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Abstract - Beef has a tougher texture compared with other food products and very often meat intake of older
consumers is reduced. Therefore, there is a need to develop texture-modified meat products which might improve
meat intake in the elderly. Here, two food grade acids of different concentrations and their combination were used in
an injection solution in order to facilitate the optimization of texture-modified beef products targeted at elderly
consumers. Citric and malic acids could represent a feasible alternative to traditional ingredients used for beef
injection and the final product could be suitable for consumption by elderly consumers.
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I.  INTRODUCTION

Beef has a tougher texture compared to other foods and meat intake in elderly people is often reduced.
According to Eom et al. [1] and Rothenberg et al. [2], age related masticatory decline is common and affects
both their ability to eat and their food choices. Therefore, there is a need to develop softer beef products for older
consumers, which might help to offset the decline in meat intake. It was previously reported that organic acids
have a beneficial effect on meat tenderness [3, 4, 5]. The aim of this study was to identify a suitable food grade
acid that might be used for inclusion in beef products targeted at elderly consumers. Five treatments along with
one control were applied: citric acid at low (CAl) and high concentrations (CAh), 0.1M and 0.5M, respectively;
malic acid at low (MAI) and high concentration (MAh), 0.1M and 0.5M, respectively; combination of Cal and
MAI (CM); the muscles assigned to control were injected with water (C).

Il. MATERIALS AND METHODS

I1.1. Beef processing

Beef [M. semitendinosus (ST)] from Holstein-Friesian steers, were purchased on day 1 post mortem and aged for
7 days at 3°C. Muscles were pumped to 115% of their green weight, with Inject-O-MAT type PSM-21 (Dorit
Maschinen, Switzerland). Muscles were tumbled for 2h continuous at 7 rpm (2-4°C). Tumbled muscles were
vacuum packed in pouches and steam cooked (Fessmann cooker, T1800, Germany) to a core temperature of
72°C (=4h). Cooked muscles were subsequently chilled (2-4°C, overnight) before being sub-sampled and
vacuum packed for subsequent texture analyses.

11.2. Warner-Bratzler shear force (WBSF) and Texture Profile Analysis (TPA)

The analyses were carried out on cooked samples according to AMSA guidelines [6] and Wheeler et al. [7].
Samples were sheared perpendicular to the fibre direction using the Instron Universal testing machine, Model
4464 (Instron Ltd., UK), load cell of 500 N, cross head speed 250 mm/min and analysed in Bluehill®2 Software.
For TPA, cooked samples were analysed according to the method used by Baugreet et al. [8]. Force time
deformation curves were obtained at a cross speed of 500 mm/min.

11.3. Statistical analysis of data
Data were analysed using ANOVA in Genstat 14.1 (Rothamsted Experimental Station, Hertfordshire, U.K.) and
Fisher’s LSD test, with the level of significance set as P<0.05.

I1l. RESULTS AND DISCUSSION

All treatments resulted in significantly reduced WBSF values (P<0.05) and TPA hardness (P<0.05). For
chewiness and gumminess all treatments, except MA1L, resulted in highly significant reduction values (Table 1).

The same softening effect caused by organic acids was reported by Chang et al. [3], they explained that the
increase in meat tenderness was caused by the physical weakening of muscle structure, that resulted in the
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swelling of myofibrillar proteins (actin and mysosin). However, for cohesion force and springiness no effect was
observed. On the other hand, Aktas et al. [5] reported that injecting the acid solutions led to a reduction of the
pH values of the samples, followed by an increased tenderness, when compared with control.

Table 1. Effect of acidic treatments on WBSF and texture profile parameters (hardness, chewiness, gumminess, springiness
and cohesion force) of cooked beef ST samples

Acidic WBSF Hardness Chewiness” Gumminess” Springiness Cohesion force
treatments  (N) (N) (N x mm) (N) (mm) )

Cc 23.35 + 2.06° 145.86 + 14.08? 387.43 £ 71.65° 63.37 £7.71° 5.986 + 0.56 0.8767 £0.01
CAl 16.26 + 4.00° 123.48 + 15.04° 260.43 + 36.99° 44.82 +5.72° 5.589 + 0.44 0.8689 = 0.02
CAh 15.24 +1.27° 119.18 +21.87° 277.19 +78.95° 45.60 + 10.44° 5.990 + 0.46 0.8744 +0.01
MAI 17.75 + 3.24° 123.86 + 24.13° 369.27 + 60.662 57.24 £9.67° 6.453 +0.33 0.8733 +£0.02
MAh 16.19 +2.53° 111.00 + 2.38% 278.59 + 61.22° 4457 +8.41° 6.241 +£0.59 0.8544 +0.02
CM 14.83 £3.13° 99.75 £ 12.43° 256.84 + 40.90° 39.95 + 6.74° 6.347 £0.34 0.8567 +0.02
P value 0.006 0.003 <.001 0.001 0.161 0.341

SEM 1.300 5.83 17.94 3.08 0.225 0.008

a, b,c — means within column that do not share a common letter are significantly different (P<0.05); * P<0.001
IV. CONCLUSIONS

Citric and malic acids proved to be efficient on improving beef texture therefore could represent possible option
for inclusion in beef injection and the final products might be suitable for consumption by the elderly population.
Future work could focus on sensory evaluation to determine the acceptance of technologically optimised
products among elderly consumers.

ACKNOWLEDGEMENTS

This research was funded by the (11/F/045), Meat4Vitality: Enhancement of texture, flavour and nutritional value of meat
products for older adults project through the FIRM programme administered by the Irish Department of Agriculture, Food
and the Marine. The authors would like to thank Dr. Ciara McDonnell for helpful discussion on ingredients inclusion, Mr.
Eugene Vesey for technical assistance, Ms. Sephora Baugreet for meat collection.

REFERENCES

1. Eom, S.H., Lee, S.H., Chun, Y.G., Kim, B.K., Park, D.J. (2015). Texture softening of beef and chicken by enzyme
injection process, Korean Journal of Food Science and Animal Resources, 35(4), 486-493.

2. Rothenberg, E., Ekman, S., Bilow, M., Méller, K., Svantesson, J., Wendin, K. (2007). Texture-modified meat and carrot
products for elderly people with dysphagia: Preference in relation to health and oral status. Scandinavian Journal of
Nutrition - Food and Nutrition Research, 51, 141-147.

3. Chang, H.J., Wang, Q., Zhou, G.H., Xu, X.L., Li, C.B. (2010). Influence of weak organic acids and sodium chloride
marination on characteristics of connective tissue collagen and textural properties of beef semitendinosus muscle, Journal of
Texture Studies, 41, 279-301.

4. Ke, S, Huang Y., Decker, E.A., Hultin, H.O. (2009). Impact of citric acid on the tenderness, microstructure and
oxidative stability of beef muscle, Meat Science, 82, 113-118.

5. Aktas, N., Aksu, M.I., Kaya, M. (2003). The effect of organic acid marination on tenderness, cooking loss and bound
water content of beef. Journal of Muscle Food, 14, 181-194.

6. AMSA (1995). Research guidelines for cookery, sensory evaluation and instrumental tenderness measurements of fresh
meat. American Meat Science Association in cooperation with National Live Stock and Meat Board, Chicago, Illinois, pp.
8.

7. Wheeler, T.L., Shackelford, S.D., Koohmaraie, M. (1996). Sampling, cooking, and coring effects on Warner-Bratzler
shear force values in beef. Journal of Animal Science, 74(7), 1553-1562.

8. Baugreet, S, Kerry, J.P., Botinestean C, Allen, P, Hamill, R.M. (2016) Development of novel fortified beef patties with
added functional protein ingredients for the elderly. Meat Science, 122, 40-47.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Kerry%20JP%5BAuthor%5D&cauthor=true&cauthor_uid=27474789

