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1  | INTRODUC TION

Yam (Dioscorea species) is one of the extremely regarded food crops 
in tropical countries of West Africa; it is tightly integrated into the so-
cial, cultural, economic, and religious life of the people (Diop, 1998; 
Ferraro, Piccirillo, Tomlins, & Pintado, 2016). Yam is the second most 

essential tuber crop in Africa, with Nigeria producing about 34 mil-
lion tonnes (Food and Agriculture Organization, 2000). Yam tuber is 
an essential source of carbohydrate and it is also a significant source 
of income in countries where they are planted. In 2007, 96% of the 
worldwide production of yam (52 million tons) was from Africa, while 
94% of the yam was from West Africa, with Nigeria alone producing 
71% (Djeri et al., 2015; Obadina, Babatunde, & Olotu, 2014). Fresh 
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Abstract
This study aims to evaluate the relationship between the sensory attributes of amala 
and the functional and pasting properties of the yam flour (YF) as affected by stor-
age periods and packaging materials. Results showed that all the functional (except 
swelling power) and pasting properties of the YF were significantly affected (p < .05) 
by the storage periods. The peak and trough viscosities of polypropylene woven sack 
(PPS) packaged YF have significant negative correlation with the texture (r = −.89 & 
r = −.90; p < .05), stretchability (r = −.87 & r = −.83; p < .05), moldability (r = −.90 & 
r = −.89; p < .05), and overall acceptability (r = −.90 & r = −.89; p < .05) of the amala, 
respectively. Amala produced from polyvinyl chloride container (PVC) packaged YF 
was generally acceptable even at the 16 weeks of storage. Therefore, packaging YF 
in PVC may keep most of the properties preferred by the consumers when stored for 
up to 4 months.

Practical applications
This research shows the relationship between the sensory attributes of thick yam 
paste (amala) and the functional and pasting properties of the flour as affected by the 
storage periods and packaging materials. The use of polypropylene woven sack and 
polyvinyl chloride container in the storage of yam flour for 20 weeks shows different 
functional and pasting properties, and thus varying relationships with the sensory 
attributes of the amala. Yam flour should be properly packaged in polyvinyl chloride 
containers and stored for 4 months, to keep the sensory attributes of the amala, with 
good pasting properties.
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yam tubers are challenging to preserve and are subject to posthar-
vest physiological deterioration during storage due to their moisture 
content (Afoakwa & Sefa-Dedeh, 2001; Nwaigwe, Okafor, Asonye, 
& Nwokocha, 2015).

Yam tubers are processed into flour in West African countries 
like Nigeria, Ghana, and the Republic of Benin to reduce posthar-
vest physiological deterioration due to the high moisture content 
and seasonal nature (Akissoe et  al.,  2001; Asiyanbi-Hammed & 
Simsek, 2018; Babajide & Olowe, 2013; Mestres, Dorthe, Akissoe, 
& Hounhouigan, 2004). Yam flour is a shelf-stable form of conserv-
ing yam tubers to make it available during the off-season (Abiodun 
& Akinoso,  2014; Oni,  2006), thereby decreasing transportation 
costs (Iwuoha, 2004). Yam flour is produced by harvesting, sorting, 
peeling, slicing, blanching, drying, and milling. This is an ancient tra-
ditional method of processing yam into dry yam (gbodo), and sub-
sequently, yam flour. The quality of the gbodo and yam flour differs 
from the processor location, yam species, processing methods, and 
conditions, as well as the type of packaging material used for storage 
(Adejumo, Okundare, Afolayan, & Balogun, 2013; Akissoe, Akissoes, 
Hounhouigan, & Nago, 2004; Hounhonigan, Kayode, Bricas, & Nago, 
2003). Adebowale et  al.  (2017) reported that the best packaging 
material with less quality losses in the storage of water yam flour 
at 25°C and 36% relative humidity for 24  weeks was the plastic 
container, attributed to its good barrier properties. Lawal, Olaoye, 
Ibrahim, Sanusi, and Oni (2014) on their own part reported that the 
Hessian bag should not be used for the storage and preservation of 
yam flour but that yam flour should be packaged in less permeable 
plastic packaging materials such as polyethylene and polypropylene 
bags for shelf-life extension. However, there is presently dearth of 
information on the effect of packaging materials on the functional 
and pasting properties of stored yam flour and as it affects the sen-
sory attributes of the cooked thick paste known as amala.

Amala is a traditional thick paste prepared from blanched, fer-
mented or unfermented dried yam flour with a specific texture 
(Abiodun & Akinoso,  2014; Akissoe, Akissoes, Hounhouigan, & 
Nago, 2006; Awoyale, Maziya-Dixon, Sanni, & Shittu, 2010). Color 
and taste are the permanent attributes of amala obtained from yam 
flour (Abiodun & Akinoso, 2014; Akissoe et al., 2004). The decline 
of these sensory attributes (texture, color, and taste) in the amala 
may be due to the packaging materials used for the storage of the 
yam flour and the activities of spoilage organisms on the yam flour 
(Ilouno, Ndimele, Adikwu, & Obiekezie,  2016; Jinadasa, Galhena, 
& Liyanage, 2015; Okigbo, 2003). Amala is usually consumed with 
preferred soup immediately after preparation or may be wrapped 
in low-density polyethylene/polypropylene sheet and kept warm 
in a food flask until ready to serve within 24h or 48h (Fetuga, 
Tomlins, Henshaw, & Idowu, 2014), while other consumers in South-
west Nigeria may prefer wrapping the amala in special local leaves 
known as Ewe Eran (Thaumatococcus Daniellii) and Ewe Gbodogi 
(Megaphrynium Macrostachyum) (Akinfenwa, 2018), and kept warm 
in a food flask until ready to serve. The knowledge of the functional 
and pasting properties of yam spp could be used to predict and in-
terpret their behavior under actual cooking and cooling conditions 

(Hariprakesh & Bala, 1996; Jimoh, Olurin, & Aina, 2009). Therefore, 
this study aims to evaluate the relationship between the sensory at-
tributes of amala and the functional and pasting properties of the 
yam flour as affected by storage periods and packaging materials.

2  | MATERIAL S AND METHODS

2.1 | Materials

White yam tubers (Dioscorea rotundata) were purchased from the 
Bodija market, Ibadan, Oyo State, Nigeria. One hundred and fifty 
kilograms (150 kg) of the yam tubers were processed into yam flour 
according to the methods described by Awoyale et al.  (2010). The 
packaging materials (PVC and PPS) were purchased from a local mar-
ket (Aleshinloye) in Ibadan, Oyo State, Nigeria.

2.2 | Methods

2.2.1 | Production of yam flour

Yam flour was produced using the method described by Awoyale 
et al.  (2010). Fresh and healthy yam tubers were cleaned, washed 
properly with clean water to remove adhering sand particles. The 
head of each tuber (1  cm) was cut off and the remaining section 
peeled manually using a stainless steel knife. The peeled tubers were 
washed several times with potable water before slicing. The slices 
were spread in a single layer on drying trays and dried at 65°C for 
48 hr in an oven. Dried yam slices were milled into flour using a ham-
mer mill of 250 μm sieve size. The yam flour was then packaged into 
polypropylene bags and sealed for further study.

2.2.2 | Storage studies of yam flour

The yam flour samples (500 g) were weighed and packaged in poly-
propylene woven sack (PPS) (25  cm height  ×  13  cm breadth) and 
sealed with a stitching machine, and a polyvinyl chloride container 
(PVC) (6 cm height × 13 cm breadth), and covered with a lid (Awoyale, 
Maziya-Dixon, Alamu, & Menkir, 2016). These packaging materials 
were stored at ambient temperature (28–30°C) inside a cupboard 
without light interference for 20 weeks. The sensory attributes of 
the amala and the functional and pasting properties of the yam flour 
were evaluated every 4 week of the 20 weeks of storage periods.

2.2.3 | Preparation of yam amala for 
sensory evaluation

The yam flour was made into amala, as reported by Awoyale 
et al. (2010). The yam flour (1 part) was mixed with boiling water 
(approximately 1.5 parts v/v) in a stainless-steel cooking pot. Each 
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sample of amala was prepared by pouring the yam flour into boil-
ing water (100°C) in the stainless-steel cooking pot with continu-
ous stirring until a homogenous thick paste was formed. The paste 
was covered and left on the electric cooker set at medium tem-
perature for about 3 min to cook before another stirring to get a 
good textured paste. The amala was scooped adequately with a 
spoon and wrapped in polyethylene nylon before evaluation. The 
preparation of each of the amala samples was performed three 
times for each panelist. The sensory evaluation was carried out 
using trained panelists (twelve) from the staff and graduate stu-
dents IITA, Nigeria, who consumed yam amala regularly based on 
attributes such as color/appearance, texture, stretchability, mold-
ability, flavor, mouthfeel, and overall acceptability. The panelists 
were asked to rank the amala produced from the yam flour before 
and during storage (every 4 weeks) for 24 weeks, using a 9-point 
hedonic scale; 1- corresponds to disliked extremely and 9-liked ex-
tremely (Iwe, 2002; Nkama & Filli, 2006).

2.2.4 | Yam flour functional properties

Bulk density
Flour samples (10 g) were measured into a 50 ml graduated measur-
ing cylinder and gently tapped on the bench 10-times to achieve a 
constant height. The volume of the sample was recorded and ex-
pressed as grams per milliliter (Ashraf et al., 2012).

Swelling power and solubility index
The method reported by Afoakwa, Budu, Asiedu, Chiwona-Karltun, 
and Nyirenda (2012) was used for the determination of the swell-
ing power (SWP) and solubility index (SI) of the samples. About 2.5% 
aqueous starch dispersion was put in centrifuge tubes, capped to 
prevent spillage, and heated in a water bath with shaker (Precision 
Scientific, Model 25: Chicago, USA) at a temperature of 85°C for 
30  min. The tubes were allowed cooled to room temperature and 
centrifuged after heating (Thelco GLC- 1, 60647: Chicago, USA) at 
3,000 rpm for 15 min. The paste was separated from the supernatant 
and weighed. The liquid above the sediment was evaporated in a hot 
air oven (Mmert GmbH + Co.KG: D-91126, Germany) at a tempera-
ture of 105°C, and the residue weighed. All determinations were per-
formed in duplicates, and the SWP and SI were calculated as:

Water absorption capacity
About 1 g of flour sample was weighed into a clean pre-weighed 
dried centrifuge tube and mixed adequately with distilled water 
(10  ml) by vortexing. The suspension was allowed to stand for 

30 min and Centrifuged (Thelco GLC-1, 60647: Chicago, USA) at 
3,500  rpm for 30  min. After centrifuging, the supernatant was 
decanted, and the tube with the sediment was weighed after 
removal of the adhering drops of water. The weight of water 
(g) retained in the sample was reported as the WAC (Oyeyinka 
et al., 2013).

Oil absorption capacity
Flour sample (1 g) was suspended in vegetable oil (5 ml) inside a 
centrifugal tube. The slurry was shaken on a platform tube rocker 
for 1 min at room temperature and centrifuged at 3,000 rpm for 
10  min. The supernatant was decanted and discarded. The ad-
hering drops of oil were removed and reweighed. The OAC was 
expressed as the weight of the sediment/initial weight of the sam-
ple (g/g) (Akinwale, Shittu, Adebowale, Adewuyi, & Abass, 2017; 
Asouzu & Umerah,  2020; Niba, Bokonga, Jackson, Schlimme, & 
Li, 2001).

Dispersibility
A sample of 10 g was dispersed in distilled water in a 100 ml meas-
uring cylinder, and distilled water was added up to 50 ml mark. The 
mixture was stirred vigorously and allowed to settle for 3  hr. The 
volume of settled particles was noted and the percentage was cal-
culated (Asaam, Adubofuor, Amoah, & Apeku, 2018; Kulkarni & 
Ingle, 1991).

2.2.5 | Pasting properties of yam flour

The pasting properties of yam flour were measured using a Rapid 
Visco Analyzer (Model RVA 4500, Perten Instruments, and Australia) 
equipped with a 1,000 cmg sensitivity cartridge. Yam flour (3.5 g) 
was weighed into a dried empty canister and 25 ml of distilled water 
was added. The mixture was thoroughly stirred and the canister 
was fitted into the RVA as recommended. The slurry was heated 
from 50 to 95°C at a rate of 1.5°C/min, held at this temperature for 
15 min, cooled to 50°C. Viscosity profile indices recorded from the 
pasting profile with the aid of Thermocline for Windows Software 
connected to a computer were peak viscosity, trough, breakdown, 
final viscosity setback, peak time, and pasting temperature (Akonor, 
Tortoe, & Buckman,  2017; Donaldben, Tanko, & Hussaina,  2020; 
Falade & Olugbuyi, 2010).

2.2.6 | Statistical analysis

The analysis of variance (ANOVA) and separation of the mean val-
ues (using Duncan's Multiple Range Test at p < .05) were calculated 
using Statistical Package for Social Scientists (SPSS) software (ver-
sion 21.0).

SWP=
Wt of precipitated paste

Wt of sample
−wt of residue in supernatant ×100

SI=
Wt of residue in supernatant

Wt of sample
×100.

Dispersibility (%)=
(50−volume of the settled particle)

50
×100.



4 of 13  |     AWOYALE et al.

3  | RESULTS AND DISCUSSIONS

3.1 | Effect of packaging materials and storage 
periods on the sensory attributes of amala

Sensory evaluation is an expression of an individual likes or dislikes 
for a product as a result of biological variation in humans and how 
people perceive sensory attributes (Sharif, Butt, Sharif, & Nasir, 
2017). The sensory attributes of the amala prepared from yam 
flour packaged in different packaging materials (PPS and PVC) and 
stored for 20 weeks are shown in Table 1. The results depict that the 
storage periods and packaging materials have no significant effect 
(p > .05) on the sensory attributes of the amala except for the mold-
ability, which was significantly (p < .05) affected by the storage peri-
ods. The moldability of the amala prepared from PPS packaged yam 
flour moved from the slightly disliked scale (zero weeks) to some-
what liked scale (12  weeks). The PVC packaged yam flour moved 
from somewhat disliked scale (zero weeks) to moderately liked scale 
(16 weeks), although there was no significant difference (p > .05) in 
the moldability of the amala prepared from PPS packaged yam flour 
stored for between 4 and 12  weeks, as well as the moldability of 
the amala made from the PVC, packaged yam flour stored for 4, 8, 
and 16 weeks (Table 1). This implied that the moldability of amala 
might improve from dislike to like if yam flour is packaged in PPS and 
stored for 12 weeks, or in PVC and stored for 16 weeks. The inter-
actions between the storage periods and packaging materials had 
no significant effect (p > .05) on the amala (Table 1). The overall ac-
ceptability of the amala moved from neither liked nor disliked scale 
(zero weeks) to moderately liked scale in PPS packaged yam flour (4 
and 12 weeks) and in PVC packaged yam flour (4, 8, and 16 weeks) 
(Table 1). However, the panelists generally preferred amala prepared 
from PVC packaged yam flour compared to that packaged in PPS. 
Therefore, packaging yam flour in PVC may keep most of the prop-
erties preferred by the consumers when stored for up to 4 months.

3.2 | Effect of storage periods and packaging 
materials on the functional properties of yam flour

The functional properties of a particular food describe the physical 
and chemical characteristics that impact the behavior of the protein 
in food systems during processing, cooking, storage, and consump-
tion (Mahajan & Dua, 2002). The functional properties of yam flour 
as affected by storage period and packaging materials are shown 
in Table  2. The results revealed that all the functional properties 
of the yam flour were significantly affected by the storage periods 
(p < .001) except the swelling power, which was not significantly af-
fected (p > .05). The packaging materials, moreover, have no signifi-
cant effect (p > .05) on all the functional properties of the yam flour 
except the bulk density, which was significantly affected (p < .001). 
The bulk density and the dispersibility of the yam flour were signifi-
cantly affected (p <  .001) by the interactions between the storage 
period and the packaging materials (Table 2).

Water absorption capacity (WAC) represents the ability of a 
product to associate with water under conditions where the water 
is limited (Singh, 2001). The WAC is desirable in food systems to im-
prove yield, consistency, and give body to the food (Osundahunsi, 
Fagbemi, Kesselman, & Shimoni,  2003). The WAC increased from 
145.16% (zero weeks) to 193.45% (8 weeks) in PPS packaged yam 
flour, and to 203% (8 weeks) in PVC packaged yam flour. There was 
no significant difference (p > .05) in the WAC of the PPS packaged 
yam flour stored for the different storage periods except for the 
8 weeks of storage, which was significantly different (p < .05). The 
WAC of the PVC packaged yam flour stored for 8 weeks was not sig-
nificantly different (p > .05) from those stored for 12 and 20 weeks 
(Table  2). The texture (r  =  .25), stretchability (r  =  .23), moldability 
(r  =  .23), and overall acceptability (r  =  .37) of the amala prepared 
from the PPS packaged yam flour were positively correlated with the 
WAC of the yam flour, though not significant (p > .05) (Table 3). In 
contrast, the WAC of the PVC packaged yam flour has a negative but 
not significant correlation (p > .05) with the texture (r = −.12), stretch-
ability (r = −.21), and moldability (r = −.19) of the amala (Table 4). The 
correlation between the WAC of the PVC packaged yam flour and 
the overall acceptability (r = .09) of the amala was also positive and 
not significant (p > .05) (Table 4). Generally, the WAC increased with 
an increase in the storage period in both the PPS and PVC pack-
aging materials. This observation suggests that storage may affect 
the affinity of yam flour to absorb water when held for a very long 
time, and which may be attributed to the loose of association of amy-
lose and amylopectin, and weaker associative forces maintaining the 
structure of the granules that takes place during storage (Adebowale 
et al., 2017; Lorenz & Collins, 1990).

The oil absorption capacity (OAC) is a measure of the ability of 
food material to absorb oil. High OAC is desired in the retention of 
flavor, improvement of palatability, an extension of shelf life of bak-
ery products, baked goods, meat extenders, doughnuts, pancakes, 
and soup mixes (Okpala, Okoli, & Udensi,  2013; Seena & Sridhar, 
2005). The OAC of the PPS packaged yam flour reduced from 
136.49% (zero weeks) to 92.58% (20 weeks), and 93.42% (20 weeks) 
in PVC packaged yam flour, but there was no significant difference 
(p > .05) in the OAC of the yam flour at zero weeks and 8 weeks of 
storage period for both packaging materials (Table  2). However, a 
general reduction of the OAC was observed as the storage periods 
increased for the two packaging materials. The flavor of amala pro-
duced from the PPS (r = .76%, p > .05) and PVC (r = .81, p < .05) pack-
aged yam flour had a positive correlation with the OAC (Tables 3 and 
4). This implied that freshly produced yam flour would retain more 
flavor than the stored ones, notwithstanding the packaging mate-
rials used for storage (Seena & Sridhar, 2005). A negative but not 
significant correlation (p > .05) exists between the mouthfeel of the 
amala produced from the PPS (r = −.41) and PVC (r = −.03) packaged 
yam flour (Tables 3 and 4).

The swelling power (SWP) is an indication of the water absorp-
tion index of the starch granules during heating (Chinma, Ariahu, 
& Abu, 2013; Loos, Hood, & Graham, 1981). The SWP of the PPS 
packaged yam flour increased from 12.86% (zero weeks) to 13.95% 
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TA B L E  1   Effect of storage periods and packaging materials on the sensory attributes of amala

Parameters
Storage 
weeks Yam stored in PPS Yam stored in PVC P of package

P of storage 
periods

P of storage 
period × package

Texture 0 4.92 ± 2.87ba 4.92 ± 2.87a

4 6.69 ± 1.60b 6.85 ± 1.77b NS NS NS

8 5.92 ± 2.10ab 6.00 ± 2.00ab NS NS NS

12 6.69 ± 1.10b 4.38 ± 2.06a NS NS NS

16 4.69 ± 2.13a 6.92 ± 1.66b NS NS NS

20 4.62 ± 2.43a 4.62 ± 2.40a NS NS NS

Color 0 7.15 ± 1.57a 7.15 ± 1.57a

4 7.08 ± 1.55a 7.46 ± 0.88a NS NS NS

8 6.85 ± 1.28a 6.85 ± 1.14a NS NS NS

12 7.38 ± 1.04a 7.38 ± 1.12a NS NS NS

16 6.77 ± 1.17a 7.31 ± 0.63a NS NS NS

20 6.85 ± 0.90a 7.08 ± 1.19a NS NS NS

Stretchability 0 3.62 ± 2.33a 3.62 ± 2.33a

4 5.77 ± 1.88b 6.31 ± 1.97b NS NS NS

8 4.92 ± 2.78ab 5.00 ± 2.44ab NS NS NS

12 6.00 ± 2.04b 3.85 ± 2.27a NS NS NS

16 3.92 ± 2.02a 6.69 ± 1.25b NS NS NS

20 3.62 ± 1.80a 4.15 ± 2.23a NS NS NS

Moldability 0 3.53 ± 2.47ab 3.54 ± 2.47a

4 5.92 ± 2.63c 6.54 ± 2.60b NS * NS

8 5.00 ± 2.71bc 5.00 ± 2.61ab NS * NS

12 6.46 ± 2.11c 3.46 ± 2.03a NS * NS

16 3.62 ± 2.14ab 6.69 ± 1.38b NS * NS

20 2.85 ± 1.68a 3.38 ± 2.18a NS * NS

Flavor 0 7.15 ± 1.77a 7.15 ± 1.77a

4 6.62 ± 1.98a 7.08 ± 1.12a NS NS NS

8 6.54 ± 1.61a 6.92 ± 2.102a NS NS NS

12 6.69 ± 1.89a 6.92 ± 1.23a NS NS NS

16 6.15 ± 1.57a 6.54 ± 1.13a NS NS NS

20 5.92 ± 1.75a 6.23 ± 1.36a NS NS NS

Mouthfeel 0 5.69 ± 2.66a 5.69 ± 2.66a

4 6.85 ± 1.59a 6.92 ± 1.66a NS NS NS

8 6.23 ± 2.20a 6.69 ± 1.60a NS NS NS

12 6.92 ± 1.38a 6.31 ± 1.84a NS NS NS

16 6.15 ± 1.57a 6.69 ± 1.60a NS NS NS

20 6.00 ± 1.73a 5.92 ± 1.12a NS NS NS

OA 0 4.85 ± 1.82ab 4.85 ± 1.82a

4 6.77 ± 1.79c 7.15 ± 1.91c NS NS NS

8 6.23 ± 1.96bc 6.62 ± 1.76bc NS NS NS

12 6.69 ± 1.44c 5.38 ± 1.93ab NS NS NS

16 4.46 ± 2.15a 6.92 ± 1.32c NS NS NS

20 4.77 ± 1.92ab 5.15 ± 1.72a NS NS NS

Note: Means with different letters within the same column are significantly different (p < .05).
Abbreviations: NS, non-significant; OA, overall acceptability; PPS, polypropylene woven sack; PVC, polyvinyl container.
*p < .05. 
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(8 weeks), and to 14.36% (4 weeks) in PVC packaged yam flour. It 
is imperative to add that the SWP of the PPS packaged yam flour 
later reduced to 11.17%, while that of the PVC packaged yam flour 
reduced to 13.60% at 20  weeks of storage period. The reduction 
in SWP at the end of the storage period was more pronounced in 
the PPS packaged yam flour because significant differences exist 
in the SWP between the flour stored for 20 weeks and the other 

storage periods (Table 2). This means that yam flour packaged in PPS 
and stored for 20  weeks may exhibit a reduced water absorption 
index when used for amala compared to that packaged in PVC (Loos 
et al., 1981). The SWP obtained in this study was in range with the 
values (10.48–13.33) reported by Ogunlakin, Oyeyinka, Ojo, and 
Oyeyinka (2013) and Tortoe, Dowuona, Akonor, and Dziedzoave 
(2017) for D. rotundata. The SWP of the PPS and PVC packaged 

TA B L E  2   Effect of storage period and packaging materials on the functional properties of yam flour

Parameters
Storage 
weeks

Yam stored in 
PPS Yam stored in PVC Package

Storage 
periods

Storage 
period × Package

Water absorption capacity (%) 0 145.16 ± 2.43a 145.16 ± 2.43a

4 148.55 ± 2.50a 145.74 ± 4.06a NS *** NS

8 193.45 ± 2.32b 203.23 ± 4.55b NS *** NS

12 158.45 ± 3.39a 160.57 ± 4.82bc NS *** NS

16 147.24 ± 3.40a 140.00 ± 1.08a NS *** NS

20 155.93 ± 2.78a 158.40 ± 0.72bc NS *** NS

Oil absorption capacity (%) 0 136.49 ± 0.63c 136.49 ± 0.63c

4 108.61 ± 3.83b 116.06 ± 7.53a NS *** NS

8 130.38 ± 1.36c 124.23 ± 1.37bc NS *** NS

12 103.83 ± 0.53b 110.56 ± 7.82b NS *** NS

16 107.55 ± 8.25b 115.29 ± 1.52b NS *** NS

20 92.58 ± 3.67a 93.42 ± 5.01a NS *** NS

Swelling power (%) 0 12.86 ± 0.47b 12.86 ± 0.47a

4 13.33 ± 0.28b 14.36 ± 1.52a NS NS NS

8 13.95 ± 0.53b 14.23 ± 0.14a NS NS NS

12 13.52 ± 1.08b 13.75 ± 0.80a NS NS NS

16 13.34 ± 0.40b 13.14 ± 1.32a NS NS NS

20 11.17 ± 0.87a 13.60 ± 0.53a NS NS NS

Solubility index (%) 0 17.70 ± 0.24b 17.70 ± 0.24d

4 16.46 ± 0.63ab 16.22 ± 0.04c NS *** NS

8 19.10 ± 1.56b 19.42 ± 0.17e NS *** NS

12 17.73 ± 0.83a 18.56 ± 0.79de NS *** NS

16 14.23 ± 1.96a 12.32 ± 0.13a NS *** NS

20 13.67 ± 1.37a 14.70 ± 0.50b NS *** NS

Bulk density (%) 0 86.00 ± 0.01b 86.00 ± 0.01c *** *** ***

4 79.00 ± 0.14a 166.00 ± 0.12d *** *** ***

8 76.00 ± 0.05a 80.00 ± 0.00bc *** *** ***

12 80.00 ± 0.04ab 80.00 ± 0.00bc *** *** ***

16 75.00 ± 0.03a 76.00 ± 0.05ab *** *** ***

20 76.00 ± 0.05a 70.00 ± 0.04a *** *** ***

Dispersibility (%) 0 74.00 ± 1.41b 74.00 ± 1.41bc

4 71.75 ± 0.35a 72.25 ± 0.35a NS *** ***

8 71.50 ± 0.71a 73.00 ± 0.00ab NS *** ***

12 76.00 ± 0.00b 75.50 ± 0.00c NS *** ***

16 75.00 ± 1.41b 72.00 ± 0.00a NS *** ***

20 74.00 ± 0.00b 71.50 ± 0.71a NS *** ***

Note: Means with different letters within the same column are significantly different (p < .05).
Abbreviations: NS, not significant; PPS, Polypropylene woven sack, PVC, Polyvinyl chloride container.
***p < .001. 
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yam flour has a positive but not significant correlation (p > .05) with 
the texture (r = 0.59 and r = .27), stretchability (r = .59 and r = .28), 
moldability (r = .68 and r = .29), mouthfeel (r = .43 and r = .68), and 
overall acceptability (r = .54 and r = .54), respectively (Tables 3 and 
4). The solubility index (SI), moreover, is related to the extent of 
leaching of amylose out of starch granules during swelling, and it 
is affected by intermolecular forces (Awuchi, Igwe, & Echeta, 2019; 
Moorthy, 2002).

The SI reduced from 17.70% (zero weeks) to 13.67% (20 weeks) 
in the PPS packaged yam flour, and to 12.32% (16 weeks) in the 
PVC packaged yam flour, although there was an initial sharp in-
crease in the SI at the 8  weeks of storage period in the PPS 

(19.10%) and PVC (19.42%) packaged yam flour (Table 2). This im-
plied that the leaching of amylose out of the starch granules during 
the preparation of amala and subsequent retrogradation might be 
more pronounced as the storage periods increased for both pack-
aging materials (Moorthy,  2002; Yeh, Chan, & Chuang,  2009). 
The SI values (5.88–9.59) reported by Tortoe et al.  (2017) for D. 
rotundata were lower compared to that of this study, and which 
may be ascribed to the effect of storage periods. The SI of the 
PPS packaged yam flour had a positive but not significant correla-
tion (p  >  .05) with the texture (r  =  .059), stretchability (r  =  .49), 
moldability (r = .59), mouthfeel (r = .20), and overall acceptability 
(r  =  .62) of the amala (Table  3). The correlation between the SI 

TA B L E  3   Pearson correlation between the sensory attributes of amala and the functional and pasting properties of yam flour packaged 
in polypropylene woven sack and stored for 20 weeks

Parameters Texture Color Stretchability Moldability Flavor Mouthfeel
Overall 
acceptability

Water absorption capacity 0.25 −0.24 0.23 0.23 −0.08 0.06 0.37

Oil absorption capacity −0.00 0.07 −0.13 0.00 0.76 −0.41 0.02

Swelling power 0.59 0.22 0.59 0.68 0.49 0.43 0.54

Solubility index 0.59 0.48 0.49 0.59 0.77 0.20 0.62

Bulk density 0.10 0.69 −0.03 0.08 0.88* −0.20 0.05

Dispersibility −0.23 0.36 −0.13 −0.10 −0.08 0.01 −0.33

Peak viscosity −0.89* −0.61 −0.87* −0.90* −0.42 −0.71 −0.90*

Trough viscosity −0.90* −0.73 −0.83* −0.89* −0.69 −0.62 −0.89*

Breakdown viscosity −0.45 −0.09 −0.54 −0.51 0.32 −0.54 −0.49

Final viscosity −0.39 −0.79 −0.43 −0.48 −0.30 −0.40 −0.33

Setback viscosity 0.77 0.33 0.67 0.71 0.60 0.45 0.80

Peak time −0.23 −0.27 −0.37 −0.33 0.39 −0.50 −0.20

Pasting temperature −0.20 0.06 −0.31 −0.35 0.13 −0.29 −0.17

*p < .05. 

TA B L E  4   Pearson correlation between the sensory attributes of amala and the functional and pasting properties of yam flour packaged 
in polyvinyl chloride container and stored for 20 weeks

Parameters Texture Color Stretchability Moldability Flavor Mouthfeel
Overall 
acceptability

Water absorption capacity −0.12 −0.77 −0.21 −0.19 0.05 0.18 0.09

Oil absorption capacity 0.21 −0.14 −0.04 0.13 0.81* −0.03 0.05

Swelling power 0.27 −0.02 0.28 0.29 0.16 0.68 0.54

Solubility index −0.42 −0.35 −0.58 −0.46 0.65 −0.11 −0.26

Bulk density 0.52 0.55 0.47 0.54 0.51 0.53 0.53

Dispersibility −0.54 0.16 −0.58 −0.49 0.59 −0.25 −0.43

Peak viscosity 0.12 0.09 0.21 0.11 −0.64 −0.34 −0.13

Trough viscosity 0.05 −0.12 0.17 0.04 −0.84* −0.30 −0.12

Breakdown viscosity 0.21 0.53 0.18 0.20 0.13 −0.25 −0.08

Final viscosity 0.57 −0.32 0.50 0.48 −0.24 0.27 0.46

Setback viscosity 0.27 −0.05 0.10 0.23 0.76 0.48 0.40

Peak time 0.35 0.07 0.18 0.26 0.38 −0.09 0.10

Pasting temperature 0.45 0.48 0.37 0.45 0.55 0.44 0.44

*p < .05. 
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and these sensory attributes (texture, stretchability, moldability, 
mouthfeel, and overall acceptability) for the PVC packaged yam 
flour was negative (p > .05) (Table 4). This inferred that the type of 
packaging materials used for the storage of yam flour might affect 
the SI.

The bulk density (BD) is very critical to evaluate floury prod-
ucts regarding its weight, handling requirement, and the type of 
packaging materials suitable for storage and transportation of 
the food materials (Ohizua et  al., 2017; Oppong, Arthur, Kwadwo, 
Badu, & Sakyi, 2015). The BD of the yam flour before storage was 
86% (zero weeks), which significantly reduced to 75% (16  weeks) 
in PPS packaged yam flour and 70% (20  weeks) in PVC packaged 
yam flour (Table 2). The values of the BD of this study were higher 
than the values (64%–76%) reported for different varieties of water 
yam flour by Udensi, Oselebe, and Iweala (2008) and Ogunlakin 
et  al.  (2013). Fagbemi (1999) and Adepeju, Gbadamosi, Adeniran, 
and Omobuwajo (2011) reported that high BD is desirable because it 
offers greater packaging advantage, as more quantity may be packed 
within a constant volume. This shows that proper packaging of yam 
flour in PPS and storing for 20  weeks will be more economical in 
terms of reduction in transportation cost compared to packaging in 
PVC. The BD of the PVC packaged yam flour had a positive but not 
significant (p > .05) correlation with all the sensory attributes (tex-
ture, color, stretchability, moldability, flavor, mouthfeel, and overall 
acceptability) of the amala (Table 4). The correlation was the same 
for that of the PPS packaged yam flour except for the stretchability 
and mouthfeel of the amala that was negatively correlated with the 
BD (Table 3). Besides, the BD of the PPS packaged yam flour had a 
significant positive correlation (r = .88, p < .05) with the flavor of the 
amala (Table 3).

The measure of the reconstitution of flour in water is known 
as the dispersibility, and the more the dispersibility, the better the 
samples reconstitute in water (Adebowale, Sanni, & Onitilo, 2008; 
Kulkarni & Ingle, 1991). The dispersibility reduced from 74% (zero 
weeks) to 71.50% (8  weeks) in PPS packaged yam flour, and to 
71.50% in PVC packaged yam flour (20 weeks). There was a sharp 
increase in the dispersibility of the yam flour at 12 weeks of stor-
age in PPS (76%) and PVC (75.5%) packaging materials (Table 2). 
This implied that yam flour packaged in PPS and PVC might re-
constitute properly in hot water without lumps formation in the 
preparation of amala, when stored for 12  weeks (Adebowale 
et al., 2008), although there was no significant difference (p > .05) 
in the dispersibility of the yam flour stored at zero weeks and 
12  weeks for the two packaging materials (Table  2). A negative 
but not significant (p  >  .05) correlation exists between the dis-
persibility of the PPS and PVC packaged yam flour and the texture 
(r = −.23 and r = −.54), stretchability (r = −.13 and r = −.58), mold-
ability (r = −.10 and r = −.49), and overall acceptability (r = −.33 and 
r = −.43) of the amala, respectively. However, the correlation be-
tween the dispersibility and the mouthfeel was positive (r = 0.01, 
p > .05) for the PPS packaged yam flour and negative (r = −0.25, 
p > .05) for the PVC packaged yam flour (Tables 3 and 4).

3.3 | Effect of storage periods and packaging 
materials on the pasting properties of yam flour

The pasting properties of flours are used in assessing the suit-
ability of its application as a functional ingredient in food and 
other industrial products (Oluwalana, Oluwamukomi, Fagbemi, 
& Oluwafemi,  2011), and it also affects the sensory acceptabil-
ity of the cooked starchy products (Adebayo-Oyetoro, Ogundipe, 
& Nojeemdeen, 2016). Gelatinization and pasting of starch are of 
importance to the food industry because they affect the texture, 
stability, and digestibility of starchy foods and, thus, control the 
application and use of flour in different products (Dosunmu & 
Bassey, 2003; Oke, Awonorin, & Workneh, 2013). The results of 
the pasting properties of yam flour as affected by storage periods 
and packaging materials revealed that the storage periods signifi-
cantly (p < .05) affected the pasting properties, while the packag-
ing materials have no significant effect on the pasting properties 
(Table 5). The combined interaction between storage periods and 
packaging materials had no significant (p > .05) effect on the past-
ing properties of the stored yam flour except for peak and trough 
viscosities (Table 5).

The peak viscosity indicates the water binding capacity of the 
starch, which is often related to the final product quality and indi-
cates the viscous load likely to be encountered during mixing (Maziya-
Dixon, Dixon, & Adebowale, 2007). The peak viscosity decreased from 
472.71 RVU (zero weeks) to 318.25 RVU (12 weeks) in PPS packaged 
yam flour, and to 351.42 RVU (8 weeks) in PVC packaged yam flour 
(Table 5). An increase in peak viscosity was observed at 20 weeks of 
storage in PPS packaged yam flour (510.83 RVU) and at 16 weeks of 
storage in PVC packaged yam flour, though there was no significant 
difference (p > .05) in the peak viscosity of the yam flour stored for 16 
and 20 weeks for both packaging materials (Table 5). The inconsistency 
observed in peak viscosity of this study is similar to the observation 
reported by Akinwande, Adeyemi, Maziya-Dixon, and Asiedu (2007) 
for starch extracted from different cultivars of D. rotundata stored for 
4-months, and that of Adebowale et al. (2017). High peak viscosity had 
been reported to influence the water binding capacity of starch gran-
ules and also increases the strength of paste formed during process-
ing (Adebowale et  al.,  2017; Adebowale, Sanni, & Awonorin, 2005). 
Thus, yam flour packaged in PPS and PVC and stored for 16 weeks 
and 20 weeks may be suitable for products requiring high gel strength 
and elasticity. The peak viscosity of the PPS packaged yam flour had 
a significant negative correlation with the texture (r = −.89, p <  .05), 
stretchability (r = −.87, p < .05), moldability (r = −.90, p < .05), and overall 
acceptability (r = −.90, p < .05) of the amala. The correlation between 
the peak viscosity of the PPS packaged yam flour, and the mouthfeel 
of the amala was also negative but not significant (r = −.71, p >  .05) 
(Table 3). The PVC packaged yam flour peak viscosity was positively 
correlated (p > .05) with all the sensory attributes of the amala except 
the flavor, mouthfeel, and overall acceptability, which were negatively 
correlated (Table 4). These variations may be attributed to the differ-
ence in the properties of the packaging materials used.
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TA B L E  5   Effect of storage periods and packaging materials on the pasting properties of yam flour

Parameters
Storage 
weeks Yam stored in PP

Yam stored in 
PVC Package

Storage 
periods

Storage 
period x 
Package

Peak viscosity (RVU) 0 472.71 ± 19.15d 472.71 ± 19.15b

4 408.41 ± 6.01c 422.13 ± 16.91b NS *** *

8 358.80 ± 25.63b 351.42 ± 0.00a NS *** *

12 318.25 ± 5.19a 355.25 ± 47.84a NS *** *

16 508.38 ± 1.12e 535.25 ± 4.13c NS *** *

20 510.83 ± 1.41e 535.00 ± 15.32c NS *** *

Trough viscosity (RVU) 0 175.75 ± 3.78c 175.75 ± 3.78c

4 140.30 ± 8.66b 134.09 ± 6.60b NS *** **

8 139.38 ± 18.09b 132.42 ± 0.00b NS *** **

12 108.50 ± 2.23a 114.21 ± 6.89a NS *** **

16 254.29 ± 4.65d 258.25 ± 2.83d NS *** **

20 260.42 ± 2.95d 270.96 ± 3.13e NS *** **

Breakdown viscosity (RVU) 0 296.96 ± 22.92b 296.96 ± 22.92b

4 268.64 ± 2.65b 288.04 ± 10.31bc NS *** NS

8 219.42 ± 43.72c 219.00 ± 0.00a NS *** NS

12 209.75 ± 2.94a 241.04 ± 54.74ab NS *** NS

16 254.09 ± 5.78ab 277.00 ± 1.30ab NS *** NS

20 250.42 ± 4.36ab 264.05 ± 12.20ab NS *** NS

Final viscosity (RVU) 0 404.42 ± 163.34a 404.42 ± 163.34a

4 433.21 ± 5.48a 442.92 ± 21.21a NS * NS

8 421.96 ± 23.28a 432.08 ± 0.00a NS * NS

12 336.17 ± 0.23a 345.13 ± 2.54a NS * NS

16 423.63 ± 2.54a 418.34 ± 3.06a NS * NS

20 416.92 ± 23.69a 436.96 ± 7.25a NS * NS

Setback viscosity (RVU) 0 228.67 ± 167.11a 228.67 ± 167.11a

4 292.92 ± 3.18a 308.84 ± 14.62a NS * NS

8 282.58 ± 41.37a 299.67 ± 0.00a NS * NS

12 227.67 ± 2.47a 230.92 ± 9.43a NS * NS

16 169.34 ± 7.19a 160.09 ± 0.23a NS * NS

20 156.50 ± 26.63a 166.00 ± 4.13a NS * NS

Peak time (Min) 0 4.90 ± 0.04b 4.90 ± 0.04b

4 4.83 ± 0.14b 4.90 ± 0.04b NS *** NS

8 4.74 ± 0.09b 4.60 ± 0.00ab NS *** NS

12 4.40 ± 0.38a 4.37 ± 0.33a NS *** NS

16 4.64 ± 0.05ab 4.60 ± 0.00ab NS *** NS

20 4.64 ± 0.05ab 4.64 ± 0.05ab NS *** NS

Pasting temperature (°C) 0 83.35 ± 0.14a 83.35 ± 0.14a

4 83.35 ± 0.07a 83.70 ± 0.57a NS *** NS

8 83.30 ± 0.07a 83.30 ± 0.00a NS *** NS

12 83.30 ± 0.07a 83.28 ± 0.04a NS *** NS

16 83.30 ± 0.00a 83.23 ± 0.04a NS *** NS

20 83.35 ± 0.07a 83.25 ± 0.00a NS *** NS

Note: Means with different letters within the same column are significantly different (p < .05).
Abbreviations: NS, not significant; PPS, polypropylene woven sack; PVC, polyvinyl chloride container; RVU, rapid visco unit.
*p < .05; **p < .01; ***p < .001. 
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The trough viscosity measures the ability of the starch paste 
to withstand breakdown during cooling. Thus, the trough vis-
cosity is very important in describing the quality of the starch 
gel (Adebowale et  al.,  2008; Adegunwa, Omolaja, Adebowale, & 
Bakare,  2016; Madsen & Christensen,  1996; Mubaiwa, Fogliano, 
Chidewe, & Linnemann,  2018). The trough viscosity increased 
from 175.75 RVU (zero weeks) to 260.42 RVU (20 weeks) in PPS 
packaged yam flour, and to 270.96 RVU (20 weeks) in PVC pack-
aged yam flour, but there was a significant (p <  .05) reduction in 
the trough viscosity of the PPS (108.50 RVU) and PVC (114.21 
RVU) packaged yam flour at 12  weeks of storage (Table  5). The 
higher trough viscosity of the yam flour at the 20 weeks of stor-
age may indicate greater ability to withstand shear at high tem-
peratures and higher cooked paste stability when the yam flour 
is reconstituted in boiled water to amala (Farhat, Oguntona, & 
Neale, 1999; Rasper, 1969). The texture (r = −.90, p < .05), stretch-
ability (r = −.83, p < .05), moldability (r = −.83, p < .05), and overall 
acceptability of the PPS packaged yam flour amala have a signif-
icant negative correlation with the trough viscosity of the yam 
flour. The other sensory attributes of the amala (color, flavor, and 
mouthfeel) were negatively correlated with the trough viscosity 
of the PPS packaged yam flour, though not significant (Table  3). 
The trough viscosity of the PVC packaged yam flour, moreover, 
had a positive but not significant (p  >  .0%) correlation with the 
texture (r = .05), stretchability (r = .17), and moldability (r = .04) of 
the amala, while the correlation with the color (r = −.12, p > .05), 
flavor (r = −.84, p < .05), mouthfeel (r = −.30, p > .05), and overall 
acceptability (r = −0.12, p > .05) of the amala was negative and not 
significant except for the flavor, which was significant (Table 4).

The breakdown viscosity significantly (p  <  .05) reduced from 
296.96 RVU (zero weeks) to 209.75 RVU (12 weeks) in PPS packaged 
yam flour, and to 219 RVU (8  weeks) in PVC packaged yam flour 
(Table 5). There was no significant difference (p > .05) in the break-
down viscosity of the PPS packaged yam flour stored for 12 weeks, 
and the PVC packaged yam flour stored for 8 weeks with that of the 
20  weeks of storage (Table  5). Breakdown viscosity describes the 
ability of the floury product to withstand heating and shear stress 
during cooking, and high breakdown viscosity is associated with 
a decreased ability of starch to withstand heating and shear tress 
(Adebowale et al., 2008, 2017; Ohizua et al., 2017). This means that 
the storage of yam flour in PPS for 12 weeks and PVC for 8 weeks 
may increase the ability of the starch to withstand heating and shear 
stress during reconstitution to amala, due to the low breakdown vis-
cosities (Adebowale et al., 2008; Falade & Christopher, 2015).

The final viscosity is the most commonly used parameter to de-
termine the ability of starch-based materials to form a viscous paste 
or gel after cooking and subsequent cooling as well as the resistance 
of the paste to shear force during stirring (Adebowale et al., 2005; 
Maziya-Dixon et al., 2007; Sanni et al., 2015). An increase in the final 
viscosity was observed in the PPS packaged yam flour from 404.42 
RVU (zero weeks) to 433.21 RVU (4 weeks) and a subsequent reduc-
tion to 416.92 RVU at the end of the storage period of 20 weeks. 
Similarly, the final viscosity of the PVC packaged yam flour increased 

from 404.42 RVU (zero weeks) to 442.92 RVU (4 weeks) and later 
reduced to 436.96 RVU at the end of the storage period (20 weeks) 
(Table 5), although the final viscosity was not significantly different 
for all the storage periods. This implied that yam flour packaged in 
PVC and stored for up to 20 weeks has the tendency of higher final 
viscosity and may form a viscous paste when prepared into amala 
compared to that packaged in PPS (Adebowale et al., 2005). The final 
viscosity of the yam flour in this study falls within the range of values 
(157.11–649.58) reported by Wahab et al. (2016) for D. rotundata. All 
the sensory attributes of the PPS packaged yam flour amala were 
negatively correlated (p  >  .05) with the final viscosity of the yam 
flour (Table  3). The final viscosity of the PVC packaged yam flour 
had a positive but not significant (p > .05) correlation with the tex-
ture (r = .57), stretchability (r = .50), moldability (r = .48), mouthfeel 
(r = .27), and the overall acceptability (r = .46) of the amala (Table 4).

The setback viscosity gives an idea of the retrogradation 
tendency of starch in the flour sample after 50°C (Adebowale 
et al., 2008; Ohizua et al., 2017). The setback viscosity of the PPS 
packaged yam flour initially increased from 228.67 RVU (zero weeks) 
to 292.92 RVU (4  weeks) and later decreased to 156.50 RVU at 
the end of storage (20  weeks). Also, the PVC packaged yam flour 
originally increased from 228.67 RVU (zero weeks) to 308.84 RVU 
(4  weeks), and then reduced to 160.09 RVU (16  weeks) (Table  5). 
High setback viscosity is reported to be associated with synere-
sis or weeping during freeze/thaw cycles (Adebowale et al., 2005; 
Wahab et al., 2016), while low setback during the cooling of paste or 
a starch-based food indicates greater resistance to retrogradation 
(Sanni, Kosoko, Adebowale, & Adeoye, 2004; Wahab et al., 2016). 
This implied that the amala produced from the zero week yam flour 
might weep easily compared to that packaged in both PPS and PVC 
and stored for 20  weeks (Adebowale et  al.,  2005). The setback 
viscosities of the PPS and PVC (except color) packaged yam flour 
were positively correlated with all the sensory attributes (p >  .05) 
(Tables 3 and 4).

The temperature at which the first detectable increase in vis-
cosity is measured and which is an index characterized by the first 
change due to swelling of starch is called the pasting tempera-
ture (Chinma et al., 2013; Julanti, Rusmarilin, & Ridwansyah, 2015; 
Ohizua et  al.,  2017). The pasting temperature of the yam flour 
packaged in PPS and PVC remains statistically the same through-
out the storage periods (approximately 83°C). The peak time, 
which is a measure of the cooking time of the flour (Adebowale 
et al., 2008; Ohizua et al., 2017), was approximately 5min for all 
the yam flour packaged in PPS and PVC and stored for 20 weeks 
(Table 5). However, there was a significant (p <  .05) reduction in 
the peak time from 4.90 min (zero weeks) to 4.40 min (12 weeks) 
in PPS packaged yam flour, and to 4.37  min (12  weeks) in PVC 
packaged yam flour (Table 5). This implied that all the yam flour 
might be prepared into amala in approximately 5  min and less 
than the boiling point of water (83°C), thus, reducing the cost of 
energy consumption (Awoyale et al., 2016). The peak time of the 
PPS packaged yam flour was negatively correlated with all the sen-
sory attributes of the amala (p > .05) except the flavor, which was 
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positive and also not significant (p > .05) (Table 3). In contrast, the 
peak time of the PVC packaged yam flour had a positive but not 
significant correlation with all the sensory attributes of the amala 
except for the mouthfeel, which was negative (p >  .05) (Table 4). 
All the sensory attributes of the amala (except color and flavor) 
produced from the PPS packaged yam flour have a negative cor-
relation with the pasting temperature of the yam flour (p  >  .05) 
(Table 3), while the correlation between the pasting temperature 
of the PVC packaged yam flour and all the sensory attributes were 
positive (p > .05) (Table 4).

4  | CONCLUSIONS

This study revealed that the packaging materials and storage peri-
ods had no significant effect (p > .05) on the sensory attributes of 
the amala except the moldability, which was significantly affected 
by the storage periods. All the functional (except swelling power) 
and pasting properties of the yam flour were also significantly af-
fected (p < .05) by the storage periods. The peak and trough viscosi-
ties of the yam flour packaged in polypropylene woven sack have 
a significant negative correlation with the texture, stretchability, 
moldability, and overall acceptability of the amala. The correla-
tion of the peak and trough viscosities of the yam flour packaged 
in polyvinyl chloride container with the texture, stretchability, and 
moldability of the amala was positive but not significant, while 
that of the overall acceptability was negative, although the flavor 
of the amala produced from polyvinyl chloride container packaged 
yam flour was positively correlated with the oil absorption capacity 
and negative for the trough viscosity. The overall acceptability was 
higher in the polyvinyl chloride container packaged yam flour amala 
compared to that packaged in polypropylene woven sack, specifi-
cally at the 16  weeks of storage. Therefore, yam flour should be 
stored in polyvinyl chloride container instead of the polypropylene 
woven sack, to retain its sensory attributes for 12 weeks.

ACKNOWLEDG MENTS
This research was supported by Roots, Tubers, and Bananas Foods 
and carried out at the International Institute of Tropical Agriculture 
(IITA) Ibadan, Oyo State, Nigeria.

CONFLIC T OF INTERE S T
The authors have declared no conflicts of interest for this article.

ORCID
Wasiu Awoyale   https://orcid.org/0000-0002-3635-1414 

R E FE R E N C E S
Abiodun, O. A., & Akinoso, R. (2014). Textural and sensory properties of 

trifoliate yam (Dioscorea dumetorum) flour and stiff dough “amala”. 
Journal of Food Science & Technology, 52(5), 2894–2901. https://doi.
org/10.1007/s1319​7-014-1313-y

Adebayo-Oyetoro, A. O., Ogundipe, O. O., & Nojeemdeen, K. (2016). 
Quality assessment and consumer acceptability of bread from wheat 
and fermented banana flour. Food Science & Nutrition, 4(3), 364–369. 
https://doi.org/10.1002/fsn3.298

Adebowale, A. A., Owo, H. O., Sobukola, O. P., Obadina, O. A., Kajihausa, 
O. E., Adegunwa, M. O., … Tomlins, K. (2017). Influence of storage 
conditions and packaging materials on some quality attributes of 
water yam flour. Cogent Food & Agriculture, 3(1), 1385130. https://
doi.org/10.1080/23311​932.2017.1385130

Adebowale, A. A., Sanni, L. O., & Awonorin, S. O. (2005). Effect of tex-
ture modifiers on the physicochemical and sensory properties of 
dried fufu. International Journal of Food Science and Technology, 11, 
373–382.

Adebowale, A. A., Sanni, L. O., & Onitilo, M. O. (2008). Chemical com-
position and pasting properties of tapioca grits from different cas-
sava varieties and roasting methods. African Journal of Food Science, 
2, 77–82.

Adegunwa, M. O., Omolaja, N. O., Adebowale, A. A., & Bakare, H. A. 
(2016). Quality evaluation of snacks produced from blends of un-
ripe plantain, bambara groundnut, and turmeric flour. Journal of Food 
Processing & Preservation, 41(1), e12760. https://doi.org/10.1111/
jfpp.12760

Adejumo, B. A., Okundare, R. O., Afolayan, O. I., & Balogun, S. A. (2013). 
Quality attributes of yam flour (elubo) as affected by blanching water 
temperature and soaking time. The International Journal of Engineering 
& Science, 2(1), 216–221.

Adepeju, A. B., Gbadamosi, S. O., Adeniran, A. H., & Omobuwajo, 
T. O. (2011). Functional and pasting characteristics of bread-
fruit (Artocarpus altilis) flours. African Journal of Food Science, 5(9), 
529–535.

Afoakwa, E. O., Budu, A., Asiedu, S., Chiwona-Karltun, C., & Nyirenda, D. 
B. (2012). Viscoelastic properties and physical-functional character-
ization of six high yielding cassava mosaic disease-resistant cassava 
(Manihot esculenta Crantz) genotypes. Journal of Nutrition and Food 
Science, 2, 129–137. 

Afoakwa, E. O., & Sefa-Dedeh, S. (2001). Chemical composition and 
quality changes occurring in Dioscorea dumetorum pax tubers after 
harvest. Food Chemistry, 75, 85–91. https://doi.org/10.1016/S0308​
-8146(01)00191​-1

Akinfenwa, G. (2018). Wrapping leaves: Stakeholders raise concerns 
over scarcity, conservation. The Guardian Newspaper, 26th August, 
2018. Retrieved from https://guard​ian.ng/featu​res/wrapp​ing-leave​
s-stake​holde​rs-raise​-conce​rns-over-scarc​ity-conse​rvati​on/

Akinwale, T. E., Shittu, T. A., Adebowale, A. A., Adewuyi, S., & Abass, A. B. 
(2017). Effect of soy protein isolates on the functional, pasting, and 
sensory acceptability of cassava starch-based custard. Food Science 
& Nutrition, 5(6), 1163–1169.

Akinwande, B. A., Adeyemi, I. A., Maziya-Dixon, B., & Asiedu, R. (2007). 
Effect of tuber harvest time and storage period on the pasting 
properties of yam (Dioscorea rotundata) starch. World Journal of 
Agricultural Sciences, 3(6), 781–787.

Akissoe, H. N., Hounhouigan, D. J., Bricas, N., Vernier, P., Nago, C. M., & 
Olorunda, O. A. (2001). Physical, chemical, and sensory evaluation of 
dried yam (Dioscorea rotundata) tubers, flour and “amala”, a flour-de-
rived product. Tropical Science, 41(3), 151–155.

Akissoe, N., Akissoes, C., Hounhouigan, J., & Nago, M. (2004). Prediction 
of sensorial properties (color and taste) of amala, a paste from yam 
chips flour of West Africa, through flour biochemical properties. Plant 
Foods for Human Nutrition, 59(3), 93–99. https://doi.org/10.1007/
s1113​0-004-0028-z

Akissoe, N., Akissoes, C., Hounhouigan, J., & Nago, M. (2006). Prediction 
of the sensory texture of a thick yam paste (amala) using instrumen-
tal and physicochemical parameters. Journal of Texture Studies, 37(4), 
393–402.

https://orcid.org/0000-0002-3635-1414
https://orcid.org/0000-0002-3635-1414
https://doi.org/10.1007/s13197-014-1313-y
https://doi.org/10.1007/s13197-014-1313-y
https://doi.org/10.1002/fsn3.298
https://doi.org/10.1080/23311932.2017.1385130
https://doi.org/10.1080/23311932.2017.1385130
https://doi.org/10.1111/jfpp.12760
https://doi.org/10.1111/jfpp.12760
https://doi.org/10.1016/S0308-8146(01)00191-1
https://doi.org/10.1016/S0308-8146(01)00191-1
https://guardian.ng/features/wrapping-leaves-stakeholders-raise-concerns-over-scarcity-conservation/
https://guardian.ng/features/wrapping-leaves-stakeholders-raise-concerns-over-scarcity-conservation/
https://doi.org/10.1007/s11130-004-0028-z
https://doi.org/10.1007/s11130-004-0028-z


12 of 13  |     AWOYALE et al.

Akonor, P. T., Tortoe, C., & Buckman, E. S. (2017). Evaluation of co-
coyam-wheat composite flour in pastry products based on proximate 
composition, physicochemical, functional, and sensory properties. 
Journal of Culinary Science & Technology, 16(1), 52–65. https://doi.
org/10.1080/15428​052.2017.1333937

Asaam, E. S., Adubofuor, J., Amoah, I., & Apeku, O. D. (2018). Functional 
and pasting properties of yellow maize–soya bean–pumpkin com-
posite flours & acceptability study on their breakfast cereals. Cogent 
Food & Agriculture, 4,1501932. https://doi.org/10.1080/23311​
932.2018.1501932

Ashraf, S., Saeed, S. M. G., Sayeed, S. A., Ali, R., Saeed, H., & Ahmed, 
M. (2012). Effect of fat-replacement through rice milling by-products 
on the rheological and baking behaviour of dough. African Journal 
of Agricultural Research, 7(44), 5898–5904. https://doi.org/10.5897/
AJAR12.1052

Asiyanbi-Hammed, T. T., & Simsek, S. (2018). Comparison of physical and 
chemical properties of wheat flour, fermented yam flour, and unfer-
mented yam flour. Journal of Food Processing and Preservation, 42(12), 
e13844. https://doi.org/10.1111/jfpp.13844

Asouzu, A. I., & Umerah, N. N. (2020). Effects of malting on nutri-
tional characteristics of pigeon pea (Cajanus cajan). Asian Journal of 
Biochemistry, Genetics and Molecular Biology, 3(2), 35–47.

Awoyale, W., Maziya-Dixon, B., Alamu, E. O., & Menkir, A. (2016). Effect 
of packaging materials and storage conditions on the degradation 
of xanthophylls in yellow-maize ogi powder. Journal of Food and 
Nutrition Research, 4(8), 522–527.

Awoyale, W., Maziya-Dixon, B., Sanni, L. O., & Shittu, T. A. (2010). 
Nutritional and sensory properties of amala supplemented with dis-
tillers spent grain (DSG). Journal of Food, Agriculture & Environment, 
8(3 & 4), 66–70.

Awuchi, C. G., Igwe, V. S., & Echeta, K. C. (2019). The functional proper-
ties of foods and flours. International Journal of Advanced Academic 
Research, 5(11), 139–160.

Babajide, J. M., & Olowe, S. (2013). Chemical, functional and sensory 
properties of water yam—Cassava flour and its paste. International 
Food Research Journal, 20(2), 903–909.

Chinma, C. E., Ariahu, C. C., & Abu, J. O. (2013). Chemical composition, 
functional and pasting properties of cassava starch, and soy protein 
concentrate blends. Journal of Food Science and Technology, 50(6), 
1179–1185. https://doi.org/10.1007/s1319​7-011-0451-8

Diop, P. H. (1998). Storage and processing of roots and tubers in the trop-
ics (p. 8). Calverley DJB, Consultant to the Food and Agriculture 
Organization of the United Nations, Agro-industries and Post-Harvest 
Management Service, Agricultural Support Systems Division.

Djeri, B., Tchobo, P. F., Adjrah, Y., Karou, D. S., Ameyapoh, Y., Soumanou, 
M. M., & Souza, C.. (2015). Nutritional potential of yam chips 
(Dioscorea cayenensis and Dioscorea rotundata Poir) obtained using 
two methods of production in Togo. African Journal of Food Science, 
9(5), 278–284. https://doi.org/10.5897/AJFS2​014.1207

Donaldben, N. S., Tanko, O. O., & Hussaina, T. O. (2020). Physicochemical 
properties of starches from two varieties of sweet potato and yam 
tubers available in Nigeria. Asian Food Science Journal, 14(4), 28–38. 
https://doi.org/10.9734/afsj/2020/v14i4​30136

Dosunmu, M. I., & Bassey, F. I. (2003). A comparative study of the starch 
pasting properties of unprocessed and processed cassava (Manihot 
esculenta) plantain (Musa paradisiacal) and banana (Musa sapientum) 
flours. Global Journal of Pure and Applied Sciences, 9(4), 517–522.

Fagbemi. (1999). Effect of blanching and ripening on functional proper-
ties of plantain (Musa aab) flour. Plants Foods for Human Nutrition, 54, 
261–269.

Falade, K. O., & Christopher, A. S. (2015). Physical, functional, pasting, 
and thermal properties of flours and starches of six Nigerian rice cul-
tivars. Food Hydrocolloids, 44, 478–490. https://doi.org/10.1016/j.
foodh​yd.2014.10.005

Falade, K. O., & Olugbuyi, A. O. (2010). Effects of maturity and drying 
method on the physicochemical and reconstitution properties of 
plantain flour. International Journal of Food Science and Technology, 
45(1), 170–178. https://doi.org/10.1111/j.1365-2621.2009.02118.x

Farhat, I. A., Oguntona, T., & Neale, R. J. (1999). Characterization of 
starches from West African yams. Journal of the Science of Food and 
Agriculture, 79, 2105–2112.

Ferraro, V., Piccirillo, C., Tomlins, K., & Pintado, M. E. (2016). Cassava 
(Manihot esculenta Crantz) and yam (Dioscorea spp.) crops and their 
derived foodstuffs: Safety, security and nutritional value. Critical 
Reviews in Food Science and Nutrition, 56(16), 2714–2727.

Fetuga, G., Tomlins, K., Henshaw, F., & Idowu, M. (2014). Effect of variety 
and processing method on functional properties of traditional sweet 
potato flour (elubo) and sensory acceptability of cooked paste (amala). 
Food Science & Nutrition, 2(6), 682–691. https://doi.org/10.1002/
fsn3.161

Food and Agriculture Organization. (2000). Handbook for defining and setting 
up a food security information and early warning system (FSIEWS) (p. 124). 
Rome, Italy: Food and Agriculture Organization of the United Nations.

Hariprakesh, C. S., & Bala, N. (1996). Changes in carbohydrates constit-
uents in yam (Dioscorea) tubers during dormancy and sprouting. 
Journal of Agriculture and Food Chemistry, 44, 3066–3069.

Hounhonigan, J. D., Kayode, A. P., Bricas, N., & Nago, C. M. (2003). 
Desirable culinary and sensory characteristic of yam in Urban Benin. 
Benin Journal of Agricultural Science, 21(12), 2815–2820.

Ilouno, B. E. L., Ndimele, E. C., Adikwu, O., & Obiekezie, S. O. (2016). 
Bacteriological quality of some fermented food products in Keffi, 
Nasarawa State. Fulafia Journal of Science and Technology, 2(1), 4–10.

Iwe, M. O. (2002). Handbook of sensory methods and analysis (p. 14). 
Uwani-Enugu: Rojoint Communications Services Limited.

Iwuoha, C. I. (2004). Comparative evaluation of physicochemical quali-
ties of flours from steam-processed yam tubers. Food Chemistry, 85, 
541–551.

Jimoh, K. O., Olurin, T. O., & Aina, J. O. (2009). Effect of drying methods 
on the rheological characteristics and colour of yam flours. African 
Journal of Biotechnology, 8(10), 2325–2328.

Jinadasa, B. K. K. K., Galhena, C. K., & Liyanage, N. P. P. (2015). Histamine 
formation and the freshness of yellowfin tuna (Thunnus albacares) 
stored at different temperatures. Cogent Food & Agriculture, 1(1), 
1028735. https://doi.org/10.1080/23311​932.2015.1028735

Julanti, E., Rusmarilin, H., & Ridwansyah, E. Y. (2015). Functional and 
rheological properties of composite flour from sweet potato, maize, 
soybean, and xanthan gum. Journal of the Saudi Society of Agricultural 
Sciences, 5, 1–7.

Kulkarni, K. D., Kulkarni, D. N., & Ingle, U. M. (1991). Sorghum malt-based 
weaning food formulations: Preparation, functional properties, and 
nutritive value. Journal of Food Science and Nutrition, 13, 322–323. 
https://doi.org/10.1177/15648​26591​01300401

Lawal, B. M., Olaoye, I. O., Ibrahim, S. O., Sanusi, B. A., & Oni, I. O. (2014). 
Shelf life of yam flour using two different packaging materials. 
American Journal of Food Science and Nutrition, 1(1), 18–23.

Loos, P. J., Hood, L. F., & Graham, A. J. (1981). Isolation and characteriza-
tion of starch from breadfruit. Cereal Chemistry, 58, 282–286.

Lorenz, K., & Collins, F. (1990). Quinoa (Chenopodium quinoa), starch 
physicochemical properties and functional characteristics. Starch/
Starke, 42(3), 81–86. https://doi.org/10.1002/star.19900​420302

Madsen, M. H., & Christensen, D. H. (1996). Changes in viscosity prop-
erties of potato starch during growth. Starch/Stärke, 48, 245–249. 
https://doi.org/10.1002/star.19960​480702

Mahajan, A., & Dua, S. (2002). Salts and pH-induced changes in func-
tional properties of amaranth (Amaranthus tricolor L.) seed meal. 
Cereal Chemistry, 79(6), 834–837.

Maziya-Dixon, B., Dixon, A. G. O., & Adebowale, A. A. (2007). 
Targeting different end uses of cassava: Genotypic variations 

https://doi.org/10.1080/15428052.2017.1333937
https://doi.org/10.1080/15428052.2017.1333937
https://doi.org/10.1080/23311932.2018.1501932
https://doi.org/10.1080/23311932.2018.1501932
https://doi.org/10.5897/AJAR12.1052
https://doi.org/10.5897/AJAR12.1052
https://doi.org/10.1111/jfpp.13844
https://doi.org/10.1007/s13197-011-0451-8
https://doi.org/10.5897/AJFS2014.1207
https://doi.org/10.9734/afsj/2020/v14i430136
https://doi.org/10.1016/j.foodhyd.2014.10.005
https://doi.org/10.1016/j.foodhyd.2014.10.005
https://doi.org/10.1111/j.1365-2621.2009.02118.x
https://doi.org/10.1002/fsn3.161
https://doi.org/10.1002/fsn3.161
https://doi.org/10.1080/23311932.2015.1028735
https://doi.org/10.1177/156482659101300401
https://doi.org/10.1002/star.19900420302
https://doi.org/10.1002/star.19960480702


     |  13 of 13AWOYALE et al.

for cyanogenic potentials and pasting properties. International 
Journal of Food Science and Technology, 42, 969–976. https://doi.
org/10.1111/j.1365-2621.2006.01319.x

Mestres, C., Dorthe, S., Akissoe, N., & Hounhouigan, J. D. (2004). 
Prediction of sensorial properties (colour and taste) of Amala, a paste 
from yam chips flour of West Africa, through biochemical properties. 
Plant Foods for Human Nutrition, 9(3), 93–99.

Moorthy, S. N. (2002). Physicochemical and functional properties of 
tropical tuber starches. Starch/Stärke, 54, 559–592.

Mubaiwa, J., Fogliano, V., Chidewe, C., & Linnemann, A. R. (2018). 
Bambara groundnut (Vigna subterranea (L.) Verdc.) flour: A functional 
ingredient to favour the use of an unexploited sustainable protein 
source. PLoS One, 13(10), e0205776. https://doi.org/10.1371/journ​
al.pone.0205776

Niba, L. L., Bokonga, M. M., Jackson, E. L., Schlimme, D. S., & Li, B. W. 
(2001). Physicochemical properties and starch granular character-
istics of flour from various Manihot esculenta (cassava) genotypes. 
Journal of Food Science, 67(5), 1701–1705.

Nkama, I., & Filli, K. B. (2006). Development and characterization of ex-
truded fura from mixtures of pearl millet and grain legumes flours. 
International Journal of Food Properties, 9(2), 157–165. https://doi.
org/10.1080/10942​91060​0596605

Nwaigwe, K. N., Okafor, V. C., Asonye, G. U., & Nwokocha, J. C. (2015). 
Analysis of tuber storage techniques in Africa: A review. In ASABE 
Annual International Meeting (p. 21). New Orleans, Louisiana: https://
doi.org/10.13031/​aim.20215​5836

Obadina, A. O., Babatunde, B. O., & Olotu, I. (2014). Changes in nutri-
tional composition, functional, and sensory properties of yam flour 
as a result of pre-soaking. Food Science & Nutrition, 2(6), 676–681. 
https://doi.org/10.1002/fsn3.150

Ogunlakin, G. O., Oyeyinka, S. A., Ojo, G. A., & Oyeyinka, A. T. (2013). 
Effect of duration of post-harvest storage on functional and past-
ing properties of yam flour produced from D. alata and D. Rotundata. 
Nigerian Journal of Agriculture, Food, and Environment, 9(3), 59–63.

Ohizua, E. R., Adeola, A. A., Idowu, M. A., Sobukola, O. P., Afolabi, T. A., 
Ishola, R. O., … Falomo, A. (2017). Nutrient composition, functional 
and pasting properties of unripe cooking banana, pigeon pea, and 
sweet potato flour blend. Food Sciences and Nutrition, 5, 750–762.

Oke, M. O., Awonorin, S. O., & Workneh, T. S. (2013). Effect of varieties 
on physicochemical and pasting characteristics of water yam flours 
and starches. African Journal of Biotechnology, 12(11), 1250–1256.

Okigbo, R. N. (2003). Fungi associated with peels of post-harvest yams 
(Dioscorea spp) in storage. Global Journal of Pure & Applied Sciences, 
9(1), 19–23. https://doi.org/10.4314/gjpas.v9i1.15972

Okpala, L., Okoli, E., & Udensi, E. (2013). Physicochemical and sensory 
properties of cookies made from blends of germinated pigeon pea, 
fermented sorghum, and cocoyam flours. Food Science & Nutrition, 
1(1), 8–14. https://doi.org/10.1002/fsn3.2

Oluwalana, I. B., Oluwamukomi, M. O., Fagbemi, T. N., & Oluwafemi, G. I. 
(2011). Effects of temperature and period of blanching on the pasting 
and functional properties of plantain (Musa Parasidiaca) flour. Journal 
of Stored Products and Postharvest Research, 2, 164–169.

Oni, O. (2006). Investigating in pounded yam flour production. 
Businessday Newspaper. Monday, July 17th, p. 20.

Oppong, D., Arthur, E., Kwadwo, S. O., Badu, E., & Sakyi, P. (2015). 
Proximate composition and some functional properties of soft 

wheat flour. International Journal of Innovative Research in Science, 
Engineering and Technology, 4, 753–758.

Osundahunsi, O. F., Fagbemi, T. N., Kesselman, E., & Shimoni, E. (2003). 
Comparison of the physicochemical properties and pasting charac-
teristics of flour and starch from red and white sweet potato cul-
tivars. Journal of Agricultural and Food Chemistry, 51, 2232–2236. 
https://doi.org/10.1021/jf026​0139

Oyeyinka, S., Oyeyinka, A., Karim, R. O., Kayode, R., Balogun, M., & 
Balogun, O. (2013). Quality attributes of weevils (Callosobruchus 
maculatus) infested cowpea (Vigna unguiculata) products. Nigeria 
Journal of Agricultural, Food, and Environment, 9(3), 16–22.

Rasper, V. (1969). Investigations on starches from major starch crops 
grown in Ghana. I Hot paste viscosity and gel-forming power. Journal 
of the Science of Food & Agriculture, 120, 165–171.

Sanni, L. O., Kosoko, S. B., Adebowale, A. A., & Adeoye, R. J. (2004). 
The influence of palm oil and chemical modification on the pasting 
and sensory properties of fufu flour. International Journal of Food 
Properties, 7(2), 229–237.

Sanni, L. O., Wahab, B. A., Owo, H. O., Adebowale, A. A., Sobukola, O. P., 
Obadina, O. A., … Dowuona, S. (2015). Development of methods for 
making high-quality yam flour (p. 72). Gratitude project report.

Seenah, S., & Sridha, K. R. (2005). Physicochemical. Functional and cook-
ing properties of under-explored legumes, Canavalia of the south-
west coast of India. Food Research International, 38, 803–814.

Sharif, M. K., Butt, M. S., Sharif, H. R., & Nasir, M. (2017). Chapter 14: 
Sensory evaluation and consumer acceptability. In Handbook of food 
science and technology (pp. 361–386).

Singh, U. (2001). Functional properties of grain legume flours. Journal of 
Food Science and Technology, 38, 191–199.

Tortoe, A., Dowuona, S., Akonor, P. T., & Dziedzoave, N. T. (2017). 
Examining the physicochemical, functional, and rheological proper-
ties in flours of farmers' 7 key yams (Dioscorea spp.) varieties in Ghana 
to enhance yam production. Cogent Food and Agriculture, 3, 1371564.

Udensi, E. A., Oselebe, H. O., & Iweala, O. O. (2008). The investigation 
of chemical composition and functional properties of water yam 
(Dioscorea alata): Effect of varietal differences. Pakistan Journal of 
Nutrition, 7, 342–344. https://doi.org/10.3923/pjn.2008.342.344

Wahab, B. A., Adebowale, A. A., Sanni, S. A., Sobukola, O. P., Obadina, 
A. O., Kajihausa, O. E., … Keith, T. (2016). Effect of species, pretreat-
ments, and drying methods on the functional and pasting proper-
ties of high-quality yam flour. Food Science and Nutrition, 4, 50–58. 
https://doi.org/10.1002/fsn3.260

Yeh, A., Chan, T. Y., & Chuang, G. C. (2009). Effect of water content and 
mucilage on physicochemical characteristics of Yam (Dioscorea alata 
Purpurea) starch. Journal of Food Engineering, 95(1), 106–114.

How to cite this article: Awoyale W, Oyedele HA, Maziya-
Dixon B. Correlation of the sensory attributes of thick yam 
paste (amala) and the functional and pasting properties of the 
flour as affected by storage periods and packaging materials. 
J Food Process Preserv. 2020;00:e14732. https://doi.
org/10.1111/jfpp.14732

https://doi.org/10.1111/j.1365-2621.2006.01319.x
https://doi.org/10.1111/j.1365-2621.2006.01319.x
https://doi.org/10.1371/journal.pone.0205776
https://doi.org/10.1371/journal.pone.0205776
https://doi.org/10.1080/10942910600596605
https://doi.org/10.1080/10942910600596605
https://doi.org/10.13031/aim.202155836
https://doi.org/10.13031/aim.202155836
https://doi.org/10.1002/fsn3.150
https://doi.org/10.4314/gjpas.v9i1.15972
https://doi.org/10.1002/fsn3.2
https://doi.org/10.1021/jf0260139
https://doi.org/10.3923/pjn.2008.342.344
https://doi.org/10.1002/fsn3.260
https://doi.org/10.1111/jfpp.14732
https://doi.org/10.1111/jfpp.14732

