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Effects of macronutrients in mixed meals on postprandial glycemic response™
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ABSTRACT

Purpose: The aim of study was to determine the effects of carbohydrate, fat, protein, and fiber contents on glycemic
responses in a single food item or meal, Methods: Glycemic responses were measured in 30 healthy young adults (17 males
and 13 females) with various test foods, including rice, egg whites, bean sprouts, olive oil, noodles, prune, broccoli, Korean
dishes, Western dishes, and salad dishes, etc. Test foods were designed to contain various carbohydrate, fat, protein, and
fiber contents in single or mixed foods or dishes, After 12 hours of fasting, participants consumed test foods, and the glycemic
response was measured for a subsequent 120 min (0, 15, 30, 60, 90, and 120 min). Three hundred and fifty three glycemic
responses from 62 foods were collected, The incremental area under the curve (AUC) was calculated for each test food for

each subject to examine glycemic responses. Statistical

analysis was conducted to identify which macronutrient

(carbohydrate, fat, protein and fiber) affected the AUC using a mixed model. Results: Carbohydrates (3=37.18, p {0.0001)
significantly increased while fat (3=-32,70, p=0.0054) and fiber (3=-32,01, p=0.0486) significantly reduced the glycemic
response, Conclusion: It can be concluded that the glycemic response of a meal can be modified depending on the fat and
fiber contents of ingredient foods, even though carbohydrate content is maintained.,

KEY WORDS: glucose response, area under the curve (AUC), mixed foods, glycemic index
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Table 1. Macronutrient component of test foods and dishes

Amounts of nutrients

Carbo-

Test food?n]c?]nd dishes A ?E('g:)e hyc[jrc)JTe Fi[b)er Tgo]’r Pr?;ln
% kgc o 9 (%keal) (%keal)
1 Clam chowder soup (4) 830 170 13 (30) 0 11 (58) 5(12)
2 Fish cake (4) 788 115 14 (51) 3 2 (16) 9 (33)
3 Black rice cake (4) 1,468 80 18 (90) 0 0 (0) 2 (10)
4 Pineapple pizza (4) 1,739 150 22 (59) 1 4 (24) 6 (16)
5 Shrimp oatmeal risofto & pickle (3) 1,468 194 22 (37) 5 13 (49) 8 (14)
6 Hot dog (4) 1,415 195 25 (51) 1 8 (37) 6 (12)
7 Chocolate cookie (4) 1,609 200 25 (50) 1 10 (45) 3 (6)
8 Mediteranean diet salad (3) 1,754 214 28 (45) 11 9 (33) 14 (22)
9 Couscous green salad (3) 1,029 295 30 (34) 6 18 (46) 17 (19)
10 Acormn jelly salad cold soup (4) 3.176 135 31 (91) 6 00 39
11 Cheese & sweet potato burito (4) 1,911 255 33 (61) 1 9 (32) 11 (17)
12 Mushroom cream soup (4) 1,910 250 34 (53) 2 10 (35) 8 (12)
13 Ratatouille pasta (3) 1,059 274 37 (48) 7 11 (32) 16 (21)
14 Shrimp shiitake mushroom pasta (3) 1,864 308 38 (51) 2 9 (27) 16 (22)
15 Madeleine (4) 2,777 270 40 (60) 0 10 (34) 4 (6)
16 Chicken wrap, vegetable stick, coleslaw, potato & 2,355 316 40 (44) 4 15 (37) 17 (19)
broccoli roast (3)
17 Eggplant cashew nut pilaf (3) 3.095 257 43 (61) 1 9 (29) 7 (10)
18 Cooked rice (8) 2,543 194 43 (89) 3 1(5) 3 (6)
19 Cooked rice, seasame oail, olive oil (6) 2,216 284 43 (61) 3 11 (39) 3 (4)
20 Cooked rice, spicy grilled spanish mackerel, boiled 2,738 368 43 (38) 11 22 (44) 20 (18)
burdock & garlic, walnut salad, heugimja dressing (3)
21 Cooked rice, water kimchi, spicy grilled sole, salad & 2,690 313 44 (49) 3 14 (35) 15 (17)
garlic, mustard (3)
22 Cooked rice, egg (3) 2,810 281 45 (64) 3 1) 23 (33)
23 Chicken boiled in spiced sauce & cooked rice (3) 2,868 297 45 (54) 3 8 (22) 20 (24)
24 Dried pollack rice soup (4) 4,538 250 47 (74) 1 3 (1M 10 (16)
25 Cookred rice, boiled tofu (3) 2,353 355 47 (46) 4 17 (37) 18 (17)
26 Chicken rice soup (4) 4,793 240 48 (79) 1 2 (7) 8 (13)
27 Chicken deluxe rice, vegetable stick, stir-fied garlic & 2,161 307 49 (64) 5 4 (12) 18 (24)
shrimp, shives sauce (12)
28 Prune (12) 1,506 315 50 (64) 0 10 (29) 6 (8)
29 Black noodles (22) 3,218 200 50 (96) 5 0 (0) 2 (4)
30 Cooked rice (22) 3,637 231 51 (89) 4 1 (4) 4 (7)
31 Cooked rice, vegetables tick, sweet & sour tofu, 2,544 333 52 (5¢6) 6 9 (22) 20 (22)
stir-fried chicken breast in hot sauce, fofu ssamjang (3)
32 Cooked rice, egg, seasame oil, olive oil, bean sprouts 1,813 394 52 (50) 10 11 (24) 27 (26)
(10)
33 Noodles (12) 3,593 375 53 (57) 0 15 (36) 7 (7)
34 Red bean poridge (4) 4,214 275 55 (81) 15 1 (3) 11 (16)
35 Dumpling (4) 3,053 443 57 (50) 1 20 (40) 11 (10)
36 Cooked rice, griled short rib patties, cucumber kimcehi, 2,464 356 57 (61) 5 8 (19) 18 (19)
tofu ssamjang (12)
37 Cooked rice, chicken black bean sauce, sweet and 3,395 372 57 (57) 6 7 (16) 27 (27)
sour fofu, cold jellyfish salad, mustard sauce (3)
38 Hot dog 2 piece (4) 2,955 520 58 (45) 2 24 (42) 18 (14)
39 Cooked rice, marinafed grilled beef slices, cucumber 3,875 384 58 (55) 5 13 (28) 19 (18)

kimchi, fofu ssamjang (3)

1) n = subjects’ number
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Table 1. Macronutrient component of test foods and dishes (continued)

Amounts of nutrients

Carbo-

Test foods and dishes i
) Caloie  hydrate Fiber Fat Profein
(n) AUC (keal) 9 9 () Q
O, O,
(%keal) (%6keal) (Y6keal)
40 Cooked rice, baked chery tomato, stir-fried shimp & 3,318 356 59 (57) 7 15 (33) 10 (10)
broccoli, salad (3)
41 Bibimbap, soybean paste stew, white kimchi, red chili 4,278 347 61 (67) 4 6 (19) 17 (19)
paste (3)
42 Black noodles, bean sprouts (12) 3.707 350 61 (63) 10 10 (23) 13 (13)
43 Kastuobushi udon (4) 4,519 340 62 (85) 0 1(3) 9 (12
44 Black noodles, broccoli (10) 3,595 392 62 (60) 11 11 (24) 16 (16)
45 Cooked rice, bean sprouts (10) 3.571 252 62 (82) 14 13) 11 (15)
46 Cooked rice, broccoli (10) 4,065 306 63 (77) 14 2 (6) 14 (17)
47  Cirsium setidens cooked rice (4) 4,101 350 66 (75) 2 6 (19) 8 (9)
48 Deep-fried shrimp udon (4) 4,457 360 68 (76) 2 5 (13) 1001
49 Cooked rice (12) 3,456 310 69 (87) 5 2 (6) 6 (8)
50 Cooked rice, seasame ail, olive oil (12) 3,603 404 69 (69) 5 11 (25) 6 (6)
51 Spaghetti (4) 3,401 415 70 (68) 2 10 (22) 11 (17)
52 Cooked rice, egg (12) 3.784 385 71 (73) 1 8 (19) 8 (8)
53 Chwinamul cooked rice (4) 6,589 401 71 (71) 5 2 (4) 25 (25)
54 Tteok-bokki (4) 4,778 330 75 (90) 2 1(3) 6 (7)
55 Cooked rice, bean sprouts (12) 3.388 337 76 (84) 12 2 (5) 10011
56 Cooked rice, seasame oil, olive oil, bean sprouts (2) 3,603 427 76 (69) 12 11 (22) 10 (9)
57 Cooked rice, egg, seasame all, olive ail, bean sprouts 2,351 514 78 (59) 12 11 (19) 30 (23)
(12)
58 Cooked rice, fiber (12) 4,033 316 80 (88) 15 2 (5) 6 (7)
59 Cooked rice, prune, black noodies (12) 3,983 530 100 (73) 4 12 (20) 9 (7)
60 Cooked rice, black noodles (12) 4,641 544 100 (71) 4 14 (22) 10 (7)
61  Prune, black noodles (12) 3,499 515 100 (77) 5 10 (17) 8 (6)
62 Cooked rice, prune (12) 2,576 430 100 (87) 8 4 (8) 6 (5)
1) n = subjects’ number
Z 27HA = AlFstich 2L A& U Al W AHoeo]l @alo] AAPE HA (Inbody720 - Biospace Co - Seoul -
dAgE 2~ 2290 PG ATAE R &4 Korea)S Sslo] AT A%, AAL Zgsart
Sy, AR, S5, 1+ LR AT BE R AY A 1242 5 5 F AFAo
W, 2, FE, Hege) HAR AR, WR, w6, R@O&wﬂ08wﬂhbﬂ5ﬁﬂﬂ5%ﬁ$£%@%é}
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A AL S8 Zo] Qo] 2wt A= HHol oY= 2% (B, DAL, 7S, s5UE) 2404 T B2
AHAE a1 ste] SAS 21 O| Proc mixedE ARESte]  EHolE B et EdaAstHA o] wWotal, 529 (
Repeated measure mixed model = #415}3it} A =41, 539 (FU=E) 259 AfolAe Aol
Table 2. Characteristics of subjects

Total Male Female
(n=30)" n=17)" n=13)"

Age (year) 24,15 + 2,447 25.08 + 2.21 23.14 + 2,32
Height (cm) 168.40 + 7.37 173.40 + 3.76 162.95 + 6,42
Weight (k) 63.34+ 11,54 71.99 + 7.81 53.91 + 6.33
Body mass index (kg/m?) 22,20 + 2.87 23,93 + 2.41 20.32 + 2,05

1) n=number 2) mean = SD

Table 3. Multivariate regression analysis of area under the curve (AUC) of serum glucose with energy and macronutrients (carbohydrate,

protein, fat, fiber)

Model 1 Model 2
Effect Unstandardized Unstandardized

coefficients (f) T value P value coefficients (B) T value P value
Intercept 1,350.96 5.77 <0.0001™" 1,268.99 5.32 <0.0001"
Energy 8.21 1.77 0.0769
Carbohydrate (g) 37.18 11.67 <0.0001™ 3.92 0.21 0.8373
Fat (g) -32.70 -2.80 0.0054™ -95.36 -2.57 0.0106
Protein (g) -12.93 -1.39 0.1657 -47.30 -2.20 0.0283"
Fiber (g) -32.01 -1.98 0.0486 -5.28 -1.98 0.8111

"p <005 “p<00l, p<000]
Model 1: model with macronutrients only
Model 2: model with energy + macronutrients
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43 Black noodles, broccoli(10) 3595
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55.Cooked rice, bean sprouts_B(12) | 3388
56.Cooked rice,seasame oil, olive oil, bean sprouts(2) | 3603
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N

Fig 1. Increment of area under the curve (AUC) of serum glucose after a fest meal (sorted by carbohydrate, fiber, fat and protein content
(Q). respectively)
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