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Abstract

The objective of this study was to determine the optimal mixing ratios of pork skin gelatin, g
-carrageenan, and calcium chloride for manufacturing senior-friendly gelatin gels with hardness for
tongue or gum intake, as well as fulfilling protein, dietary fiber, and calcium contents of the Korean
industry standard (KS) for senior-friendly foods. The optimal mixing ratio of the ingredients was
determined within 6.60~33.3% (w/v) pork skin gelatin, 2.50~6.25% (w/v) g-carrageenan, and
0.235~2.351% (w/v) calcium chloride using response surface methodology. The mixing ratios for the
senior-friendly gelatin having the hardness of 2 to 5 N/cm® were predicted as 6.605~11.331% (w/v)
pork skin gelatin, 2.74~6.25% (w/v) g-carrageenan, and 0.235% (w/v) calcium chloride. The amounts
of nutrients (proximate composition, calcium, and dietary fiber contents) in the senior-friendly gelatin
gels were significantly affected by changing the mixing ratio of the three ingredients. In conclusion,
thereby mixing 6.605~11.331% (w/v) pork skin gelatin, 2.74~6.25% (w/v) k-carrageenan, and 0.235%
(w/v) calcium chloride, it could be confirmed to control the hardness corresponding to 2™ to 3%
hardness grades of senior-friendly gelatin gels, with fulfilling the nutrients standards for 6 g of
protein, 80 mg of calcium, and 2.5 g of dietary fiber per 100 g of product.

Keywords
Calcium chloride, Carrageenan, Jelly food, Pork skin gelatin, Senior-friendly food

1. M 2

SeuEt AA QI F 654 ol IR ARk vl 20209 71 15.7%0H, Q4= 2025
Hol| 1183} Hlgo] 20%E Hof Z1EARS] (super-aged society)o]] XIUT A= ATt (KOSTAT,
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T 5 T T 7121 100 g F 6 g9 oA B 71 29| (ShE AFell siERitia Bt
ATt (Noh er al., 2020). &, @HE B3Z 3 VPHSHEE /Rt Afd S 49808
St APFEE SEoto] Tl g AE VS 35T 4 Tl ZIdiEth ey o
0]2]9] o o] ¢ AL o1, A thE s/ TAY} Hwste] B4 opu| Al Stk
o] Yt} (Liu ef al., 2015). WA, AFHSFAE AP HES] P A= 7S g, 18
A7} 2788 4 AAIsk=t] At Ao, BlEil 9 571 RS A3kel] 913t 7R 149
7ido] E a5ttt

Aol df= AW 48} B4R Fo7} o dasHd HERE A3 Al AU 8EY Holdo]
Eo] 1-& "= A F4 9 tAKEE B et A5 i 7IHE 4= ATt (Shin,
2019). AAE Aol AFFe] S0 Ul nEY] A=A -8 715°] Ast=7] wizol 118
Aol|A| F27E Aol 79| FHo] F85Itt (Shin, 2019). 7F}7] (carrageenany> 275 FEE
Z74510 A 7HEshH FojR= tAQl 84 Aol ol 7RI SF= 4HE el o
2t 7l} 712b7 | (k-carrageenan), O] LE 712171\ (¢-carrageenan), BT} 711 (A-carrageenan) 2.
B HEsk, AEARIOIA S SAA, A 2 A gU9A| S8 ARSIt B9, 7kt 7l i
45 52 4w o9 24 stollA] et BZ F4sks £/0] Sltt (Petracci et al., 2013). X
Derkach G- (2018)2 7H}7 43t Aepels 313t Alo] B4 E40] 7lepr|dat Aetdle] &5 vl&
9] Jake W=t Barsigleh wEbA, gzl A Ao) Aoldf ks sl Tl i
A7tehs 745 9 Higol UE Hx BiSE Brlstolof gtk

Za Be} AJoko] 8 /dAgEolaL, AolA BAST, 855, AFAE A=AE 5 U
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9 o}/ 700 mgO 2 AAE| A f-EuiEl ARl WA 84% H o] 73.5%004 L A3 FEokth
1 AR BF QI (Hur er al., 2018). £3], Z&9] H52 Sth55= oF/Iok= 83 €lo] 57]
2ol TR oA FE3T Z< FFo| ARSI} (Paik ef al., 2016). B34 (calcium chloride)2
AFAROA s SHYCE 8ok tid ARA7RER A 59 5 4 36.11%Y deS T
Rt ESh Askdwe] dE e ol 7ht 7l e Bafiste] a7t 7Kl sk s
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SA=
E A7 =042k (ltalgel, Italgelatine S.P.A., Cuneo, Italia), 713} 7}2}7|'d (k-carrageenan,
ES Food, Gunpo, Korea) & 83}z (94% CaCly, ES Food, Gunpo, Korea)S ARE35}AT

X A

FRISIE SARIEZO] A 7| 29A|19 38A 0 &5l Aetd o] Aloldfet A
Z3E 95t A vistzAS gdst7] Y3l Minitab (ver. 19, Minitab Inc., State College, PA,
USAYE ol83le] A8 T2le BEHNOR BAG THU Hele e FSAe]
Gerg vl Q910 EvAElEl TR (X), 7t Zebld B () % WS B (S
S (0 AFIAT, -1, 0, +19] A FEIRIGT (Table 1), Ex)mel ko] 1%
& ZEY T 911200] A 2T ABS] DR S5 6, 18, 30% (wh =S 25

Table 1. Face centered design for optimization of senior-friendly gelatin gels formulated with pork skin gelatin, x-carrageenan, and calcium

chloride

Experimental factor

Sample number Code value Real value (%, w/v)
X! X2 x? Gelatin Carrageenan Calcium chloride
1 -1 -1 -1 6.60 2.50 0.235
2 1 -1 -1 33.00 2.50 0.235
3 -1 1 -1 6.60 6.25 0.235
4 1 1 -1 33.00 6.25 0.235
5 -1 -1 1 6.60 2.50 2.351
6 1 -1 1 33.00 2.50 2.351
7 -1 1 1 6.60 6.25 2.351
8 1 1 1 33.00 6.25 2.351
9 -1 0 0 6.60 4.375 1.293
10 1 0 0 33.00 4.375 1.293
11 0 -1 0 19.80 2.50 1.293
12 0 1 0 19.80 6.25 1.293
13 0 0 -1 19.80 4.375 0.235
14 0 0 1 19.80 4.375 2.351
15 0 0 0 19.80 4.375 1.293
16 0 0 0 19.80 4.375 1.293
17 0 0 0 19.80 4.375 1.293
18 0 0 0 19.80 4.375 1.293
19 0 0 0 19.80 4.375 1.293
20 0 0 0 19.80 4.375 1.293
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pH Benchtop Meter, Thermo Scientific, USAYE ©]-85to] A& o & 33] S4513ch
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of 307t Eoffolsirt. BN 3%} FRSE 7Isto] 50 mLE & (mass up)gt & 045 pm
hydrophilic teflon E|Z oFo}yc}. oyl GrZAstEel=nt E3353%A4 (8300DV, Perkin
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Table 2. Textural properties of senior-friendly gelatin gels formulated with pork skin gelatin, g-carrageenan, and calcium chloride

Sample Ingredient (%, w/v) Response
. Calcium Hardness Springiness Cohesiveness Gumminess Chewiness

mumber  Gelatin Carrageenan chloride (N/em®) p(r::fio) (unitless) (N/em?) (N/em®)
1 6.60 2.50 0.235 1.51 0.02 0.08 <0.01 0.12
2 33.00 2.50 0.235 21.92 0.95 0.87 17.94 18.98
3 6.60 6.25 0.235 1.21 0.02 0.14 <0.01 0.17
4 33.00 6.25 0.235 3248 0.92 0.74 21.88 23.83
5 6.60 2.50 2.351 2.37 0.08 0.17 0.04 0.41
6 33.00 2.50 2.351 28.43 0.92 0.77 19.89 21.69
7 6.60 6.25 2.351 1.45 0.06 0.15 0.01 0.21
8 33.00 6.25 2.351 37.40 0.92 0.73 24.92 27.13
9 6.60 4.375 1.293 1.65 0.05 0.12 0.01 0.20
10 33.00 4.375 1.293 34.50 0.93 0.76 24.48 26.33
11 19.80 2.50 1.293 10.58 0.91 0.70 6.70 7.33
12 19.80 6.25 1.293 12.93 0.90 0.62 7.14 7.95
13 19.80 4.375 0.235 15.56 0.01 0.06 0.61 0.71
14 19.80 4.375 2.351 18.81 0.75 0.46 6.49 8.64
15 19.80 4.375 1.293 12.13 0.72 0.29 2.61 3.53
16 19.80 4.375 1.293 17.50 0.82 0.36 5.34 6.41
17 19.80 4.375 1.293 19.55 0.81 0.44 7.31 8.52
18 19.80 4.375 1.293 17.36 0.87 0.48 7.18 8.27
19 19.80 4.375 1.293 14.68 0.80 0.30 3.57 4.43
20 19.80 4.375 1.293 17.30 0.74 0.35 4.69 6.09
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1.21~37.40 N/enr?, BF2}A] (springiness) 0.02~0.95, 2843 0.08~0.87, AAL <0.01~24.92 D 4
AL 0060879 WS VERRITE AEE AL S B o LAZE theleh Jrg oulahs
9], AXT A G uAE= 1343 32 E4 QAlolth (Pons and Fiszman, 1996). =xj&2He]
3} Feko] Aol 71l wel Amst 57}31.}_ Aol Uehgek. Aejele exo] ujeh &
(sol)-A (gel)Q] AYHo)7} 71soH, dutz oz At sir| S715tol| w2t 7t A% (cross-linking)
9] 47} WolA Ayl Z7lsk= EX4Jo] YeRdch (Mlchon et al., 1993). 71} 7} ES ZH o]
0] ojEH oz A G4 B4o] wsfely] ujol] Palkio] H7igo] 27K ufet ekl Ae)
BL7t Z7Y13E A 02 AmET} (Bvageliou e al., 2019). 1=y A=tg-7ha} 71217)39] AFo2R80]
9lo} FebIde] £ vlgo] £71%] miet A Yol FpEIRon, Fut FiEds) et
S HlE0] 496 ol A 7ht 7l He] vlgo] Srietel weh A 3452 d4sHl "ot
(Sow et al., 2018). & 7oAz 7t 7Ep7Id gagol 4375 ¢/100 g o<l 73 Aetel Ao
R R

Ad oz YAy Aetel Ao A, el 4 %H% 4kl o] Eolds Zvlet
L Aoz Yepton, 7l sl U 2.5~4.375% A7FoPd AL, e 9 Sy Ao] 7h4s) by
4375-6.25%% AH7Fotw thA] Z7Fek= Z0= Ukt Eg, og 4 PP Z7He A
FSAZIARE gl B SRS dekds 7RSOl 1.293%7H4] —7}9} Wb 71 oo} oA
£ Atk A3 el

DY AP = A 3T VIR0 M2 A HiEIE =F

NSRS B3 =& e, TR 9 Askdae] A7) tE Ak 9EA, SR,
A4 9 WelAde] HelE dgels e 412 Table 30] YeRHRIT & B4 E40] tidt quadratic
HEO| Al (R)E 0.82~0.96 <201 UEt (p<0.01). 53, Fx=2t HgolAE Rgo] 09602 -
=2 AFEE gRlotglct. d WAl wiet E3detd, 7o} 7l 3 sk Alelo] B4
Higto] et SR Fig. 1] UERSIT

Table 3. Analysis of predicted model equation for textural properties of senior-friendly gelatin gels formulated with g-carrageenan and calcium

chloride
Response Model Polynomial equation R F value p value
Y; = -16.86+0.019X,+9.31X,—2.90X5+
Hardness Quadratic 0.01297X,*X,—1.155X,*X,+1.23X3*X5+0.1048 X * 0.96 57.19 <0.001
X510.0924X,*X3;—0.140X2*X;
Y, = 0.283+0.0789X,—0.553X,+0.808X5—
Springiness Quadratic 0.001114X,*X,+0.0627X,*X,—0.2746 X5* X5+ 0.84 10.92 <0.001
0.00001X,*X,—0.00112X,*X;3+0.0004X,*X;
Y3 = 0.786+0.0283X,—0.553X,+0.464X5+0.000076 X *
Cohesiveness Quadratic X+0.0643X,*X,—0.1511X3*X;5 -0.00105X;*X, 0.82 12.36 <0.001
—0.00185X;*X5 +0.0001X,*X;
Y4 = 8.15—0.894X,—3.26X,+5.07X5+
Gumminess Quadratic 0.03697X,*X;+0.317X,*X,—2.016X3* X5+ 0.96 45.88 <0.001
0.0454X,*X,10.0442X,*X5+0.068X,* X5
Ys = 6.70—0.883X,—2.61X,15.13X5+
Chewiness Quadratic 0.03718X,*X;+0.242X,*X,—1.89X5*¥ X5+ 0.95 40.62 <0.001

0.0527X,*X,+0.0509X,*X3+0.021X,*X3

Xy, pork skin gelatin concentration; X,, k-carrageenan concentration; X3, calcium chloride concentration.
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Fig. 1. Response surface from face centered design for determining effects of pork skin gelatin,
k-carrageenan, and calcium chloride on hardness (a), springiness (b), cohesiveness (¢), gumminess
(d), and chewiness (e).

£ dFolre =xdeztg, it 7R Id 2 dekdes St 193Iekg b Aol 1yl
SHIFE AR IF AR 7IE S DA (6 ¢/100 g oY), ZE (80 mg/100 g oY) H
Ao (25 @100 g o) FFE F5dh= SAOl Am AFF TReR AR 28A (=
50,000~500,000 N/'m?) € &2 437} 7158 AZF 3544 (20,000 N/m? ©0]sh2] AL S Exslea
A7siort (Fig. 2). 19sHE debd Ao Awrh AR 718 29A] sfdots 5 Nem’7} 57
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Fig. 2. Optimization of hardness (2 or 5 N/cm?®) of senior-friendly gelatin gels (Y) formulated with
different levels of pig skin gelatin (X;), x-carrageenan (X;), and calcium chloride (Xj3).

9Ie 2 HPRAL ESPLE 1.24% (wiv), 715k 7 Id 625% (wh) B A8 0.235%
(wh)2 Utk gk A2 712 39A] Sieks A7t 2 Nem® $29] Aeel A2 A|z5]
SIgF 22 HREAL 661% (wiv) ExMekel, 274% (wh) Zhsh Fleb I 9 0.235% Aok

(Whv) 0]tk

ZM HfgHIEE M=ot nEEIs el "ol pH ¥ IY 4F =4

TES 4 wigRolA 7ht vl dat Askds 7 1HRIsty A Ao 24 B4
Table 4] WAL, 6% (wiv) Aepd A (2} 28 THZSHAIE A EE Fe 7|18
39 (T1, S= 3L} 294 (T2, 9F Aol &l Aot A9 % A& 2% &4 54
H] W5kt

7h} 7leb gt Fskdas 7R 1Rk Aete A9 pHis thR (pH 4.83)9 H]wsto]
RFYHOZ =2 £5S YR o] oAl 6% el 9] pHi= oF 48 $F0F HIlE]
o] & A7t ARt +AE UEUQIT (Noh e al., 2021). & Aol ARGt 7H} 71}7]d9] pHE=
ok 6.700% Z7g=]o], 1ZIsHY At A 252 pH $7h= AefdEr =2 pHY 71} 712t
71 A71s1917] WiZolta AlE gt

TS Aot Ao pE 2 YR (93.39 g/100g)7t 7Y w8toH, =uldetd 9 vt
7RI 71 S0 weba = ko] ZHAsilnh (p<0.05). 1 ZISHY Aete Ao il
2 =R gl =2 T2A Tt 7H #=9koH (p<0.05), TIAZ= 2T 22
Tl SRR YERYITH (p<0.05). Uo7t 1315ty Aetd A A2)4l52 1P USHE g4t
AHEY T AR 71E T T A (6 ¢/100 g OV)S SF0I%Th A 2 e A2
Al 0.01~0.02 g/100 gFE0 & YERGTH (p>0.05). 312 TS tiR+0A 0.05 ¢/100 gO = 7

N rlo

Resour Sci Res, Vol. 4, No. 1 | 63



Song and Kim

Table 4. Quality characteristics of senior-friendly gelatin gels formulated with g-carrageenan and calcium chloride for tongue and gum intake

T1 T2

Trait Control” (tongue intake) (gum intake) SEM”
pH 4.83° 4.92° 4.93 0.016
Nutritional composition
Moisture (g/100 g) 93.39" 90.45° 82.09° 1.694
Protein (g/100 g) 6.45° 6.65" 11.36° 0.802
Fat (/100 g) 0.02 0.01 0.01 0.002
Ash (2100 g) 0.05° 121° 235 0.332
Calcium (mg/100 g) 0.72° 162.50° 257.20° 37.521
Dietary fiber (g/100 g) 0.05° 1.08° 3.18 0.463
Textural properties
Hardness (N/cm®) 6.34° 1.93° 497° 0.663
Springiness (ratio) 0.07° 0.04° 0.21° 0.027
Cohesiveness (unitless) 0.09° 0.10° 0.12* 0.004
Chewiness (N/cm?) 0.59* 0.18° 0.57° 0.0638
Gumminess (N/cm®) 0.04° 0.01° 0.12* 0.018

D Control, only 6.60% (w/v) pork skin gelatin; T1, 6.605% (w/v) pork skin gelatin, 2.737% (W/v) k-carrageenan, and 0.235% (w/v) calcium
chloride for 2 N/cm?® of targeted hardness; T2 11.331% (w/v) pork skin gelatin, 6.25% (w/v) k-carrageenan, and 0.235% (w/v) calcium
chloride for 5 N/em? of targeted hardness.

? SEM: standard error of the means.

*¢ Means sharing the same letters within a row are not significantly different at p<0.05 by Duncan’s multiple range test.
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