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Abstract

Post-harvest losses are largely driven by insufficient storage methods, which compromise grain quality and nutritional value,
exacerbating food insecurity and economic waste. In Tanzania, most storage-related losses are attributed to the use of inadequate
storage materials and practices in general. The study aims to determine the influence of soybean variety (SC Semeki and Uyole
soya 2), storage temperature (15°C and 25°C) and material (polypropylene and Purdue Improved Crop Storage (PICS) bags and
polypropylene bags) on mineral profile (Calcium, potassium, magnesium, manganese, phosphorus, iron, copper and zinc) for
period of 3 months. The results revealed that the highest level of decrease in varieties was observed with SC Semeki (maximum
decrease 49%) compared to Uyole soya 2 (38%). With storage material, polypropylene bags (49%) had higher decrease compared
to PICS bags (maximum decrease 29%). While, with temperature 25°C (maximum decrease 42%) had higher decrease in
comparison to 15°C (maximum decrease 38%). In addition, the relationship between factors and mineral profile (R square)
revealed highest variation in iron (99%), copper (98.7%) and calcium (82.8%), while the least with potassium (46.8%). However,
general findings in mineral composition during storage showed that the least decrease was with iron (maximum decrease 5%)
and the highest was with calcium (maximum decrease 49%). These findings underscore the efficiency of PICS bags and low
temperature storage while acknowledging the variation in sensitivity of mineral profile with soybean variety.
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1. Introduction

Soybean grains are highly nutritious food source rich in
protein (40%— 42%), edible oil (18%—-22%), essential vita-
mins and minerals [1]. According to Etiosa [2], soybean con-
tains essential minerals such as calcium (300.36mg/100g),
magnesium (258.24mg/100g), iron (16.4mg/100g), zinc
(2.7mg/100g), sodium (3.0mg/100g), and phosphorus (695.20
mg /100g). Minerals like calcium, iron and zinc have been de-
clared of paramount important to children diet particularly

toddlers [3]. This is due to their significance in maintaining
health and bodily functions from regulating nerve impulses
and blood pressure to building strong bones and teeth [4].
However, just like other quality attribute of grains, mineral
composition can be compromised when stored under inade-
quate conditions. The use of inadequate storage materials such
as non-hermetic material and storage at high temperature and
relative humidity have been shown to be detrimental to the
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mineral profile of grains [5-7]. For instance, a study by Meena,
[6], reported that storage using hermetic/ airtight material at
low temperature compared to non-hermetic bags and high
temperature was successful in maintaining the mineral profile
of soybean grains after 18 months of storage. Aside from stor-
age conditions, difference in varieties can lead in variation in
mineral profile. For example, a study by Codina [8], reported
difference in concentration of zinc, sodium, iron and copper
with different varieties of triticale. Furthermore, interaction of
varieties and storage conditions has been reported to influence
the nutritional component in soybeans [9-11], leading to de-
crease in nutrients with varieties under different conditions.

Despite the threat of losses during storage, majority of
farmers and other stakeholders in developing countries like
Tanzania refrain from adopting proper storage practices. A
study by Twilumba [12] in Kilolo district, Iringa reported that
65.4% of farmers used polypropylene bags, 24.7% used tradi-
tional granaries, and 15.8 used bamboo baskets while 32.2%
used storage chemicals, 18.2% used PICS bags, 4.1% used im-
proved granaries, and 2.2% used metal silos. Farmers usually
reason that the use of such materials is due to factors like lim-
ited awareness, income constraints, and the perceived unaf-
fordability of this technology [13].

Though research on the effect of storage conditions on min-
eral composition of soybeans has been done [5-7]. There still
lacking and research explicit on the effect of storage condi-
tions on mineral profile from soybean varieties in Tanzania is
yet to be explored. This study aims to determine the influence
of storage temperature, material and variety on the concentra-
tion of different minerals after 3 months of storage.

2. Materials and Methods

2.1. Study Location

The samples for this study were collected from Ipunda vil-
lage in Ipunda ward at Songwe region, which lies between lat-
itude of 7<and 936’ south of the equator, east of Greenwich
meridian within 32°and 33°41° Longitudes. The samples
were packed in polypropylene bags and immediately trans-
ported to the food quality laboratory in International Institute
of Tropical Agriculture (IITA) Mikocheni Tanzania, where the
study took place.

2.2. Sample Size and Sampling

A total of 40kg {20kg of each variety} of soybean grains
{Uyole soya 2 and SC Semeki} were purposively collected
from two different farmers. The collected samples have been
harvested and sun dried at Songwe in May, 2024. Samples

Yijkt = p+ ai + Bj + Yk + (af)ij + (ay)ik + (By)jk + (aBy)ijk + eijkt
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were placed in polypropylene bags and immediately trans-
ported to the International Institute of Tropical Agriculture
(IITA) for further analysis.

Mineral components (Calcium, potassium, magnesium,
manganese, phosphorus, iron, copper and zinc) from samples
of each variety were analyzed. The soybean grains were stored
in two different storage materials (polypropylene bags and
PICS bags) and placed under two sets of environmental con-
ditions in plant growth chamber (Percival Plant Growth
Chamber E-36L, Perry, lowa, USA). These were set at low
and high storage temperature of 15°C and 25°C respectively
with a relative humidity ranging from 65% to 75%. Experi-
mental samples were kept in the growth chamber for three
months and sample analysis was carried out after every 30
days (i.e. 0, 30, 60 and 90 days).

2.3. Experimental Design

2x2x2 factorial design was used for the study, where soy-
bean varieties, storage temperature and materials were the
main factors. The two soybean varieties were SC Semeki and
Uyole soya 2, whereas the storage materials were polypropyl-
ene and PICS bags and the storage temperatures were 15°C
and 25°C. This resulted into 8 treatments which were stored
for 90 days and analyzed at 30 days interval (i.e. 0, 30, 60 and
90 days). The treatment replicated four times which resulted
to a total of 128 samples including control (i.e., sample before
storage).

2.4. Methods

Minerals were analyzed using Atomic Absorption Spectro-
photometry according to AOAC Official Method 999.11 (or
appropriate method). Phosphorus was analyzed using UV-vis-
ible spectrophotometry following AOAC Official Method
995.11 (or appropriate method). Ashed samples were prepared
according to AOAC Official Method 923.03.

2.5. Statistical Analysis

Data was analyzed by R studio software version 2024:
12.0+462.

2.5.1. Analysis of Variance

Three-way analysis of variance (ANOVA) was performed
to assess the effect of storage conditions (soybean varieties,
storage temperature, and storage materials) on the mineral
composition of soybean. The factors effect model is as shown
in Equation (1). The differences between group means were
statically determined at p< 0.05 by using Turkey test.
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2.5.2. Regression Analysis

Regression analysis examines individual factors (soybean
variety, storage material, temperature and duration) contribu-
tions on the mineral profile of grains. The regression model
was as shown in equation (2) below.

y=p+p1lx1l + [2x2 + f3x2 + f4x4 + e 2)

3. Results

The study investigated the effect of soybean variety, storage
temperature, material and their interaction on the mineral
composition of soybeans. Analysis of variance (ANOVA)
revealed significant effects and interactions, as detailed be-
low. Descriptive statistics (Figures 1, 2 and 3) provided
baseline value for each mineral under different conditions,
allowing for comparison of the magnitude of change. Mul-
tiple linear regression (Table 1) was developed to quantify
the relationship between the independent variables and
each mineral.

3.1. Effect of Soybean Variety on the Mineral
Composition

Regression results showed that soybean variety (X;) did not
significantly contribute to the change in calcium (0.05,
p=0.418) and phosphorus (0.001, p=0.836). On the other hand,
soybean variety (X) has a significant positive contribution to
potassium (0.073, p=0.001), magnesium (0.027, p=0.001),
zinc (2.699, p=0.001), iron (31.771, p<0.001), and copper
(7.134, p<0.001) except for manganese (-3.306, p<0.001).
This suggests that certain soybean variety have higher potas-
sium, magnesium, zinc, iron and copper while lower manga-
nese compared to the other.

Furthermore, Anova results indicates that except for cal-
cium and manganese, the remaining 6 minerals were signifi-
cantly different (p<0.05) with the soybean variety. Post hoc
result suggest that the concentration of the remaining minerals
was significantly higher (p<0.01) in Uyole soya 2 compared
to SC Semeki. The results from descriptive statistics (Figure
1) showed that Uyole soya 2 had a lower drop in mineral com-
position compared to SC Semeki. In SC Semeki, the highest
decrease after storage was observed in calcium by 41% (0.196
+ 0.034% vs initial 0.335 + 0.020%) while the lowest drop
was with iron by 5% (119.42 + 2.42 mg/kg vs initial 125.43 +
0.142 mg/kg) and zinc by 4% (178.26 + 0.034 mg/kg vs initial
184.92 + 3.12 mg/kg) (Figure 1). While the highest decrease
in uyole soya 2 was observed in calcium by 35% (0.206 +
0.046% vs initial 0.318 £ 0.03%) and magnesium by 38%
(0.289 £ 0.036% vs initial 0.463 = 0.01%) and the lowest de-
crease was with copper by 4% (16.77 + 0.71 mg/kg vs initial
17.54 = 0 mg/kg) and iron by 3% (151.06+ 2.52 mg/kg vs in-
itial 156.36+ 2.39 mg/kg.
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3.2. Effect of Storage Temperature on the
Mineral Composition

The results from regression analysis showed that storage
temperature (X3) did not significantly (p>0.05) contribute to
majority of the minerals except for zinc (1.816, p=0.016) (Ta-
ble 1). In zinc, temperature had a significant negative effect,
which indicates increase in temperature decreases zinc content
by 1.816 mg/kg. This was further emphasized with Anova re-
sults, where all minerals had not been significantly affected
with storage temperature except for zinc (p=0.0482) and iron
(p=0.005). When comparing means, zinc and iron has signif-
icantly different (p<0.05) means which decreased from its in-
itial level to 15°C and 25°C.

However, at the end of storage time, the level of decrease
from all mineral compositions was highest when stored at
25<C (range 5% to 42% decrease) compared to 15<C (range 3%
to 38% decrease). After 90 days of storage, the highest level
of decrease was observed at 25°C with magnesium by 33%
(0.27 £ 0.029% vs initial 0.404 £ 0.04%) and calcium 42%
(0.195+ 0.043% vs initial 0.335+ 0.019%) (Figure 2). While
the lowest decrease level was observed at 25<C with iron by 5%
(134.51+ 17.87 mg/kg vs initial 140.896+ 17.91 mg/kg) and
zinc by 7% (176.314+ 2.25 mg/kg vs initial 188.83+ 4.54
mg/kg). Similarly, the highest and lowest drop when stored at
15°C was observed in calcium by 38% (0.207+ 0.028% vs in-
itial 0.335+ 0.019%) and iron by 3% (135.97+ 18.5 mg/kg vs
initial 140.896+ 17.91 mg/kg) respectively (Figure 2).

3.3. Effect of Storage Material on the Mineral
Composition

Storage material (X») had significantly negative contribu-
tion (p<0.05) to the decrease in mineral composition exclud-
ing zinc (-0.804, p=0.273) and manganese (-0.622, p=0.111)
(Table 1). This indicates that change in storage material re-
sulted to decrease in mineral compositions. Where such
change resulted to decrease in potassium (-0.054, p=0.005),
magnesium (-0.022, p=0.003), calcium (-0.40, p<0.0001),
iron (-1.842, p<0.001), copper (-0.234, p=0.035) and phos-
phorus (-0.030, p<0.0001) (Table 1). However, results from
Anova suggests that all mineral composition were signifi-
cantly affected (p<0.05) by storage materials. This was further
highlighted by results from mean comparison where all min-
eral composition had significantly different (p<0.05) mean
value at initial, when stored at PICS and polypropylene bags.

Results from descriptive statistics show that with minerals
stored using PICS bags had higher mineral compositions com-
pared to when stored using polypropylene bags (Figure 3).
Whereas after 90 days of storage, the highest and lowest level
of decrease in mineral compositions with the use of PICS bags
was observed with Magnesium by 29% (0.286+ 0.012% vs in-
itial 0.404=+ 0.069%) and iron by 3% (137.1£ 16.6 mg/kg vs
initial 140.896+ 17.9 mg/kg). When storing using polypropyl-
ene bags the highest and lowest level of decrease in mineral
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compositions was observed with calcium by 49% (0.165+
0.012% vs initial 0.33+ 0.021%) and zinc by 7% (175.39+
2.44mg/kg vs initial 188.83+ 4.54mg/kg). Thus, the use of
polypropylene bags was more detrimental to the mineral com-
position compared to PICS bags.

3.4. Interaction Impact on the Mineral
Composition

Significantly high level of variation (p<0.007) in mineral
composition was explained by soybean variety (X), storage
material (X2), temperature (X3) and duration (X4) (Table 1).
The most affected amongst the minerals was iron (99%), cop-
per (98.7%) and calcium (82.8%). While the least variation
was observed with potassium (46.8%) {Table 1}, lower R? for
potassium suggests other unmeasured factors influencing its
variability. However, results from ANOVA shows that no sig-
nificant difference on the effect of the interactions of three fac-
tors (variety, temperature and material) to the mineral compo-
sitions, except for material and temperature in copper
(»p=0.036) & phosphorus (p=0.00429), variety and tempera-
ture in iron (p=0.00988), and variety and material in potas-
sium (p=0.000599) & magnesium (p=0.0209).

Results on the mean values at Figure 4 reveals that calcium
(drop by 16% to 41%) and magnesium (15% to 38% decrease)
had the highest drop in its composition compared to other min-
erals (Figure 4). However, in minerals like manganese, zinc,
potassium, and iron the level of decrease remain constant and
low (Figure 4). Furthermore, majority of the minerals in both
varieties had their lowest level when stored using polypropyl-
ene bags at 25°C {T4 and T8} (Figure4). On the contrary,
when using PICS bags most minerals retained their composi-
tion, though not all minerals maintained their composition
when stored using PICS bags at 15°C {T1 and T5}.

These findings align with the study by Meena et al., [5],
which reported that storage of seeds using hermetic material
like vacuum bags in either cold or room temperature had the
highest level of minerals (iron, copper, zinc, and manganese)
compared to non-hermetic materials like gunny bags. Simi-
larly, studies indicates that storage at 25°C accelerate decrease
in minerals in comparison to storage at 10°C and 4°C within
360 days of storage [5, 6].

4. Discussion

This profound varietal disparity in mineral retention, partic-
ularly the robust performance of Uyole Soya 2, suggests un-
derlying genetic determinants that govern post-harvest physi-
ological stability [14]. The seed coat, being the primary inter-
face with the storage environment, plays a crucial role. It was
possible that Uyole soya 2 possessed a denser or more ligni-
fied seed coat structure, acting as a superior barrier against gas
diffusion and moisture uptake [15]. This would effectively de-
celerate the seed’s respiratory metabolism, a process that con-
sumes stored reserves and release heat and moisture, thereby
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preserving internal mineral integrity [15]. Furthermore, ge-
netic differences in the chelation and compartmentalization of
minerals within the seed could explain this trend [16]. Miner-
als like iron stored within the stable protein complex of phy-
toferritin maybe less susceptible to leakage or chemical trans-
formation than free ions [17]. The significant negative coeffi-
cient for manganese in SC Semeki was particularly intriguing.
Manganese is a vital cofactor for several enzymes, including
Mn-superoxide dismutase (Mn-SOD), which is crucial for
mitigating oxidative stress in seeds [18]. A higher initial activ-
ity a turnover of such enzymes in SC Semeki during storage
could lead to a more rapid apparent depletion of manganese, a
hypothesis that warrants targeted biochemical investigation in
future studies.

The observed sensitivity of zinc and iron to elevated tem-
perature, as evident by their significant negative coefficients
and Anova results, underscores their metabolic liability. These
trace elements are fundamental cofactors for a plethora of en-
zymes involved in respiration (e.g., cytochromes for iron) and
cellular repair mechanisms [19]. Under the stress of higher
temperatures (25°C), the accelerated metabolic rate likely in-
creases the demand and turnover of these Metallo-enzymes,
pools that are less extractable or detectable [20]. This phenom-
enon moves beyond mere leaching and points to a biochemical
transformation within the seed [21]. Some regression and de-
scriptive statistics results contradict Anova results as minerals
like calcium show no statistical significance change with tem-
perature, it still has a relatively high level of decrease with
higher temperature. The general, though often statistically in-
significant, trend of greater mineral loss at 25°C aligns with
the fundamental Q10 principle of chemical kinetics, where re-
action rates typically double for every 10°C increase in tem-
perature [22]. This principle governs not only the seed’s own
respiration but also the kinetics of non-enzymatic oxidation
reactions and the potential for microbial proliferation [23].
While this 90-day study captured significant initial trends, it
was conceivable that over a longer storage period, the cumu-
lative effect of temperature would become statistically signif-
icant for a wider array of minerals, as the slow but persistent
biochemical degradation compounds over time [24].

The stark contrast between PICS and polypropylene bags
can be attributed to the controlled condition that restrict per-
meable Polypropylene bags, being gas-permeable allowing
for continuous oxygen entrance, sustaining seed respiration
and oxidative processes [25]. This leads to a depletion of val-
uable compounds including organic acids that may help solu-
bilize and retain certain minerals, and generates heat and water
vapor that can create localized microclimates of high humidity,
further accelerating degradation [5]. In contrast, PICS bags
leverage the grain’s own respiration to create an internal at-
mosphere rich in CO; and depleting O [25]. This suppressed
aerobic environment drastically lowers the metabolic rate of
the seeds, effectively putting them in a state of dormancy [25,
26]. Moreover, the low oxygen tension inhibits the growth of
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aerobic spoilage microorganisms and minimizes oxidative re-
actions that could alter the chemical speciation of minerals
like iron from the ferrous to less bioavailable ferric form [27].
The finding that even within PICS bags, minerals like magne-
sium with 29% decrease, highlights that while hermetic stor-
age was superior, it does not completely halt physiological and
biochemical changes; it merely drastically slows them down.
This residual loss could be attributed to the initial metabolic
adjustment phase and the activity of enzymes that remain
functional even at low oxygen levels [26].

The high R? values from iron and copper indicate that the
factors explain almost all of the variability observed in these
minerals. Conversely, the lower R? for potassium implies that
other unmeasured factors played a major role in its change.
Usually, Potassium is highly soluble and can act as a mobile
osmoticum within seed tissues, making its movement particu-
larly sensitive to minor moisture gradients that may not have
been fully captured by the experimental controls [28]. The sig-
nificant two-way interaction detected from mineral reveals
nuanced relationships. For instance, the interaction between
variety and materials for potassium and magnesium suggests
that the genetic makeup of seed determines co-effectively it
can utilize the protective benefits of a hermetic environment
[15]. The variety with higher leakage like SC Semeki might
benefit disproportionately more from the oxygen barrier pro-
vided by PICS bags compared to a inherently more stable va-
riety like uyole soya 2.

While this study provides valuable insights into the effects
of storage conditions on soybean mineral composition, several
limitations should be acknowledged. First, the storage dura-
tion was limited at 90 days, which, while sufficient to capture
initial trends, was shorter than typical on-farm periods in Tan-

zania and other regions where longer storage of 6 to 18 months.

Longer-term studies would help determine whether the ob-
served trends continue or stabilize over time. Second, the ex-
periment was conducted under controlled relative humidity
(65% to 75%), whereas real-world storage often involves fluc-
tuations in humidity, moisture content, and pest pressure
which can accelerate mineral losses. Third, the samples were
purposively collected from two farmers in a single region,
which may not fully capture the genetic diversity or pre-stor-
age environmental conditions experienced by these varieties
across different agro-ecological zones. Fourth, while PICS
bags showed clear advantages in mineral preservation, the
study did not include an economic feasibility analysis, which
is critical for farmers adoption. Finally, the analytical
methods measured total mineral content but did not assess
bioavailability, which is a determinant for nutritional im-
pact. Future research should address these gaps through
longer storage trails, multi-location sampling, cost-benefit
assessment, and bioavailability studies to provide a more
comprehensive basis for storage recommendations.

5. Conclusions and Recommendation
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5.1. Conclusion

Mineral profile of soybean grains during storage was sig-
nificantly affected by soybean variety, storage material, and
temperature. Whereas the highest level of variation in mineral
composition was observed in iron (99%), copper (98.7%) and
calcium (82.8%), while the least variation was observed with
potassium (46.8%). While, general results indicate that the
highest decrease in mineral composition with all factors and
their interaction was observed in calcium (maximum decrease
49%) and the lowest in iron (maximum decrease 5%).

On soybean variety, the level of mineral composition during
storage was significantly higher with uyole soya 2 (3% to 38%
decrease) compared to SC Semeki (4% to 41% decrease). The
changes varied with varieties due to difference in the level of
sensitivity to storage conditions. However, storage tempera-
ture significantly affected only zinc and iron. Storage was
more detrimental at 25°C than at 15°C. With storage at 25°C
(5% to 42% decrease) was higher compared to 15°C (3% to
38% decrease). In contrast, all mineral composition were sig-
nificantly affected with storage materials and their mean val-
ues varied significantly from initial with the use of PICS (3%
to 29% decrease) and polypropylene bags (7% to 49% de-
crease). The variation in mineral profile was attributed to
physiological and biochemical processes in the grains. These
processes were accelerated with high temperature and the use
of non-hermetic material (polypropylene bags).

5.2 Recommendation

The findings from this study provides actionable guidance
for preserving soybean nutrition during storage. Key recom-
mendations include; using hermetic storage materials particu-
larly PICS bags instead of polypropylene bags to significantly
reduce mineral loss. Storage of soybean in cooler area to slow
mineral losses. Finally, increasing farmers education on the
significance of proper storage practices in maintaining nutri-
tional quality and ultimate increase in crop value.
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means SC Semeki+ Polypropylene bags +15°C, T4 means SC Semeki+ Polypropylene bags +25°C, T5 means Uyole soya 2+ PICS bags +15°C,
T5 means Uyole soya 2+ PICS bags +15°C, T6 means Uyole soya 2+ PICS bags +25°C, T7 means Uyole soya 2+ Polypropylene bags +15°C,

and T8 means Uyole soya 2+ Polypropylene bags +25°C.

Table 1. Relationship between soybean variety and storage condition on its mineral composition.

Mineral Equation

K (%) Y=1.2+0.073X1-0.054X2 - 0.011X3-0.001X4
Ca (%) Y=0.338 +0.05 X1— 0.04X2 — 0.005X3-0.001X4
Mg (%) Y=0.359+0.027X:-0.022 X2 —0.013X3-0.001X4
P (%) Y=10.52- 0.001X1-0.030X2 -0.001X4

Zn (mg/kg) Y=187.68+2.699 X1-0.804 X»-1.816X3-.094X4
Mn (mg/kg) Y=54.341 -3.306 X1—-0.622 X1 -0.059X3-0.049X4
Fe (mg/kg) Y=95.136+31.771X1-1.842X> -0.698X3-0.039X4
Cu (mg/kg) Y=3.871+ 7.134X1—- 0.234X>—- 0.033X3-0.012X4

R square (R?)

0.468
0.828
0.682
0.619
0.651
0.713
0.990
0.987

* Soybean variety (X1), storage material (X2), temperature (X3) and duration (X4).
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