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Abstract

Wholesome tubers of edible trifoliate yaBigscorea dumetoruprcultivar were used to
produce innovative dehydrated pre-gelatinized ferer breakfast food (in batches) by
employing local intermediate technologies in NigeriThe granular trifoliate yam
product had a cream-light yellowish brown colourdaa packed bulk density of
0.46g/cri. The water and oil absorption capacities were gl@gd 1.71g/g respectively.
Aggregate size analysis showed that all the progaricles were <4mm and >0.063mm,
with 76% of them between 0.5mm and 2mm. Beabenagtagraph reading with 15%
suspension (in water) of the product gave a maxingetatinization viscosity of 1,740
A.U. and gelatinization temperature of 85.6-91.88€ppposed to 1,150 A.U. (maximum
viscosity) and 83.9-87.6°C (gelatinization tempaml of 15% suspension of starch from
the trifoliate yam raw material or tuber. Cookinge of the product (in boiled water) was
1.83 minutes. The breakfast food (from trifoliatem) had a proximate composition of
5.05% moisture, 1.20% ash, 3.63% fibre, 11.12%empt0.68% ether extract, 78.32%
carbohydrates and a caloric value of 1.52MJ/10@g. @ercent suspension of the product
in distilled water had a pH of 4.2. The observethpgen-free packaged yam breakfast
product could be considered as an innovative gilaht food. Sensory evaluation of
breakfast porridge, made with the particulate pobdahowed that the assembled 30
semi-trained panelists liked the colour, tastejdla and mouth-feel of the meal.

1. Introduction

Trifoliate yam or three-leafed yanbipscorea dumetorurRPax) belongs to the genus
Dioscoreaand familyDioscoreaceagOnwueme, 1978; Bai and Ekanayake, 1998). The
starchy tubers may be single but are usually predue clusters, in a stand of the plant.
Trifoliate yam is also known as cluster yam becanfséhe nature of the tubers (Kay,
1987). Some scientists and writers also refdd.t@umetorumas bitter yam because of
the bitterness of the tubers of the wild type (ded cultivated landraces) in Africa.
Traditionally, trifoliate yam is eaten after botjithe unpeeled tuber to softness (Kay,
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1987). Unlike in Nigeria where white guinea yaBidscorea

characteristics of trifoliate yam. Therefore, then af this

rotundatg is highly cherished and produced (Okoli, 1993study is to produce an acceptable, storable femment

Orkwor and lkeorgu, 2010), trifoliate yam is theferred food
yam in Cameroun, with regards to palatability amoet yield
in the field (Bell and Favier, 1981; Lyonga and Aeni984;
Numfor and Lyonga, 1987). Nutritionally, trifoliatgam is
considered superior to other food yams in Africagrms of
protein content. The protein content of the tubedoy matter
basis is 11-13% (Oyenuga, 1968; Onwueme, 1978; &wll

Favier, 1981; Owuamanaet al, 2013). This protein content

is comparable to those of cereals (UNECA, 1985).
Breakfast cereals found in the industrialized coast
include cornflakes (from maize), wheat flakes, rftakes,
wheat and oat rolls, and quick cooking pre-gela&di oat
meals (Kulp and Ponte, 2000). These breakfast isgrehich

are usually consumed with milk, need high technplog

equipments and operations for their respective stréal

innovative breakfast food from the tubers of thabled
variety ofD. dumetorumemploying technologies that can be
adopted by small to medium scale food processors.

2. Materials and Methods

2.1. Sources of Experimental Yam Tubers
and Chemicals

The tubers of the experimental trifoliate yam oalti
(Figure 1) were randomly collected from the Yam Baif
National Root Crops Research Institute (NRCRI), dike,
Abia State, Nigeria (05° 29' N Latitude, 07° 33.dnhgitude).
The names for the experimental trifoliate trifodiatyam
landrace or cultivar in the predominant local Igbo)

production (Proudlove, 1990; Kulp and Ponte, ZOOO)QiaIects include:Una (or Ona/Ony Obiaraohuru, Una

Pregelatinization of starchy staples allows foatigkly short
cooking time for the breakfast (Marshal, 1995). West

obiaraofuru, Una Ohafiaeand Una-Uzuakoli.The analytical
chemicals and reagents used in this study were factouved
by BDH (British Drug Houses), Poole, England.

Africa, the storable pre-gelatinized granular ceasa
(Manihot esculenta gari (Ukpabi and Dafe, 1999) is
sometimes used in the preparation of the morningl roe

breakfast (Dovloet al., 1985; Kordylas, 1990). Here, the
fermented cassava gari, milk and sugar are useloréakfast.
Gari is also soaked in cold water to form a poridghich is

sweetened with sugar and eaten after the additibn o

evaporated milk.

Trifoliate yams are now less utilized as food baseaof the
tubers’ long-cooking time, non-cookability of thdoied
bruised tubers, urbanization with attendant prefesefor
easy-to-prepare foods and changing eating habitsn{br
and Lyonga, 1987; Medowat al 2008; Abiodunet al,
2009). There is, therefore, every need to invewighe
feasibility of producing easy-to-cook, energy riphoteinous
breakfast food from the trifoliate yam’s starchppeu This is

R

Figure 1. Photograph of a cluster of the experimental trditdi yam tubers
(in the middle).

2.2. Production of the Breakfast Food

Figure 2 shows the flowchart for the productiontioé

in consonance with the suggestions of FAO (1987) arPreakfast food from the experimental trifoliate yambers.

Achinewhu (1996) that indigenous plants with goodPre-processing

nutritional values should not be allowed to giveywa
imported processed plant food products. The needive
more value to trifoliate yam and make it availatdél year
round”, through processing, require necessary @ttenin
view of the dearth of entrepreneurs involved irgéascale
industrial food processing of local roots and tsbeit
therefore becomes necessary to use equipment
technologies that could be adapted by

trials were done to standardize the
fermentation time and dewatering rate. The breakfasd
production was done in batches of 50kg tubers mitilified
local cassava gari processing methods (Ukpabi aafk,D
1999; Adekanyeet al, 2013) and equipment/devices/tools
(Ihekeronye, 1999, Adekanwt al, 2013).

Wholesome tubers of trifoliate yam were used as-raw

materials, while peeling was done manually with rpha

numeroudtchen knives. The peeled tubers were collectedaige

small/medium scale food processors — to converbledi basins and washed with clean tap water. The waphettd

trifoliate yams into easy-to-prepare dry breakffsid for
teeming African urban dwellers, and even rural develwith
changed eating habits.

Successful production of an innovative breakfastfwith
this yam variety, will not only encourage the audtion of
the crop, but will also enhance the economic valtiehe
crop at the long run — as the dry fermented gasid@ne to

tubers were grated with washed RAIDS diesel powered
mechanical grater (Rural Agro-Industrial Developien
Scheme, Ibadan, Nigeria), used for gari procesdihg.yam
pulp was put in a double-layered 50kg rice plasck
(Caprice, Bangkok, Thailand). The tightly woven,ubte
layered polypropylene sack had its mouth twisted teed up
(with rope) for simultaneous dewatering and ferratoh

cassavalnterestingly, Medowat al (2008) also showed that that lasted for 24 hours. A screw press was useedice the
fermentation could have positive effect on someligua Moisture content of the yam pulp (in the sack)ldowa 50%
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in the first hour of fermentation, and about 40%hat end of
fermentation.

The resulting fermented caked trifoliate yam masis w
manually broken, pulverized and sifted with a 4meve.
1.5kg of the sieved yam mash was then toastedimwsood
heated cast-iron gari-processing garification pan (17cm
deep and 55cm in diameter) in batches. The toastiag
done in each batch by using a calabash sectionu{dlsmm
x 20cm) to constantly stir the dewatered sievedhnaagminst
the hot surface of the pan until gelatinized gramsre

2.3. Yam Tuber Processing Data

Data considered necessary for large scale automated
mechanical production of the pre-gelatinized braskfood
were collected as follows:

2.3.1. Tuber Density

The trifoliate yam tuber’s density (mass/volume)svgmot
by weighing randomly selected tubers with the topding
balance (Sartorius LC1201S), and getting the tulb@ume
by water displacement technique in a 2-litre mdagur

formed. The toasting process was stopped when tR¢jinder The difference between the volume of theter

gelatinized granular breakfast food started makiasting
noise. The breakfast food was quickly removed ftbmpan
at this stage to avoid burning.

before and after putting the trifoliate yam tuber the
cylinder was recorded as the tuber volume. Theitlenss
calculated as mass/volume.

The breakfast food was allowed to cool in a well-

ventilated room (with fly proof) to ambient roommtperature

2.3.2. Processing Temperatures

(29-32C). Sterilized steel ladles were used to put 50g A thermometer was used to measure the temperattine o

breakfast food portions into 0.75mm thick low dépsi
polyethylene (LDPE) bags. The transparent LDPE bheage

following: trifoliate yam mash before toastinggarification,
the heated cast-iron pan (base and top of theingastrface)

heat sealed with a sealing machine (SP-200H Doublefore and during the toastinggarification process, and the

Leopard).

Top loading balances (Salter Model 250 and SaddriD
120IS) were used to weigh the material losses daeftlsy
during the production of the breakfast food. Thaghings
were done in sextuplicate and recorded as peroemhthe
original raw materials (trifoliate yam tubers). thaermore,
the packaged breakfast food samples were storagpftw 60
weeks at ambient room temperature (24z32away from
direct sunlight (in a file cabinet).

Trifoliate vam tubers

Peeling

Washing
Peels

Grating (mechanized)

Fermentation/dewatering
(24 h.ou.rls in tied sack)

l

Yam starchy milk

Sieving/pulverization (4mm sieve)

l l

Toasting or garification

Fibrous/poorly
grated materials

PRODUCT
(Breakfast food)

Cooling (in sterilized trays)

|

Packaging

Figure 2. Flow-chart for the production of the breakfast fooaim trifoliate
yam tubers.

yam mash during and after toastinggarification.

2.3.3. Heat Processing Periods

A stopwatch was used to time the periods for tlevng:
toasting or garification of each batch of 1.5kg dtwed
fermented yam mash, duration of each stirring dpmeraand
intervals between the stirring periods.

2.3.4. Processing Dimensions of Dewatered
Mash
A ruler was used to measure the varied thicknestepth
of the yam mash layer on the toasting surface & th
garification pan.

2.4. Determination of Physical and
Functional Properties

2.4.1. Particle Size Distribution

Aggregate sizes of the granular breakfast food were
determined with Endecotts sieve shaker (model 2MK/I
Endecotts, London, England) and sieves. The apsrfrthe
experimental test sieves were 4mm, 3.35mm, 2mm, ,1mm
0.5mm, 25@m, 63um, 53um and @um (collecting pan). The
sieves were serially packed in the shaker withectilhg pan
(with no aperture) at the bottom and the sieve ththlargest
aperture size on top. 20g sample of well-mixed kfeesd
food was spread on the topmost sieve before swigchin the
shaker. Sample distributions in the experimeneves were
calculated as percentages of the original weight.

2.4.2 Swelling Index

Swelling index was calculated using the method kabi
and Dafe (1999). Exactly 10g of the breakfast fowals
weighed into a 100ml measuring cylinder, leveled &me
product volume noted. Distilled water was addedatf of
the cylinder, and the product inside allowed tandtfor 1
hour. The final volume of the swollen product wéert
recorded, and swelling index was calculated asrdtie of
the final volume to initial volume, that is,
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S =VJ./V;

where $ is swelling index, Y is initial volume and VY is
final volume.

The swelling index of the product was determined:aier
temperature of Z&.

2.4.3. Bulk Density

Bulk density was calculated as weight of sample yrét
volume of sample (g/ml). Previously weighed or éat®0ml
measuring cylinder was gently filled with 50g o&tproduct
for the loose bulk density determination. The bwottof the
cylinder was gently tapped on a laboratory benclersd
times until a constant volume was obtained. Thisalfi
volume was then used for the calculation of thekpddulk
density.

2.4.4. Emulsion Capacity

The method described by Yasumatsual., (1972) was
used to determine the emulsion capacity of theldiastfood.
Exactly 1.8g of the sample was dispersed in 25rsiiligid
water, and 25ml vegetable oil (cotton seed oilhvdensity
of 0.901 — was added to the sample. The 50ml nextuas
emulsified at high speed using a blender (Mouliiit 2)
for one minute. The emulsion was then filled intcadibrated
centrifuge tube and centrifuged at 1,600 rpm foniButes at
29°C. The volume of oil separated from the mixturecift
reaching the emulsion break point was read dirdodiy the
tube. Emulsion capacity was expressed as the anuduoit
emulsified and held per gram of sample.

2.4.5. Water Absorption Capacity

Water absorption capacity of the product was detexch
using the method of Abbey and Ibeh (1988). One grarof
the sample was mixed with 10ml distilled water {80
seconds in a mixer (vari-whirl) set at high spelte sample
was then allowed to stand for 30 minutes at praagailtoom
temperature (28.5-296) and centrifuged at 5,000 x G for
30 minutes. The volume of supernatant in a 10mismeag
cylinder was noted. The amount of water absorbethl(t
minus free) was multiplied by its density and exged as
the grams of water per gram sample.

2.4.6. Oil Absorption Capacity

The method of Abbey and Ibeh (1988) was also ueed
determine the oil absorption capacity of the pradigactly
1g sample was mixed for 30 seconds with 10ml costeed
oil and allowed to stand at prevailing room tempee (28-
30°C) for 30 minutes and centrifuged at 5,000 x G 36r
minutes. The volume of the supernatant in a 10atigated
measuring cylinder was noted. The amount of oiloated
(or retained) was multiplied by its density and regsed as
the gram of oil absorbed (or retained) per gransahple.
The oil absorption capacity can be mathematicaljyressed
as:

d(x-y)/w

where

63

d = density of the oll

X = volume of oil used (10ml)
y = volume of oily supernatant
w = weight of the product (19)

2.4.7. Colour
Colour of the trifoliate yam breakfast food pasilwas
determined visually.

2.5. Comparetive Brabender Amylograph
Determinations

Brabender amylograph, model PT 100(identification
number 8001 45), with electronic temperature cdietro
(identification number 6 80 026) (Brabender, Duigiau
Germany), was used to determine the gelatinization
temperatures and paste viscosity of the trifoligtem
breakfast food, cassava gari, powdered trifoliatamy
breakfast food, powdered cassava gari, trifoliae ystarch,
cassava starch, trifoliate yam flour, fermentetbliate yam
flour and wheat flour pastes. The amylograph detetions
of the wheat and cassava products were done inr dode
provide information for possible alternative usek tbe
trifoliate yam breakfast food.

The gari for the experiment was obtained from trei G
Processing Unit, National Root Crops Research tirsti
(NRCRI), Umudike, Nigeria while the trifoliate yaffours
were produced at Umudike Nigeria. The wheat floasw
obtained from Home Economics Department, Michael
Okpara University of Agriculture, Umudike, while eh
trifoliate yam starch and cassava starch were mexidrom
their respective tubers by peeling, washing, ggatsieving
with copious amount of clean water (using 100 nrisro
sieve), sedimentation and oven drying to constagight at
55°C. Moulinex coffee blender was used to convertcgieed
trifoliate yam and cassava starches, cassava garitlae
trifoliate yam breakfast food into powders. Théoliate yam
cultivar used for the production of the breakfambd was
also used for the production of the trifoliate yatarch and
flours.

The rapid operational mode in the instrument mamfial
the Brabender amylograph (Brabender, 1993) was twmed
amylograph determinations. Distilled water was usedet
p30g lump free (15% w/w dry-solid basis) homogenous
suspension sample in the mixing bowl. The suspeansias
then poured into the amylograph bowl. This pre-ngxi
procedure took place ig 2 minutes. The amylograph bowl
was put in the machine with the measuring sensmectly
inserted and coupled to the measuring shaft. Tsgument
head was lowered with the hand lever. During tts ten,
the instrument was switched off after the gelatitian peak
had been reached. For the tuber samples, the owevas
off-set by placing additional weight, supplied witie
equipment (Brabender, 1989). The minimum and masimu
gelatinization temperatures were read off from tdigied
temperature dial, while the maximum paste viscosig got
from the amylogram on the graduated paper chapp({md
with the equipment).
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2.6. Chemical Determinations

2.6.1. Proximate Composition

The proximate composition (moisture, protein, lipidre,
ash, carbohydrate) of the breakfast food was détean
according to the standard procedures (AOAC, 198tyde

2.8. Cooking (Boiling) Time Determination

Boiling in water over the “medium burner” of Igngas
cooker was used to determine the cooking (boiltmge of
the trifoliate yam breakfast food. A Breitling ste@tch was
used to monitor the time it took 315g trifoliatenydreakfast

protein was expressed as % nitrogen x 6.25, whillwod poured into 1,750 chboiled water (in a Tower

carbohydrate content was determined by difference.

2.6.2. Caloric Value

The caloric value of the breakfast food was obthinging
the method outlined by Onyeiket al. (1995).The crude
protein, fat (lipid), and carbohydrate contentseveltiplied
by 4, 9 and 4 (Atwater factors) respectively. Thadodc
value was then calculated as the sum of the predaict
expressed as Calories or kilocalories.

2.6.3. pH and Total Titratable Acididty of the
Breakfast Food

aluminum pot) to cook to complete gelatinizationdan
‘doneness’.

2.9. Sensory Analysis

Procedures explained by Jellinek (1985) and Badilgarét
al. (1996) were used to do the sensory evaluationhef t
trifoliate yam breakfast food and the product sdofer about
one year (60 weeks). Thirty (30) assessors (seaimed
panelists) drawn from the staff of National Rooto®s
Research Institute, Umudike and students of Mickdgdara
University of Agriculture, Umudike were used foreth

A pH meter (Hanna, model HI 9050) was used teensory evaluation. Gender consideration influentieel

determine the pH of 10% (w/v) suspension of thiltate
yam breakfast food in distilled water. The suspmmsivas

choosing of 15 males and 15 females, for the panhie¢
assessors were trained to score independently l@adtively

stirred for 30 minutes before the pH reading atnroo (without bias) with a pre-trial scoring test. A sevpoint
temperature (28-2€). The pH of the fermented dewateredHedonic scale was used to score the samples foucdaste,

yam mash (before heat processing) was similarlgrdened.
Titratable acidity was determined by acid-basetiitn. Ten
gramme sample was weighed into a conical flask @@ml
of distilled water. The suspension was stirred alhalved to
stand for 30 minute with occasional stirring. Thitore was
then filtered and the final volume of the filterateas
measured and recorded. 20ml filterate was titratiéld 0.5N

flavour, mouth-feel and general acceptability aftbeir
reconstitution in water, cooking (for 110 seconds)d
addition of milk and sugar as shown in Table 1. pbaidge
from each breakfast food sample was served warrhdo
assessors. Liquid milk was made from Peak fullatrea
powdered milk by adding one part of the Peak poeder
milk to 3 parts (by volume) of clean water. Cleaatev was

sodium hydroxide solution to a pink end-point withalso given to the assessors to rinse their moutis @ach

phenolpthaleine. Total titratable acidity was chted (as
lactic acid) as follows:

0.5xTitrex90xVf 100

% Total titratable acidity (TTA) = 50 %< 1000 X Ws X 1

where
W5 = weight of sample
Vf = volume of filterate

Lactic acid (CHCHOH COOH) has a molecular weight of

90. The titre used for the calculation was theetitf the
sample minus titre of blank (distilled water).

2.7. Microbiological Analyses

In order to study the microbial properties of teenfented
food product (as related to food safety), standasthods
(ICMSF, 1988; Oxoid, 1990; Bainbridgst al., 1996) were
used for the microbiological analysis of represtvia
samples of the breakfast food. Citrate and Indedés were
used to check for the presence of faecal colifoattdria in
the experimental samples. MacConkey Agar (for oofifs)
and Potato Dextrose Agar (PDA) (for fungi) were dige

check for pathogenic microbes in the stored paakag

dehydrated breakfast food. This monitoring was dewery
12 weeks for 60 weeks.

testing. Each test panelist was also requestedrtonent on
the breakfast food porridge. In the scoring of Hemsory
characteristics, with the 7-point Hedonic scale=6like
extremely, 5 = like highly, 4 = like, 3 = neitheikd nor
dislike, 2 = dislike, 1 = dislike highly and 0 =stlke
extremely.

Table 1. Ingredients for the preparation of the experimerttébliate yam
breakfast porridge.

Ingredients Quantity
Trifoliate yam product 90g
Water 500 ml
Milk 300 ml

Sugar (sucrose) 329 (6 cubes)

2.10. Statistical Analysis

Statistics Analysis System (SAS)/PC software (Lseesite
0022206002 of International Institute of Tropicagrisulture,
Ibadan) was used for mean separations and staddaiations
of data. The copyright (1989-1996) belongs to SAStitute
Incorporated, Cary, North Carolina, U.S.A..

e\3. Results and Discussion

The photograph of the pre-gelatinized granular kfeest
food produced after one-day fermentation and therma
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processing of the dewatered trifoliate yarash or pulp is

shown in Figure 3. There washserved browning (in tF
bagged pulp) from the outside (in contact with
atmosphere) to the inside, after 24 hoof$ermentation o
the yam pulp,. This browning further intensifiedridg the
toasting or garification process. Oxidative brovgnin yem
processing is known to be catalyzed by phenolasessike
and lIkediobi, 1985). These enzymes, in the presei
oxygen, catalyze the polymerization of some phesainto
the darkish or brownish polyphenols (Okaka and @k
2001). Temperatures above'@Care known to denature t
yam polyphenol oxidase (Anosike and Ikediobi, 190zo
and Cayagill, 1985 and Okaka and Okechukwu (1993) ¢
observed that Maillard reactions in yam processikg place
only under alkaline conditions. Amongst the meNigerian
yam species [ioscorea rotundata, Dioscorea alal
Dioscorea cayenensisDioscorea dumetorum, Dioscor
bulbifera), D. dumetorunhas the lowest polyphenol oxide
activity (Anosike and lkediobi, 198®)z0 and Caygill, 19¢).
Anosike and Ikediobi1(985) noted that polyphenol oxide
activity level and phenolic content of the yam esated tc
the level of enzymatic browning in the processedn
product. They also noted that cell disruption @& ftesh yan
tuber tissue (during processing) is regdirfor the cellula
compartmentalized polyphenol oxidase and phentdi¢gve
contact with each other and atmospheric oxy
Caramelization has also been noticed during the
processing of yams (Okaka and Okechukwu, 1!

Table 2. Processing conditia during the conversation of the dewate
yam mash to breakfast food.

S/No Parameter Value
Temperatures
(i) Dewatered trifoliate yam mash:
after fermentation 32°c
after sieving 29-30C
during garification 85-102C
(ii) Toasting surface of the pan:
1 onset of garification
: Base 77-100C
Top 70°C
during garification
Base 100-119C
Top 85°C
(iii) Breakfast food:
immediately after garification 85°C
after cooling 29-32C
Periodicity
(i) Toasting/garification timéor 1.5kg batc 19-22 mins
2 (ii) Intervals between stirring periods:
' initial 14-18 secs
later 40-45 secs
(iii) Individual stirring period 25-35 secs
Dimension
(i) Thickeness of mash layer during
3 garification:
' unstirred 1-42 cm
. indeterminate
stirred )
(in a flux)
4, PH

(i) Fermented dewatered yam mash 4.0

Table 2 gives the data for the major processingrpaters
encountered during the nanechanized conversion of t
dewatered fermented trifoliate yam mash to the dedtgd
breakfast food. These data would be useful in désiga
dehydrating cookingystem for the yam mash. Stirring ms
it possible for the yam mash to have the varieccgssing
temperature of 85-168¢ during the toasting or dehydrati
process, on the gaightion pan. It was observed that all p:
of a batch of the mash attained °C processing temperature
before the garification process was over. With aqfHt.0,
the fermented trifoliate yam mash could be cooked
‘commercially sterilized’ at tempewre of 106C (Fields,
1979; Okaka and Okaka, 2001). The observed longmtl
processing time (for 1.5kg batch) of-22 minutes may be
advantageous due to the principle of using longecessing
time in eliminating endogenous spoilage microorgans
(Poter, 1987). The dehydrated product was allowedoil
to room temperature (29-%2) before packaging in order
avoid internal ‘sweating’ (water vapour inside theckage)
and damage to the heat sensitive polyethylene pauk
material.

The dry mattercontent of the fresh trifoliate yam tube
used for the breakfast food production was 28.37.48%.
This means a high tuber moisture content of abo.7The
weight of the trifoliate yam tubers used in the darction
ranged from 45g to 345g while the er density (g/cr)
ranged from 1.022 to 1.05g/ém

Table 3 shows that the percentage breakfast foeldl,
from the fresh trifoliate yam raw materials, was3b6%6. This
was after a 27.44% peeling loss and 2.62% -sieving
chaff loss. Lye peeling, whiccould have given lower peel
loss, is better avoided, because of the inherengetaof
increasing the sodium content of the product. Iditaah to
high-sodium food being a health risk to people pron
hypertension (Davidsoret al, 1975), the trifoliate yam
breakfast food (in this study) was designed nobdge any
chemical food additives.

Plate 4.7 Photograph of a sample of  the trifoligsen
brakfast food

- ,;f

Figure 3. The granular trifoliate yam breakfast food produst a
polyethylene bag.
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Table 3. Material yields and losses during the breakfastfpeoduction.

Material % Yield (loss)*
Peel loss (27.44 £ 0.30)
Dewatered pulp 30.43+0.74
Chaff loss (2.62 £ 0.17)
Breakfast food 14.36 + 0.08

g oil/g sample. This value is equivalent to thatwahged
bean flour (Okezie and Bello, 1988) and lower tltizett of
raw cowpea flour (Abbey and Ibeh, 1988). High erauls
capacity is beneficial in food preparations thatjuiee
emulsion and creaming properties (Kinsella, 1981).

Table 5. Physico-functional properties of the breakfast food

*Values in brackets are losses. Total watery maltéoss is not included.

The results of the experiment on aggregate si
distribution of the trifoliate yam breakfast foockgresented
in Table 4. It was found that 76.4% of the breatkfaed had
aggregate sizes between p@® and 2mm, while those
between 25(m and 50Qum were 17.08% of the total sample.
The experiment also showed that though neitheheffdéod
particle was above 4mm nor below 3, 5.30% and 0.15%

Parameter Value*/observation

Colour Cream-light yellowish brown
Water absorption capacity (g/g) 4.00+£ 0.33

Oil absorption capacity (g/g) 1.71+0.04

Emulsion capacity (g oil/g sample) 13.89+ 0.03

Loose bulk density (g/cth 0.40+ 0.008

Packed bulk density (g/chn 0.46+ 0.004

Swelling index 1.74+ 0.011

of the food particle were respectively above 2mmi helow

150um. This aggregate size distribution of the fooctipkes

indicates that the pre-gelatinized breakfast focatemal is

granular and not floury; since an important chanastic of

flour (from wheat and non-wheat starch staplesha the

particle size should be about or smaller than pb30
(UNECA, 1985). However, minor variations can exise to

the raw material and milling method employed (Rott887;

Akingbala and Rooney, 1990).

Table 4. Aggregate size distribution of the trifoliate yaredkfast food

Particle Size Distribution (%)
0.00-063mm 0.00
0.063-0.150mm 0.15
0.150-0.250mm 0.87
0.250-0.500mm 17.08
0.500-1.000mm 30.90
1.000-2.000mm 45.50
2.000-3.350mm 5.04
3.350-4.000mm 0.26
>4.000mm 0.00

Table 5 shows the physico-functional propertiethefpre-
gelatinized trifoliate yam breakfast food determineon-
mechanically. The colour variations observed inbreakfast
food particles ranged from cream to light yellowistown or
straw colour. This variation in the shades of colamongst
the food particles is probably due to differing déss of
oxidative browning and caramelization in the péesdefore
and during toasting.

The mean values for the water and oil absorptiothef
granular product are 4.00g/g and 1.71 g/g, resgsgtiThe
water and oil absorption capacities of food malgriedicate
how they would interact respectively in hydropholaind

hydrophilic environments of food preparations and/o

systems (Abbey and Ibeh, 1988; Okezie and Bell&8)19
For example, the water absorption capacity willphéb
determine if the product could be incorporated emicageous
food preparation. The mean emulsion capacity veue3.89

* Mean of six determinations standard deviation.

The bulk density of 0.40-0.46 g/énfor the dehydrated
breakfast food indicates its level of lightness. eTh
information on bulk density (amount of space ocedpby a
given food mass) is necessary for the packaging and
warehousing the product.

The swelling index value of the food material indcaater
(at 26C) is 1.74+ 0.011. Balagopalaet al. (1988) noted that
pre-gelatinized starchy and particulate productsveha
relatively high swelling index in cold and warm wateven
before reaching the gelatinization temperaturehefdpecies’
starch. This phenomenon is attributed to the réduocif the
associative force in the native starch during the-p
gelatinization process. This dissociation of somglase and
amylopectin molecules from the native starch alloies
increased swellability in water.

The results of the Brabender amylograph analyseheof
paste characteristics of 15% suspension of thali&iié yam,
cassava and wheat samples are shown in Table 6 Weze
observed minor variations in the minimum and maximu
gelatinizaion temperatures of the trifoliate yamrsh and the
trifoliate yam products. While the trifoliate yanasch had
initial gelatinization temperature of 88® and maximum
gelatinization temperature of 87@& the corresponding
values for the trifoliate yam breakfast food are6&5 and
91.9C, respectively. The gelatinization temperature
trifoliate yam starch was given as 77-8& by Kay (1987).

Non-starch materials in a starch suspension (irervatre
known to affect its gelatinization temperature @glpalaret
al, 1988). Hydrophobic materials prevent easy gelzdiion
of starch while surfactants, like potassium paltaitand
potassium stereate, penetrate starch helix (priengantry of
water molecules) and cause an increase in gelatioiz
temperature of the starch (Balagopagaral.,1988; Moorthy,
1994). In this study, it seems that partial preatipization
increased the maximum gelatinization temperaturethef
starchy materials from trifoliate yam and cassaVae
temperature range for the gelling of the wheat rflotas
observed to be higher than those of the materiadsn f

of
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Table 6. Brabender amylograph readings for the experimefifaliate yam, cassava and wheat products.

Minimum Gelatinization
Sample

Maximum Gelatinization Maximum Viscosity

Temperature (°C) Temperature (°C) (AU)
Trifoliate yam starch 83.9 87.6 1,150
Trifoliate yam flour (UF)* 80.5 91.2 1,030
Trifoliate yam flour (F)* 77.7 88.9 1,765
Breakfast food granules (TY) +85.6 91.8 1,740
Breakfast food powder(TY) +80.9 92.6 1,880
Cassava starch 76.9 78.2 1,405
Cassava gari +77.2 88.9 1,970
Cassava gari powder +39.4 83.6 2,120
Wheat flour 73.5 94.8 655

A.U. = Amylograph Unit

*UF = Unfermented

*F = Fermented; TY = Trifoliate yam product
+ = Presence of pre-gelatinization peaks

The maximum viscosity of the wheat flour (655 A.uWas
also lower than those of cassava and trifoliate ;yaiith
cassava products having higher maximum viscosities
those of the corresponding trifoliate yam produd®se-
gelatinization, fermentation and powdering seemexd

provides information on its basic chemical composit
Knowledge of the protein, fibre, lipid, ash and atot
carbohydrate content of the food is fundamentalthe
assessment of its nutritive quality (Bainbridgeal, 1996;
tOkaka et al, 2002). The low moisture content (5.05%)

increase the maximum viscosity of the tuber progluctobtained for the product would probably contribute

Abiodun et al. (2013) also observed that pre-gelatinizatiordiscouraging

and particle size reduction of trifoliate yam floled to
higher peak viscosity. It could be inferred that thifoliate
yam products, because of their relatively high ossies,
would not be suitable to replace wheat in bakedlpets — as
flours with high maximum gelatinization viscositabove
1,000 A.U.) have dry crumb with the tendency tockra
(Brabender, 1989). This is due to the fact thatsthech binds
a lot of water for the swelling and gelatinizati@rabender
(1989) recommended 300-700 A.U. (maximum gelatiiora
viscosity) for bread-making flour or bakery floufhe
trifoliate yam breakfast food may not also serveaagood
alternative in the preparation of very viscoaba from
cassava gari because of its relatively higher metation
temperature.

Table 7. Proximate composition of the trifoliate yam breatfiood.

Constituent % composition*
Moisture 5.05+ 0.02

Ash 1.20G+ 0.08
Fibre 3.63+0.02
Protein 11.12+0.15
Lipid (ether extract) 0.68+ 0.01
Carbohydrates 78.32+ 0.29

*Mean of six determinations standard deviation.

The results of the analyses for the proximate ccition
of the trifoliate yam breakfast food are shown iable 7.

the growth of spoilage and pathogenic
microorganisms (Ezeama, 2007) in the water-proof
polyethylene bags. Low moisture content is desirdiolr
good shelf life, as water in addition to participgt in
chemical and biochemical reactions involving hyysd,
also serve as a modifier of the catalytic actisfysome other
substances in foods (Okaka and Okaka, 2001).

The 1.20% ash content of the food material indate
level of inorganic constituent. A relatively higlsh value in
a processed food may indicate contamination bygenaic
materials (Owuamanarat al, 2013). Owuamananet al.
(2013) gave the ash content of their producedliaif® yam
flour as 2.77%.. The ash content of the drier dekemnels
are 1.3%, 1.6%, 1.8%, 0.5% and 1.6% for maize,etnill
sorghum, polished rice and wheat respectively (UNEC
1985). Low lipid content in stored cereal foods lathy been
recognized as a necessary factor in preventing
development of off-flavours from lipid oxidation @lor
deterioration (Onimawo and Akubor, 2005). The 68
ether extract obtained for the trifoliate yam bifeak food is
lower than the 7.5%, 4.3%, 3.3%, 2.3%, 1.8% fatteoin
given by Davidsoret al. (1975) for rolled oats, whole maize
meal, millet (and sorghum), whole wheat meal andkbad
rice, respectively.

The fibre content (3.63%) of the breakfast food is
relatively high when compared to 0.3-2.3% of thenkés of
major cereals found in the tropical and semi-termafmer
countries (1.4%, 1.2%, 1.5%, 0.3%, 2.3% for mainélet,
sorghum, polished rice and wheat, respectively) EQN,
1985). There are claims that lack of fibre in thet adnay be

the

Analysis of proximate composition of a food matb”aresponsible for many of the diseases in the indliged
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western world, as fibre promotes the formationadt bulky

stool, intestinal peristalsis and adsorbs toxicstaufices in the
large intestine and colon (Davidsen al, 1975). Breakfast
cereals produced in the industrialized Western c@msare
sometimes fortified with fibrous materials in order get a
higher fibre content (Proudlove, 1990). The 11.12féde

protein content of the experimental breakfast foisd

material and the organic acids produced during éertation
make up the total titratable acidity of the fooddguct.

The result of the microbiological experiment withet
diagnostic media for pathogens (Table 8) indicates
suitability of sealed polyethylene bags for up toe oyear
storage of the dehydrated yam breakfast food. Olkaich
Okechukwu (1993) and lhekoronye (1999) had earlier

relatively comparable to the 12.2% for whole wheatl, 9.5% observed the feasibility of storing dehydrated yamducts

for whole maize meal, 13.0% for rolled oats, 7.5%¥0Husked
rice and 10.1% for sorghum/millet (Davidsen al., 1975).
Oyenuga (1968) gave the crude protein content bydiated
peeled trifoliate yam as 11.73%. Cystine is theitiig

amino acid in yam protein, and trifoliate yam hias highest
chemical score of cystine amongst the food yamgi(@s
1993).

The calculated caloric value of the trifoliate yaneakfast
is 363.88 Calories/100g. Oyenuga (1968), and Adimire
and Treche (1984) respectively got 391.25Cal/10td) 281
Cal/100g for dehydrated trifoliate yam with the Astar
factors explained by Merril and Watt (1973). THi®ws that
the trifoliate yam breakfast food is also a goodrse of
energy — if used in breakfast food preparation. kalet al
(2002) noted the slight decrease in the caloricevalf some
fermented vegetables due to utilization of the suidm the
fresh vegetables) by the fermentation organisms. 368.88
Calories/100g, got as the caloric value of theoliate yam

with polyethylene bags.

Table 8. An assessment of post-processing microbial (pathiope
contamination in the stored, packaged breakfast foo

(=) ggféigkh?ysf = (F;Ec))?cuzo hrs)
0 NG NG

12 NG NG

24 NG NG

36 NG NG

48 NG NG

60 NG NG

Key:

PDA = Potato Dextrose Agar

NG = No growth

The mean cooking (boiling) time of the trifoliatearg

breakfast food, is equivalent to 15.23 MJ/kg (15_2@reakfast food obtained during the cooking trals &a83_+

megajoules per kg food material) or 1,523 kilojsuleer
100g of food material. Davidsoet al. (1975), in their diet
sheets, gave the energy requirement for a norreaikditable
for a patient in bed as 8.4-10MJ for a day. Thikieaange
may require modification in relation to the agegesisex and
occupation of the patient (Davidsoet al., 1975). For
example, they gave daily energy requirements ofd.%or

obese and diabetic patients and 12.6-14.7 MJ

convalescent patients, undernourished patientshrersg with

0.027 minutues. The breakfast food, with a mearkiogo
time of | minute 50 seconds (1.83 minutes) would
unsurprisingly cook much faster than its trifoligtam raw
tuber. In the Republic of Cameroun, Bell (1984) askied a
boiling time of 90 minutes for 1kg tuber of the db¢rifoliate
yam variety. In Nigeria, Okoli (1993) got a meatrilibg time
(cooking time) of 30 minutes for 1éntube of the edible
fd¢pnad variety of Discorea dumetorum Okaka and Okaka
(2001), and Oluwamukomi and Atofarati (2001) obseérv

wasting diseases. In the calculation of these gnerdhat cooking may help to make some food materiatsem

requirements, it was assumed that the diet washagdinced
(with adequate amounts of protein and the otheriemis).
Milk, which is rich in protein, vitamins and minésa is
usually added to the energy rich breakfast celgalsh as oat
meal and cornflakes) before consumption (Proudl@ge0).
Uncle Toby’s white Oats and Jungle Oats brandshefdat

palatable and digestible. This is due to the faat tooking
may alter colour, flavour and texture of the foodtemial.
Cooking may also eliminate the effect of some artitional
factors (Okakat al, 2002).

The results of organoleptic analysis of the pomidg
prepared with the trifoliate yam product are shamviiable 9.

breakfast foods, in the local Nigerian markets, ehav1he assessors generally liked (scores > 4.0) tbelupt's

respective energy values of 1,480kJ/100g and 1,4486Rg
inscribed on their individual packaging materialhile
Quaker White Oats’ value is 1,540 KJ/100g. Thedeesmare
similar to 1,523 kJ/100g for the experimental fidfte yam
breakfast food.

The mean pH (for five samples) of the 10% suspensfo
the trifoliate yam breakfast food was 4.20 0.026. This
value is slightly less acidic than the pH of abéu obtained
for the fermented trifoliate yam mash in this stu@igasting
or garification probably led to the loss of soméatite acids.

sensory characteristics, even after one year ofagto
However, the observed high standard deviationsléT@jfor
these sensory characteristics indicate high vditiabin the
scores of the assessors. Table 10 shows the comrént
some of the assessors after testing the porridges) (the
trifoliate yam breakfast food). The comments inthca
individual preferences. Some observed negative camen
on the meal from the stored product could be aiteith to
post-processing chemical changes. Neverthelessultd be
deduced that the experimental trifoliate yam prodisc

The result for the total titratable acidity (TTAdxpressed as 9enerally suitable as a breakfast food after, beauked and

lactic acid) of the breakfast food was 084.01% (for five
determinations). All titratable organic acids inetiplant

served hot with milk. However, individuals should free to
add sugar to their respective taste. Marin al. (1984)
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trifoliate yam flours in Cameroon.

Table 9. Sensory evaluation scores of the trifoliate yanakfast food porridge

Sensory char acteristics

LT Colour Taste Flavour M outh-feel General Acceptability
Fresh breakfast food 4.77 a+0.99 4.80 bt1.22 4.33c+1.25 4.33d+ 1.40 4.47e+1.12
Stored breakfast Food 4.60a+ 0.99 4.23b+ 1.09 4.27c+1.03 4.10d+ 1.27 4.40ex 0.99

* mean values in a column with the same lettematesignificantly different (P=0.05)

+ where

0 =dislike extremely, 1 = dislike highly
2 = dislike; 3 = neither like nor dislike
4 =like; 5 = like highly

6 = like extremely.

Table 10. Some assessors’ comments on the prepared trifglaateporridge.

For Against
1. Looks like oat meal
2 B[RS T C.6)7 1. Need to improve on the mouthfeel.
3. I recommend the use of the product. -
2. Stored product is not palatable.
4. Very palatable :
3. Poor colour, colour should be improved
5. Not too bad 4. Too suaar
SRS 5. Try to i?n ?/ove on the flavor
7. The product should be named Yammie, g P

Yammy or Yamma for easy marketability

4. Conclusion

The results obtained in this research work showesd t
feasibility of producing an acceptable and storgimeduct
from trifoliate yams in Nigeria with adaptable aadailable
technologies. The mechanical devices used for itheggsing
operations (grating and dewatering machines) wecally
fabricated and the complexities of their operatiomsre
within the scope of local cassava gari processoidigeria.
Therefore, all the operations employed could beedon
batches at micro or small to medium-scale food @ssing
level without huge capital outlay- with relevantopessing

data for possible automated larger scale continumﬁ

production system. The acidic pH (below 4.5) angndss
(about 5% moisture content) of the well packageadpct
guarantees that the product is unlikely to be arcsouwof
dangerous pathogenic microorganisms. Table sugaals®
be used to enhance the taste of the cooked bréakizal
from the trifoliate yam product.
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