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Abstract

This study aimed to optimize the mixing ratio between D-allulose and D-sorbitol for producing
sugar-free chicken breast jerky, without adverse impacts on general quality attributes. A response
surface methodology (RSM) experiment was designed using a face-centered central composite design,
in which the independent variables were 0-2% (w/w) allulose and 0-2% (w/w) sorbitol. The sliced
and cured chicken breast samples were dried in an 80T air dryer for 4 hr, cooled for 6 hr, and
used for physicochemical and sensory analysis. The mixing ratio of allulose and sorbitol had a
significant effect on the drying yield, shear force, and sweetness of sugar-free chicken breast jerky,
but did not affect pH, hue angle, saltiness, and overall acceptance (p>0.05). In particular, drying yield,
shear force, sweetness, and overall acceptance showed significance (p<0.05) and a high coefficient
of determination (R2) in the quadratic model. Moreover, the optimal mixing ratio of allulose and
sorbitol to expect the maximum dry yield (39.2%), sweetness (5.9 points/9 points), overall preference
(4.5 points/9 points) and minimum shear force (6.7 kg) of sugar-free chicken breast jerky was
determined as 1.6% (w/w) and 1.7% (w/w), respectively. This study suggests that the quality of
sugar-free chicken breast jerky, such as drying yield and shear force, could be improved by
optimizing the mixing ratio between allulose and sorbitol, while minimizing the defects in sensory
preference.
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al,, 2023). 53], @] 48R A73ARFE] Tl AHE Aoolr] wheol k- Ao Brks
A2 Yas BG83 S AFol s EE Qick

S32e T ko] oF 30% ol A AlFo® A QUed, Al HA] |3 9F9]
TH GRS W 39% S0 8 FARElo] Tl AE0R0) 71X} S|k Yang et al, 2023).
2 %¥e) B2 YES U % g vl HEo o] 4uE s 28 2ol A%
ko] ol SR 1Jv] Hoig Sistel o 1% ££0 AIehl, 59| A9 SETHE Aot
2 7184 S BAoR e AereEat 29 © A71Eel =2 Holth(Nam et al,, 2017). o
o] AtollA =] Al 521 28F2] S0l 13] AB7|F 15 g F 0.54.5 g9 B= TSI,
28 Nt 7H 2 Arlae ABOE UehthYang et al., 2023).

AAR71FWHOYE Hlg 918, 4l 94 2 Aoke4] el ol 4% 4Fwe] s
Aaah] IBET, H Ak, A 2D 5 AN S Aok Sl i) 2ol
27 271813 TG et al, 2023). ARIIRE A U, 740] 2% © 9% Boz Tpe 4
S, ol FERADalllosey 7ho] 77k Aee] 0%0] LT BHL 1 ¢ F 0.007keal
0T Wl HTh(Xia et al,, 2021). YEEAE IHD-fructose) ] 2] H(epimen)2A] TA 7154
£ 9n 49 9 2uRdA /1B 5 A4E % 9lon, A B BN “genenally
recognized as safe(GRAS) #3HO & of7ItiDaniel et al., 2022).

Ak, FF 9 P 9 ot e YE=AC] AY thA]l HlEo] M (Hwang and Lee, 2018)
¥} AHAA 0| A(Lee and Shin, 2022) 5] F4 H 52 EA HAl= IF S°] EiHoH,
A HiAIBE | $1et FEZA0] A 7t S 218 AFol et Adolskitt. Ee, 2.5% A9
A7RE @7Ied 2AA M FERAS 718101 100% AR 39 B 7 vzt Earsof
(Hadipernata et al., 2016), ¥E220] F7k= 2871839 4 E40= AT JF2 1ld A=
A=Y &2 olgfets] 9l #s2 B4 niRl= el WRE At vHIRt Aol

EH|E(D-sorbitol):> FLT-Z(sugar alcohol)?] Stz S| A H FE 545 745
At 5H O Z ARgol= HEH Q] EEA(humectant)©]THJang et al., 2015). 77 ex= Ao oF 60%
ol A 1 g T 24kl 5502 Aol WISk B9 AU e TS BHUTHLee
et al., 2015; Rice et al, 2019). o]&9] Aof|A SHIES £ & F719F AT a0 34
9] 37} YERHR O (Jang et al., 2015; Sorapukdee et al., 2016), =] &H|E 7= o]A A 9]
RS FAJsly] miEol e & giAlE B0z &HETRS E85l7]ofl= Agte] mEc) welkA,
T 71A] o] diAziv&E Etste] 28 AlEol e 49 duke FRlske Y AT 5%
= LRI dERA SHIE0] T HlE FA3LE 9t AW IS SO FF FET S22
7ido] 7hsstElEt 7t

RES-EHEAH(response surface methodology)< A1&2] E24 9 7154
ulg HHsl] e 2ol B /MR, BHE JIBAE AZE % ST W vl
T Z8E]o] YrHAcosta et al., 2008; Yang et al,, 2013). WehA], B GLo] B2 RLAder tyliat
STZ ] U HYATZA HSHARAES BESY0] 71540l 943t FAl] EAEYe)
Fe U 5 e GEEAY SHIEY £ HIES 43} ok d Atk

o4
=
Y
o
4o
o

1. g L gty

FAY S1sA S0 FAEA Y U 7|54 ASIE HASkole YEEAL SH|IES 5%
Hl&-S Al Qote] WEASHIA S o =2 UES-HHE X (response surface methodology, RSM)
A58 AABIATHver. 19 Minitab, Minitab Inc., USA). SHHSE dE2A A7EH0-2% (wiw),
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X3k 1% ARH02% (W), X)& -1, 0, +19] 382 Rastelel 137719 Az AHg 44|
SHIETable 1), BEHNY)E SE| I FYSH] ol A% 58, pH, 242} A
o 0 TSR, B E A SRS SIS 28] W S0 Haghe 2] A8t

ALt

2. FHE FUISH || NESH

S A|Zo| ARESt BIIEANM. pectoralis major)yS AL W5 AJ&(Harim Co., Ltd., Korea)&
A% SHEOIA TSI WE BRARS 4°C AT 2441 Bt AT, 5L oHl
S7RSAS B Elo] A(HS-1SA, Fujee Co., Korea)Z 0]8510] 8 mm 7= Adsigich gRAL
74 1,000 g F 100 g2 BA|S0]| 2.0 g nitrite pickled salt(NPS), 8.0 g FAIY, 5.0 ¢ F3HLE,
2.0g of|2]AZHIAN}E F(sodium erythorbate), 8.0 g =FEAR}EE(mono-sodium glutamate), 6.0 g
S5 Hat 70 g vhs, 7.0 g 2RI - HERIE(D-gluconic acid delta-lactone) 2 1.2 g ABAEL
F(potassium sorbate) & SAGA H7ISHYT, LERAI} SHBL Table 10] Ll vlok o] 2}
oA ARE 71 AN A £t o] ARt H7IEAS AAAT 7 pm2]
IAEEZ 1A7F B2t AY HEHS HASFHEHMGH 20 STL, Vakona GmbH, Germany). BE3
< T HA H7REAE AX e FHEol Qles ARt flofl BA 75CE AR EFAX7I(DG-115A,
Hyundai Enertec Cor, Korea)o|A] 2417k S9F ARSHY, B7ESAS FRo] ThA] 247 59t st
FNA AEE HASINTE ARE vl §7R5E-2 A20lA 6AI7E < 7Pt o] % Mg Adst
of olglsty 4 Tz FA £A0f ARESIITH

R

3. THE HUISH |E2 oty 3 #sX 88 Tt

1) 24Z48(Drying Yield)
FAY 9754 SS9 AR5 1A% o]d AR 97 FALE AR o]F9] gt Alw
o] BA| Alolg MEER AEIYIcy AX,ES AXRE 4L gt

Table 1. Face centered design for optimization of mixing ratio between allulose and sorbitol in sugar-free chicken jerky

Experimental factor

Run Code value Real value (%, w/w)
Xi(allulose) X, (sorbitol) X (allulose) X(sorbitol)
1 1 0 2 1
2 0 0 1 1
3 -1 0 0 1
4 -1 1 0
5 0 1 1
6 -1 -1 0 0
7 -1 1 0 2
8 1 1 2 2
9 0 1 1 2
10 1 -1 1 0
11 0 1 1
12 0 1 1
13 0 1 1
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AZSE (%) = (A - B) / A x 100
A = 7% o]d ¥R 979 FA (9)
B = 7% o]% {ligt Algo] 74 (g)

2) pH &3

e 954 S-39] pHE AR}F pH £747](Orion Star™ A211 pH Benchtop Meter, Thermo
Scientific, USA)S AR&Sto] S5t A ozl A= 3 gofl 3%} S574= 27 mLE ¥o] 6,000 rpm
07 187 #ASKFATHHG-15A, Daihan Sci., Korea). A%} pH 2471+ pH 4.01 & pH 7.0 5
o0 RSt FHo) AR 39] wEslel 25t

3) MiAZHHue Angle)

Az & FA% Q7S S29 39S MAPAEA(CR 400, Minolta, Japan)E AMESHo] Bk
(lightness) S YFERHE CIE L't M S (redness) S UERIE CIE a3k} S (yellowness)S LFE
Y= CIE b3k 24519tk MM A= CIE L'gko] +97.83, CIE a'gko] -0.43, CIE b'gto] +1.98
Ql Wi 3wk ol-gsto] HASIGTE M S AR T 6319 HHE FARIE S5
AIZEE B0l A4S ARESto] ARISIITHAMSA, 2012).

Apgihue angle) = tan”(b'a)

4) HMct2i(Shear Force) S8

T grjAl 8320] Aol Song 5(2020)9] 274 W] whel 2489 A% {304
HAE ARESHe] 245 Wk Hask A|E(1 x 3 x 0.3 cm)E €910 ™, Warner-Bratzler V-bladeZ
A5t 54 £47](CT3, Brookfield Engineering Laboratories, INC., USA)YE AR&3dlo] Attel S =
Aot EAZ AL test speed 0.2 mm/min, trigger load 5 g, distance 20 mmO.& AA5IH L, Al=E
£ Weste o Wad 9o WS ANT T A ko WS

S0 Ak, dut @ AAAQ1 A5k o] g BRI AR 0.1%(wiv), 02% R 0.4% F3ht
E IR 0.15%, 1.0% 2 2.0% A% 88 9 ZH5ES 0.1%, 02% 2 0.4% FFEAR

= A Q0
3=3 o 1
E§ 58S Azslo] 7 gto] JEE LAYE PRI A Bl AN dERAct &

HIE2 7R 787 H7Red S329] Bol(1=clF ot /o, 9=of 73t ), Tok(1=ol <t
oL, 9=ob Zdet o) B AAIA Rl Ao (1=45 M@skA] %= gt 9=ul¢- Aoshs e 94
Ao g WIS, AR 71 2 om D AIE 2 em FE9] 3718 F) 379 UE He
Fol3ol gol AlBsA

4. SHEM
Aoj Yol YR BAREA(one-way ANOVA)S SPSS Statistics(ver. 18.0, IBM Corp.,
Armonk, USA)E ©]&510] f-2)/3(p<0.05)= FA611a, Batghyl Beke] #= 2 A standard error
of the mean, SEM)Z YEIN QI Bt 2lo]= Duncan?] tIEAAS E510] 8-9)4(p<0.05) 7
Jolgict. T SIS S ARE 95t YEE A0} £H|E0] 24 Z3H|8| B3t v HHE
442 Minitab(ver. 19.0, Minitab Inc., USA)& o]-85to] AA5c} RE o] A3 F-test9] 7214
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o= YIRIAL 7 B2 22H19] SIS of-85to] BRI ofotA A3t REgAlo] et

1. SAIEH SUSA SEO| Oj3EH U BSH £y
YEEACL SH|ES] S3hlgo] FAT QVIEA S0 HERSE, pH, A7, Ade 9 54
L QI Tuble 20] UERgITE BAS S S0 RSB 127%41 2%
GgEAsh 40150 W] B2 9H9 Folg Ushiglnh IERAS SUIES 27t
2%(wiw) 7Rt TR H7IeA S AT (un 8)oA 7HY w2 Ax4ES R N, 4E=
VoA ke Al rn 614 7% S Azsgo] BT p<005). oI5 §
A ofie] AFolHE 9% 59| BURES Wi SO 48 o naRg A 4
Aok B, o] SYT=0 B5AdH} TRo] ltkal AFEETHJang et al., 2015; Sorapukdee
et al., 2016). T3}, 59 H7IEollA FEEA AHEFHun 4)= EHE A2 (run 3)Eoh ARG
& 7fAo] aaHARl AR AE T 29| Aol GEEAY] Wk AAA E2 RASAIE
oA B4 /A a7 YeERdthY X 1715 9] © ™(Hong et al., 2020; Hadipernata et al., 2016), Lo}
7t 2 AFe GEEA 7P S29 B4 /R0 BA]l AR E8E & 9SS HolEr:
B i S plis 5,659 Wl BREIoL, AETA9t SulEe] Hrl] o
F )il Aok Uehba] Sk, o] eiTNam et al, 2017014 W, 4T, B o

>‘
k'S
B
i)
;
9

[
i
u!
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Table 2. Physicochemical and sensory properties of sugar-free chicken breast jerky with allulose and sorbitol

Factor (%, w/w)

Response variable

Run X X Drying yield Shear force Salti Sweet- Overall
(allulose) (sorbitol) (%) pH Hue angle (kg) -ness” ness” acceptance”

1 2 1 39.4% 5.7 36.2 6.4° 5.3 6.0° 4.0
2 1 1 34.8%¢ 5.8 36.4 7.1¢ 33 4.3% 5.0
3 0 1 33.2 5.8 40.1 7.5 43 6.3 5.3
4 1 0 37.6™ 5.8 36.4 7.5% 3.0 5.0° 53
5 1 1 34.2% 5.6 32.6 7.5 5.0 47" 54
6 0 0 32.7 5.7 31.0 9.1° 3.7 2.3° 2.7
7 0 2 36.3%¢ 5.9 43.4 8.7% 43 4.3% 3.0
8 2 2 41.2° 5.8 33.6 6.3 4.7 6.3 3.3
9 1 2 39.5% 5.7 34.0 7.2¢ 5.3 5.0° 47
10 1 0 341 5.7 34.4 8.7° 43 5.7 3.0
11 1 1 36.2% 5.8 36.2 7.2¢ 4.0 5.0° 5.1
12 1 1 35.9¢ 5.8 34.8 7.5 43 5.0° 5.7
13 1 1 35.4%4 5.9 4.4 7.6% 3.3 5.3 53
SEM" - - 0.45 0.12 1.02 0.23 0.21 0.20 0.28
p value - - <0.001 NS NS <0.001 NS <0.001 NS

YSEM: standard error of the means.
YSaltiness: 1 = not salty and 9 = too salty.

JSweetness: 1 = not sweet and 9 = too sweet.

“Overall acceptance: 1 = not preferred and 9 = very preferred.
NS: non-significance (p>0.05).
“*Means sharing the same letters in each column are not significantly different (p>0.05).
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e ZE|ago] HAe G7R5A 8329] pHE 747} 5.90, 5.83, 5.71 € 5.910]2kyl H sl B
AT} SARRE pH S LERAQITE E3L, Jang 5201512 5%(wiw) 87} $320]l4 &H|E0] vkA
£ 30 pHo| WA= FFol flrkal Earstglct

A 7IGA £329 x F HlololE whgol| ofgt AHE AolS Hluwsh| fisf AVdZi(hue
angleyS S7SISITE. T2t FERA} EHIE| ViG] wiE FAY S S0 AV Aol
LERFA] itk AERAE ARES] FA1E] I 5 mlolok= HlSol| Hofd &= ik Huve i glovt
(Miyoshi et al, 2019), EHIEE vlolol= ¥EG-Z #9] kx| oF Y- 71 A41F] A 7jAof
AREER= 797t UtHDavies and Labuza, 1997). & Ak AE 2%(wiw) 7PE9] Wolld dE24
EHIE9 S3hleo] FAY SV S0 A FAol MRl FRol A gReg HolEth

A B S0 AL 639.1 kg $ROE FERA Y S5 Wyl ot Faidt
Zpo|7k YERGTHp<0.001). YEEA D SHIES H7I0HA] = 49 F4% S7154 S35 (run 6)9]
AL 91 kg0 & 7H 22 4312 UERQIIL(p<0.05), 2%(wiw) LZRAL} 2%(wiw) SHIES
7Kt A9, FAT 2715 S (un 8)9] AHEL 6.3 kg $EOF AASIHTHp<0.05). ThEhA,
B ATANE YERA 52 SHE0] 829 AxE MY 4 9leS HojFn, ol &HIEY
8o 3t o]A9] AFINE RARE Axpt B vl Qlrt. Kim 520100 A 17] £329]
Actelo] SHIES VIS o A9 7.14 kg FEOIU, 2% EHIES VIS 4.14 kg0 & [OF
Ql 47t Uehdtha B usiiek E3L Jang S(2015)2 2.5% SHIE A7I2 dbAx S30] Aty
o] Aaste FFS UEdHL Busieint wekd, SHlE 7R SV’ Az e AEsh
AL 24 Bt FLT29] F5/d(hygroscopic)? Fo] QAL et ol Al d=
2 Z7M) OJ3t Ae7teEe] B4E o] WEEIL, YERA 7l o3t AdE Ak A
2589 Z719} #o] QUthal AlEEth(Hong et al., 2020).

T Sy S0 7 At 9 ARl Aews Bl A GERAC 6|8 At
Foll w2 T3] G219l Zlo|7t WAFILE Afet vie} Zol, YBEA0} HHES H7IEHA
%2 73 Hrun 6) 7P W2 S8 S UERITHp<0.05). R A5k} ARl Adotes 2 A
oA A5t FERA0L SHIES] T HE oA F2Ql AlolS HERA] gkt dRtA o
9 29 St Aokl SR Tk ARt dEH oL, i Joot Yoon(2021)E ATkt
b 719] o] AT AE-0 R Ag] o] Ak AAE 4= ekl BAsiglct. &, ARt g0
ol Tl ot FT gl Wishs A8 AlEe] ueh ARtE ARE e 4 ek Yot
2 dolA FERACH SHIES] 7t HIgo] Aol FFEZ MIAA] F2 Ak T TRl w
2Fe] 42AE 73] tE ¢ s Uit AlRE:

P

IE=A0} SHIEC] SeHle0] Y WG 29| Axae, A, It 3 ARl AT
=] ke Foll Rt EE AL Table 30] eI 94 Gt HESAIOl diRt quadratic
2O} A=(R)E 0.74-0.83 $E0 8 ERSo] it ¥kSA|9] Wsks Al=ld Al A¥E 4 9
Thal TEHEThp<0.05). Z4242] Bell {7 AjolA FERA0L SHIES 71l oftt ukgA] Hsje]
Wt ST Fig. 10 UERSITE SE2 A0t EVE WIS S7he 78T HVisd 529 1=
FEZ T7PIAHp0.05). FEEAS Aie S8 vis) FET Sied S22 ddEe 7o
Zog asks B Ut E3l dERA0t SH1E0 7R S7he 9] R 57
S UERIIeL, ZdAIER] 71Sg0lA 49 2 vehd 238 viRlEntd dEEA0 SHlE
o] & TohlE dHo] FF T = JEolM F83 ouiE HEhit Y AlmEnh

Uo7t & oA 77 '7Ied S20 FESA F dERA0) SHlE] VIl bE &
OARl HokE UERd Az, Add, 9ot 3 dAE ek § dxes, 9ot 3 AAEY

1o

-
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Table 3. Analysis of predicted model equation for drying yield, shear force, sweetness, and overall acceptance of sugar-free chicken breast
jerkies with allulose and sorbitol

Response

Model

Polynomial equation R* F value p value

Drying yield
Shear force

Sweetness

Quadratic 'Y,
Quadratic Y; = 8.710 — 0.979X; — 0.752X, - 0.113X; x X; + 0.265X; x X; + 0.148X; x X, 0.83  7.00 0.012

33.36 + 2.58X; — 1.95X, - 0.674X, x X; + 1.587X; x X; + 0.866X; x X, 0.77 4.90  0.030

Quadratic Y, = 2.865 + 2.060X; + 0.727X, — 0.489X; x X; + 0.178X, x X, - 0.250X; x X, 0.80 5.68  0.021

Overall acceptance Quadratic Y, = 3.277 + 2.757X; + 1.646X; — 1.087X; x X; - 0.753X, x X, - 0417X, x X, 0.74 4.18  0.044

Y1: response variable; X;: allulose (%, w/w); Xj: sorbitol (%,w/w).

(a) Drying yield (b) Share force

Shear force (ke
<
65 -
20—
a5

80 -
>

Sorhitol (%, w'w)
Sorbitol (%, wiw)

. 0-.0 03 10 13 20 00 03 10 15 20
Allulose (%, wiw) Allulose (%0, wiw)

(c) Sweetness (d) Overall acceptance

20
Overall
acceptance (0-9)
< 3.
35 -
1.5 4.0 -
45 -
>

15

Sorhitol (%, w'w)
Sorbitol (%0, ww)

0.5 0.5

0.0
(] 0.3 10 13 10 0.0 0.5 10 ] 20
Alluloze (%o, wiw) Allulose (%0, wiw)

Fig. 1. Contour plots from face centered design for optimizing effects of mixing ratio between
allulose and sorbitol on drying yield (a), shear force (b), sweetness (c), and overall acceptance (d).

§ B A
SirkFig. 2). 1 A3, HBZA0 Lu1EQ] HA HiT ZAS 1L6%(wiw) D 17%(w/w)E LEFEe.
W, 515 A7E 40IA AZSRS 39.2%, ATHAS 67 ke, BHS SIHOW HE) 2 AAH
PSR 4580 A UEe A0R 2=
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- Allulose Sorbitol

Optimal ;

DrEs 20 20
Cur [1.5960] [1.6566]

Low 0.0 0.0

Composite e ——T

Desirability o
D: 0.755 ~

Overall

acceptance / \)

Maximum
y =4.4655
d =0.59962 \

Sweetness — = =TT — — <>
Maximum
y =5.9412

d=0.0197 -’

™
-
-~

Shear force
Minimum
y =6.7291
d=078856 — — — ~v-\-—“--_— =T

Drying yield I Pl B /_

Maximum -
y =39.1776

d =0.76195 i

Fig. 2. Optimization of mixing ratio between allulose and sorbitol for improving drying yield, shear
force, sweetness, and overall acceptance of sugar-free chicken breast jerky.

oA10] AToIA] BRAe TrEhe] AZAFA S AR LS St RSO ole] Aol
A 2etsilont AT, AFWHE o ATY 5o Yollel B L4 B 494 82

Bla7t of e}, ey % ok ARG S 2 ARE LS fE 9 A0 e 24
4 Wz EA Wl 12T Q7} QItkNam et al., 2017). $HH, Wongwiwat®} Wattanachant(2015)
= Ag, ZeEA Y iﬁlﬂ 70:15:159] WIEE A3t EgFo e QUG S Ao A%
O Axt tlrHT W2 AdEe qqmuh Byslo] B 79} 9t Anks YEhygict
3L, Sorapukdee —(2016)3 A4 G7IEAF SIIME 10%(wiw) o] SEANE 32 &H|E
WPt dxeg 37 H A9 %‘i—% 71 4 S sholty mEbA, A S Az F2
ARERE 95 Z2 =5 EE] A Rl 2ASHE 542 TRle e S22 Ve e
A3 dEEA «l ggo| 7hsotd FAT 'V S22 I S sl ERlEe] & A7t

V. 2 %
= d& ASdte WIATH sl 28 AxsP] A5 #d 5499 A5t
glo] A2 AT = Sle dE=20t SR 23 9 vige A5t skt g
G7Med S22 olsfer ¥l #sd A0 viAle ddE B Al HFeREEAHeR
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