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The utilization of bakery enzymes and high-pressure treatment could improve the bread making
quality (BMQ) such as gas retention of dough (GRD), specific loaf volume (SLV), and staling
rate of bread crumb. In addition, it is expected to improve the water absorption of dough and
bread qualities by adding mashed potato (MP) to dough. On the other hand, it is necessary to
experiment with a large number of combinations in order to determine the optimum conditions for
the utilization of enzymes, high-pressure treatment, and MP. Thus, in this study, response surface
model (RSMd) was created using the data acquired, based on the central composite face-centered
design (CCF), and then the optimal conditions were determined by using an optimization
technique (OT) with Solver (Excel add-in software). Finally, in order to validate the effectiveness
of these methods, bread making experiments with determined condition were conducted, and the
effectiveness of each combination was verified from the BMQ of the dough and various
evaluations of the bread.

Chapter 2

The functional ingredients of whole grains, dietary fiber (DF), resistant starch, vitamins and
minerals, have various physiological benefits related to “western diseases” such as coronary
heart disease, colon cancer and diabetes. However, the product of whole grains is not attractive as
those of white wheat flour because the higher amount of bran and germ contained in whole wheat
flour reduce the quality and sensory value of final products. In bread making, the presence of bran
and germ causes the deterioration of the dough-rheological properties, decrease in SLV, increase
in crumb hardness and darkening of crumb appearance. Moreover, the addition of whole wheat
flour gives different flavor profiles for whole wheat flour breads as compared with those of white
flour bread. It is generally accepted as truth that the damaged starch (DS) and DF in flour have an
influence on the gluten formation, resulting in decrease of BMQ. There are various kinds of
enzymes used in baking as bread making improvers. Among them, a-amylase (AM) and
hemicellulase (HC) are hydrolases having activities for DS and insoluble pentosan, respectively.
The objective of the study in Chapter 2 was to investigate the effects of whole wheat flour
substitution and enzyme treatments using AM and HC on BMQ. Results showed that the addition
of whole wheat flour produced dough with low GRD and SLV. However, AM and HC drastically
improved both GRD and SLV of whole wheat flour substituted dough and bread by degrading DS
and hemicellulose. Thus, these results indicated that the treatments with suitable enzymes could
drastically improve the BMQ of dough made with whole wheat flour.

Chapter 3




In Chapter 3, response surface methodology (RSM) created a RSMd and Solver (Excel add-in
software) calculated the optimal amounts of the enzymes. The optimal concentrations of AM and
HC calculated using Solver were 0.128 and 0.100 g/100 g flour, respectively. Adding optimum
concentrations of AM and HC drastically improved BMQ (GRD, SLV, and bread staling) of
whole wheat flour dough and bread compared to whole wheat flour dough and bread without the
enzymes. These results show that combining RSM and Solver is an effective and reasonably easy
method that determines optimal concentrations of enzymes to obtain the highest quality bread
when using whole wheat flour.

Chapter 4

A method for investigating the mechanical properties of bread crumb has been established in
previous studies. However, there are few reports describing the effects of using whole wheat flour
and the addition of enzymes (AM and HC) on the mechanical properties of bread crumb during
storage. Therefore, in Chapter 4, we investigated the effects of storage on the properties of bread
crumbs by using pullman scale bread making. Rupture force, rupture deformation and rupture
energy were decreased using whole wheat flour, as the higher amount of insoluble DF in whole
wheat flour disturbs the fine gluten network formation in dough, resulting in a weakened bread
crumb structure. In comparison, the bread crumb made from the dough with whole wheat flour
treated with enzymes had a lower rupture force, a higher rupture deformation and lower
viscoelastic values compared with both the Control and bread crumb made from dough with
whole wheat flour since AM and HC digest DS, insoluble DFs and gelatinized starch, which
decrease BMQ, resulting in improved bread crumb texture. This study elucidates the effects of
using whole wheat flour and the addition of enzymes on the mechanical properties of bread
crumb during storage. The addition of enzymes made it possible to obtain high quality pullman
bread using whole wheat flour.

Chapter 5

Potato is major crops globally and being produced widely in many countries of the world. In
Japan, potato is also major agricultural crop and about 2.5 million tons are produced per year.
Those are used for much utilization such as table food, processing and starch extraction, etc.
However, potato is not used much in bread making in Japan and mainly used for other purposes,
such as potato salad for sandwiches, than bread dough production. The bread substituted with MP
instead of wheat flour have been attracting attention because of their added compositions such as
gelatinized starch, DFs, vitamins, minerals, etc. that has a beneficial effect on bread's nutritional
value, texture, flavor and taste. On the other hand, excess amount of DS and DFs in MP inhibits
the gluten network formation in dough and greatly deteriorates the BMQ. In Chapter 5, we
investigated the optimal addition of two types of bakery enzymes, AM and HC, to improve the
BMQ of MP-added dough. The reasonable optimum addition amount of the enzymes was
determined using the RSM and OT. The optimal concentrations of AM and HC calculated using
Solver were 0.059 and 0.050 g/100 g flour, respectively. As the results, the BMQ such as SLV
and GRD, and the bread staling of MP dough and bread with optimal concentrations of AM and
HC were remarkably improved compared to those without enzymes. These results showed that
RSM and OT were effective methods to reasonably and easily derive the optimal concentrations
of multiple enzymes, which resulted in obtaining the good quality MP-supplemented bread with
high SLV, desirable texture, flavor and taste except of crust color.




Chapter 6

In recent years, the use of high-pressure processing technology, a new food processing method,
has been increasing and is expected to become an alternative to heat treatment. High-pressure
treatment is a technique that applies high hydrostatic pressure on food products during the
processing to suppress the growth of bacteria and promote the immersion effect. Moreover, some
enzymes are activated by applying high-pressure treatment and the process effectively distributes
the enzymes uniformly throughout the food. The use of high-pressure treatment has also increased
as a substitute for heat treatment and various products are being processed utilizing high-pressure
treatment. In Chapter 6, we investigated the effect of combing bakery enzyme and high-pressure
treatment on dough qualities. The optimal concentration of bakery enzymes and high-pressure
level were determined using RSM and OT. Bread dough was prepared by the optimal condition,
0.200% of bakery enzyme and 43MPa of high-pressure treatment, and the bread dough was then
baked. Optimal combining bakery enzyme and high-pressure treatment drastically improved
BMQ such as increased SLV, higher concentrations of reducing sugar, and lower concentrations
of DS and insoluble DF compared to the Control and to those that were only treated with bakery
enzymes or high-pressure treatment, respectively. In addition, the bread with both bakery
enzymes and high-pressure treatment showed improved micro structure in the crumb and
maintained freshness longer during storage.

(F130)

RV HBERSCEIELE ORI LY . AT ARFHE(GRD), BEAME(SLY), R0
L OB AEBMQ)UENHIFFTX 5, S HIT, BHE~ v v = (MP)Z /X A MR
THIET, AHOWKENEML, NN ER EICERDEEZOND, —FHT, #
SNRUMBERIRINE, JF0E, MP SIN& OSSO R EICIE., R/ Eofl o 3R
MULETHD, 2T, LTI, P OEEGFE(CCRICESERG LT —Z bk
Eh T LV(RSMA)ZEH L, Y "— (Excel 7 KA >V 7 b =7) Ik 5 xiE{bTF
EOMIC L » TRESGFAZFRE L, £/, L EOFEOFHMEOFM OO, FHl L7
FET CORNCREEBR ATV RTEN OGO SMITHE > TER L 72 S U Az i R VX
> ® BMQ Rt Lz,

H2E

INERY DRI IL B E e R WMEME(DF), BEE(EERER . EX I VBRI R TR ED
BEREMERR 2 3 & TN TR 0 | b RENIRME O . AEE . BEIRIR O X 5 ZeBCKIR B L C
o x I AEPEREEZ A LTV D, L L, BRMICEEFND25TEBLOMEOENR L E
BOREBLE O ME LB ENME T35 720 SR ORI A o R &g L TR E
MINCH D EESNTWS, Bz T, STEBIOMEOFEEIL, oL 4 u v —
FED LA, SLV O, tRFF O R ZLEEOHEMB LY 7 20 OL{bE 5 =
L F, S5, R OTINC LY BRI ST AN LR L TR DR E H
T 5, RN/ ERICE EN DB (DS) & DF RN VT UIBERICE L KIF L,
ZORER, BMQ MET T2 LS Tnd, AT T, AU Eom EZHRE L
THix R OBZENAVLNDS, TOHFTH, a-TI7—F (AM) BXO~I kLT
—+¥ (HC) 1. #NE1 DS BILOREMRY Y oxt LIt 2o Ky gl ¢
HDH, H2EOHZEOHMIL., AM B X VHC OHIN & Akt O 25 BMQ & K IET 5
BEAmardsz s Lz, fRE LT, &holinick v, GRDEBLOSLY 2MEF L




72o L22L. AM & HC oiisinic kv, Ao DS LIl on— ARG, kL
O BEIN U 7= & el LT GRD & SLV BEIMICE S 7, UL EDOREEN G, Y]
IREEF RN L 0 2R A2 L= /E oo BMQ DBIF Rtk HENFIRETH 5 2 & 3 B
Lot

%3

W 3F T, A HHEE (RSM) 12XV 2 ORISR AR O LR EE(LICBI L T
RSMd Z/ERk L., Y x— (Excel 7 KA V7 ho=7) ZHANTIHDOREEDRKIE
WNEZRHMN L, YAV R—2FHL TEH SN AM B LU HC Ol EIx, 2he
#10.128 35 L 1Y 0.100 g / 100 g /NEMTE 7=, FiEIRED AM & HC ORINC LV | EER
T E IR WER OSSO/ L LT, BMQ (GRD, SLV ¥ XUV D L)
NEHICHESNTZ, LEDOFELY ., RSM & VA NR—%ZMAEbE THWS FiEIL,
BB e AR N B G D T O OBEE O RERE 2R ET D 2D RO CHEEN R T
ETHDLZENRHLMNE ST,

B4

RO E ST D HER, DETOMEICB W THEL S TWS, LML, BEHE (AM
BLOHC) R OWIMDPMELER DS OWPEEAIC 5 2 588 2 Et L= @iE13E
LAERY, T T, EBAETIR, TN A= L ORR N L 5T, RIS
O HTT DIRIFOEBEE RS Lz, SRBICEEICEENDIRRMEDFICL Y., 4l
ORI TNVT Xy MU —7 OEBIT i, N AHOBENREL 25, DT
OERMEERT D & R, AR, B ELOMWr = x v —2nEd Lz, —FH T,
AM B L OHC Z 8N L7z ki A HAERL U 728003, s IRSOREE 2 & F 72 WV 2k
AR BVERL U720 & el U CL B MK < L BRI AT SR & < RS EAR B MR O
AR L7, AM & HC 12 BMQ Z /K F & ¥ 2 ENTH 5 DS, NEMEEWMME. MLT v
T EGRL, N OMEESET DS RS, ZOMEIZEY ., IFET oo
PEIZ R 2 Akiky O & BB RO BN S0 L 7o 72, BEEDORINC XV . kK
ZRERH L7=m@ s E v~ R R OFERLN A RE & T o T2,

5

VX A EBITHRAOICEE R THY  HRDZ DETIRSEEIN TS, HARIZ
BNWTH, V¥ TA BT ERREMTHY | FRFKI 250 T b o BNEESRTEBY, 77—
TNT7— RN, B2 0 OIS TEH SR TWS, LirL, x4
AFFEANNTTEHEY OB, BTN DOY Y KA Yy FHORT FF 4
REDMOEMNHERE NS, —FH T, IEHBORDVIZMP ZEH Lo/ id, N o
KA, BEICARRDEZ SO THIEN., DF, B4 I IRXI AR EDESH
153, mimBE R Thos EMffsnd, LrL, MP HOERE 72 & DS 3 L UF DF
L, Ao 7 v xy N =7 EKEZHEL, BMQ # KE K TFEH®HD, £ T,
5 FETIE, MP 2NN En=4A o BMQ 2 #ET 572912, AM & HC @ 2 FiEOH
N R O RE I EIZ DWW TRRET Lc, BERORERIMNEIZ, RSM B LW OT & fii
ALTHREL],, YIA"— (Excel 7 RA Y7 o =7) #HLE OT CatE SN~
AM 3 JOVHC O IL, £ 24 0.059 35 L 10 0.050 g /100 g /NEKTZ -7, fER &
LC. IIEEED AM & HC ZIRINL7- MP A2 & XU 3R 2 L7 W e & il L
T, GRD, SLV BIUONOEHEENE LS KEI N, U EOFERIZ, RSM & OT
D3R O Feil i 7 SR OR GBS T T OOFNRFIETH Y | FIZ LD mn




SLV, EFLWT 7 AF v —, FD, WEHATZENED MP RIS 21525 2 L3 AlHE
ThdHZ EER LT,

H6m®

A FTLWERINTIETS 2 &EN LENOR NN L TR0 | BB ORE NI
LEMBEINTWD, \EAR L, 1T f&uuﬁ“%*ﬁ%ﬂkﬁ@ﬂl@ﬁﬁ@WWu
R0, REDREEETIHIN TS, S HI2, —HOBERITEELIET S Z & TR b s
. £, BEREE DRI RIS — &Léﬁ5:&TMI@$%mLﬁéo%E
RLERIZ v RS R OFEMESNM E L, BMQ 2 ET A2 R FEIC D Z & A
FFanbd, FH6mETIE, RNV HEEE L BELEOMAGDE NS ARMEEEIC S 2 D%
I L TRET L7, 72 HBERIRE & S BB IE, RSM & OT ZfEH L
TRIE LTz, B FIEEE AL 0.200% . i EALBRSR 1 43MPa il Th 5 L B S 4,
ZOHOBANANTHN DT, Bl S OBEE RN & @A S - ARV T, it
BB LR HEEEARIME I TEELHEOL SN 6 O L ik LT, SLV O,
A o TTHE O, DS B X OREM: DF oA 72 £ BMQ BNEIMICkE S Nz, &
Hlc, BN SR & EEAFR AR LN d, WEESNT N7 T A OIS &
RLU, RFEPHEEZ I TCORKA E HFF LT,






