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Introduction

Pigeon pea is among perennial crops 
that are grown in semi-arid parts of the 

world including Asia, Africa, Latin America 
and the Caribbean (Sharma et al., 2011). It is 
a legume that can be grown in area that receive 
minimal rainfall (400mm) and is grown as an 
intercrop with maize in different areas of Sub-
Saharan Africa (Mponda et al., 2014; Abate et 
al., 2012; Simtowe et al., 2010; Shiferaw et al., 
2007). Pigeon pea was chosen because it is one 
of the most drought-tolerant legumes (Shiferaw 
et al., 2007; Sharma et al., 2011). It is ranked 
the third most important legume after beans and 
groundnuts in Tanzania (Simtowe et al., 2011). 
It is used as food as well as a source of income. 
It is also among legumes that are affordable 

and important sources of protein, vitamins and 
minerals for most households that can help in 
improving nutrition security among resource-
poor households (Abebe, 2022; Miano et al., 
2020; Cheboi et al., 2019).  India and Myanmar 
are the main producers of pigeon peas in Asia 
(Sharma et al., 2011), whereas, in sub-Saharan 
Africa, the main producers are Malawi, Kenya, 
Uganda, Tanzania and Mozambique (Abate 
et al., 2012). It is among the legumes that 
contribute towards food and nutrition security 
most significantly, hence contributing greatly to 
food sustainability in Sub-Saharan Africa. 

The prevalence of undernourishment 
persists to be high in the world. About 735 
people  in the world were undernourished 
(FAO, IFAD, UNICEF, WFP & WHO, 2023). 
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Abstract
Pigeon	 pea	 is	 an	 affordable	 legume	 and	 important	 source	 of	 protein,	 fibre,	 vitamins	 and	

minerals.	 Despite	 its	 nutritional	 importance,	 the	 crop	 has	 not	 been	 adequately	 utilized	 for	
human consumption in Tanzania due to limited recipes, knowledge and inadequate agricultural 
development. This study aimed utilising pigeon peas to enrich the nutrient content of food 
consumed	 among	 resource	 poor	 households	 Laboratory-based	 experiments	 and	 consumer	
preference	tests	were	conducted	in	Morogoro	and	Lindi	regions.	A	total	of	452	consumers	were	
involved	to	collect	both	qualitative	and	quantitative	data.	Analysis	of	Variance	was	used	to	check	
whether	there	is	a	difference	between	sample	means.	Tukey	test	was	used	to	determine	differences	
between	 the	samples	at	p<0.05.	Pigeon	pea-based	noodles,	 instant	porridge,	chapatti,	biscuits,	
African	doughnut	and	bread	were	developed	and	tested	for	their	sensory	attributes	at	a	five-point	
Likert	scale.	Developed	products	had	more	than	50%	of	recommended	intake	of	protein,	iron,	zinc	
and	pro	vitamin	A.		Highest	preference	scores	for	colour,	aroma	and	mouthfeel	were	observed	in	
all	pigeon	pea-based	products	with	differences	between	samples.	Samples	PPBN718	 (noodles),	
PPIPofspr	(porridge),	PPBS123	(biscuit),	PPBC412	(chapatti),	PPAD234	(African	doughnut)	and	
PPBB917	(bread)	were	most	preferred	among	others.	The	Pairwise	Comparison	counts	indicated	
that	87%	of	consumers	most	preferred	instant	porridge	and	58%	preferred	the	bread.	The	reason	
for	preferences	differs	significantly	among	age	groups	and	sex.	Incorporate	pigeon	peas	flour	into	
different	foods	significantly	improve	the	nutrient	content	of	developed	foods	products.	This	creates	
an	opportunity	of	pigeon	peas	to	enrich	different	foods	products.
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Among them 281.6 million are form Africa, 
262 million from Sub Saharan Africa and 14.9 
million were from Tanzania. In Tanzania, about 
30% of children are stunted and only 19% of 
children aged 6–23 months met the minimum 
dietary diversity (MoH et al., 2022). Among 
stunted children, 64% were from resource-poor 
households. About 7.3% of women aged 15-49 
years were underweight and 29% were anaemic. 
Insufficient dietary macro and micronutrient 
consumption are among the challenges in the 
growth and development of the individual (FAO, 
IFAD & UNICEF, 2022). The situation can be 
due to low per capita consumption, economic 
slowdown, and adverse climate events (IFPRI, 
2016).

A typical diet of resource-poor households  
in Tanzania is mainly cereal-based foods (Minja 
et al., 2021; Ochieng et al., 2017) such as a 
large portion of stiff porridge with little or no 
protein relish. This kind of diet is monotonous 
and less diversified with little or no protein 
sources, vegetables and fruits. The main source 
of protein for resource-poor households is 
obtained from legumes (Mfikwa & Kilima, 
2014) that are affordable and widely grown in 
their area. Prolonged consumption of cereal-
based foods with little protein or less diversified, 
results in inadequate intake of daily nutritional 
requirements responsible to support growth 
and development. This can lead to Macro and 
Micronutrient deficiencies. It was hypothesised 
that addition of pigeon peas significantly, 
increase protein, iron, zinc and vitamin A 
content of developed pigeon pea-based noodles, 
biscuits, instant porridge flour, bread, African 
doughnuts and biscuits. Therefore, to address 
these challenges, this study aimed at utilising 
a nutrient-dense legume (pigeon peas in this 
study) to enrich different foods products to 
improve nutrient content of food consumed in 
the household. 

Therefore, the study aimed to utilize 
pigeon peas flour to improve dietary quality 
for sustainable health. Specifically, the study (i) 
identified the best combination of ingredients 
to develop pigeon pea-based noodles, instant 
porridge, chapatti, biscuits, African doughnut, 
and bread (ii) developed the pigeon pea-based 
noodles, instant porridge, chapatti, biscuits, 

African doughnut, bread (iii) determined the 
most preferred sample and attributes of the 
developed pea-based products 

Materials and Methods 
Study Location, Size and Population

The study was conducted in Morogoro 
Municipality, Nachingwea and Ruangwa 
district councils. In Morogoro Municipality the 
study was conducted at the Magadu ward which 
was purposively chosen because it is closer to 
Sokoine University of Agriculture where the 
product was developed. The study was also 
conducted in Mibure village in Ruangwa and 
Mitumbati village in Nachingwea District. The 
two district councils and villages were chosen 
because they are among the leading producers 
of pigeon peas in the two districts. 

The study involved different consumers age 
group (9-14 years, 15-24 years, 25-60 years) to 
capture preference variations. Fisher’s formula 
was used to calculate desired sample size. The 
prevalence of anemia (58%) among children 
(MoHCDGEC et al., 2016), effect size of 0.05, 
confidence interval of 95 and attrition rate of 
10% was used for sample size calculation. 

A total of 412 consumers were randomly 
selected after stratification in terms of their age, 
sex and area of residence. A list of all adults 
(25-60 years), youth (15-24 years) and school 
children (9-14 years) in the selected villages 
was established to determine the total number 
in strata. Then random selection was done 
proportionate to the number of consumers in 
each stratum. More adults aged between 25-60 
years were involved that other age groups due 
to higher proportion. Random selection was 
done using the Excel Random number function 
RAND after the identification of the required 
sample in each stratum.

Study Design and Data Collection
Laboratory-based experiments and 

consumer survey was conducted in a different 
phase. Laboratory-based experiments were 
conducted during product development after 
the identification of all ingredients required. 
Linear programming simplex method was used 
to determine best combination of the ingredients 
and amount of nutrient in each formulation. 
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Objective function, decision variables and 
constraint were cost of ingredients in 1000g, 
nutrients content in 100g of dry matter of 
the ingredients and Recommended Nutrient 
contents for adults and children respectively. 
Tanzania food composition table and Kenya 
food composition table was used to determine 
the nutrient content of each ingredient used in 
the formulation. Recommended Nutrient Intake 
(RNI) of protein, iron, zinc and pro vitamin A 
for children aged 1-3 years was used as decision 
variables for the instant porridge flour (FAO & 
WHO, 2004; IOM, 2002) and RNI for adults 
aged 19-60 years was used  during formulation 
of noodles, chapatti, bread, biscuits and African 
donut (FAO & WHO, 2004; IOM, 2002). The 
equation for calculation and optimisation 
process was described elsewhere (Majili et al., 
2023; Sheibani et al., 2018; Briend et al., 2003; 
Briend et al., 2001).  Six pigeon pea-based 
products were developed (noodles (PPBN), 
chapatti (PPBC), biscuits (PPBS), African 
doughnut (PPAD), instant porridge (PPIP), and 
bread (PPBB)) following the procedure describe 
in Figure 1. Four sample per product were 
formulated and developed to increase choice 
preference. All products were formulated and 
developed with roasted pigeon peas except for 
instant porridge flour whereas two samples were 
made with blanched pigeon peas flour.

A consumer survey was conducted to 
assess the preferences for the sensory attributes 
(aroma, colour, mouthfeel, softness and overall 
liking) of the developed products. A structured 
questionnaire was used to collect socio-
demographic characteristics and preference 
ratings of the developed products. All consumers 
were asked to fill in their socio-demographic 
characteristics before assigning the samples for 
testing. A Complete Randomised Block Design 
(CRBD) was used during the preference test. 
Four samples of each product developed were 
served at a time. Consumers were asked to 
test the sample one at a time and rate colour, 
aroma, mouthfeel, saltiness, softness and overall 
liking on a five-point scale (1 = extremely not 
preferred, 5 extremely preferred). The testing 
was done in triplicates for each sample of the 
developed products. A total of 10 panellist per 
test were involved. During the test consumers 

were asked to rinse the mouth with clean safe 
water. Testing of the pigeon pea-based products 
was done on different 5 days (one product 
per day) to reduce confusion of the culinary 
attributes among consumers. All developed 
pigeon peas-based products (noodles, instant 
porridge, African doughnuts, bread, biscuit 
and chapatti) were well-cooked before serving 
(Fig. 1). All samples to be tested were packed 
into different containers with three-digit unique 
numbers to avoid biases. The samples were 
randomly assigned to consumers (10 consumers 
per test) during the testing exercise. 

All preferred samples in each product 
were identified and taken to the consumer for 
comparison and prioritization. The Garret Henry 
techniques and Pairwise comparison (PC) 
method was used during the prioritization of 
preferred developed and tested pigeon pea-based 
products. Each consumer was asked to rank in 
order of preference all pigeon peas products 
using the Garret Henry techniques as described 
earlier (Majili et al., 2022). Thereafter, each 
age group were asked to discuss in a group and 
conduct a binary comparison of the developed 
pigeon pea-based product using a Pairwise 
comparison (PC) matrix table as described by 
Majili et al. (2022).  

Data Analysis
R software version (3.6.2 version) was 

used to summarise the preference data whereas 
mean and standard deviations were calculated 
to summarise the preference scores. Analysis 
of variance (ANOVA) was computed to 
establish mean differences among the samples. 
The dependent variable was product attributes 
(colour, aroma, mouthfeel, softness and overall 
liking) were considered as a dependent variable 
which was tested against sample formulations 
and panellists (consumers). Statistical 
significance was considered at p-value < 0.05. 
The Tukey pairwise test was used to determine 
the differences between the sample means. The 
Garrett ranking conversion table was used to 
standardize individual ranking scores before 
calculating the Garrett mean (GM) score. 
Rank command in Excel software Version 
2016 was used to rank hierarchically the most 
preferred pigeon pea-based products. Further, 
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the Rank command was used to rank the PC 
counts obtained after summing up the binary 
comparison of the pigeon peas products in 
the PC matrix.  Logistic regression analysis 
was performed to determine predictors that 
influence consumers’ preference for developed 
products. Preference scores were set as outcome 
variables and explanatory variables were 
consumers’ characteristics (age, sex, education 
level, consumption of pigeon peas and their 
frequencies)

Results
Sociodemographic characteristics of the 
consumers

Table 2 shows the sociodemographic 
characteristics of consumers who participated 
in the preference test. A total of 452 consumers 
were involved in this study among them 43% 
were aged between 25 and 60 years. About 59% 
were females, 53% of consumers had primary 
and 56 % reported to consume pigeon peas. 

Figure 1: Preparation and production process of each pigeon pea-based product
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Amount of Ingredients in each Developed 
Pigeon Pea-based Products

Table 1 indicate amount of each ingredient 
in each formulation of instant porridge, noodles, 
African doughnuts, bread, chapatti and biscuits. 
The amount of ingredients differs in each 
formulation in order to have different qualities 
that can increase consumer choices. Also, the 
formulation considered RNI for individual. In 
all formulation the RNI was set at least to meet 
50% of RNI for protein, iron, zinc and vitamin 
A.

Nutrient Composition of Preferred Developed 
Products

All samples developed had protein, iron, 
zinc and pro vitamin A content more than 50% 
of RNI and the amount of these nutrients differ 
between samples in each pigeon pea-based 
product developed (Table 3). The highest amount 

of protein (14/100g of dry matter), iron (8 
mg/100g of dry matter) and pro-vitamin A (305 
g RE/100g) was observed in sample PPIPofspr 
of instant porridge flour.  Sample PPBN718 
for noodles had higher amount of protein 
(51/100g of dry matter), iron (24 mg/100g of 
dry matter), zinc (12 mg/100g of dry matter) 
and pro-vitamin A (920 µg RE/100g dry matter). 
Samples PPAD234/PPBC234/PPBB917 had 
higher amount of protein (48/100g of dry 
matter), iron content of 21 mg/100gdry matter, 
11 mg/100g dry matter and 626 µg RE/100g. a 
biscuit sample PPBS624 had protein content of 
37g/100g dry matter, iron (16 mg/100g of dry 
matter and zinc 11 mg/100g dry matter. 

Preference Scores for Different Samples of 
the Developed Pigeon Pea-based Products 

The overall liking of the developed pigeon 
pea-based products differs significantly among 

Table 2: Sociodemographic characteristics of the consumers 
Categories All (n=412) 

%
Ruangwa 
(n=124) %

Nachingwea 
(n=86) %

Morogoro 
(n=202) %

Sex
Female 59 62 58 53
Male 41 38 42 47
Age groups
9-14 years 20 25 27 16
15-24 years 37 33 33 42
25-60 years 43 42 40 42
Education
No formal education 2 2 3 1
Primary school 53 71 77 34
In school 20 19 16 18
Secondary school 25 9 3 46
Consumption of pigeon peas
No 43 1 2 84
Yes 56 99 98 16
Consumption frequency
Daily 2 2 1 0
Once/week 23 9 12 31
Once/month 21 3 3 54
More than once/week 55 68 65 0
Occasionally 35 18 19 16
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the samples (Table 4). Sample PPBN718 for 
noodles has higher mean intensity scores 
for colour (4.7±1.87), aroma (4.8±1.99a), 
mouthfeel (4.6±2.00), softness (4.7±1.94) and 
liking (4.9±0.74). Sample PPBS123 for biscuits 
had a higher mean of overall liking (4.9±1.12). 
Similar sample PPIPofspr for porridge differ 
significantly from other samples of porridge 
(PPIPofspb, PPIPpfr and PPIPpfb) in terms 
of colour (4.9±0.29), mouthfeel (4.9± 0.35) 
and softness (4.9±0.35). Sample PPBC234 
for chapatti had higher mean liking scores for 
colour (4.1±0.66), aroma (4.6±1.74), mouthfeel 
(4.1±0.83a) and overall liking (4.7±2.26). For 
African doughnut and bread samples, PPAD234 
and PPBB917 respectively had higher overall 
liking scores and sample PPAD149 and 
PPBB523 had lowest overall liking scores.

3.5 Prioritization of Developed Pigeon Pea-
based Product

Overall highest Garrett mean score was 
35.28 for instant porridge flour, while the least 
overall score was 25.87 for bread. However, 

products score varied between regions, while 
instant porridge flour was highly scored in 
Ruangwa and Nachingwea, chapatti was highly 
scored in Morogoro. Nonetheless, this variation 
between districts was statistically significant at 
p value 0.002. Moreover, variation in product 
ranking was also observed between age groups 
and sex of consumers. The age group between 
9-14 years ranked biscuits highest, while the 
15-24 years cohort ranked chapatti highest, 
and similarly group age between 25-60 years 
ranked instant porridge flour highest (Table 5). 
This ranking variation between age groups was 
found to be statistically significant (p = 0.002). 
In terms of sex, female ranked instant porridge 
flour highest whereas male ranked chapatti 
highest.

The Pairwise Comparison (PC) counts 
indicated that 87% of consumers preferred 
instant porridge flour, and 86% of consumers 
preferred biscuits (Table 6). There were 
significant differences in PC counts among 
consumers’ areas of residence (p=0.000), sex 
(p=0.007), and age (p=0.041). About 98% and 

Table 1:  Amount of ingredients in each formulation
Pigeon pea-based product Maize (g) Pigeon peas 

(g)
1OFSP/2PF/3BB 
(g)

Wheat flour 
(g)

PPIPpf
b 65 50 402 -

PPIPpf
r 65 50 402 -

PPIPofsp
r 65 50 201 -

PPIPofsp
b 65 50 201 -

PPBN193 - 160 451 130
PPBN718 - 160 451 240
PPBN193 - 80 451 130
PPBN517 - 130 451 80
PPAD234/PPBC234/PPBB917 - 175 251 130
PPAD674/PPBC4126/PPBB523 - 130 251 250
PPAD149/PPBC516/PPBB723 - 130 251 130
PPAD124/PPBC234/PPBB354 - 130 251 175
PPBS624 - 150 1503 100
PPBS234 - 100 1503 150
PPBS123 - 100 1503 100
PPBS452 - 150 1503 50
PPIP	-	pigeon	pea-based	instant	porridge,	PPBN	=	pigeon	pea-based	noodles,	PPAD=	pigeon	pea-based	
African	doughnuts,	PPBC	=	pigeon	pea-based	chapatti,	PPBB	=	pigeon	pea-based	bread,	PPBS	=	pigeon	
pea-based	biscuits,
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95% of consumers in Ruangwa and Nachingwea 
respective ranked highest instant porridge 
flour and 58% ranked lowest the bread. The 
highest PC counts for chapatti was observed 
in Morogoro (98%). The lowest PC counts 
was observed in bread in all districts. Male 
consumers’ (97%) mostly preferred chapatti 
and less prefer instant porridge flour. For female 
the most preferred pigeon pea-based product 
was instant porridge flour (96%) and the less 
preferred was bread (47%). Consumers age 
between 9 -14 years (97%) and 15-24 (99%) 
years preferred biscuits than African donut and 
bread respectively. Consumers aged between 
and 25-60 years preferred instant porridge flour 
(96%) than bread (53%)

Predictors for preferences of developed 
pigeon pea-based products

Age, sex and experiences on consumption of 
pigeon peas significantly predicted preferences 
of pigeon pea-based products at p=0.021, 
p=0.027 and p=0.015 respectively (Table 7). 
The coefficient of determination (R2) explained 
18% of variability of preference scores of the 
developed pigeon pea-based products. 

Discussion
Composition of Ingredients and Nutrient 
Content of the Developed Pigeon Pea-Based 
Products

Pigeon peas and wheat flour were the main 
ingredients for developed noodles, chapatti, 
biscuits, African doughnut, and bread. For 

Table 3: Nutrient content of developed pigeon pea-based products in 100g of the dry matter 
of the mixture and percent contribution in RNI

Pigeon pea-based product Protein g 
(%)

Iron mg 
(%)

Zinc mg 
(%)

Vitamin A µg 
RE (%)

PPIPpf
b 12(98) 5(42) 5(60) 242(60)

PPIPpf
r 13(106) 6(57) 5(60) 242(60)

PPIPofsp
r 14(109) 8(73) 4(48) 305(76)

PPIPofsp
b 13(102) 6(58) 3(36) 305(76)

RNI (Children) 13 11 8.3 400
PPBN193 40(71) 18(100) 10(71) 818 (91)
PPBN718 51(93) 24(135) 12(86) 920(102)
PPBN193 32(58) 18(100) 7(50) 856(95)
PPBN517 30(53) 14(79) 8(57) 765(85)
PPAD234/PPBC234/PPBB917 48(89) 21(119) 11(77) 629(70)
PPAD674/PPBC4126/PPBB523 41(74) 16(90) 10(71) 528(59)
PPAD149/PPBC516/PPBB723 34(62) 15(82) 8(57) 518(58)
PPAD124/PPBC234/PPBB354 39(70) 17(94) 9(64) 555(62)
PPBS624 37(66) 16(88) 11(78) 1356(151)
PPBS234 34(61) 15(84) 9(64) 1391(155)
PPBS123 29(51) 13(70) 8(57) 1359(151)
PPBS452 32(56) 13(72) 10(71) 1309(146)
RNI (Adults) 56 18 14 900
PPIP	-	pigeon	pea-based	instant	porridge,	PPBN	=	pigeon	pea-based	noodles,	PPAD=	pigeon	pea-based	
African	doughnuts,	PPBC=	pigeon	pea-based	chapatti,	PPBB	=	pigeon	pea-based	bread,	PPBS=	pigeon	
pea-based	biscuits,	RNI=	Recommended	Nutrient	Intake	
Note: all PPIP sample were formulated based on the children recommended intake.
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instant porridge, the main ingredients were 
pigeon peas and maize flour. Traditionally, 
existing noodles, chapatti, biscuits, African 
doughnut, and bread in the market are made with 
wheat flour, which is deficient in lysine (Lande 
et al., 2017; Mogra & Midha, 2013) and low in 
protein content (Lukmanji et al., 2008). Hence, 
complementing pigeon peas which contain 
a reasonable amount of protein and lysine 

complement each other. The protein content of 
developed pigeon peas-based products is more 
than three times of bread, biscuits, chapatti, 
African donut, spaghetti and maize porridge 
flour reported in Tanzania food composition 
table (Lukmanji et al., 2008). The observed 
amount of protein content in the developed 
pigeon peas-based products contributed at least 
50% of daily nutritional requirements. Pigeon 

Table 4: Preference scores for different samples of developed pigeon pea-based products
Food Sample Colour Aroma Mouth feel Softness Overall liking

N
oo

dl
es

 

PPBN193 4.5±1.99 ac 4.6±2.06 c 4.3±2.15 c 4.4±1.88 c 4.3±2.17 c
PPBN718 4.7±1.87 a 4.8±1.99 a 4.6±2.00 a 4.7±1.94 a 4.9±0.74 a
PPBN193 4.6±2.31 b 4.6±1.89 a 4.4±2.07 ab 4.6±1.68 ab 4.7±2.17 bc
PPBN517 4.4±1.84 ac 4.4±1.95 b 4.3±1.88 b 4.6±1.98 b c 4.3±1.92 c
P value 0.023 0.046 0.019 0.010 0.018

B
is

cu
its

PPBS624 4.3±1.23 c 4.0±1.88 c 4.3±1.82 b 4.2±1.99 a b 4.1±1.07 bc
PPBS234 4.0±0.97 b 4.3±0.08 b 4.4±2.23 b 4.3±2.17 b 4.7±1.13 c
PPBS123 4.7±0.67 a 4.7±1.50 a 4.8±0.99 a 4.9±0.90 a 4.9±1.12 a
PPBS452 4.7±0.49 a 4.3±1.02 b 4.7±0.84 ab 4.6±0.76 a 4.8±0.23 ab
P value 0.013 0.020 0.036 0.011 0.029

Po
rr

id
ge

PPIPpfb 4.5±0.82 b 4.2±1.22b 4.1±1.30 c 3.9±1.56 bc 4.3±0.25 b
PPIPpfr 4.7±0.91 a b 4.5±0.98ab 4.5±0.95 ab 4.7±0.70 b 3.7±0.94 C
PPIPofspr 4.9±0.29 a 4.8± 0.42a 4.9± 0.35 a 4.9±0.35 a 4.9±0.29 b
PPIPofspb 4.8±0.69 a b 4.8± 0.41a 4.8± 0.49 b 4.8±0.48 ab 4.5±0.85 a
P value 0.036 0.003 0.017 0.012 0.040

C
ha

pa
tti

PPBC412 4.0±0.72 b 4.1±1.25 b 4.0±1.16a b 4.8±1.74a 4.5±2.48
PPBC328 3.1±0.83 c 3.8±1.66 c 3.9±0.94 b 4.0±1.75bc 4.1±2.55
PPBC516 3.4±1.73 b c 3.8±2.04 c 4.0±1.04 a b 3.8±1.86 b c 3.6±2.42
PPBC234 4.1±0.66 a 4.6±1.74 a 4.1±0.83a 4.9±1.91 a b 4.7±2.26
P value 0.013 0.036 0.002 0.007 0.019

A
fr

ic
an

 
do

ug
hn

ut

PPAD124 3.9±1.53 b c 4.2±1.10 a 4.1±1.47 a b 3.8±1.55 c d 4.1±1.98 ab
PPAD234 4.0±1.02 a 4.7±1.46 a 4.5±1.06 a 4.0±0.76 a b 4.7±2.08  a
PPAD674 4.0±0.74 a 4.7±1.91 a 4.1±0.98 a b 4.0±1.00 a b 4.2±2.06 ab
PPAD149 3.7±1.53 b c 4.7±1.93 a 4.3±1.81 a b 3.3±1.06 b c 3.8±2.56 c
P value 0.040 0.011 0.018 0.046 0.006

B
re

ad

PPBB917 4.6±1.83a 4.5±2.13 b 4.2±2.03 4.7±1.79 b c 4.6±1.02 b c
PPBB523 4.6±1.70a 4.6±1.84 a 4.6±1.83 4.0±1.71 a b c 4.0±0.75 a b
PPBB354 3.1±1.88a b 3.9±2.03 ab 3.8±1.91 4.1±1.84 a b 4.1±2.11 c d
PPBB723 3.2±1.87a b 3.9±1.72 ab 3.2±1.96 3.5±1.90 b c 4.1±1.14 a
P value 0.002 0.030 0.029 0.003 0.015

The	mean	values	with	different	superscripts	within	a	column	are	significantly	different	at	p	value	<	0.05).
PPIP-	pigeon	pea-based	 instant	porridge,	PPBN	=	pigeon	pea-based	noodles,	PPAD=	pigeon	pea-based	
African	doughnuts,	PPBC=	pigeon	pea-based	chapatti,	PPBB	=	pigeon	pea-based	bread,	PPBS=	pigeon	
pea-based	biscuits,
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peas are also rich in tryptophan and methionine 
which complement lysine and consequently 
improve the quality of noodles, chapatti, biscuits, 
African doughnut and bread. Similarly, maize 
flour which is commonly used in preparing 
children's porridge is inadequate in protein, thus 
mixing it with pigeon pea increase the protein 
content and make it suitable for the growth 
development of children. Adequate protein 
intake among children provides essential amino 
acids such as lysine and tryptophan which are 
essential for growth and cognitive development 
(Endrinikapoulos et.al., 2023; Maulidiana & 
Sutjiati, 2021) Also, adequate protein intake 
is important for repairing muscles and bones 
as well as responsible for the functioning of 
hormones and enzymes among adults (Putra, 

2021; Carbone & Pasiakos, 2019).
Similarly, it is estimated that the developed 

products contributed at least 45% of the daily 
iron requirement however, this value does 
not consider the bioavailability. To increase 
bioavailability roasting, soaking and dehulling 
of pigeon pea was done. These processing 
techniques reduce phytates and tannins that 
are known to interfere with nutrient absorption 
(Prodanov et al., 2004). Pigeon pea-based 
biscuits and noodles had the highest amount of 
iron than other pigeon peas products (chapatti, 
African doughnut, bread). This can be due to the 
reasonable amount of pigeon peas added to the 
flour blend which is 30 % of the total ingredients 
used. 

Adding pigeon pea flour into developed 

Table 5: Prioritization of developed pigeon pea-based products among consumer 
characteristics based on Garrett mean scores 

 GM scores 
and ranks

Pigeon pea-based products 
African 
doughnuts

Bread Biscuits Instant 
porridge 
flour

Chapatti Noodles P value

All
GM score 60.32 45.87 61.09 65.28 56.48 60.36
Rank 4 6 2 1 5 3

Residence
Nachingwea GM score 26.08 26.51 30.43 35.11 30.43 33.09 0.002

Rank 5 4 2 1 2 3
Ruangwa GM score 30.32 25.87 31.09 35.28 26.48 30.36

Rank 4 6 2 1 5 3
Morogoro GM score 28.04 27.42 24.60 21.69 30.30 19.67

Rank 2 3 4 5 1 6
Sex 
Male GM score 32.09 28.76 23.55 21.41 35.36 28.76 0.001

Rank 2 3 5 6 1 3
Female GM score 20.51 24.48 27.28 36.93 25.09 34.32

Rank 6 5 3 1 4 2
Age groups
9-14 years GM score 35.28 25.87 37.09 30.36 30.32 31.09 0.02

Rank 2 6 1 4 5 3
15-24 years GM score 25.32 25.93 33.06 23.07 35.55 31.45

Rank 5 4 2 6 1 3
25-60 years GM score 32.11 23.67 22.97 36.42 25.32 27.48

Rank 2 5 6 1 4 3
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products increases the zinc content of developed, 
noodles, chapatti, African doughnut, bread, 
biscuits and instant porridge. It contributed 
at least 30% of daily requirement. Similar to 
iron, a reasonable amount of pigeon peas added 
contributed to an increase in zinc content. 
Existing noodles in the market contain 0.1 mg of 
zinc, chapatti (0.4 mg), biscuit (0.8 mg), African 

doughnut (0.4 mg), bread (0.9 mg) and 1.8 mg 
of zinc in maize flour (Lukmanji et al., 2008). 
These amounts are lower compared to develop 
products which is attributed with addition of 
roasted pigeon peas. Liomba and colleagues 
reported that roasted pigeon pea flour has zinc 
content 7.5 mg/100g (Liomba et al., 2018). 
This amount is higher than that of wheat flour 

Table 7: Multiple linear regression model predicts preferences of pigeon pea-based product
 Factors B t Sig. Lower 

Bound
Upper 
Bound

(Constant) 4.651 7.061 0.000 3.356 5.945
Village -0.120 -0.702 0.483 -0.458 0.217
Age 0.010 1.552 0.021* -0.678 0.024
Sex -0.406 -2.219 0.027* -0.765 -0.046
Education -0.167 -1.179 0.239 -0.446 0.112
Pigeon pea consumption experiences 0.435 1.580 0.015* -0.646 0.977
Color -0.042 -0.336 0.737 -0.290 0.205
Aroma 0.038 0.352 0.725 -0.173 0.248
Mouthfeel -0.043 -0.353 0.724 -0.283 0.197
Saltiness 0.028 0.218 0.828 -0.222 0.277
Softness -0.033 -0.283 0.777 -0.265 0.198
Overall liking -0.100 -1.432 0.153 -0.237 0.037
*Significance	at	p	<0.05

Table 6: Prioritization of developed pigeon pea-based products among consumer 
characteristics based on PC counts

 Pigeon pea-based products
African 
doughnuts

Bread Biscuits Instant 
porridge 
flour

Chapatti Noodles

PC counts 
(%)

PC counts 
(%)

PC counts 
(%)

PC counts 
(%)

PC counts 
(%)

PC counts 
(%)

P 
value

All (n=412) 344 (85) 225(58) 348(86) 352(87) 339(83) 339(83)
Ruangwa (n=124) 99(80) 76 (61) 89(72) 121(98) 89(72) 117(94) 0.000
Nachingwea (n=86) 65(76) 52(60) 68(79) 82(95) 78(91) 79(92)
Morogoro (n=202) 170(84) 109(54) 186(92) 166(82) 172(85) 143(71)
Sex 
Male (n=169) 159(94) 98(58) 145(86) 90(53) 153(91) 94(56) 0.007
Female (n=273) 185(67) 127(47) 203(74) 262(96) 186(68) 245(90)
Age group
9-14 years (n=87) 53(31) 45(52) 84(97) 67(77) 83(95) 72(83)
15-24 years (n=153) 131(86) 89(58) 136(99) 120(78) 144(94) 115(75) 0.041
25-60 years (n=172) 162(94) 91(53) 128(74) 165(96) 112(65) 152(88)
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0.87 mg/100g (FAO/GOK, 2018). Therefore, 
blending pigeon pea into these products 
increase zinc content which is important in the 
immune system and the senses of taste and smell 
(Mozaffar et al., 2023). 

Addition of orange flesh sweet potatoes  
flour in developed products increase significant 
amount of pro-vitamin A content in developed 
products which contributes more than 58% of 
RNI. A hundred grams of orange flesh sweet 
potatoes contained 1467 µg RE of pro-vitamin 
A (Lukmanji et al., 2008) and pumpkin flour 
contained 575 µg RE of pro-vitamin A (Pereira 
et al., 2020) . These amount is higher and make 
it suitable to blend with low amount of pro-
vitamin A wheat (FAO/GOK, 2018)   and maize 
flour (Lukmanji et al., 2008) in development of 
pigeon pea-based products. 

Preferences for the Developed Pigeon Pea-
Based Products

The majority of consumers preferred the 
colour, aroma and mouthfeel of the developed 
pigeon pea-based products. This was due to the 
best combination of the ingredients that did not 
change the sensory attribute of the developed 
pigeon pea-based products compared to that 
existed in the market. The overall liking of the 
developed pigeon pea-based products differs 
significantly among the samples. Sample 
PPBN718 for noodles, PPIPofspr for porridge, 
PPBS123 for biscuit, PPBC234 for chapatti, 
PPAD234 for African doughnut and PPBB917 
for bread whereas the most preferred sample 
as had higher overall liking scores. This was 
due to the good composition of the ingredients 
that did not alter the sensory qualities of the 
developed pigeon pea-based products compared 
to existing products in the market. The addition 
of roasted pigeon peas flours also contributed to 
the overall liking of the developed products. The 
Maillard reaction that occurs during the roasting 
of pigeon peas resulted in a chocolate/coffee 
aroma and taste feel. It was reported that taste 
and aroma are among the sensory attributes that 
influence the overall preference for food (Liem 
& Russell, 2019, Starowicz & Zieliński, 2019).

Prioritization of the Developed Pigeon Pea-
Based Products

Pigeon pea-based flour had the highest rank 
among the six products developed. This was due 
to the importance of porridge as the main meal of 
children during complementary feeding as well 
as child experience with porridge consumption. 
Also, porridge has been used as a morning 
meal in resource poor household and in schools 
hence, being familiar to them. According to the 
Theory of Reasoned Action (TRA), experience 
is among the key drivers for consumption 
preferences (Ajzen & Fishbein, 2005). 

There were significant differences in 
Garrett's Mean score and PC counts among 
consumers’ area of residence, sex, and age. 
Consumers in the Ruangwa and Nachingwea 
ranked porridge highest because the majority 
reported it to be important in their daily meals, 
especially for children. In Morogoro, the 
highest Garrett Mean score and PC counts were 
observed in chapatti and African doughnut as 
the main snack during breakfast. In terms of age, 
children aged 9 -14 years ranked biscuits highest, 
whereas youth aged 15 - 24 years ranked highest 
chapatti and instant porridge flour rank highest 
among adults (25 – 60 years).  This could be due 
to differences in preferences and values that are 
determined by several interdepending attributes 
associated with food products, individual 
perception and the environment (Gorton & 
Barjolle, 2013). Children preferred biscuits 
because of the sweet taste and availability in 
most areas they live in at the cheapest price. 
Youth preferred chapatti as it is convenient for 
them and available in most places where they 
spend most of their time. Youth spend a lot of 
time outside the home or in different activities 
for earning income. This is the reason for them to 
consume foods available to street food vendors 
whereas chapatti is among the food product sold 
at reasonable prices compared to size. Adults 
always think about household foods and mostly 
considered children’s preferences. This is the 
reason for the highest rank observed for instant 
porridge flour and African doughnut. These 
kinds of foods are mostly consumed during 
morning meals. African doughnut was available 
in most places in the study area for a price of 
TZS 100 compared to chapatti and bread. 
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Prioritization of pigeon peas-based 
products differ among male and female 
consumers. Chapatti and African donuts ranked 
highest among male consumers whereas female 
consumers ranked highest instant porridge flour 
and noodles. This could be due to differences 
in activities.  male consumers are less likely to 
have breakfast at home due to their activities 
which force them to be away from home early 
in the morning. This makes them to have 
breakfast around their work places to different 
food vendors whereas chapatti and African 
donuts are among products sold by them. This 
is different for female consumers as they always 
think about family needs and which food will 
be suitable to them. This could be a reason for 
prioritizing instant porridge flour as could serve 
as breakfast meal and complementary foods for 
under five children. They also prioritize noodles 
as can be made for a family meal during their 
breakfast but also as a main meal.  

Conclusion 
Pigeon peas can be mixed with other 

ingredients to improve palatability as well as for 
nutrient optimization. The use of pigeon peas to 
enrich noodles, biscuits, bread, African donut, 
chapatti and instant porridge increases nutrient 
content of it that can contribute to at least 50% 
of Recommended Nutrient Intake (RNI) for 
protein, iron and vitamin A and at least 30% 
of RNI for zinc. Instant porridge flour ranked 
highest among consumers with difference in 
terms of age, sex and area of residence. Colour, 
aroma and mouthfeel are among sensory 
attributes preferred by consumers. The preferred 
attributes are due to good composition of the 
ingredients in the product mix and the use of 
roasted pigeon pea flour which has good aroma 
and mouthfeel. The preference scores indicated 
product were preferred by majority and 
emphasizing the use pigeon peas in enriching 
different foods products as an opportunity 
to increase to increase nutrient content and 
diversification of pigeon peas recipes. This 
will contribute on improve the well-being of 
household members. Different stakeholders 
should consider pigeon peas among approaches 
to increase nutrient content of food consumed 
among resource-poor households. 

Acknowledgements 
The author is grateful for the financial 

support from the Vegi-Leg project supported 
by the Federal Republic of Germany via the 
Federal Office for Agriculture and Food (BLE). 
The funders had no role in the study design, data 
collection, analysis, or the decision to publish. 
My appreciation to district officials and village 
leaders in Morogoro municipality, Ruangwa 
and Nachingwea districts for their support and 
willingness to participate in the study. 

References 
Abate, T., Alene, A., Bergvinson, D., Shiferaw, 

B., Silim, S., Orr, A. and Asfaw, S. (2012). 
Tropical Grain Legumes in Africa and 
South Asia Knowledge and Opportunities 
Science with a human face Tropical 
Legumes II Project.

Abebe, B. (2022). The dietary use of pigeon 
peas for human and animal diets. Scientific	
World Journal  2022: 1–12. https://doi.
org/10.1155/2022/4873008

Ajzen, I. & Fishbein, M. (2005). The influence 
of attitudes on behaviour. (Edited by 
Albarracin, D., Johnson, B.T. and Zanna, 
M.P.) In: The handbook of attitudes. 
Psychology press,  New York. 173–221pp. 
https://doi.org/10.4324/9781410612823-
13.

Briend, A, Ferguson, E. &  Darmon, N. (2001). 
Local food price analysis by Linear 
programming: A new approach to assess the 
economic value of fortifies food supplements. 
Food and Nutrition Bulletin 22(2): 184–
189. https://journals.sagepub.com/doi/
pdf/10.1177/156482650102200210.

Briend, A., Darmon, N., Ferguson, E. & 
Erhardt, J.G. (2003). Linear programming: 
A mathematical tool for analyzing 
and optimizing children’s diets during 
the complementary feeding period. 
Journal of Pediatric Gastroenterology 
and Nutrition 36(1): 12–22. https://doi.
org/10.1097/00005176-200301000-00006.

Cheboi, J.J., Kinyua, M.G., Kimurto, P.K., 
Kiplagat, O.K., Ng’an’ga, F. and Ghimire, 
S.R. (2019). Biochemical composition of 
pigeon pea genotypes in Kenya. Australian	
Journal of Crop Science 13(11): 1848–1855. 

Proceedings of the 3rd SUA Scientific Conference on Enabling Environment in Agricultural Transformation



Tanzania Journal of Agricultural Sciences (2023) Vol. 22 No. 02; Special Issue: 358-372

370Pigeon Peas: An Opportunity for Improving Nutrient Content of Food

https://doi.org/10.21475/ajcs.19.13.11.
p1886

FAO, IFAD, UNICEF, WFP and WHO. 2023. 
The State of Food Security and Nutrition 
in the World 2023. Urbanization, agri-food 
systems transformation and healthy diets 
across the rural–urban continuum. Rome, 
FAO. https://doi.org/10.4060/cc3017en

FAO, IFAD, UNICEF, W. and W. (2022). In 
Brief to The State of Food Security and 
Nutrition in the World 2022. In Brief to 
The State of Food Security and Nutrition 
in the World 2022. https://doi.org/10.4060/
cc0640en

FAO & WHO. (2004). Vitamin and mineral 
requirements in human nutrition (2nd. ed.), 
World Health Organization. 362 pp. https://
doi.org/92 4 154612 3.

Gorton, M. and Barjolle, D. (2013). Theories 
of Food Choice. In D. Barjolle, M. Gorton,  
Asna, M. Đorđević, and S. Žaklina (Eds.), 
Food Consumer Science: Theories, 
Methods and Application to the Western 
Balkans (1st ed., Issue March, pp. 1–144). 
Springer, Dordrecht. https://doi.org/https://
doi.org/10.1007/978-94-007-5946-6

IOM. (2002). New dietary reference intakes set 
for energy, carbohydrates, fiber, fat, fatty 
adds, cholesterol, proteins, and amino acids. 
The National Academies Press.Washington 
DC. 1357 pp. www.iom.edu.

IFPRI. (2016). Global nutrition report 2016: 
from promise to impact: ending malnutrition 
by 2030.

Lande, S., Thorats, S. and Kulthe, A. . (2017). 
Production of nutrient-rich vermicelli 
with malted finger millet (Ragi) flour. 
International	 Journal	 of	 Current	
Microbiology	 and	 Applied	 Sciences	
6(4): 702–710. https://doi.org/10.20546/
ijcmas.2017.604.086

Liem, D.G. and Russell, C.G. (2019). The 
influence of taste liking on the consumption 
of nutrient-rich and nutrient-poor foods. 
Frontiers in Nutrition 6(November): 1–10. 
https://doi.org/10.3389/fnut.2019.00174

Liomba, C.M., Kunyanga, C.N. and Adhiambo, 
A. (2018). Formulation of a complementary 
flour with high nutrient density and 
micronutrient content. International	

Journal	 of	 Food	 and	 Nutrition	
Research,1–12. https://doi.org/10.28933/
ijfnr-2018-06-1801

Lukmanji, Z., Hertzmark, E., Mlingi, N., Assey, 
V., Ndossi, G. and Fawzi, W. (2008). 
Tanzania food composition tables. In 
Muhimbili University of Allied Science, 
Tanzania Food and Nutrition Centre and 
Havard School of Public Health (1st ed., 
Issue November). http://scholar.google.
com/scholar?hl=en&btnG=Search&q=intit
le:Tanzania+Food+Composition+Tables#0

Majili, Z., Nyaruhucha, C.N., Kulwa, K., 
Mutabazi, K., Rybak, C. and Sieber, S. 
(2022). Identification and prioritization 
of pigeon pea-based products tailored to 
consumer preference perspective : A mixed 
method assessment approach. Legume 
Science 4(3): 1–12. https://doi.org/. https://
doi.org/ 10.1002/leg3.137

Majili, Z., Nyaruhucha, C.N., Kulwa, K., 
and Rybak, C. (2023). Development and 
Profiling of Affordable and Nutritionally 
Optimal Pigeon Pea-Based Products for 
Improved Recipes Diversification in Rural 
Communities in Tanzania. East	 African	
Journal of Science, Technology and 
Innovation 4(special issue 2): 1-19.   

Mfikwa, A. and Kilima, F. (2014). Factors 
influencing the consumption of pulses in 
rural and urban areas of Tanzania. Tanzania 
Journal	 of	 Agricultural	 Sciences,	 13(2): 
59–74.

Miano, A.C., Carvalho, G.R. de, Sabadoti, V. D., 
Anjos, C.B.P. dos, Godoy, R. and Augusto, 
P.E.D. (2020). Evaluating new lines of 
pigeon pea (Cajanus cajan L.) as a human 
food source. Journal	 of	 Food	 Processing	
and Preservation 44(7):1–9. https://doi.
org/10.1111/jfpp.14517

MoHCDGEC, (Ministry of Health Community 
Development Gender Elderly and Children) 
[Tanzania Mainland], MoH, (Ministry of 
Health) [Zanzibar], NBS, (National Bu- reau 
of Statistics), OCGS, (Office of the Chief 
Government Statistician), and ICF. (2016). 
Tanzania Demographic and Health Survey 
and Malaria Indicator Survey (TDHS-MIS) 
2015-16. Dar Es Salaam, Tanzania, and 
Rockville, Maryland USA. 605 pp. https://



371 Majili

doi.org/10.1017/CBO9781107415324.004.
MoH (Ministry of Health) [Tanzania 

Mainland], Ministry of Health (MoH) 
[Zanzibar], National Bureau of Statistics 
(NBS), Office of the Chief Government 
Statistician (OCGS), and ICF (2023). 
Tanzania Demographic and Health Survey 
and Malaria Indicator Survey 2022, Key 
Indicators Report. Dodoma, Tanzania, and 
Rockville, Maryland, USA: MoH, NBS, 
OCGS, and ICF. 

Minja, E.G., Swai, J.K., Mponzi, W., Ngowo, H., 
Okumu, F., Gerber, M., Pühse, U., Long, K. 
Z., Utzinger, J., Lang, C., Beckmann, J. and 
Finda, M. (2021). Dietary diversity among 
households living in Kilombero district, in 
Morogoro region, South-Eastern Tanzania. 
Journal	of	Agriculture	and	Food	Research	
5 (February). https://doi.org/10.1016/j.
jafr.2021.100171

Mogra, R. and Midha, S. (2013). Value addition 
of traditional wheat flour vermicelli. 
Journal	 of	 Food	 Science	 and	 Technology,	
50(4), 815–820. https://doi.org/10.1007/
s13197-011-0403-3

Mponda, O., Kidunda, B., Bennett, B., Orr, 
A. and Mausch, K. (2014). A value chain 
analysis for pigeon pea in the southern 
regions of Tanzania, Socioeconomics 
Discussion Paper Series Number 17 
(17): 1-42. http://oar.icrisat.org/7955/1/
ISEDPS_17.pdf%0Ahttp://oar.icrisat.
org/7955/

Ochieng, J., Afari-Sefa, V., Lukumay, P.J. and 
Dubois, T. (2017). Determinants of dietary 
diversity and the potential role of men in 
improving household nutrition in Tanzania. 
PLoS ONE 12(12): 1–18. https://doi.
org/10.1371/journal.pone.0189022

Pereira, A.M., Krumreich, F.D., Ramos, A. 
H., Krolow, A.C.R., Santos, R.B. & 
Gularte, M.A. (2020). Physicochemical 
characterization, carotenoid content and 
protein digestibility of pumpkin access 
flours for food application. Food Science 
and Technology 40: 691–698. https://doi.
org/10.1590/fst.38819.

Sheibani, E., Moghaddam, A.D., Sharifan, A. & 
Afshari, Z. (2018). Linear programming: 
an alternative approach for developing 

formulations for emergency food products. 
Journal	 of	 the	 Science	 of	 Food	 and	
Agriculture 98(4):1444–1452. https://doi.
org/10.1002/jsfa.8612.

Prodanov, M., Sierra, I. and Vidal-Valverde, C. 
(2004). Influence of soaking and cooking 
on the thiamin, riboflavin and niacin 
contents of legumes. Food Chemistry 
84(2): 271–277. https://doi.org/10.1016/
S0308-8146(03)00211-5

Sharma, S., Agarwal, N. and Verma, P. 
(2011). Pigeon pea (Cajanus cajan L.): 
A hidden treasure of regime nutrition. 
Journal	 of	 Functional	And	Environmental	
Botany 1(2): 91–101. https://doi.
org/10.5958/j.2231-1742.1.2.010

Shiferaw, B., Silim, S., Muricho, G., Audi, 
P., Mligo, J., Lyimo, S., You, L. and 
Christiansen, J.L. (2007). Assessment 
of the adoption and impact of improved 
pigeon pea varieties in Tanzania. Journal 
of	 SAT	Agricultural	Research, 5(1), 1–27. 
http://oar.icrisat.org/2565/

Simtowe, F., Kassie, M., Diagne, A., Asfaw, 
S., Shiferaw, B., Silim, S. and Muange, 
E. (2011). Determinants of agricultural 
technology adoption: The case of improved 
pigeon pea varieties in Tanzania. Quarterly 
Journal	of	International	Agriculture 50(4): 
325–345.

Simtowe, F., Shiferaw, B., Kassie, M., Abate, 
T., Silim, S., Siambi, M., Madzonga, 
O., Muricho, G. and Kananji, G. (2010). 
Assessment of the Current Situation 
and Future Outlooks for the Pigeonpea 
Assessment of the Current Situation and 
Future Outlooks for the Pigeonpea Sub-
sector in Malawi International Crops 
Research Institute for Semi-Arid Tropics 
International Crops Resea. June 2014, 51.

Starowicz, M. & Zieliński, H. (2019). How 
maillard reaction influences sensorial 
properties (color, flavor and texture) of 
food products? Food Reviews International 
1–21. https://doi.org/10.1080/87559129.20
19.1600538.

Endrinikapoulos, A., Afifah, D.N., Mexitalia, 
M., Andoyo, R., Hatimah, I., Nuryanto, 
N. (2023). Study of the importance of 
protein needs for catch-up growth in 

Proceedings of the 3rd SUA Scientific Conference on Enabling Environment in Agricultural Transformation



Tanzania Journal of Agricultural Sciences (2023) Vol. 22 No. 02; Special Issue: 358-372

372Pigeon Peas: An Opportunity for Improving Nutrient Content of Food

Indonesian stunted children: a narrative 
review. SAGE Open Medicine 11: 1-9 doi: 
10.1177/20503121231165562. 

Maulidiana, A.R., and Sutjiati, E. (2021). 
Low intake of essential amino acids 
and other risk factors of stunting among 
under-five children in Malang City, 
East Java, Indonesia. Journal	 of	 Public	
Health Research 10(2): 1-7. doi:10.4081/
jphr.2021.2161.

Carbone, J.W., and Pasiakos, S.M. (2019). 
Dietary Protein and Muscle Mass: 
Translating Science to Application and 
Health Benefit. Nutrients 11(5):1-13. doi: 

10.3390/nu11051136. 
Putra, C., Konow, N., Gage, M., York, C.G. and 

Mangano, K.M. (2021). Protein Source and 
Muscle Health in Older Adults: A Literature 
Review. Nutrients, 13(3): 1-17 https:// doi.
org/10.3390/nu13030743

Mozaffar, B., Ardavani, A., Muzafar, H., and 
Idris I. (2023). The effectiveness of zinc 
supplementation in taste disorder treatment: 
a systematic review and meta-analysis of 
randomized controlled trials. Journal of 
Nutrition	 and	 Metabolism 8(2023): 1-13. 
doi: 10.1155/2023/6711071.




