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Relative Sweetness and Sweetness Quality of Low Calorie Sweeteners in
Milk and Coffee Model System
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Abstract This study investigated the relative sweetness of various sweeteners (tagatose, xylose, erythritol, sucralose, and
enzyme treated stevia) in milk and instant coffee systems. Additionally, the effects of interactions with other ingredients
on the sensory characteristics of milk and coffee were explored. In the case of a banana-flavored milk system, sucrose was
added to a concentration of 5%, and the five types of sweetener were added to a concentration of equal sweetness to a
5% concentration of sucrose. For coffee systems, 5.9% sucrose level and sweeteners' concentration equivalent to this level
was added. A generic descriptive analysis was performed using ten trained panelists. The results showed that the relative
sweetness of all the sweeteners was identical to that identified in the aqueous system, except for stevia in the milk system
and in the coffee system with added vegetable cream. For the black coffee system, the relative sweetness decreased for
tagatose, erythritol and for stevia. Fat and vegetable cream significantly affected the sensory qualities of milk and coffee,

respectively.
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Table 1. Concentration and relative sweetness of 6 types of
sweetener using descriptive analysis in milk and coffee system

Relative Con'cen'trati(.)n Cor}cer}tration
Sample applied in milk  applied in coffee
sweetness
system system
Sucrose 1.00 5.000% 5.900%
Xylose 0.63 8.000% 9.300%
Tagatose 0.85 5.900% 6.900%
Erythritol 0.60 8.300% 9.800%
Sucralose 556.00 0.009% 0.010%
Stevia 64.00 0.078% 0.088%
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Table 2. Sensory descriptors, definitions, reference materials, and reference scores of the descriptive attributes developed for the milk system

Categories Descriptors Definitions Reference Rezigertgce

Oodor! Grassy/birim odor Complex arognitg ;Sssszfli;tggih\;vith raw milk, Milk 7
aItAtrri(i)I:ti S Banana aroma Aromatic associated with Banana flavor A Banana flavor A 12
Sweet aroma Aromatic associated with sucrose - -

Opverall intensity Intensity of overall flavor - -

Sugar solution 5% 7
Sweetness Fundamental taste sensation of which sucrose is typical Sugar solution 7% 10
Sugar solution 10% 14

Bitterness Fundamental taste sensation of which caffeine is typical Caffeine solution 0.05% 7

Flavor/ Banana flavor Flavor associated with Banana flavor A Banana flavor A -
Taste Milk flavor Flavor associated with typical milk Milk 9
attributes Cooked milk flavor Flavor associated with cooked milk Cooked milk 8
Goso flavor 'Complex flavor associated with mixture of ) )

dairy, fatty, nutty, and roasted carbohydrate flavor
Artifical sweetness Flavor associated with low calorie beverage’s ( Cokaco(l:e(t)léf.?{: tT;(:a, USA) 12
Freshcream flavor Flavor associated with whipped cream . Whipped cream 10
(Mail Dairy Co., Seoul, Korea)
Texture/ Menthol flavor Flavor associated with mint candy Mint candy 10
Mouth feel Smooth/Mild Smooth texture sensation - -
attributes Viscosity Degree of thickness of the fluid - -
Residual sweetness Aftertaste associated with sucrose Sugar solution

R;Zi\i;lfl Residual fatty Aftertaste associated with fat flavor in milk - -
Residual astringent Aftertaste associated with astringent - -
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Table 3. Sensory descriptors, definitions, reference materials, and reference scores of the descriptive attributes developed for the coffee

system
Categories Descriptors Definitions Reference Reﬁzge;r;ce
Opverall intensity Intensity of overall flavor -

Sugar solution3% 4

Sweetness Fundamental taste sensation of which sucrose is typical Sugar solution 5% 7
Sugar solution 7% 10

Sugar solution 10% 14

F}z:i)er/ Bitterness Fundamental taste sensation of which caffeine is typical Caffeine solution 0.05% 7
attributes Sourness Fundamental taste sensation of which citric acid is typical Citric acid solution 0.07% 7
Coffee flavor Flavor associated with coffee Coffee 10

Vegetable cream flavor Flavor associated with vegetable cream Vegetable cream 9

Roasted grain flavor Flavor associated with roasted grain Roasted grain 8

Caramel flavor Flavor associated with milk caramel ( Orionlvéi(l)l.(, (:Sac;r;r:lﬁ(orea) 8

Mouth coating Mouth feel when thin oil layer covers the tongue - -

Mool Asungpup  Comp o e e v d s : :
Viscosity Degree of thickness of the fluid - -

Residual sweetness Aftertaste associated with sucrose Sugar solution
R?]i\(/i(l)l?l Residual bitterness Aftertaste associated with sucrose Caffeine solution 0.05%
Residual sourness Aftertaste associated with sucrose Citric acid solution 0.07% 7
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Table 4. The mean” intensity values of attributes that showed significant sample effects for 6 types of sweeteners in full fat banana

flavored milk

Sample Sweet Bitter Milk F Artificial sweet Viscosity Residual sweet ~ Residual astringent
Sucrose 5% 9.9+1.8° 0.7£1.0° 4.4+2 5% 2.9+2.3° 8.4£2.0° 4.942.5° 1.0+£1.2°
Xylose 8% 9.7£1.9° 1.6+1.2° 4,542,207 3.4+2.9%¢ 7.4+2.0° 5.0+3.0° 1.6£1.5°
Tagatose 5.9% 9.8+1.3 0.8+0.9° 5.242.0° 3.042.7% 8.2+1.8% 4.942.7° 1.0+1.4°
Erythritol 8.3% 10.4£1.7° 1.5+1.3% 4.0£2.3% 4.1+£3.4¢4 7.6£2.0% 5.6+3.7° 2.0£1.6°
Sucralose 0.009%  10.2+1.4° 1.1£1.0® 4,942 3" 3.6+2.4™ 7.8+2.0* 47825 1.1£1.3
Stevia 0.078% 8.7+1.8° 3.4+1.74 5.242.5 3.7+2.1¢ 7.3£2.0° 4.0£2.4° 1.7£1.6°

YMean values within the same column sharing different alphabet superscripts differ significantly (p<0.05)

Table 5. The mean” intensity values of attributes that showed significant sample effects for 6 types of sweeteners in non fat banana

flavored milk

Sample Sweet Bitter Cooked milk F Mild Residual astringent
Sucrose 5% 9.8+1.8° 0.9+1.0° 3.843.7° 6.4+2.2° 1.1+1.7°
Xylose 8% 9.9+1.6° 1.6£1.1° 3.1£3.7¢ 6.242.4° 1.5+1.8%
Tagatose 5.9% 9.6+1.6® 1.2+1.3® 3.243.7° 5.942.3% 1.3£2.1°
Erythritol 8.3% 9.8+1.7° 1.4+1.0° 3.543.7%° 5.742.3% 2.1£2.2°
Sucralose 0.009% 9.4+1.8% 1.4+1.5° 3.743.7° 6.4+2.6 1.1£2.0°
Stevia 0.078% 8.9+1.8° 2.3£1.7° 3.243.7° 5.4+22° 2.0+£2.2

YMean values within the same column sharing different alphabet superscripts differ significantly (p<0.05)

2kl 739~ erythritol} stevia 7t A E7F AHHORE EA L=
Aoz BAET AFHel A 75 2 AF] I
AE AsAgEle] B A 2 4TS 712k16). 53]

Ao} BRG0 B5A EA o= AoA o= JoE

o]
qu A ARl BEAATE JFoRE Ak /1E 9
ol mEW AYEF] Z74HA Wk A Fadths B

sucralosesoll tHF A= A ©]T}H(19,20).

HhUER H7F ARG SFASFIM ] sucrose B 5%
iAo HeH 5SS AlHeRE aoker] 98 &Rl 1 &
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Qe B4 EXE Fig 19F 2ok 24 239 F 22ke] 65.28%F
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o 2maAl b AL o]y g Aol el wEEe A
o7 yehgth vuREE J7F AR A" AR 5%
A7F AEs Ard B BeF 540] AR AIREEE tagatose
5.9%, sucralose 0.009% J7} A& Fo] e Aoz EAFALh
v J7F EX e Sl AR Fel AR FAE B8
7F BEEo] F7HARI AR Akt
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FyE 24

YA Ao A9 55 Alad) Gk ARel A
W A B 54 Wl e g sow vehd

rr

. O stevia H7F A S €U Ay Fu)7E A GEE
o2 BAETK(Table 6). T&qAA =& @ 55 779
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ke BEE 5% AHAaAlE BAREA %S W, tagatose, eryth-
ritol, stevia 7} Al 22| 7 AW =rF T gl A8
SIS wof] Hla| WolAlE AR YERT Stevia M7t A1E9]
A 2 7R e 22Ut 5490 AT &uta) ditete] &
gto] o ZslA Bt ALE AIREM AFA|ZFHAX = AT
e} uto] & A FHEY] Wil AT I g st
Aoz A} ol9} FASHAl 7AW EQ sucralosel} ace-
sulfame-KE 71eh ATARHAAME 28t ATdu|, Bk Fol
A F7F AT vls] AstA BrkEE ASR vEeht(14) 27t
HE7F Ad Efe] &u 54 AT of A ¢5ke o
Z3etA sk 2102 AlmEc). ot gt ke #
S Aol FABIAY AME )& (congruent)d] FEEHE o2
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FsAEE doA AN ATt fFoFe R b FsiA wdd
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Observations (axes F1 and F2: 93.31 %)

* tagatose5.9%

* |*sucrose5%

stevia0.078%
sucralose0.009%"

°

* xylose8%

F2(28.03 %)

erythritol8.3%

o3 o 03 1 15 2
F1(65.28 %)

(a)

Variables (axes F1 and F2: 93.31 %)

viscosity

bitterness

residual

~ residual

eetness ‘~§Stfln nt

artifical \

sweetness

4 o5 o3 025 ° 0zs os o7s 1
F1(65.28 %)

(b)

Fig. 1. Principal component plot of 6 sweeteners (a) and their sensory characteristics (b) at 5% equi-sweetness level of sucrose in banana

flavored full fat milk system

Table 6. The mean” intensity values of attributes that showed
significant sample effects for 6 types of sweeteners in black coffee

Sample Sweet Bitter Coffee F
Sucrose 5.9% 6.9+2.6° 7.0+£3.5° 8.0+2.3%
Xylose 9.3% 6.7£2.6" 6.8+3.0° 8.0+2.0°
Tagatose 6.9% 5.782.1° 6.7£3.5° 7.9+2.4°
Erythritol 9.8% 6.0£2.3% 7.0+£3.6 8.242.4*
Sucralose 0.01% 7.242.7° 7.243.3% 8.3+£2.5%
Stevia 0.088% 5.9+3.8°° 8.0+4.2° 8.9+2.5°

YMean values within the same column sharing different alphabet
superscripts differ significantly (p<0.05)
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Table 7. The mean” intensity values of attributes that showed significant sample effects for 6 types of sweeteners in vegetable cream
added coffee
Sample Sweet Bitter Vegetable cream F Caramel F
Sucrose 5.9% 6.6+1.8° 5.3+2.5° 7.242.2% 43£2.8°
Xylose 9.3% 6.0£2.3° 5.242.9° 7.242.3% 3.942.8°
Tagatose 6.9% 6.242.1™ 5.842.4% 7.242.1% 4.1£2.9°
Erythritol 9.8% 6.6£1.9" 54423 74421 4.142.7°
Sucralose 0.01% 6.5+£2.2™ 6.3£2.9° 6.7+2.1° 3.742.6°
Stevia 0.088% 5.143.0° 7.0+2.6° 6.1+2.7° 3.1+2.4°
Sample Coffee F Viscosity Residual sweet Residual bitter
Sucrose 5.9% 6.4£1.4" 4.5£2.1° 5.1£1.8° 3.9+£2.4°
Xylose 9.3% 6.3+1.3* 4.6+2.3° 4.8+1.9° 3.742.8°
Tagatose 6.9% 6.6£1.4" 4.5£2.0° 4.7£1.6° 43£2.5%
Erythritol 9.8% 6.4+1.5% 4.8+2.0° 4.9+2.0° 3.9+2.2°
Sucralose 0.01% 6.9+1.3° 4.6£2.2° 4.8£1.9° 4.5£2.3"
Stevia 0.088% 6.9+1.6° 3.9+1.9° 3.742.3° 4942 .4¢

YMean values within the same column sharing different alphabet superscripts differ significantly (p<0.05)

Observations (axes F1 and F2: 97.14 %)

tagatose6.9%

F2(11.00 %)

» sucrose5.9% °

* sucralose 0.01%

Variables (axes F1 and F2: 97.14 %)

bitterrgss

~ bitterness

F2(11.00 %)

" [erythritol 9.8%

08

xylose 9.3%

stevia 0.088%

vegetable cream

o 1

" (86.15 %)

(a)

073 o5 23

025 os 075 1

F1(86.15 %)

(b)

Fig. 2. Principal component plot of 6 sweeteners (a) and their sensory characteristics (b) at 5.9% equi-sweetness level of sucrose in
vegetable cream added coffee system

Table 8. Finalized relative sweetness of sweeteners in milk 7F 99tk viUgEE "o A AEHoA RS A|2AHo] )
system ket shuede], S AA A" vls A
Sample Relative sweetness Concentration 07 A A-fIuE fFoFer oA HrF FHAck v
Sucrose 1.00 5.000% A%k e} Ay o A A, Fo) Weuke =A o
Xylose 0.63 8.000% ¥ H= S (Fig 3) 9 Al fee B8 B4
Tagatose 0.85 5.900% HP7t ks 2SR = Q). o]9) o] Xwighgo] 7+
Erythritol 0.60 8.300% &%) et vyl Srtske AL &4 vy AR
Sucralose 556 0.009% o] Azt AFsHA Eatal z7lel| A HEE7] wEeR
Stevia 25 0.200% Ats €
SO MSMIT FIL O AlAHel HSH SM vlu
HLEEE &7t SRRt FAPRAILES] 2sE Y vl A BT H7E A4 AT BE #FHA 54 FolF<d
Al weE whohbefrel B3 54 93 R4 P 7IH EYAT L AEYIE Mt AP Al&FE Bl
o7 BAMY A BE dsF 549 A=rt fFelHer Aol atle W Aedad H7F AT EFelA AR, 28k Al
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Table 9. Finalized relative sweetness of sweeteners in coffee system

S | Coffeet+sweetener Coffeet+sweetener + vegetable cream
ample
P Relative sweetness Concentration Relative sweetness Concentration

Sucrose 1.00 5.900% 1.00 5.900%
Xylose 0.63 9.300% 0.63 9.300%
Tagatose 0.77 7.700% 0.85 6.900%
Erythritol 0.55 10.700% 0.60 9.800%
Sucralose 556.00 0.010% 556 0.010%
Stevia 49.00 0.120% 25 0.224%

12

B Banana flavored whole mil

m Banana flavored skim milk

Fig. 3. Mean attribute intensities of banana flavored whole milk vs. banana flavored skim milk. Error bar denotes standard error. * denotes
significance at p<0.05, ** denotes significance at p<0.01, *** denotes significance at p<0.001

12

10

m Non vegetable cream coffee

W Vegetable cream coffee

Fig. 4. Mean attribute intensities of non vegetable cream coffee vs. vegetable cream coffee. Error bar denotes standard error. * denotes
significance at p<0.05, ** denotes significance at p<0.01, *** denotes significance at p<0.001
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