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Table 1- Influence of marinating with broccoli juice and balsamic vinegar on physicochemical properties of
beefsteak cuts during storage

Storage (h)

Parameter Treatment 1 3 2 28
Control 5.76+0.07AP 5.67+0.07Abc 5.59+0.03A¢ 5.88+0.08B2
H A 5.74+0.04Ab 5.70+0.02Ab 5.58+0.07A¢ 6.32+0.07A2
P B 4.52+0.05¢0 4.50+0.09¢0 4.47+0.1¢0 4.83+0.08P2
C 4.80+0.058¢ 4.7240.048/c 4.64+0.058 5.06+0.08¢2
Control 32.41+0.32A4 33.87+0.14A¢ 34.50+0.73¢h 38.48+0.25¢2
WHC (%) A 32.13+0.23A4d 33.41+0.13A¢ 37.14+0.35AP 41.59+0.28A2
B 32.24+0.09A 32.69+0.48B¢ 34.12+0.16° 37.39+0.54P2
C 32.47+0.25A¢ 32.88+0.13B¢ 35.56+0.4485 39.90+0.1082

Values are represented as mean + standard deviation. A-D different letters within marinade variant and a-d different
letters within the storage time indicate statistically significant differences at 95% confidence level (P<0.05).

WA (5 1SS a g0 S5 434S ok @ ad (BIS
59 0 59 sad WMel WBSF il oo e s8 B3
EA P<i/e0) ad saalie eedl o Lo Olas
cullad 4 Gleee 1 prase ) ale (cela
snd sl Sobal 5 Ll e
Lol 1YV oIS 5 L) cails b se (S5 50
vy oliale lagaiissy 5o LS5, ool S
ol O L sud sre AL 5o 4S (n5sme 5 (IS
Glasis cusad b S Aok ) sas SSse
@il Hadd o she 4ol Ho 5 (IS (slasud (55,50l
5 Lsl) wliwa LS, jo O3S daa 51 (sdisn
g 20 oo GRS Ga LLSHA (Y)Y o )lSan

ad S gladsa Hudos ce w9 ool b i

5ol Seil gaaalinle G oy

SIadi 090 b o O 9 slagadls
sael Y Jgaa 5o w3 4 MPS 5 MFI WBSF sl
oo 2 Ll LlEie 315 ooy wlisle g 51 ol
P<efe0) am abdyl Hlabae LA sad oy g aY
G305 Oloae (sl o550 Yol GRal38) L (Y Jgaa
Ol o paled bl 4 Gain) oy sad e
Elatss 4 Lo iy dlef Sl s
G oadl ShalS aald g b odanlie o gulysle
WBSF :Silse (0 53aS (nen s 8598 b 5 4S 5ok
oo gsla S C gladsas 5o GSS w
S A s 5 (G5 VM) SeelBlls &St K

9 (B AVYY) ol & Koy opmd sl



W) Jlo IV 0)les YY als / plie mlio (cbaingly 4 i

...9;&@ ‘Gb):.a Voo

Sl Dhssa (ol e cuaal 51 50 lad sal (5,l0eSS
saiay HLaS Y Jgaa (YA OlLlKaa 5 sul) Slalu)
39 MFL el el A Jsb oo ML oluis i,
(oIS 8598 Uk Lo (oo o se AliAs (slalas
A obe) wliusle s 530 s a8 LB b 4
(oel V=¢A P<ifi0) @i S I8 Lol Jlas
Ve ik oS e daadle ¥ Jsua Hu S sblea
03 paald Gl Sl (gulaeSs a0 iyl el

S o s ol gosra K, sulsle slasles LK
clakd da g LB Ghlbdl aals ags 55, B 50 ol
ool (P 0) asias audly S5l 59 SNt slas
oot ol AL s Ho Geged o dulEl W,
WS G oo eond 5 (C) Saelblly &St S
5 D) Dl ag olres gidn cad b (A)
W8 wa S gus 2bosl oo (YY) GlLKea
s s aga o) SN 1, ML @l g ,Ss sl
o0 byl s col snian Lis Ll o 4SS aiiaals
@3 homdse oYLl (38, (s 5 5 1wl sl
wase Ginla 38 1 @5 alana oIS <L
OIS @l b Ghassy ol o sad LIS sladil
OLEas 5 (ghas (Y2IY) GllSan 5 oS Lo 5 su
i3 4 aS (YoNe) Gl,lSan 5 (o8 Cines 5 (VYA
slaal o Jaad) aslae 5 epshl u Lge 3
DS suliial fre w5 J8 S S Lo e
Laag b anals oled) s, ol aials cdsla,
Olae id; LIS golusle sladslas 5 o)lae clile
8009 Job 8 (08 Sew gl JSAES ey
e I
b owmlie 5o sud Hlad gladipes wan 5o eals

B8 (69 s wald L gad
29 MPS ¥ Jsua 5o sl Gi1S ml® suled s
L aald G b danlie Ho guliy)le Alins slalas
SUL oS ane0 sy 5o ga s BB b
o Las cpas Cpl (caela VA P<+/r0) w0l

s QW) BB Saalbll S 5 (Ko 0l ol
sui€o 5 slam iyl € ool & e s b K Gk )
Gl s s Slae gard bl pd cas (IS5 850
Gy cullad SiSlaa b 5 (V0T llSea 5 o)
Saol 3l 4Ssu a8l sl o 580 Baa @il
Gage bulyd Wi oo baae PH sias ualS l e <
slmnl callas o Jos @ 5 gudls; o
rede LL 5D g slaguaslS o505 4 (5555
90 Ol OV S aal 3 IS5 ead (slajli 5y cullad
Aolagl 4 saie Wl e SelBll S G358
Sse s S ok aSlee o dewd
B8 @l bl Gl sl i S AS la S
Lalyd 51 aS (Y434) OLKaa 5 308 b sad
o oa S iy o Aline gl 5 (ol
o S GISLa 55 cpl il cypline wio S suliil
5 e S puabigs oS53 ) sl g (SLS
Sols Laaasl .wio S soliia sl ,)le cyga s s
slsle sladisad 5o (B oo Eae s 00 JhalS
G o8 (YV) S 5 Jals Griaes s sad
Gd S s 5o i Guos desa Yo Luals
L nlio 5o 4l cun gy spliae b sad aliyle dlis S
a5l SSEB SuS sslal sads slipsle Sy
G 080 was (lae b Sl
S5 sy ool e 4l caa sy oslae sla3l 5
ssmse SWae ola,l olaks wlass suian oLis MFI
SSo Olsie 4 g sug (Sae glad sl a5l
it g Sd s Gl Lk, oosies
9 iS) Ssdipe e Garw; o9 Jsb Lo pla
Dbl Gl ool o9 S s A (YT O)lSes
o gl A1 S i o ol AR ol e
O S e e sl slasaill 4 al

5 il sols] _\.‘_.J_,s Lilyd opises 5 ,lag )

! Sarcoplasm
2 Glycolysis rate



Ve 61K 090 Jsbo yd 0ais ol jlo dllwsS Sl (inluST (g5luk g (635 5 Kol Jb S s 5 (S5 0 i ,..:L»

(R%=+/AA) MFI _al3s) o @lylge 4 5 (R%=+/4Y)
253 S aald G b danlie Hu guli)le sl les
3 Sla ol sad GuSaie @] (Siaad (o ps o
Sl oo Sl a Gl O (a5 BB LLSS s
(BB 93y (nl 59 ssel Gy B2 0 a5 b () JSa)
clas s WBSF 5 MFI MPS (sla jisl,ly oy dlasl,
Bhe «Saal3ll S 5 (Ko ool b sad slysle
don 51 hombse slanSs Sl Dl g
(oo (iSies 85335

5 Doseesmes Mo Culagiisn oas
Z slabn 5o 85 S glasal g 0 T 51 lagsiss s 3
(Ve GISan 5 s 5,8lS (soale) wgs T BILLI
dolae 5 000 S Glismdsne slaeS ol @8l 5o
b S o e ¥ soma callas 586 cas
Ofiped 5 ad B3 od S G Gamli,le wl
5 LS Jold) e € ab sladls,
alhhuis ol S L0 wws S JSas (lagueslS
sl 50 sresSole laaaly slasd (oliasdisu
MPS s MFI (iul3l 4S (g sb 40 ol (palS 3dae
a2 OB BB a0 (b 5o WBSF uals
st el (glaaiil b b ol Y10 ol,lKan 5 )
adls Glsdan (Vo0 6) OhKaa 5 JuSlal, b s
Joliie slassS6 o YU (Shiusen 9pas © Lol
b b aenlie ;o WBSF s MFI il 05 (b))
Oed D0 S oLl g (L5 e S LA,
sadd JS3 lalsly 59 soSedlal (o) Ska o3y ol g
o ollig ea K a8 Gloee o o sl
Wl oigen 5 s san gulde o i
S soslee sla S L aa S slass,,ls
W3S algidng

Cgad o pusuno Sl (Jol cela ¥ ok
AJoV) A Slas 53 5 (pUS o Sl AV/YY) el
2323 (poS o2 SRk AYA0) B 5 (a8 5 SRl
YR (e a0 delol b Lol (P>+/+0) cntlus
haadle wald g 5 sla 5o Gl Gn a8 OLLE
59 35 MPS &l3ae (e 5YL (caeli Y-$A P< /- 0) it
08 S ad GBS (a8 s SRl e VYE/Y) C Llas
sl L1, osd Llosne oplds g5l s,00 S
soalbs (el V= ¢A P<:/i0) 5 S Lia la,las
SialS S 5 S WMol (Y-¥+) olSan 5 (so556K
LAl 5 wlasd (Il 5 Sl s o slasl celas
Sl 5o Gl plS VV-Y0 sugane 5o G55 Saw
Sowos ool amd b osad slple dlw s
© shomdsre slagaSsn s a5 b Sl
Job 58 omaws 5 Gadsme 0 85um3) (o gead
cala (il LaT delal Ho aass ol pad s 8599
Joloe sla0i 55 cla g seae Jolids Lagyi g 5 JS
Jobeo sLi2 (53358 Ghal38l 4 50 1) S 5 OF Lo
5 oBasSs L9 sad Jlael gusal pa BT bl b cas
S 35 Sann sLAC 5 alaas (Rl G Jlio 4
Ll ssas 4 50 (YIA) oLlKaa 5 o gundo uiols
culda b bglyn K e oo sl
Ll wa S sl Sy OT Lo doslas slasa s
Olsie @1, oF 5o Jslas slagaiy s calla Gl
s S (5958 oud obi)) o malias e oedld
cabla gulS (58 4 (laes Ll Lo S bdore il
colbe o8 olasl Ho Ko Ho Jalae slagii
a3 ool 5o s a5l ol b o sl o, Lasly
niaed 5 (8) MPS s WBSF (us L) .o s Gl aa
opnt b sat olinsle 4l € s (b) MPS 4 MFI
sad sols Ginled VS8 5o Saalbll 4S5 5 (S

! Myosin heavy chain
2 Desmin



W) Jlo IV 0)les YY als / plie mlio (cbaingly 4 i

V¥

S yludss 0,90 o MPS g MFI (WBSF ju Sl b dS pou 9 (LS 9 53 0 paidi b dllew 98 Saiival alis jLle S50 Y J gaa

Table 2- Influence of marinating with broccoli juice and balsamic vinegar on WBSF, MFI and MPS of beefsteak
cuts during storage

Storage (h)
Parameter Treatment 1 3 o1 8

Control 215.22420.14A2 203.51+19.76AP  168.23+16.094¢ 124.62+11.25A4

WEBSE (N) A 211.18+18.33A2 185.27+18.09P  127.46+11.58¢¢ 81.37+7.43¢4

B 212.9+19.28A2 191.60+18.898P  145.93+13.22B¢ 90.31+8.1584

C 208.8+ 20.04A2 172.58+17.02°  111.77+10.87P¢ 70.88+6.5404d

Control 43.19+3.78¢4 47.3443.92¢¢ 53.57+5.33Pb 56.37+5.50P2

MFI A 44.82+3.8484 49.86+4.34A¢ 55.04+4.9880 60.38+6.1482

B 43.97+4.46BC4 47.75+4.42C¢ 54.86+5.00¢° 58.71+5.72C2

C 45,55+4 25Ad 48.91+4.408¢ 56.80+5.40A0 64.33+6.23A2
Control 83.50+8.00¢4 89.31+8.028¢ 102.89+9.48P» 110.53+10.38P2
MPS (mL/g) A 84.28+8.0584 90.57+8.93B¢ 117.33+10.768° 123.58+11.24B2
B 83.83+8.02¢4 89.95+8.09B¢ 110.45+10.27¢ 119.60+11.00¢2
C 85.44+8.03A4 08.56+8.93A°¢ 125.32+11.69A° 134.30+12.28A2

- (a) ¢ 03075e s 15,562 (b)

MPS (mL/g)
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Figure 1-Correlation between WBSF versus MPS (a) and MFI versus MPS (b) of marinated beefsteak with
broccoli juice and balsamic vinegar

Values are represented as mean + standard deviation. A-D different letters within marinade variant and a-d different
letters within the storage time indicate statistically significant differences at 95% confidence level (P<0.05).
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Figure 2-Correlation between PV versus AV (a) and TBA versus AV (b) of marinated beefsteak with broccoli
juice and balsamic vinegar
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Table 3- Influence of marinating with broccoli juice and balsamic vinegar on oxidative properties of beefsteak
cuts during storage

Storage (h)

Parameter Treatment 1 3 o1 8
Control 2.39+0.08¢4 2.50+0.248¢ 2.61+0.08¢P 2.81+0.04C2
PV (meqoy/Kg) A 2.29+0.07¢4 2.50+0.078¢ 2.60+0.09¢P 2.70+0.06P2
B 2.60+0.09A4 2.82+0.08A¢ 3.23+0.06AP 3.74+0.05A2
C 2.40+0.0884 2.65+0.10¢¢ 2.87+0.068° 3.50+0.0982
Control 0.05+0.01¢¢ 0.05+0.01¢¢ 0.06+0.01¢P 0.07+0.01¢2
TBA value A 0.04+0.01P¢ 0.04+0.01P¢ 0.05+0.01P* 0.06+0.01P2
(mg/Kg) B 0.07+0.00~¢ 0.07+0.01A¢ 0.08+0.0054P 0.09+0.00A2
C 0.06+0.01B¢ 0.06+0.01B¢ 0.07+0.018b 0.08+0.01B2
Control 0.02+0.0058¢ 0.02+0.005P<¢ 0.03+0.01¢b 0.03+0.01P2
AV (mgKOH/qgr) A 0.02+0.005B¢ 0.03+0.01¢® 0.03+0.01¢b 0.04+0.005¢2
B 0.04+0.00~4 0.05+0.005A°¢ 0.07+0.01A° 0.08+0.00542
C 0.02+0.005B4 0.04+0.005B¢ 0.06+0.008° 0.07+0.005B2

Values are represented as mean * standard deviation. A-D different letters within marinade variant and a-d different
letters within the storage time indicate statistically significant differences at 95% confidence level (P<0.05).
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Introduction: In recent years, the special attention of food industry has been focused on the use of
the non-thermal and economical methods to preserve food and increase its shelf life. Among these
methods, the utilization of natural antioxidants and antimicrobial compounds has been mentioned.
These compounds not only eliminate the side effects caused by the usage of chemical preservatives
in long term, but also improve the textural and sensory properties as well as increase the shelf life of
meat and their products (Mazaheri Kalahrodi et al., 2021). Quality, tenderness, and taste of the meat
are important factors for the customers. Hence, the absence of satisfaction can be the reason for
complaints and reduced meat consumption. Marinating by soaking, injection, and vacuum tumbling
is one of the most important and convenient procedures to improve meat quality and tenderness.
Mixtures containing water, salt, acidic marinades, vinegar, and fruit juices were generally utilized
for marinating the meat. In terms of penetration and saving the ageing time, injection is one of the
most well-known and widely utilized techniques for meat marinating (Mazaheri Kalahrodi et al.,
2020). Meat tenderization through marinating occurs by two primary mechanisms; the first is
through decreasing the pH leading to expanding and dissolving the connective tissues and muscle
proteins. The second is by providing appropriate conditions to increase the action of intracellular
proteases or proteolytic catalysts extricated from the fruits and vegetables. Adding the salts, such as
sodium chloride, calcium salt, and phosphate modifies the quality of meat due to the improved
ability to maintain the water (Kim et al., 2013).

Broccoli (Brassica oleracea var. Italica) is one of the most significant and abundant vegetables
which was considered in terms of its taste, anti-cancer, and antioxidant components i.e., sulfurfan,
indole-3-carbinol, and selenium. It was presumed that the metalloprotease, cysteine, serine, and
aspartic proteases present in the broccoli juice display proteolytic activity on the myofibrillar
proteins and connective tissues. Four cysteine proteases and one aspartic protease were recognized
in the broccoli juice, which were similar to papain protease (Wang et al., 2004; Rostamani et al.,
2021). The most enzymatic activity of the broccoli juice was observed in low pH conditions. The
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proteolytic activity of the broccoli is equal to 16.9 U/g in acidic pH and the density of Brassica
oleracea proteases is about 45-70 kDa (Sun et al., 2016). Furthermore, traditional balsamic vinegar
is a conceivably healthy flavoring with a high level of cancer preventive constituents and is rich in
phenolic acids and flavonoids (Verzelloni et al.,, 2007). Nevertheless, there are limited
investigations on the meat-softening strategies with balsamic vinegar (Mazaheri Kalahrodi et al.,
2021). Therefore, the role of beefsteak marinating with broccoli juice and balsamic vinegar and
their effect on the meat quality attributes during 48 hours of tenderization period were investigated.
Material and methods: Firstly, fresh broccoli was homogenized. Then, the blended material was
compacted in a triple-layer cheesecloth, and the juice was extracted and centrifuged at 16,000 x g
for 5 min at 4 °C. The resulting supernatant (pH 6.56; extraction efficiency: 10.4%) was poured into
the topped microcentrifuge tubes and was kept at -18 °C until further testing. Then, the fat-free
beefsteaks with a weight of around 1 kg were cut into cubic pieces (10 cmx10 cmx10 cm). Based
on the preliminary studies and minimal adverse organoleptic changes, three marinade solutions
containing broccoli juice and balsamic vinegar were prepared and injected into the beefsteak cuts as
follows: Control: beefsteak without marinade, A: 2.6 g broccoli juice injected into 100 g beefsteak,
B: 10 mL balsamic vinegar injected into 100 g beefsteak, C: 2.6 g broccoli juice + 10 mL balsamic
vinegar injected into 100 g beefsteak. For better distribution, the treated samples were gently
massaged by hand for about 1 min. Then, all samples were transferred to the polyethylene sacks,
and were stored at the refrigerated temperature (4 °C) and evaluate the influence of meat marinating
on designed tests consisting the pH, Warner-Bratzler shear force, water holding capacity, myofibril
fragmentation index, myofibrillar protein solubility, peroxide value, thiobarbituric acid index and
the acidic value at 1, 3, 24, and 48 hours intervals. Different samples were used to carry out the
time-dependent analysis.

Results and discussion: At first glance, the effect of marinade variant, tenderization period as well
as their interaction on the evaluated parameters was significant (P<0.05). Accordingly, marinating
beefsteak with broccoli juice and balsamic vinegar significantly (P<0.05) reduced the pH and
Warner-Bratzler shear force over time. Besides, marination considerably (P<0.05) increased water
holding capacity, myofibril fragmentation index, myofibrillar protein solubility, peroxide value,
thiobarbituric acid index and the acidic value of all samples compared to control during 48 hours of
refrigerated storage. The results of this study showed that the best quality and texture characteristics
lead to tenderness preferred by consumers can be achieved by applying 2.6% broccoli juice and
2.6% broccoli juice + 10% balsamic vinegar. Apparently, by increasing the duration of cold storage,
the beef tenderness increased. Therefore, the minimum Warner-Bratzler shear force (70.88 N) and
maximum solubility of myofibrillar proteins (134.30 mL/g) were observed in the combined
treatment at the end of storage (P<0.05). Besides, correlation between myofibril fragmentation
index versus myofibrillar protein solubility (R? = 0.88), peroxide value versus acidic value (R? =
0.87), and thiobarbituric acid index versus acidic value (R? = 0.85) of marinated beefsteak with
broccoli juice and balsamic vinegar were direct, while indirect relationship was recognized between
Warner-Bratzler shear force and myofibrillar protein solubility (R?= 0.93).

Conclusion: The effect of different treatments on the tenderness and oxidative stability of
marinated beefsteaks indicated that the broccoli juice contains efficient proteases that are better
activated under acidic conditions. However, acidic conditions make the samples more susceptible to
fats oxidation. Thus, it can be concluded that by optimizing the formulation of the broccoli juice
and broccoli juice+balsamic vinegar marinades, they could be used as natural meat additives to
improve the physicochemical and structural attributes of the beefsteak. Hence, broccoli juice and
balsamic vinegar can be used as an effective marinade on a domestic and/or industrial scales as well
as their nutritional benefits in preventing background diseases.
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