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Abdgract
The effect of distiller’s spent grain supplementation on the nutritional and sensory properties of amala, a popular traditional thick paste of yam
(Dioscorea alata or D. rotundata) consumed with preferred soup, wasinvestigated. Pre-treated distiller’s spent grain was used to replace 5%, 10%,
15%, 20%, 25%, 30% and 35% of yam flour asaprotein and dietary fibre supplement. Processing of the flour blendsto amala significantly (p<0.05)
increased its fat, total sugar, starch and total content of dispensable and indispensable amino acids while the ash content was dlightly reduced.
Addition of distiller’s spent grain to theflour blends quantitatively and qualitatively increased the protein content of the amala products. Quantitatively,
the protein content increased from 6.86% for 100% yam to 14.69% for 65% yam:35% distiller’s spent grain, with amean of 10.77%. Qualitatively,
the tryptophan content increased from 0.08 g/100 g sample for 90% yam:10% distiller’s spent grain to 0.14 g/100 g sample for 65% yam:35%
distiller’s spent grain. The methionine content increased from 0.09 g/100 g sample for 95% yam:5% distiller’s spent grain to 0.25 g/100 g samplefor
65% yam: 35% distiller’s spent grain. Theinsol uble dietary fibre content of the amala productsincreased while the solubl e dietary fibre content was
reduced asdistiller’s spent grain increased in the blends. The mean insoluble dietary fibre content of the amala productswas 9.17% with arange from
7.56% (100% yam) to 11.54% (65% yam:35% distiller’s spent grain). The mean soluble dietary fibre content was 0.75% with arange from 0.62%
(65% yam:35% distiller’s spent grain) to 0.85% (100% yam). However, sensory evaluation indicated that amala from 5%, 10% and 15% distiller’s

spent grain substitution levels was well accepted and compared favourably with that of whole yam flour.

Key words: Distiller’s spent grain, amala, sensory properties, amino acids, yam, Dioscorea alata, flour blends.

Introduction

Yam (Dioscorea sp.) servesas one of the staplefoodsfor millions
of people in Africa, especialy Nigeria®. Yam flour, eaten as a
cooked paste (amala) with vegetable sauce, is the principal
processed form in which tubers of Dioscorea rotundata and D.
alata are consumed. Amala is a popular starchy food that is
prepared by reconstituting (cooking and stirring with boiling water)
fermented or unfermented yam flour (elubo), produced traditionaly
from the processed tuber flesh of whiteyam (D. rotundata or D.
alata) 2*. Amala primarily contains carbohydratesand asaresult
doesnot provide adequate nutrients®. Protein energy malnutrition
(PEM) istherefore prevalent, particularly among rural women and
children in developing countries where yam serves as the staple
food and could be reduced by the availability of cheap, nutritious
foods based on simple processes through supplementation .

Food supplementation isthe process of increasing the level of
specific nutrients previously identified as inadequate using a
particular source rich in those nutrients. Thisis usually done to
prevent malnutrition in the developing countries”. Thelevels of
food supplementation depend on the nutritional needs of the
consumers and on the estimated consumption of the
supplemented food as well as the availability of the supplement
and theregulationsin the country . The supplementation of staple
root and tuber-based foods with legumes shows that there is

higher protein content and better protein quality and anutritional
value similar to products based on animal protein ®. According to
Akingbaaet al. 1 supplementing yam flour with 40% of soybean
flour resulted in aprotein content of 23.0% (full fat soybean flour)
and 25.5% (defatted soybean flour).

The potential to utilize distiller’s spent grain (DSG) products
fromwheat and other cerealsasan ingredient highin protein and
fibre in formulated foods has received increasing attention 22,
DSGisaby-product of fermentation inthe production of acoholic
beverages. It containslarge amounts of protein, ranging from 23
to 35% and total dietary fibreranging from 27 to 55% . Similarly
it contains yeast cells, vitamin B-complex and other nutrients
formed during the fermentation and distill ation processes **. DSG
has been used in animal feed to prevent waste but in recent times,
it has also been utilized in human foods . For instance, DSG has
been added up to 35% by weight in brownies, chocolate chips
and spice and lemon molasses cookies; about 30-50% in bread
made from yeast and 30% in quick breads to produce highly
acceptable products . Tsen and colleagues ¢ reported that
chocolate chip cookies containing 15% DSG residues were as
acceptable asthose containingno DSG. Emin et al. *” also reported
that the supplementation of frankfurterswith brewer’sspent grain
(BSG) increased thetotal dietary fibre content of the product.
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Therefore, the possibility of producing an acceptabletraditional
yam flour paste (amala), with enhanced nutritional quality was
investigated.

Materialsand M ethods
Materials: Dioscorea alata tubers (TDd98/01166) were obtained
from the yam barn of the International Institute of Tropical
Ariculture, Ibadan, Oyo State, and the DSG from United State
Department of Agriculture-Agricultural Research Service (USDA-
ARS), North Dakota, USA.

Treatment of DSG: A suspension was made from 100 g of DSG
containing alcohol and residual sugar in 400 ml of water and
fermented with yeast (0.8 g) for 1 hto convert itsresidual sugar to
acohol. That was removed from the suspension by distillation.
The pH of the suspension was then adjusted to about 6.0 to 7.0
by adding sodium hydroxide (7 ml). The resulting suspension
was dried to about 5-10% moisture content 4.

Yam flour production: The yam tubers were peeled, washed,
dliced into cubes and dried in hot air oven at a temperature of
65°C for 48 h. Thedried yam chipswere milled with an attrition mill
to obtain a fine powder and packaged in polyethylene bags for
further analysis, as described by Udensi et al. .

Formulation of DSG-yam flour mixesinto elubo: Yam flour and
DSG were weighed and mixed in ratios 100%:0%, 95%:5%,
90%:10%, 85%:15%6, 80%6:20%, 75%6:25%, 70%: 30% and 65%:35%.
The various mixes obtained were thoroughly blended with a
laboratory blender, packed and sealed in low density polythene
bags until required *°.

Preparation of amala: Theelubo was madeinto amala by mixing
one part with approximately 1.5 parts of boiling water (v/v) ina
stainless steel pot. The paste was heated (with stirring for 3min),
with an electric cooker set at medium temperature until it has
properly cooked.

Determination of chemical composition: The moisture, ash and
fat contents were determined using standard laboratory
procedures . The protein content was determined by Kjeldahl
method using Kjeltec™ model
2300 protein analyzer 2. A
conversion factor of 6.25 was

calculated asthe sum of SDF and IDF.

Amino acids were identified and quantified by reverse phase
liquid chromatography (Waters 1500 SeriesHPL C; Milford, MA)
with UV detection at 254 nm 2 at the South African Grain
Laboratory, Pretoria, South Africa.

Sensory evaluation: A 9- point hedonic preference scale and a
multiple comparison test were used to assess the acceptability of
amalamadefrom yam/DSG flour blendsagainst wholeyam amala
using 10 trained panelists. Panelists were selected from the staff
and graduate students of 11 TA, Ibadan, and screened with respect
totheir interest and ability to differentiate food sensory properties,
asdescribed by Iwe?. Selection testsincluded an odor and color
identification test and aseries of texturetestsin which panelist’'s
abilitiesto assess smoothnesswas measured. Thetrained panelists
were then presented with coded samplesto eval uate the effect of
the different supplementation ratios on taste, smoothness, color,
odor and overall acceptability using the 9-point hedonic scale,
where 1 correspondsto likeextremely and 9 correspondsto didlike
extremdly.

Satistical analysis: Datawere subjected to analysis of variance
(ANOVA) using Stetistical Analysis System (SAS) package
(version 9.1, SASIndgtitute, Inc., Cary, NC) . Meanswere separated
using Fischer’s protected L east Significant Difference (LSD) test.

Resultsand Discussion

Chemical composition: The results indicate that ash content of
theamala productsranged between 3.41% and 3.54% with amean
of 3.48%. A significant difference (p<0.05) was observed in the
ash content, with amala from 85% yam: 15% DSG having thelowest
and thosefrom 100% yam and 75% yam: 25% DSG had the highest
ash content (Table 1). Thisimplies that amala from 100% yam
and 75% yam:25% DSG blend has the highest amount of total
mineral content.

The amala moisture content ranged from 70.92% to 73.75%
with amean of 72.54% on wet basis. Amala from 80% yam:20%
DSG had the lowest moisture content while 75% yam:25% DSG
had the highest one. Somelevelsof significant difference (p<0.05)
were observed in the amala products (Table 1).

The total sugar content of amala ranged between 2.85% and

Table 1. Chemical composition (%) of amala from different ratiosof yam flour and Distiller’s

used to convert total nitrogento Spent Grain (DSG) Blends.
crude protein percentage. The Samples Ash Moisture Protein Sugar Starch Fat
analyses were carried out in 100yam:0DSG ~ 3.54+0.02°  73.21+0.14°  6.86+0.03"  3.41£0.09° 79.16+0.03*  0.05+ 0.02"
duplicates. 95yam:5DSG 3.5140.01"°  73.26+0.04°  7.81+0.03%°  4.80+0.04° 77.74+0.63°  0.28+0.01°
90yam: 10DSG  3.42+£0.04°  72.05£0.14°  9.10+£0.07°  3.94+0.01° 78.14£0.42°  0.38+0.02°
The total sugar and starch
contents were analyzed in 85yam:15DSG  3.41£0.01¢  73.26+0.11° 10.24+0.01° 3.81+0.01° 72.94+0.05°  0.74:+0.02°
; ; 80yam:20DSG  3.48+0.04°  70.92+0.13% 11.23£0.00° 3.87£0.04*° 71.73£0.17°  1.04+0.01°
duplicate, according to the
method described by Dubois et 75yam:25DSG  3.54+0.03°  73.75+0.22° 12.56+0.03° 3.38+0.01¢ 68.93+0.06°  1.18+0.01°
a.z 70yam:30DSG ~ 3.47+0.03°  72.27+0.01¢ 13.65£0.01° 3.43£0.01 67.93+0.06"  1.71+0.02°
65yam:35DSG  3.47£0.02%°  71.58+0.04° 14.69+0.06° 2.85+0.04° 65.50£0.07%  2.21+0.04°
Samples were analyzed for
soluble (SDF) and insoluble Mean 3.48 72.54 10.77 3.69 72.76 0.95
procedure?. CV (%) 0.83 0.17 0.32 1.11 0.38 221
P 1eVel * * * * * *

Total dietary fiber (TDF) was
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4.80% with amean of 3.69%. Amala from 65% yam:35% DSG had
the lowest sugar content and 95% yam:5% DSG had the highest
one (Table 1). Thisimpliesthat the total sugar content of amala
was reduced as the supplementation ratio with DSG increased in
the blends. Cooking the flour blends also had significant effects
on the sugar content of thefinal product, depending on theratios
of supplementation with DSG,

The starch content of the amala productswith amean of 72.76%
ranged from 65.50% to 79.16%. Thelowest starch content wasin
amala from 65% yam:35% DSG; the highest one wasin amala
from 100% yam (Table 1). This could be attributed to the low
starch content of DSG. Significant differences (p<0.05) were
observed among the starch content of amala products.

The mean fat content of amala was 0.95% with arange from
0.05%t0 2.21%. Amala from 100% yam had thelowest fat content
while65% yam:35% DSG had the highest one (Table 1). Thiscould
be attributed to the high fat content of DSG (9.63%) compared to
that of yam flour (0.43%). There were significant differences
(p<0.05) among the fat contents of the amala products. The fat
content of the amala products decreased significantly compared
to their respective flour blends. This implies that cooking the
flour blends had a negative effect on the fat contents of the final
product.

Proteinisessential in the human diet for growth and the repair
of worn-out tissue #’. The protein content of the amala products,
with amean of 10.77%, ranged from 6.86%to 14.69%. Amala from
100% yam had the lowest protein content while 65% yam:35%
DSG had the highest one (Table 1). Thiscould be attributed to the
high protein content of DSG (29.80%) compared to that of yam
flour (7.15%). Significant differences (p<0.05) were observed
among the protein contents of the amala products. The results
indicate that the protein content of the product decreased
significantly compared to that of their respective flour blends.
Thisimpliesthat cooking theflour blends hasasdlightly negative
effect on the protein content of thefinal products.

Table2. Amino-acid composition (g/100 g sample) of amala from different ratios of yam flour and

Digtiller’s Spent Grain (DSG) blends.

Amino acid composition: Theamino acid analysis of foodstuffs
isanimportant index of their food quality and can provide useful
information on the nutritional quality and authenticity of food
products and the sources of raw materials used in food
manufacture ., Theresultsof the amino acid analysis showsthat
total indispensable amino acids with histidine in the amala
productsranged from 1.93t0 5.04 g/100 g sample and those without
histidineranged from 1.78 t0 4.65 g/100 g sample (Table 2). Amala
from 100% yam had thelowest val ues of total indispensableamino
acidswhile 65% yam:35% DSG hasthe highest values (with and
without histidine). Leucine contributed the highest amount and
tryptophan thelowest one (Table 2). Thisimpliesthat amalafrom
65% yam:35% D SG blend contai nsthe highest amount of essential
amino acidsthat must be supplied to the human body from afood
or supplement %,

Theresults of the total conditionally dispensable amino acids
of theamala productsranged between 0.60 and 1.25 g/100g sample
(Table 2). The 100% yam amala has the lowest values of total
conditionally dispensable amino acidswhile 65% yam:35% DSG
has the highest value. Arginine contributed the highest amount
and tyrosine the lowest one (Table 2). This implies that amala
from 65% yam:35% DSG blend contains the highest amount of
those amino acids that depend on the ability of the human body
to actually synthesize them from other amino acids?.

The values of the total dispensable amino acids of the amala
products ranged from 2.67 to 7.17 g/100 g sample (Table 2). The
100% yam amala had the lowest values of total dispensable amino
acidswhile 65% yam:35% DSG had the highest values. Glutamic
acid contributed the highest amount and glycine the lowest one
(Table2). Thisimpliesthat amala from 65% yam:35% DSG blend
contains the highest amount of amino acids that can be
synthesized by the human body from other amino acids %.

The indispensable and dispensable amino acid compositions
of amala (with high protein content) were slightly lower thanin
their respective flour blends. This implies that processing the
flour blendsto amalaincreased
the quantity of protein while
the quality was slightly

reduced.

Amino acids 100yam: 95yam: 90yam: 85yam: 80yam: 75yam: 70yam: 65yam: o .

0DSG  5DSG  10DSG  15DSG  20DSG  25DSG  30DSG  35DSG Mixing DSGwithyamflour for
Methionine 0.10 0.09 0.14 0.20 0.18 0.20 0.23 0.25 amala productionincreased the
Aspartic acid 0.67 0.78 0.82 0.87 0.94 1.04 1.06 1.13 content of both methionineand
Glutamic acid 0.87 1.27 1.42 1.58 0.19 2.20 2.37 2.56 — :
Serine 0.35 0.45 0.48 0.56 0.63 0.70 0.77 0.81 tryptophan (limiting amino
Glycine 024 032 035 041 046 051 055 059 acids of yam) (Table 2). The
Histidine 0.15 0.19 0.24 0.26 0.31 0.33 0.37 0.39 methionine content of the
Arginine 0.41 0.49 0.59 0.67 0.71 0.75 0.76 0.80 amala products ranged from
Threonine 0.22 0.27 0.31 0.36 0.41 0.46 0.49 0.53 0.09t00.25¢/100g samplewhile
Alanine 0.28 0.41 0.50 0.60 0.71 0.81 0.89 0.99
Proline 027 039 051 064 076 088 097  1.09 the tryptophan content ranged
Tyrosine 0.20 0.19 026 035 036 041 044 044 between 0.08 and 0.14 ¢/100 g
Valine 0.26 0.31 0.37 0.42 0.50 0.56 0.59 0.64 sample. The 95% yam:5% DSG
Isoleucine 0.22 0.27 0.31 0.34 0.40 0.45 0.47 0.51 amala had the lowest
Leucine 0.42 0.59 0.74 0.87 1.07 1.26 1.38 1.49 . A RED
Phenylalanine 032 039 045 051 058 066 070 074 meth onine content while 65%
Lysine 0.16 021 024 026 030 029 030 035 yam:35% DSG had the highest
Trypthophan 0.09 010 008 0.1l 012 012 014 014 value. Similarly, the 90%
TAa 5.19 6.70 7.82 9.00 8.61 11.61 1248 1345 yam:10% DSG amala had the
TIAa without histidine 1.78 2.22 2.64 3.06 3.55 3.98 430 4.65 ;
TCDAa 060 067 085 102 107 116 120 125 70% yam:30% DSG and 65%
TDAa 2.67 361 409 466 369 614 6.6l 7.17 yam:35% DSG hasthe highest

TAa Total amino acids; d ations from tripicate greater than the corresponding LSD in the same column is significant; TIAa: Total indispensable amino acids;

TCDAa: Total conditionally dispensable amino acids; TDAa: Total dispensable amino acids.
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values (Table 2). Thisimplies
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that the inclusion of DSG in the blends increased the amount of
the limiting amino acids. This was in agreement with the
observation madeby FAO.

FAO/WHO/UNN * reported that the total indispensableamino
acidsrequirements (g/100 g protein) for school children aged 10-
12 yearsare24.1 (with histiding) and 22.2 (without histidine). For
adults, the figures are 12.7 and 11.1 ¢/100 g. Based on this
information, amala fromthisinvestigation withtotal indispensable
amino acid content (g/100 g protein) range from 26.97 to 31.50
(with histidine) and 24.80-28.95 (without histidine) might be able
toimprovethetotal essential amino acidslevel of thetarget group
when consumed.

Dietaryfibre: Dietary fibre (DF) describesanumber of different
substances, such as cellulose, pectin, lignin and guar, al of which
arenaturally found only in plantsand areresistant to digestionin,
and absorption by, the human small intestine 1. The TDF content
of theamala productsranged from 8.41%t0 12.17% with the IDF
contributing the highest amount and the SDF contributing the
least (Table 3). The IDF content of the amala products ranged
from 7.56% to 11.54% with amean of 9.17%. The content of SDF
ranged between 0.62% and 0.85% with amean of 0.75%. Amala
from 100% yam has both the lowest IDF and the highest SDF.
Amalafrom 65% yam:35% DSG hasthe highest IDF and thelowest
SDF contents (Table 3).

It was observed that cooking the blends to amala increased
both the IDF and TDF (except for the 85% yam: 15% DSG blend).
The SDF wasreduced compared with their respectiveflour blends
(Table 3). Thiswas similar to the observation made by Fornal et

Table3. Dietary fibre content of different ratios of yam flour and distiller’s

al. * onthereduction of food dietary fibre after processing. Food
can only be used as a source of dietary fibre where the product
containsat least 3g/100 g fibreor considered highin dietary fibre
where the product contains at least 6 g/100 g fibre ®. Intake of

dietary fibre could therefore be increased by the consumption of
amala from all the flour blends. A high intake of dietary fibreis
positively related to different physiological and metabolic

effects?. Thus, consumption of theamala fromthisinvestigation
might be able to reduce cardiovascular diseases and other

physiological and metabolic effectsin the body.

Sensory properties: An increase in the level of substitution of
DSG for yam flour reduced the acceptance of all the sensory
characteristics studied (Table 4).There were no significant
differences (p<0.05) between theamala from 100% yam flour and
95% yam flour:5% DSG blend interms of taste, hand-feel, colour
and overall acceptability; the odour wasthe exception (Table4).
The significant difference in odour might be attributed to the
characteristic smell of DSG in the blends. Amala from 100% yam
flour and 95% yam:5% DSG blends were the preferred samples;
75% yam:25% DSG blend was the least liked in terms of taste,
hand-feel, color, odor and overall acceptability. All the samples of
amalawereas sticky asthe control product (amalafrom 100%D.
rotundata flour) except those from 75% yam:25% DSG, 70%
yam:30% DSG and 65% yam:35% DSG blends. Thismight bedue
to the low amylose content of the blends =.

There were no significant differences (p<0.05) in appearance
among all the amalaproducts compared with thecontrol, asall the
productswere as attractive asthe control. The amala from 100%
yam flour, 95% yam:5% DSG and 90%
yam:10% DSG blendswaslighter than the

spent grain (DSG) and amala. control, amala from 85% yam: 15% DSG,

Codes Flour blends Amala products 80%yam:20%DSG and 75%yam:25%DSG
IDF SDF TDF IDF SDF TDF blends were as brown as the control. The
TDSG 23.53 0.67 24.20 - - - 65% yam:35%DSG blend was darker than
;gOYamS:ODZZG g-ig g-g? g-g% ;-gg g-gi S-ié the control. The products from 95%
yam: . E . . . . -0, . 0,

90yam: 10DSG 6.38 087 725 772 083 855 yam:5% DSG, 90% yam:10% DSG, 85%
85yam:15DSG 8.27 0.85 9.13 820 077 897 yam:15%DSG and 80%yam:20% DSGwere
80yam:20DSG 8.67 0.78 9.45 8.87 0.73  9.60 as soft as the control; those from 75%
75yam:25DSG 9.59 0.76 10.34 10.85 0.69 1155 yam:25% DSG 70%yam:30%DSG and 65%
70yam:30DSG 10.05 0.75 10.80 11.03 0.65 11.68 - :
65yam:35DSG 11.01 0.72 11.73 11.54 0.62 12.17 yam:35%DSG blendsweresllghtlysofter
Mean 979 0.80 10.59 917 075 992 than thg corltrol samplein terms qf hand-
Minimum 5.10 0.67 6.02 7.56 0.62 841 fed. Thismight beasaresult of theincrease
Maximum 23.53 0.92 24.20 11.54 0.85  12.17 in DSG supplementation.

TDSG (DSG) Treated Distiller’s grain, IDF Insoluble dietary fibre; SDF Soluble dietary fibre; TDF Total dietary fibre.

Table4. Sensory evaluation of amala from different ratios of yam flour and distiller’s

However, amala made from 95% yam
flour:5% DSG, 90% yamflour:10% DSG as

spent grain (DSG). well asthat of 85% yam:15% DSG were
Samples Taste Hand-feel Colour Odour Overall Accep. well accepted and compared favorably with
100yam:0DSG ~ 3.30+£1.57°  2.90£1.20°  2.70£1.64°  3.10+£1.29° 3.40£1.78° wholeyam flour amala.
95yam:5DSG 3.2041.14°  3.20+1.93°  320+£1.32°  3.20+1.40% 3.50+1.84°
90yam:10DSG ~ 4.10£2.51°  4.30£1.57°%°  3.50+£1.43%  4.20+2.35¢ 4.50+2.64" .
85yam:15DSG  3.70+2.00°  3.40+1.35%  3.40+4143%  4.10+1.97™¢  3.9042.13" Conclusions _
80yam:20DSG  3.90+1.66°  4.90+1.97™¢  4.00+2.05™  430+1.70%¢  4.40+1.78™ The consumption of the amala from this
75yam:25DSG  4.40+2.07"  5.00£1.89%  4.80£2.04°  4.90+1.79" 5.30£2.21% investigation by thetarget group (children
70yam:30DSG 4.90i2.23§:’ 6.00i1A83a: 4.9011.91*‘: 5.80&10“3b 4.90i1.79“§° and adults) might improve their level of
65yam:35DSG ~ 6.00£1.89°  6.70+2.00 5.2042.15 6.30+2.41 6.60+1.78 total essential amino acids and as aresult
Mean 4.19 4.55 3.96 4.49 4.56
Minimum 3.20 2.90 2.70 3.10 3.40 reducetheincidenceof PEM and serveas
Maximum 6.00 6.70 5.20 6.30 6.60 well asagood source of TDF. Thus, amala
CV (%) 45.98 38.24 44.78 42.65 44.15 with higher nutritional values can bemade
P level * * * * *

with composite flours from DSG, but the

Mean values in the same column with different |etters are significantly different at p<0.05. Values are means + standard deviations. * P <0.05.
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maximum levelsof DSG substitution which wasfound acceptable
during the preference testswere 5%, 10% and 15%.
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