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Abstract Fish oil (FO) is a rich source of long-chain
omega-3 polyunsaturated fatty acids (-3 LCPUFA) which
are important for human health. This research investigated
the fortification of chicken nuggets with encapsulated FO-
Garlic essential oil (GEO) as a possible way for delivery of
-3 LCPUFA. Five different chicken nugget samples were
prepared according to different treatments: Control sample
(without fish oil and encapsulated FO-GEO), bulk fish oil
samples (0.4% and 0.8%, w/w), and encapsulated FO-GEO
samples (4% and 8%, w/w). The quality of the chicken
nugget samples were monitored during a 20-day refriger-
ated storage. Results showed that the addition of encap-
sulated FO-GEO could significantly delay lipid oxidation
and microbiological spoilage of the samples during
refrigerated storage. This is reflected by the pH, PV,
TBARS and TVBN data (P < 0.05). Samples fortified with
encapsulated FO-GEO also showed significantly higher
sensory quality and overall acceptability (P < 0.05). The
use of 8% encapsulated FO-GEO gave the best
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antioxidative and antimicrobial properties during storage.
However, the best sensory scores were observed in the 4%
encapsulated FO-GEO up to 20 days of storage. This study
demonstrated that the encapsulated FO-GEO could be used
for fortifying and extending shelf-life of food products.
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Introduction

Long-chain omega-3 polyunsaturated fatty acids (®-3
LCPUFA) including eicosapentaenoic acid (EPA) and
docosahexaenoic acid (DHA) have important health and
nutritional benefits in human health (Delgado-Lista et al.
2012). Thus, sufficient intake of ®-3 LCPUFA from diet is
important (Chen et al. 2013a). Fish and fish oil supple-
ments are the main dietary sources of ®-3 LCPUFA. In
many countries, the consumption of fish is far lower than
the recommended minimum intake of two or three servings
per week, which is equivalent to an approximately 200 mg
per day of ®-3 LCPUFA (Sanders 2000). Enrichment of
food products with fish oil could be the best way to
increase the dietary intake of m-3 LCPUFA (Velasco et al.
2009). Among food products, meat products seem to be a
good target for fortification, due to the high consumption
and their fatty acid profiles. Generally, meat has a low
content of ®-3 LCPUFA but high in monounsaturated and
saturated fatty acids (Givens et al. 2006). There are dif-
ferent methods of fortifying meat products, either by
feeding the animals with enriched ®-3 fatty acids in the
feedstuff (Corino et al. 2014) or by fortifying the products
using technological approaches. For the latter case, three
main methods can be applied. The simplest method is by
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adding the fish oil to food products (Valencia et al. 2008),
and the second technique is by emulsification of fish oil
(Salminen et al. 2013). Emulsification of fish oil can pro-
tect -3 LCPUFA from lipid oxidation during storage
compared to simply adding fish oil to the food products.
However, emulsification is unable to mask the undesirable
odours of the fish oil (Jiménez-Colmenero 2007). The third
technique involved the use of encapsulated fish oil for food
fortification. Encapsulation is a process in which droplets
are entrapped as ‘core’ materials within a homogenous or
heterogeneous matrix as ‘wall’ (Chen et al. 2013b).
Biopolymers e.g. chitosan and gums are stable during
thermal processing and have good emulsifying properties
that allowed their use as wall materials for encapsulation of
fish oils (Klaypradit and Huang 2008; Raeisi et al. 2019).
This technique provides good prevention from oxidation
and rancidity in food products, thus preserving good sen-
sory properties (Keenan et al. 2015). Previous research has
demonstrated that co-encapsulation of fish oil with natural
antioxidants can increase its shelf-life effectively (Chen
et al. 2013b). Garlic (Allium sativum L.) essential oil has
been proven to be useful to reduce fish oil oxidation when
co-encapsulated with fish oil, due to its high antioxidant
activity and flavor-enhancing characteristics (Raeisi et al.
2017; Sharifi-Rad et al. 2016).

Today’s busy lifestyle has driven the changes in food
preparation methods and dietary habits of consumers. The
increased demand of “ready-to-heat” products to save food
preparation time has been evidenced (Xiao et al. 2011).
Among the convenience products, chicken nuggets is one
of the most common and popular one. Therefore, fortifi-
cation of chicken nugget with ®-3 LCPUFA could be a
promising strategy to increase the intake of these essential
fatty acids. Enrichment of food products with fish oil has
been widely studied. However, research on enrichment of
food products using co-encapsulated fish oil with other
bioactive components, e.g. garlic essential oil, has not been
reported. The aim of present study was to investigate the
fortification of chicken nuggets with encapsulated fish oil-
garlic essential oil for shelf-life extension, and to study the
associated quality changes in the products during storage at
refrigerated conditions.

Materials and methods
Materials

Fish oil (FO) was obtained from Sigma-Aldrich (St Louis,
MO, USA). Garlic essential oil (GEO) was sourced from
the Barij Essence Pharmaceutical Company, Tehran, Iran.
Chitosan with low molecular weight (75-85% deacetyla-
tion degree) was purchased from Sigma—Aldrich (St. Louis,
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MO, USA) and Persian gum obtained from a local herbal
store (Shiraz, Iran) were selected as wall material of
encapsulated FO-GEO. Chicken breast was purchased in a
local market (Gorgan, Iran). Deionized water was used for
preparation of all the solutions.

Preparation of encapsulated FO-GEO

The encapsulated FO-GEO was prepared according to
layer-by-layer deposition technique as described by Raeisi
et al. (2019). Chitosan solution and FO-GEO was com-
bined in the ratio 75:25%w/w, Tween 80 (0.1%) was added
and mixed with a magnetic stirrer for 5 min. The mixture
was homogenized by a rotor—stator homogenizer at
4000 rpm for 3 min, followed by sonication at amplitude
of 100% for 4 min (UP 400 s, Dr. Hielscher, Germany).
Persian gum solution was slowly added then homogenized
by a rotor—stator homogenizer (3000 rpm for 0.5 min)
followed by sonication (amplitude 80%, 0.5 min). Finally,
the emulsions were frozen at — 70 °C overnight, freeze
dried at — 51 °C and 0.120 mbar (Beta 1-8 LSCPlus,
Martin Christ Gefriertrocknungsanlagen GmbH, Harz,
Germany) for 72 h. Samples were stored in moisture
impermeable plastic bags at — 18 °C in dark condition for
future experiments.

Preparation of enriched chicken nuggets

Chicken nuggets, consisted of skinless chicken breast
(86%), salt (1%), onion (12%), and pepper (1%), were
prepared manually for this study. As the first step, chicken
breast was minced using a meat mincer (Pars Khazar, Iran).
The minced meat was then allocated for five different
treatments: control sample (without bulk fish oil and
encapsulated FO-GEO), samples enriched with bulk fish oil
(0.4% and 0.8% w/w), and samples enriched with encap-
sulated FO-GEO (4% and 8% w/w). The samples were
further mixed with spices to achieve a homogenous mix-
ture. They were placed in a freezer (—18 °C) for 3 h before
being cut into a dimension of 4.5cm (L) x 2.6 cm
(W) using a stainless steel mould. The cut samples were
coated with a batter containing wheat flour, baking powder
and salt, followed by coating with bread crumbs. Samples
were immediately pre-fried in sunflower oil at 180 °C for
10 s. After that, they were removed from the fryer and
placed on paper towel to get rid of excessive oil. Pre-fried
samples were separately packaged in polyethylene bags
and stored at refrigeration temperature (4 £+ 1 °C).
Chemical, microbiological and sensory properties of the
samples were investigated at a 5-day interval for a period
of 20 days.
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Chemical analysis
Determination of pH

The pH values were measured by immersing a glass-
calomel electrode in the homogenate of chicken nugget
samples by using a pH meter (WTW, USA)

Determination of peroxide value (PV)

The PV of the chicken nuggets was determined using a
ferric thiocyanate method outlined by Chapman and
Mackay (Chapman and Mackay 1949). A standard curve
using ferric iron solution was used to estimate the peroxide
values in the lipid from the samples.

Determination of thiobarbituric acid reactive
substances (TBARS)

The secondary oxidation changes in the samples were
determined by measuring the thiobarbituric acid reactive
substance (TBARS) value following the method of
McDonald and Hultin (Mcdonald and Hultin 1987). Two
milliliters of TBA reagent was placed in a test tube and
1 ml of the sample (5 mg of the nuggets in 1 ml of acetate
buffer) was added. Test tubes were mixed completely by
vortexing and incubated in a boiling water bath at 100 °C
for 15 min, and after that, it is cooled for 10 min by placing
in a cool water bath. Afterwards, the mixture was cen-
trifuged for 15 min at 1000 rpm. The absorbance of
supernatant was determined at 532 nm. TBARS was
expressed as milligrams of malondialdehyde (MDA)/kg.

Determination of total volatile basic nitrogen
(TVBN)

The TVBN values of the nugget samples were determined
as described by Tecator (2002). TVBN values were mea-
sured with a Kjeltec 2300 (Auto analyzer, Foss Tecator
AB, Hoganas, Sweden). TVBN values were expressed in
mg nitrogen/100 g nugget sample.

Microbiological analysis

The nugget samples (10 g) were transferred into a stom-
acher bag containing 90 ml of 0.85% NaCl and homoge-
nized. Then, decimal dilutions (107> to 107%) were
prepared from this mixture. Total viable count (TVC) and
psychrophilic bacterial counts (PTC) were performed using
the plate count agar (Merck, Darmstadt, Germany). For
TVC determination, the plates were incubated at 25 °C for
2 days while for PTC estimation, the plates were incubated

at 7 °C for 10 days (Raeisi et al. 2016). All counts were
expressed as log colony-forming units (cfu)/g.

Sensory evaluation

The pre-fried chicken nugget samples were deep-fried at
180 °C for 5 min in sunflower oil. These samples were
evaluated by a sensory panel consisted of ten experienced
panelists (25-35 years old, male). The following sensory
attributes were studied: color, appearance, taste, odor, and
tenderness. A 10-point line scale was applied for the sen-
sory evaluation as described by Kim et al. (2015), with
score 1 for extremely undesirable and score 10 for extre-
mely desirable.

Statistical analysis

All the experiments were performed in triplicate. Results
were reported as mean value & standard deviation. Anal-
ysis of variance was conducted on all the variables using
the Statistical Analysis System (SPSS 11.5, IBM SPSS,
New York, USA), followed by post hoc test (Duncan’s
multiple range test) to determine statistical significant
differences (P < 0.05) among the samples.

Results and discussion
pH

The pH of food products served as a good indicator for
their quality (Khare et al. 2016). Figure 1 showed the
changes of pH values in the chicken nuggets samples
during storage. The pH of all the samples showed a
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Fig. 1 Changes in the pH values of the enriched chicken nugget
samples during storage
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decrease during part of the storage period (10 days for the
control sample and samples contained bulk fish oil, and
15 days for the samples containing encapsulated FO-GEO).
Then, the pH values increased until the end of the storage
period. Results from this study are consistent with those of
Hwang et al. (2013) that reported the pH of deep fried
chicken nuggets treated by ganghwayakssuk (Artemisia
princeps Pamp.) in combination with ascorbic acid
decreased during the first 7 days of storage, and then
increased until the end of storage. The pH reduction is
mainly due to the accumulation of lactic acid caused by the
growth of lactic acid bacteria (Suarez Mahecha et al. 2014).
After certain period of storage, the increase of pH values
may be related to the accumulation of alkaline compounds,
such as ammonia compounds and trimethylamine, mainly
due to microbial actions (Duman and Ozpolat 2015).

Peroxide values (PV)

The changes in the peroxide value (PV) of chicken nugget
samples are shown in Fig. 2. The PVs significantly
increased as storage time increased for all samples
(P < 0.05). The increase of PVs in samples could be
attributed to the increase in aldehydes during storage (Al-
ghazeer et al. 2008). It was observed that the control and
samples treated with bulk fish oil (0.4 and 0.8%) had higher
PVs compared to those treated with encapsulated FO-GEO.
These results suggested that there were positive influence
in the samples containing encapsulated FO-GEO perhaps
due to the antioxidant activities of chitosan (Ngo and Kim
2014) and garlic essential oil (Sharifi-Rad et al. 2016). The
acceptability limit of PVs is reported to be
10-20 meq O, kg~ oil for foodstuffs (Raeis et al. 2016).
For the control and all samples treated with bulk fish oil
(0.4% and 0.8%), the PVs reached the upper limit of
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Fig. 2 Changes in the peroxide value (PV) of the enriched chicken
nugget samples during storage
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20 meq O, kg~ ' oil after 15 days of storage. In contrast, it
took 20 days for the samples treated with 4% encapsulated
FO-GEO to reach the same value. The PVs for samples
treated with 8% encapsulated FO-GEO were less than
20 meq O, kg™~ " oil during the storage period, indicating
better oxidative stability and acceptability for human
consumption. Similar results were reported by Khare et al.
(2016), who found a significant decrease of PV in chicken
nuggets coated by chitosan enriched with cinnamon oil
under refrigeration storage.

TBA reactive substances (TBARS)

Thiobarbituric acid Reactive Substances (TBARS) is a
widely used index for the evaluation of lipid oxidation
based on the estimation of Malondialdehyde (MDA) con-
tent. MDA is formed by hydroperoxides, which are the
product of the initial reaction of polyunsaturated fatty acids
with oxygen (Raeisi et al. 2017). Changes in TBA values
are shown in Fig. 3. The TBA values of samples treated
with encapsulated FO-GEO were significantly lower than
other samples (P < 0.05). These results were consistent
with the findings of Jiménez-Martin et al. (2016). The
initial TBARS of the nugget samples were 0.05 £ 0.01 mg
MDA per kilogram of tissue. In all samples, the TBARS
values increased with increase in the storage period
(P < 0.05). As reported, the acceptability limit of TBA
value during storage is 1-2 mg MDA per kg tissue (Byun
et al. 2003). In this study, TBARS were lower than the
above values up to 15 days of storage for the control and
samples treated with bulk fish oil (both 0.4% and 0.8%).
For samples treated with encapsulated FO-GEO (4%), the
acceptable limit was up to day 20 of storage. In contrast,
the TBA value of the samples treated with 8% encapsulated
FO-GEO was less than the recommended limit until end of
storage period. These results strongly implied that the
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Fig. 3 Changes in the TBA reactive substances of the enriched
chicken nugget samples during storage
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encapsulated FO-GEO gave good antioxidant activity to
protect the chicken nugget perhaps through scavenging of
free radicals, chelating metal ions or donating hydrogen
atoms (Pokorny et al. 2001).

Total volatile basic nitrogen (TVBN)

Total volatile basic nitrogen (TVBN) content is an
important index for evaluating the freshness of meat
products which measure mainly trimethylamine (TMA),
ammonia and dimethylamine (DMA). The level of TVBN
can increase with either enzymatic or bacterial degrada-
tions (Urmila et al. 2015). The changes in the TVBN of
chicken nugget samples are shown in Fig. 4. Results
showed that the TVBN values increased significantly dur-
ing the 20-day storage period for all samples (P < 0.05),
with more rapid increases in the control and the samples
treated with bulk fish oil. According to the results, using
the encapsulated FO-GEO (4% and 8%) in the chicken
nuggets gave better efficacy in delaying the rate of TVBN
formation during the storage period. The recommended
limit of TVBN for palatability of meat products is at
20 mg N/100 g sample (Byun et al. 2003). The TVBN
values surpassed the recommended limit after 15 days of
storage as observed in three samples: control
(21.96 £ 0.5), and samples treated with 0.4% bulk fish
(23.8 £ 1.2) and 0.8% bulk fish oil (26.3 &+ 1.5). For the
samples treated with 4% encapsulated FO-GEO, the rec-
ommended TVBN limits were surpassed after 20 days of
storage (22.86 & 0.4). In contrast, the TVBN value
(19.90 £ 0.7) of the samples treated with 8% encapsulated
FO-GEO was less than the recommended limit until end of
storage period. The decrease rate of TVBN formation in
the samples treated with encapsulated FO-GEO can be
attributed to a decrease in bacterial population or the
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Fig. 4 Changes in the total volatile basic nitrogen (TVBN) of the
enriched chicken nugget samples during storage

reduce in bacteria capacity for oxidative deamination of
non-protein nitrogen compound or a combination of both
parameters (Frangos et al. 2010) caused by antimicrobial
properties of chitosan (Khare et al. 2016) and garlic
essential oil (Sharifi-Rad et al. 2016).

Microbiological analysis

Total viable count (TVC) is an useful method for assessing
quality of food products and post-processing contamination
(Duman and Ozpolat 2015). The initial TVC (log10 cfu/g)
of the samples ranged from 3.74 log10 cfu/g in the samples
treated with encapsulated FO-GEO (8%) to 3.98 log10 cfu/
g in the samples treated with bulk fish oil (0.8%) (Fig. 5a).
Based on the recommended safety limit of 7 logl0 cfu/g
(ICMSF 1986), these samples have shown accept-
able quality. During storage, the TVC values increased in
all samples. The control and the samples treated with bulk
fish oil (0.4% and 0.8%) reached the upper acceptability
limit after 15 days of storage. However, it took 20 days for
the samples treated with encapsulated FO-GEO (4%) to
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Fig. 5 Microbiological analysis of the enriched chicken nugget
samples during storage a: changes in the microbiological total viable
count (TVC) b: changes in the psychrophilic bacterial counts (PTC)
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Table 1 Sensory properties of the enriched chicken nugget samples during storage time

Storage time (days) Control

Bulk fish oil (0.4%) Bulk fish oil (0.8%) Encapsulated FO-GEO (4%) Encapsulated FO-GEO (8%)

Color

0 9.70 &+ 0.0282  9.64 + 0.02° 9.64 £ 0.04€ 9.75 £+ 0.00* 9.75 £+ 0.02%
5 6.63 £ 0.01' 625+001K 5.56 + 0.03 N 8.83 + 0.02F 8.54 + 0.00°
10 574 £ 0.04™ 5.11 + 0.00° 4.67 + 0.032 7.71 £ 0.01° 8.24 + 0.02F
15 431 £ 0.01%  4.11 £ 0.03% 3.94 + 0.017 6.52 +£0.027 7.34 + 0.04%
20 391 +0.03Y  3.50 £ 0.04 Y 3.12 +£ 0.04 Y 5.43 + 0.06° 5.82 + 0.01~
Appearance

0 9.75 + 0.022  9.68 + 0.00° 9.61 + 0.02P 9.84 + 0.02% 9.84 + 0.03*
5 7.11 £ 0.028  6.51 + 0.03% 6.44 £+ 0.01 ¥ 8.72 + 0.00F 8.86 + 0.04F
10 575+ 0.00™M 564 + 000N 5.37 £ 0.00° 7.53 + 0.011 8.14 + 0.00°
15 4.82 £+ 0.04°2  4.47 £ 0.00% 4.10 + 0.03" 5.36 + 0.02° 6.72 + 0.03 '
20 3.77 £ 0.00Y 3.61 +£0.01 ¥ 3.16 £ 0.01 %V 427 + 0.00° 5.58 + 0.05°
Taste

0 9.53 + 0.04°  6.58 + 0.01- 6.11 £ 0.02 N 9.86 + 0.03* 9.64 + 0.01®
5 831 £ 0.03¢ 6.14 £ 0.02M 5.93 + 0.01° 9.12 + 0.00° 8.94 + 0.02F
10 7.10 £ 0.017 426 + 0.04% 421 +0.01% 8.56 + 0.00F 8.11 + 0.04
15 5.12 £ 0.032  3.41 £ 0.00Y 3.26 £ 0.01 Y 7.41 £ 0.01 6.85 + 0.01 ¥
20 4.17 £ 0047 254 +001 W 2.32 + 0.01% 6.11 £ 0.02 N 5.72 + 0.03°
Odor

0 9.62 + 0.00®  6.83 £+ 0.03" 6.72 +£0.01" 9.86 + 0.00* 9.85 + 0.02%
5 858 +£ 0.018  6.17 £ 0.02N 6.10 £ 0.00° 8.73 + 0.03€ 8.67 + 0.01°
10 7.33 £ 0.04%  5.14 + 0.01% 5.12 + 0.00% 7.47 £ 0.00F 7.41 £+ 0.01¢
15 6.63 + 0.04 % 4.10 + 0.027 3.91 + 0.00Y 6.38 £ 0.00" 631 +0.02M
20 5.11 £ 0.00°5 2.84 +0.00 ¥ 251 + 004V 531 £ 0.02° 5.26 £ 0.04%
Tenderness

0 9.52 4+ 0.008  9.46 + 0.02° 9.30 + 0.00° 9.72 + 0.01* 9.71 + 0.00*
5 747 £ 0.000  6.92 +0.00° 6.73 £ 0.02 8.62 + 0.02F 8.57 + 0.01°
10 6.45 £ 0.03% 531 £ 0.02° 5.26 £ 0.04° 7.83 £ 0.05° 7.71 £ 0.04%
15 5.69 £+ 0.00° 427 £ 0.04V 4.18 £ 0.02 "V 6.16 + 0.00 M 6.10 +£ 0.01 N
20 455 +0.027 381 +0.00W 3.73 + 0.03% 5.23 + 0.00% 5.19 + 0.045
Overall acceptability

0 9.81 + 0.03¢  6.62 +0.04" 6.51 +0.01 ¥ 9.92 + 0.04% 9.88 + 0.00®
5 833 £ 0.05F 561 £0.02N 5.56 + 0.00° 8.87 + 0.02° 8.84 + 0.03%
10 743 £ 0.000 437 £ 0.03° 430 + 0.017 7.64 £ 0.00° 7.57 + 0.021
15 5.53 £ 0.01°  3.86 £+ 0.02Y 3.12 +£ 002V 6.21 £ 0.03% 6.16 + 0.02 M
20 3.82 £ 0.01 Y 265 + 0.04% 2.50 £+ 0.00Y 5.10 £ 0.01° 4.96 + 0.00%

Different letters showed significant difference (P < 0.05) according to Duncan’s multiple range test for each sensory characteristic

reach the safety limit. The samples with 8% encapsulated
FO-GEO has the best performance as their TVC values
remain lower than the recommended safety limit.

As a main group of microorganisms, the psychrotrophic
bacteria (PTC) are responsible for aerobic spoilage of fresh
meat during refrigerated storage (Sallam 2007). In all
samples, the PTC was significantly increased during the
storage (P < 0.05) (Fig. 5b). The samples treated with
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encapsulated FO-GEO have the lower PTC compared to
other samples. The results also revealed that the PTC
decreased with an increase in the concentration of encap-
sulated FO-GEO present in the chicken nugget samples,
showing a positive relationship between antibacterial
activity and the concentration of encapsulated FO-GEO.
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Sensory evaluation

The acceptability of food products during refrigerated
storage is associated with the changes in their sensory
properties. As evaluated by the sensory panel, the scores
for color, appearance, taste, odor, tenderness and overall
acceptability of the chicken nugget samples reduced sig-
nificantly (P < 0.05) during the storage period (Table 1).
The results showed that the samples fortified with encap-
sulated FO-GEO have significantly better sensory scores
(for all characteristics including overall acceptability) than
those fortified with bulk fish oil (P < 0.05). The samples
with 0.8% bulk fish oil has a lowest overall acceptability
among all samples, implying that fortification of food
higher level of bulk fish oil is undesirable. For enrichment
of fish oil in food products, the concentration of fish oil
added is usually limited because the highly unsaturated oil
could affect the sensory properties and palatability of the
final products (Jiménez-Martin et al. 2016). The co-en-
capsulated fish oil and garlic essential oil in the samples
have likely helped to mask the fishy odors or off-flavor
associated with lipid oxidation, therefore giving higher
sensory scores that samples fortified with bulk fish oil.
Considering both samples fortified with the encapsulated
FO-GEO, samples containing a higher level of encapsu-
lated FO-GEO (8%) consistently gave better sensory
qualities than those fortified with lower level of encapsu-
lated FO-GEO (4%) except for the taste, odor, and ten-
derness characteristics. The results of sensory evaluation
were in agreement with the microbial and chemical quality
analyses. The results also consistent with previous research
where good correlations among sensory attributes with
microbial and chemical quality were reported (Ghollasi-
Mood et al. 2017). Overall, the sensory results showed that
the addition of encapsulated FO-GEO gave better sensory
properties for the chicken nugget samples due to the
antioxidant and antimicrobial activity of garlic essential
oil.

Conclusion

This work reported for the first time, the enrichment of
chicken nuggets with co-encapsulated fish oil and garlic
essential oil. The results showed that fortification of
chicken nugget with encapsulated FO-GEO could effi-
ciently delay chemical deterioration, decelerate microbial
growth, maintain or improve sensory properties and extend
the shelf-life of the samples during refrigerated storage.
Therefore, this could be a promising way for enrichment of
meat products with fish oil, for extending shelf-life and
preserving the sensory properties of the enriched products.

This kind of enrichment will promote a higher intake of
fish oil in the daily diet to promote beneficial health effects.
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