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Assessment and Characterization of Residual
Concentration from some Cook-in Food
Packages Utilized in Nigeria — ‘Moi-Moi’, a Case
Study

ABSTRACT

Aim: To assess the magnitude and safety of migrants from three cook-in food packaging
materials (plantain leaf, polyethylene film and aluminium foil) into cooked ‘moi-moi’.
Methodology:The ‘moi-moi’ was prepared, packaged in three different packaging materials
and cooked to doneness. Analyses of possible migrants from the packaging materials were
carried out using standard methods. Raw ‘moi-moi’ paste and cooked ‘moi-moi’ samples
were analysed for migrants from associated packaging material on day zero and day 3 of
frozen storage. Proximate composition and sensory evaluation as affected by the packaging
materials were also conducted. Data obtained were analyzed usingtwo-way analysis of
variance (ANOVA) and the means separated by Duncan's New Multiple Range Test
(DNMRT).

Results:Results obtained showed that the heavy metals originally present in the aluminium
foil and plantain leaf gained entrance into the cooked ‘moi-moi’ and the same was the
pesticide residue from the plantain leaf. Phthalates and some volatile organic compounds
were found to migrate from polyethylene film into the cooked ‘moi-moi’. The proximate
compositions showed that the ‘moi-moi’ cooked in plantain leaf had the highest value in ash
(9.14%), fibre (3.95%) and protein (21.41%) followed by that in aluminium foil with 6.47% in
ash and 1.34% in fibre. The sensory results showed no significant differences in taste, after
taste perception, mouthfeel and general acceptability among the ‘moi-moi’ samples cooked
in the different packaging materials on day O (the day ‘moi-moi’ was cooked). Nonetheless,
on day 3 (3 days frozen storage), significant differences in appearance, mouthfeel, aroma,
and general acceptability of the ‘moi-moi’ samples existed except in after taste perception.
Conclusion:The concentrations of all the migrants were found to increase with increase in
contact time but were all below the safety limits stipulated by WHO, Codex Alimentarius and
JECFA even on day 3 of frozen storage.
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1. INTRODUCTION

Researches have shown that components of food packaging materials such as the
unreacted monomers, additives and other components of the food packaging material can




migrate into the packaged foods [1] [2] [3]. These components if present in foods above their
maximum limits can pose a lot of health risks to consumers [4][5]. Examples of these
components are heavy metals (lead, cadmium, nickel and arsenic) which have public health
concern due to their adverse effects on human health and researches have shown that
human exposures to these heavy metals occur mainly through food, water and inhalation
[61[7].

Among all food packaging materials, polymeric food packages have been implicated to pose
the highest risk of toxic migrants into packaged foods [8][9][10]. Notwithstanding, this still
forms the major cook-in packaging film used in Nigeria and most African countries. Because
of safety concern however, some people opt for aluminium film and plant leaves for such
food preparations such as ‘moi-moi’, Okpa, Eleleokaand Epiti. Of all the foods cooked in
films, ‘moi-moi’ is the most commonly consumed. ‘Moi-moi’ is a ready-to-eat pudding
prepared by steaming a mixture of wet milled beans (or beans flour and water), and other
ingredients (pepper, onions, salt, fish etc) wrapped in polyethylene film, aluminium foil or
leaves. It is consumed by people of all ages and socio-economic ‘strata and due to its
popularity and large consumer acceptance, ‘moi-moi’ is no longer just limited:to the category
of street foods but has made its way up to the menu of all classes of Nigerian restaurants
[11].

In this study, the assessment and characterization of migrants from three packaging films
(polyethylene film, aluminium foil and plantain leaves) mostly used in the preparation of ‘moi-
moi’ in Nigeria was investigated. The study covered the level of migrations from these
packaging films during cooking, cold storage and reheating of the food after cold storage.

2. MATERIAL AND METHODS

2.1 Preparation of ‘moi-moi’

A modified method of Beleya and Eke-Ejiofor [11] was adopted for the preparation of the
‘moi-moi’. 300g of beans flour was mixed with 531ml of warm water, rested for 15 minutes
after which other ingredients (30g dry pepper, 60g chopped fresh onions, 2g seasoning
spice and 140ml of groundnut oil) were added and mixed to form the raw ‘moi-moi’ paste.
The paste was then packaged in each of the three packaging materials and steamed for 45
minutes and then cooled to room temperature.

Plate 1: ‘Moi-moi’ Cooked in Aluminium Foil, Transparent Polymer Film and Plantain Leaf

A: ‘moi-moi’ Cooked B: ‘moi-moi’ Cooked C: ‘moi-moi’ Cooked
in Aluminium Foil in Transparent in Plantain Leaf

2.2  Analyses Carried out Polymer Film



Analyses were carried out on the unused packaging films, on the raw ‘moi-moi’ paste and on
the ‘moi-moi’ samples cooked in the different films. The analyses on the cooked ‘moi-mor’
samples were carried out on day zero (the day the ‘moi-moi’ were cooked) and on the 3"
day (3 days storage in the freezer).

2.2.1 Analyses on the unused packaging films

The unused packaging films (aluminum foil, polyethylene film and plantain leaf) were
analyzed for associated possible migrants. The aluminum foil was analyzed for heavy metals
(lead, cadmium, aluminum, nickel, arsenic) using Agilent FS240AA Atomic Absorption
Spectrophotometer according to the method of APHA [12]. The polyethylene was-@analysed
for phthalates and volatile organic compounds using Gas Chromatography as described by
AOAC [13] while the plantain leaf was analysed for heavy metal (lead, cadmium, aluminium,
nickel and arsenic) and pesticide residue compounds as described by AOAC [13].

2.2.2 Analyses on the raw ‘moi-moi’ paste and cooked ‘moi-moi’'samples

The raw ‘moi-moi’ paste was analysed for presence of heavy.metals (lead, cadmium.
Aluminium, nickel, arsenic), phthalates, volatile organic compounds and pesticide residue
while the ‘moi-moi’ samples were analysed based on the associated migrants from the
respective packaging material in which they were cooked in. Proximate composition and
sensory evaluation were also carried out on the cooked./moi-moi’ samples as described by
Onwuka [14] and Bede et al., [15]. A total of 25 semi-trained panellist was used to assess
the appearance, taste, after taste perception, aroma and mouthfeel of the cooked ‘moi-moi’
samples using a 9-point Hedonic scale as described by Iwe: (2014) with 1 = dislike
extremely, 5 = neither like nor dislike, and 9 = like extremely.

2.3 Statistical Analysis

Data obtained were analyzed using a two-way analysis'of variance (ANOVA) and the means
separated by Duncan's New Multiple Range Test (DNMRT) using the Statistical Package for
Social Sciences (SPSS) version 16 at 5% (P<0.05) acceptable level.

3. RESULTS AND DISCUSSION

3.1 Proximate Composition

The results of the proximate.analysis are presented in Table 1. The moisture contents of the
‘moi-moi’ samples cooked in the different packaging films were 10.977%, 14.697% and
19.911% for samples cooked in polyethylene film, aluminium film and plantain leaf
respectively. All the samples showed a decrease in moisture content when compared with
the raw paste (41.545%). This could be attributed to protein denaturation during the cooking
of“the ‘moi-moi’ 'samples. The percentage moisture contents of all the ‘moi-moi’ samples
were lower than those reported by Ezeochaet al., (2021) for ‘moi-moi’ cooked in leaf
(72.11%); nylon (69.53%) and aluminium foil (71.28%) and that (51.20% — 59.60%) reported
by. Okwunoduluet al. [17] for blends of ‘moi-moi’ cooked in ‘etere’ leaf. The lowest value
recorded for sample cooked in polyethylene film could be attributed to low permeability of
polyethylene to moisture [18] however, the high moisture contents (10.977 — 19.911% )
recorded in this work are good indications of high perishability of the ‘moi-moi’ samples
[19][20].

The ash contents of the ‘moi-moi’ samples ranged from 1.434% - 9.139%, fibre contents
from 1.192% - 3.953%, the fat contents from 2.048% -6.267% while the protein contents
ranged from 17.694% - 21.414%. All these values were significantly lower than those; ash
(4.906%), fibre (9.186%), fat (8.678%) and protein (34.159%) observed in the raw paste.
The resultant effects of heat on fibre and protein [21] [22] and the varying fat retention



capacities of the packaging materials under heat as well as the dissolution of fat containing
ingredients in the ‘moi-moi’ during cooking may have resulted to the lower and varying
values observed in the fibre, fat and protein contents of the ‘moi-moi’ samples [17].‘Moi-moi’
cooked in plantain leaf recorded the highest in ash, fibre and protein and Ezeochaet al. [3]
reported same for protein content of ‘moi-moi’ cooked in leaves. This has been explained to
be the resultant effect of the migration of ash, fibre and proteins from the plantain leaf into
the ‘moi-moi’ during contact time [23] [24]. Akujobi and Amadi [25] recorded a significantly
lower crude fibre content value ranges (0.74 — 0.81%) for ‘moi-moi’ cooked in polymer film.

Table 1: Proximate Composition of Raw ‘moi-moi’ Paste and Cooked ‘moi-moj’

Samples on Day Zero (Dry matter basis)

Parameters Raw Paste (%) CMPo (%) CMAL (%) CMPL (%) LSD
Moisture 41.545% + 1.653 10.977° + 0.488 14.697° + 0.409 19.911° + 0.077 1.669
Ash 4.906° + 0.271 1.434% + 0.045 6.468° + 0.181 9.139% + 0.160 0.344
Fibre 9.186% + 0.221 1.192° + 0.064 1.338° £ 0.109 3.953" +0.099 0.257

Fat 8.678%+0.318 2.048° + 0.051 7.307° + 1.299 6.267° + 0.045 1.260
Protein 34.159% +1.635 17.694° + 0.651 17.234° +0.435 21.414° £ 0.192 1.718
Carbohydrates 42.956" + 0.258  77.632% + 0.601 67.653" + 0.830 59.228° + 0.111 0.100

Where LSD = Least Significant Difference, CMP, = Cooked ‘moi-moi’ from polymer
film, CMAL = Cooked ‘mgi-moi’ from Aluminium foil and CMPL = Cooked ‘moi-moi’

from plantain leaf. Values are Means * standard deviation of duplicate determinations

>4 Means with-the same superscripts within the same row are not significantly

(p>0.05) different

3.2 Heavy Metals

The lead, cadmium, nickel and arsenic contents of the ‘moi-moi’ samples cooked in
aluminium film and plantain leaf on day zero and day 3 all fell below the WHO maximum
level range«(0.01 — 1mg/kg) for Lead in commodity and product, Codex Alimentarius [26]
provisional tolerable monthly intake (PTMI) of 25ug/kg for cadmium, the 2.0mg per body
weight Tolerable Weekly Intake (TWI) for Aluminium and the maximum limits of 0.01 -
0.5mag/kg for Arsenic in food commodities and products.

Comparing the initial values of lead, cadmium, nickel, aluminium and arsenic recorded for
the unused aluminium foil (0.009ppm), unused plantain leaf (0.014ppm) and the raw ‘moi-
moi’ paste (0.003ppm), it could be deduced that some amounts of heavy metals had
migrated from the packaging materials into the cooked ‘moi-moi’ during the contact time [27]
[28] [29]. However, the range of values for Nickel contents recorded in this study were lower
than 0.025mg/l and 0.335mg/l reported by Ezeochaet al. [3] for the Nickel contents of ‘moi-
moi’ cooked in leaves and aluminium foil respectively.



Table 2: Heavy Metal Contents of Unused aluminium film, plantain leaf, Raw ‘moi-mof’

Paste and Cooked ““moi-moi’”” Samples on Day O and 3" Day of Freezer Storage

Heavy Raw ALF PLF  CMALO CMAL3 CMPLO CMPL3

Metal Faste) (ppm)  (ppm)  (ppm)  (ppm)  (ppm)  (ppm)
ppm

Lead 0.003  0.009 0014  0.005 0.012 0.000 0.034

Cadmium 0.000 0.003 0.002 0.000 0.006 0.000 0.017
Aluminium 0.005 0.283 0.010 0.009 0.017 0.000 0.012
Nickel 0.005 0.015 0.007 0.002 0.010 0.006 0.016
Arsenic 0.000 0.008 0.012 0.000 0.006 0.004 0.006

Where ALF= Aluminium foil, PLF = Plantain leaf, CMAL = Cooked ‘moi-moi’ from
Aluminium foil and CMPL = Cooked ‘moi-moi’ from plantain leaf. Values are Means *
standard deviation of duplicate determinations >4 Means with the same superscripts

within the same row are not significantly (p>0.05) different

3.3 Phthalates

No diethyl phthalates were detected in the raw paste and the ‘moi-moi’ samples on day 3.
However, low levels of di-butyl, di-2-ethylhexyl and benzylbutyl phthalates were detected in
the raw ‘moi-moi’ paste and these slightly increased in the ‘moi-moi’ on day 0 and 3.
According to Birnbaum and Schug [30] and EFSA [8], phthalates readily migrates from
plastics into the food products when exposed to high temperatures due to the absence of a
chemical bond to their parent-polymers. This.is a possible explanation for the increase in
phthalate concentration after cooking and on day 3 after thawing and reheating of the frozen
stored ‘moi-mofi’. Similar findings were recorded by Moreira et al. [31] who observed that
migration of di-butyl phthalates into foods increased with increase in contact time however,
this is contrary to theureport by Fierenset al., [32] who recorded a significant reduction in
benzylbutyl phthalates with cooking.

Table 3: Phthalates in/\Raw ‘moi-moi’ Paste and ‘moi-moi’ Cooked in Polymer Film at O

and 3" Day of Freezer Storage

Phthalate ug/g Raw paste (ug/g) CMPo0 (ug/g) CMPo3 (ug/g)
Di -2 ethylhexyl 0.0056 0.0039 0.0669
Benzylbutyl phthalates 0.0193 0.0346 0.0761
Dibutyl phthalates 0.0157 0.0197 0.0285

Diethyl phthalates ND ND 0.0011




Note: CMPy0 = Cooked ‘moi-moi’ from polymer film on day 0, CMP,3= Cooked ‘moi-

moi’ in Polymer film on day 3 and ND = Not Detected.

3.4 Volatile Organic Compounds (VOCs)

Six (6) VOCs (isoprene, toluene, cumene, polyvinyl alcohol, carbontetrachloride, chloroform)
were detected in the raw ‘moi-moi’ paste and upon cooking, all showed a decrease in
concentration at day O. However, polyvinyl alcohol, carbontetrachloride, chloroferm and
toluene showed increase in their concentrations on day 3 while benzene and myreene which
were not originally in the raw ‘moi-moi’ paste were detected in the cooked ‘moi-moi’.on day 3
This further underlines the reports that migrations from food packages into the packaged
food increases with increase in contact time [1] [33] [34]. Isoprene has been listed on the.US
Hazardous Substance fact sheet [35] as one of the volatile organic,compound posing a
health risk to humans upon exposure and since it is carcinogenic, there is no maximum limit
of exposure.

Table 4: Volatile Organic Compounds in Raw ‘moi-moi* Pastesand ‘moi-moi’ Cooked in

Polymer Film at O and 3" Day of Freezer Storage

Volatile Organic Raw paste (ug/g) CMPoO (ug/g) CMPo3 (ug/g)

Compounds ug/g

Isoprene 0.0320 0.0234 0.0037
Polyvinyl alcohol 0.1403 0.0796 0.1308
Chloroform 0.0026 0.0012 0.0030
Toluene 0.1776 0.0014 0.0707
Cumene 0.1199 0.0749 0.0019
Carbontetrachloride 0.0164 0.0104 0.0569
Benzene ND ND 0.0827
Myrcene ND ND 0.1506
Ethylene ND ND ND

Note: CMPy0 = Cooked ‘moi-moi’ from polymer film on day 0, CMP,3= Cooked

‘moi-moi’ in Polymer film on day 3 and ND = Not Detected.

35 Pesticide Residue



The pesticide residues contained in the raw plantain leaf, raw ‘moi-moi’ paste and ‘moi-mor’
cooked in the plantain leaf are presented in Table 5.

About eight (8) pesticide residue compounds (endosulfan, G-chlordane, glyphosphate,
DDVP, aldrin, profenofos, dichlorvos, carbonfuran) were detected in the plantain leaf while
seven (isopropylamine, dichloroBiphnyl, HCB, biphenyl, lindane, P’ P’ DDD, carbonfuran)
were detected in the raw “‘moi-moi”’ paste. Aldrin, profenofos and dichlorvos which were not
in the raw paste but were originally in the plantain leaf were found in the cooked ‘moi-moi’
both on day zero (0) and on the third day (3) indicating good evidence of migration of these
compounds from the plantain leaf into the cooked ‘moi-moi’ sample. Dichlorvos has been
shown to be slightly water soluble, highly volatile and does not easily bind with soil; and its
presence on the leaves of plants could be through transport in air and contactwith
contaminated water [36]. Similarly, chlordane has been reported to be a <soil persistent
pesticide that migrates from the soil into pant tissues [37]. This explains their possible
presence in the plantain. It is worthy to note that chlordane and Aldrin have been listed
under the NAFDAC list of banned pesticides in Nigeria [38].

The presence of the seven pesticide residue compounds in the raw<moi-moi’paste could be
linked to the pesticides used in the farming and storage of the beans and other ingredients
used in the preparation of the ‘moi-moi’ sample as shown by WHO.[39] that Lindane; one of
the compounds found in the raw ‘moi-moi’ paste (pesticide used in the farm) has the
capacity of remaining in the soil for years and therefore; migrates to food crops planted on
the contaminated soil.

Table 5: Pesticide Residue Contents of Raw ‘moi-moi’ Paste and ‘moi-moi’ Cooked in

Plantain Leaf on Day O and 3" Day of Freezer Storage

Component ug/g PLF Raw ‘moi-moi’ CMPLO CMPL3
paste
Endosulfan 0.2421 N.D N.D N.D
Isopropylamine N.D 0.1002 0.0775 0.1685
G-Chlordane 0.1110 N.D N.D N.D
DichloroBiphnyl N.D 0.0683 0.1142 0.1949
HCB N.D 0.0594 0.1727 0.1636
Glyphosphate 0.0329 N.D N.D N.D
Aldrin 0.0352 N.D 0.0308 0.0387
Profenofos 0.0218 N.D 0.1493 0.1819
Chlorpyrifos N.D N.D N.D N.D
Carbofuran 0.0650 0.0287 0.2166 0.2468
Dichlorvos 0.142 N.D 0.1910 0.2232
Biphenyl N.D 0.0554 0.2159 0.2303




DDVP 0.799 N.D N.D N.D
T- nonachlor N.D N.D 0.1235 0.3498
Lindane N.D 0.0051 N.D N.D
p'p’ DDD N.D 0.0683 N.D N.D
PLF = Plantain Leaf, CMPLO = Cooked ‘moi-moi’ from plantain leaf on day 0, CMPL3 =
Cooked ‘moi-moi’ from plantain leaf on day 3 and N.D = Not detected.
3.6 Sensory Evaluation
The sensory evaluation results are presented in Tables 6.
There were no significant difference among the ‘moi-moi’ samples in mouthfeel, taste,
aftertaste perception and general acceptability but differed significantly.in appearance and
aroma. The ‘moi-moi’ sample from plantain leaf had the least score in-appearance while that
from aluminium foil had the least in aroma. However, by the:third day (day.3), the ‘moi-moi’;
samples differed significantly in appearance, mouthfeel, taste, aroma and general
acceptability.
Although preference for appearance decreased with increased storage time, ‘moi-moi’
cooked in polymer film was most preferred on day 0 and day 3. This could be attributed to its
brighter colour as compared to the slightly darker appearance of ‘moi-moi’ cooked in plantain
leaf and aluminium foil as a result of possible. migrations from their respective cook-in
packages. Similar results were recorded by Ezeochaet al. [3].
Table 6: Sensory Evaluation Results of Cooked ‘moi-moi’ Samples
Appearance  Mouthfeel Taste After taste Aroma General
Acceptability
Day 0
CMP, 8.12°+1.20 7.36*+1.68 7.56°+1.00 7.20°+1.78 7.92°+1.19 8.20% + 1.47
CMAL, 8.08°+0.95 7.32°x135 7.76°+1.48 6.84°+1.86 6.80°+1.92 7.76° +1.17
CMPL, 7.08°+1.58 7.12°+176 7.72°x1.62 7.20°x1.19 7.80°+1.16 7.64%°+1.73
LSD 0.72 0.91 0.79 0.92 0.82 0.83
Day 3
CMP; 7.32°+1.03 7.20°£1.08 7.56%+0.77 596°+1.24 6.76°+2.01 6.64°+1.91
CMAL; 7.44°+1.36 7.28°+143 6.64°+1.38 6.72°+1.75 7.64°+1.22 8.00% + 0.96
CMPL; 6.36°+£0.70 6.08°+1.94 7.32°+1.63 6.20°+1.78 6.32°+1.65 7.68%+1.18
LSD 0.60 0.86 0.74 0.91 0.93 0.80




Where: CMP3;= Cooked ‘moi-moi’ from polymer film (Day 3), CMAL3; = Cooked ‘moi-
moi’ from aluminiuum foil (Day 3), CMPL3; = Cooked ‘moi-moi’ from plantain leaf (Day
3).

LSD = Least Square Difference.

Values are Means +* standard deviation of duplicate determinations. Means withithe

same superscripts within the same columns arenot significantly (p>0.05) different

4. CONCLUSION

The results obtained in this work showed evidence of migration of gcompounds:from the three
packaging materials (polyethylene, aluminium and plantain leaf) used in the cooking of the
‘moi-moi”. Even though the concentrations of the migrants_from.the different packaging
materials were relatively low, it was observed that the concentrations of most of the migrants
increased with increase in contact time hence, ‘moi-moi’ cooked in these packaging
materials can be said to be safe but caution should be taken to prevent accumulation of
these compounds over time. Also, packaging materials used in cooking of ‘moi-moi’ has
been shown to affect the proximate composition and sensory qualities of the cooked ‘moi-
moi’.

Based on the results of this study, polyethylene film and aluminium foil are recommended as
cooking packaging materials for ‘moi-moi’. Plantain leaf which has gained wide acceptance
as safest cook-in material for ‘moi-moi’ because it is considered a natural material should be
used with caution owing to the fact that it could be contaminated with heavy metals, fumes
and pesticides from the soil, air and, water. However, the safety associated with the
packaging materials used in this work could be attributed to the duration of the contact time
(storage) hence, further studies is required.to investigate the safety of these materials when
used beyond the three day threshold adopted in this study. Also there is need to investigate
on the level of pesticide residues on plantain leaf as affected by location.
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