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Abstract 27 

The effect of a beef meat coating prepared using cuttlefish skin gelatin with henna 28 

aqueous extract (HAE) as natural preservative was studied during chilled storage of meat at 1, 29 

3, 6 and 8 days. The combined coating increased the shelf-life of meat by decreasing the total 30 

and psychrophilic vial bacteria counts at the end of storage. In addition, the lipid oxidation of 31 

meat decreased during the period of storage in gelatin-HAE coated samples measured using 32 

the thiobarbituric acid reactive substances test. Furthermore, coating significantly preserved 33 

color properties in comparison with uncoated samples. According to free amino acid contents, 34 

coating decreased the rate of proteolysis process, whereas it was faster in uncoated samples.  35 

Thus, the gelatin coatings offer an excellent protection to avoid meat deterioration, which was 36 

significantly improved by the addition of HAE to the gelatin gel. 37 
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1. Introduction 52 

The stability of fresh meat during chill storage is usually compromised after a period of 53 

time causing a decrease in quality and even in safety. Main reasons for this deterioration are 54 

food spoilage induced by psychotropic bacteria, color change caused by metmyoglobin 55 

formation and heme iron conversion, and flavor deterioration due to lipid oxidation. 56 

Edible coatings have been widely employed to preserve meat quality although their use 57 

in meat and poultry industry is still limited. Gelatin is one of the main ingredients used as 58 

edible coating mainly due to its film forming ability, and its use in meat have been described 59 

to prevent moisture loss and lipid oxidation at chilling storage (Herring et al., 2010). 60 

Furthermore, active coating is one of the most important tools used to preserve food quality 61 

via the release of active agents. This release can be used to extend the quality and shelf-life of 62 

the final product, avoiding the incorporation of bioactive substances directly on the foodstuff 63 

(Lee, 2010; Zhou et al., 2010).  64 

In this context, henna (Lawsonia inermis) is one of the most studied plants in herbal 65 

medicine. It belongs to Lythraceae’s family and it is well-known for the natural orange-red 66 

color of its leaves. Leave extracts have been reported to show several biological activities 67 

such as antidiabetic (Syamsudin and Winarno, 2008; Arayne et al., 2007), antifungal 68 

(Subbaiah and Savithramma, 2012) anti-inflammatory (Imam et al. 2013), and antioxidant 69 

(Dasgupta et al., 2003; Adetutu et al., 2013). In fact, the antioxidant activity described in 70 

extracts could be attributed to several phenolic compounds (Jridi et al., 2016; Zaouali et al., 71 

2013). Additionally, some reports have indicated that extract from rosemary can retard lipid 72 

oxidation and prolong the shelf life of processed meat products (Georgantelis et al., 2007; Liu 73 

et al., 2009). 74 

The purpose of this study was to evaluate the effect of gelatin coating enriched with 75 

aqueous extracts of henna (L. inermis) in preserving the quality of beef meat during 8 days of 76 
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chill storage. Particularly, weight loss, color changes, metmyoglobin concentration, lipid 77 

oxidation, heme iron amount and free amino acids concentration of coated and uncoated 78 

samples were determined at 1, 3, 6 and 8 days of storage. 79 

 80 

2. Materials and Methods 81 

2.1. Preparation of gelatin extracts 82 

By-products derived from cuttlefish were washed several times with water to eliminate 83 

residues and dark ink. Gelatin was extracted from the cuttlefish outer skin. Firstly, non-84 

collagenous proteins were removed using a solution of NaOH 0.05 M in a ratio 1/10 (w/v) 85 

during 2 h at 4 °C that was changed every 30 min. Then, skins were washed several times 86 

with 4 ºC distilled water to reach again their characteristic neutral pH. In order to extract the 87 

gelatin, skins were immersed in 0.1 M acetic acid in a ratio 1:10 (w/v) and subjected to 88 

hydrolysis with pepsin at 5 U/g of skin and incubating for 48 h at 4 °C (Jridi et al., 2013a). To 89 

inactivate enzymes, the pH of the mixture was then raised to 7.5 using 10 M NaOH and 90 

agitated for 1 h at 4 °C. Then, skin was incubated at 40 °C for 18 h in agitation to extract the 91 

gelatin. Finally, samples were centrifuged at 10,000 g for 30 min at 4ºC to remove insoluble 92 

material. Gelatin was in the supernatant (cuttlefish-skin gelatin) which was freeze dried 93 

(Bioblock Scientific Christ ALPHA 1-2, IllKrich-Cedex, France) and stored in cold (4 ºC) 94 

until use.  95 

2.2. Preparation of henna aqueous extract  96 

Lawsonia inermis fresh leaves were obtained from Gabes (Tunisia) and stored at -20 °C. 97 

Henna aqueous extract (HAE) was prepared according to Mittal and Aguwa (1983), with 98 

minor modifications. Briefly, the leaves of henna were washed, sun dried and grounded into 99 
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powder. A total of fifty grams of the power was mixed with 500 mL of distilled water and 100 

agitated during 24 h at room temperature (25 °C). Finally, the mixture was centrifuged 101 

(10,000xg, 15 min, 4 ºC) to remove insoluble material and the supernatant was collected and 102 

freeze dried.  103 

2.3. Meat sample preparation  104 

Cuttlefish skin gelatin solution was prepared by mixing 5 g of freeze-dried gelatins in 105 

100 mL of distilled water at 40 °C for 30 min. In order to prepare the active gelatin solution, 106 

HAE was dissolved in the gelatin extract at a concentration of 50 µg/mL. Beef muscle 107 

(Longissimus dorsi) was obtained from a local market in Valencia (Spain), the day of 108 

slaughtering. Muscle was cut in eighteen squares, sizing 5 x 5 x 2 cm, and divided in three 109 

groups according to the treatment: control samples with no treatment; samples dipped into the 110 

gelatin solution during 30 seconds at 40 °C and samples dipped into gelatin solution enriched 111 

with HAE during 30 seconds at 40 °C. After treatment, all samples were weighed and stored 112 

at 4 °C without packaging to simulate fresh retail display setting. Eighteen samples (six of 113 

each batch) were removed from the chamber at 1, 3, 6 and 8 days of storage for microbial, 114 

sensorial, free amino acids and physico-chemical analysis. 115 

2.4. Weight loss 116 

The weight loss of the meat samples at 3, 6 and 8 days was calculated using the 117 

equation: WHC (%) = (W0 - Wi) / W0 x 100, where W0 is the initial weight of sample and Wi 118 

is the weight of the same sample after 3, 6 and 8 days of chilled storage. 119 

2.5. Color, pH and water activity measurements 120 

 The internal color of meat samples was determined using a CR-410 colorimeter 121 

(Minolta Chroma Meter Measuring Head, Osaka, Japan) with D65 illuminant and 10º 122 
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observer. The instrument was calibrated using a standard white plate. An average value was 123 

determined by taking observations from six different meat samples on days 0, 3, 6 and 8 of 124 

storage. CIE lightness (L*), redness (a*) and yellowness (b*) were recorded. Hue was 125 

calculated using the standard formula [Arc tan (b*/a*)], whereas chroma (C*) was calculated 126 

with the equation: C* = (a*2 + b*2)1/2.  127 

In order to measure meat pH from each treatment and storage day, sample was homogenized 128 

in 20 mL of bidistilled water for 2 min using a Stomacher (IUL Instrument, Barcelona, 129 

Spain). 130 

Water activity (aw) was determined using a Fast-lab water activity meter (Gbx, Romans sur 131 

Isère Cédex, France). Briefly, after calibration with sodium chloride and potassium sulphate, 132 

an internal section from each sample was placed in the instrument and aw measured. 133 

2.6. Lipid oxidation 134 

Lipid oxidation was evaluated according to Witte (1970). Briefly, 5 g of meat sample 135 

and 20 mL of trichloroacetic acid (TCA) diluted to 5% were homogenized in a Polytron 136 

homogenizer (PT 2100, Kinematica AG, Switzerland) for 5 min. The homogenate was 137 

centrifuged at 12,000 g for 10 min at 4° C. 4 mL of the supernatant was mixed with 4 mL of 138 

thiobarbituric acid (TBA) 0.02 M and incubated in a water bath at 100°C for 60 min. Then, 139 

the mixture was centrifuged at 2500 g for 10 min at 4° C. The absorbance of the supernatant 140 

was measured at 532 nm. The value of TBA reactive substances (TBARS) was calculated 141 

using the standard curve of the organic compound malonaldehyde (MDA) and results were 142 

expressed in µmoles MDA/g sample. 143 

2.7. Metmyoglobin content 144 
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Metmyoglobin content (Mmb) was determined according to the previous study of 145 

Fernández-López et al. (2003). Briefly, 5g of meat was homogenized with 50 mL of 146 

phosphate buffer 0.04 M and pH 6.8 for 15 s at 4 °C using a Polytron homogenizer. Then, 147 

sample was centrifuged for 30 min and 15,000 rpm at 4°C. The supernatant was filtered 148 

through glass wool and the obtained solution was analysed using a spectrophotometer to 149 

measure the absorbance at 525, 572 and 730 nm. The percentage of metmyoglobin was 150 

determined according to the formula: Mmb (%) = 1.395 – ((A572 – A730) / (A525 – A730)) x 100 151 

2.8. Heme iron content 152 

Total heme iron content was determined as previously described by Clark, et al., 153 

(1997). Meat sample (2 g) was homogenized with 9 mL of acidified acetone (90% acetone, 154 

8% deionized water, 2% HCl). The homogenate was placed for 1 h at 25 °C in dark and then 155 

filtered through glass wool. The absorbance of filtrate was determined at 640 nm. The amount 156 

of heme iron was calculated as: Heme iron (µg/g of meat) = A640 x 680 x 0.0882 157 

2.9. Bacteriological analysis 158 

10 g of sample was homogenized with 90 mL of 0.85% NaCl in order to determine 159 

bacteriological counts in different dilutions. Total viable aerobic bacterial counts were 160 

determined using plate count agar by the pour plate method. The inoculated plates were 161 

incubated at 37 °C during 2 days for total viable counts, and at 10 °C during 7 days for 162 

psychrotrophilic bacteria counts. All microbial counts were converted to logarithms of 163 

colony-forming units per gram of meat (log cfu/g). 164 

2.10. Free amino acids 165 
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Free amino acids were analyzed according to Flores et al (1997) and Bidlingmeyer et 166 

al (1987) with minor modifications. 5 grams of the sample was homogenized with 20 mL of 167 

0.01 HCl in a Stomacher (IUL Instrument, Barcelona, Spain) at 4 °C for 8 min. The 168 

homogenate was centrifuged at 10,000 g for 20 min at 4 °C and supernatant was filtrated 169 

through glass wool and stored at -20 °C until analysis.  170 

The amino acid identification and quantitation was done using 1mM standard 171 

solutions (Sigma Chemical Co., USA). Regarding sample, 250 µL of thawed extracts were 172 

mixed with 50 µL of internal standard norleucine (10 mM) and 750 µL of acetonitrile. The 173 

mixture was centrifuged at 12000 rpm and supernatant (500 µL) was dried in a centrifugal 174 

evaporator (Jouan RCT 90 cold trap). 15 µL of drying reagent (methanol: sodium acetate 1M: 175 

TEA, 2:2:1) was added to dried samples and mixtures were dried again. The derivatization 176 

was then carried out adding 15 µl of phenyl isothiocyanate (PITC) solution (methanol: water: 177 

TEA: PITC, 7:1:1:1). Solutions were kept at room temperature for 20 min and dried again. 178 

Before analysis, samples and standards were reconstituted in 300 μL of a dilution reagent 179 

solution composed of 5mM sodium phosphate buffer and 5% acetonitrile (pH 7.4). The PITC 180 

derivates were analysed by reverse phase HPLC using a 1200 Series HPLC instrument from 181 

Agilent (Palo Alto, CA, USA) with a diode array detector (DAD). The separation of the 182 

amino acids was done using a PicoTag® column (60Å, 4 µm, 300 mm × 3.9 mm) at a flow 183 

rate of 1 mL/min, 52 °C, and the detection was measured at 254 nm. Mobile phases were (A) 184 

sodium acetate 0.07 M at pH 6.55 and 2.5% of acetonitrile and (B) 45:40:15 acetonitrile: 185 

water: methanol. The gradient started from 0% to 3% B during 13.5 min, then to 3.5% until 186 

19 min, 4.5% until 21 min; 33% until 40 min, and finally to 40% until 50 min. Next, the 187 

column was washed with 100% B during 10 min. Results were expressed as mg of each 188 

amino acid per g of sample. 189 

2.11. Statistical analysis 190 
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Results were analyzed using SPSS v18.0 software, professional edition, and are shown 191 

in tables as means ± SEM (Standard Error Mean). The one-way analysis of variance 192 

(ANOVA) was then performed and followed by Duncun’s test to estimate the significance 193 

among the main effects using a probability P<0.05. Effects were analyzed up to two-way 194 

interactions. Significant differences between means were identified by multiple comparisons 195 

between the three groups (control, gelatin, gelatin+HAE) and the days of storage (1, 3, 6 and 196 

8) using least significant difference (LSD) procedures.  197 

3. Results and discussion 198 

3.1. Weight loss 199 

Weight loss of samples was measured before and after coating, and during the 200 

corresponding days of storage at 4 °C (Fig. 1). Control sample (uncoated) weight loss was 201 

estimated as 0.8%, 4% and 13.8 % after 3, 6 and 8 days of storage, respectively. However, 202 

gelatin coating seemed to contribute to the decrease of weight loss, showing weight loss 203 

values of 0.3%, 0.75% and 2.6% at 3, 6 and 8 days, respectively. There were no significant 204 

differences in preventing weight loss between the meat coated with gelatin and gelatin 205 

enriched with HAE at 50µg/mL (p < 0.05). It has been widely reported that gelatin is rich in 206 

hydrophilic and some hydrophobic amino acids, which are capable to retain water, resulting in 207 

the prevention from moisture loss by acting as a physical barrier. In this context, Herring et al. 208 

(2010) reported the high ability of gelatin coating in reducing moisture loss and proved that 209 

gelatin can reduce purge of pork meat during 7 days of refregerated storage, which is in 210 

accordance with the obtained results. 211 

3.2. Changes in pH, water activity and color parameters 212 
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The effect of coating on pH, water activity (aw) and colour parameters of beef meat 213 

during storage time is shown in Table 1. The pH of control sample shows a significant 214 

increase after 6 and 8 days of storage. However, gelatin coating keeps the pH constant during 215 

time whereas samples with gelatin and HAE coating showed a significant decrease in the pH 216 

after 8 days of chilled storage in comparison with control and gelatin samples. Regarding this, 217 

the observed high pH values could be due to meat spoilage and to the free amino acids 218 

production leading to the formation of amines and NH3, compounds of alkaline reaction 219 

(Karabagias et al., 2011).  220 

Water activity (aw) is an important factor to control the growth of microorganisms on 221 

stored meat, and it may be defined as the amount of free water present in a product and 222 

available for bacterial growth. Results of aw in control and gelatin coated meat did not reveal 223 

any significant difference during 8 days of chilled storage, whereas the sample coated with 224 

gelatin gel-HAE showed a significant decrease in water activity from 6 days of storage. 225 

Moreover, Table 1 illustrates changes in color parameters of the studied meat samples. 226 

In control and Gelatin+HAE samples, values of lightness (L*) showed a significant increase 227 

during chilled storage. Meat redness the most characteristic parameter for color changes of 228 

meat product. Based on a visual observation, colors of coated meat samples were affected by 229 

the time of storage from bright red (fresh state), pale red to dark red during chilled storage. 230 

However, the color of uncoated meat changed from bright red to dark brown after 8 days of 231 

storage. In fact, according to Table 1 data, at increasing storage time, the redness (a*) of 232 

uncoated meat decreased and values were lower than that of treated one. As far as during 3, 6 233 

and 8 days of storage period, yellowness (b*) value of uncoated meat was about 4.32, 3.63 234 

and 2.97, respectively. However, values of b* and C* relative to coated meat were higher than 235 

those of control. Thus, the coating of meat improved the color saturation. In addition, it is 236 

clear from the redness values that the addition of 50 µg/mL of HAE in gelatin gel improved 237 
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the color of meat when compared to the gelatin coating. Gelatin coatings offer color 238 

protection, which agrees with Villegas et al. (1999). Thus, the gelatin coatings offer an 239 

excellent protection to avoid loss of redness; which is significantly improved by the addition 240 

of HAE to the gelatin gel. Herring et al. (2010) demonstrated that redness of skin gelatin 241 

coated pork meat at a concentration of 10% was protected during 7 days of refrigerated 242 

storage.  243 

3.3. Microbiological quality during storage time 244 

Evolution of microbial population on meat during refrigerated storage time was 245 

investigated and the results are shown in Table 2. On day 1, the total viable count (TVC) was 246 

around 3 (log CFU/g), probably due to hygienic conditions used during transport, slaughter 247 

and manipulation of beef meat. During storage time, TVC and psychotrophic count (PTC) of 248 

all samples increased reaching maximal levels at day 8 of chilled storage period. Uncoated 249 

meat showed higher microbial counts than those of coated meat (p<0.05) and attended value 250 

of 6 log CFU/g at day 8.  251 

According to Spanish legislation (Regulation EC 2073/05, 2005), the limit established 252 

for bacterial counts is 106 CFU/g of meat and this means that the shelf-life of control samples 253 

would be 8 days of chilled storage. However, coating with gelatin delayed and restricted the 254 

growth of microorganisms thanks to the barrier role of protein bio-film formed around meat 255 

samples against oxygen diffusion and bacterial proliferation. What is more, in gelatin-HAE 256 

enriched samples, the TVC was reduced from 4.43 to 3.14 on day 3, from 5.89 to 5.57 on day 257 

6 and from 6.03 to 5.78 on day 8 in comparison with uncoated sample (Table 2). After 6 days 258 

of storage, coated meat with gelatin+HAE showed the lowest microbial counts in comparison 259 

to other samples. In fact, the PTC of meat coated with gelatin+HAE was 4.62 log cfu/g, which 260 

is significantly lower (p<0.05) than that of the control group (5.18 log cfu/g) and that coated 261 
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with gelatin gel (5.21 log cfu/g). This result is in accordance with the TVC of all samples and 262 

proved that enriched gelatin gel with HAE induced better preservation than uncoated meat 263 

after 6 days of storage. 264 

Some phytochemicals have been previously isolated from henna extract, such as gallic 265 

acid, lawsone and 1,4-naphthoquinone, which offer antimicrobial properties (Ahmad and Beg, 266 

2001; Yang and Lee, 2013). On the other hand, Lorenzo et al. (2014) reported that green tea 267 

incorporated in synthetic coating reduced microbial growth in beef meat up to 4 log CFU/g 268 

after 2 weeks of storage. In the present study, a significant decrease in microorganisms’ 269 

counts was observed in gelatin-HAE coated sample which could be attributed to the 270 

antibacterial effect of HAE (Jridi et al., 2016). These results suggest that HAE might contain 271 

bactericide molecules, responsible to extend the shelf-life of gelatin-HAE coated sample over 272 

8 days of chilled storage.  273 

3.4. Lipid oxidation 274 

Lipid oxidation is one of the most influencing factors which limit the shelf-life of food 275 

and particularly of those products showing medium- high-fat content such as meat and 276 

derivatives. Lipid peroxidation during meat storage was measured in terms of TBARS 277 

(µmoles of malondyaldéhyde (MDA) per g of meat) (Fig. 2). Henna extracts are known for 278 

their potential antioxidant effect which inhibits the early stages of lipid oxidation as well as 279 

delays the oxidation process propagation (Mikhaeil et al. 2004). In fact, after 8 days of 280 

storage, TBARS content in control meat was estimated as 0.86 µmoles of TBARS/g, whereas 281 

it was reduced to 0.53 and 0.42 in gelatin and gelatin-HAE coating, respectively (Fig. 2). The 282 

reduction in lipid oxidation observed in HAE coated sample can be attributed to the 283 

antioxidant effect of henna extract, which would react with the free radicals of lipids to 284 

convert them into more stable, resulting in the protection from lipid peroxidation. In this 285 
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context, phenolic glycosides isolated from the henna aqueous extract have been described to 286 

show strong antioxidant activity, being 1,2,4-trihydroxynaphthalene-1-O-ßD- lucopyranoside 287 

the most active identified compounds (Zohourian et al., 2011). Additionally, Mikhaeil et al. 288 

(2004) described that henna leaves were rich in Lawsone, apigenin, luteolin, cosmosiin, p-289 

coumaric acid, 2-methoxy-3-methyl-1,4-naphthoquinone and apiin, considered excellent 290 

antioxidant compounds.  291 

On the other hand, the gelatin film could play a role of oxygen barrier and reducing 292 

meat lipid oxidation (Krochta and Johnson, 1997). In this context, Marggrander and Hofmann 293 

(1997) studied lipid oxidation of gelatin coated pork meat and found a lower level of TBARS 294 

value compared to uncoated meat. These authors attributed this to the presence of ionic 295 

components, which create strong polymer-meat interaction that results in good oxygen barrier 296 

properties. The results from this study suggest that gelatin is an excellent oxygen barrier and 297 

could serve as antioxidant agent, which can be enhanced with the addition of henna aqueous 298 

extract.  299 

3.5. Heme iron and metmyoglobin contents  300 

During the process of lipid oxidation, heme iron could be partially converted to non-301 

heme iron in meat and meat products (Rezaei and Hosseini (2008). The values of heme iron 302 

content per gram of sample treated with gelatin and gelatin+HAE during 8 days of chilled 303 

storage is shown in table 3 and compared to control meat. Thus, heme iron level decreased in 304 

control samples along time which indicates that heme iron is converted to non-heme iron 305 

during refrigerated storage. During the first 6 days of storage period, there were non-306 

significant differences between gelatin and gelatin+HAE (p<0.05) regarding heme content. At 307 

day 8, gelatin+HAE treatment inhibited the conversion of heme iron in comparison with 308 

gelatin treatment. The decrease in heme iron content until day 6 can be related to the increase 309 
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in TBARS observed for the same storage period due to the capacity of non-heme iron to 310 

catalyze lipid oxidation. Many investigations have indicated that pigments in meat are an 311 

important factor on lipid peroxidation catalysis of various meat species models such as beef 312 

(Johns et al., 1989).  313 

The percentage of metmyoglobin increased along time in all the evaluated samples, 314 

except for days 6 in HAE coated samples. This finding is in accordance with lipid oxidation, 315 

heme iron content and meat color results obtained in the present study. Non iron generated by 316 

the interaction of H2O2 with metmyoglobin to generate ferrylmyoglobin can initiate lipid 317 

peroxidation in meat (Kanner and Harel, 1985). In addition, the resulting dark color indicative 318 

of Mmb accumulation is associated with a decrease of lipid oxidation and/or microbial growth 319 

(Min and Ahn, 2005). This study reveals that gelatin coating helps to prevent color 320 

deterioration and lipid oxidation of raw beef meat which may be improved by addition of 321 

Henna aqueous extract as antioxidant. 322 

3.6. Free amino acids quantification 323 

During the first postmortem stage, proteolysis is a dynamic procedure where 324 

endopeptidases (e.g. cathepsins and calpains) exert their cleavages randomly to produce a 325 

complex mixture of peptides (Gallego, Mora, Fraser, Aristoy, & Toldrá, 2014). In addition, 326 

exopeptidases action is an important indicator of meat freshness as are involved in the post-327 

mortem degradation of protein and oligopeptides to small peptides and free amino acids 328 

(Aristoy & Toldrá, 1995).  Free amino acid concentration of all samples at the beginning and 329 

after 8 days of chill storage at 4 °C are showed in Fig. 3. The total content of free amino acids 330 

in control meat was 197.7 mg/100 g and 266.6 mg/100 g of meat before and after 8 days of 331 

storage, respectively. However, non-significant increase (p<0.05) in the content of total free 332 

amino acids (FAA) in meat was observed after 8 days of storage in gelatin (201.4 mg/100 g of 333 

http://www.sciencedirect.com/science/article/pii/S002364381100003X#bib1
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meat) and gelatin+HAE (209.7 mg/100 g of meat). In control sample, an increase in the total 334 

and all individual FAA contents was observed during storage except of Tyr, Ileu and Lys 335 

contents which decreased. On day 8, only Gln and Asp were significantly different in meat 336 

coated with gelatin and gelatin+HAE in comparison with untreated meat (p>0.05).  337 

4. Conclusion 338 

Main results obtained in this study provide the evidence that cuttlefish skin gelatin 339 

enriched with aqueous extracts of henna (Lawsonia inermis) improve meat preservation. In 340 

addition, the use of gelatin coating reduced total color change and prevented against 341 

metmyoglobin formation preserving the appearance of the product. Furthermore, the addition 342 

of henna aqueous extract to gelatin coating decreased lipid oxidation, microbial growth and 343 

heme iron conversion, improving meat quality during chill storage. These characteristics 344 

suggest a beneficial role for gelatin coating with henna extract in helping to improve the shelf 345 

life of the meat product. 346 

 347 
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FIGURE CAPTIONS 475 

Figure 1. Weight loss (%) of gelatin coated and control samples at 3, 6 and 8 days of storage. 476 

Gelatin+HAE: gelatin gel enriched with HAE at 50 µg/mL. 477 
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Figure 2. Lipid oxidation (µmol of MDA/g of meat) measured at 1, 3, 6 and 8 days of 478 

storage. Gelatin+HAE: gelatin gel enriched with HAE at 50 µg/mL. 479 

Figure 3. Free amino acids contents (mg/g of meat) measured at 1 and 8 days of storage. 480 

Gelatin-HAE: gelatin gel enriched with HAE at 50 µg/mL. 481 



aC 

aA 

bB bB 

bA 

bB bB 

bA 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

Day 3 Day 6 Day 8 

W
ei

gh
t l

os
s (

%
) 

Storage time 

Control Gelatin  Gelatin + HAE 

aB 

Figure 1. 

Figure 1



 

 

 

Figure 2 

 

 

 

 

b

a

a

a b

b

c
c

b

0

0,5

1

1 4 7

T
B

A
R

S 
(µ

m
ol

 M
D

A
/ g

)

Storage time (Days)

Control
Gelatin
Gelatin + HAE

Figure 2



 

 

 

 

 

Figure 3 

*

* *

*
*

*

*

*

*

*
*

*
*

*
* *

*

*

*
*

*

** *

0

10

20

30

40

50

60

70

Asp Glu Ser Asn Gly Gln His Thr Ala Pro Tyr Val Met Ileu Leu Phe Trp Lys

m
g/

10
0g

 o
f m

ea
t

Free amio acids

Control day 1 Control Day 8

Gelatin Day 8 Gelatin-HAE Day 8

Figure 3



Table 1 
Changes in pH, aw and colour parameters of meat samples at 1, 3, 6 and 8 days of storage. 

 
A, B, C, D: Means within a row with different letters are significantly different (P < 0.05; 
Duncan test). 
a, b, c: For each attribute, means within a column with different letters are significantly 
different (P < 0.05; Duncan test). 
Gelatin + HAE: gelatin gel enriched with HAE at 50µg/ml; SEM: standard error of mean. 
 

 

 

 

 

 

Attribute Treatment 
Storage time (Days)   

1 3 6 8 SEM P-
value 

pH 
Control  5.79±0.08C 5.78±0.02aC 6.03±0.04aB 6.19±0.02aA 0.05 0.000 
Gelatin  5.79±0.08A 5.73±0.00bA 5.70±0.05cA 5.74±0.01bA 0.02 0.211 
Gelatin+HAE 5.79±0.08B 5.81±0.02aB 5.90±0.04bA 5.68±0.02cC 0.03 0.004 

 SEM  0.01 0.05 0.08   
 P-value  0.003 0.001 0.000   

aw 
Control  0.98±0.00A 0.98±0.00aA 0.98±0.01aA 0.98±0.00aA 0.00 0.472 
Gelatin  0.98±0.00A 0.99±0.00aA 0.99±0.00aA 0.98±0.00aA 0.00 0.002 
Gelatin+HAE 0.98±0.00A 0.99±0.00aA 0.98±0.00aB 0.97±0.01aB 0.00 0.000 

 SEM  0.00 0.00 0.00   
 P-value  0.054 0.423 0.000   

L* 
Control  38.52±0.42C  39.72±0.19aB 41.24±0.59aAB 42.06±0.83aA 0.42 0.000 
Gelatin  38.52±0.42A 39.20±0.17aA 38.91±1.26bA 38.01±1.92bA 0.38 0.204 
Gelatin+HAE 38.52±0.42B 39.25±1.34aAB 41.28±1.35aA 42.05±1.25aA 0.49 0.027 

 SEM  0.24 0.51 0.78   
 P-value  0.690 0.065 0.019   

a* 
Control  20.35±0.44A 22.72±0.83cB 12.43±0.27cC 5.91±0.9cD 2.45 0.000 
Gelatin  20.35±0.44B 25.97±1.24bA 20.74±1.44bB 15.5±1.3bC 1.15 0.000 
Gelatin+HAE 20.35±0.44D 27.95±0.16aA 24.89±1.27aB 22.09±0.75aC 0.89 0.000 

 SEM  0.80 1.86 2.37   
 P-value  0.001 0.000 0.000   

b* 
Control  4.74±0.54A 4.32±1.15bA 3.63±0.19cAB 2.97±0.37cB 0.26 0.051 
Gelatin  4.74±0.54C 11.27±1.17aA 7.55±0.25bB 6.38±0.53bB 0.75 0.000 
Gelatin+HAE 4.74±0.54B 10.80±0.29aA 8.97±1.10aB 7.81±0.76aB 0.41 0.003 

 SEM  1.15 0.82 2.21   
 P-value  0.000 0.000 0.000   

C* Control  20.89±0.01A 23.13±2.35cA 12.95±0.94cB 6.54±0.36Cc 7.61 0.001 
 Gelatin  20.89±0.01B 28.31±0.45bA 22.07±0.25bB 16.76±0.36bD 4.78 0.002 

 Gelatin+HAE 20.89±0.01D 29.96±0.15aA 26.46±0.36aB 23.43±.0.19aC 3.91 0.001 
 SEM  3.57 6.89 8.51   
 P-value  0.001 0.001 0.000   

Table 1



 

Table 2 
 
Total viable counts (TVC) and psychrotrophic counts (PTC) of meat samples at 1, 3, 6 and 8 
days of storage. 

A,B,C,D: Means within a row with different letters are significantly different (P < 0.05; 
Duncan test). 
a,b,c: For each attribute, means within a column with different letters are significantly 
different (P < 0.05; Duncan test). 
Gelatin+HAE: gelatin gel enriched with HAE at 50µg/ml; SEM: standard error of mean.  
TVC : Total viable counts ; PTC : psychrotrophilic bacteria  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Attribute Treatment Storage time (Days)   
1 3 6 8 SEM P-value 

TVC 
Control  3.03±0.01D 4.43±0.05aC 5.89±0.02aB 6.03±0.02aA 0.46 0.000 
Gelatin  3.03±0.01C 3.09±0.06bC 5.63±0.05abB 5.9±0.01bA 0.51 0.000 
Gelatin+HAE 3.03±0.01C 3.14±0.01bC 5.57±0.05bB 5.78±0.03cA 0.49 0.000 

 SEM  0.28 0.06 0.05   
 P-value  0.001 0.059 0.011   

PTC 
Control  2.53±0.06D 3.95±0.02aC 5.18±0.01aB 5.78±0.02aA 0.47 0.000 
Gelatin  2.53±0.06D 3.56±0.04cC 5.21±0.02aB 5.69±0.04aA 0.46 0.000 
Gelatin+HAE 2.53±0.06D 3.75±0.02bC 4.62±0.07bB 5.62±0.1aA 0.43 0.000 

 SEM  0.07 0.12 0.04   
 P-value  0.008 0.005 0.370   

Table 2



 
Table 3 
Metmyoglobin and Heme iron contents of meat samples at 1, 3, 6 and 8 days of storage. 
 

A,B,C,D: Means within a row with different letters are significantly different (P < 0.05; 
Duncan test). 
a,b,c: For each attribute, means within a column with different letters are significantly 
different (P < 0.05; Duncan test). 
Gelatin+HAE: gelatin gel enriched with HAE at 50µg/ml; SEM: standard error of mean.  
Mmb: Metmyoglobin 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Attribute Treatment Storage time (Days)   
1 3 6 8 SEM P-value 

Mmb (%) 
Control  19.67±1.27D 26.7±1.99bC 61.49±2.15aB 69.01±1.50aA 5.49 0.000 
Gelatin  19.67±1.27C 21.84±0.75cC 37.37±3.08bB 63.12±1.12bA 4.74 0.000 
Gelatin+HAE 19.67±1.27C 30.7±2.49aB 26.08±3.10cB 42.98±4.48cA 2.31 0.000 

 SEM  1.34 4.42 3.20   
 P-value  0.002 0.000 0.000   

Heme iron 
content 
(µg/g) 

Control  5.08±0.39A 3.25±0.39bB 2.98±0.00bB 1.27±0.28cC 0.41 0.000 
Gelatin  5.08±0.39±AB 5.70±0.82aA 5.18±0.35aAB 4.45±0.50aB 0.19 0.126 
Gelatin+HAE 5.08±0.39±B 5.41±0.44aAB 5.77±0.45aAB 5.87±0.11bA 0.13 0.117 

 SEM  0.42 0.43 0.69   
 P-value  0.004 0.000 0.000   

Table 3


