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Background and objectives: Protease activity of various fruits and
vegetables has been previously studied. Broccoli is one of the most abundant
and affordable vegetables interested by consumers and researchers due to its
pleasant flavor and nutritional attributes, such as anticancer and antioxidant
compounds (e.g. sulforaphane, indole-3-carbinol ,and selenium). This study
was conducted to investigate the effect of broccoli juice and soy sauce on
physicochemical and textural characteristics of beefsteak with the aim of
tenderizing and reducing aging time.

Mateials and methods: Meat samples were separated from the beef
(Round Steak) muscle. The steak samples were cut into cubic pieces (10
cm®) with a weight of approximately 1 kg and free of fat. The marinade
composition consisted of 2.6% (W/V) broccoli juice (protease activity:
12.3 u/g) and 25% (W/V) soy sauce were prepared in three treatments
compared to control and were injected into the superficial and deep
segments. The samples were analyzed at 1, 3, 24 , and 48 hours storage in
the refrigerator (4 'C).

Results: According to the results of the analysis of variance, the
tenderization parameters of all treatments were significantly higher than
control (P < 0.05). The value of tender parameters composed of
myofibrillar fragmentation index, myofibrillar protein solubility, insoluble
collagen , and shear force was better for broccoli + soy sauce treatment
than the others. Also, scanning electron microscopy results of the treatment
containing broccoli juice + soy sauce confirmed this finding. The highest
and lowest mean value of drip loss were observed in soy sauce (1.97%) and
broccoli juice (1.72%), respectively. The rate of cooking loss was
decreased over 48 h storage period for all treatments. During the
tenderization period, the shear force means values of all treatments
showed a significant decrease due to enzymatic activity and the progress of
the meat aging process. The minimum shear force mean value were
recorded in broccoli + soy sauce (128.5N), broccoli juice (151.1N), soy
sauce (166.8N) , and control (187.5N), respectively during cold storage.
Based on our findings, the combination of broccoli juice and soy sauce can
be used as an effective marinade, improving beefsteak tenderness.

Conclusion: The result of this study showed that broccoli juice may have
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proteolytic components that are effective in myofibrillar proteins
degradation. The proteolytic activity of these enzymes was higher at low
pH. Therefore, the higher myofibrillar proteins degradation, as well as their
solubility, were obtained in treatment containing broccoli + soy sauce.
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Table 1- The samples treated with broccoli juice and soy sauce
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Table 2- Proximate chemical composition of crude beefsteak

(Ao s) Cusb, (Ao y3) i osle (o) s r (s y3) S (Lo,3) 5 & gl
Moisture (%) Dry substance (%) Fat (%) Ash (%) Protein (%) Sample
$ Sl
69.29+0.80* 30.7140.74* 5.31+0.05* 0.095+0.001* 19.32+0.10* Al S
Beefsteak

* Mean values +standard deviations
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Table 3- Effect of marinating with broccoli juice and soy sauce on physicochemical and textural properties of
beefsteak chunks during storage at 4 °C.

(cell) OAs 3,5 0k

Lajles 4 ge
Tenderization time (h) Treatments Sample
48 24 3 1 P
5.88:+0.08"" 5.59+0.03%? 5.67+0.073¢% 576 +0.07°%2  Control.asls
6.32£0.07"*  558+0.07%*  5.70+0.02%*  5.74+0.04°* A pH
5.54+0.05"¢ 5.40+0.065° 5.38+0.05°%° 5.23+0.02¢° B
5.34+0.08"¢ 5.24+0.15°8P 5.17+0.02%°¢ 5.13+0.02¢¢ C
112.53+2.94°  105.89+2.63%¢  89.31+3.10°°  83.50+3.39P°  Control.als
123.58+4.24""  117.33+3.34B°  90.57+2.21°°  84.28+4.27°2 A (05 2 05 o) o I
135.70+3.07*%  129.79+5.01%%  103.81#5.29°%  87.69+4.32P4 B Protein solubility (mg/g)
119.60+2.10%°  112.50+4.55%"  89.94+3.26°°  83.83+5.16°P® C
1.28+0.26°¢ 1.54+0.045° 2.09+0.05°P 2.1240.39”%  Control.sLs
1.18+0.12¢4 1.5240.138%  2.00+0.49°  2.11+0.477% A (e)2) 4l 4l
1.46+0.04%° 1.54+0.218° 2.11+0.28"2 2.11+0.24%2 B Drip loss (%)
1.77+0.36°2 1.85+0.2552 2.13+0.3372 2.14+0.1472 C
27.50+2.10%%  28.37+1.04%°  31.16+1.15"%  31.13+0.55”"  Control.sLz
20.23+0.98>°  27.90+1.38°°  30.43+0.23%°  30.95+0.47°° A (e 3) oy 2l
28.43+1.34%2%  2936+0.918%  31.12+#1.08%%  31.37£1.374%® B (%) Cooking loss
28.9240.49%%  29.71+0.48%%  31.68+2.09"*  31.96+0.32"% C
38.48£0.25""  36.50+0.33%°  34.87+0.14°*  3441#0.32°*  Control.sL: )
4159+0.28"*  37.14+0.35%%  33.13+0.13°¢  33.22+0.23¢° A (he2) Sl )l oo b
37.40+0.26"°  36.27+0.19%°  33.96+0.18“"  34.11+0.24%* B WHC (%)
37.10+0.1°¢ 36.08+0.15°  34.23+0.25°°  34.03+0.16%? C
164.6245.96%%  168.23+6.72%  203.51+6.34"% 215.22+7.80%  Control.sls
81.37+7.04P¢  127.46+7.60°° 185.27+5.03%¢ 211.18+9.89"? A () o2 S350
64.58+2.80°¢  101.73+1.61%¢  165.30+4.44%¢ 184.89+3.20"° B Shear force (N)
11946.20°°  145.05+7.12%°  191.40+6.60%° 212.63+5.30"° C
8.75+0.17%% 9.14+0.4652 0.47+0.25"B2  9.78+0.10"* Control.sLs Jsleeal 038
7.830.35°¢ 8.28+0.25°°  9.29+0.10%®  9.67+0.19"? A Gadke oS ko)
7.13+027°¢  7.88+058°°  90.01#0.34%°  951x0.27" B Insoluble collagen
8.35+0.23PP 8.74+0.05°P 9.41+0.2652 0.72+0.1272 C (mg/ml)
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Values are mean + standard deviation in triplicate.A-D significant letters indicate statistical differences within marinade treatments

and a-d show significant different letters within the tenderization time at P<0.05).Treatments include: control: crude beefsteak, A:
beefsteak + 2.6 % (v/w) Broccoli juice, B: beefsteak + 2.6 % (v/w) Broccoli juice + 25% (v/w)soy sauce, C: beefsteak + 25% (v/w)

S0y sauce.
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Figure 1- The Myofibril Fragmentation Index (MFI) of beefsteak chunks with broccoli juice and soy sauce during
storage at 4 °C. A-D different letters within marinade treatments and a-d different letters within the tenderization time
indicate statistically significant differences at P<0.05.Treatments: control: crude beefsteak, A: beefsteak + 2.6 %
(v/w)Broccoli juice, B: beefsteak + 2.6 % (v/w) Broccoli juice + 25% (v/w) soy sauce, C: beefsteak + 25% (v/w)soy
sauce.
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Figure 2- Scanning Electron Microscopy (SEM) of beefsteak chunks with broccoli juice and soy sauce during
storage after 48 hours at 4 °C. Treatments: sample C: beefsteak + 25% (v/w)soy sauce, sample A: beefsteak + 2.6 %
(v/w)Broccoli juice, sample B: beefsteak + 2.6 % (v/w)Broccoli juice + 25% (v/w)soy sauce, sample Control: croud
beefsteak. Magnification of x1000 A, B, C and Control samples. at acceleration voltage of 20 kv.
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