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Abstract

This study analyzed quality characteristics of pork restructured jerky with various levels of
sunflower seed (0%, 1%, 3%, and 5%). Quality characteristics were included the color, pH, water
holding capacity (WHC), dry loss, shear-force, electronic nose, and sensory properties. The pH values
of the samples significantly increased with increasing levels of sunflower seed (p<0.05). The WHC
of the samples containing the sunflower seed were significantly higher than the control (p<0.05). The
dry loss of the samples containing the sunflower seed were increased tendency with increasing levels
of sunflower seed. The shear-force of the samples containing the sunflower seed were significantly
lower than the control (p<0.05). As the results of the electronic nose estimated was shown the
principal component analysis plot of the samples containing the sunflower seed was clearly different
from that of the control samples. The Flavor of samples containing the sunflower seed were
significantly higher than the control (p<0.05). Therefore, the addition of sunflower seed as a healthy
functional additive to the pork restructured jerky has partially enhanced the quality characteristics
of pork restructured jerky.
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FU) 2945 AT U AT S8o] A7 Tt 35 979 gzt AAEFEY 43
2o Z71o] wet Fuje] Hgk@o] S7SHIL Gl FAIOIE} (Lee e al. 2009), webA] gl JEH
A g} 22 AHS oS 5 e A7 7154 Aol g AHREe] ARt oA vt
(You, 2009). LS.t} sfekat £41 A1 lsto] wgshn], oS Aoldaeh 228 754 A7)
=0k M| AdFIste] ATe] SEle W0l AES SHtEA AFlske Aol vlnte] ot Ao
Q% 982 3H} (Choi et al., 2006; Choue, 1995).

olof wjzt =] 715 4t ERE SAE] H[TO R o]ojXith= FAARl Q14 AT =1l A%
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of oA 4= U= A7 716 AEE 7HEskal Sl FAlolth (Kim and Chin, 2018). 3=
I AR AFO R HH Al B2 id dlRgo] mUREE SRAA A8 283} H|TE oo
aapzjolatyl LA Qlth (Choi ef al., 2007a; Park ef al., 2010). 0|% SEL= 7] A8 AHS
FAJete] Axsh= Wl 71548 A7HeS 3kl Al Y88 B4ote] AlXoks SAIRelt
(Lee and Kim, 2016). @7} @2 =85 Bajjslo] Axoh= A4 S ATt w4 2
QH, 54, A 59 RIS olgsto] AR o]#dt EAS ol8slo] S| 71E, AR T 7154
H7FEE o83t A4 |-E7F AdJE| o] Yt (Park and Kim, 2016; Yang, 2007).

WEAQ] 75 AAEEH Aol Astaio] ooto] 7lEalEA] o= AEAEY] 2o
Eol2tal HoEH, IA AEA Aol Rt T84 AoldRE TR (Lee e al., 1991). A1E73
Aoldf= 84 AodRel B84 AoldRE U, 884 AoldRs A3 Al 89 2
< F5ote] a7t bl 3 et ERERE L77]A SiETt (Cho and Lee, 1996). ©]23t 71573
oJMRE S7FS ABol A7t Al St Agake] AgtES olFo] ARZRo| Aok,
ZA 70| FXE= BHE & 4= AUt (Choi ef al.,, 2007b).

A AoldRE o RS dMlEb] Me Asile] &oke 194 AERl ik
(Helianthus anmus L)9] A2, th2 AE4 thld ol Hjsto] 2 Tl Ferg 71Xl glo]
AFO R o A] 1kl AFo g JFA 7HA]7E 710l BASHAY BEEf S vk AR
S0 7}gsle] o] 8t} (Lim ef al.,, 2008; Rho and Kim, 1991). sjule}lr] #loll= nyl, £235}7]
HPAL HER] 5-& St Qe o] 5 HIEH Ex= LDL ZE|AHES] A& W31, HDL Z¢
2HE FAIE EolFo] vt AE3A 4] oo g3tHo|ct (Ha, 2000).

A8 Aol B2l siEletr] N 47 716 B3t Eolal, B3 SAIF 5 AR
HESE AHIE Aot S, veo] A S3Eof tigh S ZotEY] o]t (Grasso et al.,
2020). WEbA] £ AolAE A7 71678 Ad sHlEl] K 7R =5 AR $2E AR
4 AL N9

)
rC
1>

. g 2 HiH

Sz ¥ == My |2 HX

& Aole =5 5 24A710] A WA =5 ZA] (Hongjumeat, Korea)E: 01851321, SfH}
2] A= A 1”3 (Hyundai Green Food, Korea)ol|A] 4510 AR&31ILE =8-2 3mm plate
2 223} grinder (PA-82, Mainca, Spain)S Ak&slo] Bale] Y2802 o] 23519tk YL (100%)
3l Histel & (10%), T (7%), K (5%), °FATE (0.5%), A (2%), EXIE (6%), T
02%), "hs 7HF (02%), ¥ 7HF (02%)2 ol83lo] 712 FAZAS Ax3t H, sl A
L2 0% (2T, 1%, 3%, 5%E 27 7Iste] £dolict. E3ES 1.0 x 40 x 02 em (7F=
x A2 x =o))o] ez HP3t T AW (10.10ESI/SK, Alto Shaam, USA)E ©]-85to] 80T of|A]
9027F AZT 3 A2ofA 3087 Y & A APt

ME =

AN 24 AL Azx A-59 EHE colorimeter (CR-10, Minolta, Japan)S ARgsto] W
(lightness)Z WeRHE CIE L” 313 % (redness)E YERHE CIE a” 3t FHEE ERE CIE
b" S A5} E2ML CIE L gho] + 97.83, CIE a” gro] —0.43, CIE b™ Zto] +1.9891 ubzi
RS AR89

oz

AN g
Oll
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pH &8

A 29 pHe ARE AR 4 g2 TF75 16 mLel E36}0] ultra turrax (HMZ-20DN,
Pooglim Tech, Korea)E A& 6,991 x g of|A] 187t -4%E & 3-2]%1= pH meter (Model S220,
Mettler-Toledo, Switzerland)S AR&-5}0] 7519}

Had 24

B3 (water holding capacity, WHC)2 Park¥} Kim (2016)2] H*HS & Alglof| Ut Hslo]
Z275130tt. E4 AR plexiglass plate 5930 filter paper (Whatman No. 4, GE Healthcare, USA)S
1 11 9] A= 0.3 g& B2 th plexiglass plate Th& 28] AT Yo = 387 A2AFTH
O|% planimeter (MT-10S, MT Precision, Japan)& ©]-8-5t0] ojxA]o)] Eo = A|=2] HAF} 5

o] Zolgli= 2o wixe Ssignt

AxUY &%
Az A 7 9 A2 T BAE 28510 A2 At] % 4SSk 1 AL et
2o
% 77 (g)
- _ o T
Az (%) =100 Az AT A(g) 0

ey =49

A S320] A ARE AJFEZ 1.0 x 1.0 x 02 em (7F2 x A& x &0])2] F7]|& ZH|3}
o] texture analyzer (TA 1, Lloyd, USA)E ©o]&3}o] 24513t EAZAL v-bladeS AZ9]
pre-test speed 5.0 mm/s, maximum load 2 kg, head speed 2.0 mm/s, distance 8.0 mm, force 5 gC =
4gs)e] BASYI

2 ARE 80T RACE HAF (Heracles-2-e-nose Alpha MOS, France)E ©]-8-510
Aolom, & 7ie] AHEQl MXT-5 (Restek, USA)2} MXT-1701 (restek)= 2ol £42A4
HESAIZE 208, 903 2 mL, FUEE 250 plss, FUH 2% 200C, AE7] 2% 260002 HAs}
. 7+ Ao T3t gl RS EA5te] chromatogramS UERTL, HE peako] thaf £A15H9ich
€l dlo]g n| RS BA] mg 79 Alphasoft (Alphasoft, Alpha MOS, France)Z o83}
PC1¥} PC2& 71Z5}13aL, 2+ AEe] sidshe &1 A& profile ploto& HER|ITE

Ao 38 rlo I

o2

25Tt

A 2] WeB7k= A% A= A S2E Gt AR ddsie] SR 1059 o
g QAL A5 ZF A FHE A (color), 1] (flavor), A% (tenderness), TFEAJ (juciness), ©]
o] - o] (off-flavor), &7 (texture) L A ZQ1 7|54 (overall acceptability)ol] Thato] 22+ 1048
wbioR WHsh, 1 BEAE Folol wmalalch. ol ) 1082 71 S5l 18L 7 2ol

49 BHE UEHSI:

SHE
EE Y9 dike 24t 39 o9 HiEst] dde s, ol SAAE Z=1d
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SAS (version 9.3 for window, SAS Institute, USA)YE A5 Ha¢h E52HAE Yehfiglon, &
AHELA (one way ANOVA), ©7A9] thE74 (Duncan’s multiple range test)O.2 Z17}9] A A}of

o2 fl4e Aot gheAtg BT

=

. Zap & 0z

M

sfErER ] ME VIR == A §22 AE 43 3= Table 19] Hehfiglch Az A
Yo izl Blste] sfEkb] A 7 A7t fefHo® w2 ghe EAAL (p<0.05), SEEP
A 5% 371 Ahe tiE2Teh HE Aol vl froldoR w2 gk BT (p<0.05). Al
ARESE SiElEly] M) 115 A vt 63002 AR M 5 A S22l Yt w2 FAEE
A7FE Wl 87t S7HithE Hong 5 (202002 Aot AT 2% A AM=s suiep|
A A7IRE A7} izl vjsto] fojdom S gha Uedler (p<0.05), ole W2 AM=
2 7R SRR AE AVistel U 23R gk A Ho] A, Az o] g, AAE
A= %] AfolE EolA| A9kt Park 5 (2004)0] W2 = ABRES] S7HEF 4]
Gl =4 5] ARl FEe S8k, stElr] K9] 7ol we AlE Ao] 2 A0l Ko
A gfot 715/ AVREEA S ool gle AEE AXE 5 Sle Aor HuE:

pH

Table 2= S{HF}7] X5 71t =5 A5t |39 pHE UEHHSIE A% A, & tizto] 5]
SRR AE 7R AT A0 R w2 gk WESIeH, sfEketr] Al9] 7o) wotd
5 pHO o] FoFor F7IBIHT (p<0.05). o3t Aik= 2 Aol ASE skl A9
pH7} 6395, =19] AR A& & 313-9] pHoll HIs)| =2 gk AU L Q7] hiizell, stz A9
A71go] S7Fek] wet fojd o g okl A o= WETh Yu (2007)= H7IEA S3oA 71
=9 pHOl| w2t 75 29| pHyE H3tthal sto] £ o] Auje} ARt AXE UER I
2% 3 AE Az A AgE) vlaste] 2 9 BE Aol pH7F Sk, ol
AT/d |32 A% I F ofn| Al histidine 7|04 imidazoliume] F-Z&%F]0] pH7} 571513171
ool (Kim ef al., 2010). 154 85 71t Hrild A4 SEoME A% & pH7E 571t
ohL stof & el FURE AE UERSIY (Lee and Kim, 2016).

Table 1. Color of pork restructured jerky formulated with various levels of sunflower seed

Sunflower seed (%)

Traits
0 (control) 1 3 5
CIE L’ 47.48+0.45° 49.30+0.65° 50.12+0.41° 51.94+0.46"
Raw CIE a" 9.3140.74° 6.36+0.32° 7.28+0.45° 7.35+0.70°
CIE b’ 13.38+0.45 15.18+1.10 15.62+1.13 15.88+1.08
oler CIE L’ 47.46+1.27 48.54+0.83 49.24+0.99 46.06+1.11
Dried CIE a’ 4.66+0.65 7.3540.55 6.18+0.55 6.26+0.63
CIE b’ 11.02+0.51 11.94+1.00 12.08+0.05 13.26+0.67

All values are mean+SD.

*¢ Mean in the same row with different letters are significantly different (p<0.05).
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Table 2. pH of pork restructured jerky formulated with various levels of sunflower seed

Sunflower seed (%)

Traits
0 (control) 1 3 5
Raw 5.76+0.01¢ 5.79+0.01° 5.85+0.01° 5.90+0.01°
pH
Dried 5.94+0.01¢ 5.98+0.01° 6.01£0.01° 6.05+0.01°

All values are mean+SD.

*d Mean in the same row with different letters are significantly different (p<0.05).

HAY AXZIE

sElEl] ME 7R 5 AT S20] B AR Table 30 LERHSICE =5 A
J S20] HEHE sfutel] Ko] 7ieo] gotdol weh S7tske B3e Blow, sl A
3%} %S VIRt AlFE diol viste] RO oR 2 Fhe HAT (p<0.05). Kim¥} Kim
(2016)° M= S7H5E 7R Aol fie AR B SN, dEleb] Ao 4
&4 *401*407} 5 A S0 EREE S Aor Almd ol fARE dits,

Annar (20122 2:317] sHele] Aol Fgol & HRE B/BIGS W) Boeo] S
sheick
AzGFe kb A4S 3, %2 WKL ALt thaTo] wjslel R0 we g 1

om (p<0.05), °lF 5%E F7RRt AT tE Aol Hlsto] v«lﬂ_% @ %I" Holrh
(p<0.05). SfHIE7] Aol = Aol o] 943t i A 58I S Hf sEo] Ty &
A} 2t0] AgES 7oA sto] =% AT |29 Hapgo] %‘{%Oﬂ fq%} A% o] Aagt
Au}Z HQIth (Kim ef al., 2009). Choi 5 (2008) SAIE 1|7 2% Alo|AQE A5 uf
7FE ol Eolettal stof & A9 Anel AR AnE Yeigith

H

NI A BY 273 Wuol shiel AdEe 4FY Hud] BAT P S A0
2, A5 ) 9] ol A-gsto] Uek A] YO ol AR UL FH 4 Ik (Choi,

Cry

AL Sefel] A2 A1 Hel7S0] el vislel 90 B g2 a"ﬂ (p<0.05).
Hwang (1996)2] Q0] w2 484 Alo]4d42 AEo] 7} A 42 Al ZANA 42
AL} s 240 Fake vtk sty sl A9 Aloldgt AT S0 SE A%

2 27 Ao st Aow WL weby suel] Ho] Ak A 8ol Azt
o Hegd dE 4 Yt ASARAY B8 T AeEet Az

Table 3. Water holding capacity (WHC) and drying loss of pork restructured jerky formulated with various levels of sunflower seed

Sunflower seed (%)

Traits

0 (control) 1 3 5
WHC (%) 55.31+0.01° 65.52+0.04% 70.46+0.01%° 76.78+0.03
Drying loss (%) 52.94+1.93° 50.42+2.10% 46.73+1.45° 41.89+2.88°

All values are mean+SD.

*¢ Mean in the same row with different letters are significantly different (p<0.05).
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Fig. 1. Shear-force of restructured jerky formulated with various levels of sunflower seed. “* Mean
in the same row with different letters are significantly different (p<0.05).

MR

St A Aol Bat 25.5% FE9] 2 e Ald AdRE, S/ 14t FHE
AU glow, o3t sfHiEly] ME TIHi= FAY IhdsHA| 7Rt AlFol ZidE | Ut (Lee
et al., 2010). W2hA] SE[EE] K9] 717t =5 A {30 Fulof| B|A= d3e Lokr] st
of =5 A S ] JES AR A= Fig 20 YEHSIHE PC2E 7|28 HiRxe
=700,0003} 800,000 Afolol $IX|skaL Q= wHH, siukE] A H7Ist Aol A= 300,0003}
900,000 Atolofl 15k Qlof sfletr] ER-2] SHI7E A-8H Aow EAEH, sfuletr] A 71
o] Eojd$E PC29] glo] o= A0 R Ho} sfule}7] H7HEC] Jw)7F SHstA 24 E= Aol
sHl=E] itk Koo} Seo (2007)°] W= sfutelr] A9 gn]AdEofl= pentane, 2-butanone, dimethyl
sulfide, hexanal, pyrazine, 1-pentanol, methyl pyrazine 5°| 310.H, o]& dfjHlel7| A E79 14
3 FHE Uehli= E2S0l2tal BarEo] et weha sfulelr] K9] 7ige] soldas tix+
ot o Fr 245 7He A8 wdEnh
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Fig. 2. Principle component analysis by electronic nose of restructured jerky with various levels
of sunflower seed. Con: restructured jerky without sunflower, 1%: restructured jerky with sunflower
1%, 3% :restructured jerky with sunflower 3%, 5% :restructured jerky with sunflower 5%.
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=TT}

SfEkE}r] A= A1E ARIA O R SN {5 FE517] flote] ARSE7|® Sh=d), ol st
2] W7t w2 A e 7L Q471 glzelth (Lee and Park, 2010). o]F& A ool &2
A7HEE B1] S2 A7HEA SA1E] ol 8H AL 7] wheoll, sfEletr] X9 7k =% A
0] P59 S0l FFL v A0 AT, olo] wa sfelap] AR e ALY 8%
o] B Table 40] iERSITt £ A7 259] Fo) (lavorys soleb] HS: B/ He)
F=0] tiEAo] Hlsto] FOlHOR &2 ATE HlH (p<0.05). ol SfHiEr] Ao Fu] EHo]
E3tEo] 145 FHE UERlo] SAIEA] S84 FFE 01 tiRol Histe] w2 s T
Aoz wEh Seo2t Yoo (2011)= AWFE H7IeE Ado|=27t AAFE A7IoHA| 2 AH|o]
=10]| Bsf F1| o7t =l sto] & A0 Aot fARE TS YEIIE =5 A |29
ofu], o] (off-flavor)i= SEIF7| K 1%2} 3% 713t A2|717} tixtof| Blslo] fojdos w2
#Z B (p<0.05). ol= sfHletr] A9 tefdt 3| 80| =2 A4 W=t 7]ofsto] Y
A2 SdETh A (color), A (tenderness), TFEA] (juiciness), 217} (texture), A A1 7|34
(overall acceptability)> THETL} 227t 719] F-2J2Q1 Ajo|F Ho|A] it #eB7t 2HE T
sto] HQLE ) AT SE AR Al sfEE] AE 3%E A7Isks Zo] viAlsittar AlaEh

V. 2 ¢
£ Ao sheteb] 4 B2k 40 w2 B4 AT Su0) B2 B4 s 14
2k BS ATY ST AR A Sleb] A9 Brlgel F7RES pHi F7HI A% A M
o= Qe A Sl slleb] Aol Hrhe ARUTE daAAT, Beee foHoR St
AFOp, ol et A el AE WS ) gadhe AuE Byt AT B

g

A3, Speleb] Aol Aol F7RGS t2o} BE o) 248 UL Uek 2o gl
itk W7t Ak, FulolA Spleb] Ml Aige] F7KGE fIH0R e AnE ek
ek, ek 2% 715 ARBEAS te] K AR Ol BT HolHE ATy S
o $ 54 FHY0H, el Skl Het £ B Wk LS i) theo]
wiol 7Pt BER o8 weEr)

Table 4. Sensory properties of pork restructured jerky formulated with various levels of sunflower seed

Sunflower seed (%)

Traits
0 (control) 1 3 5

Color 7.33+0.33 7.67+0.37 7.78+0.32 8.17+0.29
Flavor 6.89+0.39° 7.78+0.22% 7.83+0.29° 8.00+0.29*
Tenderness 8.00+0.41 8.22+0.40 8.11+£0.39 8.00+0.33
Juiciness 7.89+0.45 8.11+0.45 8.06+0.50 7.44+0.34
Off-flavor 8.89+0.20° 9.67+0.17° 9.67+0.24° 9.44+0.29%
Texture 7.11+£0.35 7.89+0.48 7.7840.46 7.44+0.44
Overall

. 7.25+0.41 8.31+0.39 8.31+0.56 7.88+0.40
acceptability

All values are mean+SD.
*® Mean in the same row with different letters are significantly different (p<0.05).
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