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 21 

Abstract 22 

Background: Maintenance of the botanical integrity of cereal kernels and the addition of acetic acid 23 

(as vinegar) in the product or meal has been shown to lower the postprandial blood glucose and 24 

insulin response and to increase satiety. However, the mechanism behind the benefits of acetic acid 25 

on blood glucose and satiety is not clear. We hypothesized that the gastric emptying rate could be 26 

involved. Thus, the aim of this study was to evaluate the possible influence of maintained botanical 27 

integrity of cereals and the presence of acetic acid (vinegar) on gastric emptying rate (GER) and 28 

satiety. 29 

Methods: Fifteen healthy subjects were included in a blinded crossover trial, and thirteen of the 30 

subjects completed the study. Equicarbohydrate amounts of the following wheat-based meals were 31 

studied: white wheat bread, whole-kernel wheat bread or wholemeal wheat bread served with white 32 

wine vinegar. The results were compared with a reference meal consisting of white wheat bread 33 

without vinegar. The GER was measured with standardized real-time ultrasonography using normal 34 

fasting blood glucose <6.1 mmol/l or plasma glucose <7.0 mmol/l as an inclusion criterion. The 35 

GER was calculated as the percentage change in the antral cross-sectional area 15 and 90 minutes 36 

after ingestion of the various meals. Satiety scores were estimated and blood glucose was measured 37 

before and 15, 30, 45, 60, 90 and 120 min after the start of the meal. 38 

Results: The whole-kernel wheat bread with vinegar resulted in significantly higher (<0.05) satiety 39 

than the wholemeal wheat bread and white wheat bread with vinegar and the reference bread. 40 

Wheat fiber present in the wholemeal wheat bread, or the presence of wheat kernels per se, did not 41 

affect the postprandial blood glucose or GER significantly compared with white wheat bread, 42 

neither did the addition of vinegar to white bread affect these variables. There was no correlation 43 

found between the satiety with antral areas or GER 44 
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Conclusions: The present study shows higher satiety after a whole-kernel wheat bread meal served 45 

with vinegar than after wholemeal wheat bread with vinegar or white wheat bread with or without 46 

vinegar. This may be explained by increased antral distension after ingestion of intact cereal kernels 47 

but, in this study, not by a lower gastric emptying rate or higher postprandial blood glucose 48 

response. 49 

Trial registration:  NTR number 1116 50 

51 
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Background 51 

Changing the diet can control the blood glucose level and help prevent the development of type 2 52 

diabetes. The American Diabetes Association recommends a reduced calorie intake and increased 53 

intake of dietary fiber and whole grains to prevent the development of type 2 diabetes (1). Foods 54 

with a low glycemic index that are rich in fiber are recommended (1). 55 

 56 

The first reported antiglycemic effect of vinegar was by Ebihara and Nakajima (2). Vinegar 57 

decreases the glycemic index of, for example, rice in sushi by about 20-35% (3). Also, when white 58 

vinegar was added to cold storage potatoes as a vinaigrette sauce the glycemic index was lowered in 59 

healthy subjects (4). Vinegar in a salad dressing added to lettuce and ingested with white wheat 60 

bread has been shown to reduce the blood glucose response, but the gastric emptying rate (GER) 61 

measured by ultrasonography was not delayed (5). When vinegar was neutralized to pH 6.0 no 62 

effects were seen on the postprandial blood glucose response (5). The decreased postprandial blood 63 

glucose response was explained by a mechanism related to acidity and inhibition of digestive 64 

amylases (5). Further, vinaigrette sauce added to a white wheat bread meal has been shown to 65 

reduce postprandial blood glucose and insulin responses in healthy subjects; this was explained by 66 

delayed gastric emptying, measured indirectly with paracetamol (6). Insulin sensitivity was 67 

improved and postprandial insulin and glucose responses were reduced in insulin-resistant subjects 68 

after a meal containing vinegar (7). However, in healthy subjects, only the postprandial insulin 69 

response was reduced, not the blood glucose response, after ingestion of a white bagel with apple 70 

cider vinegar (7). 71 

 72 

Satiety and eating behavior are complex, but play a key role in energy intake and metabolic control 73 

in healthy subjects and in patients with diabetes. Only one previous study on healthy subjects has 74 
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been conducted to evaluate the effect of vinegar on satiety. That study showed that white wheat 75 

bread ingested with vinegar increased and prolonged the feeling of satiety according to a dose-76 

response relation (8).  77 

 78 

The term “whole grain” is often used for wholemeal products in which the structure of the cereal 79 

grain is destroyed in the flour containing the original dietary fiber, but also for cereal products in 80 

which a large proportion of whole cereal grains is intact. However, there seems to be a major 81 

difference in metabolic response between whole grain and wholemeal products. The preparation, 82 

cooking and particle size of the grain structures may also affect the metabolic response. The 83 

glycemic index decreased in patients with type 2 diabetes when increasing proportions of whole 84 

grain bulgur (cracked wheat) were substituted for miller flour in bread (9). However, in another 85 

study, the glycemic response did not differ between bulgur and whole wheat kernels in patients 86 

with type 1 and type 2 diabetes (10). This can be explained by the similar particle sizes of bulgur 87 

and wheat after chewing. The particle size of wheat has been found to affect the digestion rate 88 

and metabolic response in healthy subjects (11). The wheat germ of the whole grain acts as a 89 

natural amylase inhibitor, which can be destroyed during the milling of wheat into wholemeal 90 

flour (12). 91 

Only one study has been conducted previously on the effect of whole kernels on gastric 92 

emptying, which showed that in healthy subjects the gastric emptying, measured indirectly with 93 

paracetamol, was not affected after meals composed of whole-kernel rye bread or wholemeal rye 94 

bread compared to with white wheat bread (13). A high-dietary-fiber meal was found to delay the 95 

GER, measured by ultrasonography, in healthy subjects compared with a low-fiber meal (14). 96 

However, another study showed that the GER following a high-fiber meal consisting of whole 97 
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wheat grain and rye bread, was not different from that following a low-fiber meal (15). 98 

These divergent results indicate that not only glucose response, as was previously known, but 99 

also satiety and gastric emptying rate seem to be influenced by variables related to processing 100 

conditions and botanical structure. The effects of a combination of vinegar and different fiber 101 

structures on the postprandial blood glucose response, gastric emptying or satiety has, as far as 102 

we know, not been studied previously. Thus, the aim of this study was to evaluate the possible 103 

influence of maintaining the botanical integrity of cereals and the addition of acetic acid (as 104 

vinegar) on the GER and satiety. The hypothesis was that products that delay gastric empting rate 105 

also lead to higher satiety. 106 

 107 

Material and Method 108 

Fifteen healthy subjects were included in the study. However, one male subject was excluded 109 

because he was found to have diabetes mellitus, and one female subject was excluded because 110 

celiac disease was diagnosed during the study. Thirteen healthy subjects (six men and seven 111 

women: mean age 25 ± 4 years [range 22-35 years]; mean BMI 22.8 ± 3.07 kg/m² [range 17.7-29.7 112 

kg/m²]), without symptoms or a prior history of gastrointestinal disease, abdominal surgery or 113 

diabetes mellitus, completed the study. The subjects were not receiving any drugs, except two of the 114 

women who were taking birth control medication. One subject was a smoker and none was a snuff 115 

user. None of the subjects used any drugs on the day of the examination.  116 

 117 

White wheat bread was made from 3700 g white wheat flour, 2000 g water and 200 g yeast. The 118 

dough was allowed to rise for 20 min at 28 °C. The dough was then divided into 440 g pieces and 119 

left to rise for a second time, for 35 min at 40 °C (RH: 80%). Loaves were baked at 210 °C for 22 120 
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min with the addition of steam during the first 30 s. The loaves were stored in a freezer at -20 °C 121 

until used. 122 

 123 

The whole-kernel wheat bread was made from 3076 g wheat kernels that were boiled for 20 min in 124 

3076 g water and then cooled at room temperature, after which 1200 g water, 624 g white wheat 125 

flour and 200 g yeast were added. The dough was left to rise for 30 min and then divided into 580 g 126 

pieces. These pieces were then allowed to rise for a second period of 45 min at 40 °C (RH: 80%). 127 

Loaves were baked at 200 °C for 45 min. 128 

 129 

The wholemeal wheat bread was made from 3076 g milled wheat kernels, (500 g of the flour was 130 

scaled with 1000 g boiling water) 1200 g water, 624 g white wheat flour and 200 g yeast. The 131 

dough was left to rise for 30 min and then divided into 580 g pieces. These were then allowed to 132 

rise for a period of 45 min at 40 °C (RH: 80%). Loaves were baked at 200 °C for 45 min. 133 

 134 

The reference and test meals contained 50 g available carbohydrates from bread products. The 135 

content of available carbohydrates was analyzed according to Holm et al (16). The portion size of 136 

the white wheat bread was 106.34 g and, besides 50 g available carbohydrates, contained 2.1 g 137 

dietary fiber, 1.8 g fat and 8.3 g protein. The portion size of the whole-kernel wheat bread was 138 

132.66 g and contained, besides 50 g available carbohydrates, 7.2 g dietary fiber, 2.9 g fat and 9.2 139 

protein. The portion size of the wholemeal wheat bread was 107.62 g, and contained 7.2 g dietary 140 

fiber, 2.9 g fat and 9.2 g proteins, besides the 50 g available carbohydrates. We used the same 141 

baking recipes and baking process as Liljeberg et al (17) for the white wheat reference bread and 142 

whole-kernel wheat bread; the content of dietary fiber, fat and proteins were thus assumed to be the 143 

same as previously described by Liljeberg et al (17). The wholemeal wheat bread was made from 144 
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the same recipe as whole-kernel wheat bread but with milled wheat kernels. The three test meals 145 

contained one of the three kinds of test bread dipped in 28 g white wine vinegar (5% acetic acid, pH 146 

2.8-3 Druvan, DR Persfood AB, Eslöv, Sweden), which is equivalent to 23 mmol acetic acid in 147 

each test meal. Drinking water, 200 ml, was also served. The reference meal contained white wheat 148 

bread and water, but without white wine vinegar. The test products and the reference were served in 149 

random order during intervals of 1 week.  150 

 151 

The subjects were examined between 8:00 and 10:00 am after an 8-h fast. Smoking was prohibited 152 

for 8 h before and during the test. The fasting blood glucose concentration of each subject was 153 

checked on the day of the examination to ensure that it was normal. The mean fasting blood glucose 154 

was 4.4 ± 0.2 mmol/l before the ingestion of the reference meal. The mean fasting blood glucose 155 

before the ingestion of vinegar together with white wheat bread, wholemeal bread and whole-kernel 156 

bread were 4.5 ± 0.1, 4.6 ± 0.1 and 4.5 ± 0.2 mmol min/l, respectively. If the subject reported 157 

gastrointestinal symptoms (diarrhea or constipation) on the study day, the examination was 158 

postponed. Each meal was ingested within 10 minutes. 159 

 160 

The GER was estimated using a previously described standardized ultrasound method (18). The 161 

sonographic examination was performed using two different ultrasound machines (Siemens Acuson 162 

Sequoa 512 and Aloka Prof. Sound) with a multi-MHz abdominal transducer. The same machine 163 

was used to calculate values of GER. The measurements of the gastric antrum were performed by 164 

the same radiologist, who was blinded with regard to the meals. The measurements were made 15 165 

and 90 minutes after the end of meal ingestion (25 and 100 min after the start of the meal). Gastric 166 

emptying was expressed as the percentage change of the antral cross-sectional area from 15 to 90 167 
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min. Paired t-test was performed before the beginning of the study and power calculations showed a 168 

71% power to detect a 20% change in GER. 169 

 170 

Finger-prick capillary samples were collected before and 15, 30, 45, 60, 90 and 120 min after the start 171 

of the meal to measure blood glucose levels. Blood glucose concentrations were measured with a 172 

HemoCue Glucose system (HemoCue AB, Ängelholm, Sweden). The validated satiety score scale 173 

was used according to the method of Haber et al on the basis of a scoring system with grades from -174 

10  (extreme hunger) to 10 (extreme satiety) (19). Satiety scores were estimated before the meal and 175 

15, 30, 45, 60, 90 and 120 min after the start of the meal, using the same scoring system.  176 

 177 

The study was performed according to the Helsinki declaration and was approved by the Ethics 178 

Committee at Lund University, and participants provided written informed consent. 179 

 180 

The changes from pre-ingestion values in blood glucose and satiety after the different treatments 181 

were presented as means ± SEMs and were tested globally in a repeated measures linear mixed 182 

model using the interaction of time and treatment as fixed effects and subjects as random effects 183 

(SAS, version 8.2, SAS Institute, Cary, NC). For the covariance structure of the repeated measures 184 

within a series a spatial exponential model was used. The areas under the curve (AUCs) above zero 185 

for delta blood glucose and satiety responses of the four treatments were determined for each 186 

subject (Graph Pad PRISM, version 4, San Diego, CA) and presented as means ± SEMs. These 187 

were tested globally in a mixed model where treatments were entered as fixed effects and subjects 188 

were entered as random effects. Tukey’s multiple comparisons test was used as follow-up procedure 189 

after the mixed models when appropriate. In addition we tested the inclusion of BMI as covariate in 190 

the mixed model for glucose and also the possible correlation between satiety and antral areas or 191 
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GER. Median values and quartiles are presented for the antral cross-sectional areas and the GER. 192 

These were tested globally using the Friedman rank sum test, and when the null hypothesis was 193 

rejected, followed by pair-wise comparisons using Wilcoxon rank sum test with the Holm 194 

sequential procedure for P-value adjustment (R, version 2.6, The R foundation for statistical 195 

computing, http://www.r-project.org/). Statistical significance was accepted at p<0.05. 196 

 197 

Results 198 

 199 

Postprandial blood glucose response 200 

No significant differences were seen in blood glucose responses at different times, or in the 201 

incremental areas under the postprandial glucose curves between the different bread meals (Figure 1). 202 

The mean blood glucose AUC 0-120 min after ingestion of the reference meal of white wheat bread 203 

was 147 ± 14 mmol min/l. The AUCs after ingestion of vinegar together with white wheat bread, 204 

wholemeal bread and whole-kernel bread were 114 ± 12, 110 ± 10 and 135 ± 13 mmol min/l, 205 

respectively. The blood glucose AUCs did not differ significantly between the meals, (p=0.13 in the 206 

test of the global hypothesis). The inclusion of BMI as a covariate in the analysis of postprandial 207 

blood glucose response did not improve the model. 208 

 209 

Satiety 210 

Ingestion of the whole-kernel wheat bread with vinegar resulted in significantly higher satiety scores 211 

at 15, 30, 45, 60 and 90 min than the white wheat bread with vinegar and the reference meal, white 212 

wheat bread without vinegar (p<0.05) (Figure 2). Ingestion of whole-kernel wheat bread with vinegar 213 

resulted in significantly prolonged satiety, i.e. a higher AUC from 0-120 min, compared with the 214 
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other bread meals (white wheat bread with vinegar, wholemeal wheat bread with vinegar and the 215 

reference white wheat bread, p<0.05). The mean satiety score after ingestion of the reference meal, 216 

i.e. white bread, (AUC from 0-120 min) was 333 ± 56 cm min. The corresponding values after 217 

ingestion of the test meals with vinegar were higher: 393 ± 79 cm min for white wheat bread with 218 

vinegar, 501 ± 80 cm min for wholemeal bread with vinegar, and 795 ± 82 cm min for whole-kernel 219 

wheat bread with vinegar.  220 

 221 

Gastric emptying rate 222 

No significant differences were observed between the meals with regard to gastric emptying rates 223 

(Figure 3). The median value of the GER after the reference meal was estimated to be 51% 224 

(q1=40%, q3=61%) compared with the corresponding value after the reference meal with vinegar, 225 

which was estimated to be 47 % (q1=36%, q3=56%). The median value of the GER after the 226 

wholemeal wheat bread with vinegar meal was estimated to be 62% (q1= 39%, q3= 74%) which 227 

can be compared with the median value of the GER after the whole-kernel wheat bread with vinegar 228 

meal, of 43% (q1=39%, q3=53%).  229 

 230 

The median values of the antral cross-sectional area after the ingestion of the reference meal were 231 

525 mm2 (q1= 431 mm2, q3= 707 mm2) and 295 mm2 (q1=193 mm2, q3=364 mm2) 15 and 90 min, 232 

respectively, after the end of the meal. The median values of the antral cross-sectional area after the 233 

ingestion of the reference meal with vinegar were 607 mm2 (q1=607 mm2, q3= 1092 mm2) and 317 234 

mm2 (q1=264 mm2, q3=507 mm2), 15 and 90 min, respectively after the end of the meal. The 235 

median values of the antral cross-sectional area after the ingestion of the wholemeal wheat bread 236 

with vinegar were 660 mm2 (q1= 531 mm2, q3= 885 mm2) and 266 mm2 (q1= 166 mm2, q3=422 237 
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mm2), respectively, 15 and 90 min after the end of the meal. After the ingestion of the whole-kernel 238 

wheat bread with vinegar the median values of the antral cross-sectional area were 857 mm2 239 

(q1=657 mm2, q3= 1057 mm2) and 477 mm2 (q1= 329 mm2, q3= 558 mm2), respectively, 15 and 90 240 

min after the end of the meal. The median value of the early antral cross-sectional area after the 241 

whole-kernel wheat bread with vinegar (857 mm2) was significantly larger (p<0.05 in a pairwise 242 

comparison using Wilcoxon rank sum test after the global Friedman ranks sum test being 243 

significant p=0.0022) than the corresponding area after ingestion of the reference meal (525 mm2) 244 

(Figure 4).  245 

 246 

Relation of satiety to GER or antral area 247 

There was no significant correlation between the satiety with antral areas or GER. 248 

 249 

Discussion 250 

The aim of this study was to elucidate the effect of maintained botanical structure and dietary fiber 251 

present in wheat-based bread products in combination with vinegar, on gastric emptying rate, 252 

glycemic response and satiety in healthy subjects. Our hypothesis was that an intake of intact cereal 253 

kernels with vinegar would increase satiety and lower the postprandial blood glucose response due 254 

to delayed gastric emptying. We were not able to verify this hypothesis. The results showed a 255 

significant increase in satiety after ingestion of the whole-kernel wheat bread with vinegar 256 

compared with the other meals, but no statistically significant differences were seen in gastric 257 

emptying rate or postprandial blood glucose response. However, the antral cross-sectional area was 258 

significantly larger 15 min after the ingestion of whole-kernel wheat bread with vinegar than after 259 

the white wheat reference bread. Thus, the distension of the antrum may explain the increase in 260 

satiety scores reported after the whole-kernel wheat bread meal with vinegar compared to the other 261 
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bread meals with vinegar. However, the antral cross-sectional area did not correlate to the satiety 262 

scores. Clearly, a larger trial involving a greater number of subjects would be needed to validate the 263 

findings of this small study. A limitation of this study is that the sample size was small. Because of 264 

the lack of suitable control for the whole-kernel bread served with vinegar this study shows that the 265 

whole-kernel bread was more satiating than the other meals regardless of adding vinegar. This study 266 

thus shows that the botanical structure rather than the amount of fiber per se causes the distension of 267 

the antrum and increased satiety. This relationship between antral area and satiety in healthy 268 

subjects has been observed previously by others (20-24). Holt et al have also reported an 269 

association between the particle size of wheat and satiety (25).  270 

 271 

Another intention of the current study was to evaluate the effect of whole kernels on blood glucose 272 

response and gastric emptying. This lack of difference in postprandial blood glucose response 273 

between the bread meals was most unexpected as, in a previous study using the same bread recipes 274 

but without vinegar, we observed a significantly lower blood glucose response after whole-kernel 275 

wheat bread than after white wheat bread. We may have unintentionally destroyed the botanical 276 

integrity of the grain kernels during the baking process, which would explain the present 277 

observations. However, the structure of the bread was not investigated. The lack of difference in 278 

GER between the bread meals is in agreement with studied performed by Juntunen et al, who 279 

compared whole-kernel rye bread and wholemeal rye bread to white wheat bread, despite the 280 

known difference in insulin response between rye and wheat (13). Unfortunately, we did not control 281 

the subjects for exercise or food choice the night before of the testing. This may have affected the 282 

postprandial blood glucose responses.  283 

 284 
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Another intention of the current study was to evaluate the effect of vinegar on blood glucose 285 

response and gastric emptying. However, we did not observe the lowering effect of vinegar on 286 

blood glucose response reported with white wheat bread (8) and potatoes (4) in previous studies. 287 

However, when 20 g apple cider vinegar was ingested prior to a low-glycemic meal the postprandial 288 

insulin response was lower, but no effect was observed on the blood glucose response in healthy 289 

subjects (26). However, ingestion of 20 g apple cider vinegar prior to a high-glycemic meal 290 

composed of bagel, butter and orange juice, reduced the postprandial blood glucose and insulin 291 

response in healthy subjects (26). In a recent study, the postprandial glucose and insulin responses 292 

of type 2 diabetes patients were found not to be affected, and in healthy subjects the postprandial 293 

blood glucose levels were not affected, but the insulin levels were reduced when apple cider vinegar 294 

was consumed prior to the meal (27). However, it was demonstrated in insulin-resistant subjects 295 

that the postprandial insulin and glucose responses were reduced after drinking 20 g apple cider 296 

vinegar prior to a meal consisting of white bagel, butter and orange juice (27).   297 

 298 

Our findings, that there was no difference in gastric emptying rate after a meal including vinegar, 299 

agree with those of Brighenti et al, who found no difference regarding gastric emptying, measured 300 

by ultrasonography, after a meal with 20 ml white vinegar (16 mmol acetic acid), although the 301 

blood glucose response was reduced in healthy subjects (5). They explained the lower postprandial 302 

blood glucose response as being due to a mechanism related to acidity and the inhibition of 303 

digestive amylases. Another study showed that an addition of 20 g white vinegar (18 mmol acetic 304 

acid) to a bread meal lowered the postprandial blood glucose and insulin responses in healthy 305 

subject, and this was explained by delayed gastric emptying (6). However, gastric emptying was 306 

measured indirectly using paracetamol, which is a less reliable method. 307 

 308 
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Conclusions 309 

 310 

The present study shows that the post-prandial ratings of satiety were higher after whole-kernel 311 

wheat bread meal with vinegar than after meals of wholemeal wheat bread with vinegar, white 312 

wheat bread with vinegar or a reference meal of white wheat bread without vinegar. This may be 313 

explained by increased antral distension after the ingestion of intact cereal kernels.  314 
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 332 

Figure 1.  The mean (± SEM) incremental blood glucose concentration in thirteen healthy subjects 333 

15-120 minutes after the ingestion of meals consisting of white wheat bread only (reference) (♦), 334 

white wheat bread with vinegar (■), wholemeal wheat bread with vinegar (▲) and whole-kernel 335 

bread with vinegar (•). No significant differences were found between the incremental blood glucose 336 

concentrations following the various meals. 337 

 338 

Figure 2. The mean (± SEM) incremental satiety scores reported by thirteen healthy subjects 15-120 339 

minutes after the ingestion of meals consisting of white wheat bread (reference) (♦), white wheat 340 

bread with vinegar (■), wholemeal bread with vinegar (▲), and whole-kernel wheat bread with 341 

vinegar (•). * Significantly different from the response to whole-kernel bread with vinegar (p<0.05). 342 

 343 

 Figure 3. Gastric emptying rate following the ingestion of white wheat bread with vinegar, 344 

wholemeal bread with vinegar, whole-kernel wheat bread with vinegar and white wheat bread 345 

(reference), in thirteen healthy subjects. The median, minimum (Min), and maximum (Max) values 346 

and the values of the first (q1) and the third (q3) quartiles are shown. No significant differences were 347 

found between the GERs. 348 

 349 

Figure 4. Median antral area in thirteen healthy subjects 15 and 90 minutes after the end of meal 350 

ingestion meals consisting of white wheat bread (reference), white wheat bread with vinegar, 351 

wholemeal bread with vinegar, and whole-kernel wheat bread with vinegar. * Significantly different 352 

from the response to the white wheat bread (reference) (p<0.05). 353 

 354 

 355 



17 
 

 356 

References 357 

1. Bantle JP, Wylie-Rosett J,, Albright AL, Aprovian CM, Clark NG, Franz MJ, Hoogwef BJ, 358 

Lichtenstein AH, Mayer-Davis E, Mooradian AD, Wheeler ML. Nutrition recommendations 359 

and interventions for diabetes: a position statement of the American Diabetes Association. 360 

Diabetes care 2007,30:S48-S65 361 

2. Ebihara K, Nakajima A. Effect of acetic acid and vinegar on blood glucose and insulin 362 

responses to orally administered sucrose and starch. Agreic. Biol. Chem 1988,52:1311-1312 363 

3. Sugiyama m, Tang AC, Wakaki Y, Koyama W. Glycemic index of single and mixed meal 364 

foods among common Japanese foods with white rice as a reference food. Eur J Clin Nutr 365 

2003,57, 743-752 366 

4. Leeman M, Ostman E, Björck I. Vinegar dressing and cold storage of potatoes lowers 367 

postprandial glycaemic and insulinaemic responses in healthy subjects. Eur J Clin Nutr  368 

2005,59:1266-1271 369 

5. Brighenti F, Castellani G, Benini L, Casiraghi MC, Leopardi E, Crovetti R, Testolin G. Effect 370 

of neutralized and native vinegar on blood glucose and acetate responses to a mixed meal 371 

in healthy subjects. Eur J Clin Nutr 1995,49:242-247 372 

6. Liljeberg H, Björck I. Delayed gastric emptying rate may explain improved glycaemia in 373 

healthy subjects to a starchy meal with added vinegar. Eur J Clin Nutr 1998,52:368-371. 374 

7. Johnston CS, Kim CM, Buller AJ. Vinegar improves insulin sensitivity to a high-375 

carbohydrate meal in subjects with insulin resistance or type 2 diabetes. Diabetes Care 376 

2004, 27:281-282 377 

8. Ostman E, Granfeldt Y, Persson L, Björck I. Vinegar supplementation lowers glucose and 378 

insulin responses and increases satiety after a bread meal in healthy subjects. Eur J Clin 379 



18 
 

Nutr 2005,59:983-988 380 

9. Jenkins DJA, Wesson V, Wolever TMS, Jenkins AL, Kalmusky J, Guidici S, Csima A, Josse 381 

RG, Wong GS. Whole meal versus wholegrain breads: proportion of whole or cracked 382 

grain and the glycaemic responses. 1988,297:958-960 383 

10. Jenkins DJ, Wolever TM, Jenkins AL, Giordano C, Giudici S, Thompson LU, Kalmusky J, 384 

Josse RG, Wong GS. Low glycemic response to traditionally processed wheat and rye 385 

products: bulgur and pumpernickel bread. Am J Clin Nutr 1986,43:516-520 386 

11. Heaton KW, Marcus SN, Emmett PM, Bolton CH. Particle size of wheat and oat test meals: 387 

effects on plasma glucose and insulin responses and on the rate of starch digestion in vitro. 388 

Am J Clin Nutr 1988,47:675-682 389 

12. Snow P, O´Dea K. Factors affecting the rate of hydrolysis of starch in food. Am J Clin Nutr 390 

1981,34:2721-2727 391 

13. Juntunen KS, Niskanen LK, Liukkonen KH, Poutanen KS, Holst JJ, Mykkänen HM. 392 

Postprandial glucose, insulin, and incretin responses to grain products in healthy subjects. 393 

Am J Clin Nutr 2002,75:254-262 394 

14. Benini L, Castellani G, Brighenti F, Heaton KW, Brentegani MT, Casiraghi MC, Sembenini C, 395 

Pellegrini N, Fioretta A Minniti G. Gastric emptying of a solid meal is accelerated by the 396 

removal of dietary fibre naturally present in food. Gut 1995,36:825-830 397 

15. Hagander B, Scherstén B, Asp NG, Sarton G, Agardh CD, Schrezenmeir J, Kaspar H, Ahrén B, 398 

Lundquist. Effect of dietary fibre on blood glucose, plasma immunoreactive insulin, C-399 

peptide and GIP responses in non insulin dependent (type 2) diabetics and controls. Acta 400 

Med Scand 1984,215:205-213 401 

16. Holm J, Björck I, Drews A, Asp NG. A rapid method for the analysis of starch. Starch/Stärke 402 

1986,38;224-226 403 



19 
 

17. Liljeberg H, Granfeldt Y, Björck I. Metabolic responses to starch in bread containing intact 404 

kernels versus milled flour. Eur J Clin Nutr 1992,46:561-575 405 

18. Darwiche G, Almér L, Björgell O, Cederholm C, Nilsson P. Measurement of Gastric 406 

Emptying by Standardized Real-Time Ultrasonography in Healthy Subjects and Diabetic 407 

Patients. J Ultrasound Med 1999,18:673-682 408 

19. Haber GB, Heaton KW, Murphy D, Burroughs LF. Depletion and disruption of dietary fibre. 409 

Effects on satiety, plasma-glucose, and serum-insulin. Lancet 1977,2:679-682 410 

20. Jones KL, Doran SM, Hveem K, Bartholomeusz FD, Morley JE, Sun WM, Chatterton BE, 411 

Horowitz M. Relation between postprandial satiation and antral area in normal subject. 412 

Am J Clin Nutr 1997,66:127-132 413 

21. Santangelo A, Perracchi M, Conte D, Fraquelli M, Porrini. Physical state of meal gastric 414 

emptying, cholecystokinin release and satiety. Br J Nutr 1998,80:521-527 415 

22. Bergmann JF, Chassany O, Petit A, Triki R, Caulin C, Segrestaa JM. Correlation between 416 

echographic gastric emptying and appetite: influence of psyllium. Gut 1992,33:1042-1043 417 

23. Sturm K, Parker B, Wishart J, Feinle-Bisset C, Jones KL, Chapman I, Horowitz M. Energy 418 

intake and appetite are related to antral area in healthy young and older subjects. Am J 419 

Clin Nutr 2004,80:656-667 420 

24. Hveem K, Jones KL, Chatterton BE, Horowitz M. Scintigraphic measurment of gastric 421 

empying and ultrasonographic assessment of antral area: relation to appetite. Gut 422 

1996,38:816-821 423 

25. Holt SH, Miller JB. Particle size, satiety and the glycaemic response. Eur J Clin Nutr 424 

1994,48:496-502 425 

26. Johnston CS, Buller AJ. Vinegar and peanut products as complementary foods to reduce 426 

postprandial glycemia. J Am Diet Assoc 2005,105:1939-1942 427 



20 
 

27. Johnston CS, Kim CM, Buller AJ. Vinegar improves insulin sensitivity to a high-428 

carbohydrate meal in subjects with insulin resistance or type 2 diabetes. Diabetes Care 429 

2004,27:281-282 430 

 431 



White wheat bread (Ref. meal)

White wheat bread and vinegar

Whole-wheat bread and vinegar

Whole-kernel wheat bread and vinegar

Time (min)

∆
B

lo
o

d
g

lu
c
o

s
e

(m
m

o
l/
m

l)

Figure 1



White wheat bread (Ref. meal)

White wheat bread and vinegar

Wholemeal wheat bread and vinegar

Whole-kernel wheat bread and vinegar

** **
**

**

*

*

Time (min)

∆
S

a
ti
e

ty
 s

c
o
re

s
 (

c
m

)

* *
*  *

* ** *

*

*

Figure 2



G
E

R
 (

%
)

White           Wholemeal        Whole-kernel      White weat

wheat bread     wheat bread      wheat bread       wheat bread

(Ref. meal)       with vingear       with vingear       with vinegar

Max

Min

q3

Median

q1

Figure 3



White wheat White wheat Wholemeal wheat Whole-kernel wheat

bread bread bread bread

(Ref. meal)     and vinegar and vinegar and vinegar

15 min  90 min 15 min  90 min 15 min 90 min 15 min 90 min

**

A
n
tr

a
l
c
ro

s
s
-s

e
c
ti
o
n
a
l
a
re

a
 (

m
m

²)

Figure 4


	Start of article
	Figure 1
	Figure 2
	Figure 3
	Figure 4

