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Impact of soil fertility management practices on
the nutritional quality of Soybean (Glycine max
(l.) Merr.) varieties grown in Eastern Zambia
Emmanuel Oladeji Alamu1*, Therese Gondwe1, Gbenga Akinwale2, Kanako Suzuki1,
Chipo Chisonga1, Godfree Chigeza1 and Maziya-Dixon Busie3

Abstract: Zambia has three primary agro-ecological regions, with each region having
specific ecological characteristics. Region II agro-ecological zone of Zambia has low
nutrient reserves and poor water holding capacity due to moderately leached clayey to
loamy soil; this has led to low soybean productivity. Soil fertility management (ISFM)
strategies such as the use of inorganic fertilizers and the use of inoculants of rhizobia
have been introduced and promoted among small-scale farmers in Eastern Province.
Two soybean varieties (Lukanga and Kafue) were used for this study and 96 samples
from on-farm soil fertility management trials in Chipata, and Petauke districts were
collected for the determinations of nutritional and anti-nutritional properties. The
proximate analysis of Chipata samples showed that the ash content 5.10‒6.23%, fat
content 17.71‒25.57%, protein content 27.73‒37.11%, amylose content 1.26‒4.56 %,
sugar content 6.75‒9.62%, and starch content 4.00‒18.57%, while anti-nutritional
properties ranged between 3.07 and 8.21% for phytate and 1.42‒3.35% for tannin.With
Petauke, the ash content 3.32‒6.8%, fat content 19.16‒26.85%, protein content 27.68‒
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35.62%, amylose 2.00‒4.37%, sugar content 6.23‒9.76%, and starch content 5.70‒
18.63%. Phytate and tannin contents were 3.37‒7.90% and 0.14‒3.32%, respectively.
The highest protein content was found at the level of 37.11% in Kafue with 40kg P/ha
and inoculant, and the least was 27.73% for Lukanga without inputs in Chipata while in
Petauke, Lukangawith 40 P/ha and inoculant had the highest protein content of 35.62%
and the least was 27.68% for Lukanga with inoculant. The co-application of rhizobia
inoculant and P nutrient increased phytate, and tannin content significantly (P < 0.05).

Subjects: Food and Nutrition; Soil management

Keywords: soil fertility; inoculants; phosphorous fertilizer; physiochemical properties;
anti-nutritional properties

1. Introduction
In Zambia, the soybean is used as an industrial crop for products such as soya oil, soya chunks, and
soya meal. Also, the by-product (cake) is processed into animal feed (Hichaambwa, Chileshe, Chimai-
Mulenga, Chomba, & Mwiinga-Ngcobo, 2014). Soybean has been used in human and animal nutrition
because of its abundant protein and oil content (LIU, 2000) aswell as its essential functional properties
for the development of different types of food for humans (TRAINA & BREENE, 1994). Soybean has
highly valuable proteins and oils (on average ranging from 39 to 41% crude protein and 18‒21% oil),
which makes it a good feed alternative to animal proteins and oils. According to its digestibility and
amino acid composition, soybean has very similar proteins with those of animal origin, except that the
sulphur amino acid (cysteine and methionine) content is limited (Anderson & Wolf, 1995). Soybean is
the leading protein source used in poultry and livestock diets around the world as its high-quality
protein is equivalent to milk protein when supplemented with methionine (Liener, 2000). It also has
many of the essential amino acids that are deficient in most cereal, grain-based diets fed to poultry
and swine (Bruce et al., 2006). According to (Stein et al., 2008), this unique composition of amino acids
(AA) complements the AA composition of many cereal grains in complete animal diets. In Zambia,
soybean has extrememarket potential in the animal feed and food processing industry. As soybean is
an excellent source of protein and other nutrients, it has been used to fortify fritters for improving the
nutritional status of rural communities and the Zambian population in general (Alamu, Popoola, &
Maziya-Dixon, 2018). However, production is dominated by commercial farmers and is not very
attractive to smallholder farmers due to several challenges such as limited access to improved
soybean varieties and knowledge on how to cultivate the crop especially about the use of inoculum
and phosphate fertilizers for boosting yields (Hichaambwa et al., 2014). Based on these challenges, for
the smallholder farmers that grow soybean, yields have remained poor, with an average of less than
one ton per hectare (Lubungu, Burke, & Sitko, 2013). This currently reported yields of 0.5–0.9 t ha−1 are
estimated to be about 30% of potential yield. This is notwithstanding the availability of high yielding
varieties on the market, improved production technologies, and ready markets for the crop
(Hichaambwa et al., 2014; Lubungu et al., 2013).

To improve the yield and quality of soybean grain, previous studies have reported that inte-
grated soil fertility management (ISFM) practices such as co-application of organic manure and
P fertilizers are very useful (Chiezey & Odunze, 2009; Manral & Saxena, 2003; Rurangwa, Vanlauwe,
& Giller, 2018). Also, there is evidence that seed inoculation with Rhizobium strains enhance
nitrogen (N) fixation in soybean whether the cultivar is promiscuous or not. For example, there is
evidence in the literature that significant yield increase was obtained by inoculation of soybean
with the right bacteria before sowing (Ibrahim & Mahmoud, 1989; Joshi, Nkumbula, & Javaheri,
1986; Kim et al., 1988). The P nutrient can play an essential role in seed yield as it is one of the
limiting plant nutrients to produce soybean (Rao, Krishna, Prasad, & Raghavan, 1995). Its uptake
and utilization are essential for ensuring proper growth and improving yield and quality of the crop.
It influences the growth of roots, helps the uptake of more nutrients and nodule formation,
balances the N deficiency in the soil, and aids in seed maturation. Thus, it is essential to find out
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the optimum amount of N and P nutrients needed for achieving better soybean yield. This study
aimed to investigate the impact of the soil fertility management practices on the nutritional and
anti-nutritional properties of Soybean varieties grown in Eastern Zambia. Consequently, a chemical
analysis of two soybean varieties with different treatments was carried out to show the effects of
ISFM practices on their nutritional and anti-nutritional properties.

2. Materials and methods

2.1. Description of experiment area
The experiments were conducted in the cropping seasons of 2015/2016 and 2016/2017. The sites were
Chipata (13.64598°S, 032.55849°E) and Petauke (14.49810°S, 0.31.32428°E). All sites are in the Eastern
Province of Zambia situated in agro-ecological zone II with an average annual rainfall of between 800
and 1000 mm. All sites have a single rainy season which extends from October to April. The trends of
monthlymeanminimumandmaximumtemperaturesand rainfall of the2016/2017cropping seasonare
shown in Figure 1. FromFigure 1, in both Chipata and Petauke, the rainfall increases sharply fromOctober
to December and then declines in January before increasing sharply again up to February. Maximum
rainfall was recorded in February, which indicates that the cropwas free of water deficit stress. However,
the rainfall declined inMarch toMay, andby then the crop had reachedphysiologicalmaturity. Therefore,
the development or full growth period of the crop was not subjected to any water deficit.

2.2. Experimental treatments, design, and procedures
The treatments were arranged in a randomized complete block design (RCBD) in factorial combina-
tions with three replications. The treatments were two varieties (Kafue and Lukanga), two levels of
P application (0 and 40 kg P/ha) with single super phosphate (SSP) and with and without rhizobia
inoculant (500g/ha) (Table 1). The P fertilizer was broadcast in the rip lines. A total of 8 treatments
were used in the experiments. The size of each of the 16 plots was 5 m × 10 m (50 m2). The land was
manually ridged. The space between plots was 1 m. Each plot had 8 planting rows, and the space
between rows was 50 cm. At planting, soybean seeds were planted 5 cm apart within a row at
a depth of 4 cm. Harvesting was done at physiological maturity, and 48 samples collected per
location.

2.3. Chemical and physical analysis of soil properties
The results of the chemical and physical properties of soils from the two study sites are presented
in Table 2. Soil pH was measured in 0.01 M CaCl2. The Walkley and Black (1934) was used to
determining the organic carbon content (Org. C) of the soil. The total N content of the soil was
determined using the Kjeldahl digestion, distillation, and titration procedure (Jackson, 1958).
Available P was analysed based on the Bray II method (Bray & Kurtz, 1945). The ammonium
acetate method was employed to determine the cation exchange capacity (CEC) of the soil. CEC
was determined by leaching the 10 g of sampled soil with neutral 1M ammonium acetate (FAO,
2008). The excess ammonium is removed, the amount of exchangeable ammonium is determined.
The pH of the soils is below 5, and this indicates that both soils were slightly acidic. The % organic
carbon, % Nitrogen, and minerals (ppm) of soil from Chipata are far higher than that of Petauke

Figure 1. Mean monthly mini-
mum and maximum tempera-
tures and rainfall of the
experimental locations.
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except for the pH and %CEC that are lower. The amount of K, Na, Ca and Mg were determined
using the Atomic Absorption Spectroscopy (AAS) technique.

2.4 Proximate Composition Analyses
The harvested, dried soybean samples were milled using a Laboratory mill 310 (PERTEN) using
a sieve size of 0.5 mm, packed in a well-labelled polyethylene whirl-pack bag, and stored at 4 °C
until analysed for proximate composition and anti-nutritional properties. The samples were ana-
lysed in duplicate, for moisture, ash, protein, fat, total sugars, starch, amylose, crude fibre, phytate,
and tannin content using methods described by (Alamu et al., 2015) according to Association of
Official Analytical Chemists (AOAC) (2005).

2.5 Anti-nutritional property determination
(a) Phytate determination: Phytate (Phytic acid) was analysed using two methods, where the
extraction and precipitation of phytic acid were done following the method of (Wheeler & Ferrel,
1971) as described by (Maziya-Dixon, Alamu, Popoola, & Yomeni, 2017). This was followed by Iron
(Fe) precipitation that was measured according to the method of (Makower, 1970). A 4:6 Fe/P
atomic ratio was used to calculate the phytic acid content. (b) Tannin determination: Tannins were
determined following the method described by (Maziya-Dixon et al., 2017). The measurement was
based on the reduction reaction of phosphotungstomolybdic acid by tannin-like compounds in an
alkaline solution, producing a brightly coloured blue solution, measuring 760 nm.

Table 1. Codes for the different treatments

Treatment
code

Locations Variety Phosphorous
(40kg/ha)

Inoculant
(500g/ha)

Plot

T1 Petauke and Chipata Kafue + − 1

T2 Petauke and Chipata Kafue + + 2

T3 Petauke and Chipata Kafue − + 3

T4 Petauke and Chipata Lukanga + + 4

T5 Petauke and Chipata Lukanga − − 5

T6 Petauke and Chipata Lukanga − + 6

T7 Petauke and Chipata Kafue − − 7

T8 Petauke and Chipata Lukanga + − 8

T9 Petauke and Chipata Lukanga − − 9

T10 Petauke and Chipata Lukanga + + 10

T11 Petauke and Chipata Kafue + + 11

T12 Petauke and Chipata Lukanga + − 12

T13 Petauke and Chipata Lukanga − + 13

T14 Petauke and Chipata Kafue + − 14

T15 Petauke and Chipata Kafue − − 15

T16 Petauke and Chipata Kafue − + 16

Table 2. Chemical and physical properties of soils from the two locations

Location pH P %Org.
C

%N K Na Ca Mg %CEC

Chipata 4 6 0.9 0.06 150 3 202 99 3.51

Petauke 4.8 25 0.21 0.02 136 3 215 56 3.57
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3. Statistical analysis
The laboratory analyses of the samples were carried out in duplicate, and the mean ± standard
deviation of the results was calculated and using the Statistical Analysis System (SAS) software
package (version 9.3). Also, Duncan’s multiple range test was used to separate the differences in
the mean scores at a significant level of P = 0.05.

4. Results

4.1. Nutritional properties of various soybean using different ISFM practices in Petauke
Data on the proximate composition of the two soybean varieties in Petauke are shown in Table 3.
Significant (p < 0.05) differences existed in moisture content, ash, protein, amylose, sugar, and
starch. The moisture content of Kafue ranged from 4.36 % to 6.20 %. T16 led to increased moisture
content compared to T7 that had no inputs. That of Lukanga ranged from 4.59 % to 6.32 % with
the application of 40 kg P ha−1 and T10 having higher moisture content compared to T5. The ash
content for Kafue ranged from 5.86 % to 6.80 %, with T1 having a higher increase compared to T7.
That of Lukanga ranged from 6.25 % to 6.57 % with T4 being higher compared to T9. The protein
content of the variety Kafue ranged from 29.89 % to 35.18 % with T2 having the highest increase
in the value of the protein content, while that of Lukanga ranged from 27.68 % (T4) to 35.62%
(T10). The amylose content of Kafue was in the range of 2.0 % to 4.37 % for T2 and T14,
respectively. That of no input plots was 2.74 % and 2.43 % for T9 and T15, respectively. That of
Lukanga increased from 2.21 % to 3.61 %. The lowest values of 2.21 % were T12 and T4. T5 and T9
had an amylose content of 3.61 % and 2.74 % respectively. The sugar content ranged from 6.23 %
to 9.76 %, with T14 having the highest increase in the sugar content (9.76%) compared to T7 while
that of Lukanga ranged from 9.05 % to 9.62 %; T12 having the highest increase and T5 having the
lowest sugar content. The amount of starch in Kafue ranged from 5.75 % to 18.39 %, with T2
having the highest increase in the starch content and T16 having the lowest . That of Lukanga
ranged from 5.70 % to 18.18 %; with T4 having the highest starch content, and T9 had the lowest
starch content.

4.2. Nutritional properties of various soybean using different ISFM practices in Chipata
Table 4 shows the results of the nutritional properties of two soybean varieties (Kafue and
Lukanga) using different ISFM practices in Chipata. A significant difference existed in moisture
content, ash, fat, protein, amylose, sugar, and starch. The moisture content ranged from 4.49% to
5.95%, and the ash content for Kafue increased from 5.10% to 6.03%. T16 and T3 had the highest
ash content as compared to T7 and T15 while that of Lukanga ranged from 5.22% to 6.23%. The
highest increase was due to T10 while the lowest was due to T6. The fat content increased from
17.71% to 20.57%, with the lowest T14 and the highest T1, respectively. That of Lukanga ranged
from 18.84% (T8) to 25.57% (T10). The protein content of Kafue ranged from 32.02% (T16)to
37.11% (T14), while that of Lukanga ranged from 27.73% to 34.98% with the highest being T9.

The amylose content for Kafue ranged from 1.37% to 4.56%, and the highest amylose content
was as a result of T1and T2. T15 showed the lowest amylose content. That of Lukanga ranged
from 1.26% to 4.26% with the T8 and T4 having the lowest and the highest amylose content,
respectively. As for the sugar content, it ranged from 7.38% to 9.10 % with T2 and T1 having the
lowest and highest sugar content, respectively, for Kafue. Also, the sugar content of Lukanga
ranged from 6.75 to 9.01%, with T10 and T13 having the lowest and the highest sugar content,
respectively. The amount of starch in Kafue ranged from 4.00 % to 18.57% in T16 and T2
respectively, while that of Lukanga ranged from 6.65% to 16.93% with T12 and T6 having the
lowest and the highest starch content, respectively.

4.3. Anti-nutritional properties of various soybean using different ISFM practices in Petauke
In Figure 2, the results showed significant differences in the phytate and tannin content of
soybean. The phytate content of Kafue ranged from 3.37% to 8.8%, the lowest and the
highest phytate content were T11 and T2, respectively. The phytate content of Lukanga
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ranged from 3.82% to 6.46%. The highest amount was T12 while T9 recorded the lowest
phytate content. Tannins in Kafue ranged from 1.44% to 2.65%, T14 and T7 respectively,
while that of Lukanga ranged from 0.14% to 3.32 %, T10 and T8 respectively.

4.4. Anti-nutritional properties of various soybean using different ISFM practices in Chipata
As shown in Figure 3, there were significant (p < 0.05) differences in the phytate and tannin
content of soybean; the phytate content of Kafue ranged from 3.07 % to 8.21%, the lowest phytate
content was T7, and the highest was T16. That of Lukanga ranged from 3.44% to 5.12%. T9 had
the lowest phytate content, while T10 had the highest amount. The tannin amount ranged from
1.26 % to 3.76% for Kafue. The lowest and highest tannin content was a result of T7 and T2,
respectively. That of Lukanga ranged from 1.42 to 2.86%, T12 and T10 respectively.

5. Discussion
The moisture content was found to be different from 1.02 to 1.08% reported by (Eshun, 2012).
The low moisture content of 4.32% for T8 in Chipata implies that the sample can be stored for
a very long time since moisture, which is an essential medium in the multiplication of micro-
organisms, is very low in the sample. The high moisture content of 6.32% for T10 in Chipata can
be attributed to the above-normal rainfall (1242.6 mm) received in the area, and the organic
carbon content of 0.9% despite it is lower than the range of 1.6‒3.3% recognized by (Jackson,
1958) and (Nelson & Sommers, 1982). Soil organic matter content and composition affect both
soil structure and adsorption properties; therefore, water retention may be affected by changes
in soil organic matter that occur because of both climate change and modifications of

Figure 2. Anti-nutritional prop-
erties of soybean in Petauke
using different ISFM practices.

Figure 3. Anti-nutritional prop-
erties of soybean in Chipata
using different ISFM practices.
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management practices. The highest ash content of 6.80% which is an indication that the
sample could be an essential source of minerals for T1 in Petauke, was higher than the range
of 1.01‒1.67% reported by (Eshun, 2012). The increase in the ash content can be attributed to
the application of P, which leads to the absorption of P, and other minerals by the developing
root. It plays a vital role in the plant’s energy transfer system since its deficiency retards growth
(Qasim, Farrukh Saleem, Khan, & Anjum, 2009). Symbiotic nitrogen fixation needed high levels
of phosphorus as the vast amounts of energy being consumed during the process of photo-
synthesis, or energy-generating metabolism, depend on the availability of phosphorus (Schulze,
Temple, Temple, Beschow, & Vance, 2006). The fat content of 26.85% obtained for T9 in Petauke
was not consistent with the reported 16.82‒19.30 range (Eshun, 2012).

Soybean contributes to 28% of the world’s edible oil (Foster, Williamson, & Lunn, 2009; Kim et al.,
2015) and is second in production of edible oils to palm oil. It should be noted that oils are
produced from plant sources for other purposes than food such as detergents, candles, pharma-
ceuticals, and biofuels; considering these products, soy contributes to half of the world production
of oil (Foster et al., 2009). Edible oils from soybean are processed to create numerous food
products such as salad dressings, margarine, and spreads. Oil comprises of 17‒19% of soybean
dry weight, of which most is polyunsaturated fatty acids (Hammond, 1991; Krishnan, Natarajan,
Mahmoud, & Nelson, 2007; Natarajan, Xu, Bae, Caperna, & Garrett, 2006; Sharma, Kaur, Goyal, &
Gill, 2014; Yaklich, 2001). The high-fat content suggests that the soybean sample is a viable source
of oil, going by its fat content. Most legumes contain 1.5% fat. Soybean fat is very high compared
to most legumes because it is an oilseed. The protein content of 37.11% obtained for T14 in
Chipata compared favorably with the value of 36% (Edema, Sanni, & Sanni, 2005) and 36.94‒
40.10% (Eshun, 2012). Through its essential functions in plants as an energy source, phosphorus
affects nodule development, production of protein, phospholipids, and phytin in grain legumes
(Rahman, Bhuiyan, Sutradhar, Rahman, & Paul, 2008). The high protein content suggests that it
could be used in the management of protein deficiency cases such as kwashiorkor.

Amylose content is one of the critical factors affecting starch pasting and retrogradation. It
provides surface and textural regularity, elasticity, and sticky characteristics to starch-based
products (De La Guerivier, 1976). The high amylose content in Chipata was due to T1 and T2.
The sugar content of 9.76% was obtained for T14 in Petauke. Adequate P nutrient application
promotes root growth, the process of photosynthesis, translocation of sugars, and other such
functions, which directly influence N fixation by legume plants (Abdul-Aziz, 2013). The value is
lower than the 16.6% reported by (Hymowitz & Collins, 1974). The principal sugars present in
soybean seed include glucose, fructose, sucrose, raffinose, and stachyose (Eldridge, Black, & Wolf,
1979; Yazdi-Samadi, Rinne, & Seif, 1977). Sucrose makes up 41.3–67.5%, raffinose 5.2–15.8%, and
stachyose 12.1–35.2% of the total soluble sugars in soybean seed (Yazdi-Samadi et al., 1977).
Trace amounts of other sugars have also been reported, such as pinitol, myo-inositol, verbascose,
galactose, arabinose, and mannose (Schweizer, Horman, & Würsch, 1978; Yazdi-Samadi et al.,
1977). Sugars in soybean seed affect soy food quality, digestibility, and nutritional values. Soy food
such as soymilk, tofu, and natto are part of a healthy diet, and consumption is highly recom-
mended by nutritionists and medical doctors (Messina, 2003).

T14 had the highest starch content of 18.63%, the amount of starch in this sample can be
attributed to the P nutrient content of the soil in Petauke (25 ppm); this value obtained in this study
compared reasonably with the range (18 to 45%) reported for other legume starches (GUJSKA, D.-
REINHARD, & KHAN, 1994; Yañez-Farias, Moreno-Valencia, Falcón-Villa, & Barrón-Hoyos, 1997).
Starch remains a significant source of calories in the human diet and can be found in high
concentrations in the primary storage organs of plants, including roots and tubers, stems, seeds,
and grains. Starch is the essential carbohydrate consumed on a worldwide basis because of its
high uninterrupted abundance and low cost.
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Phytic acid chelates calcium, magnesium, potassium, iron, and zin is rendering them unavailable
to non-ruminant animals. Many phytates in diets decrease the availability of these minerals,
mainly calcium, phosphorus, and zinc. Phytates also decrease the activity of enzymes (pepsin,
trypsin, and amylase) as well as the availability of protein, amino acids, starch, and energy
(Ravindran, Cabahug, Ravindran, Selle, & Bryden, 2000; Sebastian, Touchburn, & Chavez, 1998).
The high phytate content of 8.81% in Petauke was due to T2. Phytic acid concentration appears to
be a function of plant P status during soybean seed development. This agrees with the findings of
Earley and DE TURK (1944), who demonstrated a requirement for nutrient P during maize kernel
development. Asada, Tanaka, and Kasai (1970) demonstrated the positive relationship between
nutrient P and phytic acid accumulation in rice. Recently, in a study with wheat grown in a potting
soil medium, Michael, Zink, and Lantzsch (1980) also demonstrated the effectiveness of late
P fertilization (at or after flowering) as a means of inducing variation in phytic acid content.
Phytates influence the decrease of feed consumption by chickens as well as their growth (Shan
& Davis, 1994). Liener (2000) estimated that two-thirds of the phosphorus in soybean is bound as
phytate and unless freed is mostly unavailable to animals. Phytic acid is present in soybean and
most soybean products at a level of 1‒1.5 g/100 g dry matter. The higher tannin content value of
3.76% in Chipata was a result of T2, this value was in the range 4.9‒7.0 mg g−l for the tannin
content in faba bean (Vicia faba) seed (Helsper, Hoogendijk, van Norel, & Burger-Meyer, 1993) and
in seed of six cowpea cultivars ranging from 3.6 to 4.1 mg g-l (Xavier-Filho et al., 1989). The
presence of tannin in seed has been associated with lower nutritive value and lower biological
availability of macromolecules, such as proteins, amino acids, carbohydrates, vitamins, and miner-
als (Deshpande & Cheryan, 1985). Tannin content is affected by many factors such as genotype,
time of harvest, and temperature. Rhizobium inoculation significantly increased the tannin content
of faba bean and groundnut seed. (Babiker, El Sheikh, Osman, & El Tinay, 1995; Elsheikh & Ahmed,
2000; Elsheikh & Elzidany, 1997; Elsheikh & Mohamedzein, 1998).

6. Conclusion
The study investigated the impact of different integrated soil fertility management practices on
the nutritional and anti-nutritional properties of Soybean varieties grown in Eastern Zambia. The
results show that application of P nutrient significantly increased ash, protein, fat, amylose, and
sugar content. The results also show that soybean is rich in protein, fat, and starch and is,
therefore, an inexpensive source of macronutrients that can be used in intervention programs
aimed at alleviating protein-energy malnutrition.
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