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Abstract

Breadmaking is a complex system in which many variables govern the production of accep-

table bread. Lipids, a minor component of wheat flour, function importantly in bread-making.

Shortening, or fat, is one of the essential ingredients in commercial baking. Beneficial shorten-
ing effect depends on type and quantity of lipids present in wheat flour and also on wheat flour

quality. Surfactants have been used in baking industry during last decade because certrain

surfactants can replace shortening and/or natural flour lipids. A proper combination of lipid-
shortening-surfactant is more useful in the production of specialty breads such as whole

wheat breads, high protein breads, high fiber breads or even non-wheat composite breads

rather than in the production of regular white breads. This presentation is a review of recent

studies on the contribution of flour lipids, shortening, and surfactants, alone or in combination

in the production of breads; illustrations are mainly

laboratory.
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Table 1. Lipid content and classes of wheat

fractions
Wheat fractions
; :ran erm |lenaosp- wheat
' erm
Strucutral fract-
ion(g; Wheat) 12 3 8 100

Lipid
(% Fraction)®
Lipid classes

t
{
‘x
6~7 | 8~20| 1~2 | 2~4
i
(% Lipids)*’ !
I

0.5 3.7 tracei 1.9
I 56.1 | 57.0 | 29.4 - 45.9
| 25.1 | 17.8 | 17.1 ’ 16.4
i 22.5 | 16.5 | 52.4 ; 32.0

(a) From Shellenberger and Ward®"
(b) From Mecham®
(c) From Nelson et al®
I : Hydrocarbon and esteis
1 : Triglycerides
il : Fatty acids, sterols, mono-and di-giycerides
I : Phospho-and glyco-lipids

WHEAT FLOUR LIPIDS
L e

t R |
NONPOLAR (50.9%) POLAR (49.1%)

GLYCO- PHOSPHO-
LIPIDS LIPIDS
(26.4%) (22.7%)
6 (20.8) DGDG (13.5) tec - (7.1)
sE {7.5) MGDG ( 4.9) PC (5.8)
FFA { 7.0) AMGDG  { 3.6) APEA  (4.9)
1,2-06  ( 6.2) SG + (MG { 1.8) ALPEA (2.9)
1,3-06  { 6.0) ASG { 1.6) LPEA  (0.9)
FS (2.1) DGMG ( 0.6) PEA  (0.8)
M6 (1.3) MGMG ( 0.4) s (0.2)
DG {0.03) PI {0.M)

Fig. 1. Composition of total wheat flour lipids
(extracted with water-saturated butanol)

The abbreviations are:

TG=triglycerides, SE=steryl esters, FFA=free
fatty acids, 1,2-DG=1, 2-diglycerides, 1,3-DG=1,
3-diglycerides, FS=free sterols, MG =monoglyceri-
des, DGDG =digalactosyl diglycerides, MGDG=mo-
nogalactosyl diglycerides, AMGDG =6-0-acyl mon-
ogalactosydiglycerides, SG=steryl glucoside, CMG
=ceramide monoglycerides, ASG=6-0-acyl steryl
glucosides, DGMG=digalactosyl monoglycerides,
MGMG=monogalactosyl monoglycerides, CDG=
ceramide diglycosides, LPC=Ilysophosphatidyl chol-
ines, PC=phosphatidyl cholines, APEA=N-acyl
_phosphatidyl ethanolamines, ALPEA=N-acyl lyso-
phosphatidyl ethanolamines, LPEA =Iysophospha-
tidy! ethanolamines, PEA =phosphatidyl ethanolam-
ines, PS=phosphatidyl serines, PI=phosphatidyl
inositols. .(Adapted from reference 10).
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Table 2. Solubility parameters (é) of solvents
commonly used as lipid extractants

Solvent g { Solvent i G
Hexane 7.27 | Butanol | 11.60
Diethyl ether 7.53 f Propanol 12.18
Benzene 9.16 Ethanol 12.78
Chloroform - 9.16 Methanel 14.50
Isopropanol 11.44 i Water 23.53
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WHEAT FLOUR LIPIDS (1.4 - 2.0%)

i 1
FREE LIPIOS BOUND LIPIDS
{0.8 - 1.0%) (0.6 - 1.0%)
NONPOLAR POLAR NONPOLAR POLAR
10.6 - 0.72) {0.2 ~ 0.32) (0.2 - 0.31) (0.4 - 0.71)
GLYCOLIPTDS PROSPHOLIPIDS _SLYCOLIPIOS FHOSFHOLIP1DS

(65 ~ 70. POLAR) (30 - 35% POLAR) (45 - 9. FOLAR} (S0 - 55% POLAR)

Fig. 2. Free and bound lipids in wheat flour
(From reference 7)
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Fig 3. Loaf volume (100 g flour) versus protain
coantent regression lines for correcting
loaf volumes of wheat varieties to a
constant protein basis. Slope is rate of
change in loaf volume per 1% protein
(From reference 18)
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Table 3. Lipids extracted from 10g (dry basis) flour, optimally-mixed dough and bread®

Lipids(mg/10g Sample)™®
Sample Free Bound
UL ] NL | GL l PL uL | N | GL PL
Flour 109 74 24 11 136 62 | 42 52
Dough (lyophilized) 49 45 3 1 206 67 71 68
Bread (lyophilized) 24 22 — 2 241 85 67 | 89

(a) From Chung et al®®

(b) Free lipids were extracted with petroleum ether(PE) on a Soxhlet and bound lipids were extracted
with water-saturated butanol in a Stein Mill at room temperature after PE-extraction. UL=unfrac
tionated lipids; NL=nonpolar lipids¢ GL=glycolipids; PL=phospholipids.
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Fig. 4. Loaves baked without shortening (top
row) or with 3% shortening (bottom
row) from untreated RBS-75 flour (1
and 5), flour defatted with petroleum
ether (2 and ¢), flour defatted and then
reconstituted with nonpolar lipids only
(3 and 7), and flour defatted and then
reconatituted with polar lipids only
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Fig. 5. Effects of the added lipids on loaf volume
of bread baked with 3¢; shortening from
the sonnd and damaged (improper stor-
age) Marquis flours (Drawn with data
in reference 31)
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Fig. 6. Loaf volume of bread baked with 10g
HRW wheat flours versus the ratio of
nonpolar lipids(NL) to polar lipids(FL)
extracted with petroleum ether, Skelly-
solve B, benzere, acetone, and 2-propanol
by a Soxhlet method anrd with water-
saturated n-butanel (WSB) by a Stein
mill (From reference 29)
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reference 83)
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reference 32)
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Table 4. Effects of lipid fractions onm loaf volume (cc) response to shortening (three per
cent) in bread baked from 100g petrolcum ether-dafatted marquis flour®

o o Lipd Loaf volume(cc)
Lipid Description level(g) Shortening Response to Shortening
0% ] 3% ALV®
None 0 750 720 —30
Unfractionated 0.8 775 885 -+110
Polar (PL) 0.2 925 925 0
Nonpolar (NL) 0.6 700 815 +115
Triglycerides (TG) 0.4 725 803 +83
Diglycerides (DG) 0.2 733 815 ~+82
Monoglycerides (MG) 0.1 738 875 +137
Phospholipids 0.2 740 860 +120
Glycolipids 0.2 890 — -
Digalactosyl glyceride (DGDG) 0.2 875 935 +60
Monogalactosyl glyceride (MGDG) 0.2 890 875 +5

(a) From Chung and Pomeranz®

(b) Calculated from data in reference (34).

ALV =LV(s)~LV(0o) where LV(s) and LV(o) are,

respectively, loaf volume (LV) of breads baked with and without three per cent shortening.
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Table 5. Effects of lipid fractions on loaf veolume (cc) response to shortening (two per
cent) in bread baked from 25g untreasted or petrolenm ether (PE-defatted

Chris flour (1968 crop year)’

Loaf volume (cc;) response of bread from®

Lipid type and

Untreated flour PE-defatted flour

level (%) 4LV (¢ce) ALV (cc)
None (Control) -+37 +4
Fraction 1 (Nonpolar Lipids)
0.01 +29 +28
0.25 +23 +21
0.50 +29 +44
Fraction 2 MGDG:DGDG:Others=81.4:11.8:6.8)
0.10 +35 +20
.25 +35 +85
Fracton 3 (MGDG:DGDG:Others=5.1: 46.2: : 48.7)
0.01 —+29 +26
0.25 0 -1
0.50 0 -3
Fraction 4 (DGDG:DGWG:Others=71.3:15.5:13.2)
€.20 +27 +26
0.40 +20 -+15
0.60 +13 —11
Fraction 5 (Phosholipids)
0.10 +38 +10
0.25 +27 +30
0.50 +21 +26

(a) From Chung and Pomeranz®

(b) ‘Calucated from data in reference (36) 4LV=LV(s)—LV(0), where LV(s) and LY(O) are, resp-
ectively, loaf volume (LV) of bread baked with and without two per cent shortening.



(82) A 5
slell GFE T oaxdel 8L gagt Pl
olw Awbd &% sbstgeste) ek E 2 o
2} (Table4), 7+ Ay} AL S s s 2 o

o w2} = ch(Table 5). 71s)% Ao 43 F
o] Aoz A eAF PALACRE S
B3] e WrhEo) bl whel £EWE o Gel
tt=2d, & d 2, Table 504 3= vlel zhel
fraction 49} 5% 7% el 2% $ERETA
o 2Reosd ¢ FAL A LA TAE Uit
S akol 4l ool sleiob ak=, el
o AupAe] AASE o] weFE £EY A
288 AsRAch(Fig. $O0. v 259
22253 g=A dozH g Ut
A TR TANAFE d9E

T LA
FAA AAR Aupe

PRI

£ E
7|3l
;:] upal o] 7 S
2
=5

RS

do &

W» 4]
I

B 2

L 2 B N

&
©

LV RESPONSE f(cc} TO SHORTENING

1

3

° Y] o
TOTAL LIPIDS REMOVED (%)

Fig. 9. The effect of total lipid removal on loaf
volum (LV) responese to shortening
LV response to shortening was calculated
by substracting the LV of bread baked
without shortening from the LV of bread
baked with shortening for comparably
defatted flours (From reference 37)

9 A WrRed AAL NLFE Ao BgA, &
s 2l do AAL Py Bt 1
a-]x:l_‘:_ 71-_@__
7-]?5}‘31

=+ At

Q L
< wol

S|
Foll wek GEoon,
E\A_,‘ Q]o\__ eloq_ 1,}_
4 2 oz} Aol
2E ALY AYAE
dU2%)8 £E23 &

AL =BT

3% iwq "

T

=
B3

I:

Uy

=4

L

£ E

q_(SD)

2—propanol

W24 PEZ &
2 FAA (S AgAd A A GA)E A A sy,
F 7t 9] dAs 9 (PEYA, 2-propanolg=])s)
#&29" NLst PLE 274 4« ¥ da slaod
Az ok, 102(14% +32E¢ )9

W 7} 5 & micro-

baking techniques} o|&] A|#slsich. =LARo S
A AW okl W wel £3 T4 B EAe| o}
& g27%E shgAgl, dubder 0% 4 129 Aol
9] _/";__E_\a] 7:1 7}-4——‘:0 ,l-‘ = __r_;g_q:.7]. 50/ ""“_,/:E}
72 %
2
@ -
Q 67 5% %
- =
T <
62 3%

SHORT. (%) SHORT. (%)

Fig. 10. Schematic diagrams of water absorp-
tion (left) and mixing time (right) aff-
ected by shortening levels (Adopled
from reference 39)

PE |
prEoH\ DEF+PL

SHORT. (%)

CONTROL
PE/DEF {(¥NL)~——

PrOH/DEF.(+NL)

B Lv=-9¢cc

6 . 12
SHORT. (%)

SHORT. {%)

Fig. 11. Schematic diagrams of loaf volumes of
breads affected by shortening levels
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OH) and then reconstituted with polar
lipids (PL) only at the native level (top),
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from reference 39)
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Fig. 12. Effects of soy flour replacement on loaf

volume of breads baked with 32; shorten-
ing (top) or without shortening (bottom)
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blend)
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defatted with petroleum ether (PE), PE-
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native level (From reference 9)
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