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Abstract

This study investigated the changes of tocopherols and B vitamins in raw peanuts as a result of protease
treatment which was used to reduce peanut allergens. Raw peanut kernels were treated with Alcalase, bromelain,
Neutrase and papain separately at different concentrations, vacuum dried, and then ground into paste. The paste
was defatted using hexane containing 0.02% BHT to obtained crude oil and defatted peanut flour which were
used for tocopherol and B-vitamin analysis, respectively. The protease treatment significantly reduced the
contents of all tocopherols and B-vitamins in the peanuts in enzyme concentration-dependent manner (P<0.0001).
The highest losses of a-, y-, and -tocopherols were 60.87 %, 40.60 % and 36.89 %, respectively, while the
maximum losses of vitamins B1, B2, B3 and B6 were 63.29 %, 44.83 %, 40.56 % and 49.59 %, respectively.
Among tocopherols, a-tocopherol was the most affected while 8-tocopherol was the least affected. Among
B-vitamins, B1 was the most affected and B3 the least affected. This study demonstrated that although the
protease treatment approach (including enzyme treatment and drying) for peanut allergen reduction resulted in
different degrees of losses in tocopherols and B vitamins in raw peanuts, the enzyme treated peanuts is still a
good source of tocopherols and vitamin B3 comparing to most cooked legumes and vegetable.
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1. Introduction

Peanuts are excellent source of fat, proteins, vitamins and minerals. The proximate composition of raw peanut
kernels includes 47 % fat, 25 % protein, 5 % moisture, 17 % carbohydrate, and 2 % ash (Yadav, Edukondalu,
Patel, & Rao, 2018). Peanuts are rich in vitamin E and some B vitamins. The vitamin E is fat-soluble and the
most abundant in peanuts. It functions as an antioxidant for cell membrane protection (Chen et al., 2011;
Settaluril et al., 2012) and can be stored in the liver and fatty tissues (Whitney & Rolfes, 2010). Vitamin E is not
a single compound but a group of eight compounds which act as antioxidants maintaining the stability of cell
membranes against oxidative stress. These compounds are a-, B-, y-, and 8-tocopherols and a-, B-, y-, and
d-tocotrienols, collectively known as tocochromanols (Ahsan et al., 2015). The main tocopherols in peanuts were
reported to be a-, y- and 8- tocopherol with 8- tocopherol having the least concentration (Medina-Ju&ez et al.,
2009). The concentrations of a-, y-, and é-tocopherol in peanut oil are 8.86-30.4, 0 - 0.38, 3.50-19.2, 0.85-3.10
mg/100g oil, respectively (Shahidi & Costa De Camargo, 2016). The concentration ranges of these tocopherols
in peanuts are 11.9-25.3, 10.4-34.2 and 0.58-2.5 mg/100g (Ahmed & Young, 1982). The B vitamins include B1
(thiamine), B2 (riboflavin), B3 (niacin), B5 (pantothenic acid), B6 (pyridoxine), B8 (biotin), B9 (folic acid), and
B12 (cyanocobalamine) are water soluble. They function as coenzymes during biochemical processes in the body.
Peanut is a rich source of thiamine (B1), niacin (B3) and choline (B4). Vitamin B4 (choline) is a vitamin-like
nutrient which can be synthesized by the body provided the precursors folic acid and vitamin B12 are sufficient
(Cai et al., 2019). However, there is limited information on the determination of B vitamins in peanut because
the analysis of B vitamins (extraction and purification methods) in oilseed is very tedious. Another major
challenge is the tendency of the vitamin degradation due to exposure to air and light (Trang, 2013). The contents
of vitamin B1, B2, B3 and B6 in Virginia peanuts were reported by the United States Department of Agriculture
(USDA) database as 0.653, 0.131, 12.375, and 0.346 mg/100g (USDA, 2018). Peanut oil also contains a
substantial amount of phytosterols which have anticancer properties and impair the absorption of cholesterol
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from the digestive tract (Awad et al., 2000; Abumweis et al., 2008; Hashemian et al., 2017). According to the
USDA nutrient composition database, 100 g peanuts consumed may provide up to 75 % RDA of niacin, 60 %
RDA of folate, 53 % RDA of thiamine, 10 % RDA of riboflavin, 35 % RDA of pantothenic acid, 27 % RDA of
pyridoxine, 55.5 % RDA of vitamin E (USDA, 2018).

Although peanut contains about 25% protein, the majority of the protein is allergenic which affect 2-2.5% of
populations in the developed countries. In the United States 2.5 % children and 1.8 % of adults are allergic to
peanut (Jiang et al., 2018; Gupta et al., 2019). Peanut allergy prevalence in Europe is about 2.2 % (Nwaru et al.,
2014). Peanut allergy is one of the most fatal food allergies, which accounts for about 59 % death caused by food
allergy (Bock et al., 2007). Scientists have proposed different approaches to mitigate peanut allergy. Proteolytic
hydrolysis using non-specific proteases such as Alcalase, bromelain, Neutrase and papain has been reported to
tremendously reduce the contents of major allergenic proteins such as Arah 1, Ara h 2 and Ara h 6 in the peanuts
(Yu et al., 2015; Yu & Mikiashvili, 2020). However, the effect of the proteolytic hydrolysis on the nutrient
composition is unknown. The purpose of this study was to evaluate the influence of protease treatment on the
tocopherol contents in peanut kernels.

2. Materials and Methods
2.1 Materials

Raw Virginia peanuts were purchased from Good Earth Peanut Company (Skippers, VA, USA). The enzymes
used in the study, including Alcalase, bromelain, Neutrase, and papain were purchased from Fisher Scientific
(Suwanee, GA, USA). These are non-selective proteases. The standards of B Vitamins (including B1, B2, B3, B6)
and tocopherols (including the a-, y-, and 6-tocopherols) were all purchased from Sigma—Aldrich (St. Louis, MO,
USA). The chemical reagents and solvents including hexane, methanol, butylated hydroxyanisole (BHA),
butylated hydroxytoluene (BHT), trichloroacetic acid (TCA), hydrochloric acid (HCI), sodium
dioctylsulfosuccinate, formic acid, potassium hydroxide (KOH) were all purchased from the Fisher Scientific
(Hampton, NH, USA).

2.2 Enzymatic Treatment

Raw peanuts (50 g each) were treated with individual proteases (Alcalase, bromelain, Neutrase, and papain)
separately in phosphate buffer (20 mM) at different concentrations and incubated at the optimal temperature and
pH of each enzyme for 3 hours as described previously (Yu & Mikiashvili, 2020). The concentrations of Alcalase,
bromelain, Neutrase and papain used in different treatments were shown in Table 1. The optimal pHs and
temperatures of Alcalase, papain, Neutrase, and bromelain are 7.5, 6.0, 7.0, and 7.0 and 50, 48, 50, and 45 C,
respectively. Due to the solubility limitation, the maximum concentrations of bromelain and papain could be
used in the treatment were 0.2% and 0.5% (w/w), respectively. The treated peanut kernels were dried in a
vacuum oven at 75 °C for 16-18 hours to remove the moisture, ground into paste and stored at 4 <C. The
untreated raw peanut sample was used as control, and untreated vacuum dried peanut sample was used to
examine the influence of vacuum drying on the contents of tocopherols and B vitamins in the peanuts.

Table 1. Concentrations of proteases used in the study

Enzyme Concentration (%0)
Treatment Alcalase* Bromelaint Neutrase* Papaint

T1 1.0 0.02 0.2 0.1
T2 2.0 0.04 0.4 0.2
T3 3.0 0.08 0.8 0.3
T4 3.5 0.16 1.2 0.4
T5 4.0 0.20 1.6 0.5

*Alcalase and Neutrase were liquid forms and their concentrations (enzyme to peanut ratios) were volume to
weight (v/w).

tBromelain and papain were solid forms and their concentrations (enzyme to peanut ratios) were weight to
weight (w/w).

2.3 Extraction of Peanut Oil

Tocopherols are fat-soluble and they concentrate in the oil. Therefore, peanut oil was extracted using hexane
containing 0.02 % butylated hydroxytoluene (BHT) for tocopherol quantification. The peanut paste (20.00 g)
was weighed into a glass flask and then 30 ml of the extraction solvent was added and magnetic stirred for 1 hour.
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The sample was centrifuged at 3000g for 15 minutes using a 5810 R centrifuge (Eppendorf Corporation,
Hamburg, Germany) and the supernatant was poured into a pre-weighed evaporating flasks. The precipitate was
re-extracted by another 30 ml of solvent. The combined supernatant was concentrated at 40 °C under reduced
pressure using a R-300 Rotavapor (BUchi, Flawil, Switzerland) to remove the hexane. The resulted oil was
quantified, collected into an amber glass vial and stored at 4 °C for tocopherol analysis. The oil yield was
calculated based on the amount of oil extracted and the weight of peanut paste for oil extraction. Both oil
extraction and concentration were conducted under dim light.

2.4 Extraction and Purification of B Vitamins

The precipitates from oil extraction were dried in a 285A Isotemp vacuum oven (Fisher Scientific (Suwanee, GA,
USA) at 40 °C for 3 hours to obtain the defatted peanut flour, which were stored at 4 °C for the B vitamins
extraction. The method described by Woollard & Indyk (2002) was used to extract B vitamins from peanut flour.
The defatted peanut flour (1.00 g) was suspended in 5 ml warm deionized water (37 °C), and then 10 ml of 0.3
M TCA was added. The sample was shaken in a GmbH SW22 water bath (Julabo, Seelbach, Germany) for 15
minutes at 37 °C, and then centrifuged at 3000g for 10 minutes. The supernatant was purified using Sep-Pak Vac
solid-phase extraction (SPE) columns (3cc, Cyg) wWhere acidified water (pH 4.2) and methanol were used as
mobile phases for elution. The elute (purified sample) was concentrated using a rotary evaporator at 40 °C to
remove the methanol. The concentrated sample was transferred into an amber glass vial and stored at 4 <C for
analysis within one week. For each peanut flour sample, the extraction was conducted in triplicate. The
extraction, purification and concentration were conducted under dim light.

2.5 Determination of Tocopherols in Peanut Oils

For each peanut oil extract, 100mg sample was diluted with a mixture of hexane: methanol (20:80, v/v) to 1 ml.
The sample was vortex mixed and filtered through a 0.22 pm glass fiber syringe filter into an amber HPLC vial
and then directly injected into an HPLC system (Waters Corporation., Milford, MA) equipped with a UV-Vis
Dual Wavelength Detector and a Florescence Detector. The tocopherols in the sample were separated on an
Accucore XL C18 column (3 mm>150 mm, 4 pm), eluted with 96 % methanol in water (v/v) at 0.8 ml/min and
the peak areas were detected by the UV-Vis detector at 230 nm. The tocopherols were identified by comparing
the retention times of samples with the corresponding standards. The concentrations of tocopherols in the diluted
oil samples were calculated using their calibration curves, and then converted to mg per 100 g peanuts according
to dilution factor and oil yield. The standard curve of each tocopherol was obtained using a set of properly
diluted standard solutions with concentrations of 1, 5, 10, 15, and 20 pg/ml under the same chromatography
condition for the peanut oil samples. The total a-tocopherol in oil sample was the sum of a-tocopherol and
a-tocopherol acetate. For each peanut oil extract, the analysis was conducted in triplicate.

2.6 Determination of B Vitamins

The purified B vitamin extracts were quantitatively diluted using 0.3 M TCA solution. An aliquot of the sample
was filtered through a 0.22 pm syringe filter and analyzed by a Waters HPLC system. The B vitamins were
separated by a Kinetex C;g column (150 x<4.6 mm, 5 pm) and eluted with mobile phase isocratically at 1 ml/min.
The mobile phase for thiamine (B1) elution was prepared by dissolving 1.00 g of sodium dioctylsulfosuccinate in
550 ml methanol containing 10 ml of concentrated formic acid. The solution was adjusted pH to 4.4 with 50 %
KOH solution, and then diluted to 1 L using DI water. The mobile phase for riboflavin (B2), nicotinic acid,
nicotinamide, and pyridoxine (B6) elution was prepared by dissolving 1.00 g of sodium dioctylsulfosuccinate in
250 ml methanol containing 10 ml of concentrated formic acid, the solution was adjusted pH to 2.8, and then
diluted to 1 L with DI water. The B1 was detected by the UV-Vis detector at 254 nm, while the B2, nicotinic acid,
nicotinamide, and B6 were detected by the Fluorescence detector at the excitation wavelength of 290 nm and the
emission wavelength of 390 nm. The standard curve of each B vitamin was obtained using a set of properly
diluted standard solutions of the B vitamin. The concentration ranges of B1, B2 and B6 were 1-25 pg/ml,
0.025-0.025 pg/ml, and 1-100 pg/ml, respectively. Vitamin B3 includes nicotinic acid and nicotinamide, and
their concentrations for standard curve development were 1-12 pg/ml and 1-100 pg/ml, respectively. The
concentration of each B vitamin in the extract was calculated by using the peak area and the corresponding
calibration equation, and then converted to mg per 100 g peanuts according to the dilution factor, extract volume
and sample weight.

2.7 Recovery Test

For the tocopherols, a known amount of a specific tocopherol standard was added to 100 mg of peanut oil with
known concentration of the tocopherol. The mixture was then diluted to 1 ml with hexane: methanol (20:80, v/v)
and the tocopherol concentration was determined as described in subsection 2.5. For the B vitamins, 1.000 g of
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the defatted peanut flour was suspended in 5 ml warm distilled water at a temperature of 37 °C in an Elementary
flask and a known amount of a specific B vitamin standard was added to the suspension under constant stirring,
and then stored at 4 °C overnight with stopper on. The sample was warmed to 37 °C. The vitamin was extracted
and purified as described in subsection 2.4, and then analyzed by HPLC, as described in subsection 2.6. The
recovery rate for each vitamin was calculated by the equation below and used to adjust the content the specific
vitamin in the peanut oil sample. For each vitamin, the recovery experiment was conducted in triplicate.

Recovery (%) = (Ct — Cp) *100/ (Ca + Cp) Q)
Where Ct - the total vitamin content determined, Cp — the vitamin content in peanut oil or flour, Ca — the amount
of vitamin added.
2.8 Data Analysis

The results were expressed as mean =*standard deviation and statistically analyzed using ANOVA using SAS
version 9.4 (SAS Institute, Cary, NC, USA). The means were compared using Duncan Multiple Range tests with
a significance level of <0.05.

3. Results
3.1 Qil Yield of Extraction Method

The oil yield was used as an indicator to evaluate whether the oil was completely extracted from peanuts because
the tocopherol content of peanut was determined using extracted oil. Table 2 shows that oil yields of untreated
and treated peanuts were in the range of 48-52% which indicate that the oil in peanut samples was completely
extracted by the method and procedure used in this study because the crude fat content of raw peanuts (all types)
is reported to be 49.2440.30% (USDA, 2015).

Table 2. Oil yield of protease treated and untreated peanut samples

Oil Yield (%)

Treatment Untreated Alcalase Bromelain Neutrase Papain
UNT 50.81 - - - -
UNT-VD 48.00 - - - -

T1 - 48.60 51.35 48.75 49.34
T2 - 49.65 49.82 49.39 50.09
T3 - 50.01 49.35 50.47 51.46
T4 - 51.30 51.24 48.02 52.00
T5 - 50.96 51.42 49.67 50.15

Note: UNT: untreated raw peanuts; UNT-VD: untreated vacuum dried raw peanut; T1, T2, T3, T4 and
T5-represent 5 different protease concentrations.

3.2 Recovery of Tocopherols and B Vitamins during Extraction, Purification, and Analysis

The recovery tests were conducted to validate the vitamin extraction, purification, and HPLC methods used in
the study to ensure the accurate quantification. The mean recoveries for a-, aa-, y-, and 8-tocopherols added to
the peanut oil sample was 106%, 206.61%, 111%, and 116%, respectively, while the mean recoveries for
thiamine (B1), riboflavin (B2), niacin (B3) and pyridoxine (B6) added to the peanut flour samples were 105%,
108%, 105%, and 96%, respectively. This indicates that the contents of vitamins with exception of pyridoxine in
the peanuts were overestimated and adjustments were needed. The concentrations of each vitamin in the peanuts
reported in this study were adjusted with the recovery rate of the specific vitamin.

3.3 Effect of Alcalase Treatment on the Contents of Tocopherols and B Vitamins in Raw Peanuts

Figure 1 shows that a-T and B3 were the richest tocopherol and B vitamin in peanuts and Alcalase treatment
resulted in significant reductions of all tocopherols and B vitamins in enzyme concentration-dependent manner
(P<0.0001). Figure 1A shows that a-T and y -T were significantly reduced compared to the untreated at lower
Alcalase concentrations (T1 - T3); increasing Alcalase concentration from T3 to T5 resulted in further reduction
in o-T and &-T (P<0.05) but not y-T contents. Figure 1B shows that the contents of all tested B vitamins in
peanuts were significantly reduced at low Alcalase concentration T1 (P<0.0001), but the effects of Alcalase
concentration on B1, B2, B3 and B6 varied. The B6 content decreased almost linearly with increasing Alcalase
concentration (R?= 0.939, P<0.05), while the changes of B1, B2 and B3 with Alcalase concentration were
nonlinear. The B1 contents were not significantly different at enzyme concentrations T1, T2 and T3, but were
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significantly lower at T4 and T5 (P<0.05). The B2 content was not affected until Alcalase concentration T3
(P<0.05).
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Figure 1. Effects of Alcalase treatment on concentrations of Tocopherols (A) and B-vitamins (B) in raw peanuts.
Different letters on the top of data bars for the same vitamin indicate significant differences (P<0.05, n=3). UNT:
untreated sample, T1-T5: Alcalase concentrations (T1-1%, T2-2%, T3-3%, T4-3.5% and T5-4%)

3.4 Effect of Bromelain Treatment on the Contents of Tocopherols and B Vitamins in Raw Peanuts

Figure 2A shows that the treatment of raw peanuts with bromelain resulted in a significant decrease in the a-T
content at all enzyme concentrations, and the reduction of a-T increased with increasing bromelain concentration
(P<0.0001). Although bromelain treatment also decreased y-T and 6-T contents in the peanuts, particularly at
high enzyme concentration (T5) (P<0.05), the influence was much smaller than that on a-tocopherol within the
range of bromelain concentration used in this study. Figure 2B shows that the contents of all tested B vitamins
were significantly reduced at low bromelain concentration (T1) compared with those in untreated samples (P
<0.0001). However, increasing bromelain concentration from T1 to T3 did not significantly increase B vitamin
loss with exception of B2. Slight but statistically significant reductions of B1, B2, B6 and B3 contents were
observed as enzyme concentration increased to T4 and T5 (P<0.05). Data in Figure 2 indicate that the effects of
bromelain treatment on tocopherol and B vitamins are limited with exceptions of a-tocopherol and vitamin B1.
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Figure 2. Effects of bromelain treatment on concentrations of Tocopherols (A) and B-vitamins (B) in raw
peanuts. Different letters on the top of data bars for the same vitamin indicate significant difference (P<0.05,
n=3). UNT: untreated sample, T1-T5: bromelain concentrations (T1-0.02%, T2-0.04%, T3-0.08%, T4-0.16%

and T5-0.20%)

3.5 Effect of Neutrase Treatment on the Contents of Tocopherols and B Vitamins in Raw Peanuts

Figure 3A shows that at low concentration T1 Neutrase treatment resulted in significant reduction of a-T and y-T
contents in the peanuts (P<0.0001); there was no significant difference in a-T among samples treated at Neutrase
concentrations T1, T2, and T3; but further reduction of a-T was observed when enzyme concentration increased
to T4 and T5 (P<0.05). Similar changes of y-T with Neutrase level were observed. The &-T contents of the
peanuts treated at lower Neutrase concentrations (T1-T3) were significantly higher than that of untreated
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(P<0.05), but it decreased as Neutrase concentration increasing. The 8-T content at T4 and T5 was slightly but
significantly lower than that of untreated (P<0.05). Figure 3B depicts that Neutrase treatment of peanuts resulted
in significant reduction in B1, B2, B3, and B6 contents (P<0.0001). Similar to the bromelain treatment,
significant loss of B vitamins with exception of B2 was observed at low Neutrase concentration (T1) (P<0.05).
There was no further reduction in B1 and B3 when the enzyme concentration increased from T1 to T3, but
further reductions of B1 and B3 were observed at T4 and T5 (P<0.05). The significant reduction of B2 content
was observed at T2 and higher Neutrase concentration. B6 content was significantly reduced at T1 but remained
constant until T5.
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Figure 3. Effects of Neutrase treatment on concentrations of Tocopherols (A) and B-vitamins (B) in raw peanuts.
Different letters on the top of data bars for the same vitamin indicate significant differences (P<0.05, n=3). UNT:
untreated sample, T1-T5: Neutrase concentrations (T1-02%, T2-0.4%, T3-0.8%, T4-1.2%, T5-1.6%)

3.6 Effect of Papain Treatment on the Contents of Tocopherols and B Vitamins in Raw Peanuts

Figure 4A exhibits that the papain treatment of peanuts had significant impacts on the contents of all tocopherols
compared with untreated (P<0.0001). The a-T content decreased with increasing papain concentration but was
not significantly different at enzyme concentrations T2 and T3. The content of y-T was not reduced until papain
concentration T2, and then remained unchanged until T5 (P<0.05). Similar to Neutrase treated peanuts, the 3-T
content increased significantly (P<0.05) at T1, then gradually decreased with increasing papain concentration,
and was lower than that of untreated peanuts at T5 (P<0.05). Figure 4B shows that papain treatment significantly
reduced the contents of all B vitamins in peanuts at low papain concentration T1 (P<0.0001). The B1 content
decreased significantly with increasing papain concentration. However, B2 and B3 were not significantly
reduced until papain concentration T4. Although B6 was significantly reduced at T1, its level remained constant
until T5. Therefore, the effects of papain concentration on B2, B3, and B6 were not as strong as those on B1.
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Figure 4. Effects of papain treatment on concentrations of Tocopherols (A) and B-vitamins (B) in raw peanuts.
Different letters on the top of data bars for the same vitamin indicate significant differences (P<0.05, n=3). UNT:
untreated sample (control), T1-T5: papain concentrations (T1-0.1%, T2-0.2%, T3-0.3%, T4-0.4% and T5-0.5%)

3.7 Vitamin B3 Content of Raw Peanuts Treated with different Proteases
Vitamin B3 (niacin) consists of nicotinic acid and nicotinamide; therefore, the impacts of different protease
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treatments on nicotinic acid and nicotinamide are given separately from other B vitamins. Table 3 shows that the
nicotinamide, nicotinic acid, and total niacin content of untreated peanuts were 1.99, 9.94, and 11.94 mg/100g of
peanuts, respectively. All enzyme treatments resulted in significant reductions of nicotinamide and nicotinic acid,
thus the content of vitamin B3 (P<0.0001). Regardless of the type of protease, the B3 reduction increased with
enzyme concentration (P<0.05). The treatment with Alcalase had the strongest impact on the B3 level, followed
by papain, bromelain, and Neutrase.

Table 3. Nicotinamide, nicotinic acid, and total vitamin B3 contents of raw peanut treated with different

proteases

Enzyme Treatment Enzyme  Nicotinamid Nicotinic acid Total B3 vitamins
conc. (%) mg/100g Peanuts mg/100g Peanuts mg/100g Peanuts
Alcalase  UNT* 0 1.99 +0.05° 9.94 +0.79° 11.94 +0.78°
T1 1.0 1.6640.08" 8.2540.13" 9.9240.13"
T2 2.0 1.5240.02° 7.3440.27™ 8.8740.27°
T3 3.0 1.5240.02° 7.0440.08° 8.5740.09°
T4 35 1.1240.01° 6.8640.55° 7.9840.55%
T5 4.0 0.9440.01° 6.1540.49° 7.0740.48°
Bromelain T1 0.02 1.4340.013° 7.8940.34™ 9.3240.33"
T2 0.04 1.4040.011° 7.7540.46° 9.1640.46"
T3 0.08 1.4840.032° 7.5440.11° 9.0240.13"
T4 0.16 1.3040.008° 6.9540.27° 8.2540.27°
T5 0.20 1.1940.005° 6.9440.26° 8.1340.26°
Neutrase  T1 0.2 1.6240.007° 8.6240.47° 10.2440.47°
T2 0.4 1.6240.045° 8.5240.47° 10.1440.46°
T3 0.8 1.5240.023° 8.3040.45™ 9.8340.48"
T4 1.2 1.1540.043° 7.6940.32™ 8.8540.30°
T5 1.6 1.2140.005° 7.2840.33° 8.4940.33°
Papain T1 0.1 1.5340.005° 8.2140.48" 9.7540.48°
T2 0.2 1.5440.070° 7.9940.47" 9.5440.43"
T3 0.3 1.4840.045° 7.4740.24° 8.9540.21°
T4 0.4 1.1740.013° 6.2640.33¢ 7.4440.33°
T5 0.5 1.2640.018° 6.5640.21% 7.8240.21°

UNT*: untreated peanut. For a specific protease, data with different superscripts in the same column are
significantly different at P<0.05.

3.8 Percentage Loss of Vitamins in Raw Peanuts Due to Protease Treatments

Table 4 shows that the loss of extractable vitamins in peanuts caused by protease treatments varied with the type
and concentration of protease, as well as type of vitamin. Overall, higher protease concentration resulted in a
larger loss of all vitamins. Among all tocopherols, o-T was the most affected, and 5-T was the least affected.
Neutrase and papain treatments increased 6-T at lower enzyme concentrations (T1 to T3) but decreased o-T at
higher enzyme concentrations (T4 and T5). The highest losses of a-, y-, and 5-tocopherols were 60.87%, 40.60%
and 36.89%, respectively. Among B vitamins, B1 (Thiamine), was the most affected by Neutrase followed by
Papain and Alcalase, whereas B2 was the most affected by papain but the least affected by Alcalase. Niacin (B3)
was the most affected by Alcalase but least affected by Neutrase. B6 was the most affected by Alcalase but least
affected by bromelain. The maximum losses of vitamins B1, B2, B3 and B6 were 63.29 %, 44.83 %, 40.56 %
and 49.59 %, respectively. As part of protease treatment approach, vacuum drying reduced o-T by 23.9%, but
increased y-T and &-T by 21.46% and 110.86%. The reductions of vitamin B1, B2, B3 and B6 due to drying were
21.04%, -2.82%, 9.90% and 10.10%, respectively. Thereby, the changes of tocopherols and B-vitamins include
the changes caused by enzyme treatment and drying thereafter.
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Table 4. Percentage losses of tocopherols and B vitamins after treatment with four different proteases

Protease Treatment  Enzyme Loss of tocopherols and B vitamins (%)
Conc. (%) oT  y-T 3-T B1 B2 B3 B6
UNT-VD* 0.00 23.92 -21.46 -110.86 21.04 -2.82 11.84 10.10
Alcalase  T1 1.00 35.39 28.06 9.40 46.70 -526 16.95 25.69
T2 2.00 4099 3395 1380 4779 -463 2574 3591
T3 3.00 46.01 3798 3136 4816 1156 2825 4341
T4 3.50 50.17 36.78 31.87 5491 1691 33.17 4852
T5 4.00 54.17 40.60 36.89 61.86 29.13 40.56 49.59
Bromelain  T1 0.02 2590 -3.63 552 54.17 1475 2191 24.89
T2 0.04 35.28 7.26 14.53 55.18 11.17 23.26 20.29
T3 0.08 4362 1823 19.72 51.51 20.33 24.42 19.42
T4 0.16 39.48 326 860 56.46 20.19 30.88 23.62
T5 0.20 51.51 19.18 23.67 52.80 33.77 31.88 23.11
Neutrase  T1 0.20 3743 9381 -26.03 55.86 10.49 14.27 29.66
T2 0.40 37.36 1556 -14.09 52.33 33.38 15.07 28.72
T3 0.80 41.07 2141 -854 50.43 27.26 17.68 27.92
T4 1.20 50.10 2590  9.63 58,59 4483 25.88 32.88
T5 1.60 50.15 2825 11.13 63.29 42.63 28.84 38.06
Papain T1 0.10 1850 -251 -5540 49.89 1870 18.37 27.34
T2 0.20 3759 9.91 -21.71 53.96 19.68 20.12 19.90
T3 0.30 43.09 1172 -3.21 51.62 1526 25.00 17.38
T4 0.40 49.41 15.33 0.22 5758 4219 37.69 19.14
T5 0.50 60.87 23.48 15.47 62.71 4442 3451 28.90

*UNT-VD: Untreated, vacuum dried peanuts.

Bold data: The negative values indicate increased detectable vitamin due to drying or protease treatment at low
enzyme concentrations compared with untreated raw peanut sample.

4, Discussion
4.1 The Effects of Protease Treatments on the Contents of Vitamins in Raw Peanuts

In this study, three main tocopherols identified in raw peanuts were a-, y-, and 8- tocopherols. Their contents in
the raw untreated peanuts (UNT) detected by HPLC were 34.02, 12.32 and 1.0 mg/100g, respectively, in the
order of a-T> y-T > 3-T, suggesting that the a-T is the dominant tocopherol in peanut. The contents of these
tocopherols in untreated raw peanuts are in the range reported by Ahmed & Young (1982). The concentrations of
vitamins B1, B2, B3, and B6 in the untreated raw peanuts (UNT) were 0.27, 0.44, 11.88, and 0.78 mg/100g,
respectively, within the ranges reported by Ahmed & Young (1982) but were lower than those reported in another
study (King, Blumberg, Ingwersen, Jenab, & Tucker, 2008). This might be due to difference in peanut cultivar,
growing location, harvest time, processing etc. (Pattee, Isleib, Giesbrecht, & McFeeters, 2000).

The influence of protease treatment on the content each vitamin varied with the type of enzyme, enzyme
concentration, and individual vitamin stability (Figure 1-4). High protease concentrations resulted in larger loss
of tocopherols and B vitamins although some vitamins were less affected by protease concentration (Table 4).
The highest tocopherol loss occurred at Alcalase concentration 3.5-4% where highest allergen reduction and
lowest in vitro allergenicity were achieved (Yu & Mikiashvili, 2020). The extent of tocopherol reduction in the
peanuts due to proteolytic hydrolysis was in the order of a-T > y-T > &-T. The higher loss of a-T is because
a-tocopherol is the most reactive and less stable due to its lower bond dissociation energies (Silva et al., 2010;
Keen & Hassan, 2016; Shahidi & Costa de Camargo, 2016; Decker & Elias, 2016). Some studies about the
effects of enzyme treatment on tocopherol content of oil seeds presented contradict results. For example, one
study found that enzymatic aqueous (Alcalase 2.4 L) extraction of sunflower seeds resulted in similar oil yield
but lower total tocopherol content in the oil than common cold press (Ribeiro et al., 2016); while another study
found that the enzyme-assisted oil extraction with a mixture of a-amylase, Alcalase and Celluclast increased
tocopherol content in the tiger nut oil (Ezeh et al., 2016). Due the differences in food matrix and enzyme
treatment condition, it is difficult to compare the results of our study with the results of other studies. Because
protease treatment of peanuts was conducted in the water-based enzyme solution and B vitamins are
water-soluble, significant losses in B vitamins due to dissolution/leaching were expected. For example, the loss
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of B vitamins in vegetables by steaming is much lower than by cooking in water (Hwang et al., 2012; Veda et al.,
2006).

The losses of vitamins during enzyme treatment is most likely caused by dissolution and protease treatment
could enhance vitamin dissolution because the breakdown of protein molecules could create paths which allow
vitamins leaching out from the inside of peanut kernels. In addition, the selectivity of protease used to treat
peanuts might contribute to the differences in vitamin loss. Less selective protease has more cleave sites and will
lead to more complete hydrolysis of proteins, thus more vitamin leaching. Among the four proteases used in this
study, Alcalase is the least selective and can hydrolyze most of the peptide bonds (Yu & Mikiashvili, 2020). This
could explain the higher loss of B-vitamins in Alcalase treated peanuts (Table 4). Furthermore, the difference in
treatment pH may be one of the contributing factors of B vitamin loss because the stability of B vitamins is
affected by the pH of the food system. For instance, vitamin B1 is unstable in alkaline medium, B6 is more
stable in acidic medium than in alkaline medium, while vitamin B2 and B3 are stable in both media (Gadient,
1986; Saidi & Warthesen, 1983). The optimal pHs of Alcalase, bromelain, Neutrase, and papain are 7.5, 6.0, 7.0,
and 7.0, respectively, and peanuts were treated at the optimal pH for each enzyme. This may partially explain the
higher loss of vitamin B1 caused by Alcalase treatment and lower loss of B2, B3 and B6 caused by bromelain
and papain treatment.

4.2 Effect of Post-enzyme Treatment Drying on Vitamin Content in Peanuts

In food industry, heating oil seeds prior to oil extraction is usually used to increase oil yield, but it can also
induce changes to various components of the seed (Kralji¢ et al., 2018). Some studies found that heat treatment
such as blanching and roasting caused loss of a-tocopherol (Camargo et al., 2016; Shi et al., 2018), while other
studies found 14 and 11 % increase of y-, and 8- tocopherol levels in peanuts after roasting at 140 <C for 20 min
(Eitenmiller et al., 2011). Air-drying or microwave heating increased o-, B- and y-tocopherol, but decreased
d-tocopherol contents of grapeseed (Oomah et al., 1998). Roasting corn germ for 60 min at 125-175<C or
microwave irradiation at 40-80W for 4-8 min also significantly increased the oil yield and a-, B- and
y-tocopherol contents but did not change &- tocopherol content in the corn oil (Zheng et al., 2018). It was
reported that roasting decreased the content of thiamine in tree nuts such as almond, walnut, and hazelnut, but
minimally affected riboflavin content (Stuetz et al., 2017). A recent study also found that riboflavin was
heat-stable while the other vitamins were heat-labile (Tylicki et al., 2018). This study shows significant loss of
a-tocopherol and B vitamins, as well as the increase of y- and 8- tocopherols caused by vacuum drying. These
examples suggest that the influence of heat treatment on tocopherols and B vitamins of oil seed varies with the
food matrix, temperature and treatment time. Thus, the increase y- and 8- tocopherols in enzyme-treated peanuts
might be caused by drying at low temperature (75<C) which might increase the extractability of these
tocopherols. Because drying was part of the treatment in this study, and the total loss of tocopherols and
B-vitamins should be the sum of the loss during enzyme treatment and the loss/gain caused by vacuum drying.

4.3 The Effect of Protease Treatment on Vitamin Intake from Peanuts

The recommended daily allowance (RDA) of vitamin E for both male and female adults aged 14 years and above
15 mg (NIH, 2020). The levels of a-tocopherol and total vitamin E in the peanuts treated with Alcalase,
bromelain, Neutrase, and papain at their highest concentrations (T5) used in this study were 15.64, 16.54, 17.00,
and 13.35 mg/100g peanuts, and 23.54, 27.22, 26.69, and 23.59 mg/100g peanuts, respectively. Consuming one
serving (28 g) of enzyme-treated peanut per day can provide more than 1/3 of daily recommended vitamin E
intake. Therefore, even though the treatments of peanuts reduced the contents of tocopherols, the treated peanuts
still a good source of vitamin E.

Similarly, the RDA of vitamin B1, B2, B3 and B6 for adults are 1.1-1.2, 1.0-1.3, 14-16, 1.2-1.3 mg (NIH, 2020).
At the protease concentrations where highest allergen reduction was achieved, the remaining vitamin B1, B2, B3
and B6 contents in peanuts were 0.12, 0.37, 10.02 and 0.40 mg/100g, respectively. This shows that consumption
of 3 servings (approximately 100 g) of peanuts treated with enzymes may provide 10-12 % of RDA of thiamine,
21-33 % RDA of riboflavin, 71-76 % RDA of niacin and 31-48 % of pyridoxine. These values, except thiamine,
are consistent with the RDA equivalent per 100 g of untreated peanuts reported in the USDA nutrient
composition database (Arya et al., 2016). Human beings usually obtain their B vitamins from grain, meat and
eggs, while vegans may need consume more nuts or take B vitamin supplement to meet the dietary requirement
of B vitamin intake.

5. Conclusion
In conclusion, this study demonstrates that peanut allergen reduction approach using non-specific proteases
(including enzyme treatment and drying) resulted in significant losses of tocopherols and B vitamins although
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the treatment greatly reduced the allergen content and immunoreactivity of peanuts as shown in our previous
studies (Yu & Mikiashvili, 2020). The degree of vitamin loss was influenced by the type of enzyme, enzyme
concentration, and individual vitamin stability. Overall, papain and Alcalase treatments had larger impacts on
tocopherols than bromelain and Neutrase. The a-tocopherol was the most affected among all tocopherols due to
its instability, while 3-tocopherol was the least affected. Among all B vitamins investigated, vitamin B1 was the
most affected and B3 was the least affected. Higher enzyme concentration resulted in a more significant loss of
each vitamin. However, the enzyme treated peanuts is still a good source of tocopherols and vitamin B3
comparing to most cooked legumes (Margier et al., 2018) and vegetables (Knecht et al., 2015). Consuming one
serving (28 g) of enzyme-treated peanut per day can provide more than 1/3 of daily recommended vitamin E
intake and 20-25% of vitamin B3 intake. Vitamin enrichment may not be required if treated peanuts are
consumed with other food products rich in B vitamins, but the enrichment may be necessary if the enzyme
treated peanuts are used to combat malnutrition.
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