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Abstract

Industrial production of processed meat products using venison requires optimization of quality attributes. In this
study, physicochemical and sensory properties of hamburger steaks made with venison were evaluated. The crude
protein content increased significantly but the crude fat content decteased in proportion to the venison content. The
saturated fatty acid content increased as the venison content increased. Both monounsaturated fatty acids and
polyunsaturated fatty acids decreased with increasing venison contents. The oleic acid content was the highest, followed
by palmitic acid, stearic acid, and linoleic acid. The free amino acid content increased in proportion to the amount
of venison added. The most abundant amino acids in the three types of steaks were alanine, glutamic acid, glycine
and leucine. In result of sensory evaluation, the preference for hamburger steak made with 100% venison was relatively
high among samples except flavor. This results confirmed that the sensory properties of hamburger steak made with
venison are superior to those of pork, and thus industrialized venison production is promising.
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o|BE 7|5 HAOE Sk Ao HI| AREaL7|9] AH]
7h LgstA o]FofA|R] Fshal QloH, o]= AEAN: BTt
9] &5 kS FlAl= 83 82I(Kim 5, 2020)22
AEAR] A =80 AREAV| & Akl s7tas
9] AR E 7HA e kg2 w9 AlES IA=t o
laesl=g

FHALH )T AFAMY] Wgo] wet 7HY7hEA] 5
ready-to-heat(RTH)2] Fej|2 &ils] o] &=L Qlo] A&
715 ol&tt AHo|AE MELR 7Y 7HHA o R FHES] &
& 7t Ao® wEH(Park 5, 2004). o]o] & 150
Ae ARSI E ol&ste] AL e AR 4
Hotal AlxH AE0|=Z9] ML, FAM, e, AHpik &
g, of|ieAl oFg 9 e B3 gRlste] = Al
9] S715F ARISHE It 712 A=E AlFstialat st
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(Choi &, 2016)0f w2} Fig. 13+ o] AA[SISIT: &, T
St A3t A RA o] AAE UES-2 8 mm plate”} F2HE
=211 (PM-114L, Manca, Barcelona, Spain)2 E-4}|5131.2
™, silent cutter(CN-21, Manca, Barcelona, Spain)E ©]-85
o Yu33 AlEsto] ARSI Aol AREE AFol=2
of vl Table 13} @tk AFola Yut BARS 7t
Sto] 337 SRRt & 12490 mm, 701 g & AT F 20T
oA AgStHA Almz ARESHTH
ZChHEE ZAY B 23
2l ko AOACH/O] wWet KjedahlH o2 =513
THAOAC, 2005). ZAH}; SFES Min 5(1998)9] HiHof u}
o} bz} B 0]83k o2 F2UL 0|8 =,
3 g9 A2 ot FYslel nhzjo} o] U S5
11 mLE 713t o3 X9k R Yok 1.5 mLe} 95% ofeh
10 mLE EFSIIc S ofHZS 15 mL il 2
A7 49 o2 15 mLE 271 7o) E3F T HAA
Ak Bl To A2 Bekao] vixyokze) A5 o1g
ofaix|g o] §3to] ofuiet F FUT WL 233] W3]

ol ON‘

Thawing « in the cold water

‘ (0-5°C)
Screening * Excessive tendons and fat removal
Grinding *<5mm

v

Subsidiary material

v

Mixing

v

Forming

v

Heating

v

Cooling

v

Finishing
Hamburger steak

Fig. 1. Procedure for preparation of the hamburger steak made with
venison.

* ice, salt, phosphate, sugar

<T0+1g

 Internal temperature : over 72 °C

* Below -10°C

Table 1. Formulations of hamburger steak made with venison
(unit: %)

Hamburger steak

Ingredients
HPP”  HPV? HVVY
Pork hind leg 100 50 0

Meat Venison 0 50 100
Total 100 100 100
Ice 10 10 10
Salt 0.5 0.5 0.5

Others
Phosphate 0.3 0.3 0.3
Sugar 1.0 1.0 1.0

DHPP, hamburger steaks made with pork.
YHPV, hamburger steaks made with pork and venison (50:50).
YHVV, hamburger steaks made with venison.
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T2 AFEOlS water bath(75C)0A SUARAZ & =gt
0]QE(60T)0 ARAA TS T5FAT

AAE o A4S fIolA AR AR 10 gofl 222X
S WeEE 2:11(viv)E SRRt &1 150 mLE ¥ 38
&2 2,500 xgollA &7 = wpafRt the o] ¥}A|(Whatman
No. NZE oja}sigict. ojxpHo] thA| SEERZEN} ek
= #7185 100 mLE o AR} v & §EA17]4, 0]
ofdlof| FHRTE F oA disto] 1/3 Hx =A H7lsto
TB= WFIL, 3,000 xgollA 1027+ AilEEste] sl5H
2 A B0 AR ABSHT. o] SRS ofukst
5, T T2 NapSOsE o]8510] F2t ofHfsiitt. oA
Aojz] ofHES 5=7|(Rotary evaporator, N-1000, Eyela,
Tokyo, Japan)& ©0]-&3}0] 560-565C AlC|o|A 5511, &
SH A ATAE FURL F parafilmO 2 W-55HH,
methylation7Fx] -20Co|A ¥& HstATt. A A=
4-10 mgS 0.5 N NaOH €9 1 mLE 7}sjo] WEs the
90T ol|A 3087t 71E8510] WSk & thA] 2 mL BF;-methanol
<= 93, 90TNA 3087t 7HESE & 0.5 mLE FsI3ith of
710l 1 mL9] heptanes 7Flal F26] = F 2 mLo| 23}
NaCl €%-Z 7}sto] 187F S thd 3087t WA|5k3ich
o|gA dojX 4ZH 0.5 uLE 5] gas chromatography
(Agilent 7890, Agilent, Santa Clara, CA, USA)Z E435}%
t}. GC9 AHL HP-INNOWAX(30 mx0.25 nm ID, 0.25
um film) (Agilent 7890, Agilent, Santa Clara, CA, USA),
ALV 5= 260C, Y7 255 260C, 2E 25 =
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of 32} 2545 A7t 100 mLE A-235F T2 amberlite
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FAFRS Fol wA] FERE oA 5%
NH,OH &% 300 mLE &&AA AP & 02 N
sodium citrate(pH 2.2)2 58] 3]A4st o2, oJ7}+X|(0.2 pm)Z
o5t ol 20 ULE ofH|icAt AR5 E417|(Bio chrom 30 amino
acid analyzer, Amersham bioscience, London, UK)Z £-45}
it} Sodium citrate buffer®] 942 35 mL/h, ninhydrin®]
940 25 mL/h, &% 7127)% 46, 50, 95 I 467, BAT}

A2 440 nm®} 570 nm, ZH-2 cation exchange resine &

Holl Ag3toict.

i
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7|50 ek WEHARE 9% HrHog AHASigt 11
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A S Fig. 2(B)°]l Vel Hie} ). HPPO] 2AH) 9
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(22.9%)°] HHA|21719] Fhel BFH(18.5%) E Tt 4.4%P =2
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Fig. 2. The content of crude protein and crude fat in the hamburger
steak made with venison.

HPP, hamburger steaks made with pork; HPV, hamburger steaks made
with pork and venison (50:50); HVV, hamburger steaks made with
venison.

Different superscripts indicate significant difference at p<0.05 by
Duncan’s multiple range test. Values are meanststandard deviations
of triplicate determinations.

A4M 2

U25E gEoto] ARt AHAAH 0T A4 273
S ZRISH AI= Table 20 YeRH I AL 2442
TFS 10002 2 F 7Hg Apate] /818 3t Zo=2
A2 AGFI= ZJols Holck Ak ISER|HPAL 5
T, DUELSIA AL 4%, PPHEESIAAL 35 5 F 12
Zo] BNt ESAAL SRR HVVOlA] 47.57%= 7}

Table 2. The fatty acid composition of hamburger steak made with

venison (unit: %)
Hamburger steak
Fatty acid

HPPV HPV? HVV?

C12:0  0.2240.00° 0.16+0.00" 0.16£0.01°

Cl14:0  1.98+0.00° 2.7240.00° 3.354+0.00"

Cl6:0 24.1240.01°  25.55+0.00°  26.77+0.01°

SFAY

C18:0  9.18+0.01° 16.41£0.01®  17.11£0.01*

C20:0  0.18+0.01 0.1840.01 0.18+0.01

Subtotal 35.68+0.01°  45.02+0.01°  47.57+0.01°

Cl4:1  0.02+0.00°  0.82+0.01° 1.99+0.00°

Cl6:1  3.1240.00°  5.57£0.00°  7.21+0.00"

MUFAY C18:1 43.1240.01*  33.99+0.01°  29.11+0.01°
C20:1  1.1240.00° 0.33+0.00" 0.3120.00°

Subtotal 47.38+0.01°  40.71£0.01°  38.62+0.01°

Cl18:2 11.65+0.01°  9.74+0.01°  9.54+0.01°

C18:3  0.66£0.00°  047+0.00°  0.40+0.00°

PUFA®

C20:22  0.45+0.00°  0.11£0.00*  0.11+0.00°

Subtotal 12.76+0.01*  10.32+0.01°  10.05+0.01°

Total 95.82+0.01°  96.05+0.01°  96.2440.01*

YHPP, hamburger steaks made with pork.

YHPV, hamburger steaks made with pork and venison (50:50).
YHVV, hamburger steaks made with venison.

YSFA, saturated fatty acid.

SMUFA, mono unsaturated fatty acid.

®PUFA, poly unsaturated fatty acid.

Different superscripts indicate significant difference at p<0.05 by
Duncan’s multiple range test. Values are means+standard deviations of
triplicate determinations.

A =olom], HPV(45.02+0.01%), HPP(35.68+0.01%)2] &=
o et ARg 1] gege] 270l vilato] kAL
T £olS SRlT S gtk HlRES A of
BRSPS TES BF AR Sieg0] 271
wjef WolAll A2 slelsjgich, Ate] EREATL oleic
acid(C18:1)9] §FFo| 7P &=3k0 ™, palmitic acid(C16:0),
stearic acid(C18:0) & linoleic acid(C18:2) <=0.& Wo| Sk
o] At EOPAPARY] FFS HE Al&OIA palmitic
acid, stearic acid ¥ myristic acid(C14:0)2] <02 3gfo| =
Ko, Al AAE B AREI17]9] gFgol| HlFsto] F7Fst
+ WS HAvh GUEISERHARS oleic acid, palmitoleic
acid®] 0.2 §o] RElo] P A2 LERLOm, olic
acidi= AEI1719] Z71ko] S7Ietol wht §ego] 4stgl
O, palmitoleic acid= HH Q] sjH-& Bt tf7f Exs}
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A4S linoleic acid7} A AJ@HolA] 71 Hol TRl o]
Ao, 1 3=FS HPP, HPV W HVVZ} Z} 11.65+0.01%,
9.740.01% 2 9.54+0.01%5 UERITE 7 5202012 Al
715 H7bsto] MRS AZSE & A4 2448 RIgH
A3}, ZepAHPt] AREaL7] 9] ggol| HlF|sto] S7I6l e
o, GUEILA A T RE ZOA AR ARG 3Fg]
HHFEsh= HES Hol Z1og B Aol AR A7E B
2%t v} )
f2jotn| it BhEF
eSS defot] A2 FHAAH0|ZY Fefotu]
Ah 2742 ERIgt A= Table 30 eI f2jot] e
AR 1780] EAESoH, F FEjot]icAt T2 HVVO
A 125.0+4.9 mg%E 71 =74 RO M, HPV(101.2+4.0
mg%) X HPP(80.8+3.1 mg%)9] =02 Ueh}, f-gjohn|ie
x40 Heke Ags]e] Arfelo] slelelol Bolt Ao
Sjolelolnt, HAIT/|E FURE T HPPOIA 71 ol 3
5%l o}u] AR alanine, glutamic acid, glycine & leucine®]
=0|8loH, HPVe} HVVOA = HPPL} -FARE A3} €91
=}, ol= HR17] Fofl Bol EAsh= 2ok ieAto]
4, 24 2 SFF4te]2kal g Hil(Ewan 5, 1979;
Lakritz -5, 1976)2} FARE ZAafolch 2 AtoflAl= 5t 43
E(threonine, glycine, serine, alanine 2 lysine), =3t 9k A&

gol

(glutamic acid, aspartic acid, cystein), 25t *JE(isoleucine,
leucine, methionine) ¥ 7]E} A3 ¥ (arginine, proline, phenylalanine,
valine, tyrosine, histidine & tryptophan) 9. & —LE5}0] S5k
< H|WSIYHH(Choi 5, 2011). T3, 13 g, 25 9 7]
B} A& B HVVOA 7HY A Uetston, HPVe}F HPP
o] 4202 el ok Aksrle} 231719 Tl e
o] Hjx|az7]o] v =}7] Wil A= W A 52
ARE7|E H7Foto] A3t AR ] [Efohr|icAl SFES
AlEa17]9] o BlF|sto] o on, Hepoln| Ak 9
Fr =5 MR EG oA £ Aqel fARE 23E o
St B} k. o] ¥} 5(2000b)2 ARSI7]7F TR At H
wsto] ThElE Jhefo] Eom, Faoln|iito] JFg} HlE
T Ao E Erhe Hiote dX|sk= Aot

r
ofr

At

=252 GEiote] Azt WALl <, Y],
2217, ot 9 9 7] et isto] weHARE AR 2
YRz Table 40 LERA vl ). FR 2 ARGAVIE o1&
St WA AEO]AHPVERF HVV)O] it Aot BE &
AEOIA 7P B9heH, HAI|E Fdee Azt E
H7] 280|329 7|27t g Alejt B FEOIA 7t

o

&)

Table 3. Free amino acid of hamburger steak made with venison
(unit: mg%)

Hamburger steak

Free amino acid

HPPY HPV? HVVY
Thr 4.2+0.3° 4.6+0.2° 6.0+0.3"
Ser 4303 4.0£0.1° 7.940.2°
Sweet Gly 7.740.3° 9.8+0.3° 10.9+0.2°
taste Ala 182+1.1°  28.141.0°  28.8+0.8°
Lys 3.440.2° 3.4+0.1° 5.620.4°
Subtotal ~ 37.8+1.2°  49.9£1.7°  59.2+1.9°
Asp 0.5+0.0° 1.3+0.1° 2.540.2°
Savory Glu 9.6+0.4° 12.3£0.2°  12.9+0.5°
taste Cys 02+0.1°  0.2+0.0° 0.1+0.0
Subtotal ~ 10.3+0.5° 13.8+0.3" 15.540.7°
Met 2.3+0.1° 3.0+0.2° 4.340.2°
Bitter Ile 2.740.1° 3.6£0.1° 4.1+0.3°
taste Leu 6.9+0.2°  7.420.5° 9.2+0.3"
Subtotal ~ 11.9+0.4° 14.00.8°  17.620.8°
Pro 2.740.1° 2.6+0.1° 4.740.1°
Val 4340.3° 5.140.3° 6.4+0.2°
Tyr 3.7£02°  3.4+02° 3.3£0.4°
Others Phe 3.120.1° 4.0£02° 5.6£0.3"
His 2.6+0.2° 3.5+0.2° 4.0+£0.2°
Arg 4.440.1° 5.140.2° 8.6+0.3"
Subtotal ~ 20.8+1.0° 237+12°  32.6£1.5°
Total 80.8+3.1° 101.2+4.0°  125.0+4.9°

DHPP, hamburger steaks made with pork.

YHPV, hamburger steaks made with pork and venison (50:50).
YHVV, hamburger steaks made with venison.

Different superscripts in a row indicate significant difference at p<0.05
by Duncan’s multiple range test. Values are means+standard deviations
of triplicate determinations.

S22 o= SRIFHIH. Fle Al 7 LH0IA Al
oA Fef Al Aol7h e ALE e AREAl] B
AREIIE ST A LE o]0 it B E4S ]
W AFs FAHA] Harslo] QA ko, et =5
o2 Azt 2R HeF 4S5 vl A7HKim 5,
20200914 A5 H7ks £AIAY] FElot| A B
ofmiAte] e STHIA M, TsAIA St 227
4 FAH 7135 RIS B gk vl Qlok 3L @
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Table 4. Sensory evaluation score of hamburger steak made with
venison

Hamburger steak

Parameter ppY — B
Appearance 4.5+0.5 6.2+0.5° 5.740.6°
Flavor 5.9+0.6" 6.4+0.6" 6.3+0.6"
Texture 5.3£0.7° 6.5+0.5" 6.4+0.5"
Taste 4.840.6° 6.240.5" 6.5+0.6"
Overall preferance 5.2+04° 6.5+£0.5" 6.340.5"

DHPP, hamburger steaks made with pork.

YHPV, hamburger steaks made with pork and venison (50:50).
YHVV, hamburger steaks made with venison.

Different superscripts in a row indicate significant difference at p<0.05
by Duncan’s multiple range test. Values are meanststandard deviations
of triplicate determinations.

7 ] AZA] #1715 10% olske 7 B, HHA
Wele] E4T} A oR o3 AES AR 5 A=A
o= w¥uE vl YrkChoi 5, 2016). 2 & AEO] 453t
Gt £/l Tt A= F7IE APEojo & Aow Wt
=, £ A7 AoA AlE 72 Axg FuALE 0l
© W2 /ol HARIof Hlsh T2 EAdo] o3 A
OF gRlEo] AHgist Aol ¥ Ao 7|tidr).

[e] OF
= =

£ AolAe AEIT]E ol-&sto] AXet AHAAF]
O] ZAY, il ZWAF 24, ofn| Al TF 9 54
E3E& ERIsto] AEIVTE o83 S7HE ARISE fI%
71% A= AlEotalAt siltty. APARE SRR 5,
SAEXZSA AL 4%, SRR 3% & & 1259]

JE|Tt EIRRAL R AREa7]9] SEFe] STl
Hgsto] =oblth. GUERLA AN T B3 opA A
ol I ARE1L719] Stefo] S71gte] wet RolHith
Apite] SRS ZHAY] Tefo] 7MY E3tom, )
EAL, Aol2AR 9 gsdlite] -0 & o] R o] I8L
o} fEjofr)ie4te)] Sk AREa17|9) 7ol H]Estod
ol 0, Al 714 Aeola0lA 743 gol B4 ol
AR alanine, glutamic acid, glycine ¥ leucine®] <031tk
ook, g oE 29t 2 71eE AR B HVVOlA 7MY =
Al Yester, HPVE} HPPS| -0 = Ueisith WA
A3, & ALt B PR ARFIT]E o83t fiH
A AHo]Z(HPVELE HVV)Ol tiet AT =7} HVVHETE =4
UEPTE 71 Al $72] AHol3 AfololA] oAl A}
o7l gl ACE Uepitt £ A4 ZAaoA ARg 17|=

Y

1o
ol

Az PeALH oI B E4o] A7) vl
53] B4Jo] 953 0= SHlslo] 12t Ago] Be A

o= oy
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