG oil with a high content of linoleic acid would 
be a more feasible fit for the market, especially in Asian 
countries.

The RT_1hr sample with a high yield, linoleic acid con-
tent and UFA/SFA ratio (13.21  ±  0.25%, 32.09% and 
0.97) was selected for further modification on the basis of 
the oil quality and feasibility. This extraction is the lowest 
cost method that should be more feasible for scaling-up 
[10] in industrial production [32].

Preparation of linoleic acid‑rich SCG oil
The selected SCG oil was modified in an attempt to 
enhance the linoleic acid quantity. The oil was first modi-
fied on the basis of crystallization [15, 33, 34]. The frozen 
oil was centrifuged to separate the supernatant and crys-
tal (F_L and F_S), which were comparatively quantified 
based on their fatty acid profiles in a comparison with the 
original unmodified sample (RT_1hr; Fig.  2). However, 
the linoleic acid content was almost identical to that of 
the RT_1hr sample with regards to the UFA/SFA ratio.

Complexation, which is the industrial method for pre-
paring highly unsaturated fatty acids supplied for food 
products [16, 35, 36], was thereafter used to modify 
the oil. This method was conducted at a ratio of SCG 
oil:urea:ethanol (w/w/v) of 1:2.5:50 [16] to give a C1 
sample. Linoleic acid was increased to 53.24% or 65.9% 
enhancement from the unmodified oil with an improve-
ment of the UFA/SAF ratio to 9.20. Complexation was 
further modified from the literature methods [16, 35, 
36] (data not shown) to give linoleic acid-rich SCG oil 

(LA-SCG) containing 77.20% linoleic acid (140.57% 
improvement) with an induction of UFA/SFA ratio 
(33.12). LA-SCG oil was therefore assessed for its phys-
icochemical properties.

Physicochemical properties of SCG oils
SCG oils physicochemically fall in the applicable range 
for cosmetics [13, 14]. LA-SCG oil was shown to have 
lower acid, peroxide and unsaponification values than 
the original unmodified oil (Table 1), indicating a lower 
risk of oxidation or hydrogenation of the modified oil. 
In other words, LA-SCG oil should be more stable than 
SCG oil. The higher iodine and saponification values of 
the modified oil correspond with fatty acid profiles con-
sisting of high molecular weight fatty acids, i.e., linoleic 
and oleic acids. These SCG oils were therefore compara-
tively assessed for their safety and activity in cell cultures.

Safety and activity in B16F10 melanoma
Safety assessment
SCG oils were safety examined in B16F10 melanoma 
first before the cellular antimelanogenesis study. In addi-
tion, SCG oil fatty acids were assessed in parallel. The 
test samples were shown to be safe toward the cells in a 
concentration range of 0.1–10 µg/mL with a cell viability 
of more than 80% (Fig. 3a). The inhibitory concentration 
at 50% (IC50) values against the cells were calculated and 
shown to be 0.0915 and 0.0906 mg/mL for SCG oil and 
LA-SCG oil and 0.1675, 0.1709, 0.2051 and 0.1486  mg/
mL for palmitic, linoleic, oleic and stearic acids, respec-
tively. The cytotoxic doses of SCG oils were obviously 
lower than those of the standard fatty acids. These might 
be ruled by the variety of fatty acids in the oil, which is 
common in the case of plant oil [29]. The antimelanogen-
esis of SCG oils was thereafter examined at the highest 
safe concentration, 0.01 mg/mL, in comparison with the 
standards.

Antimelanogenesis assessment
Theophylline activates melanin production via the cyclic 
adenosine monophosphate (cAMP) pathway with an 
induction ability on dopa- and gamma-glutamyltrans-
peptidase-reactive cells [37]. Kojic acid actively sup-
presses melanin production by chelating with a metal 
center of the dicopper catalyst of tyrosinase [38]. They 
were used as the positive and negative controls in this 
study accordingly.

Theophylline clearly induced melanogenesis as per 
stearic and palmitic acids, in contrast with the stand-
ards kojic, linoleic and oleic acids and SCG oils. LA-SCG 
oil remarkably suppressed cellular melanin production 
(Fig. 3b). Its activity was significantly better than those of 
kojic, linoleic and oleic acids (p  <  0.01). SCG oil was able 
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to inhibit cellular melanin production but insignificantly 
differed from the standard inhibitors (p  >  0.05).

The antimelanogenesis of SCG oils was obviously 
related to UFAs, i.e., linoleic and oleic acids. These fatty 
acids were reported to diminish UV-induced melanin 
production in cell culture and animal models. Melanin 

production in melanocytes was reduced with an esca-
lating ability for tyrosinase denaturation [31, 39, 40]. 
Actions of these SCG oils on tyrosinase and TRP-2 were 
further evaluated.

Fig. 2  Fatty acid profiles (a) and UFA/SFA ratio (b) of the modified SCG oils

Table 1  Physicochemical properties of SCG and LA-SCG oils

AV acid value; IV iodine value; PV peroxide value; SV saponification value; USV unsaponification value

SCG oil Physicochemical property

AV IV PV SV USV

RT_1hr 201.14 ± 1.07 7.32 ± 0.12 113.80 ± 0.67 0.86 ± 0.02 16.24 ± 0.85

LA-SCG 164.32 ± 1.12 9.59 ± 0.08 64.23 ± 1.51 0.96 ± 0.02 7.48 ± 0.06
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Tyrosinase and TRP‑2 inhibitory effects
Tyrosinase and TRP-2 cocontribute to melanogenesis in 
different steps of the pathway. Tyrosinase catalyzes tyros-
ine into dopa and further changes dopa into dopaqui-
none, the starting material of dopachrome. This is a 
critical rate-limiting step of melanin production. TRP-2 
later catalyzes dopachrome into 5,6-dihydroxyindole-
2-carboxylic acid (DHICA), which will be further polym-
erized into eumelanins [41, 42]. Thus, inhibitory effects 
against these melanogenesis enzymes will prevent skin 

dullness in several steps of melanogenesis and boost the 
skin lightening efficacy.

SCG oils significantly inhibited tyrosinase better than 
kojic and oleic acids (p  <  0.01), as shown in Fig.  3c, in 
contrast to stearic and palmitic acids. Modification into 
LA-SCG oil clearly enhanced the inhibitory activity. 
Of these, LA-SCG oil was comparable to linoleic acid 
(p  =  0.347). Moreover, the effective antityrosinase dose 
of this sample was 9.06-fold lower than its IC50, referring 
to its wide range of concentrations. SCG oils additionally 

Fig. 3  Safety (a), and activities against melanogenesis (b), tyrosinase and TRP-2 (c) of SCG oils in B16F10 melanoma cells
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inhibited TRP-2. Linoleic acid was shown to be the 
strongest TRP-2 inhibitor but was comparable to the 
unmodified SCG oil (p  =  0.690). Although LA-SCG oil 
inhibited TRP-2 less than the unmodified oil and linoleic 
and oleic acids, it was clearly more potent than kojic acid. 
Identical to promoting melanin production and tyrosi-
nase activity, stearic and palmitic acids clearly promoted 
TRP-2 activity. The effective doses against TRP-2 of the 
unmodified and modified SCG oils were 9.15- and 9.06-
fold lower than its IC50.

Linoleic acid, the major fatty acid of SCG oils, was 
more specific to tyrosinase than TRP-2, which is consist-
ent with the previous findings that linoleic acid potently 
degrades tyrosinase in the ubiquitin–proteasome path-
way [43, 44]. SCG oils were therefore confirmed to be 
more specific to tyrosinase, the critical rate-limiting step 
of melanogenesis, than TRP-2. Despite the more potent 
activity of linoleic acid against the enzymes in melanin 
production, the cellular melanin content was less sup-
pressed with linoleic acid (Fig.  3b). LA-SCG oil should 
suppress melanogenesis in different steps of biosynthesis 
in addition to its inhibitory action against tyrosinase and 
TRP-2, that is, activity against (i) phenylalanine hydroxy-
lase (PAH), which is the enzyme catalyzing phenylalanine 
into tyrosine and (ii) tyrosinase hydroxylase isoform I 
(THI), which accumulates with tyrosinase transforming 
tyrosine into dopa. Inhibition against these 2 enzymes 
resulted in a low amount of the starting material in mel-
anogenesis [45], thus downregulating melanin produc-
tion accordingly. Therefore, LA-SCG oil, the strongest 
antimelanogenesis sample in this study, not only inhib-
ited tyrosinase and TRP-2 but may also possess inhibitory 
effects against PAH and THI. This is positively related to 
strong activity against melanin production and should be 
potent in in vivo skin hyperpigmentation treatment.

In regard to the skin lightening efficacy, an important 
sign of skin aging [24], of the SCG oils, their potential to 
be additionally used for antiaging was further explored in 
NHF.

Safety and activity in NHF
Safety assessment
SCG oils were shown to be safe toward NHF at the same 
concentration range as that observed in B16F10 mela-
noma, similar to those of the standard fatty acids and 
ascorbic acid (Fig.  4a). The IC50 values of the unmodi-
fied and modified oils were calculated to be 0.8206 and 
1.5672  mg/mL, respectively. In addition, those of pal-
mitic, linoleic, oleic and stearic acids and ascorbic acids 
were 0.2448, 0.0687, 0.0657 and 0.1069, and 1.0726 mg/
mL, respectively. The maximum safe concentration 
of 0.01  mg/mL was thereafter examined for cellular 
activities.

Cellular antioxidant activity
NHF apoptosis was induced by H2O2-cellular oxida-
tive stress [46], which reduced the viability of cells to 
75.18  ±  0.09%. The cellular healing efficacy of SCG oils 
and the standards following oxidative stress were compa-
rable (Fig.  4b). The antioxidant activity of SCG oils was 
ruled by their UFA constituents particularly linoleic acid, 
which was proven to have antioxidant activities by sev-
eral in vitro and cellular assays [29, 47]. Meanwhile, those 
of the SFAs are moderate. Thus, the cellular antioxidant 
activity of SCG oils highlights their potency in combating 
aging and the dullness of skin [48].

Cellular collagen production
The ability of SCG oils to promote cellular collagen pro-
duction was assessed by a histological procedure using 
the Sirius Red method specifically for collagen types I and 
III [22], which are the major components of the extracel-
lular matrix (ECM) responsible for skin elasticity [49].

LA-SCG oil enhanced cellular collagen production in 
a potency comparable with those of linoleic and oleic 
acids and remarkably better than that of ascorbic acid 
(p  <  0.01). Unmodified SCG oil similarly boosted col-
lagen production with ascorbic acid (Fig.  4c). It should 
be noted that fatty acids enhance collagen production 
because they are components of skin cells and neces-
sary for skin proliferation [50, 51]. Ascorbic acid was 
used as the benchmark standard in this study because 
it is a cofactor of prolyl and lysyl hydroxylase, the com-
pulsory enzymes for collagen cross-linking and stabiliz-
ing procollagen messenger RNA (mRNA). Ascorbic acid 
additionally activates the gene expression of collagen 
and MMP tissue inhibitor synthesis [52], stimulating the 
cell matrix and mineralization at the same time. Long-
chain fatty acids (C-16 upwards) are necessary micro-
nutrients for skin’ tissue growth, particularly UFAs [50]. 
UFAs stimulate the proliferation of skin cells by several 
actions, including cellular antioxidant activity [53]. Of 
these, linoleic acid was reported to have a collagen pro-
duction stimulating efficacy that was better than oleic 
acid [54, 55]. Linoleic acid escalates mRNA expression 
in fibroblasts during the synthesis of collagen types I and 
III together with an induction of transforming growth 
factor-ß (TGF-ß). In addition, linoleic acid was proven to 
be better in TGF-ß1 induction than TGF-ß3, while oleic 
acid was better in TGF-ß3 induction than TGF-ß1 [21]. 
Moreover, UFAs are able to act as a ligand for peroxi-
some proliferator-activated receptors (PPARs), important 
transcription factors of skin, and further promote the 
growth and proliferation of skin cells [56]. Linoleic and 
oleic acids strongly complex with PPARs, enhancing cel-
lular collagen production accordingly [57]. In addition, 
UFAs stimulate collagen production by their inhibitory 
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activities against cyclooxygenase-2 (COX-2) and mRNA 
expression of MMP-2 [58].

Inhibitory effect against MMP‑2
MMPs are zinc-dependent endopeptidases that degrade 
ECM enzymes [59]. Those compulsory for skin are 

differentiated into 6 groups, i.e., collagenase (MMP-1, 
MMP-8, MMP-13 and MMP-18), gelatinase (MMP-2) 
and elastase (MMP-9 and MMP-12). MMP-2 is a type I, 
II, III and IV, elastin and fibronectin degradation enzyme 
that results in all signs of skin aging, including wrinkling 
and sagging [60]. Fatty acids especially those with carbon 

Fig. 4  Safety (a) and antioxidant (b), collagen stimulating (c) and MMP-2 inhibitory (d) activities of SCG oils in NHF cells
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numbers greater than 18 and at least 1 double bound, 
exhibit inhibitory effects against MMPs [50]. In search 
of antiaging ingredients, especially those containing fatty 
acids as the active principles, the activity against MMP-2 
has been more widely examined [20] than that of MMP-1 
as those of fatty acids are insensible or not active against 
collagenase or MMP-1 [51].

LA-SCG oil posed a remarkable inhibitory effect 
against MMP-2 that was comparable to that of linoleic 
acid (p  >  0.05) and significantly more potent than those 
of oleic acid and ascorbic acid (p  <  0.001), as depicted in 
Fig.  4d. In contrast, SFAs and unmodified oil increased 
the enzyme activity due to its SFAs content (palmitic and 
stearic acids of 47.98%). The inhibitory effect of UFAs 
is contributed to the antioxidant activity. Linoleic acid 
suppresses MMP-2 mRNA expression, MMP-2 proteo-
lytic activity and vascular endothelial factor [61]. Oleic 
acid not only diminishes MMP-2 mRNA expression 
[57] but also its carboxylic acid moiety complexes with 
the metal center (zinc) of the enzyme molecule, and the 
alkyl chain additionally chelates with hydrophobic sites 
of the enzyme (fibronectin type II-like domains) [62]. 
The MMP-2 inhibitory mechanism of UFAs is therefore 
a direct interaction with the enzyme molecule. Ascorbic 
acid downregulates the transcription process of MMP-2 
expression and thereafter suppresses reactive oxygen spe-
cies-mediated activation of MMP prior to ECM degrada-
tion [63]. The activity of ascorbic acid against MMP-2 is 
therefore weaker than that of UFAs. Thus, plant oil with 
a high proportion of UFAs or a high UFA/SFA ratio is 
potent against MMP-2.

Conclusion
SCG have been proven to be a valuable source of specialty 
materials for cosmetics. The preparation of LA-SCG oil 
by cost-effective processes and feasible scaling-up is pre-
sented. LA-SCG oil (77.20%) with a high UFA/SFA ratio 
(33.12) was confirmed to have physicochemical prop-
erties applicable for cosmetics. LA-SCG oil is safe and 
remarkably inhibits cellular melanin production, which 
was proven to have inhibitory effect against tyrosinase 
and TRP-2. In addition, the cellular antioxidant activity 
of LA-SCG oil is confirmed to be potent, as well as its 
collagen stimulating and MMP-2 inhibitory activities. 
This LA-SCG oil is highlighted as a promising specialty 
material for skin brightening and skin wrinkle reduction/
skin elasticity improvement products. Derivatization of 
coffee products for new industry uses, with high com-
mercial value as a cosmetic active positively impacts the 
value chain of coffee and fits consumers’ expectations of 
sustainable/natural cosmetics.
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