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Abstract: This research studied the physiologicfcts of eating two nutritionally equivalent but
differently flavored soups in different sequenc&sandomized crossover study was performed in
ten healthy men aged from 22 to 24. Two types apswmere used for the experiment. One was a
commercially available nourishing soup (C soup)thwiutritional contents similar to the liquid
meals used in hospitals. The second soup had rédiza@ring and is referred to placebo soup (P
soup), although it was nutritionally equivalentti® C soup. Subjects consumed 100ml of C or P
soup, both of which were heated to 60 degrees,iftareht days. We measured the physiological
effects and palatability of the two different-flaed soups (termed 'rich' and 'weak’). Subjectte tas
impressions, cardiovascular respiration and frootalex blood flow were evaluated. Comparisons
were made between the consumption of 'rich' fladaeup only; and the consumption of ‘rich’
flavored soup after drinking ‘weak' flavored soinstf It was found that such a sequence had a
noticeable effect on the subjects' heart rate| tideume, respiratory quotient, and frontal lefesi

02 hemoglobin. However, reverse comparisons betweasuming the ‘weak’ flavored soup only,
and drinking 'weak' soup and 'rich' flavored soigh bt result in any noticeable effects. These
findings suggest that the order of consumptionriofi' flavored soup has a noticeable effect on
human metabolism.
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1. Introduction

It is known from previous research on the sequericaeals that what was eaten for breakfast wiketfthe
blood sugar level on lunch as a second meal dffécMoreover, when a vegetable salad (fiber ricbd) is eaten
first followed by rice (non-fibrous, carbohydratelr food), blood sugar levels decrease more théreitwo foods
are eaten in the inverse sequence. This reseaarhimas the effects of eating foods in differentussgtes on the
body. Generally, if there is nutritional equivalgria the different foods, then it is expected ttred sequence in
which they are eaten should have no notable effediuman metabolism. However, there has been manes
into palatability and metabolism. So, this reseaestimated the palatability and the resulting nedpry
metabolism for two soups with nutritional equivalgrbut different flavor strengths (termed 'stroagdt 'weak").

Moreover, we also investigated what effect on matain the sequence the soups are consumed may have.



2. EXPERIMENTAL

2.1 Procedure

We first obtained approval for our experiment frima relevant Ethics Committee at our present unsbin. We
also explained the purpose and methodology of tper@ment to the subjects beforehand and gainenl the
informed consent to participate. Eating was forbigddrom the previous day and drinking was forbid@emurs
before the start of the experiment. The experimag conducted in a room with a controlled environnhwehere
the room temperature was set at 24 °C, with 55.6®6idity. The experiment took a total of 27 minutas:initial
resting stage of 5 minutes, 2 minutes for drinking soup, followed by a recovery period of 20 misufFig.1).
As can be seen in Fig. 2, the experiment subjdets, healthy men aged from 22 to 24, remained seated
throughout.

Two types of soup were used for the experiment. Wae a commercially available corn soup (C). Theosd
soup had reduced flavoring though was nutritionatjpivalent to the corn soup (Table 1). This wasigiated
the placebo soup (henceforth P). 5 minutes after ekperiment began, different subjects consumednlL0O0
samples of the different soups, which were heaieDt’C and consumed by the subjects within 2 remut

In order to investigate the influence of the diffet sequences in which the two soups were consuwed
divided the subjects into two groups of five peopled experimented in the order of (P) -> (C),®r { (P) the
first time; and then in inverse order the secomdeti The subjects wore masks to measure for respirat
metabolism which was measured for 20 minutes afiap ingestion. Moreover, immediately after sougestion,
we performed a seven scale organic-functions etiatuaising SD, and a questionnaire survey to determ

subjects' attitude to the taste of the soup ugiheg’sant” and "delicious” was conducted.

Table 1: The two soup's nutritional information.

Nutrition C P
Energy (kcal) 106 104
Protein (g) 5.3 5.3
fat(g) 3.6 3.3
Carbohydrate (g) 11.2 11.5
Dietary fiber(g) 3.6 3.8
Sodium (mg) 330 323
(' mmn Smmn Tmmn 2Tmmn
Rest Smin Recovery
2min
Fig. 1. Experiment scene Fig. 2. Schedule for soup experiment.

2.2 Measuring Equipment, Data analysis and Statistical analysis

The equipment used for measuring the changes ineiggratory metabolism was a Quarkb2 (Bertec Japan
Evaluation of the data was based on the subjectstdy Expenditure (EEm), and a Near Infrared Spscbpe
NIRO-200 (Hamamatsu Photonics K.K) was used to omeathe blood flow to the brain (O2Hb). Quarkb2



(COSMED srl) was used to measure respiratory mésbp determining VO2 (oxygen uptake) and VCO2
(carbon-dioxide emissions). It also measured heart, energy consumed, and the respiratory quotient
(VCO2/V0O2). Using the respiratory metabolism meagpdevice, the measured value recorded for evergth
was equalized for each minute, and the relativeevavas computed by making the measurement for tjgbie
minutes into the standard value. Average value svasvn in the graph. A statistical analysis, usingfficial
approval which has correspondence about organictiums evaluation, about the vital reaction, analyaf
variance was conducted between soup, and it dividedy 10 minutes after ingestion, and authorizeidgithe

Bonferroni method. The significance level was egi< 0.05.
3. RESULTS

3.1 Flavor impression

CP refers to the sequence in which corn soup (@igissted first, followed by the placebo soup (. refers
to the inverse order. The subjects ranking of theps as 'pleasant’ is shown in Fig. 3 on the (gfts the average
value. A high score corresponds to a favorable ésgion. C is significantly higher than P, CP (55832, 2.5).
Also, PC is significantly higher than P, CP (5.33v&, 2.5). For delicious ranking C is significgnigher than P,
CP (5.8 vs 3.1, 2.7). Similarly, PC is significgntligher than P, CP (5.3 vs 3.1, 2.7) as shownign ¥ on the
right.
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Fig. 3. Sensory profile of each soup. Data are nvaare. (*: p<0.05).

3.2 Metabolism

A significant difference in energy expenditure affeup ingestion was not seen in either of the ¢oations (C
vs. PC, P vs. CP). Figures 4 and 5 show changdkeirheart rate (HR) after soup ingestion. C deectas
significantly compared to PC during the 20 minwgeavery period (p< 0.01). However, there was nai@ant
difference observed in the comparison between ERsFigures 6 and 7 show changes in the respjrgtastient
after soup ingestion. C decreased significantly mamad to PC during the recovery period (p< 0.0weler,
there was no significant difference observed indbmparison between P vs. CP. Figures 8 and 9 shanges in
the one time ventilation (VT) after soup ingestiGhdecreased significantly compared to PC durieg2h minute
recovery period (p< 0.01). However, there was gaificant difference observed in the comparisomieen P vs.
CP.
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Fig. 4. Changes in heart rate after soup intakpa(@ (PC) comparison. Data are means + SD, twoAN®VA
(*: p <0.01). Fig. 5. Changes in heart rate aftarpsintake, (P) and (CP) comparison.

S[>100]

—p

125 —m-CP

Fig. 6. Changes in respiratory quotient after sotgke, C and PC comparison. Data are means * SD,
two-way ANOVA (*: p <0.05). Fig. 7. Changes in raspory quotient after soup intake, P and CP coispar

after soup intake.
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Fig. 8. Changes in VT: tidal volume after soup ketaC and PC comparison. Two-way ANOVA (*: p <0.05)
Fig. 9. Changes in VT after soup intake, P and @Rparison.
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Fig. 10. Changes in O2Hb frontal left side aftenpintake, C and PC comparison. Two-way ANOVA (X@.05).
Fig. 11. Changes in O2Hb frontal left side aftangntake, P and CP comparison.



3.3 Brain blood flow

Figures 10 and 11 show changes in the O2Hb coratents in the frontal left side after soup ingestiG
decreased significantly compared to PC during thenihute recovery period (p< 0.01). However, theas no
significant difference observed in the comparisetween P vs. CP.

4. DISCUSSION

In our research, we studied the physiological ¢ffeaf eating two nutritionally equivalent but difémtly
flavored soups in different sequences. Dependinthersequence the soups were ingested, the sulgentory
evaluations were rated as "pleasant" and "deliclddsreover, the sequence P, CP was rated low impegison
to C. The subjects confirmed our belief that thiafadility of C was high. With regard to the sowggence, even
if the sequence was changed, [C, PC and in betRe€#®], there was no notable influence on subjeatsig of
palatability. We think that the difference in thavior ingredients invoked different physiologicakponses.

Next, we examined the physiological index. Becahsth soups were nutritionally equivalent we did not
examine energy consumption. An increase in sympatimerve activity occurs when the heart rate iases,
which happens when movement and stress start. Mereahen the heart rate falls, the parasympathetive
rather than the sympathetic becomes dominant. i eéRkperiment, a temporary increase in the hedd ra
immediately after ingestion was recorded for adl doups. A temporary fall of parasympathetic nemctévity was
reported immediately after ingestion of the warnusoTherefore, the rise of the heart rate immebiaadter
ingestion was not based on a stress reaction,rritih@s a general response when the soup was g@uswand
we think that it was the result of the sympathaticve activity becoming temporarily predominant.

When the subjects consumed the delicious soup tiftenot delicious soup, the stress of drinking |titer
soup carried over into the results of drinking dedicious soup (P). Regardless of the sequencédichihe soups
were consumed a significant change was not seesubjgcts showed a higher stress value. This iggthicto be
due to the influence of stress from consuming the-aelicious soup first. However, when the soup vedsd as
delicious, stress was mitigated and the resultéfigrf the heart rate could be due to the effeqgharfisympathetic
nerve activity. For the respiratory quotient, thighhvalue was intentionally shown to C. In betwé&eiand PC, a
significant difference was not seen in between @& B The value higher than CP was shown. Accortbng
previous research [2], it has been reported tlettdnsumption of palatable foods resulted in raldedd sugar
levels, and the respiratory quotient also increaséoreover, McGregor have shown that in rats mestass
results in the fall of the respiratory exchang@rdh our research we conclude that the increaskd blood sugar
levels is because the palatability of (C) was higbnversely, the non C soup which was not ratethfiépr
palatability resulted in heightened stress levelsthe participants. This in turn led to a lowemedpiratory
exchange ratio for them [3]. For the tidal volumé&TY C was higher than CP, which is indicative ofi@eper
respiration for C. In addition, because the heste decreased we think that consumption of theup saduced a
sense of relaxation. For C the results of the heset and its relation to the respiratory quotiand VT suggest
that the delicious soup creates a sense of refidfthis relaxation effect causes an increase inrglspiratory
exchange ratio and a fall in the heart rate. Onother hand, when the sequence is P, PC with @Bsstvas felt
and we think that this caused a fall in the re$pisaquotient and an increase in the heart rate.

The influence of the delicious soup on its own afen it was consumed with the non-delicious soup also

examined. We examined the effects on the subjemtabolism (heart rate, respiratory exchange i tidal



volume). However, the sequence effect of ingesthmg delicious soup before the non-delicious soup neat
investigated. A possibility that the soup sequenddn a high flavor ingredient will affect metabatis was
suggested.

The frontal cortex is called the cognitive domaid dt is the location in the brain where likes atislikes are
evaluated. Other research has shown that therenistadble reaction in the left frontal cortex in pesse to a
pleasant stimulus response [4]. Examining the érfe of the sequence effect when C is compare@tave see
that for soup C the O2hb concentrations decreasedboimparison to PC, which maintained its initiavde
throughout the observation period. This suggesas the consumption of PC resulted in a pleasarntticea
compared to C. The increase in the levels of oxgtgghhemoglobin is a result of an increase in thedflow,
which in turn means an increase in brain activ@gnversely, when the non-delicious soup was condutine
level of oxygenated hemoglobin decreased.

It is interesting to note that the average levelR& is higher than the average levels for C, @B, R We
believe by taking the non-palatable soup P firgt #re palatable soup C second, the sense of deditéss was
heightened. This can be seen in the rise in theldenf oxygenated hemoglobin in the latter halfhef observation

period. Thus, we think that the sequence PC yitldgreatest physiological affect.

5. Conclusions

This research studied the physiological effectgating two nutritionally equivalent but differentfiavored
soups (termed ‘rich’ and ‘weak’) in different seques. Subjects’ taste impressions, cardiovascetgination and
frontal brain blood flow were evaluated. The orderwhich the soups were consumed was also examined.
Comparisons were made between the consumptioniabf ftavored soup only, and the consumption otHi
flavored soup after drinking ‘weak’ flavored sougsf. It was found that such a sequence had aewddile effect
on the subjects’ heart rate, respiratory quoti®&, and frontal left side O2 hemoglobin. Howeveryerse
comparisons between consuming the ‘weak’ flavorgpsonly, and the consumption ‘weak’ soup aftenkirig
‘rich’ flavored soup did not result in any noticdaleffects. These findings suggest that the orfleonsumption

of ‘rich’ flavored soup has a noticeable effecttmnrman metabolism and cerebral blood flow.
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