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Quality of food products with air bubble dispersions and
proposals for dysphagia diets to improve quality of life for

elderly people
Tomoko Miyashita

Texture is an important element in the taste of food and varies based on factors such as
processing methods and ingredients used. In particular, air bubbles dispersed in a food product not only
change its appearance, elasticity, and texture, but also improve its palatability.

Focusing on three types of foam-based food products (meringue, rice flour with Japanese yam,
and yam-gelatin gel), this study examined the effects of air bubbles on the physical properties and
preference of each product through gelation and dispersion of air bubbles. In addition, the study also
examined the suitability of each product for “dysphasia diets.” This study is organized into four
chapters.

In chapter 1, the effects of different quantities of air bubbles on the properties of prebaked French
meringue and the preferences for it were examined. The chapter also researched the suitability of baked
meringue in a liquid form for dysphagia diets. The texture of the prebaked meringue sample
corresponded to Level II or III of the approved criteria for dysphagia diets by Consumer Affairs Agency,
Government of Japan. The apparent rupture stress of the prebaked meringue was the smallest with a
whipping time of 7 min. A high correlation between the rupture stress and air bubble size was observed
(r=0.961). The baked meringue in the liquid form corresponded to Level III of the approved criteria.
The sensory evaluation of the baked meringue sample in its liquid form achieved the highest score.
This chapter indicated that it was possible to prepare prebaked and baked meringue samples for
dysphagia diets by controlling the quantity of air bubbles present in the meringue using the whipping
time.

In chapter 2, the effects of different quantities of air bubbles on the properties and preference of
steamed bread containing Japanese yams with a strong stickiness harvested in the Fukushima
Prefecture were examined, and the suitability of steamed bread gruel for dysphagia diets was
investigated. The apparent density of a pre-steamed sample continued to increase up to 10 min of
whipping time, and the degree of swelling increased similarly. A sensory evaluation showed that the

steamed bread gruel with 8 min of whipping time was preferred. The ORAC values were 361 umol



Trolox Equivalent (TE)/100g for unpeeled Japanese yams, 76 umol TE/100g for steamed Japanese
yam bread, and 25umol TE/100g for its gruel. Japanese yam products will be desirable and have an
antioxidant capacity when secondary materials were used.

In chapter 3, the samples using Japanese yams with a st rong stickiness harvested in the
Fukushima Pref. were made with different quantities of air bubbles by changing the whipping time.
Gelatin gel was then added to the samples. The effect of different quantities of air bubbles on the
properties and heat transfer of the yam-gelatin gel samples was examined. In addition, the suitability
of the yam-gelatin samples for dysphagia diets was investigated. The results showed that, while the
apparent density of the samples continued to decrease up to 10 min of whipping time, it remained
constant thereafter. The temperature-lowering speed inside each sample cooled at 5 °C decreased
according to increasing the amount of air bubbles. The texture of the samples corresponded to Level
IT or III of the approved criteria for dysphagia diets. The sensory evaluation of the sample with an 8
min whipping time was the highest. It is likely that the Japanese yam products will be desirable in
dishes added to secondary materials such as stock or salt.

In chapter 4, an air bubble containing fish meat product, i.e., Alaska pollack mousse was prepared
by mixing the fish meat with yam, meringue and broth which taken from the residue portion which
became the aspic ‘Nikogori’ by cooling. Then, the physical properties, antioxidant activity and
preference of the product were examined. The suitability of fish mousse for a dysphagia diet was also
researched. The ORAC value of Alaska pollack mousse was 583 umol TE/100g, which showed that the
mousse had a high antioxidant capacity. In addition, the texture of the product corresponded to Level
IIT of the approved criteria for dysphagia diets. A sensory evaluation of the fish mousse rated it high
in palatability, further demonstrating its suitability for dysphagia diets. It was also mentioned that the
quality of Alaska pollack mousse would be improved if new food processing methods were devised
using miso paste as seasoning and adding the aspic ‘Nikogori’ sol.

It was expected that the findings of this study would make a major contribution toward

improving the dysphagia diets and quality of life (QOL) of elderly people.
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Values shown with the different letters are significantly different.

p<0.05 n=21-28
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Fig.1-8  Change in apparent rupture stress of various baked
French meringue.

Values shown with the different letters are significantly different.
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Fig.1-9 Relationship between Rupture stress and total
area of air bubbles of baked French meringue.
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Fig 2-1 Sensory evaluation sheet
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Fig.2-2. The ORAC values of Japanese yam with or without peel.

Significant differences between different alphabets p<0.01 n=3
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Fig. 2-3. Change in apparent density of dough on steamed bread made
from Japanese yam.

Significant differences between different alphabets
p <0.05 n=12~16
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Fig. 2-6. Change in specific volume of various steamed breads
made from Japanese yam by different whipping time.

Values shown with the different letters are significantly different.
P<0.05 n=13~15
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Fig. 2-7  Change in compression energy of steamed reads made from Japanese
yam by different whipping time.

Values shown with the different letters are significantly different.
p<0.05 n=13~18
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ORACEZ Ml & L, £ DR % Fig.2-10 1T L 7=,

ORAC fE X, AR B 100g¥ =V ofETHrLTWS, T 7
L, B AHREOARE © ORAC A28 361 [umolTE/100g] T
bHoHroWx L, BRER LA AER B 2R 76[umolTE/100g],
AL EREAE 25[umolTE/100g] TH » 7=, I &
EFNH2AEBREREIT, RLASUD 34.2g, NUBMN 11.4g Th

TEMNL, TRNENLDO ORACHIZ, FHEZH W TOHE

500

450 -

400 -
| 2

350 -

300 -

250 -

200 -

150 -

ORAC value (umol TE/100g)

100 b

50 - .
0 I

Unpeeled Steamed bread  Steamed bread gruel
Japanese yam containing yam containing yam

Fig. 2-10.  The ORAC values of unpeeled raw Japanese yam and
yam products.

Values shown with the different letters are significantly different.

p<0.01 n=3
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B #F Y -0 EEEF b

HRI(R- 2  HFa&n &
1. BEER{F s F P —F BT EEEEL TS0,
AFEFO BB -AEVET,
EEEOFEmD MBS T LETE A NTIS N,

+1 +2 +3
I I I I
| | | | | | |
® B iF i
H J I K
O&IF (@ —3 ~ IFE:+3)
HF) (@ -3 ~ IFE+3)
BE (B —3 ~ IFE+2)
R (-3~ FFE4+3)
Il (Blv:—-3 ~ IFE:+3)
BE- FItEd (B —-3 ~ IFE:+3
BRI -3 ~ IFE:4+3)
MM (-3~ IFE 43
Fig.3-1 Senszory evaluation sheet
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1) BB F Uy I NRVCERBERERBORE RGN

MR E 7 F oy v RO EE B RESERB O

(S 2T D720, EMAR TR RIGNEZHNE L,

Fig.3-2 IZ®k L 7=,

I F oy roxRIENIEF, SR 40C~20CF TITHBWT

) 113~ 127Pa L IZ X FEHwREBICH DV, 19CLUK, 7 i
W ER RIS T EY 199 (19C) ~55 (17C) Pa &

AL L, 20CICERTCEHEEICER L -,

12
10 ;
&
“‘E:}S =
X
ga
: [d
2 4
< ¢

21 a a a a a b

Gﬂﬂﬂﬂ |

40 25 22 20 19 18 17

Temperature of Gelatin sols (°C)

Fig.3-2 Rupture stress of gelatin sols various temperature.

Values shown with the different letters are not significantly different
p005 n=8-13
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Fig.3-3 Rupture stress of whipped Japanese yam .

Values shown with the different letters are not significantly different
p<0.05 n=8~13
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Fig.3-5 Apparent density of gelatin sols at various whipping
time.

Values shown with the different letter are significantly different.

p <0.05 n=20~38
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Total area of air bubbles (mm? / mm?)
Fig.3-6 Relationship between compression

energy and total area of air bubbles

of gelatin gel with Japanese yam

at various different whipping times .

Whipping time:

O 2min @ 4min [J6émin x 8min A 10min
M 12min A l4min

B, WERTNTHHKIT, ChETICHMESRLE LIHEL D

wreo s TV e REE, KRNI TRB SR B,

o(t)= (1—exp) [t/1(x)] (1)

7L, oyFko)XNTEREINLAIER I CIEE & L T
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HEIE, NBICAYAAZRBENZ VAT E, BRoBH
NENERBICRLIBERICOo T, BREY LVEZ —ELHTH
AU 72 o BB o0 IR BE B R B o FR AR & A D KR R
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oo ZTORPWIT, MABAFRTHEINLTWDIHER 2O LHEET
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Fig.3-7 comparison of the curves of decreasing
temperature detected at the place Smm
apart from the cooling plane in Japanese yam.
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Table 3-2  Effects of whipping time of Japanese
yam in gelatin gel on the relaxation
time T_ (x) estimated by cooling
temperature from 19 °C to about 10°C

Whipping Relaxation time at the ple.lce

time(min) Smm apart from the cooling
surface in the sample

5 770.0 =112.7 ——

6 907.8 = 494 | .

kS
g 967.6 = 594
+

10 930.1 =1039 |
+ 2
B 891.7 = 742

*p <0.05,%*%p <0.01 n=3~7

7) BREISNVNOBRTHEHEZFERAARELE L TOFM
UEFEOFRENPDL, HRESFYFLOKWORANRE WML D
BE A LN ER o0 T, b ®E o T IR%EE AR
~ O R M A SR E &K OVE BB AR o W omE o BB L 7,
i)Y 7 AF ¥ —HE
Table 3-3 127 7 A F ¥ —MlED#H R Z R LI,
HARE F Lo Sk, F 12, 86~16, 62kPa & 720, H

REOHBL AP HBECTCKRTFTLEEZ, EBREE R, D
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HigEmLS e ArHEMIIH T, EEEMEITFEY 0.52~0.61
LERBEICKERAENEIROAR 2o, 2L OHRE

11)6

o, e T N & A o FF T gk B B L THEEM L TH
L8, B 20ORBHIHF AR, T OI1X 0K BT
KENICELY T I ENERTE T, bbb, KERSME
T MARLEEBRESVOT 7 AF v — 1%, FAUEETOL
U—RELFL—2AROERSY, FITEEDNOARAHEHRH D
rate, MEVORVWHISLEZL NPV —X IR, £iFEY
—HEEORBICHY T 22 LR R I NI,

i) ‘B AE RF il KSR

Ubo7F 7 2Fx —HEM/KE»S, BRE S VN HE T K
FHEMELTCEMAARRZI EVNRBOONTO T, Bifm T
OEEMEERFT L, AT o TITR o7z P ERTIE, K
8oL 100 TEHEERNREDNALN o2 ®
SEOBERFEMFERASE L TE, L7727 XAF v —WEME
LR ENREON, HolEa)EKM Tl 7%, R
2, 4,6, 8(4m) o4RBZEZHMHBLE, R % Fig.3-8 IR
L7z,

M6 bW NI, RUANADOFEMEE TF T X G
L, MAEBXBOFMENE (0) X0 b &V A S TV
. £, HEBSHORE L, THRAM) BT 2L 4
GO GEY b A EIC (p<0.05) m WMl EZH Tz, 4E D
FEBRTIEZ, BREIS VO EBEHREEZHLNICT 5 HB2L
HBCEHE®koAREZRMLTWVWS, L2AL, RiIZBWT~<A
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CHx T A— 2R oW FTHREREHAEMSLE L ToOMNEHE
P
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i B & Table 4-1 128 L 1=,

ABEIZBWTAI KR L “ %47 A—28E7 O 3 3
¥ 18.59kPa, [fF&EM ] 1XF¥ 1.35kI/m?, THEEEM) ZFH
0,60 L7x v, We FTWHEHEAEMNELOFANEETLN, ¥obb, &
B—72b0bE, TLELFEFVORWVWESXDL MW AA— X MK
XiFPY —FEEopMICEEZLYETE Vo rnbro i,
INHLOEE, BH1EOEMRA LI e IFERML L
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(M EHIICBVWTRREWVWERE s, Z2ORK & L T,
HMRICEENDIZZTHOE RN IETHDLIIA Y RO A
U, mBc kgm0 P Lo, ma T,
BE - &Y - HREOEBLEZDONE, LEM- T,
WE TR E A RS OFATEELI LT XL ST, &5
RBEn-@mBEOEECAZTI2HM 2R T ZEH AT, A
NEEZL L, o TdEEbIT, fARY V7 H %K
SIS EDL OO, MBLWEBH RO T T T —¥E G
kR B, FHhEELRENT TV EMz 54 S ORAED
TRLMLETHDI EEZLNTE,

Table4-1  Changes in the texture of the fish mousse
with the Japanese yam and egg white.

n=22-39
Fish mousse Permission
Texture standard III
Hardness 18.59 =221 0.3~20
(kPa)
Adhesiveness 1.35 = 0.53 1.5
(kJ/m?3) or less
Cohesiveness 0.60 = 0.09 non restriction
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2 BREEM» S 0K

“HE T L= 2R O[5 BREAE] KO TE LG R E
%ok DB RERE MRS R & Tabled4-2 & OY Fig.4-1 1277 L 7=,

RKEBRIZBT D232 U) A Mix, #7 s —28 L TIls5
BEMEFEREI o T & T W] DA FEMEA T W T,
rhEn O x Y AR FFEAMAEREO)E D B &V EE L&
LTHBBO, FiT ) N¥YH 0.95 THAAFFM) 2AFE 1.05 &,
fhoEBA XV S Rol, TNHLDORRNLLHMK LT, “% T
A— AT PNEBHmEmIZCBWWTI L IIZE W 2 & 5 7290 I
X, ®Ao TED) EX® TGvw] B F2MEmTo LR E
WEPNMVLETHLIEEXONTL, 70, B EMRRELE] T
O R (Fig.4-1) Tix, 9 BT 9~7 o mekfh 7 v — 7 B &
KDK 9.7%, 6~4 X TOHRFFM 7 V=T B E2ED 87.1%% 5
W, RNRXINADOFEALEN “FT AT XL T—EL
FOFMERE > TWVWDZERHELNER- T,

F 77, Fig.4-2 2%, REERICEBLLE “H AL —28KE” O
(s BEEFERE) WEX2BERFEMBER LG DT TR LED,
Y AL —28R” T TR & TRAEFFM] ©“% 7 46— H
T XA BICEKWEEM E o, E2,TB W T W T,
FEEE#EDONANZVWE OO, “% F 5 — 28" L0 K0
Rehol,ZnICEFAX/E TOMBMESHELGME L &b IC
P AOMERFEORENEZEL DI LR WEHES
i,
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Table 4-2 Sensory evaluation of fish mousse

Items Average score
Hardness 0.83 £0.76
Elasticity 0.57 =0.70
Throat 0.83 = 0.85
Texture 0.81 = 0.74
Taste 0.95 £ 0.96
Smell 0.71 = 0.83
Total evaluation 1.05 £ 0.58
n=31
(%)
100
90
80
o 70
b ]
g 60
B
< 50
K
S 40
30
20
10
0 ]

high score  middle score  low score
(score 9~7) (score 6~4) (score3~1)
n=31
Fig.4-1 The preference of Alaska pollack mousse
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3.3 HiBEg b sE o B &

CE T -2 B, WETREFMNRESLE L TOMHEE
Hicsdw, —E Lo rs AT 52D HLMNE IR
DT, I bl BOREKEEZRHT T 212D, LE{LED
fEHE & 70 5 ORAC fH © W & #& R (Fig.4-3) # b L ITB L L =,

ORAC flE X, EMHEMMEAL LT X T P NVOWRILEE T % R
J M %, mol TE/100g & L T/RL CTW2 2, 5 #F% CTAHIK L =
“Z 7 L — 287 O ORAC fE 1% 583umol TE/100g & 72 1,
RO “IXA A" ® 49 mol TE/100g, &K T8 129 mol TE/100g
WCHRTIHFFICRVWIBEELZA T 2P HLNE RS T,
o, we bo®ms Y, ousomy ik s e, &
DX A F v 7 (568 umolTE/100 g) R4 * ¥ XY (508
umolTE/100 g) AR Y L=, £/, RE/K, L Tl L=
o “% 7 H5h—2A8E” ®© 473 mol TE/100g £V & & WIHE & 72
Sz kmn, BHRECHR U R OEE O BB AL I
2T, BuWHimikiEr AT oWk BoR ROy 7 H Y Y
DT TAMPILELDEE XN, BT, B 2FETRLEA
HARE DY 361 pmol TE/100 g, HARER L N D EH 76
umol TE/100 g, H K ZE# © F ¥ 25 umol TE/100 g & b # L T

LIEBICH WHIBILEE AT A B LE Y
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