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&e biopreservation, flavoring, and coloration of foodstuffs, e.g., seafoods, with natural plant derivatives are major demands for
consumers and overseers. Different colored plant parts, i.e., Hibiscus sabdariffa calyces, Curcuma longa rhizomes, and Rhus
coriaria fruits, were extracted and evaluated as biopreservatives, antimicrobial and colorant agents for fish surimi from
Oreochromis niloticus. All colorant plant extracts (CPEs) exhibited strong antibacterial activities against screened pathogens,
Escherichia coli, Salmonella typhimurium, Staphylococcus aureus, and Pseudomonas aeruginosa. H. sabdariffa extract (HCE) was
the most effectual antimicrobial CPEs. S. aureus was the most sensitive strain to CPEs, whereas S. typhimurium and P. aeruginosa
were the most resistant strains. &e exterior coloration of tilapia surimi with CPEs resulted in great bacterial count reduction in
colored products; stored CPEs-colored surimi had enhanced sensorial attributes. HCE-exposed S. aureus indicated bacterial cell
lyses in time-dependent manner. CPEs application as colorants and antibacterial and quality enhancing agents is recommended
for seafoods’ biopreservation.

1. Introduction

Fisheries products, e.g., whole fish and seafoods, are ex-
tremely susceptible to biological decomposition due to their
perishable nature and nutritional composition [1, 2]. &e
microbial spoilage/contamination is the leading cause from
the diverse occurred deterioration types, in stored fish
products, which accompanied with severe quality reduction
[3, 4]. Seafood spoilage, with food-borne bacteria, could
dangerously influence the shelf-life of the products and
could be a threatening risk factor for food-borne diseases

transmission, via pathogens’ contamination, e.g., E. coli,
Salmonella sp., Shigella sp., Staphylococcus sp., Listeria sp.,
and Clostridium sp. [1, 5].

Man continuously depended on plant kingdom to
supply him with most of his needs to attain healthier life,
higher nutritional beliefs [6]. Natural plant derivatives,
e.g., extracts, essential oils, powders, or bioactive com-
pounds, were continually applied effectively for bio-
preserving of foodstuffs, maintaining their sensorial and
microbiological qualities and extending their shelf lives
[4, 7].
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&e lessening of antimicrobial agents’ usage, especially in
food and health disciplines, was always regarded as the
inspiring challenge for overseers and researchers [8, 9]; the
exploration of safe, effectual, and environmentally-innocent
alternatives, from biological sources, was always endorsed
for application in food preservation and decontamination.
Plant-derived antimicrobial compounds were efficaciously
employed to preserve numerous foodstuffs, but their usage
in seafoods’ preservation had, somewhat, a limited success
[10–12].

Natural food-grade pigments/colorants were in-
creasingly utilized in food sectors as safe substitutes to
synthetic counterparts; this was mostly due to the as-
sumed side-effects and environmental impacts from the
chemical-based food colorants and the rising consumers’
awareness about that [13, 14]; they demand fully natural
food/beverages that are free from any synthetic
substances.

Many types of food colorants were approved, including
carotenoids, chlorophylls, anthocyanins, and betalains, for
safe applications in food processing; besides to their sensory
enhancing attributes, it was evidenced that consumption of
naturally-colored foodstuffs was interrelated with increasing
immunity and cutback of hazardous diseases, e.g., diabetes,
obesity, and cancer [14, 15].

It could be more beneficial to apply plant derivatives to
achieve many bioactive advantages, e.g., coloration, anti-
oxidation, antimicrobial, quality enhancement, and health
promotion [6, 8, 11, 12].

Accordingly, current research was designed for evalu-
ating some colored plant extracts as food colorants, anti-
microbial, and biopreservatives for fish surimi toward the
enhancement of microbiological and sensorial features of
the product.

2. Materials and Methods

2.1. Plant Extraction. Diverse plant parts were employed for
obtaining their crude extracts, i.e., extracts of Hibiscus
sabdariffa calyces (HCE), Curcuma longa rhizomes (CRE),
and Rhus coriaria fruits (RFE); plant materials were obtained
from El-Kaptin Herbal Company, Egypt. Dried herbal parts,
using hot air (45°C), were powdered to 70 mesh particles
size. 200 g from each ground material were immersed into
1 L of aqueous ethanol solution (70%), stirred for 8 h at 220
xg, and then filtered using filter paper (Whatman no. 2).
Vacuum evaporation (40°C) was applied for omitting ∼90%
of extraction solvent, followed by placing in desiccator to
almost complete dryness. Extracts, after weighing, were
dissolved in distilled water (to have concentration of 10%, w/
v) and then sterilized using syringe filter (Millipore,
0.22 μm).

2.2. Microbial Strains. Four standard microbial strains were
used in the experiments, Escherichia coli (ATCC 25922),
Salmonella typhimurium (ATCC 14028), Staphylococcus

aureus (ATCC 25923), and Pseudomonas aeruginosa (ATCC
27853). &e bacterial cultures were propagated and screened
in Trypticase soy agar (TSA) and Trypticase soy broth (TSB)
media (Difco, Sparks, MD).

2.3. Evaluation of In Vitro Antibacterial Capability. &e
potential antibacterial capabilities of color plant extracts
(CPEs), against examined bacteria, were screened, qualita-
tively, using agar/disc diffusion and quantitatively through
appraising of minimal concentrations of bactericidal activity
(MBC). Screened bacterial cultures, after refreshment in TSB
for 18 h, were centrifuged for harvesting and washed twice
with phosphate buffered solution (PBS, pH 7). &e number
of each culture cells was adjusted to ∼2×107 CFU (colony
forming units)/ml, using PBS for dilution. Cell suspension
portions (100 μL) were spread onto TSA, to assess disc
diffusion, and then discs of filter paper (Whatman No. 41,
6mm diameter), impregnated with 25 μL from each CPE,
were placed to contact the surface of inoculated agar. After
incubation of inoculated plates, at 37± 1°C for one day, the
ZOI (diameter of clear zones from grown bacteria) were
precisely measured, in triplicates, and the means of them
were calculated.

&e MBCs of each CPE were assessed via the method of
broth microdilution [9]; using a tissue culture microplate
(24-well), bacterial cultures were exposed to gradual CPEs
concentrations in TSB. After incubation, as mentioned
above, 100 μL from each trial were spread, onto TSA plates,
incubated, and examined for grown colonies’ appearance.
MBC was designated as the least CPEs concentration that
caused complete bacterial inhibition, after these steps.

2.4. Application of Colored Extracts onto Fish Surimi. Fish
fillets from Oreochromis niloticus (Nile tilapia), weighed
100–120 g each, were offered from the Fish Processing Plant,
Kafrelsheikh University, Egypt. Minced fillets were utilized
for preparing fish surimi gel [16]. &e inoculation of surimi
gels, with bacterial cultures, was conducted through
blending of individual cultures with raw products to obtain a
final count of ∼15×105 CFU/g. &e inoculated, and control,
surimi samples were treated by immersion in the individual
CPEs, at concentrations of 2.5mg/ml from each [17]. Pro-
duced colored samples were then packaged aseptically into
polyethylene bags and stored at 4°C for one day before
subjecting to microbiological and sensorial attributes
evaluation.

2.5. Microbiological Examination. Treated fish surimi sam-
ples were microbiologically examined to assess the plant
colorants’ effectiveness in reducing bacterial counts. Samples
(10 g) were aseptically taken from the surface of surimi
fingers (2mm thickness) and from the middle inner parts of
fingers, homogenized in buffered peptone water, and sub-
jected to microbial examination. Different microbiological
analyses standards were followed to judge the usefulness of
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colorant extracts’ treatment, on the elimination of bacterial
growth in fish products, as follows:

Escherichia coli enumeration (β-glucuronidase-posi-
tive) (ISO 16649–2 : 2001)
Detection of Salmonella spp. (ISO 6579: 2002)
Staphylococcus aureus enumeration (ISO 6888–1:1999)
Detection and enumeration of Pseudomonas aerugi-
nosa (ISO 16266 : 2006)

2.6. Sensory Attributes Evaluation. A trained team of pan-
elists (14 members, 5 males and 9 females) at Kafrelsheikh
University, experienced in seafood evaluation, accomplished
the sensory evaluation of CPE-colored fish surimi attributes,
i.e., odor, appearance, color, and overall quality, after cold
storage (4°C) for 7 days. &e used hedonic scale, for eval-
uation, ranged from excellent (5) to extremely bad (1) [18].

2.7. Electron Microscopic Imaging. For illustrating potential
morphological variations in bacterial cells, after exposure to
H. sabdariffa calyces extract, for 0, 6, and 12 h, grown
S. aureus cells (18 h old) were exposed to concentration of
2.5mg/ml from extract and microscopically photographed
using electron scanning microscope (SEM; Hitachi S-500,
Tokyo, Japan) according to Marrie and Costerton (1984).
&e electron microscopic captures were taken at 20 kV and
20,000 X, based on the morphological alterations in treated
cells after exposure.

2.8. Statistical Analysis. &e triplicated trials’ means and
standard deviations were computed using Excel sheets
software 2013, Microsoft office™; the significance of variance
analysis between individual groups was predicted using the
statistical software (MedCalc-V. 11.6.1) with CI of ≥95%.

3. Result and Discussion

Various colored plant extract (CPE) parts were assessed as
potential antibacterial agents against screened food-borne
pathogens (Table 1). Generally, the entire CPEs exhibited
significantly stronger antibacterial activities against screened
pathogens, as evidenced from the clear ZOIs (Figure 1) and
the recorded MBCs. &e bacterial inhibition potentialities,
from CPEs, varied toward examined microorganisms;
H. sabdariffa calyces extract (HCE) could be relatively
specified as the most significant powerful examined CPE.
&e subsequent relatively powerful CPE was R. coriaria
fruits extract (RFE) and then the extract of C. longa rhizomes
(CRE).

Conversely, S. aureus was the most sensitive strain to
HCE and both S. typhimurium and P. aeruginosa were
significantly more resistant against this extract.
S. typhimurium had the highest recorded resistance toward
CRE and P. aeruginosa was the most sensitive against the
same extract (Table 1).

Natural food colorants were anciently applied worldwide
to increase consumers’ ability to diverse foodstuffs. More-
over, these applications of food colorants were recurrently
stated to enhance food shelf life and nutritional and ther-
apeutic outcomes due to their potential antimicrobial, an-
tioxidant, anti-inflammatory, and health protection
characteristics [2, 19]. &erefore, the current trials aimed to
apply natural colored plant extracts as quality enhancers and
antimicrobial biopreservatives in processed fish products.
&e used concentration from CPEs was 2.5mg/ml, which
was higher than the recorded MBCs from each colorant
extract; this was because of the fish products content from
protein, lipids, and other food constituents.&e components
of food, e.g., water, fat, protein, and salt, could increase
microbial resistance to microbicides; higher levels from
spices or other antimicrobial agents are required to inhibit
microbial growth in food systems than when culture media
are used [4, 6, 20]. Additionally, the biopreservatives con-
centrations, to exert the desirable antimicrobial action, were
suggested to be higher when examining food products than
to study them in vitro, although that if they coupled with
further agents, they may support the efficacy to control
bacterial pathogens in foods [21, 22].

Tilapia fish surimi were supplemented with the extracted
CPEs, i.e., HCE, RFE, and CRE, at CPE concentrations of
2.5mg/ml. &e impact of product supplementation with
CPEs, on the survival of inoculated food-borne bacterial
pathogens, is illustrated in Table 2.

&e microbial counts in control (uncolored) group
tended to increase during storage, for all screened strains;
the counts in surface parts exceeded those in inner samples
for all microbes. &e contrary was evidenced in CPEs-col-
ored products, where the bacterial counts in product surface
samples were much less than the recorded counts from the
inner parts.&e treatment impact was very remarkable in the
count of S. aureus, in the surface of HCE-colored surimi, and
then in P. aeruginosa, in the surface of RFE-colored samples.

&e impacts of fish surimi coloration, with CPEs, on the
sensorial attributes of products, are indicated in Figure 2. All
treatments significantly increased the sensorial character-
istics of colored surimi, compared to the control, after cold
storage at 4°C for 7 days; the coloration with CRE was the
most favorable, from panelist team, to enhance the color,
appearance, and overall quality.

RFE was the best to improve odor characters of colored
products, but it was less effective than the other CPEs for the
rest of the examined attributes. Generally, the color and
appearance of CPE-colored tilapia surimi were notably
improved as indicated by panelists’ preferences (Figure 3).

&e variations in antibacterial activity, from CPEs to-
ward examined microorganisms, could be explained by the
diverse bioactive compounds in each CPE that could have
different antibacterial actions against each microbe [6, 12].
All of the screened plants, herein, were traditionally ac-
customed for human usage; this guarantees their biosafety
and applicability in various food sectors/applications.
R. coriaria (sumac) is frequently utilized in the
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Table 1: Antibacterial activity of plant extracts against food-borne pathogens, measured as the diameter of inhibition zones (ZOI, mm) and
minimal bactericidal concentration (MBC, mg/ml)∗.

Extracted plants Part
Salmonella
typhimurium

Staphylococcus
aureus E. coli Pseudomonas

aeruginosa
ZOI MBC ZOI MBC ZOI MBC ZOI MBC

Hibiscus sabdariffa Calyces 19.7± 0.9a1 1.6 24.5± 1.2a2 1.0 22.6± 1.2a2 1.2 20.2± 0.8a1 1.6
Curcuma longa Rhizomes 16.8± 0.8b1 2.2 18.4± 0.8b1 1.8 18.2± 0.7b1 1.8 22.4± 1.2a2 1.2
Rhus coriaria Fruits 19.3± 1.1a1 2.0 21.3± 1.2c12 1.4 23.4± 1.3a2 1.2 17 .1± 0.7b3 2.0
∗Dissimilar superscript letters within a column or superscript numbers within a row indicate difference significance at CI� 95%.

Figure 1: Appeared growth inhibition zones after challenging food-borne bacteria with colored extract of Hibiscus sabdariffa calyces (1),
Curcuma longa rhizomes, (2) and Rhus coriaria fruits (3), using disc diffusion assay.

Table 2: Effect of fish surimi coloration with plant extracts, at their MICs∗, on the count of food-borne pathogens in the surface (S) and
inner (I) parts, after 24 h of treatment and storage at 4°C.

Colorant plant extract Examined part in product
Food-borne pathogens

Salmonella typhimurium Staphylococcus aureus E. coli Pseudomonas aeruginosa

Control S 4.3×107 7.2×106 7.6×107 2.2×107

I 5.8×106 3.4×106 2.3×107 7.7×106

Hibiscus sabdariffa S 5.2×103 1.8×102 6.1× 102 7.3×103

I 7.9×104 3.2×103 4.8×103 5.6×104

Curcuma longa S 5.4×104 7.8×103 5.7×103 5.1× 102

I 2.3×105 8.1× 104 7.2×104 2.8×104

Rhus coriaria S 7.5×103 4.4×103 6.3×102 2.2×104

I 6.2×104 4.9×104 1.9×104 7.5×104

Plant extract was applied at a concentration of 2.5mg/ml. Initial microbial addition was ∼4×105 CFU/g.
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Figure 2: Effect of fish surimi coloration with plant extracts on the sensorial attributes of products after 7 days of treatment and storage at
4°C Results are means of 14 panelists’ scores. Plant extract was applied at concentration of 2.5mg/ml.

Figure 3: Appearance and visual attributes of colored tilapia fish surimi with extracts of Curcuma longa rhizomes (a), Rhus coriaria fruits,
(b) and Hibiscus sabdariffa calyces (c), after 7 days of storage at 4°C.

Journal of Food Quality 5



Mediterranean area as spice, particularly in seafood and
meat dishes. &e antimicrobial potentiality from sumac was
believed to be generated from its bioactive compounds
contents [23]; over 120 aromatic constituents were identified
in sumac varieties using chromatography and spectroscopy,
most of them belonged to terpenoids and aliphatic com-
pounds [24]. Some studies were published about specific
antimicrobial substances in R. coriaria, which indicated the
presence of 3 potentially antibacterial compounds, i.e., 4-
methoxy-3,5-di-hydroxy-benzoic acid, gallic acid and
methyl ester of 3,4,5-tri-hydroxy-benzoic acid (methyl
gallate), in the methanolic extract of R. glabra L. &ese
compounds could also represent the responsible bioactive
substances in R. coriaria, as they belong to the same genus
and family [23, 25, 26].

Turmeric (C. longa) extract also contains many groups
from bioactive substances, e.g., alkaloids, glycosides, flavo-
noids, tannins, and carbohydrates; numerous reports dis-
played that flavonoids and alkaloids are from most bio-
effective compounds, as antimicrobials, in plant kingdom
[27]. &e entire fractions of C. longa extract were highly
effectual against numerous isolates of pathogenic bacteria
and the inhibitory effects especially increased in ethanol and
hexane extracts of turmeric [28, 29]. As evidenced from
microscopically examined bacterial pathogens, exposed
microbes to C. longa extract appeared with deforming
morphology, cell disruption, and lyses of cytoplasmic
membrane; this suggested the broad antimicrobial spectrum
of the extract and recommended its usage for microbial
infections management [22, 27].

&e main detected bioactive compounds in C. longa
extract were reported as curcumin or diferuloylmethane
(1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-
3,5-dione) oleoresin, curcuminoids, and essential oils
[30, 31]. &e powerful antimicrobial of curcumin and
C. longa extract, was proved against several types from
viruses, bacteria, fungi, and parasites; their biocidal ef-
fects were reported to increase through synergism with
ordinary antimicrobial agents; many attempts were also
conducted to enhance biochemical attributes of curcumin
[32–35].

&e roselle (H. sabdariffa) calyx was traditionally applied
in herbal medicine as herbal drinks, beverages, and flavoring
agents in food processing. Most research and clinical in-
vestigations revealed that H. sabdariffa extract had potent
antioxidant, antibacterial, antihypertensive, hepato- and
nephro-protective, diuretic/renal effect, and anticholesterol
and antidiabetic effects [36, 37]. &ese effects were suggested
to associate with H. sabdariffa strong antioxidant activities,
suppression of angiotensin-conversion enzymes (ACE),
suppression of α-amylase and α-glucosidase, and

vaso-relaxant effect. Also, other phytochemical compounds,
in H. sabdariffa extract, such as organic acids (hibiscus acid
and hydroxy-citric acid), phenolic acids (protocatechuic
acid), and anthocyanins (cyanidin-3-sambubioside and
delphinidin-3-sambubioside) were contributed in these
therapeutic effects of the extract [36].

&e methanolic/aqueous extract of H. sabdariffa
proved to have in vitro inhibitory potentialities against
numerous bacterial species [38]; this biocidal activity was
persistent through heat treatment, the alcoholic extract
was stronger than aqueous extract, which recommended
the application of these extracts for bio-prevention from
food contaminants [37, 39].&e coloring potentialities and
antimicrobial and antioxidant activities of used CPEs,
especially H. sabdariffa extract, could improve the sen-
sorial quality and consumers’ ability to the produced fish
surimi [40].

&e impact of HCE exposure, on the cells morphology,
viability, and features of S. aureus, is verified from Figure 4.
&e captured SEM micrographs of zero time-treated (con-
trol) S. aureus demonstrated that most cells had a natural,
smooth, and unified structure (Figure 4(a)). Following the
exposure to HCE, for 6 h, remarkable vigorous effects were
observed on the bacterial cells morphology (Figure 4(b));
most exposed cells had lyses signs and their inner contents
were released, the residual semiintact cells were enlarged and
notable lyses initiation was seen. By the exposure period
completion, to HCE (after 12 h), all exposed bacteria had
completely ruptured and lysed; only the cell wall residues
and liberated interior cellular contents were detected in this
stage (Figure 4(c)).

&e bacterial pathogen, S. aureus, was chosen for SEM
examination after exposure to H. sabdariffa extract because
it was the most sensitive strain toward examined CPEs, and
H. sabdariffa extract was the most effectual to inhibit this
pathogen. &is is expected to provide some clear mode(s) of
action from the application of CPEs toward bacterial
pathogens.

&e SEM micrographs of S. aureus, exposed to
H. sabdariffa extract, could demonstrate that many po-
tentially bioactive substance(s), in the extract, may possess
some kinds of metabolic interference with microbial
proliferation, development, or functioning. &e extract
could, also, be suggested to possess time-dependent bio-
cidal potentiality, as evidenced from the vigorous alter-
ation/damage in treated cells’ morphology that increased
with the prolongation of exposure period. &e supposed
antimicrobial mode(s) of action of H. sabdariffa extract,
from SEM micrographs (Figure 4), could be through the
destruction/lyses of bacterial cell membranes, cytoplasm
coagulation, alteration in proteins of cytoplasmic

6 Journal of Food Quality



membrane, seepage of cell contents, interaction with
protein synthesis enzymes, or reducing the motive force of
protons [17, 36, 41].

4. Conclusion

&e colored extracts of screened plants (i.e., H. sabdariffa
calyces, R. coriaria fruits, and C. longa rhizomes) were
effectual for inhibiting food-borne bacterial pathogens
and augmenting the sensorial attributes of tilapia fish
surimi; H. sabdariffa extract was the most effectual an-
timicrobial and C. longa extract was the most favorable
colorant. &e application of CPEs as colorants and an-
tibacterial and quality enhancing agents could be
strongly recommended as powerful alternatives to syn-
thetic and chemical agents for the preservation of tilapia
fish surimi.

Data Availability

&e data used to support the findings of this study are
available from the corresponding author upon request.
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