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ABSTRACT

Sweet potalo (ipomoea batata L, Lam) Mabrouka peel was prepared using three
«zlhods of peeling, namely, hand, abrasive and lye peeling. The proximale chemical
composition, dietary fiber components, amino acids of protein content, physical and
reological properties were studied. Aiso the furclionality of sweel potalo peel as a
scurce of dietary fiber in while pan bread was investigaled. The results showed lhat
sweel potato peel was free of hpid and phylic acid. The sullur containing amino acids
were found {o be hmiting in peel's protetn As the addition of sweet potato peel to
baking blend was at 5, 10. 15 and 20% of flour weight. The higher levels of addition
~as markedly reduce the quality of bread produced. while the 5% addiion gave a
satisfying resultls The results showed thal. lye peeling method was dominate the
olher rmethods of peeling regarding lo the funclionality of the resulled peels in white

pan oread
Keywords. Sweet polato peel, chemical composiion. physical properties, dretary
fiber, baking qualily, sensory evaluation

INTRODUCTION

The concern about fiber in the diet gave great attentlion to the
vegelable source of dietary fiber which composed mainly of cellulose,
hermiceliulose, pectin and lignin. The dietary fiber components of feed is
mportant for the health of individuals and the public at iarge {Southgate et
al 1678 and Marlett and Slavin, 1997). The decrease in consumption of
piant fiber was related to an increase in certain diseases.

Dietary fiber acts as a bulking agent that increase intestinal motitity and
moisture content of feces (Mieh and Liischkis, 1986). Some studies showed
that plant fiber can lowered serum cholesternl and improve oral glucose
tolerance 1n human {Tsia et al. 1976). Also, dietary fiber has found to be
effecttve In reduction of constipation. 1schemic heart disease, diverticular
disease of colon, breast cancer, appendicitis, vancose veins obesity and gall
stones {Baghurst et a/,, 1996) Dietary fiber was found effective in preventing
the toxicity by heavy metals {Hg. Cd and Pb) gs it can bind these toxic ion
(Shiyr Qu. et al, 1989). As a conseqguence, -the Nutrition Labeling and
Educauon Act of 1990 requires food producers tb report tolal dietary fiber on
consumer product label {(United States Congrtss, 1895) Wheat bran s a
major source of dietary fiber, but considers as B rich source of phytate that
can produce deficiency in some minerals. To avoud this effect of phytate,
potato peels have been used as a source of fider in some bakery products
(Toma et al., 1979 and Qrr et al., 1982)
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In Egypt sweet potato is utilized as a suppiementat food than a major
stable vegetable, in spite of it's high production yield {(24.6 tonnes/acre).

Recently, the Egyptian Ministry of Agriculture stated to encourage the
industrial processing of such vegetables {Khalf 1998). The use of sweet
potato as a source of starch (Abou Samaha and EI-Sahn, 1998) or as a raw
malenal for different new products (Youssef and Rofael, 1887 and Khalf,
1998) have been reported.

According to our knowledge no work was found concerning the use of
sweet potato peels Thus the purpose of this work was to study the physical,
chemical and reological characteristics in addition to dietary fiber component
of sweet potato peels from different peeling methods, and utilization as a
potential source of dietary fiber in bread in order to maximize the utilization
of such promising crop.

MATERIALS AND METHODS

Preparation of peels: Fresh sweet potato roots of {ipomoea batata. L. Lam,
Mabrouka) were abtained from a private farm. AL-Mahmoudia, Egypt. The
frish roots were slored at 18°C/ B5-80% RH for 15 days. The roots were
soaked in running water for 15 min to soften the adhered materals, then
washed under a stream of water and graded manually.

The washed graded sweet potalo roots were peeled with the following
methods -
1-Hand peeling: With a hand-held vegetable pesler,
2-Abrasion peeling: With a Champion abrasive peeler for 25-30 sec. al 30
rpm with simultaneous washing with water,
3-Lye peeling: By immersing the sweet potato roots in caustic sodium
hydraxide (10%) at 83°C for 2 min. with agitation. The treated roots were
then immediately soaked in tap water for 15 min. 1o remove zlkali. Peels was
then removed with a brush under water. Additionally. peel was tested for pH
to assure removal of alkali residue.

Peals obtained from each method were collected an cheese cloth, rinsed
with water and dried for 8 hrs at 55°C in a cabinet drier. The dried peels was
ground m a Willey mill with 40 mesh sieves then packed in airtight glass
containers and kept in a refngerator until used.

Physical properties:

Density determination: A calibraled graduate cylinder was filled with peel,
with ghight shaking The content of the cylinder was weighted and the
average of tnplicate determinations was expressed as g/ml.

Bulk density: It was measured using a calibrated graduate syringe (open and
packed with cotton} The syringe was filled with a known amount of sample.
Pressure was appfied manually unti addilional pressure would not further
reduce the volume (Toma ef afl, 1979) Water hoiding capacity was
measured according lo the method of Heller and Hackler (1979).

Chemical analysis:

Moisture, ash, protein. starch and crude fiber were determined according
to the methods of AQAC (1880). Sodium potassium and calcium were
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determined in ash solution using the Flame Ppotometer (Gallenkamp, FGA
330C). The iron content was measur colorimetrically by the
orthophenanthroline reagent as in AOAC (1990). Phylic acid was estimated
according to the method of Wheeler and Ferrpl (1871). Amino acid content
{except iryptophan) was determined in the protgin hydrolysate by the method
of Spackman ef al. (1958) using Beckman Amino Acid Analyzer (Madel
119CL) Neutral detergent fiber (NDF) was measured by the method of Van
Soest and Wine (19567). madified to include &n ¢-amylase starch digestion
step (Approved method of AACC. 1978). Cellulose and lignin were
determined by the acid detergent fiber method (ADF) of Van Soest (1963) as
modified by Holst (1973)

Flour blends and baking: Wheat flour 72% extraction was blended with 5,
10, 15 and 20% sweet potato peel powder from each of the peeling methed.
The baking formula was based on flour weight as follow 100g flour, 2¢ salt,
1g sugar, 3g shortening, 3g compressed yeasl and waler as reguired by
farinograph test. Bread was prepared by the straight dough procedure.
Fermenlation was 3hrs, proof period at 30°C was 55 min. and the baking
hme was 25 min at 230°C .

Baking characteristics: Loaf weight, loaf volume and specific volume
carfled out by the standard methods of AACC (1969) after one hour of
baking

Crganoleptic evaluation of baked bread- Pan bread gualty parameters
were tested according to the method of Matz (1960), using 10 panelist of
Fecd Science and Technology Dept.. Alexandna Univ., and the results were
statistically analyzed according to Steel and Torrie (1880,

RESULTS AND DISCUSSION

Chemical analysis of sweet potato peels: As shown in Table (1)the
moisture content of the sweet potato peels from different methods were quite
cose {712 o 893%) The protein conlent of lye peeled (6 17%) was lower
than that of abrasive peeled (7.52%) or the hand peeled (8 36%). On the
olher hand all these values were lower than that reported for wheat bran
14 3% (AACC, 1967). This may contributed to lhe lower protein content of
sweet potato which had the lowest protein content among the root crop
(Salvador ef af, 2000). The data showed that the sweet potato peel was
almost free of lipids and this may because of the lower lipids content of
sweet potatc root as reparted by many investigalor (Khalf, 1998). Also, the
peels were found free of phytic acid. which considered. as a positive
parameter when using this peel n a food product especially, from the
bioavaillability of minerals view point

Various measures of fiber illustrated n Table {2). Crude fiber has been
used as a measure of fiber content for many years, but is not suitable for
dietary fiver estimation because the narsh treatment with strong acid and
base remaove major amounts of gums, pectins. hemicellulose and even
impartant amount of cellulose.

6023



Abou - Samaha, O. R.
Table (1): Physical

Chnaraclenstic

characteristics and chemical analysis of sweet

potato peeis {as dry wt basis).
Constitute

Hand peeled |Abrasion peeled | Lye peeled

Wheat bran

Moisture (%}
Crude proten (N x 6.25) (%}
Crude fat (%}
Crude fiber (%)
Starch (%)
Ash (%)
Minerals {mg/g)
Na
K
ca
Fe (ppm)
Neutral detergenl fiber (NDF]
Acid detergent lber (ADF)
Hemicellulose
Cellulose
Lignin
Other tiber *
Dietary finer”
Phytic acid {mg/g)
Densiy (mg/ml)
Bulk density {g/fce)
Water nolding capacity (mgig)

§.53=0.02
§.36+0 07
AF ®
10.17=0 28
§5.46=0.10
7 35-0.12

0.50=0 01
20 0=023

14.80=+0.18 !

200 0x1 14
22.33=0.18
15 G8+0.36
6.35-018
712+023
5 86+018
62.85-0.22
7583-032
ND°
462.48=0.45
1.36:=0 01
11.34=013

T 12002
7.65£002
AF®
16 82+0.31
6.98+0.13
576=0 14

0.60:0M
12.70-0.25
29 80018
35000 x1.25
43 122023
36.,75-0.34
6.36+0.21
16.94+0 28
9.81=0.21
52 8620 38
78 61:0 34
ND ¢
287.37=0 41
092-0.01
7.12=0 08

8.4520 Q2
617=002
AF ®
14.57+0.33
5480 14
52420 11

0.50=0 01
6 45+0 25
26.70=0.22
360.00+1.18
30.17-0 34
26.38+0.28
3.79+0.23
1342-026 |
12 96+0.24
| 56 73£0 34
" 83.11+0 28
ND
395 8220 45
11320 01

© 9.38x0.12

10.40
1430
520
8.80
2390
512

1.00
10.00
12.00

122.00
41.00
12.00
29.00

800

330
40 00
5200

339
438
0.508
9.50

a ~ Official AACC white wheat bran R07-3691/1976.

b - Almost free

¢ — Noi detected. d ~ Other fiber = 100- {cellulose + lignin +starch +fat +protein + ash)
¢ — Dietary fiber = other fiber + cellulose +ignin

Table {2): Amino acid composition of sweet potato peels ( g amino a¢id/

1009 protein)

Amino acid Hand peeled [ Abrasion peeled | Alkali peeled [ FAQ/WHOH/INU 1985
Aspartic 1132 13.05 13.14

Threonine 4.25 4.49 473 3.40

Serine 5.29 4,35 3.09

Glutamc 1376 16.75 1528

Proline 293 2.63 3.52

Glycine : 4.02 4.59 463

Alanine : 579 564 579

Cystine . - -

valine 651 5.88 6 08 3.50
Methicnine 0.35 0.55 051 250
Isoleucine £ 48 5.03 542 2.80

Leucine 5587 612 5.82 6.60
Tyrosing 4 42 351 387

Phenylalanine 5.18 519 5.41

Histidine 239 217 2.61 130

Lysine & 85 608 594 . 580

arginine 812 732 7.76 | )

The ADF method is often used o measure cellulose and lignin, even
though. it may remove portions of cellulose in some cases The NDF method
is considered to mainly measure of cellulcse, lignin and non soluble
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hemicellulose. In this study we calculated the olher fiber as named by Toma
etal (1979) as following:
100-(cellulose +lignin + ash +fat + starch +rotein), which considered a
possible indication of pectins, gums and NDF isoluble hemicellulose. as the
recent researches revealed that the sweel potato peel contained higher
amount of pectic substances and low molecular weight sugars {Salvadar et
af . 2000j As shown from the results in Table (2) the crude fiber content of
potato peels {1017 to 16.82) was higher than that reported for wheat bran
(8.9%). At the same time, the abrasion peeled has the highest value while
the hand peeled has the lowest This may because of the amount of pulp
associated with the peelsin hand peeled methed. Both acid detergent fiber
{2NF) and neulral detergent fiber content were differ according to peeling
method NDF was 43.12, 30.17 and 22.23%, while ADF was 36.75. 28 38
and 15.98% n abrasion. Lue and hand peeled, respectively. The other fiber
value of wheat bran was less than the value of sweet potato peels. This
suggests thal soluble hernicelluloses. gums or pectns are major
components of dietary fiber in sweet potato peels but not in wheat bran A
Ittie ifference were noticed In dietary fiber content of peels resulted from
different methods of peeling.

Physical properties of sweet potato peels: Table (1) shows some physical
oroperties of sweet potato peels. Densities (dirgct and bulk} of hand, lye and
abrasion peeled were (462 48 mg/mi. 1 38 g/ec), (395.82 mg/ml, 1.13 glec)
and (287.37 mg/mi, 0 2 gice), respectively. The different content of fibers in
the peels may behind this difference in densities.

Amino acid composition of sweet potato peels: Table (2) illustrate the
amino acid composition of sweet potato peels. Although most of the amine
acid present in abundance. sulfur containing amino acid leucine are rmited.
The ammno acid in cereal protein, as wheat, may compensate such
deficiency when introduce these peels in bakery products

Functionality of sweet potato peel in pan bread baking: Table (3)
showed farinograph data for doughs prepared from flour containing sweet
potato peels. The addition of sweet potato pecl caused a general increase
in water absorption of the flour, which increased as the level of peel
substitution, increased from 5 to 20%. The lye peeled showed higher values
of water absorption at afl levels of aadition. This trend may explained by the
righer compnnants of dietary fiber in sweet potato peels than wheat flour, as
these componenis have high affinity to hold water.

The data presented in Table (4) also showed that the addition of sweet
polato peels led to increase the dough devglopment ime from 3.5 min. to
105, 115 and 135 min in hand abrasive and lye peeled at 20%
substitution, respectively. It was obvious that increasing the addition level
ncreased the daugh development tima. The data in the same table showed
that all the doughs containing peels exhibited a|lweakening of the farinograph
curve as appeared from the value of tolerance ihdex.

Table {4) iilustrate that loaf volume as well as specific volume were
markedly reduced when the sweat potato wps added at higher levels (15
and 20%). The lye peeled exhibited the lower neduction in either loal volume
or the specific volume when compared with other types of peels The
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addition of 5% sweet potato peels to the flour was found suitable levet of
substitution. The higher percentage addition of peels i.e., 15 and 20%, were
greatly affected the quality attributes of pan bread as shown in Table( 5) and
Fig (I A.B: Il A, B; Il A, B). On the other hand, the iye peeled at lower levei of
addition 5 and 10% was {ound the best regarding the quality of the bread
fortified with different sweet potato peels,

Table {3): Farinograph data for dough prepared from flour containing

sweet potato peels,
— J_Lﬁ__m_‘
Percent swee! potato Dough development Tolerance index
' {BU)

i 0,
J Absorption _fo | fmin)

peel added : _ :
Hand peeled | :
\ 35 i 25 |

00 612 !

5 | 64.8 as | 45 |

10 : 68 1 ‘ 75 \ a0 :

15 | 639 . 93 i a0 |
20 ' 71.4 i 105 \ a0

Abrasion peeled \ | ! |
0.0 | 61.2 ! as | 25

5 ! 85.9 50 ) a5 1

10 i 65 4 , G E a0 i

15 ' 719 : a5 | a0 ’

20 | 743 | i1s ! 30 !

Lye peeled ; : |: ]

90 ' €12 ! 35 i 25 )

5 i 676 80 a0 l

|

|

10 | 716 ‘ 25 35

15 | 738 | 10.5 35

20 | 75.2 | 135 - 30
Tahie (4): Effect of addition of sweet potato peels on the quality of pan-
bread

Pee! substitulion % :

Quality characteristics

Loaf weight {q) [ Loaf votume {em’) ' Specification volume (cmYig)

Hand peeled [
0.0 l' 1601 80 1 4532 20 ! 2.83-0 03
5 | 159-1 66 ' 401:2 30 \ 2.52+0 02
10 159+1.75 | 3822 10 | 2.40=0.02
15 ‘ 150:1 45 349-2 30 215-0.02
20 . 158= 84 | 335250 | 21240 02
Abrasion peeled |
ac | 160=1 80 ‘ 453:2 20 I 2832003
5 16041 53 | 402-240 2 5110 01
10 160+1 81 | 38%-2 10 ! 2.43-0.03
15 159=1.90 . 35322 30 2.22-0.02
20 l 158-2.10 I 336-2.30 || 2.43+0 01
Lye peeled I
0g [ 160£1.80 | 45322 20 : 2.43-0.03
5 i 160=1.50 ; 406:2 40 i 2.54-003
10 i 15921.40 3982 30 l 2 50-002
15 | 159-1 60 1 3732280 235-003
20 ! 158=1 80 | 345-2 30 - 2.21-0.04
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Table (5): Sensory evaluation data of ban bread containing sweet potato
peels
Substitution General appearance

level of sweet
pciato peel % ; 5hape

Break Cruslj Crust . Grumb CrJAmb Crumb

‘ ; Tolal
shred | colour | appearance | colour | grain |texture | O9°UC | Taste | Tola
| .

* - - T '
910" | 940" | 950" | 940° | o 40* 930° | 940" ; 960" 960" -84 50°

4
[c g70° |a20® 875°| 850° | 870° |860° 'B60° | 900° ! 9207 78957

8557 9.00° 8.35°| B830° |830° |&40°|850° | 800° | 89Q° 720"

Hard
peeling

15 | 790 | 880 750°| 780 |676° | 680 | 6.50° | B.50% | 850" |69 20"
.20 |705° | 8.10° | 6.50° | 6.30° |635°:6.50 | 650 | 8.50° | 8.507 | 64 30

{0 ,900%| 940" | 9.40° | 9.40° |940° 930°| 840" | 960" | 960" |84 50
''5 1g75°, 900 860°] 845 870" 870" | 9.00° ! 900 910% 179 30°

sve | o7 . g .
a1 10 | 870° 000° ' 825°| 840" | 850°: B35, 850° | 90¢] L 900® |77 50"

15 |795° 895° | 755° | 7900 | 700° 17007 | 705 |870° | 860° |70 30°
| 20 Legs® |87 | 870" 6820° |850° (650 | 650 | 870° | 8.60° | 64 e

i

o [o00* laa0* [ a35°| sa0® |5.40* |80 940', 960" ' 960% |84.50°

5 | 800" 920° 9.10° | 9.20° |9.10°| 930" 925" | 9.50 | 9 5C° |82 95

peL:;fngWo 875" | 2.00° | 8.55° | 850° | 860°1880% | 850° | 930" | 930° 7978

15 7957|6007 | 780° | 800° 745717507 740°1870° 8707|7265
c T T - m -
20 | 6.90° | 8.05" - 6707 | 650" | 6807|670 1665 | B70° | 370" 6555
“ Small letters indicate significance difference between substitution levels within different
. peeling methods

i “* Capital letters indicate significance difference between substituticn levels within each
peeling method at p< 0.1

CONCLUSION

The results obtained in this study with other researches concerning the
use of sweet potato in produchon of starch and it's derivatives. or using
sweet potaly .0 different types of food products may encourage the
utilrzation of this promising crop in food processing.
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