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Abstract

The objective of this study was to investigate the effects of combinations of tofu paste and non-starch polysaccha-
rides (NSP) on the oil uptake reduction (OTR) of deep-fat fried cake doughnuts. OTR agents were tofu paste (from
grinding tofu with deionized water, followed by passage through a 60 mesh sieve), and five neutral and nine anionic
NSPs. A control doughnut (without tofu paste or NSP), tofu doughnut (with tofu paste) and NSP-tofu doughnut
(with tofu paste and NSP) were prepared. The moisture and total lipid (TL) content, cross-section image, color char-
acteristic, and specific volume were measured. The tofu and NSP-tofu doughnuts exhibited higher moisture and
lower TL content than the control. OTR was 10.8% for the tofu doughnut, and between 13.2% and 41.2% for the
NSP-tofu doughnut. The highest OTR (41.2%) was found in the NSP-tofu doughnut with a combination of tofu
paste and sodium alginate (NaA). The specific volume of the NSP-tofu doughnuts with combinations of tofu paste
with NaA (2.5 mL/g), locust bean gum (2.5 mL/g), and k-carrageenan (2.4 mL/g) was very close to that of the con-
trol (2.6 mL/g). Considering the OTR and specific volume of doughnuts, the combination of tofu paste and NaA
would be most effective in reducing the oil uptake of doughnuts during deep-fat frying.
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Table 1. Formulations of control, tofu and NSP (non-starch
polysaccharide)-tofu doughnuts

Doughnut formulation (%, w/w)

Ingredients Control
(NSP-control)? Tofu NSP-tofu
Strong wheat flour 23.0 23.0 23.0
259

Soft wheat flour 5.5 22.6 22.2
Tofu paste” - 20.5 20.5
Water 26.2 9.0 9.0
NSP (0.4) - 0.4
Sugar 12.2 122 12.2
Skimmed milk powder 24 24 24
Salt 0.3 0.3 0.3
Baking powder 2.0 2.0 2.0
Shortening 5.9 5.9 5.9
Emulsifier 14 1.4 1.4
Vanilla extract 0.7 0.7 0.7

Total 100.0 100.0 100.0

DTotal solid content of tofu paste was 16.0% (w/w).
IFormulation for the preparation of doughnuts adding NSP alone without
tofu paste.
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Table 2. Mean” values for the moisture and total lipid contents and the oil uptake reduction of control, tofu and NSP (non-starch

polysaccharide)-tofu doughnuts

Doughnut NSP? Moisture Total lipid Oil uptake reduction
Tonicity Type (%, w.b) (%, d.b) (%)
Control - - 28.0+0.3° 44.1+0.0* -
Tofu - - 30.1£0.1° 39.3+0.1° 10.8+0.1°
GG 30.8+0.1° 32.2+0.18 (33.3£0.2)" 27.0£0.2°
LBG 31.0+0.2° 32.5+0.28 (34.6+0.1)" 26.4%0.11
Neutral CN40H 30.7+0.3% 38.3+0.1° (43.9£0.3)” 13.2+0.1"
CN15U 30.74+0.2° 37.5£0.0¢ (41.0£0.2)" 15.1£0.0'
CNI10T 30.3£0.1% 30.6+£0.4" (36.5+0.0)" 30.6+0.5¢
NaA 30.4+0.1* 26.0+£0.1% (38.9+0.1)? 41.2+0.2
NSP-tofu GLG 31.140.1° 38.1x0.1¢ (40.4+0.5)” 13.7+0.1™
XAT 31.5+0.5° 28.3+0.1' (30.60.8)” 35.8+0.1°
LMP 31.340.3° 31.0+0.0" (44.6+0.7)° 29.8+0.2¢
Anionic ALMP 31.0+0.2° 30.8+0.2" (43.3+1.8)% 30.1+0.1¢
HMP 31.0£0.1° 27.240.1 (42.5+0.5)” 38.4+0.3
kC 30.9+0.3° 36.9+0.0° (44.0£0.1)” 16.3£0.2"
1C 31.440.2° 33.1£0.17 (42.3+0.2)” 25.1£0.0/
AC 31.440.3° 30.9+0.1" (37.6+0.0) 29.0+0.1°

YMean values of three replicate measurements; Values sharing the same uppercase letters within columns are not significantly different at p<0.05.
GG, guar gum; LBG, locust bean gum; CN40H, CN15U, CN10T, hydroxymethyl cellulose (HPMC) with different levels of apparent viscosity; NaA,
sodium alginate; GLG, gellan gum; XAT, xanthan gum; LMP, low-methoxy! pectin; ALMP, amidated low-methoxy! pectin; HMP, high-methoxy! pectin;

kC, kappa-carrageenan; 1C, iota-carrageenan; AC, lambda-carrageenan.
ITotal lipid contents of NSP-control doughnuts indicated in Table 1.
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Fig. 1. Cross-section images of control doughnut and tofu
doughnuts without and with non-starch polysaccharide (NSP)
(GG, guar gum; LBG, locust bean gum; CN40H, CNI15U,
CN10T, hydroxymethyl cellulose (HPMC) with different levels
of apparent viscosity; NaA, sodium alginate; GLG, gellan gum;
XAT, xanthan gum; LMP, low-methoxyl pectin; LMAP, low-
methoxyl amidated pectin; HMP, high-methoxyl pectin; kC,
kappa-carrageenan; 1C, iota-carrageenan; AC, lambda-
carrageenan).
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Table 3. Mean" values for color characteristic and specific volume of control, tofu and NSP (non-starch polysaccharide)-tofu

doughnuts
NSP Color characteristic i
Doughnut Specific volume

Ionicity Type L a b (mL/g)

Control - - 89.2+0.1° 0.4£0.0° 16.5+0.3¢ 2.6£0.2°
Tofu - - 86.2+0.2° 0.3£0.1* 20.1+0.1* 2.1+0.2%®
GG 85.7+0.5% 0.4£0.1° 20.6+0.1* 1.5£0.6°

LBG 86.4+0.1° 0.3+0.1° 20.1+£0.4* 2.4+0.2°

Neutral CN40H 86.1+0.2° 0.2+0.2 19.8+0.2* 2.3+£0.2°

CN15U 85.9+0.2% 0.2+0.0%® 20.2+0.3* 2.2+0.4°

CNI10T 85.9+0.3% 0.4£0.1° 20.6+0.2* 1.6£0.3°

NaA 86.5+0.1° 0.1£0.2® 18.9+0.1° 2.5+0.2°
b a a ab

NSP-tofu GLG 86.5+0.2 0.3£0.0 19.840.1 2.0£0.2
XAT 85.9+0.1% 0.2+0.0™ 19.3+0.2° 1.6+0.3°

LMP 85.6+0.1° 0.2+0.2%® 20.1+0.3* 1.8+0.2°
Anionic ALMP 85.1+0.3¢ 0.2+0.2%® 19.7+0.2° 2.10.0®

HMP 86.2+0.1° 0.0£0.1° 19.3+0.2° 1.8+0.2°

«C 85.8+0.1% 0.1£0.1° 19.7+0.3° 2.5+0.2°

1C 86.3+0.1° 0.1£0.1° 19.7+0.2° 1.8+0.3°

AC 85.9+0.1% 0.1£0.1° 19.7+0.1° 1.6+0.3°

YMean values of three replicate measurements; Values sharing the same uppercase letters within columns are not significantly different at p<0.05.
2GG, guar gum; LBG, locust bean gum; CN40H, CN15U, CN10T, hydroxymethyl cellulose (HPMC) with different levels of apparent viscosity; NaA,
sodium alginate; GLG, gellan gum; X AT, xanthan gum; LMP, low-methoxyl pectin; ALMP, amidated low-methoxyl pectin; HMP, high-methoxy! pectin;
kC, kappa-carrageenan; 1C, iota-carrageenan; AC, lambda-carrageenan.
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