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Abstract The present study investigates the effect of

Acacia seed water extract (ASWE) at four levels (0, 50,

100, 150 mg/100 mL) in triplicate batch on the shelf-life

and quality of chicken patties. Flavones, mainly (?)-cate-

chin, were the predominant phenolic compounds in ASWE

with high antioxidant activity. ASWE showed greater

inhibition effects against gram-positive bacteria than gram-

negative bacteria. ASWE incorporation had no significant

effects on the chemical composition of chicken patties. The

microbial load, and thiobarbituric acid reactive substances

of chicken patties significantly decreased (P B 0.05) and

reached minimum values at 150 mg/100 mL but the pH

decreased slightly. The cooking properties were signifi-

cantly improved (P B 0.05) at 150 mg/100 mL. Moreover,

ASWE at high level (150 mg/100 mL) significantly (P

B 0.05) enhanced total phenolic content and free radical

scavenging activity of chicken patties. The results showed

that chicken patties with ASWE had better quality attri-

butes compared to the unformulated. Shelf-life of chicken

patties can therefore be prolonged for 15 days in refriger-

ated storage using ASWE especially at high concentration

(150 mg/100 mL).

Keywords Acacia seed water extract � Quality attributes �
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Introduction

Chicken meat products contain lower lipid amounts and

higher contents of polyunsaturated fatty acids (PUFA) and

thus have greater desirable nutritional characteristics than

red meat (Petracci et al. 2014). However, some important

factors such as lipid oxidation, spoilage by microorganisms

and enzymatic changes can affect the storage quality of

chicken products. According to Tang et al. (2001), high

PUFA content in chicken products make them more sus-

ceptible to pro-oxidants compared to other meat products.

Furthermore, processing methods such as mincing and

cooking, affect the integrity of muscle tissues, causing

exposure of lipid layers to metallic ions, thereby increasing

the rate of interaction of the pro-oxidant with unsaturated

fatty acids, causing the formation of free radicals and ini-

tiation of oxidation reaction (Asghar et al. 1988).

Oxidation of meat or its products during storage may

reduce its shelf life and economic value as it modifies fat

and muscle proteins and causes adverse effects on the

quality and sensory properties of such products. Artificial

antioxidants (butylated hydroxyl anisole and butylated

hydroxyl toluene) have been applied against oxidation in

food products. Consumers and health workers have raised

concerns about the use of artificial antioxidants that are

considered unsafe for consumption (Tang et al. 2001). This

has prompted a search for alternative natural antioxidants

that can be used to preserve food products, instead of

unsafe synthetic antioxidants.

Various plants, such as spices and herbs, possess

antimicrobial and antioxidant properties, as they are rich in

different kinds of phytochemicals like phenolic acids, fla-

vonoids, tannins, and polyphenols (Devatkal et al. 2010).

Several studies have reported the effects of plant antioxi-

dant extracts on the quality of food products; such as tea
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catechins in patties prepared from chicken meat (Mit-

sumoto et al. 2005), Argel leaf extract in chicken meatballs

(Al-Juhaimi et al. 2018b), and kinnow peel extracts in

chicken products (Devatkal et al. 2011). Moreover, the

search for novel antioxidants from natural sources, partic-

ularly from underutilized plants such as Acacia, is on the

rise (Ali et al. 2012).

Acacia is a genus in the Leguminosae family, including

around 1350 species (Maslin et al. 2003). It is mainly found

in the warm and arid regions of the world. Acacia species

contain various kinds of secondary metabolites such as

cyanogenic glycosides, condensed tannins, terpenes,

cyclitols, alkaloids, and gums (Maslin et al. 2003). El

Abbouyi et al. (2004) have reported the antioxidant, anti-

inflammatory, antibacterial, antispasmodic, and astringent

properties of Acacia. Sadiq et al. (2015) reported that

leaves, bark, and pods of Acacia nilotica contain galloy-

lated catechins and gallocatechin derivatives and possess

antimicrobial and antioxidant activities.

Despite the antioxidant and antimicrobial potential of

Acacia seeds, limited information on their application in

the preservation of food products in the industry but used

traditionally to preserve some foods like fish and yogurt.

Therefore, the current study was conducted to determine

the phenolic compounds, TPC and antioxidant activities of

Acacia seed water extract (ASWE) and examine the effect

of ASWE on the physicochemical, microbiological and

oxidative stability of chicken patties stored at refrigeration

temperature (4 ± 1 �C).

Materials and methods

Materials

Acacia seeds were purchased from a farm located in Sudan.

Frozen minced chicken meat prepared under aseptic con-

ditions was used in the same day after thawing to ensure

low temperature during processing, and was purchased

from a local market in Riyadh city. Other ingredients

including vinegar, black pepper, table salt, chickpea, garlic,

onion, and white pepper powders were also purchased from

a local market in Riyadh, Saudi Arabia. For analytical

purposes, chemicals of standard grade were used.

Preparation of Acacia seed water extracts

The preparation of Acacia seed water extracts was done as

described by Al-Juhaimi et al. (2018b). ASWE was pre-

pared by mixing 1.5 kg of seed powder in approximately

400 mL distilled water, followed by stirring using a mag-

netic stirrer (Fisher, 14-511-1A, USA) for 3 h, autoclaved

for 21 min at 121 �C, and then allowed to cool. The slurry

was thereafter filtered using filter paper (Whatman No. 1).

The filtrate was then freeze-dried and kept at - 20 �C for

further analysis. The extract was added to the chicken

patties at concentrations of 50, 100, and 150 mg/100 mL

according to the levels of bioactive compounds and

antioxidant activity of ASWE.

Determination of phenolic compounds in ASWE

The quantification of phenolic compounds in ASWE was

carried out using a high performance liquid chromatogra-

phy (HPLC) system (Shimadzu Corporation, Kyoto, Japan)

equipped with a Photometric Diode Array (PDA) detector

and an Inertsil ODS-3 column (5 mm 9 4.6 mm 9 3250

mm). The mobile phase consisted of 0.05% acetic acid in

water (A) and acetonitrile (B) and the flow rate was set at

1 mL/min. The gradient profile was 0–0.10 min 8% B;

0.10–2 min 10% B; 2–27 min 30% B; 27–37 min 56% B;

37–37.10 min 8% B; 37.10–45 min 8% B and 20 mL

acetic acid and the temperature was set at 30 �C. The

wavelengths of the PDA detector were set at 280 and

330 nm which were used for peak detection and mea-

surement, after a 1-h sample run.

Determination of flavonoid content of ASWE

A colorimetric measurement method described by Kim

et al. (2003) was used to analyze TFC of ASWE, using

catechin as a standard. Briefly, ASWE (1 mL) was added

to 4 mL distilled water and then sodium nitrite (5% solu-

tion, 0.3 mL) and aluminum chloride (10% solution,

0.3 mL) were added and kept at room temperature for

5 min. Thereafter, the pink mixture was vortexed and the

absorbance was determined at 510 nm following the

addition of 1 M NaOH (2 mL) and distilled water (10 mL).

A standard curve was prepared using catechin, and the

results were determined as mg catechin equivalents per

gram sample (mg CE/g).

Antimicrobial activity of ASWE

The disc diffusion method of Boyanova et al. (2005) was

used to assess the antimicrobial activity of ASWE. Briefly,

pure cultures of indicator microorganisms (Escherichia

coli ATCC 10536, Salmonella typhimurium ATCC 14028,

Yersinia enterocolitica ATCC 27729, Klebsiella pneumo-

nia ATCC 10031, Bacillus cereus ATCC 14579 and Sta-

phylococcus aureus ATCC 29737) were cultivated on

nutrient agar plates. Then, ASWE saturated filter paper

discs (10 lg/mL) were suitability positioned on the surface

of the cultures and incubated at 37 �C for 24 h. After that,

the inhibition zones around the discs were measured.
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Penicillin (10 lg/discs) was used as control standard

antibiotic.

Preparation of raw and cooked chicken patties using

ASWE

Formulations of chicken patties were carried out in tripli-

cate (three batches) by mixing minced chicken (72%) with

various ASWE concentrations (0, 50, 100, and 150 mg/

100 mL) and other ingredients (vinegar 0.4%, chickpea

powder 2%, salt 2%, white pepper 0.4%, black pepper

0.2%, garlic powder 1%, onion powder 2%, ddH2O 20, 15,

10 and 0% for unformulated and ASWE incorporated

patties, respectively) as reported previously (Al-Juhaimi

et al. 2018a) with slight modifications. Stephan mixer

(Stephan U. Sohner UM 12 GmbH and Co., Germany) was

used to homogeneously mix the ingredients and a patty was

formed from approximately 100 g of each of the blended

formulations using a patty making machine (Expro. Co.,

Shanghai, China). The chicken patties were stored in sealed

perforated polyethylene (PE) bags of low density at 4 �C
for 15 days. Stored chicken patties were analyzed every

5 days. To study cooking properties, chicken patties were

cooked using conventional oven (Hobart Corp., Troy,

Ohio, USA) at 180 �C until the temperature at the center of

the patties reached 80 �C. The temperature at the center

was monitored using a digital probe thermometer (Oakton,

Eutech Instruments, China). The patties were turned every

10-min during cooking to ensure uniform cooking. Various

quality attributes of the raw and cooked ASWE-formulated

and unformulated patties were determined during storage

(15 days). To determine TPC, TFC, and free radical

scavenging activity, raw patties at different storage period

were freeze-dried (12525, Virtis Company, Gardner, New

York).

Proximate composition of chicken patties

The analysis for the chemical composition of raw and

cooked patties was carried out according to the AOAC

(2003) methods.

Microbiological load and pH of chicken patties

The method of Harrigan and McCance (1976) was applied

to determine microbial characteristics (plate count) of raw

patties at different periods of storage. The pH of the

samples was determined with a pH meter probe (Corning

Scientific Products, New York, USA).

Evaluation of cooking properties chicken patties

Cooking yield (CY) represent the percentage of the weight

of cooked patty to the weight of raw (uncooked) patty. Fat

retention (FR) and moisture retention (MR) represent,

respectively, the amounts of fat and moisture retained in

the cooked patties and expressed as percent. Dimensional

shrinkage (DS) specifies the differences in diameters and

thicknesses between cooked and raw patties and expressed

as percent. The evaluation of cooking properties (CY, FR,

MR, and DS) of the cooked patties was done by the method

described by Murphy et al. (1975).

Chicken patties extract preparation

A sample of 2.5 g of freeze-dried patties was thoroughly

mixed with 20 mL distilled water and stirred overnight at

4 �C using a magnetic stirrer (Fisher, 14-511-1A, USA).

The slurry was centrifuged at 45009g for 30 min (Hermle

66110068, Germany) and the resultant supernatant was

used to determine TPC, TFC, and free radical scavenging

activity.

Total phenolic content determination of ASWE

and patties

Analysis of TPC of the ASWE and patties extracts was

performed according to the method described by Singleton

and Rossi (1965) using Folin Ciocalteu (FC) solution.

Free radical scavenging activity (FRSA)

determination

FRSA evaluation was done by the method of Lee et al.

(1998). A diluted solution (1 mL) of the extract in

methanol was mixed with DPPH solution (2 mL). As a

control an equal volume of methanol and DPPH was used.

The wavelength of the spectrophotometer was 518. Per-

centage inhibition was calculated as follows:

FRSA ð%Þ ¼ 1� A1

A0

� �
� 100

where A0 and A1 are the absorbance of the control and

sample extract, respectively.

Thiobarbituric acid reactive substances (TBARS)

determination

The value of TBARS of the stored raw patties was evalu-

ated by the method of Rosmini et al. (1996). A standard

curve was prepared using a standard solution of 1,1,3,3-

tetraethoxypropane. The TBARS values were expressed as

mg malonaldehyde/kg sample.
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Color indices measurement

The color parameters (L*, a* and b*) of raw patties stored

at different intervals were measured using Hunter Lab

colorimeter (Miniscan� XE plus 4500L; Hunter Associates

Laboratory, Inc., Reston, VA) according to Al-Juhaimi

et al. (2016). Chroma was calculated as follows:

Chroma ¼ ða2 þ b2Þ0:5:

Statistical analysis

All measurements were carried out in triplicate and three

batches of patties were produced on three different days.

The effect of ASWE on parameters was analyzed statisti-

cally using SAS software (v 8.1, SAS Institute Inc., Cary,

NC). Data of the parameters measured from various

treatments, storage periods, and their interaction were

analyzed using general linear model (Two-way ANOVA)

and statistical differences were estimated using Duncan’s

multiple range tests. Mean separation was done using least

significant difference and data are reported as the means

(n = 3) ± standard deviation (SD). The significance level

was accepted at P B 0.05.

Results and discussion

Phenolic compounds, total phenolic and flavonoid

contents, and antioxidant activity of ASWE

The phenolic compounds, TPC, TFC, and antioxidant

activity of ASWE are analyzed (data not shown). The

findings of the present study revealed that ASWE con-

tained sixteen different phenolic compounds categorized

into four groups; flavones (quercetin, (?)-catechin, narin-

genin, kaempferol and isorhamnetin), phenolic acids (gallic

acid, 3,4-dihydroxybenzoic acid, syringic acid, caffeic

acid, p-coumaric acid, trans-ferulic acid and trans-cinnamic

acid), polyphenols (1,2-dihydroxybenzene and resveratrol),

and glycosylated flavonoids (rutin trihydrate and apigenin-

7-glucoside). Among these, flavones and phenolic acids

were present in highest levels with total of approximately

57.53 and 30.02 mg/100 g, respectively. They were fol-

lowed by glycosylated flavonoids (20.09 mg/100 g) and

polyphenols (15.29 mg/100 g). Out of the four groups,

phenolic compounds with highest values were (?)-catechin

(32.65 mg/100 g) and gallic acid (20.51 mg/100 g), fol-

lowed by quercetin (14.13 mg/100 g) and apigenin-7-glu-

coside (13.50 mg/100 g), whereas 3, 4-dihydroxybenzoic

acid had the lowest the value (0.14 mg/100 g). The ASWE

assessment revealed high TPC (268.75 mg GAE/100 g)

and antioxidant activity (92.63%) confirming that ASWE is

rich in phenolic constituents. These results were within the

broad range of TPC in several medicinal plants

(19.00–10,133.00 mg GAE/100 g) (Li et al. 2013) and a

previous study (Hannachi et al. 2011) reported a relatively

high TPC in methanolic extracts of Acacia seeds

(154.47–632.40 mg GAE/100 g). On the other hand,

ASWE presented low amount of TFC (2.78 mg/100 g).

The variance in the findings between these studies could be

due to differences in some factors such as growing loca-

tion, harvesting time, growth stage, genetic makeup, han-

dling and storage methods, extraction methods and solvents

used. Overall, the present findings showed high levels of

phenolic compounds in Acacia seeds and high antioxidant

activity. These results suggest that Acacia seeds may be

suitable for various food-related applications such as

extending the stability of foods like meat and meat prod-

ucts. Previous studies on the phytochemical composition of

the bark of A. nilotica and A. leucophloea extracts revealed

the presence of protocatechuic-acid-4-glucoside, quercetin

3-rhamnoside, quercetin 3-glucuronide, and p-coumaric

acid (Sulaiman et al. 2014). Besides the phytochemicals

previously discovered in Acacia, the majority of the phe-

nolic compounds identified in this study are well known to

possess strong antioxidant and antimicrobial activities.

Previous reports have shown that (?)-catechin, quercetin,

gallic acid, and apigenin-7-glucoside, which are the most

abundant phytochemical (phenolic compounds) in ASWE

possess antioxidant and antimicrobial activities similar to

the synthetic antimicrobial and antioxidant compounds

generally used to preserve meat and meat products (Roi-

doung et al. 2016).

ASWE antimicrobial activity

Since the antimicrobial effect of phenolic agents varies

depending on the microorganism targeted, this study

assessed the effect of ASWE on both gram-negative bac-

teria (E. coli, S. typhimurium, Y. enterocolitica, and

K. pneumonia) and gram-positive bacteria (B. cereus and

S. aureus) and compared with that of penicillin. The results

in Table 1 show that the gram-negative bacteria had the

lowest inhibition zone values compared to gram-positive

bacteria, with the exception of E. coli ATCC 10536 that

had highest inhibition zone value (20.0 mm). However,

ASWE had lower inhibition zone compared to penicillin on

both gram-positive and gram-negative bacteria. Previous

study (Shan et al. 2007) has reported that the susceptibility

of gram-positive bacteria to antibacterial compounds is

greater than that of gram-negative bacteria. This was

attributed to the resistance of the outer membrane of gram-

negative bacteria that has high amount of lipopolysaccha-

ride molecules and thus produces a buffer against the entry
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of different antibiotic molecules. In addition, the outer

membrane of gram-negative bacteria contains perivascular

enzymes that can breakdown the molecules crossing into

the cell. However, such an external membrane is not pre-

sent in the cell wall structure of gram-positive bacteria. The

cell walls and the cytoplasmic membrane of some bacteria

can still be destroyed by some antibiotics and this causes

the cytoplasm to be released (Shan et al. 2007). Previous

studies have shown high antibacterial and antifungal

activities of Acacia leaf and bark extracts, respectively

(Mahesh and Satish 2008). Therefore, the high antibacterial

activity of ASWE found in the present study indicates that

it can be a useful ingredient to prolong the shelf-life of

patties.

Chemical composition of chicken patties

The chemical composition of raw and cooked patties pre-

pared using varying concentrations of ASWE is presented

in Table 2. The tests revealed that moisture of raw patties

decreased when ASWE concentration increased. The

reduction in moisture content could be due to the increase

in total solids contents following the addition of ASWE as

reported by Hawashin et al. (2016) for beef patties incor-

porated with destoned olive cake powder. The decrease,

however, was not significant. Similarly, reduction in

moisture of beef patties prepared with oat flour as a result

of rise in solid contents have been reported (Serdaroglu

2006). In addition, moisture of beef patties prepared with

Bambara groundnut flour has been reported to decrease

with the increase in flour quantity (Alakali et al. 2010). No

significant differences were observed in protein, ash con-

tents of unformulated raw patties compared to ASWE-

formulated, except fat content was observed to be signifi-

cantly higher in unformulated sample than the formulated

ones. The results of this study were similar to those of

Baldin et al. (2016), who reported no significant difference

in chemical composition of chicken sausage formulated

with Myrciaria cauliflora extract. In addition, Soltanizadeh

and Ghiasi-Esfahani (2015) found a similar result in the

Table 1 Antimicrobial activity

of ASWE compared to

penicillin

Bacterial species Strains Inhibition zone (mm)

ASWE (10 lg/uL) Penicillin (10 lg)

Escherichia coli ATCC 10536 Gram -ve 20.0 ± 0.15b 32.0 ± 0.09a

Salmonella typhimurium ATCC 14028 Gram -ve 10.0 ± 0.05b 19.0 ± 0.13a

Yersinia enterocolitica ATCC 27729 Gram -ve 6.0 ± 0.02b 12.0 ± 0.04a

Klebsiella pneumoniae ATCC 10031 Gram -ve 6.0 ± 0.05b 16.0 ± 0.08a

Bacillus cereus ATCC 14579 Gram ?ve 12.0 ± 0.07b 18.0 ± 0.18a

Staphylococcus aureus ATCC 29737 Gram ?ve 18.0 ± 0.10b 24.0 ± 0.12a

Values presented as mean ± SD of triplicate samples

Means not sharing a common superscript(s) a and b in a row are significantly different at P B 0.05 as

assessed by Duncan’s multiple range test

Table 2 Chemical

compositions (%) of freeze-

dried chicken meatballs

formulated with different

concentrations of ASWE

ASWE (mg/100 mL) Chemical composition

Moisture Ash Protein Fat

Raw

0 8.03 ± 0.27a 7.26 ± 0.15a 57.99 ± 0.86b 24.77 ± 0.46a

50 7.27 ± 0.02a 7.36 ± 0.05a 56.81 ± 0.37b 21.14 ± 0.32b

100 7.71 ± 0.01a 7.4 ± 1.09a 56.57 ± 0.71b 22.08 ± 0.41b

150 7.97 ± 0.01a 7.4 ± 0.11a 56.48 ± 0.44b 21.94 ± 0.71b

Cooked

0 4.12 ± 0.16b 7.26 ± 0.15a 65.57 ± 0.66a 21.78 ± 0.75b

50 3.44 ± 0.06b 7.36 ± 0.05a 65.09 ± 0.43a 21.37 ± 0.38b

100 3.79 ± 0.01b 7.40 ± 1.09a 64.81 ± 0.83a 22.08 ± 0.81b

150 3.80 ± 0.06b 7.40 ± 0.10a 64.70 ± 0.52a 22.78 ± 0.53b

Values presented as mean ± SE of triplicate samples

Means not sharing a common superscript(s) a, b, c, or d in a column are significantly different at P B 0.05

as assessed by Duncan’s multiple range test
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chemical composition of beef patties formulated with aloe-

vera. Cooking of both formulated and unformulated

chicken patties significantly (P B 0.05) decreased the

moisture content, whereas the protein content significantly

(P B 0.05) increased compared to uncooked patties. This

could be caused by the increase in dry matter content,

which may be due to leaching of water soluble components

of the patties during cooking. Similar findings were

observed by Al-Juhaimi et al. (2017) for patties preserved

using pistachio hull water extract. Also, the protein content

of meatballs of chicken prepared with Argel leaf extract

increased significantly (P B 0.05) after cooking (Al-

Juhaimi et al. 2018b). In addition, Al-Juhaimi et al. (2018b)

reported an increase in protein content of chicken meatballs

formulated with Argel leaf water extract.

Cooking properties of chicken patties formulated

using ASWE

Figure 1A–D shows the cooking properties of fresh for-

mulated and unformulated chicken patties. The cooking

properties of the patties were significantly (P B 0.05)

influenced by the addition of ASWE. An increase in ASWE

concentration increased CY, FR, and MR with maximum

values obtained with a 150 mg/100 mL ASWE incorpo-

ration (Fig. 1A–C). The results obtained are similar to

those observed in camel patties formulated with ginger

extract and papain (Abdel-Naeem and Mohamed 2016) and

chicken burger incorporated with pistachio seed hull

extract (Al-Juhaimi et al. 2017). Better properties observed

after cooking may be attributed to the ability of ASWE to

retain moisture and fat. Quality attributes such as CY and

structural binding of meat products are associated with

water retention and fat binding in the protein matrix. Thus,

the potential of ASWE to retain moisture in the patty

matrix raised the CY of the patties. Higher MR and FR

found in ASWE-formulated chicken patties could be

attributed to moisture and fat absorption, as well as the

swelling of starch and fiber, which results in their inter-

action with the protein matrix of minced meat. Conse-

quently, it promotes fat and moisture retention. Serdaroglu

(2006) highlighted that FR in the protein matrix ensures

higher quality and sensory attributes of meat products

resulting in increased consumer acceptability. An increase

in ASWE concentration increased the capacity of the

extracts to retain moisture; hence, the cooking properties

were enhanced at 150 mg/100 mL ASWE concentration.

However, significantly higher (P B 0.05) DS value was

observed in the unformulated patties than in those formu-

lated with ASWE (Fig. 1D). It was also observed that the

increase in the concentrations of ASWE enhanced the

shape and size retention of chicken patties during cooking.

Factors such as muscle protein denaturation, water evap-

oration, and loss of melted fat and juices can influence

shrinkage of patties during the cooking process and thus

affect textural quality of cooked patties (Alakali et al.

2010). The reduced shrinkage found in the patties prepared

with ASWE could be related to the ASWE binding prop-

erty. The binding ability of the extract helped the meat

matrix to bind together, whereas the extract’s stabilizing
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property helped in retarding changes in moisture and

juiciness. These two effects helped the patties to retain the

shape (Muthukumar et al. 2014). This finding agrees with

Hawashin et al. (2016) who observed an increase in DS as

the concentration of destoned olive cake increase in for-

mulated beef patties.

pH and microbial load of raw patties formulated

with ASWE

The change in pH and microbiological load of raw patties

stored for different periods of time are shown in Fig. 2. The

values of pH for the unformulated and ASWE-formulated

patties were not differed significantly at day 0 and 5

(Fig. 2A). Nonetheless, at day 10 and 15 of storage, the pH

values in the unformulated sample decreased significantly

(P B 0.05) compared to the ASWE-prepared patties. This

decrease in pH of the patties during storage could be due to

the presence of acid producing bacteria, which may

produce acidic substances responsible for lowering the pH

(Wang et al. 2013). This is consistent with the observation

that the total bacterial count of unformulated patties was

significantly higher than the ASWE-formulated chicken

patties (Fig. 2B). Similarly, Hawashin et al. (2016) repor-

ted lower pH in beef patties prepared using destoned olive

cake compared to unformulated patties during cold storage.

In addition, Al-Juhaimi et al. (2017) reported a reduction in

pH values of chicken patties prepared using pistachio hull

extract during cold storage. Interestingly, the incorporation

of ASWE resulted in a significant (P B 0.05) improvement

of pH stability in the formulated patties which may be an

indication that ASWE may play a protective role against

spoilage causing microbes.

Figure 2B shows that at day 0, the unformulated patties

had significantly (P B 0.05) higher plate count than

ASWE-formulated chicken patties. However, the plate

count in both formulated and unformulated patties

increased as storage period progressed. At the end of the

15-day, it was observed that the patties containing 150 mg/

100 mL ASWE had significantly lower (P B 0.05) plate

counts compared to unformulated patties and better than

those containing 50 and 100 mg/100 mL ASWE during

day 5 and 10. This lower microbial count in chicken patties

containing ASWE can be attributed to the antimicrobial

properties of ASWE. The lower bacterial count together

with pH stability in ASWE-formulated patties could

decrease the rate of spoilage due to the protective role of

ASWE against microbes. Furthermore, the lowest micro-

bial load found in patties formulated with 150 mg/100 mL

of ASWE can also be due to abundance of phenolic com-

pounds in Acacia seed extract. Studies have reported that

utilization of plant extract in the preparation of meat

products results in prolonged stability and this has been

attributed to the availability of natural antioxidants and

phenolic compounds (with antimicrobial potential) in such

extracts (Al-Juhaimi et al. 2017, 2018b; Hawashin et al.

2016).

TPC, FRSA, and TBARS of chicken patties

prepared with ASWE

The TPC, FRSA, and TBARS results of formulated and

unformulated chicken patties, as affected by cold storage,

are shown in Table 3. An increase in ASWE concentration

in chicken patties resulted in progressive increase (P

B 0.05) in the TPC and FSRA of the patties, with highest

values (39.32 mg GAE/100 g sample and 62.82% inhibi-

tion, respectively) reported for chicken patties prepared

with 150 mg/100 mL ASWE. An increase in TPC and

FSRA after the addition of ASWE may be attributed to the

significantly higher TPC (268.75 mg GAE/g sample) and

FRSA (92.63% inhibition) of ASWE. Similarly, it has been
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Fig. 2 pH (A) and plate count (B) of raw chicken patties formulated

with different concentrations (0, open circle; 50, open square; 100,

open triangle and 150 mg/100 mL, open diamond) of Acacia seed

water extracts during storage. Error bars indicate the standard

deviation of three replicates. Means not sharing a common letter(s) a,

b, c, or d are significantly different at P B 0.05 as assessed by

Duncan’s multiple range test
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reported that the addition of high concentration of plant

extracts to meat products could substantially increase the

TPC and FRSA of the products (Al-Juhaimi et al. 2017).

The TPC and FRSA of the formulated and unformulated

chicken patties progressively reduced (P B 0.05) with the

storage time, and the minimum recorded value for the

formulated patties was at day 15. However, further TPC

and FRSA analysis was not conducted on the unformulated

patties after day 5 of storage due to the high microbial load

([ 1 9 107) observed in the patties and thus being unfit for

human consumption. The decrease in TPC and FRSA

during storage may be due to the hydrolysis and utilization

of antioxidant compounds to prevent the product from

undergoing oxidation. Similarly, previous studies have

found reduction in the TPC and FRSA in pork (Muthuku-

mar et al. 2014) and chicken (Al-Juhaimi et al. 2018a)

during prolonged storage. High TPC and FRSA of ASWE-

formulated patties for the entire duration of storage showed

that addition of the extract prevented formation of free

radicals, slowing down any undesirable reaction that may

have negative impacts on the product during storage,

thereby extending the stability of the patties.

Chicken patties formulated with ASWE had signifi-

cantly (P B 0.05) lower lipid peroxidation values

(TBARS) than that of the unformulated patties. An increase

in concentration of ASWE to 100 mg/100 mL in chicken

patties progressively reduced the TBARS; the patties for-

mulated with 150 mg ASWE exhibited the lowest TBARS

value (2.12 mg malonaldehyde/kg sample). These findings

indicated that ASWE confers lipid oxidation stability to

formulated patties compared to unformulated ones.

TBARS of the patties (0 and 50 mg ASWE/100 mL)

increased with an increase in the storage period, indicating

continuous formation of aldehydes in the products.

Nonetheless, the lowest TBARS value (2.87 mg malon-

aldehyde/kg sample) was found in patties formulated with

150 mg/100 mL ASWE at the end of day 15. Incorporation

of ASWE to patties lowered the rate of oxidation of lipids

and could therefore prolong the stability of the product

during refrigerated storage up to 15 days. Similarly, a

decrease in the rate of oxidation of lipids after the addition

of Argel leaf extract in chicken (Al-Juhaimi et al. 2018b)

and destoned olive cake powder in beef patties (Hawashin

et al. 2016) have been observed. Moreover, Al-Juhaimi

et al. (2016) found that lipid oxidation in beef patties could

be effectively controlled during cold storage by incorpo-

rating Moringa seed powder.

Color properties of raw chicken patties prepared

with ASWE during storage

The color properties of formulated and unformulated

chicken patties during storage are presented in Table 4.

Lightness (L*), redness (a*), and yellowness (b*) values of

formulated and unformulated patties varied depending on

ASWE concentration and the storage period. As storage

Table 3 Oxidative

characteristics of raw chicken

patties formulated with different

concentrations of ASWE during

storage at 4 �C (± 1)

Storage period (days) ASWE (mg/100 mL)

0 50 100 150

Total phenolic content (TPC) (mg GAE/100 g sample)

0 9.70 ± 0.61ap 15.31 ± 1.83aq 26.13 ± 0.26ar 39.32 ± 2.45as

5 7.55 ± 1.48bp 13.95 ± 3.76bq 24.75 ± 4.02br 36.46 ± 2.62bs

10 ND 11.79 ± 3.49cp 22.17 ± 0.26cq 35.12 ± 4.02cr

15 ND 9.82 ± 0.44dp 16.73 ± 0.45dq 30.26 ± 0.88dr

Free radical scavenging activities (FRAS) (% inhibition)

0 36.17 ± 4.56ap 57.71 ± 0.43aq 58.32 ± 0.14ar 62.82 ± 0.68as

5 34.48 ± 4.13bp 53.83 ± 0.87bq 53.21 ± 0.29bq 59.49 ± 2.14br

10 ND 49.89 ± 0.74cp 51.41 ± 0.27cq 55.51 ± 0.14cr

15 ND 48.76 ± 0.43dp 50.56 ± 0.83cq 53.37 ± 0.11dr

Thiobarbituric acid reactive substances (TBARS) in mg malonaldehyde/kg sample

0 3.02 ± 0.12ap 2.86 ± 0.13bp 2. 54 ± 0.23ap 2.12 ± 0.41ap

5 4.56 ± 0.34bp 3.64 ± 0.22ap 2.71 ± 0.52aq 2.62 ± 0.45aq

10 ND 3.71 ± 0.25ap 2.78 ± 0.18aq 2.72 ± 0.46aq

15 ND 3.85 ± 0.005ap 2.93 ± 0.01aq 2.87 ± 0.35aq

Values presented as a mean of triplicate samples (± SD)

ND not determined (spoil)

Means not sharing a common superscript(s) a, b, c, or d in a column or p, q, r, or s in a row are significantly

different at P B 0.05 as assessed by Duncan’s multiple range test
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period progressed, a significant (P B 0.05) reduction in the

values of L* at the end of storage period but ASWE con-

centration had no effect. Previous studies of patties for-

mulated with destoned olive cake powder (Hawashin et al.

2016), and Moringa seed flour (Al-Juhaimi et al. 2016)

reported significant decrease in L*, and a* values and

increase in b* value, which contradicts the present findings.

This difference with the previous study could be attributed

to direct incorporation of plant flours, as opposed to the

aqueous extract used in this study, which may have a sig-

nificant impact on the color of the patties. Moreover, the

storage period had no effect on a* and b* values of for-

mulated and unformulated patties but at higher concen-

tration of ASWE (150 mg/100 mL), b* values were

significantly (P B 0.05) decreased compared to other

levels of ASWE. Similarly, reduction in values of L* in

meat patties formulated with different concentration of

Moringa seeds has been previously reported (Al-Juhaimi

et al. 2016). As storage time advanced, the b* values of the

formulated and unformulated patties decreased but there

was no significant difference, compared to day 0. However,

previous studies report a decrease in b* values of beef

patties formulated with different concentrations of defatted

olive cake powder during cold storage, with unformulated

patties showing the smallest values (Hawashin et al. 2016).

Chroma determines the quality of a color’s purity,

intensity or saturation. Moreover, chroma is derived from

a and b values correspond to the basic pigment of a color

(yellow, red) and vividness of the color. The chroma (C*)

value of the unformulated patties and those incorporated

with ASWE was decreased slightly during the first 5 days

and thereafter start to increase. Moreover, the C* value of

the formulated patties reduced with increase in ASWE with

minimum values obtained at a concentration level of

150 mg/100 mL throughout the storage periods. The

reduction in C* could be due to incorporation of ASWE

which had a gray color. The reduction in C* values indi-

cated that the color’s purity, intensity or saturation start to

decrease as reported by Pateiro et al. (2014) for pig liver

pate formulated using chestnut, green tea and grape

extracts during storage at 4 �C.

Table 4 Color characteristics

of raw chicken patties

formulated with different

concentrations of ASWE during

storage at 4 �C (± 1)

Storage period (days) ASWE (mg/100 mL)

0 50 100 150

Lightness (L*)

0 30.34 ± 0.54ap 30.76 ± 0.35ap 30.26 ± 0.26ap 30.20 ± 0.31ap

5 30.04 ± 0.35ap 29.76 ± 0.20ap 29.11 ± 0.005ap 29.11 ± 0.05ap

10 ND 29.83 ± 0.19ap 28.61 ± 0.017bp 28.25 ± 0.01bp

15 ND 27.24 ± 0.05bp 27.76 ± 0.16bp 27.18 ± 0.06cp

Redness (a*)

0 0.07 ± 0.02ap 0.07 ± 0.01ap 0.13 ± 0.01ap 0.35 ± 0.06aq

5 0.06 ± 0.01ap 0.06 ± 0.01ap 0.13 ± 0.01ap 0.32 ± 0.01aq

10 ND 0.05 ± 0.01ap 0.12 ± 0.01ap 0.34 ± 0.01aq

15 ND 0.05 ± 0.01ap 0.13 ± 0.06ap 0.30 ± 0.001aq

Yellowness (b*)

0 1.46 ± 1.61aq 2.94 ± 0.43ap 2.68 ± 0.21ap 1.84 ± 0.10aq

5 1.13 ± 0.01aq 2.52 ± 0.01ap 2.11 ± 0.01apq 1.69 ± 0.06aq

10 ND 2.68 ± 0.17ap 2.24 ± 0.01ap 1.71 ± 0.02aq

15 ND 2.70 ± 0.005ap 2.31 ± 0.01ap 1.82 ± 0.01aq

Chroma (c*)

0 1.46 ± 0.11qa 2.94 ± 0.43pa 2.68 ± 0.35pa 1.87 ± 0.32qa

5 1.13 ± 0.02qa 2.52 ± 0.23pa 2.11 ± 0.67pa 1.72 ± 0.45qa

10 ND 2.68 ± 0.29pa 2.24 ± 0.64pa 1.74 ± 0.51qa

15 ND 2.70 ± 0.18pa 2.31 ± 0.78pa 1.84 ± 0.28qa

Values presented as a mean of triplicate samples (± SD)

ND not determined (spoil)

Means not sharing a common superscript(s) a, b, c, or d in a column or p, q, r, or s in a row are significantly

different at P B 0.05 as assessed by Duncan’s multiple range test
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Conclusion

This study demonstrated that ASWE contains various

amounts of phenolic compounds of which the majority

were flavones, in addition to high TPC and FRAS. Incor-

poration of ASWE to chicken patties at higher concentra-

tions (100 and 150 mg/100 mL) enhanced antioxidant

activity, microbial stability, and prevented lipid oxidation

without any adverse effect on the quality characteristics of

the chicken patties. Hence, ASWE (C 100 mg/mL) could

have a potential application as a functional ingredient as

well as prolonging shelf-life of the patties.
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