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ABSTRACT

This study investigates the sensory attributes and shelf-life stability of Chinchin, a Nigerian snack, fried using
two locally produced oils: African Elemi oil (Canarium schweinfurthii) and Groundnut oil (Arachis hypogaea).
Chinchin samples were analyzed immediately after frying, and after two and four weeks of storage. Sensory
evaluation was performed based on appearance, texture, flavour, aroma, and general acceptability, using a
7-point hedonic scale. Shelf-life parameters such as moisture content, peroxide value, free fatty acid levels, and
microbial growth were also assessed. Results revealed differences between the two oils. Chinchin fried with
African Elemi oil showed increases in moisture (from 5.73% at frying to 8.58% after 4 weeks), peroxide values
(5.3 t0 9.7 mEq/kg), free fatty acids (0.48% to 0.55%), and microbial growth (5.40 x 103 to 6.8 x 103 CFU/qg).
In contrast, samples fried with Groundnut oil maintained greater stability, with moisture content remaining
nearly constant (4.7—4.9%), peroxide values stable around 3.78-3.80 mEq/kg, free fatty acids between 0.40—
0.42%, and microbial counts showing change (4.2 x 103 to 4.35 x 10% CFU/g). The superior performance of
Groundnut oil was further supported by its higher smoking point (235 °C) compared to African Elemi oil (165
°C), which contributed to reduced rancidity and microbial proliferation. Chinchin fried with Groundnut oil
scored higher in sensory appeal and exhibited greater shelf-life stability (p < 0.05). These findings highlight
Groundnut o0il’s superior frying and preservation qualities, while suggesting the need for improved refining and
stabilization of African Elemi oil to enhance its suitability for snack production.
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INTRODUCTION

The snack food industry is expanding with new products
becoming available each year. They are developed to be
inviting, acceptable, satisfying and are available in different
forms like Chinchin, cookies, cakes biscuit and bread with
respective sensory, nutritional and shelf-life capacity (Arora
et al., 2020).

Chinchin a popular Nigerian snack made from wheat flour,
butter and sugar, (Adegunwa et al., 2014) typically relies on
vegetable oils for frying (Owolabi et al., 2024) and turns out
cookie like (Ajiboso & Ajiboso, 2021). Overtime Chinchin is
prepared using different vegetable oils as frying medium
though  during frying, due to hydrolysis, oxidation and
polymerization processes, the composition of oil changes
which in turn changes the flavour and stability of its
compounds (Okparanta et al., 2018). Some examples of oils
used for frying include sun flower oil, cotton seed oil,
soyabean oil, palm oil, groundnut oil to mention a common
few. However, other plant-based oils that are not so common
such as African Elemi oil are also used. Long shelf life of
Chinchin makes large scale production and distribution
possible (Akindele et al., 2017), there for the oils used in
frying should be without impurities, of high smoking point
and low in free fatty acid content for good frying performance
and oil stability.

African Elemi (Canarium schweinfurthic bursaraceae) also
refered to as Atili in Hausa, ube mgba in Igbo and Ako in
Yoruba languages respectively. It is rich in fat, protein,
carbohydrate, water and sometimes ash is found in low
quantity (Agu et al., 2008). The oil has a fruity aroma, green

pigment with about 71% palmitic acid, 18% oleic acid (Orisa
etal., 2023) and a rich source of Vitamin C and flavor in snack
(Maduelosi & Angaye, 2015). It has a smoking point between
187°C- 203°C. (Marcus et al., 2013). Groundnut oil also
known as peanut oil is obtained from (Arachis hypogea.)
Nwagbo et al., 2020 It generally has a mild nutty aroma and
has been analyzed to have high concentration of oleic and
linoleic acid respectively, 8% lauric acid and 0% capric acid.
(Anyasor et al., 2009). It has smoking point between 232°C-
282°C (Marcus et al., 2013) and pigment slightly golden
yellow.

This study investigates the effect of frying oil type on the
quality and shelf-life of Chinchin by comparing samples
prepared with African Elemi oil and Groundnut oil. The
research focused on evaluating sensory attributes, monitoring
changes in physicochemical parameters and microbial growth
during storage, and determining which oil offered better
consumer appeal and preservation qualities, while identifying
ways to improve the performance of African Elemi oil in
snack production.

MATERIALS AND METHODS

Methodology

African Elemi oil (1.5 liters) was purchased from an open
market in Gada Biu, Jos Plateau State while another 1.5 liters
of ground nut oil was purchased from an open market in Oja
Oba, llorin Kwara State. The materials for Chinchin, which
include wheat flour, margarine, eggs, granulated sugar and
nutmeg spice were purchased in Mandate market, llorin
Kwara State. The Chinchin constituents were mixed, kneaded
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and cut into specialized sizes and added to already heated
respective oils of African Elemi and Groundnut oil to fry for
4mins. The product turned golden brown after which it was
considered ready for cooling, chewing and storage
respectively.

Sensory Evaluation

Sensory evaluation was carried out by 25 taste panelists
consisting of staff and students on Industrial Training at the
National Centre for Agricultural Mechanization llorin, Kwara
State. The products were analyzed for immediate chew after
fry, 2weeks and 4 weeks storage for the two products. The
sensory parameters were appearance, texture, flavor, aroma
and general acceptability

A seven-point hedonic testing was carried out on specific
parameters pointed out for analysis of which 1=very poor,
2=poor, 3=slightly poor, 4= average, 5= slightly good, 6=
good, 7= very good.

Shelf-life Determination
Shelf-life analysis which include the following parameters,
moisture content, peroxide value, free fatty acid and microbial
growth were carried out for the Chinchin fried with both oils
respectively and stored at a temperature of 26°C for 2weeks
and 4 weeks respectively.

Moisture Content
The moisture content is a measure of the percentage moisture
loss due to drying at a temperature of 105°C. Moisture is
necessary for the growth and proliferation of microbes and
determines shelf life of snack food products. Ten (10)g of the
sample extracted oil was weighed into pre weighed
crucible(Wo) and placed into a hot dry oven at 105°C for 4 hr.
at the end the samples were removed from the oven and placed
in a desiccator and after getting cool, the samples weighed
again to calculate moisture content in the samples. The
process of weighing was repeated until constant weight (W>)
was obtained. The weight loss due to moisture was obtained
using equation 1:
Moisture (%) = (M) x 100 (€))]

W,

Peroxide Value

Peroxide value is the amount of peroxide oxygen generated
per kilogram of fat or oil expressed in milliequivalents or
millimoles per kilogram. Peroxides are intermediate
compounds synthesized during autoxidation reaction; the
peroxide value is therefore a measure of the degree of
oxidation reactions (rancidity) in food samples. Autoxidation
is a free radical reaction involving oxygen that leads to
deuteriation of fats and oil which is responsible for off- flavor
and off odors. Five (5)g of the sample extracted oil was added
to 30 ml of acetic acid: isooctane (3:2) solution followed by
swirling and then addition of 0.5 ml potassium iodide (KI).
The solution was swirled again for 1 minute. The peroxides
oxidized the iodide to iodine and the iodine was titrated
against 0.1N Sodium thiosulfate solution with 1 ml of starch
(10%) as an indicator. The amount of produced iodine was
directly proportional to peroxide value (INSO 2018). The
peroxide value was then calculated with regard to the amount
of thiosulphate (Equation 2). If the value of the sample is less
than 5SmEqg/Kg, the oil is considered safe, when the values are
between 5-10mEq/Kg it is considered fair enough but if the
sample is above 10mEq/Kg it is considered rancid or off.

Peroxide Value = 2 (aw;b) m Eq/Kg )
Where  a= value of acid with sample,
b = value of sample without acid,

FJS

w = weight of oil.

Free Fatty Acid Test

Free fatty acid (FFA) is the result of fat oxidation. This is a
reflection of the amount of specified fatty acids due to
triacylglycerol hydrolysis that takes place upon the release of
water from food while being fried. The determination of FFA
is simple titration of an end point of pH 8.3 with sodium
hydroxide, and the result are expressed as % FFA and acid
value may be converted from one to the other using a
conversion factor. The sample oil was obtained by using
equation in which the acid value obtained was divided by two
FFA of the extracted

FFA = Acid value/2 ©)

Where FFA = Free fatty Acid

The AOAC method was used to test the peroxide value while
the acid -base titration method was used to ascertain the free
fatty acid content

Microbial Analysis

The microbial quality of the Chinchin samples was evaluated
to determine the effect of frying oil type and storage duration
on shelf-life stability. Standard microbiological procedures
were employed to assess the presence and proliferation of
microorganisms. Samples were collected immediately after
frying, as well as after two and four weeks of storage under
ambient conditions. For the analysis, approximately 10 g of
each Chinchin sample was homogenized in sterile distilled
water, and the resulting suspension was subjected to serial
dilutions. Aliquots of the diluted samples were inoculated
onto nutrient agar to determine total viable bacterial counts,
potato dextrose agar to assess fungal growth, and selective
media for the detection of coliform organisms. The inoculated
plates were incubated at appropriate temperatures,
specifically 30-37 °C for bacterial growth and 25-28 °C for
fungal development, and were monitored for colony
formation.

Microbial loads were quantified by enumerating colony-
forming units (CFU) per gram of sample. The results were
expressed as logarithmic values to enable meaningful
comparison across treatments and storage periods. This
approach provided a clear indication of microbial
proliferation patterns in relation to the type of frying oil used
and the duration of storage.

Statistical Analysis

Data from sensory evaluation, physicochemical tests, and
microbial counts were expressed as mean + standard deviation
of triplicate determinations. Differences between oil types and
storage durations were analyzed using ANOVA, and
significant means were separated with Duncan’s Multiple
Range Test (DMRT) at p < 0.05. Sensory scores were treated
as ordinal but analyzed with parametric methods after
confirming normal distribution, while microbial counts were
log-transformed prior to analysis.

RESULTS AND DISCUSSION

Sensory Evaluation of Chinchin Fried with African Elemi
Oil and Groundnut Oil

The sensory evaluation results demonstrate that Groundnut oil
consistently produced superior sensory attributes compared to
African Elemi oil. Fresh samples fried with Groundnut oil
scored highest in appearance, texture, flavor, aroma, and
general acceptability, while African Elemi oil samples scored
lower across all parameters. During storage, African Elemi oil
samples showed significant declines in sensory quality, with
flavor and general acceptability dropping most sharply by 4
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weeks. This deterioration is consistent with the
physicochemical changes observed later (higher moisture,
peroxide values, and microbial counts), which negatively
impacted sensory perception. By contrast, Groundnut oil
samples maintained stable sensory scores, reflecting its higher
smoking point and oxidative stability (Marcus, 2013; Anyasor
etal., 2009).

FJS

These findings align with previous reports that oils with lower
smoking points are more prone to rancidity and flavor
deterioration during storage (Asokapandian et al., 2020; Nasir
et al., 2003). The superior performance of Groundnut oil in
sensory evaluation further supports its suitability as a frying
medium for Chinchin, while African Elemi oil requires
refining and stabilization to improve its sensory and storage
performance.

Table 1: Mean Sensory Scores of Chinchin Fried with African Elemi Oil and Groundnut Oil at Different Storage

Periods
Storage period Oil type Appearance Texture Flavor Aroma General Acceptability
Fresh (A1/B1) Atili (Elemi) 5.6 5.0° 5.1b 5.6 5.2b
Groundnut 6.9 6.8 6.9 6.5 6.9
2 weeks (A2/B2)  Atili (Elemi) 5.5 5.2b 5.00 5.5 5.1
Groundnut 6.8 6.6 6.6 6.6 6.74
4 weeks (A3/B3)  Atili (Elemi) 5.3 5.0 4.9° 5.1° 5.0°
Groundnut 6.7 6.5 6.6 6.6 6.7¢

Values are mean of 25 panelists. Means with different superscripts within a column differ significantly at p < 0.05 (ANOVA

followed by DMRT)

Shelf-life Analysis of Chinchin Fried with Africa Elemi Oil
ANOVA revealed that storage duration had a significant
effect (p < 0.05) on all measured parameters of Chinchin fried
with African Elemi oil. DMRT separated the means clearly,
showing a progressive deterioration pattern across storage
periods (A3 > A2 > Al). Moisture content Increased
significantly from 5.73% (Al) to 8.58% (A3). This rise
reduced crispiness and created favorable conditions for
microbial growth. The values remained within the allowable
range for snacks (WHO, 2023) and were comparable to
moisture levels reported in Chinchin produced from flour
blends of wheat, defatted peanut, and orange peels (Bongjo et
al., 2023). Peroxide value Rose sharply from 5.30 mEq/kg
(A1) to 9.70 mEg/kg (A3), with significant differences across
all storage times. Although values fell within the acceptable
range for fried snacks (Awuchi et al., 2018), the increase
reflects lipid oxidation and rancidity progression. The
relatively low smoking point of African Elemi oil (165 °C)

likely accelerated this deterioration (Asokapandian et al.,
2020).

Free fatty acids (FFA) Increased modestly but significantly,
from 0.48% (A1) to 0.55% (A3). These values were lower
than those reported in edible oils evaluated for rancidity
(Adelagun et al., 2023), but the upward trend indicates
hydrolytic breakdown of triglycerides, contributing to
off-flavors. Microbial growth Counts rose significantly from
5.40 x103 CFU/g (A1) to 6.80 x103 CFU/g (A3). The increase
is consistent with higher moisture levels and reduced oil
stability, making the product more susceptible to spoilage.
Overall, statistical analysis confirmed that Chinchin fried with
African Elemi oil deteriorated significantly during storage,
with measurable declines evident by 2 weeks and
substantially worsened by 4 weeks. The low smoking point of
African Elemi oil contributed to reduced crispiness, higher
rancidity, and microbial susceptibility compared to more
stable frying oils.

Table 2. Shelf-life Analysis for Chinchin Fried with African Elemi Oil and Stored for 2 and 4 Weeks

Sample L\il)ﬁltset#tr(e% ) (Priré);/f;)value ggsje (f;; ;y Microbial growth (CFU/g x103)
Al (Freshly fried) 5.73¢ 5.30¢ 0.48¢ 5.40¢
A2 (2 weeks) 6.58P 6.20° 0.51b 6.10°
A3 (4 weeks) 8.58¢ 9.70° 0.55¢ 6.80°

Values are mean of triplicate determinations. Means with different superscripts within a column differ significantly at p < 0.05

(ANOVA followed by DMRT)

Shelf-life Analysis of Chinchin Fried with Groundnut Oil
ANOVA revealed no significant differences (p > 0.05) in
moisture content, peroxide value, free fatty acid, or microbial
growth across storage periods for Chinchin fried with
groundnut oil. DMRT confirmed that all samples (B1, B2, B3)
were statistically similar, indicating remarkable stability
during storage. Moisture content Remained nearly constant
(4.7-4.9%), maintaining crispiness throughout storage. This
stability is consistent with reports that deep-fried snacks often
retain low moisture due to evaporation during frying (Debnath
et al., 2003).

Peroxide value Stayed stable around 3.78-3.80 mEq/kg, well
below rancidity thresholds (Awuchi et al., 2018). This reflects
strong oxidative stability, attributable to the high smoking
point of groundnut oil (235 °C), which falls within the

approved range of 232-282 °C (Marcus, 2013). Free fatty
acids Showed only a slight, non-significant increase (0.40—
0.42%), remaining lower than values reported for rancid
edible oils (Adelagun et al., 2023). Microbial growth Counts
remained stable (4.20-4.35 x10% CFU/g), with no significant
proliferation during storage. This suggests that groundnut
oil’s stability limited microbial susceptibility compared to
African Elemi oil.

These findings confirm that groundnut oil provided superior
frying and preservation qualities, maintaining sensory appeal
and shelf-life stability for up to 4 weeks. The results align with
earlier studies highlighting groundnut o0il’s oxidative stability
and suitability for frying (Anyasor et al., 2009; Nwagho et al.,
2020).
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Table 3: Shelf-life Parameters of Chinchin Fried with Groundnut QOil at Different Storage Periods

Moisture Peroxide value Free fatt . .
Sample content (%) (mEq/kg) acid (%)y Microbial Growth (CFU/g x103)
B1 (Freshly fried) 4,702 3.79 0.402 4.200
B2 (2 weeks) 4.70 3.78 0.400 4.33
B3 (4 weeks) 4.90¢ 3.80¢ 0.42: 4.35

Values are mean of triplicate determinations. Means with the same superscript within a column are not significantly different

at p < 0.05 (ANOVA followed by DMRT).

Smoking Point Values of Oils Used for Frying Chinchin
ANOVA revealed a significant difference (p < 0.05)
between the smoking points of African Elemi oil and
Groundnut oil. DMRT separated the means, ranking
Groundnut oil (235 °C) significantly higher than African
Elemi oil (165 °C).

The lower smoking point of African Elemi oil explains its
reduced frying stability and higher susceptibility to rancidity
and microbial proliferation during storage. Oils with low
smoking points tend to degrade faster under frying conditions,
producing off-flavors and reducing shelf-life stability
(Asokapandian et al., 2020). By contrast, Groundnut oil’s

high smoking point falls within the approved range of 232—
282 °C (Marcus, 2013), which contributed to its superior
oxidative stability and preservation qualities observed in
Tables 1 and 2.

This finding is consistent with earlier reports that frying oils
with higher thermal stability, such as Groundnut oil, maintain
product crispiness and limit rancidity during storage (Anyasor
et al., 2009; Nwagho et al., 2020). The difference in smoking
points therefore provides a mechanistic explanation for the
contrasting shelf-life outcomes between Chinchin fried with
African Elemi oil and Groundnut oil.

Table 4: Smoking Point Values of African Elemi Oil and Groundnut Qil

Oil Measured smoking point (°C) Approved smoking point range (°C)
African Elemi Oil 165° 187-203
Groundnut Oil 235 232-282

Values are mean of triplicate determinations. Means with different superscripts within a column differ significantly at p < 0.05

(ANOVA followed by DMRT).

CONCLUSION

This study demonstrated that the type of frying oil
significantly influences both the sensory attributes and
shelf-life stability of Chinchin. Groundnut oil consistently
produced samples with superior sensory qualities, including
better appearance, texture, flavour, aroma, and overall
acceptability. In addition, Chinchin fried in Groundnut oil
exhibited greater resistance to rancidity and microbial
proliferation during storage, maintaining quality for up to four
weeks. By contrast, Chinchin fried with African Elemi oil
showed lower sensory scores and reduced stability, with
higher peroxide values, free fatty acid levels, and microbial
growth over time. These findings suggest that while African
Elemi oil has potential as a local frying medium, its current
processing and stability limitations reduce its suitability for
extended snack preservation.

Overall, Groundnut oil proved to be the more effective frying
medium for Chinchin, ensuring both consumer appeal and
longer shelf-life. Future work should focus on improving the
refining and stabilization of African Elemi oil to enhance its
performance in snack production and broaden its application
in food processing.

REFERENCES

Adegunwa, M., Ganiyu, A., Bakare,H., and Adebowale, A.
(2014). Quality Evaluation of Composite Millet- Wheat
Chinchin. Agriculture and Biology Journal of North America.
5:33-39.

Adelagun, R.0.A., Berezi, E.P., Fagbemi, J.O., Igbaro, O.J.,
Aihkoje, F.E., Ngana,0., Osondu, G. and Garba, M.S. (2023)
Evaluation Level of Rancidity of Edible Oil in some Fried
Snacks Food. J. Chem. Soc. Nigeria Vol. 48 No.1 pp154-161.

Agu, H.O., Ukonze, J.A., and Uchola,N.O. (2008). Quality
Characteristics of Crude and Refined Atili Oils. Pakistan
Journal Nutrition 7 (1) 27-30

Ajiboso, O.M., and Ajiboso, S.O (2021) Assesment of
Nutritional Qualities of Chinchin Produced from Blends of
Cyperus esculentus and Triticum Aestivum Flours.
International Journal of Research Publication and Reviews.
Vol. 2 Issue 9 pp 917- 920.

Akindele, O., Gbadamosi, O., Taiwo, k., Oyelade, D., J. and
Adebooye, C. (2017) Proximate, Mineral, Sensory
Evaluations and Shelf Stability of Chinchin Enriched with
Ugu and Indian Spinach Vegetables. International Journal of
Biochemistry Research & Review 18 (4) ppl-14.

Anyasor, G., Ogunwemi, K.O., Oyelana, O.A., Ajayi, D., and
Dandana, J. (2009) Chemical Analysis of Groundnut,
(Arachis hypogea) Oil. Pakistan Journal of Nutrition Vol. 8
Issue 3 pp.269-272.

Arora, M., Singhal, S., Rasane, P., Singh, J., Kaur, S., Kumar,
V., Kumar, A., & Mishra, A. (2020). Snacks and snhacking:
Impact on health of the consumers and opportunities for its
improvement. Current Nutraceuticals, 16(7), 1028-1043.
https://doi.org/10.2174/1573401316666200130110357

Asokapandian, S., Swamy, G.J. and Hajjul (2020) Deep
Frying of Foods: A Critical Review on Process and Product
Parameters. Crit. Rev. Food Sci. Nutr., 60 pp 3400-3413.

Awuchi, C.G., Amagwula,l.O., Igwe, S.V., and Gonzaga, A.l
(2018) Effects of Repeated Deep Frying on Refractive Index
and Peroxide Value of Selected Vegetable Oils. International
Journal of Advance Academic Research Science Technology
and Engineering Vol.4 Issue 4 pp106-119.

Debnath, S., Bhat, K.K., and Rastogi, N.K., (2003) Effect of
Pre-Drying on Kinetics of Moisture Loss and Oil Uptake
during Deep Fat Frying of Chicken Flour Based Snack Food.

FUDMA Journal of Sciences (FJS) Vol. 10 No. 2, January, 2026, pp 208 — 212


https://doi.org/10.2174/1573401316666200130110357

SENSORY AND SHELF-LIFE EVALUATION... Onyemize et al.,

LWT Food Science. Tech. 36:91-98
https://doi.org/10.1016/S0023-6438(02)00186-X

doi:

INSO (2018). Animal and Vegetable fats and Oils-
Determination of Peroxide Value — lodometric (visual)
Endpoint Determination, Vol.4179

Jideani, V.A., and Jideani, I.A. (2006) Laboratory Manual of
Food Bacteriology, Amana Printing and Advertising Ltd.
Kaduna Nigeria.

Maduelosi, N.J., and Angaye, SS. (2015) Characterization of
African Elemi Qil (Canarium schweinfurthii). International
Journal of Advance Research in Chemical Sciences IJARCS
2(11):34-36.

Marcus, J.B. (2013) The Science and Practice of Healthy
Cooking. Culinary Nutrition pg 61.

Nasir,M., Butt, M.S., Anjum, F.M., Sharif, K., and Minhas,
R. (2003) Effect of Moisture on the Shelf-Life of Wheat flour.
Int.J. Agri. Biol., Vol.5, No.4:458-4509.

Nwagbo, C.C., Uzomah, A., Olawuni, I., and Chude, C.
(2020) Comparison of A- Tocopherol with Some Nigerian
Spices as Natural Antioxidants in Stored Crude Groundnut
Oil. European Journal of Food Science and Technology Vol.8
No 4, pp1-17

@0l

FJS

Okparanta,S., Daminabo, V., and Solomon, L. (2018)
Assessment of Rancidity and Other Physicochemical
Properties of Edible Qils (Mustard and Corn Oils) Stored at
Room Temperature. J. Food Nutr Sci 6:70-5.

Olushina,S.0., Abodurin, J.0., Ganiyu, A.A., Mosimabale,
M.M. (2024) Chemical and Sensory Evaluation of Chinchin
and Bisciut Developed from Blend of Rice and Cowpea
Flours. Research Journal of Food Science and Quality
Control. Vol. 10 No. 5 pp. 1-23

Onoja, U.S., Akubor, P.l., Njoku, I, Atama., C.I,
Onyishi,G.C., Ekeh, F.N., Eyo, J.E., and Ejere, V.C. (2011).
Nutritional Composition, Functional Properties and Sensory
evaluation of Breads Based on Blends of Oraudi (Vigna sp.)
and Wheat Flour. Journal of Food Science and Technology 9,
24:1019-1026.

Orisa, C.A., Amadi, A.O., Owuno, F., (2023) Chemical and
Sensory Properties of Cookies Produced from Blends of
Wheat and De-fatted African Elemi Pulp Flours. International
Journal of Food Science and Nutrition Vol. 8 Issue 4 pp16-24

WHO, (2023) Diet Nutrition and Prevention of Chronic
Diseases. Report of A Jiont WHO/FAO Expert Consultation
Geneve,

FUDMA Journal of Sciences (FJS) Vol. 10 No. 2, January, 2026, pp 208 — 212

©2026 This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0
International license viewed via https://creativecommons.org/licenses/by/4.0/ which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is cited appropriately.

212


https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S0023-6438(02)00186-X

