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BIOCHEMICAL AND FUNCTIONAL PROPERTIES OF YAM FLOUR DURING
THE POST-HARVEST CONSERVATION OF Dioscorea alata CULTIVAR

« Azaguié »
ABSTRACT

Aims: To be follow the biochemical and functional propertiesyaim flour during the post-

harvest conservation of yam « AzaguiéDsoscorea alatatubers.
Study design:Analysis of variance (ANOVA) wasarried ouiin this work.

Place and duration of the study:Food Science and Technology Training and Research
Unit, Nangui AbrogoudJniversity, Abidjan, Cote d’lvoire, from December 2014 to Redry
2016.

Methodology: The yam tubers stored after harvest in a warehowgse kept for 6 months.
Tuberswere randomly takerfor the preparation of flour every two months. Flowsre
obtained after grinding and sieving the pulp pienesdried at 45 °C for 48 h. Thereafter, the

biochemical and functional analyses were perfororethese different flours.

Results: except for the lipid contents, all biochemical pedies that were measured vary
significantly ¢ < 0.05) with post- harvest conservation time of yaen tubers. Dry matter,
total sugars and reducing sugars incrda8y cons, protein, phenolic compound, ash and
minerals (calcium, copper, potassiumagnesium and zinc) decreased with post- harvest
conservation time of the yam species tubers. Wagiard to functional properties studied,
water absorption capacity (WAC), oil absorption &ty (OAC) and wettability increade
significantly P < 0.05) with post-harvest conservation time of thenytubers. However, the
water absorption index (WSI), hydrophilic lipopbilindex (HLI), bulk density, foaming
capacity and foam stability decredsesignificantly @ < 0.05) during post-harvest

conservation of yam tubers.

Conclusion: This study shows the importance of post-harvesservation time of the yam

tubers in the use of these categories of floufead technology

Keywords : Dioscorea alata ; biochemical propertjefsinctional properties ; post- harvest

conservation.
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INTRODUCTION

Yam ([Dioscorea spp.Dioscoreaceaes the third most important tropical root crop after
cassava and sweet potato [1]. The tubers of vagpasies oDioscoreaconstitute one of the
stable carbohydrate foods for the people in maogidal countries [2]. Many different forms
and cultivas of the edible yam species are available in differ@eas and it is likely that
these differ in composition and nutritional valy8% Water yam Dioscorea alata is the
most economically important yam species which sesva staple food for millions of people
in tropical and subtropical countries [4, B]. alatais a crop with potential for an increased
consumer demand due to its low sugar content nexgeky diabetic patients [6]. Yam is an
excellent source of starch, which provides calordnergy [7]. Yams have generally high
moisture content; in addition to starch, the dntteras composed mainly of vitamins, sugars
and minerals. Yams may also contain small quastifeproteins, lipids and most vitamins as
well as polyphenolic compounds [8Phenolic compound, widely existing in plants, are
important for their contribution to colour, sensatributes and nutritional and antioxidant
properties of foods [9]Nutrient content varies with species, cooking pdares (Muzac-
Tuckeret al, 1993) [10] and conservation [1But yam suffers a high degree of a post-
harvest loss due to its high moisture confé@t. Yam flour is therefore a means of limiting
post-harvest losse3his product makes it possible to extend the Buppthe commodities
through the off-season, thereby reducing storagesel® as well as marketing and
transportation costs [13]. This flour of yam tub&scommonly used in various culinary
preparations. Rehydrated, it helps replenish elagéista distinctftufu and foutou [13,
14].Yam flour has found increasing use in bake®j.[However, quality of the tuber for the
production of yam-based food products is a majibemon for acceptance of yam varieties by
the stakeholders: farmers, processors and consyitsThe food quality of stored yam
tubers is usually preferred than the fresh yamriydeence it is usually more expensive than
fresh yam tubers in the market. This is probablyalse of its perceived better food quality
(especially textural quality and taste) comparethviresh tubers [16JAlso, the use of most
flours as food ingredients depends to a large &xaentheir interaction with water or oll
during food preparatiomhus, in view of these various uses of yam flotrisltherefore
necessary to determine biochemical and functionsbgrties. Several authors have worked
on the use of yam flour by studying their biochemiaad functional properties but very few

have reported the influence of post- harvest coasen of yam tuberon these properties in
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yam flour. This study was designed to investigate the effégtost-harvest storage of yam
on physicochemical and functional properties of youars from yam “Azaguié” Dioscorea

alata) tubers.
MATERIAL AND METHODS
Material

Cultivars « Azaguié » obD. alata speciesvere selected in the department of Bondoukou, in
the North-East of Cote d’lvoire. Yam tubers weredamly harvested at physiological
maturity (6 months after planting) from three diffets farms of village named
Kouakoukankro s/o Sandégué in December 2014. They weneediatelytransported to
the laboratory of biocatalysis and bioprocessesthef Nangui Abrogoua University in
Abidjan (Cote d’lvoire) where a study was conductéam tubers were stored for six months
in a heap aired store in which the temperaturetia@delative humidity raterererespectively
26.56 = 3 °C and 82 * 5%l other chemicals and reagents used were of #éinalygrade

and purchased from Sigma Chemical Co. (St. Loui®).M
Sample preparation

Every two (2) months during the storage period (sbnths), tubers were randomly picked.
These yams were washed with clean water. They gpeelé cut into small slices (3x3x3 cm
thickness) using a stainless steel knifke slices were rewashed with clean water in ci@er
remove much mucilaginous material. After washslices were driech an overat 45 °C for
48 hours. The dried slices were grounth powderandpass sieved with 250m mesh sieve

and then stored in airtight containers for analysis

Proximate analysis

The dry matters contents, crude protein, crudeafat ash were determined in accordance
with the standard methods of the AOAC [17]. Dry teet were determined by drying in an
oven at 105 °C for 24 h to constant weight. Crudegin determination involved the use of
routine Kjeldahl nitrogen assay (N x 6.25). Crude Was determined by exhaustively
extracting samples in a soxhlet apparatus usingfexas solvent. Ash was determined by
incinerating in a fumace at 550 °C for 6 h, thenghing the residue after cooling to room
temperature in a dessiccator. The method deschidduboiset al. [18] was used for the

total sugar contents analysis. Reducing sugar otteere determined according to the
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method of Bernfeld [19] using 3.5 dinitrosalycikcid. The total phenolic compound was
determined according to the spectrophotometric aeettescribed by Swain and Hillis [20]

using the Folin-Ciocalteu reagent.
Mineral analysis

Magnesium, calcium, copper, potassium and zinc \gentitatively determined from the
digest using strong acids and the atomic absorpsipectrophotometer with appropriate

hollow cathode lamps [17].

Functional properties

Water absorption capacity (WAC) and solubility index (WSI)

The water absorption capacity (WAC) is an indisjadhes technological parameter allowing
to control the consistency of the dougdhhe solubility corresponds to the ability of a peawd
to rehydrate under predetermined conditions. Ithisrefore an essential criterion in the
control of the quality of the powders intended &rbincorporated in the aqueous phtlse
water absorption capacity (WAC) and solubility ird&VSI) of flours from yamD. alata,cv
Azagui€) tubers were evaluated according to Phitipal.[21] and Andersoret al. [22]
methods, respectively. The flour from yam tuberg(ivere each weighed into a centrifuge
tube and 10 mL distilled water added. The conténhe centrifuge tube was shaken for 30
min in a KS 10 agitatorThe mixture was kept in a water-bath (37°C) for B and
centrifuged (Ditton LAB centrifuge, UK) at 5000 rpfar 15 min. The resulting sediment
(M2) was weighed and then dried at 105°C to constaigiw M1). The WAC was then
calculated as follows:

Mz - My

WAC(%) = x 100 (1)

While the WSI was calculated using the followingiation:

Mo- M
WSI (%) =———

x 100 )

Oil absorption capacity and hydrophilic-lipophilic index
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The oil absorption capacity (OACJ @lours was assayed according to the method of ISkisu
[23]. One (1) g of flour10) was mixed with a 10 ml of oil. The mixture wasakén for 30
min in a KS10 agitator and centrifuged (Ditton LAB tifage, UK) at 4500 rpm for 16in.
The resulting sedimenil) was weighed and the OAC was then calculated by

M1 - Mo

OAC (%) = x 100 A3)

While hydrophilic-lipophilic index (HLI) was deterimed as the ratio of WAC to that of OAC
[24].

Bulk density

The bulk density of a powder corresponds to the fag¢tween the mass of powder and the
volume of solid including the closed intrapartigwresThe method of Narayana and
Narasinga [25] was used to determine the bulk dem$iyam flour samples. A 50 g flour
sample was put into a 100 ml measuring cylindee @ylinder was tapped continuously on a
laboratory bench until a constant volume was obthirThe bulk density (g/cih was

calculated as weight of flour (g) divided by flotalume (cmi).
Wettability

It reflects the ability of a powder to absorb wadéer it has been deposited on the surface of
a liquid. The wettability was determined by Onwuka methdd].[Zhe flour sample (1 g) was
added into a 25 ml graduated cylinder with a diamef 1 cm. A finger was placed over the
open end ofhe cylinOder, it was inverted and clamped at a heajttO cm from the surface
of a 600 ml beaker containing 500 ml of distilleater. The finger was then removed to
allow the test material to be dumped. The wettgbi the time required for the sample to

become completely wet.
Foam capacity and foam stability

The foam capacity corresponds to the ability tbisie an air / water interface and therefore
to increase the volume of a product. Foam staligitgefined by the time elapsed before the

foam collapsesThe foam capacity (FC) and stability (FS) of fleuwvere studied by the

5
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method of Coffman and Garcia [27]. Three (3) glotif was transferred into clean, dry and
graduated (50 ml) cylinders. The flour samples wgaetly leveled and the volumes noted.
Distilled water (30 ml) was added to each sampie;dylinder was swirled and allowed to

stand for 120nin while the change in volume was recorded everynitO

Vol.after homogenization Vol.beforehomogenization
X
Vol. before homogenization

FC (%) = 100 4

Foam volume after time (t)><

FS (%) = —
(%) Initial foam volume

100 (5)

Statistical analysis

All analyses in this study were threefold. In eaelse a mean value and standard deviation
were calculated. Statistical analyses of the daeewerformed using software Statistica 7.1.
Comparisons between the dependent variables waermdeed using variance analysis
(ANOVA) and the Duncan test. Statistical significarwas set & < 0.05.

RESULTS AND DISCUSSION
Proximate composition

The proximate composition of yam flour « Azaguidusing the post-harvest conservation is
presented in Table 1. Statistical analysis shoviguifgcant differences® < 0.05) between
the means of variables estimated except for liptohtent. Dry matter of yam flour
« Azaguié » increased from 88.73 £ 0.15 to 92.60.1#2% during the 6 month of storage.
This observation is similar to what was reporteddtggbaycet al. [12] who noted variation
from 25.32% to 26.72% of yanD( alata) and 34.83% to 41.77% of yamD.( rotundata
cayenensis Dry matter increaswas due to the loss of water by tubers duringagi@r This
phenomenon was caused by the setting up of theiggtiion process that requires a strong

increase of the respiratory intensity and persipinaéicceleration [28].

Total and reducing sugars contents were ranged 8@ + 0.15 to 5.60 £ 0.14 g / 100g dm
and from 0.71 £ 0.03 to 2.01 + 0.02 g / 100 dmpeesively. These values were lower than

those reported with yam “KponanD( cayenensis-rotundakdlours (6.51 + 0.09 for total



177  sugars and 3.82+0.24 for reducing sugars) [Z6tal and reducing sugars increasuld be
178  attributed to hydrolysis of starch by the amylaty¢inzymes present in the tuber starch [30].
179  The presence of reducing sugars in flour may caakang and damping during their storage
180  because of sugar’'s hygroscopic property. Howevam i desirable in bakery products like
181  bread and cake where the tenderising effects pelitaffect texture and where sugars serve
182  as substrate for fermentation of the dough [31].
183  Protein content of yam « Azaguié D.(alata) decreased from 8.59 + 0.39 to0 6.90 + 0.30 g /
184 100g dm.The protein value reported in this work was higtiean the value (5.7- 8.3 %)
185 reported by Udensat al. [32] with different varieties for[j. alata). The decrease of protein
186  content during conservation could be explaineddajuction of the protein synthesis capacity
187  as well as proteolysis initiated by the protea88$. [
188  Ash content of yam flour decreased from 3.20 + @dlR.60 = 0.10 g / 100g dm. Ash content
189  gives an indication of minerals present in a pakiicfood sample and it is very important in
190 many biochemical reactions which aid physiologidahctioning of major metabolic
191  processes in the human body [34]. Decrease in@stert may be due to the involvement of
192  minerals in the tuber phenomenon of respirationrarthbolic processes in the bud [33, 35].
193  Values were in agreement with those reported by Wiraad Kamenan [36]. They recorded
194  in whole tubers of yam$) alata) cv « Florido », « Bété-bete B(cayenensis-rotundatav
195 « Kponan » and « Krenglé » respective rates of 33%86; 2% to 2.9%.
196  Phenolic compound content ranged from 437.09 +8.50299.55 + 13.36 mg / 100 dm.
197  Changes in phenolic compounds exhibited during-pastest storage were attributed to the
198 role of phenolic compounds in the morphogenesishefstems formed on the tuber [37].
199  Similar change wasecorded by Medoua et. [37] who noted reduction of total phenols
200 from 318 to 248.4 mg / 100 g dry weight after 5gslaf storagen D. dumetorum
201 Table 1: Evolution of biochemical parameters of thegyam flour « Azaguié » during the
202  post-harvest conservation of yam tubers
Conservation time (months)
Parameters
0 2 4 6

Dry matter (%) 88.73+0.18 90.10+0.22  91.60+0.26  92.67 +0.12

Proteins (g/100g dm) 8.59 +0.39 7.91+0.32 741 +0.25 6.90 + 0.30

Lipids (g/100g dm) 0.30+0.01 0.30+0.01 0.30 £0.01 0.30 £0.01

Total sugar (g/100g dm) 2.90+0.18 3.42+0.18 439 +0.17 5.60+0.14



Reducing sugars (g/100g dm)  0.71 +0.03 1.21+0.08 1.60 +0.06 2.01+0.02

Ash (g/100g dm) 3.20 £0.160 3.01+0.08 2.81 +0.08 2.60 +0.10
Phenolic compounds 437.09 £15.25 306.33 +14.85 197.36+14.65 99.55 + 13.36
(mg/100g dm)
203 dm :dry matter
204 The obtained values are averages + standard deoniatif triplicate determinationsVieans
205  within the same row with different superscript aignificantly (<0.05) different.
206  Minerals
207 Minerals are important to diet because of theirgablpgical and metabolic function in the
208  body. The result presented in Table 2 showed timerai evolution of the yam flours during
209 the post-harvest conservation from yam tubers. @#gethe mineral contents decreased
210 significantly P < 0.05) with the conservation time. Within this ftpgalcium content varied
211 from 56.82 + 1.05 to 50.13 + 0.64 mg / 100 g dmpgr content ranged from 1.77 + 0.04 to
212 0.97 £0.04 mg / 100 g dm. Potassium content deeckrom 698.02 + 3.67 to 567.99 + 2.77
213  mg/ 100g dm. Magnesium content varied from 86.5316 to 80.88 + 2.53 mg / 100 g dm.
214  Zinc content ranged from 3.15 + 0.05 to 1.11 + @B/ 100g dm. Decrease of all minerals
215  content during the post-harvest conservation wdangccaused by their transfer towards the
216 bud for the metabolic process entailed by germimafB5]. This observation is similar to
217  what was reported by Dj& al. [30] who noted a decrease of minerals (magnesiatcjum
218 and zinc) during the post-harvest conservation axi yflour from different past (distal,
219  median, proximal) of tubers.
220 Table 2: Evolution of some mineralsn yam flour « Azaguié » during the post-harvest
221  conservation of yam tubers

Minerals (mg / 100g dm)

Conservation time (months)

0 2 4 6
Calcium 56.82+1.05  53.66+0.92 53.19+0.70 50.13 + 0.6%
Copper 1.77 £0.04 1.18 +0.08 1.00 + 0.08 0.97 £ 0.04
Potassium 698.02 +3.67 618.42+2.52 606.19+2.16 567.99 +2.77
Magnesium 86.53+2.16  82.70+22% 81.99+223 80.88+253
Zinc 3.15+0.08 1.40 +0.08 1.19+0.16 1.11 +£0.08
222 dm :dry matter
223  The obtained values are averages + standard deoniatif triplicate determinationsVieans
224  within the same row with different superscript aignificantly (p<0.05) different.
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Functional properties

In this study, the change in conservation timetted significant P < 0.05) variation in the
functional properties of yam flour « Azaguié » &®w8n in Table 3. The Water absorption
characteristic represents the ability of a prodocassociate with water under conditions
where water is limiting e.g. dough and pastes [¥8hater absorption capacity (WAC) is
important to certain product characteristics, sashthe moistness of the product, starch
retrogradation, and subsequent product scaling. [BABg WAC of the flour ranged from
265.74 + 1.91 to 302.61 £ 2.16%, indicating thaufl from tubers during the post-harvest
conservation has higher WAC. According to Diadloal. [40], flour with high WAC can add
more water to the dough and improve maneuverabilityerefore, it is useful in baking
property. The range of WAC observed for flour saamguhalyzed is higher compared to those
of flours from yam Dioscorea dumetorujn(182.3 + 4.1 to 390.7 + 4.4%) during 56 days

post-harvest conservation [41].

Oil absorption is an important property in foodmrations because fats improve the flavour
and mouthfeel of foods [42]. In this study, the alisorption capacity (OAC) ranged from
35.87 £ 0.45 to 40.13 £ 0.40%. These values weneeildhan those obtained for yam.(
dumetorun flour (72.3 £ 1.9 t0 94.8 £ 2.4 %) [41].The vditen in OAC depends on the
presence of non-polar side chains, which bind thdrdtarbon side chain of oilThe
mechanism of oil absorption may be explained aByaipal entrapment of oil related to the
non-polar side chains of proteins. Both the proteintent and the type contribute to the oil-
retaining properties of food materials [43]. Thecrgmse in protein also enhances the
hydrophobicity and exposed more the polar amind &xithe fat [44]. Thus, the decrease in
protein in yam « Azaguié » flours would tend to ueel the hydrophobicity, and thereby
causing a low fat binding to protein. The oil alpdmn capacity of the protein is required in
ground meat formulations, meat replacers and ertsndoughnuts, pancake, baked food and

soups|[45].

Ease of dispersibility or wettability is importaint food formulations. Wettability of protein

is affected by surface polarity, topography, testusnd area and by the size and
microstructure of the protein particles, but notessarily by the amount of native structure.
Wettability among the samples ranged from 50 + 8#at 2 sec. These values are lower at
120 dry which would mean that these flours are atddt [46]. Values obtained are higher

than those recorded by Udensal. [32] for different flour varieties ob. alata (27-35 secs).
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Water solubility index (WSI) reflects the extentstrch degradation [47]. The WSI of flour
from yam tuber « Azaguié » decredd$eom 40.17 + 0.25 to 30.83 + 0.40% during the post
harvest conservation. WSI indicates that post-rervenservation had more profound effects
on starch degradation. Similar observations wecerted by Hsuet al. [48] and Medouaet

al. [41] when using yamOioscorea sppflour (9.26 + 0.11 to 15.31 + 0.85 %) and ya (
dumetorunflour (15.0 £ 0.1 to 14.8 £ 0.4%), respectively.

The hydrophilic-lipophilic index (HLI) varied fror8.44 + 0.12 to 6.62 + 0.11. HLI variation
would be related to the different variations of #WAC and OAC during the post-harvest
conservation of yam tubers. The values obtaingtli;mstudy are higher than those reported
by Medouaet al. [41] for (D. dumetorurpflour (2.5 0.1 to 4.1 = 0.1), suggesting thainya

« Azaguié » flour has more affinity for water tHan oil.

The bulk density of flour from yam tuber « Azagwiéanged from 1.14 + 0.02 to 0.76 + 0.01
g / cnt. The values obtainederehigher than those found by Udemsial.[32] (0.64 - 0.76 g
/ cn?). High bulk density increases the rate of disperd49], which is important in the
reconstitution of yam flours in hot water to produ@amfufu dough. According to Bello and

Okezie [50], bulk density of a good material isoal:portant in relation to its packaging.

The foaming properties of proteins, the ability ftum stable and consistent foams are
important in preparing cakes and desserts [51]eddd the foams are used to improve the
texture, consistency and appearance of food [29ur study, the foaming capacity (24.41 +
0.94 to 18.80 + 0.63%) and foam stability (Figure decrease during the post-harvest
conservation of yam tubers. This variation may be tb protein denaturation during post-
harvest conservation. Moreover, accordingHalling [52], the protein concentration would
play on the formation and stability of foams. SamniVariations were recorded by Koné et al.
[29] when using yam « Kponan » flour (25.80 to 23%8) during the cooking water of yam
tubers.

Table 3: Evolution of the functional properties ofyam flour « Azaguié » during post-
harvest conservation of yam tubers

Functional properties

Conservation time (months)

0 2 4 6
WAC (%) 265.74+1.91 280.53+2.71 288.86+6.85 302.61+2.16
WSI (%) 40.17 £0.28 37.87+0.25 34.23+0.2% 30.83 +0.40

10



OAC (%) 35.87+0.45 36.80+0.30 38.10+0.20 40.13 +0.40

IHL 8.44+0.12 7.85+0.19 7.36+0.04 6.62 +0.11
bulk density (g/cnT) 1.14+0.02 1.02+0.04 0.91+0.04 0.76 + 0.0
wettability (sec) 50+ 7 60+ 3 72+3 87 +7
Foaming capacity (%) 2441 £0.94 21.42+0.48 20.09 £0.25 18.80 + 0.63

284  The obtained values are averages + standard deonatif triplicate determinationsVieans
285  within the same row with different superscript aignificantly (<0.05) different.
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288  Figure 1: Evolution of the foam stability of yam fbur « Azaguié » during post-harvest

289  storage of yam tubers
290 CONCLUSION

291  After this study, it appears that except for lipittee post-harvest conservation of yam variety
292  « Azaguié » tubers kiaa significant influence on the biochemical pararetind functional
293  properties of flour. In general, the dry mattetatand reducing sugars contents incrdase
294  with the post-harvest conservation time. In coniraotein, starch, phenolic compound, ash
295 and minerals contents of yam flour decreiaséh the post-harvest conservation time of yam
296 tubers. In addition, the water absorption capaaitg oil as well as the wettability of flour

297 increase. Conversely, bulk density, index of solubility,afoing capacity and foam stability

11



298 flour decrease with the post-harvest conservation time of yametab The results suggest
299 that, for the use of yam « Azaguié » flour as idggat in food formulation, it is necessary to
300 take into consideration the state of the tubélsis, this study gives us information on the

301 choice of yam tubers for the use of flour in foedrnology.
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