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Kiaat (Pterocarpus angolensis) bark, which is valued for its high medicinal effects, was subjected to proximate analysis,
while the extract from its bark was examined for, phytochemicals and minerals compositions. Kiaat bark was mixed with
garlic, to preserve minced fresh catfish and was stored at 4oC for 9 days. Physical and chemical characteristics were analysed.
The results of proximate composition revealed that kiaat bark contains high crude fibre (30.67%), protein (17.33%) and
low contents of fat (2.98%). Phytochemical screening showed that the kiaat bark has flavonoid (1.90%), tannin (5.79%)
alkaloid (2.96%) and phenol (5.90%) contents. The mineral determination revealed that kiaat bark contained high calcium
(24.50 mg/100g), iron (17.20 mg/100g) content with very small amount of lead (0.01 mg/100g). The pH (6.30) of the
minced cat fish marinated with kiaat bark+garlic at day 0 tends to be more acidic with increase in storage days and was
4.80 at day 9. The total volatile nitrogen values (TVB) (0.30 mg/100 g-5.46 mg/100 g) were lower than the standard limit
(<35 mg/100 g sample). Trimethylamine in minced fish preserved with kiaat paste+garlic was 0.36 mgN/100g which
later decreased to 0.16 mgN/100g at day 9, while values for samples with only kiaat bark and the control ranged from
0.64 mgN/100g -0.8 mgN/100g at day 9. Results further showed that thiobarbituric acid reactive substances (TBARs)
values raised in all marinated samples during storage, especially in control sample (2.1-5.0 mgma\100g), sample with
kiaat paste (0.2-4.2mgma\100g) and fish treated with kiaat paste+garlic (0.24-3.67mgma\100g). Addition of garlic to
kiaat bark paste may be a preffered method to increase shelf-life of fresh catfish during chilled storage.
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INTRODUCTION

tetratriacontane, n-hexadecanoic7-dehydrodiosgeninstigmasta3,5-dien-7-one, lupeol octadecanoic acid, friedelan-3-one, etc. [4].

Pterocarpus angolensis (kiaat) is indigenous to East and Southern
Africa popularly known in Nigeria as Madubiya (North), Apepe
(Ibo) and Agbolosun (Southwest) [1]. P. angolensis has been
employed locally in the treatment of many ailments [2]. The bark
of the tree has been reported to be useful in stimulation of lactation
in nursing mothers, treatment of nettle rash, piles, stomach
disorders, headaches, blood in theurine, earache and mouth ulcers.
In addition, hot aqueous extract from the bark resulted in a red
colour fluid used in treating skin lesions and ringworm.
The acetone extract of P. angolensis was found to be active against
Staphylococcus aureus and Enterobacter cloacae [3]. GC-MS
analysis of the hexane extract of bark of P. angolensis revealed
that it contains some volatile phytoconstituents which include

Selected herbs and spices used in preparation of local medicinal
soups have been investigated and reported. For instance, Thai
green curry during chilled storage [5] and some local medicinal
soups consumed in Nigeria [6,7] have been investigated for
their antibacterial, phytochemical and antioxidant properties.
The traditional application of extracts from P. angolensis may
suggest its efficacy against free radicals and microbial infections.
P. angolensis bark is locally employed in soup making and
reported to serves as a good source of nourishment for the body.
However, scanty information is available on the use of the bark of
P. angolensis in the food industry. Therefore, we carried out this
work to evaluate chemical characteristics of bark of P. angolensis
and its application in marination.
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even commercially provided the work is properly cited. Attribution — You must give appropriate credit, provide a link to the license, and indicate if
changes were made.
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MATERIALS AND METHODS
Samples collection
The raw materials for this study were fresh catfish, garlic
(purchased from local market in Akure, Ondo State) and the
bark of kiaat (Pterocarpus angolensis) tree was obtained from a
farm in Oba-Akoko, Ondo state, Nigeria. They were transported
to the laboratory killed, rinsed, and minced for further study.
All chemical reagents used were of analytical grade.

Processing of kiaat bark
The bark of kiaat was brought into the laboratory, sorted,
and washed under running water to remove sand and foreign
particles. It was dried in the oven at 50°C for 72 h. After drying,
the sample was milled using the milling machine to pass through
the 200 µm sieve size.

Preparation of P. angolensis bark extract
About 2.0 g of powdered sample of kiaat bark was mixed with
methanol (80%) in a ratio of 1:25 and extracted in a Soxhlet
apparatus for 5 h. This process was repeated for 3 times and
all extracts were added together. The extract was concentrated
using rotatory evaporator and was used for estimation of
phytochemical and antioxidant properties of the bark.

Kiaat paste preparation
The kiaat paste was a combination of kiaat bark (75 g) and water
(25 ml). The kiaat-garlic paste consisted of 50% garlic, 40%
kiaat bark and 10% ml of water. These were blended together
using a Philip blender.

Preparation of fish marinade
The herb paste (100 g) prepared as mentioned above was added
to minced catfish (250 g) thoroughly stirred and packed in
plastic bags of 5.0mm thickness. The marinated fish were stored
in a refrigerator at 4°C for 9 days and samples were taken for
analysis every three days to determine the chemical, physical
and microbiological changes.

Proximate composition of P. angolensis bark
The method of AOAC [8] was used to determine the percentages
of moisture, protein, crude fibre and fat in the bark sample while
the carbohydrate content was obtained by difference.

Determination of phytochemical present in the bark
extract
Alkaloid was determined using standard method [9]. The
quantitative estimation of tannins was performed by standard
method [10]. Phytate was determined following the method of
Wheeler and and Ferrel [11]. Saponin was analysed based on the
standard method [12]. The total phenol content of the sample
8

was determined by the Folin-Ciocalteu assay as described [13].
The total flavonoid content of the extract was determined using
a colourimeter assay [14].

Mineral analysis of kiaat bark
The mineral elements of the fine powdered bark were determined
using dry ash methods as described in [15]. About (1.0 g) was
weighed into crucibles and transferred to a muffle furnace and ash
at 550°C until all the carbon was burnt off and the crucibles plus
ash were transferred into different desiccators to cool after which
0.1M HCl solution (10 ml) was added to the crucible to break
up the ash and leach the metals. The crucible was washed three
times with 0.1M HCl and made up to 100 ml with deonized water.
The mineral contents of the samples under study were
carried out using Atomic Absorption Spectroscopy (AAS).
The following elements were analysed calcium, magnesium,
potassium, zinc, iron and lead. Standard stock solutions were
prepared for each metal using suitable metal salts of each metal
to prepare a standard curve.
Sodium: Flame photometer was used to determine the
concentrations of the elements in the sample. The standard
solutions were prepared using sodium chloride for sodium
determination respectively. The standard solutions were
measured from the flame photometer and the value obtained
was plotted against the strength of various solutions. The digests
were determined from the flame photometer. The values were
plotted in the respective standard value to read the original
values of the concentration of the elements.

pH determination of P. angolensis bark
Ten grams of each sample was homogenized with 10 ml of
distilled water before being measured with a pH meter (Thermo
Orion, Model 230).

Determination of total volatile base-nitrogen (TVB-N)
of marinated fish
TVB-N was determined based on an adaptation of the current
official European steam-distillation method as described by
European Union/European Commission [16].

Determination of trimethylamine-nitrogen (TMA-N)
of marinated fish
Trimethylamine- Nitrogen (TMA-N) of marinated fish was
determined by using the method of [17]. TMA-N contents were
expressed as mgN/100 g.

Determination of thiobarbituric acid-reactive substances
(TBARS) of marinated fish
Modified TBARS of fish samples treated with kiaat bark extract
was carried out following the method described [18].
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Table 1: Proximate composition of kiaat bark

Statistical analysis
The mean and standard error of means of the triplicate analyses
were calculated. The analysis of variance (ANOVA) was
performed to determine significant differences between the
means, while the means were separated using the new Duncan
multiple range test.

RESULTS AND DISCUSSION
Proximate composition of kiaat bark
The result obtained from proximate analysis (Table 1) of kiaat
bark showed that the reduced moisture (5.93%) of the bark
can reduce the pathogen growth and to prolong the storage
life [19]. Kiaat bark contains ash content (27.50%), crude
protein (17.33%), crude fat content (2.98%) and high content
of crude fibre (30.67%) which is higher than the 4.28% previous
reported [20] for soybean. Comparatively the protein content of
the herb is higher than the maximum standard (3.3%) suggested
by the USDA Nutrient Database for Standard Reference [21].
The protein value of kiaat as observed in this study conferred
on it to be more advantageous as rich source of herbal protein
over some reported previously [22]. The enriched proximate
composition of P. angolensis might describe its utilization as
a source of nourishment to the local lactating women during
child feeding.

Phytochemical composition of kiaat bark
Table 2 shows the results of the phytochemical screening test
of kiaat bark. It was observed that kiaat contains bioactive
compounds required in various herbs used for medicinal
purposes. Kiaat bark possessed phenol (5.90%) with tannin
(5.79%) saponin (3.31%), alkaloids (2.96%), Flavonoids (1.90%)
and phytate (1.90%). Phenols can remove bacteria [23].
Flavonoids are antioxidants and protect from cell damage [24].
The importance of these phytochemicals in various antibiotics
used in managing common pathogenic strains has recently been
reported by [25].

Mineral analysis of kiaat bark
Table 3 shows the mineral analysis results of the kiaat
bark. It was observed that kiaat bark has high content of
calcium (24.50 mg/100g), iron (17.20 mg/100g), potassium
(16.50 mg/100g), low sodium (2.40 mg/100g), magnesium
(0.52 mg/100g), zinc (0.06 mg/100g) and lead (0.001 mg/100g).
Some inorganic element such as; potassium, zinc and calcium
are important in maintenance of normal glucose tolerance
[26]. High concentration of calcium is indispensable for all
organisms due to its role in blood coagulation and essential
for desirable functioning of the muscle and nervous systems
[27]. Magnesium is a constituent of bones, teeth and enzyme
cofactor in which it will be absorbed in the intestines and
then transported via the blood to cells and tissues [28].
Zinc is indispensable to all organisms and has an important
function in metabolism, growth, development and general
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Characteristics (%)
Moisture
Ash
Crude protein
Crude fat
Crude fibre
Carbohydrate

Kiaat bark
5.93±0.02
27.50±0.02
17.33±0.01
2.98±0.00
30.67±0.01
15.59±0.00

Table 2: Phytochemical composition of P. angolensis bark
Characteristics (%)

Kiaat bark

Alkaloids
Tannins
Saponin
Flavonoids
Phytate
Phenol

2.96±0.02
5.79±0.02
3.31±0.01
1.90±0.01
1.90±0.02
5.90±0.02

Table 3: Mineral composition of P. angolensis bark
Characteristics (%)
Sodium
Calcium
Iron
Potassium
Zinc
Lead
Magnesium

Kiaat bark
2.40±0.03
24.50±0.00
17.20±0.00
16.50±0.06
0.064±0.00
0.001±0.01
0.526±0.00

well-being, as well, thus becoming a fundamental co-factor
for numerous enzymes in the body [29, 30]. Recommended
limit of zinc in medicinal flora as reported by World Health
Organization is 50 mg/kg [31], while its consumption in
food is 11 mg/day [32]. Thus, the concentration level of zinc
obtained in the current study was within the safe limit. Iron
is vital for the formation of hemoglobin and played a crucial
role oxygen and electron transfer in a human body [29].
WHO has recommended an intake of iron 10-20 mg/day
for an adult and the permissible level of iron in medicinal
plants was 20 mg/kg [31]. The iron content of P.angolensis
may contribute to the reason why the local users engage
this herb in treatment of anemic conditions and as blood
enhancer to women who just gave birth. Notably, Na/K ratio
less than one is recommended by [33] in the diet of people
living with hypertension.

Change in pH during marination
The change in pH of the marinated catfish during storage at
4ºC for 9 days is shown in Figure 1. The pH of the sample with
kiaat+garlic (6.30) at day 0 tends to be more acidic as the
number of days increased and finally to 4.80 at day 9. High pH
inhibits many microorganisms during storage [34]. There was
an increase in the pH of the control sample from 6.4 at day 0 to
6.8 at day 9. Endogenous proteolytic activity may be responsible
for alterations in pH. The increase in pH values after day 6 may
be an indication, suggesting a quality loss of fish muscles and
in accordance with previous study [35].
9
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Figure 1: Effect of the herb pastes on pH values of minced marinated cat fish stored at 4°C. Bars have mean values that are signiﬁcantly different
(p<0.05)

Figure 2: Effect of the herb paste on total volatile base nitrogen (TVB-N) values in minced marinated cat fish stored at 4°C for 9 days. Bars have
mean values that are significantly different (p<0.05).

Figure 3: Effect of the herb paste on trimethylamine (TMA) values in minced marinated cat fish stored at 4°C for 9 days. Bars have mean values
that are significantly different (p<0.05)

Total volatile base nitrogen values of marinated cat fish

Trimethylamine (TMA) values of marinated cat fish

In this study, the volatile amines of all treatments increased with
increase in storage time as shown in Figure 2. Result showed that
the highest value of TVB-N (Total volatile base nitrogen) was
recorded from the sample with herb + garlic (5.46 mgN/100)
at day 9 followed by the control (5.34 mgN/100) while the
marinade with the herb paste (3.36 mgN/100) had the least.
However, all the values were lower than 30 mg N/100 g which was
considered to be stale, whilst regarded as unfit for consumption
at level of 40 mg N/100 g [36]. It was observed that the sample
without garlic paste had the lowest TVB-N value during storage,
which might be due to some phytochemicals present in the herb
paste used in the marination. These present findings agreed with
previous report [37]. Therefore, the TVB-N value may not a
good indicator for quality determination of marinated food [37].

Figure 3 shows the TMA values of minced marinated cat fish
stored at 4 ºC for 9 days. Trimethylamine is a chemical index of
spoilage of fish and it is responsible for the off odor. At day 0, the
TMA in sample with kiaat+garlic was 0.36 mgN/100g and later
decreased to 0.16 mgN/100g as the number of days increased
at day 9, which may be due to the synergistic effect of garlic
with kiaat paste in the sample. There was a significant increase
in the sample without garlic (0.34 mgN/100g -0.62 mgN/100g)
and the control sample (0.64 mgN/100g -0.8 mgN/100g) which
may be due to the pH value of <6 as the odor of TMA increases
substantially at pH value >6.5 [38]. These values are lower
compared with the acceptance limit (10-15mg-N/100g) for
TMA as proposed [39].
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Figure 4: Effect of the herb paste on 2-thiobarbitulic acid reactive substance (TBARS) values in minced marinated cat fish stored at 4°C for
9 days. Bars have mean values that are significantly different (p<0.05).

Lipid oxidation of the marinated fish
The effect of the herb pastes on the TBARS values of fresh
catfish refrigerated for 9 days is shown in Figure 4. The TBARS
values in the control sample (2.1-5.0 mgma\100g) and the
sample without garlic paste (0.2-4.2 mgma\100g). The TBARS
values of the control and the fish with P. angolensis pastes were
significantly higher than the fish treated with herb+garlic paste
(0.24-3.67mgma\100g). The ability of the herbal paste that
contained garlic to reduce the TBARs may be explained by the
bioactive compounds, alliin, diallylsulphide, allyl-sulphide and
propyl-sulphide derived from garlic. This result revealed that
addition of garlic paste to P. angolensis bark paste retarded lipid
oxidation during the 9 days’ storage. This result is in agreement
with [40].

5.

6.

7.

8.
9.
10.

CONCLUSION
11.

The results from the chemical composition of P.angolensis
revealed that it is rich in protein, ash, crude fibre, calcium,
iron and potassium. The bark was found to contain some
phytochemicals which may be responsible for its medicinal
effect. On application of the paste from P. angolensis as a
marinade in cat fish, it was observed that the herb together
with garlic synergistically reduced lipid oxidation better than
when only the herb was applied. However, further work should
be carried out to study the effect or contribution of the red
pigment in the bark on the properties demonstrated by the bark.

REFERENCES
1.

2.

3.

4.

2019

13.

14.

15.
16.

Stahle DW, Mushove PT, Cleaveland MK, Roig F, Haynes GA.
Management implications of annual growth rings in Pterocarpus
angolensis from Zimbabwe. Forest Ecology and Management.
1999;124(2-3):217-29.
Saslis-Lagoudakis C. H., Klitgaard B. B., Forest F., Francis L.,
Savolainen V., Williamson E. M J. A. Hawkins. The use of phylogeny
to interpret cross-cultural patterns in plant use and guide medicinal
plant discovery: an example from Pterocarpus (Leguminosae) PLoS
One, 6 2011; p. e22275, 10.1371/journal.pone.0022275.
Samie, A., Obi Chibuzo, Lall, Namrita, Meyer and Jacobus. Invitro cytotoxicity and antimicrobial activities, against clinical
isolates of Campylobacter species and Entamoebahistolytica,
of local medicinal plants from the Venda region, in South Africa.
Annals of tropical medicine and parasitology. 2009;103. 159-70.
10.1179/136485909X384992.
Abubakar, M. N and Majinda, R. R. T. GC-MS Analysis and

Food Biol •

12.

•

Vol 8		

17.
18.

19.
20.

Preliminary Antimicrobial Activity of Albiziaadianthifolia (Schumach)
and Pterocarpus angolensis (DC). Medicines, 2016; 3, 3.
Ifesan, B. O. T., Siripongvutikorn, S., Thummaratwasik, P. and
Kanthachote, D. Stability of Antibacterial Property of Thai Green Curry
during Chilled Storage. Journal of Food Processing and Preservation,
2010; 34: 308–321.
Ifesan, B. O. T. Phytochemical and antioxidant properties of instant
‘irihibotoh’, ‘iriboerharhe’, and ‘afia efere’ soups commonly consumed
in south Eastern Nigeria. IMPACT: Journal of Research in Applied,
Natural and Social Sciences. 2016; 2: 1-4.
Ifesan, B. O. T. Physicochemical properties of aqueous extract from
curry paste of selected local medicinal soups in Eastern Nigeria.
International Journal of Homeopathy and Natural Medicines. 2018;
4: 13-17.
AOAC. Official methods of analysis of the AOAC International.
18th ed. Association of official analytical chemists. Arlington, VA,
USA, Washington 2005.
Harborne J. B. Text book of Phytochemical methods. London.
Chapman and Hall, 1974; Ltd. pp. 49-188.
Swain T., “Tannins and lignins,” in Herbivores: Their Interactions with
Plant Metabolites, Rosenthal G. A. and Janzen D. H., Eds., Academic
Press, New York, NY, USA, 1979.
Wheeler, E. L and Ferrel, R. E. (1971) Method for phytic acid
determination in wheat and wheat fractions. Cereal chemistry.
Obadoni B. P. Ochuko, phytochemical studies comparative efficacy
of the crude extracts of some homeostatic plants in Edo and Delta
States of Nigeria, Global J. pure Appl. Sci., 2001; 8,203-208.
Singleton, V.L., Orthofer R. and Lamuela-Raventos R.M., Analysis
of total phenols and other oxidation substrates and antioxidants by
means of Folin-Ciocalteu reagent. Methods Enzymol., 1999; 299: 152178.
Bao J. Y., Cai M., Sun G., Wang and Corke H. Anthocyanins, Flavonoid
and Free Radical Scavenging Activity of thinesBaybery (Myrialrubia)
extracts and their colour properties and stability. Journal of Agric
Food Chem. 2005;53: 2327-2332.
AOAC. Association of Official Analytical Chemist. Official Methods
of Analysis of the Analytical Chemist International, 2012; 18th ed.
Gathersburg, MD USA.
European-Commission, fixing the total volatile basic nitrogen (TVB-N)
limit values for certain categories of fishery products and specifying
the analysis methods to be used. Commission Regulation (EC),
No 95/149 of 8th March 1995; Official Journal of European Union, 97,
84–87.
Association of Official of Analytical Chemists. In: Sidney, W. (Ed.),
Official Methods of Analysis. Association of Official of Analytical
Chemists. 1990;15th ed., Arlington, VA.; 123-125.
Alam Zeb and Fareed Ullah. “A Simple Spectrophotometric Method
for the Determination of Thiobarbituric Acid Reactive Substances
in Fried Fast Foods,” Journal of Analytical Methods in Chemistry,
vol. 2016, Article ID 9412767, 5 pages.
Adeyeye E. I and Ayejugo O. O. Chemical composition of Cola
acuminatu and Garcinia kola seeds grown in Nigeria. J. Food Sci.,
1994;45: 223-230
Akintayo, M. O. and Adeyeye, Olufemi J. Government Policy and
Collective Bargaining Process in Nigeria. In: The African Journal of
Labour Studies. The African Journal of Labour Studies, Alafas Nigeria

11

Origbemisoye, et al.

21.
22.
23.

24.
25.
26.
27.
28.
29.
30.
31.

12

Company 2, Ogundipe Bye Pass, Off Liberty Stadium Road,/ba rfnn,
2002; pp. 1-17.
Park, J.H. and Hall, J.C. Isolation and chronobiological analysis
of a neuropeptide pigment dispersing factor gene in Drosophila
melanogaster. J. Biol. Rhythms 1998;13(3): 219--228.
Adepoju, A. The challenge of labour migration flows between West
Africa and the Maghreb. Migration Research Papers. Geneva:
International Labour Organisation 2006a.
Sofowora E. Phytochemical screening: Medicinal Plants and
Traditional Medicine in Africa, Spectrum Books Ltd, Ibadan, Nigeria:
pp270-289.Straub DA. 2007. Calcium supplementation in clinical
practice: a review of forms, doses, and indications. Nutr Clin Pract,
1993;22: 286–296.
Okwu D. E. Phytochemicals, vitamins and mineral contents of two
Nigerian Medicinal Plants. Int. J. Mol. Med. Adv. Sci. 2004; 1: 375-381.
Kubmarawa D, Wase G. A, Ayinla O. G. Preliminary studies on
phytochemical analysis and antimicrobial evaluation of extracts of
commmiphoral kerstingli, J. Chem. Soc. Nigeria 2007;32(1):38-40.
Choudhary, K. A and Bandyopadhyay N. G. Preliminary studies on the
inorganic constituents of some indigenous hyperglycaemic herbs on
oral glucose tolerance test, J. Ethnopharmacol, 1999; 64:179-184.
Straub D. A. Calcium supplementation in clinical practice: a review
of forms, doses, and indications. Nutr Clin Pract, 2007; 22: 286–296.
Soetan K. O, Olaiya C. O and Oyewole O. E. The importance of mineral
elements for humans, domestic animals and plants: A review. Afr J
Food Sci, 2010; 4: 200-222.
Omokehide A, Lajide L, Hammed O and Babatunde O. Trace elements
and major minerals evaluation in Fluerya aestuans Linn. Int J Pharm
Sci, 2013;3: 328- 332.
Daur I. Chemical composition of selected Saudi medicinal plants.
Arab J Chem, 2015; 8:329332.
World Health Organization (WHO): Geneva Switzerland (1998).

32.
33.
34.
35.

36.
37.

38.
39.
40.

Quality control methods for medicinal plant materials. Retrieved
on December 08, 2016 from: http://whqlibdoc.who.int/
publications/1998/9241545100.pdf.
Khan S. L, Khan L, Hussain I, Marwat K. B and Akhtar N. Profile of
Heavy Metals in Selected Medicinal Plants. Pak J Weed Sci Res,
2008;14: 101-110.
Nieman D. C., Butterworth D. E and Nieman C. N. Nutrition. WmC.
Brown, Dbugye, USA, 1992; 237-312.
International Commission on Microbiological Specification for Foods
[ICMSF]. Microbial ecology of foods. Volume 1, Factors affecting life
and death of microorganisms. Orlando: Academic Pr. 1980; p 311.
Castillo-Yáñez, F. J, Pacheco-Aguilar, R., Márquez-Ríos, E.,
Lugo-Sánchez, M. E., and Lozano-Taylor, J. Freshness loss in
sierra fish (Scomberomorus sierra) muscle stored in ice as
affected by postcapture handling practices. Journal of Food
Biochemistry,2007;31(1),56-67. http://dx.doi.org/10.1111/j.17454514.2007.00098.x.
Egan, H., Kirk R. S. and Sawyer, R. Pearson’s Chemical Analyses of
Foods; 1981; 8th Edition London-UK.
Juntachote T., Berghofer Siebenhandl E. S, and Bauer F. “The
Antioxidative Properties of Holy Basil and Galangal in Cooked Ground
Pork,” Meat Science, 2006; Vol. 72, No. 3, pp. 446-456. doi: 10.1016/j.
meatsci.2005.08.009.
Castell, H. C. and Triggs, E. R. Spoilage of haddock in the trawlers at
sea: The measurement of spoilage and standards of quality. Canadian
Journal of Fisheries and Aquatic Science 1995;12 (3): 329-341.
Connell J. J. Control of fish quality. Fourth edition. Church Hill
Livingstone Edinburg, Scotland. 1995; p. 245.
Tipsrisukond, N., Fernando, L.N. and Clarke, A.D. Antioxidant effects
of essential oil and oleoresin of black pepper from supercritical
carbon dioxide extractions in ground pork. Journal of Agricultural
and Food Chemistry, 1998; 46, 4329–4333.

Food Biol •

2019

•

Vol 8

