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Abstract

This study aimed to prepare 50% sugar substitute strawberry jam with different neohesperidin dihydrochalcone
(NHDC) addition levels (0.0136%, 0.054%, 0.072%, and 0.090%) and investigate their quality characteristics.
NHDC is an artificial sweetener 1,500-1,800 times sweeter than sugar. There was no significant difference in the
moisture content and sugar content of strawberry jam with NHDC except for Sugar. The total polyphenol content
and total anthocyanin content did not significantly differ between all samples. Therefore, NHDC does not appear to
have any effect on antioxidant activity. The brightness, redness, and yellowness were generally increased as NHDC
increased. This result seems to be due to the difference in the color of NHDC and the concentration and moisture
content due to heating during the jam manufacturing process. The overall acceptability and sweetness were highest
in Sugar, followed by NH3. It seems desirable to add 0.072% of NHDC to replace 50% of sugar content. However,
it was found that NHDC could not wholly replace sugar because of its distinct sweetness from sugar. Therefore, it
is necessary to study high-sweetener materials with sweetness similar to sugar by changing the chemical structure

of NHDC.
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Table 1. Formulas for strawberry jam with different levels of
NHDC

Components (%o, w/w)
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D71 e] pHeF GEE A7 50 575 15mLe 713
(Homogenizer, Model: T18D, IKA, Germany)Z
ol gl 24 stk ol% VARG o] &l
3,000xgol A 103F A4lee] F dSods Aol A8t
Tt pHE pH meter (Orion Star A215, Thermo, Boston,
MA, USA)Z =43}, Gt YA Y =4 (Refractometer
PAL-1, Atago Co., Ltd., Tokyo, Japan)Z =743} °BxZ
e AT
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NHDCE #H7Fst @71 9] M=+ Hunterdk$l L*, a*,
Minolta Co., Tokyo, Japan)& AHg-3te] Z4stsit. B
2 UelE L*ghlighmess), AANEE VERNE a*gk
(redness), FH=E YEP = b*Fh(yellowness)E -3FaL
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D719 E42 Texture Analyzer™ (TA-XT2, Stable-
Micro System, Godalming, Surrey, England)E A}-&-3}]
Stk Hlo]A 250 mLoll AlE 100 g& Fof EHO
2HE AA FA9 50%2] HFo] oS 23] v
aF3le], 7 Z(hardness), B2 “J(springiness), 54
(cohesiveness), 714 (gumminess), 5-2H4] (adhesiveness) 2
317 (chewiness)S Attt A 4 =12

Table 29 VFER| AT

D7) F ZYuE S Dewanto et al. (2002)2]
Holl A &3ttt A5 10 g0l
95% EtOH 20mL& 7Fstod AollA 5A17F gk &
3,000xgell A 1027+ Falielete] FFdS ARkl &
=4 0.1mL3} D.W. 1.9mL, 2M Folin-Ciocalteu’s phenol
reagent (47641, Sigma-Aldrich, St. Louis, MO, USA) 0.2
mLE H7} & A20x 38 WX stz, 3189 sodium

carbonate (Na,CO;) 0.4 mL<} D.W. 1.9mLS 7hst & A

Table 2. Texture analyzer operating condition for strawberry
jam with different levels of NHDC

Sample
P Strawberry Sugar NHDC" Pectin Water  Total Measurement Condition
Sugar 54.0 27.0 - 1.08 18.0 100 Test type TPA test
Control 54.0 13.5 - 1.08 315 100 Measurement type Two bite compression
NH1 54.0 13.5 0.036 1.08 314 100 Probe 35 mm dia, circle
NH2 54.0 13.5 0.054 108 314 100 Pre-test speed 2.0 mm/sec
NH3 54.0 13.5 0.072 1.08 314 100 Test speed 2.0 mm/sec
NH4 54.0 13.5 0.090 1.08 314 100 Deformation 50%
YNHDC: neohesperidin dihydrochalcone Trigger force S8
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Zom, Sugare Aol FArEle AEFe] 2HoR Ax
H Atk tHE(Control)S Sugarr] B9 A8 3HaF Hurs
A7rek A o2 AR Tl Sugars 70.8%E
744 kot Control# NHDCES H7Hsh ©7] 4 o A
84.4-85.1%% Sugardl] Bl3ll =7 YERRtth E3F Sugars
AL As 7k Fo3 ztol= LA THp>0.05). |+
NHDC 3 7F#(NHI1, NH2, NH3, NH4)ol| w2 A8 (Sugar,
Contro)Z+¢] F&F& BATE 718t 237 wiEolH,
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Table 3. Moisture, sugar contents, and pH values of strawberry
jam different levels of NHDC

Moisture content  Sugar content

Sample" %) °Bx) pH

Sugar 70.8+0.21° 65.4+0.50° 3.96+0.01°
Control 85.1+0.45° 39.4+0.73% 3.96+0.00°
NH1 85.0+£1.19° 38.8+0.42° 3.97+0.01°
NH2 84.9+0.31° 38.9+0.58* 3.94+0.02*
NH3 84.441.27° 39.3+0.53* 3.94+0.02*
NH4 84.7+0.86° 39.2+0.62* 3.96+0.03*

DThe values with different superscripts within a column are significantly
different (p<0.05) by Duncan’s multiple range test.
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Table 4. Hunter's color values of strawberry jam with different
levels of NHDC

Hunter's color value

Sample"
L* a* b* AE

Sugar 13.240.33*  8.13+£0.14*  3.00+0.06* 15.8+0.28*
Control  14.4+.005° 9.58+0.04° 3.06+0.08° 17.6£0.05°
NH1 14.6£0.07* 9.57+0.05°  3.17+0.03°  17.7+0.07%
NH2 14.7+0.04*  9.55+0.02° 3.27+0.04° 17.8+0.04%
NH3 14.8+0.04°  9.52+0.05° 3.36+0.03°  17.9+0.05%
NH4 14.9+0.08° 9.56+0.08° 3.49+0.06° 18.0+0.11°

DThe values with different superscripts within a column are significantly
different (p<0.05) by Duncan’s multiple range test.

Lol 3FA THp>0.05). o1& ]1134 Azl Qola A
AAZ FLFE(Park, 2007) FEL YT Kim &
Chun, 2000)% AP S A ATt 27l A
Aot FAT Fdol L}E}‘X«}U}. A (h*: yellowness)=
NHDC7} Zdﬂ%’oﬂ wal 3.17, 3.27, 3.36, 3498 Azt &
7Vete A4S BTk NHDCE Z4H&F #9 £ 9=
T8 F2% naringinS 3}8HA 02 HSIAA 4 Ao
S wy 7] fEe R Belth Kim et al. (2013)E
A Az T rasgelM AR 2astel 9r]9] <
EAlold A4t Bl Eo] Mw Wyt dojdtial Birs)
ATt

EA-I KI‘I

Az B E4 S8 A= Table 50| YeRAT
Sugar®} Control, NH1, NH2, NH3, NH42] Springiness (Bt
2 4d), Cohesiveness (-8-37d), Chewiness (37J), Gummi-
ness (A4) 4 2polE HolA] edth(p>0.05). 12
1} Hardness (%4%=)2} Adhesiveness (2= A5 7+
o] 93 Ao 7F e (p<0.05). o= &7 i35
o] zpo] Wit o2 HoIZITt} Adhesivenesse Sugar 4.36
o= 7FF E%k2m Control, NHI, NH2, NH3, NH4=2
= 3.23, 3.56, 3.73, 3.79, 3.902.%2 Z7lel= ol AHA
AS e ATHr=0.987, p<0.01). Adhesiveness> =717
o] ojite] Yelt= AEE YER Zow Mure] HIbEF
of gt} F7Hve= Adket fAFSHAl, 4B NHDC

o] H7teke] FrES 7HA BH(Kim et al,,
2015a). Hardness®] 7% Sugar’} 4.182 7V =2 #&
71 2™ Sugarg A& g AR A= 3.52-3.68% 9] 4]
zFo] 7} 1A BHp<0.05). Shin et al. (2019)0l] w=m A&
< H7hek @rAe] 28 AF 7P w2 g Hiloy
AREHAAR SIS H7EE AR E AR 7H
F97 Fo|7t gloke AFZAFe LA EAT o=
NHDC 7} FEgge] e 46 4TS nA=

Ao vepd.

e} [e)
= 5o s

5 Ed|H= gt

47| T FEHE g 58 2= Fig 19 YE
Witk Sugar, Control, NHDC #7}e] & Zg9E 3
2O 149.8-153.7 mg/100 g & A& 7+e] fo] A x}o]7}
AATHP>0.05). B71= F5 wet dito] th2ut vhedsh
FArst B4S Zhetty B EthKim et al., 2015b).
ZdEFE Fits E-o 23E o] Ao M (Choi &
Lee, 2013), @7]= tfdA A EZ #7]4H(malic acid, citric

acid, formic acid %), ZFH =
SEEEA

=, flavonol¥F, quercetin,
vitamin C 5% kst 7l 7HAA
(Yong et al., 2019). Jung & Kang (2012)°] wW=2H A]H
H3 %l 2714 & EYuEE IS 56.10, 97.59
105.85 mg/100 g& & thFshA TEE o] ATtz HIESY
o} o9k 7ro] WolMe] ERe) Az Bt Ea)ws
of gake thEn, A|%E NHDCS] A7l uje g7)3le
T EvE g% ke fle Jlo®E Bt

& CHEA|OH Bt
NHDC 7} @714¢] F }5/\]0}14 I S E A=
Fig. 20 YebH ATt 0}54 old el F TEFd 5.99-6.04
mg/gl® AE 7H] o4 X}O]ﬂ NATHp>0.05). <F
EAlolde] PS4, pH, ¥, At 59 A7 8
ol ofsl] ¥FS Wol Rrerhar HAE I THPark, 2007).
I8 B Ao s B2 NHDCE H7ieidzte &
719] QEEAJopS] bl & FFE FA &= AL
2 H2IY} Hwang & Nhuan (2014)°] W= Sucroset A
A2 oligosaccharide, xylitol, erythritol2 3 7}}R S 3%

Table 5. Textural profiles of strawberry jam with different levels of NHDC

Sample" TPA
Hardness (N) Springiness Cohesiveness ~ Chewiness (N'-mm) Gumminess (N)  Adhesiveness (J)

Sugar 4.18+0.18° 2.78+0.21* 1.01£0.02* 11.7+0.64° 4.22+£0.17° 4.36+0.18¢
Control 3.68+0.19* 2.66+0.20° 1.00£0.11° 9.56+1.47° 3.70+0.53° 3.23+0.24*
NHI 3.58+0.19* 2.57+0.25% 1.09+0.13* 10.1£2.722 3.91+0.66° 3.56+0.14°
NH2 3.53+0.23* 2.68+0.17* 1.13£0.09* 10.7£1.032 3.99+0.30° 3.73+0.13%
NH3 3.52+0.27° 2.40+£0.20° 1.09+0.30° 10.3£1.83¢ 4.06+0.55° 3.79+0.16"
NH4 3.60+0.26* 2.50+0.29* 1.08+0.24* 9.87+£2.07° 3.87+0.62° 3.90+0.13¢

DThe values with different superscripts within a column are significantly different (p<0.05) by Duncan’s multiple range test.
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Fig. 1. Total polyphenol content of strawberry jam with different
levels of NHDC.
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Fig. 2. Total anthocyanin content of strawberry jam with different
levels of NHDC.
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T Table 63} Zth 370 E NHDCO] &5 A= A7t
(Color), 217+ (Texture), 415H(Sourness), T3 (Sweetness), %
QA Q1 7] 3 %= (Overall acceptability)Z 2] ZH(Texture) S A
F BE FEOA AR 7He] folH Aolrt yEhwTh
(p<0.05). M7+ (Color)| A= Sugar 54602 7} =%
7tk NH37} 4382 =2 & 7o) Park (2007)9]
AFZA ol ostH A"RYE H7FgE Controldl Al 63622
A M w7t 718 E=Udh o= AlgllA HujEe 2
71 3e] 7P fARE MEE 7HR)7] witolw, ST}
ES4E U 7|3 xE /Mt Park & Lee (2005)9]
AFAFe} AFo] e o7 KBl |9} o] A
7t oA E W 7|3 xE 7F Kim & Chun (2001)
3} Kim et al. (2015b)] AFA e} FAFSHA YERST
Aluk(Sourness)> NH37} 438% 71257} 7P =9dth ©
uk(Sweetness)2] A% Sugar’l 4922 7H =%oH U2
NH37} 4772 =& 7|35 7FX U Jeong et al. (2021)
of MEW &M= AlFol HujE= AFel &
Tha BAsAT). o] 9 o] Alst B71A Fre] o]&ste]
AlsolA A= T} HSzek Al AlZE Sugarel A 7t
F =e gs UeEhi Y oo ® NH37} YERY Sugarst
A FeE 1Y Aoeg Hoth AHAWrEQ 73k
(Overall acceptability)= A1 ¥== 27147 FAFE Sugar
7} 5312 7P =kom, O v 02 NH37} 438=% =
ko, NH2, NH1, Control, NH4=2 2 4.15, 3.85, 3.75,
3232 wrolxith. o]} o] B Azl o] RS
50% WA 79 NHDC 0.072%37t7F 24 o=
Bt} weh NHDCE H7hshd Awe] gre st
7V Am A ddEA tiAskA] X3k Ao ® e
pra=

o ok
) =

NHDC F71(0.0136%, 0.054%, 0.072%, 0.090%)< &
28k AE 50% thA] 7)WL Azt o] EF EA
ZAFSFSTE NHDC H7F 2714l e] SRS FH des
SugarE AL Fol4 zol7t giew, F ZHE
3}2K(149.8-153.7 mg/100 ), & SHEAJobA $12K(5.99-6.04

O

Table 6. Sensory preference score of strawberry jam with different levels of NHDC

Sample" Color Texture Sourness Sweetness Overall acceptability
Sugar 5.46+0.78° 5.15+0.90° 2.62+0.96" 4.92+0.64° 5.31+0.75°
Control 3.15+0.90* 4.62+0.96" 2.69+0.63* 3.31+0.85* 3.75+0.99"
NH1 3.54+0.78" 4.54+0.97* 3.15£1.07* 3.62+0.87* 3.85£1.07*
NH2 3.85+0.99 4.77+0.83* 3.38+0.87™ 4.31£1.03"™ 4.15+0.90°
NH3 4.38+0.96" 4.69+1.03* 4.38+0.77" 4.77+0.93¢ 4.38+1.19°
NH4 2.85+0.55* 4.46+0.88" 3.850.99 3.9240.95® 3.23£1.01*

"The values with different superscripts within a column are significantly different (p<0.05) by Duncan’s multiple range test.
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