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Abstract

The objective of this study was to investigate the effect of various sugars on the quality attributes
of sous-vide and dry-oven cooked pork loin hams. Pork loin hams were injected at a 15% pumping
ratio, and the final salt concentration of all treatments was equally fixed at 2% NaCl (w/w). A control
group was prepared without sugar, and treatments were formulated with 0.5% (w/w) molasses,
allulose, and xylose, respectively. The injected pork loins were cooked at 63T for 4.42 hr (Ist
sous-vide cooking) in a water-bath and continually cooked in a dry oven at 220C until the core
temperature reached 71C. The pH, color characteristics, cooking yield, browning index, shear force,
and lipid oxidation stability of the pork loin hams were evaluated. The addition of sugar decreased
the lightness of pork loin hams (p<0.05), and the addition of molasses and xylose significantly
increased the browning index. The addition of molasses and allulose significantly increased the 1st
cooking yield of pork loin hams. The highest shear force was observed for molasses treatment
(p<0.05), which was likely due to the high concentration of sugar contained in syrup-type molasses
used. The addition of molasses significantly inhibited the lipid oxidation of pork loin hams during
3 wk of refrigerated storage. In conclusion, the results of this study show that sugars at even 0.5%
(w/w) concentration changed the color and lipid oxidation stability of sous-vide and dry-oven cooked
pork loin hams, probably concerning the occurrence of the Maillard reaction.
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<H|E 7h(sous-vide cooking)> 4159] Hpd, Ak, F0] B Oéocl: A2 Mg %—t— e

o, o= AR FE F= ¢ i AA o] AleE 1l W(Sm et 2023)
E3], 719 2749 Alofgte & FAo] dHth= oA E9 E‘ré(clean—label) P? Az

e 7HE7IERE A9 FES WAL Utk A%9] $HIE Mg AT AR e ognt 7}0:1
LT AgFog e 50.70C Alo]9] ALo|A & A7F ZoF AFPsk= o] Yukxolct
(Thathsarani ef al., 2022). A152] $H|E 7}ho] 3t o]F 9] 4= =59 B4, 718 A=
9 AZh 2 32 27 5 Qe HIE THESe] 24 B4 Hﬂsﬂ— 7}t “4(Jeong et al,
2018; Song et al., 2023). D= A4 4H|E 7}AQL Aul 1AL HF] 71 A1 QUlEE EQ
o] Mw g 3| gFAo] AgtHolzty BE vl QH(Przybylski ef al, 2021; Ismail et al., 2022).
o= 7t A1&9] M}k Fu| /ol ZA 7|of5l= mtojofE WhS(Maillard reaction)0] $H|E 7HE
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2oA EFEE] wfEolekal YA QUTKPrzybylski ef al., 2021). ¥, 714] QE 71E2 1.2
A FE3t Hlolof2 ¥hg-Z Rote] Al&9] Fu] 9 RS o] whEe] HIE 7HE A
4] 0B 71HS 8ol F7HAQ] upojof2 Hkgof wE At 9l Fu] 7jAo] 7hssttal B st
HrHRuiz-Carrascal et al., 2019).

H7hd 4182 gt o] TE A7EAS TRl Qlo] Qe 3¢ ukto] EAfok=d],
7FES A7EAY 38} k-2 Foto] 7|54 ol 71998 Sun er al., 2022). £3] Hlolof=
v S 7tE R Y7o Tl fElo]E W oju]lAle] R2] ofu]ly] Afo]Q] Mg AA W
RS0 E 7HE Al AE9 o 3 A H B4 59 Hdlol & 93 mAH, Bk 2AEEY T
) 2 718 xA| wet vlojof2 w¥RE BRI ZW IFA +x7F GEfXIck(Starowicz and
Zielinski 2019). A15529] 2] Q A(ribose)2} Z=F(glucose)> 71F A] Bojof= HRgo] ofoh= =8
e gl UthSun ef al, 2022). Y, A&7F3EolE IPtEoR ot 34 9 REAAE
Aots ol vighde] dFQl AEE F8 FUOE IR, o9 Ao A2 I
(fructose) ¥} G (lactose)of] HI3] X AlS715ES] A= FAol| m|A|= FIFol 24 rtal Bl
& H} ItHWongwiwat and Wattanachant 2014). W2hA, 3= 718 2871889 #4 401 9F
< A= 8 8% F PR 7ItEARL ol #F Al wulgE Aol

FH(molasses)> AR 71Hgoto] ARE AZolk= 2G04 Poks FAER A9, X
S, 13 9 HGT SEEER], oAl 7718 9 H[E] )2 ZRRCKJamir er al., 2020). B
2 25 A2M3 ERC] 371 o] AlE dEE A 289 AT Alle Aol ARt Hwangy}
An(2020)2 10% B8 7Kt Mio] Hs3 B3-S Hrleto] AAdn|E2o] &8 715732 A
SElth F AlFARI0IA diAim|=e] E8o] g5t J=tl, FEEA(allulose)y= AR HhH|
70%2] =S YERfEA FERe 10% $F02 ofu] e A, Al 9 3x79] AZE 93t
AF1A Z-8527F &2 Holth Hadipernata 5(2016) AgAAIA0 71 = A8 224 Of
Alsto] B4go] AAES TEslo] AS7IgEolA 7154 FREY S8 AR v Qitk. Ad=
Axylose)i= 7HESL] fAF 30| B8 A3t vlolol2 vk 24 A4 Aol g E8El= g
02 kG ofm|iAle] BRSES Aot A4 tiAlS] FrldEeE E8olel= AlErt o]
FolHtHZhang ef al., 2022). 0|9} 2 0]H9] ATE FFRITHA F FF+= AR H5H
EAET ofde, 78 A0l IS vE 4 S olad 4= Sl

EhA, 2 Aqls E3ES vlojof2 ¥kgo g WAcl: S| 71EY] Bd EAE MM
Aol 8|= 71D ofF 23 714] 71EE H8E Bl AAl Al AR B SRl e =5 A3
o] 4 54 H3E grletaat AAlskelth

=2

1. Mz & I

SME & =5 Sae HE

£ AolAs Gut FEs7IolA ARgste] =53 AR E(Landracex Yorkshire, LY)2] 54 <
SH(Musculus longissimus thoracis et lumborumyS A5 43A)710] ¥Edlo] SAIH A Zo| ARESIHTT
=5 SHZ % 10 em 7HH 08 Aot & A RAS AASHL, dEs FA HH] 15%2] AN
AW FAZ|R FYsto] AAE AT Aol ARSE AR AL thaa} 2k TR
= A FA dfE] 2%(wiw) BSRFEFNaCl) 27t Hes Ax6iL, & H7He Rt EA
o Aol dEZEA(Samyangsa Inc., Korea), AL ZEA(Samchun Inc., Korea) ¥ TU(SUN-IN Co.,
LTD., Koreajol 212} A2 SA9] 0.5%whw)7t 152 2712 H7Hkic. GAI%e 2 olF
=5 542 53 7349 A% A g §E2(MGH 20 STL, Vakona GmbH, Germany)
o 60§ WYL AHSIL, NBHAT W ES FHL 4T Yol 124 Fet 3
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A7} & g2 (JSIB-22T, JS Research Inc., Korea)of| 4] 63T oA 4.42A17F 52t 71A513iT). sl

7tE 2242 oA TACIA HREHEAEAES B9l T A AAE A% H&5t 24
2 S SuIC A B SUBS 1204 37449 tlolol2 W8 S5 98 200
A A QE(AF400, Foshan Haishi Intelligent Electric Appliances Co., Ltd., China) 0.2 =&
SHAL AR 227 71T =2 Y7hA] 7HEe & ARofA 3087t Hhskltt =% SHES
RFTAY o) 4T B} Aol A8

£8 S0l OlEftx 54 W

1) pH &3

£9 SHW pHE MRS ALo] 1A7F B ol FF FrhS pH SH7IHIOIG,
HANNA instrument, Romania)Z 419]5t0] £45193th pH £47|1= AM A pH 4.01 Y pH 7.0 £
go0z waT H Az T F 33 W 2Pa9

2) Mz =4

=5 ST HEs 71 & B8 A 1Y gHS MEA|(CR 400, Minolta, Japan)E
AFg3to] B (lightness)S WERE CIE L3 M S(redness)S WeRE CIE a3l 8=
(yellowness)E UEPH= CIE b3S 2451t MEA= CIE L'Zko] +97.83, CIE a'gto] —0.43,
CIE b'gto] +1.9891 Wi HETRS o]galo] BASIITE ME 4L AR T 6302 FA92 24
ot F I BAgkZ ARSIt

3) w4 &%
=5 A HpEE Lee 5(2019)2] BE 2-8sto] AHEHORE AU A= 5 ¢
o] 3}x](Whatman No.4, Whatman International Ltd)Z 74+ F 50 mL AEE]|3H9] Histof YAJAIZA
T ol LARERS 200 ¢ gol ] 1057} 24 ReUC)3t o} ofefe] 2412 o}galo] uele
Akt
H2(%) = (A - BYA x 100
A = (PR A FAg) x TELT(%))/100
B = A& A FA - &R = FAg)

1) ®X $8 2 7IE 48 &Y

£2 SHBY 9 $-82 A4 A 5A o] 44 F BA, 13 748 SR dag A o
Su]E 719 A9 A 8 23 4] 719 S8 23} 74] 7hel o]e] w7 ] 24 214] 7h
o179 BAS g TAse] Ui

) R 2%

=5 SAHY A2 Song 5(2020)9] 275 W] Fsto] EAISHIHE FoE- 2o AR
B 127 emE ARSSH A4S R 93T ARE AT 4 57871(CT3, Brookfield
Engineering Laboratories, INC., USA)°]| Warner-Bratzler V-bladeS #}2}o}0] AR&51310H, EA2H
2 test speed 0.2 mm/min, trigger load 0.005 kg, distance 20 mmO& A43}ct AL 2 mm/sY
£52 ARE ddshs o 283 9 HHAE Allclo] 4kEsto] kgC = H7|6I3H

I ey

il



Pork Loin Hams with Different Sugars

6) ZtiX|s

£ BAI%0) tlolol2 v B4 Li 5000} S Wafsle] 2eA5E SHelalct B4
S 5 g& 25 mL 2550 S35t 5, #27|(UltraTurrax SK15, Janke & Kunkel, Germany)S
ARES1O] 8,000 pmof|A] 248 B SIS 7] FEES 5,000 x goflA] 102 59t FAEESHL
11, B85 AN of7kX](Whatman No. 2, Whatman International Ltd)o]lA oj3} 3 420 nmOj|A]
heE 2o,

7) RPEAHHE(2-Thiobarbituric Acid Reactive Substances, TBARS) £

=9 SAF9 A% 77 2 NAAEE B71517] 6] Buege@} Aust(1978)2] 2-thiobarbituric
acid reactive substance(TBARS)H}HS- 0|-85}0] 2A5Iich =8 SAWL 4CoA YAAF = 0F
2350 ST AA B =5 5% 5 goll 15 mLo] S5F49F 100 1LO] 6% butylated
hydroxytoluene(BHT)S &3}t F, #27](UltraTurrax SK15, Janke & Kunkel)E AR8-510] 8,000 rpm
oA 60z B FA5IHTE AN 2 mLe} 15% trichloroacetic acid(TCA)o &31E 20 mM
2-thiobarbituric acid(TBA)A|2FS 4 mL H7} & 80CE A F252(JSIB-22T, IS Research Inc)

oA 2087t 71E & G2 EollA 1087 WZsolnt. W2 EFES 2,000 x gollA] 104 <t
QrBg T % \2ol-S- o] #}X|(Whatman No. 4, Whatman International Ltd)= oJ7}5}9] 538 nm

oA FFEE SASHT ol blanki= 2 mLo] F572t 4 mLO] TBA/TCA A|°kS E35to] AR
S} Oom, TBARS 2 #I=H SL o A4 5548 Holo] malondialdehyde mg(mg
MDA/kg sample)Z HFE5FT]

SHEM

EH A= 44 91915} A (completely randomized design)O2 & 33]9] EHE HHE Algog
AAEN, dojxl BE Adks By EEHEAE UEIth BARA SPSS Statistics(Ver.
18.0, IBM, Armonk, NY, USA) L& 732 o]-85}lo] YYufjx] EAREA](one-way ANOVA)S 2|5}
A1, 979 tEA% (Duncan’s multiple range test) 22 BF+ 7+ 5-9J4)(p<0.05)2 A5}

= =
=€ SA#o| pH ¥ M
PRI, YRR QAL Wl 12 = U Y U ES SUB 71 pHst

A WHSR= Table 19 UERHSIH:. =5 543 714 pH= B 710l 2Rt 721291 #igkr} yet
], 0.5%(wiw) FE2A H7MHpH 5.86)= IRTHpH 5.79)Ec} =& 7} pHE et
(p<0.05). L2} B 9 AJAZA H7He ti270] 71 pHeF fARE & I% UERITE o] 9
AollAl Hong 5(2020)2 3% FEZA] H7k= 97154 B4H]9] pHE HAAXIThL B 11519
o1l B AolA GEEAY] 7= 0|9} AdhE pHY WHIlE °F716}M1ﬂr.

T THe= s 2 A4 7HEs =5 AR B o A Hslo] 50291 BISKE op]
3chp<009). ZE G H/hr] E 3 ol B (ightessys PR W £EE LERASIC
(p<0.05). £3], 0.5%(w/w) ALZAE F7I5E =5 SATolA 7F) w2 39 9 o 9 g Yet

UtH(p<0.05). of= T2 Eooke BY S Shdg9] YA ALEA H71= Qls]| ofn|ieAb
3} 3R Ajo] 9] mjookZ(Maillard) ¥F-0 & ZhH E49] Wali-o|d 9 QAF 1EA} Sl3HEO] A
37} #o] & Zolth(Li and Liu, 2021). 0|9} #&Aste] P 9 AARA H7l= RFHT}
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Table 1. pH and color characteristics of sous-vide and dry-oven cooked pork loin hams formulated with various sugars

Trait Control Treatment (w/w) Significance of

(without sugar) 0.5% molasses 0.5% allulose 0.5% xylose p value

pH (cooked) 5.79+0.02 5.8240.01% 5.86+0.02° 5.76+0.12° 0.001

Surface color

CIE L" (lightness) 44.13+1.07° 36.87+0.29° 32.93+0.31° 30.82+0.29¢ <0.001

CIE a" (redness) 11.92+0.73¢ 10.97+0.46° 17.48+0.38° 19.33+0.32° <0.001

CIE b" (yellowness) 16.36+1.04° 10.28+0.37° 12.91+0.23° 12.48+0.43° <0.001

Cross-section color

CIE L* (lightness) 68.81+0.33° 64.43+0.40° 66.81+0.11° 59.67+0.23¢ <0.001

CIE a" (redness) 9.76+0.12° 10.85+0.15° 9.44+0.46° 11.78+0.13" <0.001

CIE b" (yellowness) 6.92+0.13° 8.98+0.16° 5.16£0.18° 7.18+0.24° <0.001

The salt concentration of all treatments was equally fixed as 2% (w/w) with the 15% pumping ratio.
*d Means sharing the same superscript letter within a row are not significantly different at p<0.05 by Duncan’s multiple range test.

ré

0 el U redness S LERIRIEHp<005). T A7Re I W 4] Fleiet B9 4o
g —ﬁ (vellowness)E F-9]8 02 A O, T ATl AL 0.5%(w/w) YEZA H7F
ato] 7Rt SOH0T W SAIS Uehholeh ek, 2 e A 05%wi) S0
% S50 e £% S4ue) T 9 o 4 549 T Hsb} WU & 988 Mol
o R 9l Aeisel ke 220 Sl Ul T U 0 o 25
S7He 2SI ol 4575 71 F vlelok= wh3o] HFAIES] A gAgol A 71095t

g S| BX| 28 U AE 7Y 28

9, g2RA 04Uz o] B SHS U A AT EL SHB 94 58, 17
7 58 271G 5 0 HF SRE Table 20 Uehigl £% 5489 94 »82
98459899 FEOE T BT Aol A FAZ EhRSITkp0.05). Bo] ke s
i ) A SR ST ER SUBY 1) /el Rl W bl
(p<0.05). T2 4] 718 ] B WBkE 27 27 7h S R(82.89-85.95%) L U=S el

Table 2. Yield and water-holding capacity of sous-vide and oven-dry cooked pork loin hams formulated with various sugars

Trait Control Treatment (W/w) Significance of
(without sugar) 0.5% molasses 0.5% allulose 0.5% xylose p value
Pumping yield (%) 98.50::0.09 98.45+0.47 98.99+0.31 98.62+0.29 NSV
Ist cooking yield (%) 72.02+0.50° 78.13+1.72° 78.11+1.14° 72.300.74° <0.001
2nd cooking yield (%) 85.95+1.90 84.29+0.63 84.39+0.50 82.89+0.74 NS
Final yield (%) 70.07+3.74 74.3146.15 74.8243.30 72.1843.42 NS

The salt concentration of all treatments was equally fixed as 2% (w/w) with the 15% pumping ratio.
*» Means sharing the same superscript letter within a row are not significantly different at p<0.05 by Duncan’s multiple range test.

D'NS: non-significance (p>0.05).
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HEAZ] 58S 2T AF $8(70.07-74.82%)S ETL F H7HF Ao]9] 8914 Aol 1}
B Q9K 174 7} 80l T AT ATHI §OH0R e £ YeRged
(p<0.05), °ol= Tl 2dH Aoldfet E2 R IFU A= AlmHri(Paknejad ef al,
2019). Choi 5(2010)2] Lol wh2H Alo]489] Hrl= 48 Agt 9l 22 Hotd 20| 7|37
E4E Aol A87eEl A7ishd 71 &AL A2 le 344 AE Halsioith v,
AQEs0] FrHe 13 74 S804 OH0R Be 441 Lehigid, ol SR Az
27 HE 7 AR TR Hlusiie Wl O 52 $E2 vielok= vk Bl ogdAls} ¥EE oI5
wjFo|gkal ARt Hadipernata et al., 2016) S}, Hadipernata 5{2016)2 &3 A HI&Z U
Asto] AXZE AGLAA A FEEAC] B4 ) aIks B g vl Qlok et £ AolA
5 o] o8 U1 2 04 Al £5 S nid B A Ueh b ot
= 8 d7olA g e W2 F A7F eEo] 289 A 9 229 EXz] 38e AA oA
A5t 0]49] Aol 9] PRl o3t Il vinlsHAl et Ao Al

o

g M| M2 A
9, °*EL 2 B AR A0 710 whE WA= Fig. 19 UL YRHE 08 ARA|e=
njojokE Hk3-E9) *@ d =g SRIsk] A%t A3 L-87H(Kouakou ef al, 2014). F2] 7Kz 4]
c 7}°ﬂ°¥5¢¢ —% Al 744 7185 o ZAHASE F2Z 02 BSAZITH(p<0.05). 22} 714]
7t4Z B3f vlojo F = FEe =5 SHEY ARASE iR} Hlwslo] P 9 AURA
WM FAHOR w2 SAIE HEHAT TE2 w2 T FB40-60%)S HERHo] SA=]
Ot A 5 Al 715 9 A T FollA ek Bl BAA ANk EXlok, AR e
£, Wakold 9 Wahdy} 7k 2 Bxo] 2glEo] ZA|e] F71E opy|et ﬂi Az}
(Tounsi et al., 2017; Zhang et al., 2021). WA, BQ] =2 ZIH|4~ nlo]ol2 HkS-E0] A4 Qlo]
T ol xekE Z4M S4o] o3t A o8 &5, ol Fig. 2004 dEwv)Y lﬂFJ} il
wheh A 57 15420 nm)2] 8% o] Alg- s 7Rk SIS 4= Qloit ole}t g

AAZAE H7RE ES SHAL) & ZAASE ulolof WkgO] A Z]Qlet Az Az
0.16
0.14
1
E o s
=
o
S o010
#
@
E 0.08 T
o0
£ 0.06 a a
Z
5 0.04 b b
0.02
0.00
Control 0.5% 0.5% 0.5%
(without molasses allulose xylose
sugar) Treatment (w/w)

Fig. 1. Browning index of sous-vide and oven-dry cooked pork loin hams formulated with various
sugars. The salt concentration of all treatments was equally fixed as 2% (w/w) with the 15%
pumping ratio. Each error bar indicates the standard deviation. a,b Bars showing means with the
same letter are not significantly different (p>0.05).
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14 | R>=0.9993

Absorbance (420 nm)
=

0.0 1 1 1
0 1 2 3 4

% Molasses concectration (w/v)

Fig. 2. Change in absorbance (420 nm) of molasses with different concentrations (0-4%, w/v).

o

T, YEEA 9 ALRA] 7o g pHIE B 2] 71 =5 SR A Fig 30
UERQtE B9l 7K pHIE D 4] 7HEe =5 SRS ATEE foFos WSt
(p<0.05). A2 B4 9 SRokek) et ﬂrﬁﬂé 7HIH, SAES] Aewet o] glo] I
w0 2 Acky glo] W gAj|o| vlgkdshtal dafA QtkJeong ef al, 2018). ThRTO] Mt
& 246 kgo|3L, FERA B AYRA H7HE o]9) %A}o ES VERQITHp>0.05). At
Al=9] F57 9 Adefol] wieh gebd 4 AL o] 9] AllA 60TollA] 4AIZE H|E 7HEeE 5
SA9] ActkEo] 261 kg 202 BuE vl YtkKump er al, 2022). 0|25t A= 2 QILofA]
FH|E 719G & 714] 71 =5 SARY AuEd) fARE A5 UERle], FHIE MG & o8
214] 74ge] w2 A #shke 34 drka AlsEth T} g2 B9l A7 8o A1
=2 AdEE Uefiglet, ol 3ol Z3E/o] e 1wk Fiol 71d F S5 Wil
A PP A8k, 1L 71E 5 F49] Fske Aty ALRETHPrabhu et al,, 1996).

4.50
4.00 r
1
350
& 300 ¢ T T
%
g 250 r
S
= 200 r
S a
7
1.50 b b
b
1.00
0.50
0.00
Control 0.5% 0.5% 0.5%
(without molasses allulose xylose
sugar) Treatment (w/w)

Fig. 3. Shear force of sous-vide and oven-dry cooked pork loin hams formulated with various
sugars. The salt concentration of all treatments was equally fixed as 2% (w/w) with the 15%
pumping ratio. Each error bar indicates the standard deviation. a,b Bars showing means with the
same letter are not significantly different (p>0.05).
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1.20

00 wk
03 wks

1.00 l

& oso |
2 |
° 1
wn L
& 0.60
<
g
040 !
b
c
c
0.20
c
c c G
0.00
Control 0.5% 0.5% 0.5%
(without molasses allulose xylose
sugar) Treatment (w/w)

Fig. 4. Lipid oxidation (2-thiobarbituric acid reactive substances, TBARS) of sous-vide and
oven-dry cooked pork loin hams formulated with various sugars at 0 and 3 weeks of refrigerated
storage. The salt concentration of all treatments was equally fixed as 2% (w/w) with the 15%
pumping ratio. Each error bar indicates the standard deviation. a-c Bars showing means with the
same letter are not significantly different (p>0.05).

WK F XIS

9, Qg2 U A4Anac) W] tE SHs @ A4 Fdet £8 SUR) SAA 72t
% AAPREL Fig 40] UeRigle £5 S48 AQEs @ 557 9 44 717 A9
29149 4oL eielrh A% 271057 T W7 S50 B £5 5490 AilE
£ o9l Aol7} et gigiet 1o A4 3TXH 1 SEol gas e 4

Ao AT 3 —Zré%o 0‘4% UrEHHU% “*Eﬁl"}tﬂ O}OIE(MDAH *“*é% ‘?ixﬂ‘)hﬂu
SR weiA, B APl WA B AR o e gl Bl s
(et B, vk B, 5) 9 719 3 A4E FAsHy vlolok2 M-8R noletn Akt
(Popov et al., 2020).

V. 2 <%

£ AT G EREY, PEEA D AARAYE U B A4 70T £5 A8 ojgaA
E40] vAE BBl B9 7R SUBE) 19 pHol f)H9l MAE ook, FEEs
£ AR ES U] 7Ky B2 pHE HeRtp<005). £ SUS) Mk I 7t el
olA] felzjel Bie] Ash} BETIh Ee QURAe] Fh SN AT WeiFon)
) A7Ke U ikl 2 G b ISfalpe005) DAL ALY Y B} ES
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