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ABSTRACT

This study examined the optimal mixing quantities of sugar, pectin, and citric acid for the preparation of ginger pear jam.
The experiment was designed according to the central composite design of response surface methodology (RSM). To develop
the jam using RSM, sugar, pectin, and citric acid were set as the independent variables. The experimental data on physico-
chemical properties, and sensory evaluation were fitted to various models. Among the responses, pH (p<0.001), sugar content
(p<0.001), spreadness (p<0.01), L-value (p<0.001), a-value (p<0.001), and b-value (p<0.001), and the sensory properties of
appearance (p<0.01), taste (p<0.05), and overall acceptability (p<0.05) showed significant correlations with sugar, pectin, and
citric acid. From these results, the optimal formulation was calculated by applying numerical and graphical methods, and was
determined to be 250 g pear paste, 175 g sugar, 4 g pectin, and 0.8 g citric acid. We believe that manufacturing ginger pear
jam using sugar, pectin, and citric acid promotes the consumption of local agricultural products, and contributes toward the
development of functional jams tailored to preferences of the consumer.
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A(Lee KH 5 2015) So] it} w3k ukg %
AHE Ol 3 A= S5l A(Cho WI 5 2010), ¥
A(Park JE 5 2009), F2]A(Lee GD 5 2005), = ER(Kim
BH 2017), u}—e—xgl,(slm KH 5 2006), oirﬂ w1 H7} 719
A(Jang MS 2009) 5o] Utk
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Table 1. Coded independent variables used in the CI2 2 cmxA &2 2 emx=°] 2 cm) Rgoz el HAly|
response surface methodology design for ginger pear jam (BL9000C-GS, Guandong Xinbao Electrical Appliances
prepared with sugar, pectin, and citric acid Holdings, Co., Ltd., Foshan, China)= <k 157 Zro} 7438}

Independent Coded-variables SISt A7 AAAA F Aol 5 mm FA R Ho] A&t

variable “u 1 0 41 +a 2k 227](HU-400, Hurom Co., Ltd., Gimhae-si, Korea)
Sugar (@) 100 125 150 175 200 £ o83t FEe & Ao A vheeksl & e

= 30 mesh Aol ojF}ate] ARESIATE 2B 2 WH]
Pectin (g) 1 2 3 4 5

v o] ~E 250 g7 AAAFY 15 g& Wa YrFHown
Citric acid (g) 0.3 0.65 1 1.35 1.7 oM FEoA 387F Zo|thr} 7] A <ke] LA

Table 2. The experimental design for ginger pear jam
prepared with sugar, pectin, and citric acid by the response =
surface methodology 2ol A
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Sample ————parpasie Ginger o 5o} 9= ol S Wolrgl S o 1 WetehA 1y
No. Sugar Pectin  Citric acid (g) juice (g) 2 W cup testS ©]-&5Hd(Lee
(2 (& (& :
1 125(—-1) 2(—1) 0.65(—1) © 715 7 emzel 11 em)
' of Hol 20TelA 2441 A7 F A 82 ARSI
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2 175(+)  2-1)  0.65(—1)
301251 4D 065(-1) 4. Mg, mEl, T Ayl MZuiHel EX 54
4 175(+1) 4+ 0.65(—1)
5 125(-1)  2(-1)  1.35(+1) 1) pH & &=
6 154D 21 13541 Ay, #E, AN A7k AP pH R YEE AR
7 1S-1) 4+ 135(+D) 3 gl TR 27 mLE B2 dAset & d4lEe]7](Combi
508, Hanil Scientific Inc., Gimpo, Korea)E ©]-8-3t] 3,000
S IR aeh 1B pmel A 1587 RIS F g Astel 2Hakd
9 100(-a¢) 30 1 (0 250 15 i, == YA (Pal-a, Atago, Tokyo, Japan), pH+ pH
10 200(+a) 3(0) 1 ( 0 meter(Starter 3100 Ohaus, Parsippany, NI, USA)E ©]|&3}<]
11150 0)  1(=a) 1 ( 0) 33] WHE Sk & ke ok
12150 0) S5(+a) 1 ( 0) A—
B B0 o0l Cy A, Ae, AL 7} A7) HARE Na YM 5
14 150( 0) 3( 0) 17 (+a) (2012)9] ABATE Fxopith 1 mm AL HieFol
15 150 0) 30 I (0 (section paper) &4l ZdsHE7E 7HEE A7 5 eme] 9%
16 150 0) 3( 0 1 ( 0 S 22 T AIE 100 g2 Hol Y5 92 e &%
7o X0 10 B 2% 3t Fol FATERE $7AE BA ZH3le] 5
389 Birgke ek
o, @, B 2, AR s e SEHTRE AA6t
e 3) MT
A, A, AN 7L AL AmE AR
3. MEF HE| FoIAL HIF MZIH{AHe| K= 2600d, Konika Minolta Inc., Osaka, Japan)E A}-8-3}>] Hunter
AR Y, PAN Ao A Az pe A A BELD, AR, FAEbDHS 38 U 5

TH(Park JE 5 2009; Rho JO 5 2011; Lee SM 2014)2] 1 gt & gk Tk olw ARE-g 3T W i(standard
< Amach vie ARG T ADL AAsle] g plate) Lk 9331, adt 175, bak 0.68°I2ATh
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Table 3. Quality characteristics of ginger pear jam according to

sugar, pectin, and citric acid by the response surface methodology

Variables Responses
Hunter’s color Sensory characteristics
Sample . Citric Sugar
No. Sugar Pectin acid pH i Spreadness —— Overall
(€3] (2 (@ (°Brix) (cm) L a b Appearance  Flavor Taste fility accepta-
bility
1 125 2 0.65 42241.09"  61.33:0.06 4212021 21.05£0.31 0.11+0.01 21.71+0.49 6.36+£0.74 6.14+1.10 6.43+1.16 6.50+1.16  6.57+1.16
2 175 2 0.65 420+1.25  63.67+0.06 4.33+0.23  18.63+0.25 1.08+0.21 26.35+0.78  5.93+1.00 6.07+1.00 6.21+1.37 6.57+£1.28  6.14+1.23
3 125 4 0.65 4.09+0.99  58.00+0.00 4.63+0.20 23.21+0.42 0.23+0.05 21.80+1.17  5.93+1.00 6.07+1.44 6.57+1.50 6.07+£1.54 6.57+1.28
4 175 4 0.65 4.08+1.28  63.00+£0.00 52340.16 20.35+0.12 0.43+0.06 24.57+1.39  6.36+0.74 6.07+1.07 6.50+1.16 6.50£1.22  6.50+1.22
5 125 2 1.35 3.75£1.10  56.3340.06  5.00£0.41 22.76+0.33 0.1740.04 23.09+2.19  6.00+0.88 5.86+1.23 5.64+1.22 7.00+1.24  6.00+1.04
6 175 2 1.35 3.73+1.48  63.00£0.00 3.53£0.19 19.59+0.05 1.01+0.08 25.67+0.44  6.50+0.65 6.50+1.16 6.64+1.28 6.86+1.35 6.50+1.16
7 125 4 1.35 3.7140.98  54.00£0.00 4.65+0.21  23.68+0.12 0.43+0.06 20.39+0.93  5.64+1.01 5.86+1.23 6.21+0.89 5.79+1.58 6.21+1.05
8 175 4 1.35 3.71£1.26  59.00+£0.00 3.43+0.32  20.73+0.45 0.89+0.13 23.34+0.49  6.57+0.65 6.07+1.14 6.07+1.38 6.29+1.33  6.21+1.05
9 100 3 1 3.83+0.59  48.67+0.06 4.96+0.28 23.73+0.32 0.04+0.04 19.2240.79  6.07+0.92 6.07+1.14 5.79+142 6.86t1.17 6.21+1.05
10 200 3 1 4.01+1.38  64.00£0.00 4.51+0.16 17.99+0.61 1.41+0.23 25.7540.09  6.36+0.50 5.79+0.97 6.71+1.14 6.29+0.73  6.79+0.97
11 150 1 1 391132 62.00£0.00 4.48+0.10 18.70+0.42 0.97+0.24 24.87+1.34 6.14£0.86 5.86+1.03 6.21+0.80 6.79£1.25 6.29+0.83
12 150 5 1 3.93+0.91  55.00+0.00 4.56+0.28 21.31+0.15 0.65+0.12 25.07+1.09  6.36+0.93 5.86+1.17 6.36+0.93 6.57£1.02 6.71+1.20
13 150 3 0.3 4394099  61.00+0.00 4.85+0.40 19.16+0.17 0.44+0.12 23.80+0.52  6.14+0.86 6.00£0.88 6.29+1.49 7.1440.95  6.64+1.08
14 150 3 1.7 3.914£0.64  57.00+£0.00 4.20+0.22  20.04+0.04 0.67+0.02 23.51+0.26  6.36+0.74 6.07+1.14 571+1.33 6.86£0.95 5.71+1.07
15 150 3 1 4.03+1.18  61.00+0.00 4.94+0.39  19.83+0.09 0.51+0.07 22.99+0.65  6.07+0.62 6.36+1.28 6.29+1.54 6.00£1.41  6.57+1.09
16 150 3 1 3.93+0.85  53.6740.12  5.05+0.12  20.52+0.15 0.55+0.11 25.13+1.49  6.14+0.77 6.07+1.33 6.07+1.24 6.86+0.86 6.36+0.95
17 150 3 1 3.9241.02  57.00+£0.00 4.80+0.41 19.50+£0.12 0.68+0.10 24.44+0.87 5.93+1.07 5.29+0.99 5.86+1.10 6.71+1.14  6.14+0.95
D MeanS.D.
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Table 4. Analysis of the predicted model equation for the quality characteristics of ginger pear jam according to sugar,

pectin, and citric acid

Lack
Responses Model R F-value  p-value o fa Cﬁt Polynomial equation
pH Linear  0.7541  1329™  0.0003 02479  +0.02A"—0.02B—0.17C
Sugar content Linear 0.7580 13.57™ 0.0003 09274 +0.31A—0.15B—0.14C
" —1.18A+0.06B—0.19C+0.09AB
Spreadness 2F1 0.7740 5.71 0.0082 0.1321 0.43AC —0.22BC
L Linear  0.8276  20.80™"  <0.0001 02949  —1.43A+0.70B+0.33C
+0.33A—0.06B+0.07C—0.14AB
Hunter’s color @ 2FI 09136  17.61 <0.0001 02865 o 0 0eBC
b Linear  0.7369  12.13™  0.0005  0.5856  +1.63A—0.40B—0.16C
ok +0. +0. +0. +0. +0.
Appearance 2F1 0.7839 6.05 0.0067 0.3750 0-13A+0.01B+0.04C+0. 16ABH0. 18AC
—0.04BC
Flavor - - - - - -
Sensory Taste Linear  0.4436 345 0.0483 04432  +0.15A+0.05B—0.14C
characteristics
Spreadability Linear  0.2083 1.14 03695  0.7716  —0.02A—0.17B—0.02C
1l .
Overall Linear 04887 414" 00289 05678 +0.07A+0.07B—0.17C
acceptability

D A: sugar, B: pectin, C: citric acid.
* p<0.05, ' p<0.01, 7 p<0.001.

7kl whet WA nE R ol Frksly] wlie] Yehte
SINEHRE FErt GolAle AHE Ho] B A9} AR
dFE UEhH.

3) HEN

A, Ael FAL H7F Aol w8 S S 2
7}, 3.43~5.23 cm®] WIS oM, H gk sample 8, 3
gk sample 404 Ve SRS #3360 v =
@l digh 3l9EA e 23, SYHAT7E s AHE-5ke 2F]
model(R*=0.7740)°] A3 ¥ o1, p-valueZ} 0.0082%2 F2]
sl g7 2ol ek AwEo] Eskth AAAHY 2,
p-value 0.13212 2H o] A3HAo] AH =AU 37129 7

7

o} whgEW A Az, AR AT FALke] <ol
Z71E5= Ao, 2 AFoe Auy 1Ak
ol 7P 2 TS T Ao etk AL Al
A A E Asiel Fn| el A= AmAEA,
Aol g 4k AL Pded 4 JtKim JW 5 2006).
53h AeRvlee]l ZvlERA HRlEAEe] FRolE &

A o] Bt "Rl ZAte] Fale]o] e Bt g
A= 2pgste] EARke] &S folstA ste] Ao whs|
2 Axz 2ol A (Lee EY & Jang MS 2009)¢} AL
3 AE 2ok
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19.22~26.35(2 &%k sample 9, Zth3k sample 2)2] W2
et S3¥s7E Axo) nX= F ekl ek 3754
g A3}, Wre) ST =i Zy7} 2F-8-31+= linear
model(R*=0.8276, 0.7369), %4

£ 2FI model(R*=0.9136)°] A=Atk A=(WE, AT,
FAE)] pvalue: ZH2F 0.0001 ©]RE 0.0001 ]9k

2 EF 0.1% o] freldselA AN 2o uigt A
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W ge) Ak, Agel A 1Y 2 9B riAE Az
A9 go] 2HA5S HEE gasigon], 44w 3
M Z7kshe 3G itk 2en A 7 o
o] FN4E PEE F/IHAA, FAEE Phshe 7
e uglth ol MBAY o] 2 Fo| LEPw
Sgow Ralss HYL AH 2R ds)} 38y o 2
WetE whgo] AgE Ao Ay o] Boldsg
gol Ex5lo] hehd Az Btk

b
, TR 7 A 0] Hs L A, o
5.64~6.577(H &%k sample 7, U4k sample 8), 37| 5.29~
6.50% (2 &%k sample 17, 3k sample 6), Ot 5.64~6.713
(R 27k sample 5, 7k sample 10), HHA 5.79~7.143
(B 43k sample 7, ZTNFL sample 13), A9k 7|5 % 571~
6.79%(F &%k sample 14, 4L sample 10)°] = e}
Stk S5 Be st gl nx)= ] vigt 357
A% A7, e SYHSTE w3 AHE-SkE 2F1 model
(R*=0.7839), Bk, A, Mty 7|z SYPWg7) 2447
2+-8-31= linear model(R?=0.4436, 0.2083, 0.4887)°] 417 |
Ao, gl Zzte] EYRse) FEHASe] BAE A
& A3HeF modelo] A HA] skt ¥, ut, AvkA V)%
59| p-valuex 217} 0.0067, 0.0483, 0.0289= S5 5% o]
o] folgFol A Bl g Ago] Egkom, 2
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wgo] $24 Mg BRASE AH125~175 g), FE
(2~4 g), FA2H0.65~1.35 gy A
A Z Ao J3FS To] n|xE=

~

]l WsH7t

T el AvE vehd @59, Bt A 7]sE)e
e Az AAsIem(Table 5), 7 w2 A%=
(D=0.6752)5 Yl e A= APesickFig. 1). 234
HAghe sHvse 5 UeE 49T ¥ g
7F EHE = W9 SelM A S FelthFig. 2). TA14
3 2 HAH3E Bl A" HAe b2 A7 175
A4

g H€l 4 g 7408 gollom, o] W) dZH F5
%S pH 4.05, B 61.03 °Brix, ¥4 4.99 cm, HE 19.72,
AT 0,63, FAE 24.95, A 6.377, Fn] 6.00%, 3t 6.49

Table 5. Optimum constraint values using numerical
methods for the objective goal

ical
Constrains name Goal Nl.lm.e rlc.a
optimization
Sugar (g) in range 175
Independent . .
nvjrli):&;n Pectin (g) in range 4
Citric acid (g) in range 0.8
Appearance maximize 6.37
Taste maximize 6.49
Responses
Overau. maximize 6.60
acceptability
Perturbation
1.000 |
0.800
ceh
= 0,600 _| // TS <c
s |
8 0.400 B/
0.200 _|
0.000 |
T T T T T
-2.000 -1.000 0.000 1.000 2.000

Deviation from Reference Point (Coded Units)

Fig. 1. Perturbation plot for the optimization mixture of
ginger pear jam prepared with different mixing ratios of
sugar(A), pectin(B), and citric acid(C).
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Overlay Plot

Overlay Plot
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Fig. 2. Overlay plot for common area for the optimization mixture of ginger pear jam according to sugar, pectin, and citric
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linear model(p<0.001),
G linear model(p<0.001), H-A ZAzte] EdRAF7 s
2185} 2FI model(p<0.01), "8 %= linear model(p<0.001), =
A= 2FI model(p<0.001), 8 linear model(p<0.001), <]
Z 2FI model(p<0.01), Bt linear model (p<0.05), Z¥H 7|5
%= linear model(p<0.05)°] A=At A T, FHAA,
Ak, o3, Bt R Ty, A pH, HREA V)5 e
o 7V = Bel vl AR 28-Skl o] vk’
O Canonical g2 F24 HA3} 51 B2 HAs =
3l A HAo] HrbEE wf Fo] ~EE 250 g AHE-SIA
< o, A 175 g, FA= 4 ¢, 74 0.8 golRlon, o] 7
dS¥ FEHW] FHe pH 4.05, B= 61.03 °Brix, HEA
499 cm, X 19.72, AA % 0.63, ST 24.95 <3 6374,
) 6.00%, Bt 6.49%, ERd 63974, A 715 % 6.607
ow Uehsth oo A3, &RjRte] 7|5 eE s1elsto]
AR, A8, PARE Aohd AAel A4 20 < ¢

acid.
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