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Effect of Tongue Color Change Due to Food Ingestion on Tongue Diagnosis

Miso Park, Juho Lee', Yunsin Hwang’, Minseo Kim’, Sangsoo Park, Horyong Yoo, Kiwang Kim"

Daejeon Korean Medicine Hospital of Daejeon University, 1: Korea Research Institute of Chemical Technology,
2 : Pusan National University School of Korean Medicine

The purpose of this pilot study was to examine the effect of tongue color change due to food ingestion on
tongue diagnosis by both Korean Medicine doctors and digital tongue diagnosis system. In order to obtain objective
and quantitative data, we used digital camera to collect the data. Prior to our investigation, we conducted a brief
survey of 26 Korean Medicine doctors and found out that tongue diagnosis is frequently used and food-stained tongue
could be commonly observed in clinics. Depending on their color, viscosity, and amount of intake, various foods
caused stains with different colors and thicknesses. Also, duration and amount of food stain on tongue were different
from person to person. Since coffee-stained tongue was the most frequently observed one in clinics according to the
survey, we used coffee to evaluate the effect of food-stained tongue on tongue diagnosis. Korean Medicine doctors
tended to interpret coffee-stained tongue as having yellow tongue coat but their judgement on tongue body color did
not differ in spite of the coffee stains. Meanwhile, tongue diagnosis system algorithm tended to judge coffee-stained
tongue as having normal but yellowish tongue coat and reddish tongue body. Altogether, food color on tongue can
influence tongue diagnosis outcomes. Further research is needed in order to develop more efficient tongue diagnosis

algorithm and digital medical service system.
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Fig. 1. Blueprint and actual pictures of the tongue imaging device. A.
Rough blueprint of the tongue imaging device (left: front, middle: inside,
right: back) B. picture of the front side of the device. C. picture of the
side of the device. D. picture of the posterior-superior side of the device.
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Fig. 2. Color sampling area from the tongue images. A. Image
obtained before food ingestion. B. Image obtained after food ingestion.
Images were obtained using tongue imaging device. Nine circular areas
from each image represents tongue coat; five square areas from each
image represents tongue body.



194 M. S. Park et al
7?:':]. _;1_]. each subject using their personal mobile phone (for subjects 1-5) and
tongue imaging device (for subjects 6-8).
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Fig. 3. Usual color of the coat and body of the tongue in eight
healthy adults. Numbers 1-8 at the top left corner of each tongue
picture represent subject number. Detailed tongue characteristics for each
subject are listed in Table 1. For each sampling area, top number
represents L* value, middle number represents a* value, bottom number
represents b* value of the sampled color. The color of each sampling
area was sampled and averaged from 1-5 digital photos obtained from

Az i Mele] Py qAH] Ash 1Y F PR
NS oAl g A 8 ARS BYsEC A 5 8
Yolglon], UL 1LAAY WAl ge AN Y AN
Fgolo] 97 Mel 99 L 57 42 9, F 147 JAlA et
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ERICHFig. 3). A 1555 7 Jiglel 493 fFohEe] A
st olgstel FYS olold WL SAIT gotdl 8 A
S ;Ysigon, qAl 6-82 8 BY FAS AEIH 5T
&7 o] 8 AP &Ystct. 2 chyAte] He) 2 4R 57
2 74919 §4 2 &YxZo] w2t Holsh Uehgrh(Table 1).

Fig. 4. Color of the coat and body of the tongue after food
ingestion. Numbers 1-16 at the top-left corner of each tongue picture
are the same as foods numbered from 1 to 16 in Table 2. Numbers 1-9
from each tongue picture represent the tongue coat sampling areas and
numbers 10-14 from each tongue picture represent the tongue body
sampling areas. For the L* a* b* values of each sampling area, refer to
Table 2.

Table 1. Characteristics of the coat and body of the tongue in eight healthy adults

Subject Tongue coat color Tongue coat distribution Tongue body color Tongue characteristics

1 White (B%) Evenly distributed throughout the entire tongue Pale white (£ B&) -

2 Light yellow (&%) or yellow(EE) Denser at the root of the tongue Red (#IF) Thick tongue body

3 White (B%) or Light yellow (HEE) Denser at the root of the tongue Pale white (B &) Teeth marks (E7R)

4 Thin and white (88 %) Thin; denser at the root of the tongue Pale red (K4LF) -

5 Thin and white (88 %&) Denser at the root of the tongue Pale red (K4LFE) -

6 White (BE) or Light yellow (HEE) Evenly distributed throughout the entire tongue Pale red (%4L&) Exfoliation (%I3%) of tongue coat
7 Thin and white (B %) or Light yellow (HEE) Denser at the root of the tongue Pale red (KALE) -

8 Thin and white (8A %) Very thin; denser at the root of the tongue  Pale white (X B &) Teeth marks (&JR)




M. S. Park et al 195
Table 2. Color of the coat and body of the tongue after food ingestion
No. (#) 1. Black tea 2. Milk tea 3. Coffee 4. Yogurt
L* a* b* L* a* b* L* a* b* L* a* b*
1 728 5.61 4.90 81.1 5.27 414 65.3 10.5 19.1 776 341 -3.91
2 791 -1.68 10.7 27 13.0 2.58 62.3 14.0 14.8 86.4 1.24 -6.24
3 843 1.25 7.67 794 5.66 430 65.9 14.7 16.2 80.2 3.52 -2.14
4 70.7 3.79 943 835 7.87 342 68.9 16.0 172 794 4.57 -1.76
5 799 3.15 337 83.9 4.69 3.35 66.7 15.2 14.0 84.6 7.81 -9.48
6 838 3.86 5.84 76.2 10.6 5.65 67.5 178 15.7 82.8 10.5 -6.26
7 64.1 8.40 4.87 753 9.73 4.73 65.1 144 16.0 75.1 735 -5.93
8 67.2 8.69 495 66.0 11.5 431 58.6 175 147 654 172 -9.94
9 727 115 4.84 724 6.50 8.68 58.1 171 16.9 79.0 9.93 -1.11
10 64.9 219 5.79 63.7 20.0 103 494 256 121 62.6 229 -2.74
1 617 19.9 6.10 60.3 19.8 121 48.2 244 122 56.2 26.7 2.63
12 56.1 18.5 1.84 571 17.0 847 445 204 9.05 54.5 256 -2.25
13 63.2 20.2 3.23 62.6 15.5 12.5 52.2 231 133 56.2 26.7 2.63
14 65.4 172 133 70.8 19.6 9.39 56.6 24.5 13.1 644 237 -1.72
5. Green vegetables 6. Salad 7. Gomtang 8. Kimchi fried rice
No. (#) L* a* b* L* a* b* L* a* b* L* a* b*
1 86.9 -140 12.3 80.6 -4.72 10.1 87.0 -0.368 2.07 742 0.980 12.9
2 89.9 -4.15 6.23 75.0 -8.90 8.35 90.3 -1.18 0.124 87.6 -1.74 71
3 86.9 -943 149 63.7 -8.79 16.3 88.0 -2.60 2.95 80.3 -0.796 104
4 86.5 -2.19 10.8 710 0.925 7.69 86.8 -0.0314 330 723 1.04 10.1
5 88.7 -0.883 244 734 -2.87 133 884 -1.86 -0.109 80.6 6.33 341
6 91.2 -3.25 9.24 73 -4.32 14.0 88.3 -1.06 293 83.2 2.85 7.71
7 79.2 -0.357 6.63 69.1 -0.0709 9.81 80.2 -0.907 4.74 614 7.99 6.51
8 746 1.98 5.83 63.8 8.69 6.75 747 124 -0.142 61.2 15.1 6.38
9 819 -1.59 6.71 69.2 242 723 82.0 -2.1 261 715 125 5.83
10 76.7 484 5.71 60.3 833 845 75.1 9.04 5.61 66.0 15.1 16.3
1" 64.5 11.0 10.6 62.0 8.90 9.23 62.9 8.01 7.68 61.0 179 15.9
12 618 143 7.26 513 14.7 6.95 62.9 8.39 3.69 46.6 218 12.2
13 61.6 1.7 12.1 60.5 13.8 7.68 60.2 138 1.2 59.9 16.9 132
14 69.2 12.0 9.16 66.1 13.2 7.33 68.5 13.7 6.37 66.7 16.7 1.7
9. Egg(Sunny-side up) 10. Jajangmyeon 11. Beef and rice soup 12. Chocolate
No. (#) L* a* b* L* a* b* L* a* b* L* a* b*
1 813 -0.731 422 56.1 344 9.08 716 298 0.488 83.3 -0.440 104
2 853 -1.38 0.619 61.6 4.00 6.78 66.6 14.8 -3.21 87.6 -1.24 4.53
3 794 -0.125 -1.75 56.8 3.03 891 73.6 -2.33 2.04 84.2 3.1 333
4 711 0.250 127 59.5 472 8.87 579 0.00335 -0.00663 711 2.50 9.52
5 86.4 -4.73 -0.534 59.7 7.60 5.19 68.7 7.78 -241 894 0.831 193
6 824 -0.155 -0.625 60.3 8.42 6.69 73.2 4.64 -0.64 787 7.76 1.69
7 70.2 2.01 591 50.5 3.07 7.88 66.3 3.81 0.776 67.0 3.10 4.02
8 7.7 4.85 -2.30 442 5.65 4.61 62.7 14 -2.86 68.5 8.69 -1.48
9 65.8 10.0 -2.76 50.8 6.28 477 65.2 3.83 0.779 74.0 6.59 -0.484
10 65.6 22.1 349 53.5 15.22 7.76 56.4 14.9 334 705 123 11.0
" 65.5 172 5.49 48.1 17.84 6.52 59.0 18.5 7.29 56.4 15.9 9.24
12 55.1 17.6 0.801 38.9 17.2 5.06 54.0 16.6 -149 56.4 179 3.99
13 60.9 183 5.98 494 16.2 8.88 57.7 178 7.00 619 179 7.00
14 63.1 18.0 467 478 17.8 10.3 60.9 17.2 3.70 61.6 6.12 1.63
No. (#) 13. Watermelon 14. Blueberry 15. Tomato 16. Orange
' L* a* b* L* a* b* L* a* b* L* a* b*
1 70.2 6.39 12.1 614 14.1 -16.2 735 2.58 14.6 81.0 -0.668 8.73
2 720 10.7 149 65.0 8.46 -15.2 73.0 429 8.99 87.5 -2.26 748
3 65.6 10.5 15.6 428 149 -18.6 72.6 3.82 10.5 87.5 -5.87 10.1
4 743 6.51 12.6 60.7 8.03 -15.1 79.6 4.96 5.16 80.7 1.07 71
5 67.5 16.5 174 61.6 6.66 -155 81.3 541 8.68 86.0 -0.710 6.39
6 64.9 136 15.7 50.8 9.10 -17.2 791 4.21 2.63 86.2 2.22 244
7 67.5 6.24 11.6 48.2 5.57 -9.88 704 703 0.818 732 2.31 3.68
8 62.7 113 14 451 6.15 -9.17 64.5 8.89 3.28 788 8.27 -0.953
9 65.1 10.1 137 40.0 591 -115 69.2 5.05 -0.511 799 1.73 173
10 746 4.61 1.9 55.5 11.6 0.112 62.8 144 2.51 64.3 17.6 0.298
1 65.9 5.54 143 51.5 14.2 549 62.3 15.2 4.06 62.1 19.9 6.09
12 58.1 16.2 933 54.7 131 -0.486 58.6 175 0.209 53.6 19.2 153
13 65.1 5.16 14.2 471 11.6 0.0114 59.8 17.2 5.50 59.1 209 174
14 64.3 6.88 11.3 62.8 10.5 -3.82 70.2 16.9 1.26 65.8 20.0 1.95

Numbers (#) 1-9 represent the tongue coat sampling areas, and numbers (#) 10-14 represent the tongue body sampling areas. For the visual colors of each sampling

area, refer to Fig. 4
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Table 3. Foods that cause stains on the tongue

Stain Color Food
Yellow Coffee, Chicken egg (sunny-side up), Orange, Kimchi fried rice,
LEMONA
Brown Black tea, Milk tea, Coffee, Jajangmyeon, Chocolate, Soy sauce
Red Watermelon, Tomato, Ramen noodles, Grapefruit

Yogurt, Milk, Coconut milk, Plain ice-cream,

White Gomtang(beef-bone soup)
Green Green vegetables, Salad
Purple Blueberry
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Fig. 5. Color change of the coat and body of the tongue after coffee
ingestion. A. before drinking coffee, B. immediately after drinking coffee,
C. 10 minutes after drinking coffee, D. 20 minutes after drinking coffee, E.
30 minutes after drinking coffee, F. 60 minutes after drinking coffee.
Photos were obtained using tongue imaging device.
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Fig. 6. Change in L* a* b* values of the tongue coat and body
before and after drinking coffee. A. change in L* values (tongue body),
B. change in a* values (tongue body), C. change in b* values (tongue
body), D. change in L* values (tongue coat), E. change in a* values
(tongue coat), F. change in b* values (tongue coat). Error bars represent
standard error of the mean.
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