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Abstract - Infusion of terpenes into the pre-rolled cone can 
enhance aroma and flavor and give the consumer a relaxing 
feeling. The high volatility of terpenes is a significant challenge 
in maintaining their content before reaching consumers. The 
terpene content can be lost due to evaporation during the 
product storage due to various environmental factors ―This 
study demonstrates the extent to which temperature (at 30–
50°C), light intensity (at 200–1500 lux), and room humidity 
affect terpene evaporation rate. The results of the study showed 
that light exposure had the most significant effect on the rate of 
terpene evaporation, followed by temperature. Light exposure 
at 1200 lux for 24 h leads to 99% terpenes loss. Terpene 
degradation significantly increases with rising temperatures 
and reaches 92.5% at 50°C. Contrariwise, higher humidity levels 
were found to reduce the degradation rates. These findings 
provide valuable insights for industries to develop more stable 
and high-quality terpene-containing products. 

 
Keywords: Terpene-infused cone, Terpene degradation, 
Terpene evaporation, Terpene stability. 
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1. Introduction 

The health risks of tobacco smoking are widely 
known and extensively documented. Every year, second-
hand smoke is thought to be responsible for the deaths 
of nearly 8 million people, either from inhaling or 
exhaling cigarette vapor [1-3]. Innovative methods for 
producing "healthier" cigarettes have emerged as a 
result of growing awareness of the danger smoking 
poses to public health. This strategy can lessen the risk 
associated with tobacco use, particularly for smokers 
who are having trouble quitting their addiction [4]. 
Herbal (tobacco-free) cigarettes have emerged as a 
healthier alternative to tobacco cigarettes, although the 
comparative health dangers of herbal and tobacco 
cigarettes are still up for dispute [5, 6]. Herbal cigarettes 
are made with fillers from herbal plants and wrapped 
using pre-rolled cone paper [2]. Flavor infusion into a 
pre-rolled cone is often done to increase the user's 
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relaxation sensation [7, 8]. Terpene is one of the infusion 
fluids that are in demand because it is said to provide a 
soothing effect [9, 10], but it also has benefits such as 
anticancer [11], antimicrobial [12], immune-
modulatory, and anti-inflammatory activity [13]. 
Terpenes are a diverse group of plant organic 
compounds contributing to distinctive flavors and 
aromas [14]. Cannabis is the most popular plant for 
extracting terpenes [15-17]. Infusion of terpenes into 
pre-rolled cones can provide a variety of flavors, such as 
sweet, citrus, bitter, and pine. However, the production 
process of terpene-infused pre-rolled cones faces 
significant challenges, mainly related to the high 
volatility property of terpenes [18].  

During production, terpenes can evaporate 
quickly, leading to inconsistent flavor profiles and 
reduced efficacy of the final product [7]. This volatility is 
exacerbated by fluctuations in environmental 
conditions, making it difficult for manufacturers to 
maintain the desired terpene concentration within the 
cones. This issue impacts product quality and increases 
production costs due to the need for additional terpene 
infusion to compensate for losses. Understanding the 
impact of environmental factors, such as humidity, 
temperature, and light exposure, on terpene stability is 
crucial for addressing these challenges. Environmental 
conditions can significantly influence the rate at which 
terpenes evaporate or degrade [19, 20], affecting the 
overall quality and consumer experience of terpene-
infused pre-rolled cones. For instance, high 
temperatures can accelerate the evaporation of 
terpenes, while excessive humidity may lead to 
unwanted chemical reactions [21-23]. Additionally, light 
exposure, remarkably UV light, can cause terpene 
degradation and result in the loss of crucial aromatic 
compounds. Therefore, it is imperative to investigate 
how these environmental factors interact with terpene-
infused pre-rolled cones to develop adequate storage 
and handling guidelines. By gaining a deeper 
understanding of these influences, manufacturers can 
optimize production processes and packaging solutions 
to preserve terpene-infused products' integrity and 
therapeutic efficacy, ensuring consumers' consistent and 
high-quality experience. 
 
2. Methodology  
2. 1. Materials and Chemicals 

Cali Terpenes, Spain, provided terpene infusion fluid 
(99% purity). Pre-rolled cone paper with specifications, 
as described in Table 1, was provided by PT. Mitra 

Prodin (Bali, Indonesia). Polypropylene glycol (PPG) was 
obtained from Dow Chemical (Thailand). Ethanol (96% 
purity), chloroform (CHCl₃, 99% purity), and sulphuric 
acid (H₂SO₄, 98% purity) were obtained from Honeywell 
(Indonesia). 
 

Table 1. The specification of pre-rolled cone paper used for 
terpene infusion 

Parameter Unit Target Measured 
value 

Test 
method 

Grammage g/m2 14.0 13.0–15.0 ISO 536 
Thickness μm 27.0 Typical 

value 
ISO 534 

Tensile  N/15 
mm 

16.0 13.0 (min.) ISO 
1924-2 

Stretch at 
break 

% 1.3 1.1 (min.) ISO 
1924-2 

Opacity % 48.0 52.0 (max.) ISO 2471 
Brightness % 20.0 15.0 (min.) ISO2470 
Air 
permeability 

CU 5 15.0 (max.) ISO 2965 

Fiber 
furnish 

Wood    

 
2. 2. Terpene infusion into pre-rolled cone paper 

Terpene infusion into the pre-rolled cone paper 
followed the standard production protocol applied at PT. 
Mitra Prodin (Bali, Indonesia) as described by Karangan, 
Rahardjo [7]. An equivolume of PPG, ethanol, and 
terpenes was mixed in a glass vial and vortexed for 10 
seconds to ensure homogeneity. The pre-rolled cone 
paper was placed into a screw-capped borosilicate test 
tube (Qingdao Giant Packaging, China) ―The tube cap 
was made of polypropylene and equipped with a storage 
to inject the terpene-solution mixture. The schematic 
diagram and dimensions of the test tube are shown in 
Figure 1. After the terpene-solution mixture was injected 
into the cap, the cap was put onto the tube containing 
pre-rolled cone paper and heated at 80℃ in an oven 
(UN55, Memmert, Germany) for 60 mins. Then, the tube 
was removed from the oven and allowed to cool to room 
temperature overnight, with the cap remaining attached. 
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Figure 1. Schematic diagram of the screw-capped borosilicate 

test tube: the cap is equipped with injection storage with a 
pitch circle diameter (PCD) of 7 mm. 

 
2. 3. Evaluation of the storage environment 
conditions to terpene loss 

Effect of temperature. To quantify the effect of 
varying temperatures on terpene loss due to 
evaporation, the terpene-infused pre-rolled cone paper 
was incubated at different temperatures set at 30, 35, 40, 
45, and 50°C. The incubation was carried out for 24 h in 
the dark.  

Effect of humidity. To assess the impact of humidity, 
the terpene-infused pre-rolled cone paper was placed in 
an air-conditioned room with temperatures set at 26, 19, 
and 10°C. The incubation was carried out for 24 h in the 
dark.  

Effect of light exposure. To investigate the effect of 
light exposure, the terpene-infused pre-rolled cone 
paper was placed in a device with light intensity 
variations of 200, 300, 600, 900, 1200, and 1500 lux for 
24 h.  

 
2. 4. Determination of terpene content 

Standard curve preparation. Terpene content was 
estimated using a spectrophotometric procedure [7]. 
Briefly, a standard curve was prepared from terpene 
(99% purity, Cali Terpenes, Spain) at 10–90 μL volumes. 
Then, 1.5 mL of chloroform was added and vortexed for 
10 s. Subsequently, 100 μL of concentrated H₂SO₄ was 
added to each mixture, and the samples were incubated 
in the dark for 1.5 h, leading to the formation of a 
reddish-brown precipitate. The supernatant was taken 

without disturbing the precipitate, and the precipitate 
was subsequently dissolved in 2.7 mL of 95% methanol. 
The mixture was vigorously shaken to form a 
homogeneous solution and then analyzed using a UV-Vis 
spectrophotometer (Genesys 150, Thermo Fisher 
Scientific, USA) at a wavelength of 538 nm.  

Sample analysis. The terpene-infused pre-rolled 
cone paper was placed into a 5 mL test tube. 1.5 mL of 
chloroform was added, and the mixture was vortexed for 
3 minutes to extract the terpene. The chloroform 
solution was then decanted, and subsequently, 100 μL of 
concentrated H₂SO₄ was added. The formed reddish-
brown precipitate was analyzed using a 
spectrophotometric procedure as described previously. 

 
3. Results and Discussion 
3.1. Reaction mechanism in determination of 
terpene content 

A straightforward and reliable technique for 
determining the amount of terpenes in a product 
containing terpenes was demonstrated in our earlier 
study [7]. The Salkowski test was used to detect 
terpenoids, which was the basis for developing the 
method [20]. In this procedure, terpene content in the 
terpene-containing product was extracted using 
chloroform. The reaction sequence of terpenes with 
sulfuric acid to produce precipitate is shown in Figure 
2a: 

(i) Acidic environment is created by adding 

concentrated H2SO4.  The proton (H+) of H2SO4 

induce the protonation of the terpene molecules. 

During this state, the precipitation does not yet 

form.  

(ii) The protonation of terpenes causes the double 

bonds in the terpene ring to break down, leading 

to carbo-cation formation (carbocation) as the 

intermediate product of the reaction.  

(iii) The carbocation subsequently reacts with sulfate 

ions (HSO₄⁺), forming a complex of alkyl sulfate 

compound. These alkyl sulfate complexes are 

large molecules with reduced solubility in 

chloroform/methanol solvent, forming a 

reddish-brown color precipitate with maximum 

absorbance at a visible wavelength (i.e., 538 nm). 
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Figure 2. (a) Reaction mechanism of terpenes (represented by α-pinene) with H2SO4: (i) initial state – protonation of terpenes 
induces by H2SO4, (ii) intermediate – carbocation formed as the intermediate product from protonation of terpenes, and (iii) 

final state – alkyl sulfate formed as the final product, signified by the formation of reddish-brown precipitate.  (b) 
Determination of maximum absorbance for terpene precipitate at different concentrations of 5, 10, and 15 %v. (c) Calibration 

standard curve for terpene precipitate, FCT refers to the flavour-containing terpenes as the standard.  
 

Figure 2b displays the maximum absorbance of the 
terpene precipitates in the visible wavelength range of 
500–600 nm, as determined by a spectrophotometric 
technique. At various volumes of terpene addition (i.e., 
varied concentrations), the maximum absorbance of the 
precipitate consistently occurred at 538 nm. Repeated 
measurements showed minimal variation, with a 
discrepancy of ±2 nm. The linear relationship between 
absorbance and terpene content (%v) is shown in Figure 
2c, as indicated by the R2 value close to unity (i.e., R2 = 
0.9855). A linear correlation might also be observed for 
higher terpene concentrations (>70 %v). However, a 
standard curve was not created for these higher 
concentrations, as the actual product (infused pre-rolled 
cone paper) typically contains no more than ~30 %v 
terpene. A satisfactory correlation coefficient was 
obtained, demonstrating the applicability of the 
employed linear model. 

 
3.2. Terpenes loss profile as an effect of surrounding 
conditions 

In this study, the terpene content infused in the pre-
rolled cone is being measured. During incubation, the 
terpene-infused pre-rolled cone paper was kept inside 
the glass tube with the cap open to amplify the effect of 

surrounding conditions. Subsequently, chloroform is 
used to extract the terpene content from the pre-rolled 
cone paper, and the spectrophotometric method is used 
for analysis (as previously discussed). Terpene content 
is decreased due to evaporating off the pre-rolled cone 
paper. 

Figure 3a shows the reduction in terpene content 
due to evaporation from the pre-rolled cones following a 
24 h incubation period at temperatures between 30 and 
50°C. The calculated terpene loss rate is provided in 
Figure 3b. The findings conclusively demonstrate that 
terpene concentration decreases more rapidly as 
temperatures elevate. Terpene decreased from an initial 
content of 30.6%v to 20.5±0.2%v at the lowest 
investigated temperature of 30°C, with a calculated loss 
rate of 33.3±0.2%. At the maximum tested temperature 
of 50°C, a noticeably higher loss rate of 92.5±0.2% was 
recorded, and the amount of terpenes remaining in the 
pre-rolled cone paper was only 2.3±0.2%v. The loss of 
terpene content from the pre-rolled cone paper was 
primarily due to the evaporation of the compounds, as 
terpenes can begin to evaporate as low as 20°C [24]. At 
higher temperatures, a greater loss of terpenes and a 
lower terpene retention rate can be expected due to the 
increased rate of evaporation induced by higher thermal 
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energy. Terpene loss due to degradation or compound 
breakdown was not observed in this case, as terpene 
degradation generally occurs at temperatures of 100°C 
or higher [25]. This finding suggests that low-
temperature storage is better since it can slow down 
terpene loss. 

 

 
Figure 3. (a) Detected terpenes content and (b) degradation 

rate of terpenes as the effect of elevated temperature. 
Standard uncertainty for temperature measurement is ±0.5 

⁰C, standard uncertainty of the measured data is represented 
by the error bars. 

 
The light intensity was measured as the luminous 

flux per unit area (lux). As shown in Figure 4a and 4b, for 
the respective terpene level and loss rate, direct 
illumination on the terpene infused in pre-rolled cone 
paper can result in significant terpene content loss. At an 
illumination level of 200 lux, a high terpene degradation 
rate of 82.0% was recorded, which is close to the effect 
of terpene evaporation due to increased temperature. It 
is evident that terpene degradation rates were higher at 
greater illumination levels. At 1500 lux, it was found that 
~100% of the terpene was being lost. The direct 
illumination on the terpenes may induce photo-
degradation. In this context, the terpene degradation 
occurred due to the oxidation by hydroxyl radicals (OH•) 
generated from the photo-dissociation of water 
molecules from surrounding humidity [26]. Moreover, a 

direct correlation exists between higher lux levels and 
increasing surrounding temperature [27], with the latter 
increasing significantly as lux increases. Consequently, 
the rise in the temperature of the surroundings is also 
responsible for the significant amount of terpene loss at 
high levels of lux. It is evident from this result that dark 
conditions are preferable for preserving the quality of 
terpenes-containing products. 

 

 
Figure 4. (a) Detected terpenes content and (b) degradation 
rate of terpenes as the effect of light luminous flux. Standard 

uncertainty for illuminance measurement is ±3% of the 
measured lux, standard uncertainty of the measured data is 

represented by the error bars. 

 
Figure 5a and 5b respectively shows the terpene 

content and loss rate as the effect of different relative 
humidity levels of surroundings. The result indicates an 
inverse correlation between humidity and terpene 
content loss, with higher humidity resulting in lower 
terpene loss. This phenomenon can be attributed to the 
hygroscopic property of pre-rolled cone paper, which 
absorbs moisture from the surrounding environment. 
The absorbed water molecules create a layer on the 
paper's surface, acting as a physical barrier preventing 
terpenes' evaporation. This result indicates that storing 
terpenes-containing products is more effective under 
humid conditions. 

 

Temperature (oC)

30 35 40 45 50

T
e
rp

e
n
e
 l
o
s
s
 r

a
te

 (
%

)

20

40

60

80

100

Temperature (oC)

30 35 40 45 50

T
e

rp
e
n

e
s
 c

o
n

te
n

t 
(%

v
)

0

5

10

15

20

25

30

35
initial terpenes content

(a)

(b) Illuminance (lux)

T
e
rp

e
n
e
s
 c

o
n
te

n
t 
(%

v
)

0

2

4

6

30
initial terpenes content

200     300      600     900    1200    1500

Illuminance (lux)

D
e
g
ra

d
a
ti
o
n
 r

a
te

 (
%

)

75

80

85

90

95

100

200     300     600     900    1200    1500

(a)

(b)



 439 

 
Figure 5. (a) Detected terpenes content and (b) terpenes' 
degradation rate as the relative humidity effect. Standard 
uncertainty for temperature measurement is ±3% of the 
measured relative humidity, standard uncertainty of the 

measured data is represented by the error bars. 

 
Figure 6 compares the terpene loss pathways from 

pre-rolled cone paper in open and closed systems. More 
terpenes will undoubtedly be lost to the surroundings 
with an open system. Meanwhile, the terpenes released 
from the paper circulate within the tube in a closed 
system and are not simply lost to the surroundings. As 
published in our study [7], The terpene content in the 
closed system increased with the incubation time as the 
terpenes were re-condensed and reabsorbed onto the 
paper. 

 
Figure 6. Illustration of terpenes loss from pre-rolled cone 
paper in: (a) open system (open cap) and (b) close system 

(close cap) and terpenes loss profile in the close system, data 
was retrieved from Ref. [7]. 

 
3. 3. Degradation mechanism of terpenes 

Surrounding conditions impact the terpene content 
loss from pre-rolled cone paper. Terpene content loss 
primarily occurs due to evaporation since terpenes are 
inherently volatile. This study has demonstrated that the 
change in surrounding conditions influences the 
degradation rate of terpenes, as specific surrounding 
factors can initiate terpene oxidation and lead to their 
degradation. Direct light exposure to terpenes triggers 
the formation of hydroperoxide radicals, which can 
cause oxidation [28, 29]. Exposure of terpenes, such as 
limonene and linalool, to air can lead to the autoxidation 
of the compounds and forming hydroperoxide [30], and 
elevated temperature can cause the degradation to 
become more rapid [31]. 

Figure 7 illustrates the degradation pathway of a 
monoterpene, α-pinene, involving peroxy-radicals (RO2) 
[32], hydroperoxide (TERPOOH) [26], and organic 
nitrates (TERPNT) [33]. The degradation process begins 
with the reaction between α-pinene with hydroxyl 
radicals (•OH) forming from photo-oxidation of air 
moisture; this reaction produces peroxy-radicals (RO2) 
through the addition of oxygen molecules (O2), resulting 
in α-pinene-RO2. The α-pinene-RO2 molecules are 
reactive intermediates that can interact with various 
other radicals in the atmosphere and play a crucial role 
in subsequent reactions, forming various oxidation 
products. 

 
  

 
Figure 7. Schematic pathway of terpenes degradation in the 

presence of radicals 
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For instance, α-pinene-RO2 can react with NO2 to 
form an organic nitrate compound known as TERPNT, 
which contains a nitrate group (ONO2) attached to the 
terpene structure. Alternatively, α-pinene-RO2 can react 
with hydroperoxyl radicals (HO2) to form a 
hydroperoxide known as TERPOOH, which contains a 
hydroperoxide group (OOH) attached to the terpene 
structure. α-pinene-RO2 may also undergo 
decomposition or further reactions, resulting in end 
products such as TERPA pinon-aldehyde, involving ring 
opening and forming a carbonyl group (C=O). 

TERPNT contains a nitrate group (ONO2) that 
makes it more reactive and contributes to the formation 
of aerosol particles in the atmosphere, while TERPOOH 
contains a hydroperoxide group (OOH), which is also 
highly reactive and can participate in aerosol particle 
formation. Pinon-aldehyde (TERPA) is an end product of 
the further reaction or decomposition of peroxy radicals, 
containing a carbonyl group (C=O) and acting as a 
volatile compound that can affect air quality. Overall, the 
degradation mechanism of α-pinene involves a series of 
complex oxidation reactions in the atmosphere, resulting 
in various oxidation products such as peroxy radicals, 
organic nitrates, hydroperoxide, and aldehydes. 

 

4. Conclusion 
Numerous studies have reported how 

environmental factors affect terpene loss due to 
evaporation or degradation. However, these studies are 
still limited to terpenes in their pure form. There is still 
no study investigating the loss of terpenes in the form of 
consumer goods, i.e., terpenes-infused pre-rolled cone 
papers. Limited documentation on the impact of external 
factors on terpene loss from infused rolling papers poses 
a challenge for the industry in developing appropriate 
storage to maintain the high quality of terpene-
containing goods. The current study summarized how 
environmental conditions affect the terpene content loss 
during storage, including temperature, humidity, and 
illumination. While higher storage temperatures can 
accelerate the evaporation of terpenes, air humidity and 
light exposure may induce free radicals that can cause 
terpenes degradation. These insights highlight the 
importance of controlling environmental conditions to 
preserve terpene stability and improve the sensory 
qualities of the products. 
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