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Abstract—Total anthocyanin content (TAC) and total phenolics in “NHit tim” purple -fleshed sweet potato (PFSP) variety were
analyzed as affected by four cooking methods: steaming, baking, roasting, and frying. Moisture content (%), core flesh temperature
(°C) and color characteristics of cooked PFSP were evaluated. TAC in steamed, fried (skin-on), roasted, baked, and fried (skin-off)
PFSP were 234.18; 217.14; 208.11; 195.25; 173.68 mg/100g dry weight (DW), respectively. Under the same cooking time, steaming was
good for the retention of total phenolics and anthocyanins as compared with baking. Cooking by steaming, roasting, baking, skin-on

or skin-off frying produced significant increase (P< 0.05) of TAC and total phenolics as compared to the respective fresh samples.
Steaming resulted in the greatest increase of TAC whereas skin-on frying showed a good cooking method to retain high total
phenolics (826.47 mg GAE/100g DW) in shred PFSP.
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cortex or the peel [9], [10]. Van Hal [11] found that phenolic
[. INTRODUCTION compounds in sweet potato were mainly present at the outer
: 5 mm of tissue of the root. Meanwhile, regarding peeling,
Sweet potato Ipomoea batatas L.) is the seventh most . .
P b ) industrial operations reduced by 2% and 14% the root fresh

important crop in terms of global production. In Asia, the h q] i hod Vel
main sweet potato producers are China, Indonesia, VietnamMass with steam and lye-peeling methods, respectively.
Unlike fruits which are typically easily consumed in nature,

India, Philippines, and Japan [1]. The tuber crops including . h furth h bl
potato and sweet potato are the third major staple foods aftefV/thout further ~heat treatment, most vegetables are
commonly consumed after being submitted to a cooking

cereal and legume, together with accounting for . .
approximately 90% of the world's food calories intake [2]. PrOCess. Sweet potatoes are always cooked by baking, frying
fOr boiling before consumption [12]. Cooking techniques are

In developing countries, sweet potato ranks third in value o q ) bles’ palatability b fteni h
production and fifth in caloric contribution to the human diet used to improve vegetables' palatability by softening the
tissues, inactivating anti-nutritional compounds, toxic

3]. Purple-fleshed sweet potato (PFSP) cultivars are widel : . .
[31 b P ( ) ysubstances, and microorganisms, and forming color and

in Vietnam. Vinh L [ is the | t o ,
glrjtl)t\i/i//r;ti(l)nn Pléesr;a;r:ea M -ong province 15 e ATt favour compounds [13]. Considering the effect of cooking,
PFSP anthocyanins possess a wide range ofim et al. [14] revealed that after steaming, TAC was
reduced by nearly a half, while baking only slightly reduced

pharmacological activities such as antioxidant [4], anti- ; . ;
inflammatory and anticarcinogenic [5], chemopreventive [6] |AC In Korean PFSP, Shinzami whereas Tang et al. [15]

and antihyperglycemic [7]. Willcox and Willcox [8] reported that all cooked sweet potato exhibited significantly
demonstrated that sweet potatoes are important staples of th@D ﬁ 0'05). lower total phenolic cor:jtent (ThPC), monomeric

traditional Okinawa (the southernmost prefecture of Japan)am olcyan:\r/ll co;tent asl ccirgpare to dt ﬁ rgspeﬁtlve raw
diet and are associated with longevity and low incidence of Samples. Murador et al. [16] asserted that in the meta-

chronic degenerative diseases. However, phenolics are no@malytIC approach to anthocyanin levels while cooking

distributed equally through the plant. The center of the rootvegeta}bles,dmmsth heath techn!ques such as bor:llng agd
appeared to have lower concentrations than the surrounding?team'ng reduce the anthocyanin concentrations whereas dry
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heat cooking such as microwaving and baking increase theiredness) or (- greenness) and b* (+ yellowness) or (-

levels. blueness) were quantified on each sample. The CIELAB
In this present study, we reported the effects of four parametersAL*, Aa* Ab* and AE*) were determined as

cooking methods on the total phenolics and the total contentfollows:

of anthocyanins in “Nft tim” PFSP variety. It is common

culinary practice to slice, shred or dice vegetables before AL* = L*c - L @)
cooking. This may decrease phenolic compounds content by Aa* = a*,- a* )
exposing them to high moist heat. Thus, the main objective

of this work was to evaluate the alteration of PFSP pigment, Ab* = b*;- b* 3)
anthocyanins, and total phenolics after applying different v T w2

cooking methods such as steaming, baking, roasting, and AE*_\/ G-Lj+@-ay+b-b) ()

frying. The evaluation on different skin-on (unpeeled) and
skin-off (peeled) shred PFSP in frying condition has an
important significance for guiding people to a tasty and
healthy diet, and it may provide evidence for the selection of
a suitable cooking method of purple sweet potatoes to retainF, Extraction and Analysis of The Total Anthocyanin

Where L%, a*, and b* were the color values of fresh
PFSP samples, and |-‘a* and b% were the color values of
cooked PFSP samples.

the bioactive compounds in PFSP root. Content
To determine the total anthocyanins, the methanol extract
Il. MATERIALS AND METHODS was used followed the method of Bridgers et al. [18]. For

each sample, 3.3% (w/v) of PFSP sample was placed into a
50-mL centrifuge tube, and approximately 25 mL of the
extraction solvent 70% methanol with 7% acetic acid was
added to the centrifuge tube. The tubes were capped and
incubated for 1 h in a water bath at’80 The tubes were

A. Raw Material

A commercially available “Njt tim” PFSP (140 days
mature crop) was obtained from a local farm in Binh Tan
District, Vinh Long Province, Vietham. PFSP roots were
selected with a range of weight 147.91g + 2.2 and diametercentrifuged at 2750 x g for 15 min. The supernatant was

42.27mm £ 1.9. decanted, and volumes were adjusted to 25 mL with the
B. Cooking Procedures extraction solvent. The resultant extract was analyzed for

For frying, PFSP roots were washed, peeled (skin-off) orTAC'

unpeeled (skin-on), and one PFSP root was manually cut The total monomeric anthocyanin content in PFSP extract
into 4-6 pieces along the root. Shred PFSP was put into avas determined by the pH-differential method [19]. Two
heating basket and fried at £Z0for 5 min in 1 L of cooking d|Iut|oos were performed on each sample. The first used
palm oil by using an electrical deep fat fryer (Phillips, HD Potassium chloride (0.025 M) at pH 1.0 and the second was
6157). Then the shred PFSP were drained over a wire screelith sodium acetate (0.4 Mjt pH 4.5. The difference in
and tissue paper for 5 min and cooled to room temperature. absorbance between pH values and wavelengths was
For steaming, a domestic steamer (Phillips, HD 9104) wascalculated as:
pre-heated at 106G with 1 L tap water at its base. PFSP
roots (3 roots) were placed in the steamer covesitida lid Ax MW x DF x10° (5)
and steamed over boiling water for 20 min under ex1
atmospheric pressure.
For baking, PFSP roots (3 roots) were baked at 200°C for Where A = (Aszonm = Azoonm) PH1.0 — (Azonm = Azoonm
20 min in a commercial oven (Turbo Quartz, Roller Grill) PH4.5;MW (molecular weight) = 449.2 g/mol for cyanidin-
after the oven had come to the prescribed temperature. 3-glucoside (cyd-3-glulDF = dilution factor (1:10) = path
For roasting, PFSP roots (3 roots) were roasted at 250°dength in cm;e =26900 M extinction coefficient, in inol

.. . 1 ql . — H
for 50 min in an electric oven (ST42L Osaka) after the oven €M, for cyd-3-glu; and].O?— factor for conversion from g
had come to reach prescribed temperature. to mg.The total monomeric anthocyanins were reported as

milligram anthocyanins per 100g dry weight (DW).

C. Degree of Cooking Determination

The degree of cooking at the center (core) of cooked PFSPG' Determination Total Phenolics
samples in each cooking method was expressed as centerThe total phenolic content (TPC) was measured based on

. sample extract was mixed with 0.5 mL of 10% Folin-
D. Moisture Content (%) Ciocalteu reagent. After 3 min, 1 mL of 15% ,N&x

Moisture content (%) of the fresh PFSP and cooked PFSPsolution was added, and the mixture was adjusted to 5 mL by
was determined using the oven method following AOAC distilled water, allowed to keep at room temperature in the

[17]. darkness for 60 min. The absorbance was recorded at 765
_ nm. A standard curve was made by using gallic acid, and
E. Color Analysis total phenols were expressed as milligram gallic acid

The color determination was carried out on the surface ofequivalents (GAE)/100g DW.
fresh PFSP and cooked PFSP samples using a Minolta
Colorimeter (CR-400, Minolta). L* representing lightness
(L* = 0 yields black and L* =100 denotes white), a* (+
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H. Statistical Analysis superficial layer of cells dehydrated during baking treatment,
Data were performed using the SPSS (version 22.0)acting as an effective barrier to the exit of water from the
package for Windows. One-way analysis of variance mternal_part of the PFSP and resulting in a less decrease of
(ANOVA) and Duncan’s multiple range tests were carried the moisture content in sweet potato samples [21], [23].
out to determine the significance € 0.05) between the Along with driving off the surplus moisture inside, the main

means.Data are reported as the mean + standard deviationPrinciple of baking was toget the inside ofthe product

(SD). All determinations were carried out in triplicates properly cooked before the outside dried out and became
tough. In addition, though steaming cooked PFSP over a
ll. RESULTS ANDDISCUSSION long-time period, good points of it included uniform heat

distribution and an enhanced water-retaining capacity after
A. Cooking Conditions and Core Flesh Temperature of cooking [24].
Four Cooking Methods

The cooking time and temperature for each treatment are . TABLE Il
presented in Table 1. It can be observed that frying methods ~CORETEMPERATURE( C)OFD':ESTEADNS'PLES INDIFFERENTCOOKING
with peeled (skin-off) or unpeeled (skin-on) shred PFSP

were faster (5 min) than the steaming and baking, roasting Cooking Temp. °C) | Time Center point
was the longest method. However, the temperature reached  methods (min) temperature (°C)
by steaming process was the lowest (@)0among these Fresh PFSP - - 28.27 +1.8d
cooking processes. Baking 200 20 90.13 + 0.3bc
TABLE | Roasting 250 50 92.27 + 0.6a
COOKING CONDITIONS Frying (skin-on) 170 5 90.50 £ 0.7b
Cooking methods Time (min) | Temperature {C) Frying (skin-off) 170 S 88.77 +0.4c
Steaming 20 100 Steaming 100 20 91.37 £0.3ab
: Data in the same column followed by the same letter are not significantly
Bak'”9 20 200 (P > 0.05) different. The values expressed as means * standard deviation of
Roasting 50 250 triplicate experiments (on dry basis).
Fry!ng (sk?n—on) 5 170 TABLE Il
Frying (skin-off) 5 170 MOISTURECONTENT (%) OF PFSPSAMPLES IN DIFFERENTCOOKING
METHODS
The temperature at the center (core) of PFSP treated by Cooking Temp. Time Moisture content
different cooking methods was also measured (Figure 1) methods (°C) (min) (%)
after the cooking duration (Table 2). There were significant | "Fresh pFsp - - 68.44 + 0.4b
differences (P< 0.05) among treatments with the obtained _ [Baking 200 20 64112 04cC
values of temperature at the core flesh of processed PFSP in Roastin 50 =0 50.96 £ 044
the following order: roasting, steaming, frying (skin-on), i g : T
baking, and frying (skin-off). The variations can be | Frying (skin-j 170 5 54.53+0.2e
explained by the different conditions such as temperature, 0”)_ _
heating medium (hot water vapor, hot air or hot oil) applied | Frying  (skin-| 170 5 51.52+1.7f
by these treatments which allowed for the difference in heat | off)
penetration to the core of PFSP samples and also resulted in| Steaming 100 20 71.72+0.2a

disparities of cooking period [21]. Moreover, deep fat frying Data in the same column followed by the same letter are not

was a simultaneous heat and mass transfer process that significantly (P > 0.05) different. The values expressed as means +
. . . _— standard deviation of triplicate experiments (on dry basis).

caused microstructural and physicochemical changes inside

the food during the process [22]. C. Color Parameters

The color was an important sensory property; therefore any
color change would make an impact on the acceptance of
processed sweet potatoes by consumers [ZBf color
measurement of thermal treated PFSP was expresadd as
difference in lightness and darkness (+ = lighter, - = darker)
Aa* difference in red and green (+ = redder, - = greene
Ab* difference in yellow and blue (+ = yellower, - =ubl)

Fig. 1 Measuring temperature at the center flesh of PFSP root after cookingand AE* total difference color values and presented in Table
methods 4

B. Moisture Content (%) Steaming, which had loweAL* and Ab* values, and
] ] . higher Aa* values than other roasting and baking, resulting
The moisture content of PFSP after passing different iy intensive purple chroma with high anthocyanin contents.
cooking methods was presented in Table 3. Baking andtnese current results were in agreement with the fact that
stegmlng treatments significantly €20.05) retained more ~ cyanidin- and peonidin- based anthocyanins are the major
moisture content of PFSP samples than the other cookinganthocyanins found in PFSP root contribute to the blue and
procedures. This might be related to the peel and thereqd hues of the root [26], [27]. Huang et al. [25] reported that
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thermal treatment resulted in gelatinization of starch good for keeping anthocyanins as compared with baking

granules and a significant color change. The total color method. Cipriano et al. [32] also reported that heat could

differences AE*) before and after frying (skin-off) were increase tissue softening and initiated starch gelatinization

much higher than those obtained by roasting, steaming,and it was also justified by the increase in anthocyanin

frying (skin-on) and baking. In this current study, the total content. Moreover, Lu et al. [33] supported that the

color difference AE*) value in the baking treatment of anthocyanins from purple sweet potatoes were more stable

“Nhat tim” PFSP variety was 10.9 and drastically lower than than those from strawberry, red cabbage, and other plants.

those observed in the previous study of Kim et al. [28]. The During processing and storage, acylated anthocyanins were

results showed that total color differenca&t) before and more stable than their nonacylated analogs [34].

after baking of two Korean purple-fleshed cultivars were

21.2 and 16.1 in Sinjami and Yeonjami, respectively.

Sinjami cultivar had higher anthocyanin contents than

Yenjami cultivar. The overall decrease in L* a* and b*

values after all cooking treatments could be related to Steamin
. . 9

anthocyanin loss because of the natural pigments are less

stable to light, heat, and oxygen. It has been reported that

food processing and storage reduced anthocyanin contents in

food materials and changed their chemical conformation

[29].

TABLE IV
COLOR CHARACTERISTICS OFPROCESSEDPFSPSAMPLES
. Baking
Cooking Color value
methods AL* Aa* Ab* AE*
Baking -6.0 £ -8.1+ -4.0 +
+
1.2ab 2.0b ogp | 109*LSc
Roasting -3.7+% -16.0 £
+ +
3.8a 1 4c 0.8+0.8a| 16.7 +2.4b
Frying 95+ 7.1+ Roasting
+ + C
(skin-on) |  3.9b 1gp | 13*06a) 121233
Frying -145 + -145+
+ +
(skin-off) 18¢ 1 4c 16+09a| 20.7+1.7a
Steaming -14.4 + -33+ 7.2+
+
0.7c 1.5a 0.7c 16.5+0.6b .
Frying

Data in the same column followed by the same letter are not significantly
(P > 0.05) different. The values expressed as means + standard deviation Of(skin-on)
triplicate experiments (on dry basis).

D. Anthocyanin Content

The influence of different cooking methods on TAC of  Frying
PFSP samples was evaluated on a dry matter basis in TablFskin-off)
5. The current result showed that the content of TAC of
cooked PFSP increased significantly{P.05) across all of
the treatments with a range of 173.68 to 234.18 mg/100g Fresh PESP before PFSP samples after
DW as compared with the fresh PFSP (111.56 mg/100g
DW). Steaming resulted in the greatest increase (243.18
mg/100g DW), followed by skin-on frying (217.1418
mg/100g DW), roasting (208.11mg/100g DW), baking Fig. 2 PFSP before and after different cooking treatments
(195.25 mg/100g DW) and skin-off frying (173.68 mg/100g . .
DW). In common with other polyphenols, anthocyanins are Anthocyanins in PFSP primarily occurred as acylated
enzymatically degraded in the presence of polyphenol €0mpounds [35], [36].The acylated anthocyanins from
oxidase (PPO), peroxidase (POD) and glycosidase in p|amPFSP_have been reported to show a relatively stabl_e to heat
tissue. These enzymes can be inactivated by mild heating®d light [37], [38]. However, thermal degradation of
and can have a positive effect on anthocyanin retention.@nthocyanins could result in a variety of PFSP species
Therefore, cooking process inactivated these indigenousdePending upon the severity and nature of heating. Kim et al.
enzymes in fresh PFSP, retaining anthocyanins in cooked 14l demonstrate_d that the total content of anthocyanin in
samples [30]. PFSI_D (Shinzami) decre_ased by nearly half upon steam-

In addition, heat treatment could soften the vegetablec00King at 121C for 10 min but only slight upon baking for

tissue, facilitating the extraction of this compound from the 40 - 50 min at 20%. According to Hong and Koh [39], .
cellular matrix [31] and result in an increase of anthocyanin TAC in cooked purple sweet potatoes decreased by 51-81%

levels. Under the same cooking time, steaming method wasS compared of the raw purple sweet potatoes. Tang et al.

cooking cooking
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TABLE VI
CONTENTS OFTOTAL PHENOLICS (MG GAE/100s DW) oF COOKED PFSPIN
FOUR COOKING METHODS

[15] also revealed that all cooked sweet potato exhibited
significantly (P < 0.05) lower monomeric anthocyanin
content as compared to the respective raw samples. The loss

of total anthocyanins occurred during all of the home- Cooking Time Total phenolics
processing methods. Baked, boiled and steamed sweset methods Temp. °C) (min) (mg GAE/100g
potatoes (5.31 + 0.06, 4.17 + 0.01 and 3.36 + 0.06 mg/g DW, DW)
respectively) showed higher amounts of anthocyanins than Fresh PFSP - - 507.73 + 4.8f
pressure-cooked, sautéed and fried sweet potatoes [28]. Baking 200 20 694.09 + 4.1C
TABLE V Roasting 250 50 674.78 £ 3.8d
TOTAL ANTHOCYANIN CONTENT (MG/100G DW) OF COOKED PFSPBY Frying (skin-on) 170 5 826.47 + 4.4a
FOUR COOKING METHODS Frying (skin-off) 170 5 660.18 * 2.5€
. . Total Steaming 100 20 779.64 +5.3b
Cooking Time . - —
Temp.(C) . anthocyanins Data in the same column followed by the same letter are not significantly
methods (min) (mg/100g DW) (P >0.05) different. The values expressed as means + standard deviation of
Fresh PESP - - 11156 = 2.8 triplicate experiments (on dry basis).
Baklng 200 20 195.25 +4.2d IV. CONCLUSIONS
Roasting 250 50 208.11 £3.2¢c inal h | h d th |
Frying (skin-on) 170 5 51714 = 4.4b Intergstlng y, the present results showed that tota
Frying (Skin-of) 170 5 173.68 £ L5e phenolics and TAC of those steamed-, baked-, roasted- ,
Sy 9 100 0 >34 I18 :5'1 fried (skin-on)- and fried (skin-off)- PFSP samples in four
teaming —o%>.-a domestic cookings (i.e., steaming, baking, roasting and

Data in the same column followed by the same letter are not significantly
(P >0.05) different. The values expressed as means + standard deviation o
triplicate experiments (on dry basis).

frying method) were significant (R 0.05) higher than the
fresh PFSP samples. The greatest was observed in the
) steaming method. Considering the results obtained for the
E. Total Phenolics “Nhat tim” PFSP variety, from a nutritional standpoint,

Phenolic compounds can reduce reactive oxygen speciesteaming rather than baking and roasting can be
(ROS) levels which can cause chronic diseases, especiallyecommended for PFSP cooking. As a consequence, the
cancer and arteriosclerosis, by trapping and dissipating fredrying with skin could be considered a recommended
radicals [40]. Four different cooking methods were applied cooking method to retain phenolic compounds and
to determine the variation in total phenolics during the anthocyanin pigmentTherefore, in order to enhance the
cooking processes. The content of total phenolics in thebioactive compounds of PFSP root, care needs to be taken to
PFSP before and after cooking treatment is presented irselect cooking methods. These results suggested that the
Table 6. There were significant (R 0.05) differences  consumption of whole cooked PFSP should be
between the treatments, with increase occurring in therecommended as a good source of phenolic compounds in a
following order: frying (skin-on), steaming, roasting and diet.

frying (skin-off). TPC increasedsignificantly (P < 0.05)
after all the cooking methods examined, particularly after
frying (skin-on) (826.47mg GAE/100g DW) and steaming
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potato peels possessed high levels of phenolics and the TPC
found in raw sweet potato skin (17.7 mg chlorogenic acid
equivalents (CAE)/qg) tissue was significantly higher than in
raw cortex (2.96 mg CAE/g) and raw pith tissue (2.08 mg
CAE/g) [42]. Van Hal [11] also found that phenolic [
compounds in sweet potato were mainly present at the outefz]
5 mm of tissue of the root and deep fat frying was a
simultaneous heat and mass transfer process that caused
microstructural and physicochemical changes inside the food
during the process [43].

This current study agreed with the result of Rautenbach et
al. [44] observing a rise (21-79%) in TPC in four cultivars
of sweet potato after thermal processing. Truong et al. [45]
and Bellail et al. [46] also demonstrated that thermal (4l
processing resulted in increasing the concentration of the
total phenolic acids of sweet potato. This increase could be
explained partly by the rise in extractability of phenolics of [5]
wet cooked soft tissue and the release of the phenolic
compound bound to the cell walls [24], [47], [48].

(3]
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