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Abstract.

Peanut butter is a popular, versatile food spread globally known for its nutritional value and unique flavor. As consumer
preferences evolve, there is an increasing demand for fortified products. Coconut flour and milk powder are potential fortifi-
cation agents due to their nutritional benefits and compatibility with various food matrices.

We explored the effects of incorporating coconut flour and milk powder into peanut butter, analyzing its nutritional composition
and sensory qualities. Various combinations (0, 5, 10, and 15% w/w) of coconut flour, milk powder, and their mixture were
introduced into peanut butter followed by a thorough physicochemical and sensory analysis.

The results showed notable changes in both physical and chemical attributes. Coconut flour and its combination with milk
powder increased the moisture content in peanut butter, while milk powder had the opposite effect. The protein content peaked
in the peanut butter with 15% coconut flour, while the fat content diminished with higher concentrations of coconut flour
and milk powder. Carbohydrate levels in the supplemented samples surpassed those of the control and commercial peanut
butters. All the variants exhibited a pseudoplastic flow behavior, with coconut flour and milk powder concentrations affecting
viscosity. The textural analysis revealed differences in oil separation, spreadability, and firmness, with 15% coconut flour
yielding the highest firmness and oil separation. Noteworthy color changes were evident, particularly with the inclusion of
15% milk powder. Sensory assessments favored the peanut butter with a 15% blend of coconut flour and milk powder, while
the color preference leaned towards the 15% milk powder variant. The consumers preferred the peanut butter fortified with
a 15% blend of coconut flour and milk powder.

Our research can help food manufacturers create healthier, more appealing products that cater to evolving consumer preferences
and dietary requirements.

Keywords. Butter, nuts, milk powder, fortification, rheology, texture, quality, sensory evaluation
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AHHOTAIHS.

ApaxucoBas nacta U3BECTHA CBOEH MUIIEBOH IIEHHOCTBIO M YHUKaIbHBIM BKycoM. ITo Mepe pa3BuTus NOoTpeOUTEIbCKUX Ipe-
MOYTEHUIl pacTeT U CIPOC Ha oboraneHHble TPoAyKThl. KOKocoBas Myka U CyX0€ MOJIOKO HMEIOT PsIJI IPEUMYIIECTB B 3TOH
00JacTH, T. K. XOPOIIIO COYETAIOTCS C PAa3JINYHBIMHU IHUIEBBIMH MaTpuaMu. L{exs mcciie1oBaHus 3aKI04anach B N3yYeHUH
BIIUSTHUSI KOKOCOBOM MYKHU M CyXOT'O MOJIOKA Ha KAUYECTBO apaxHUCOBOU MACTHI: €€ MMUTATENbHBIH COCTaB, OPraHOJCHTHICCKHE
CBOMCTBA U T.1.

B xone paboTsl KOKOCOBas MyKa, cyxoe Moioko u ux cmecu (0, 5, 10 u 15 % mo Becy) 100aBIsANINCh B apaxUCOBYIO MACTY.
DU3NKO-XUMHYECKUE U OPTaHONIENTUIECKUE MOKA3aTe I ONPEIENsIn ¢ TPUMEHEHHEM CTaHJAPTHBIX METO10B aHanu3a. [lomyuen-
HbIE JJaHHBIE M10/IBEPTalliCh CTATUCTHUECKOH 00paboTKe.

Pe3ynbTaThl MOKa3aIKM CTATUCTHYECKH 3HAUNMBbIE N3MEHEHNS KaK (pU3MYECKHX, TaK ¥ XUMHUECKUX cBOicTB. KokocoBas Myka u
ee pa3InuyHble KOMOMHAIIMN C CYXHM MOJIOKOM YBEIMYHMBAIH COACPKaHME BJIarH B apaXHUCOBOH macTe. BiusHue cyxoro Mosoka
0Ka3aJI0Ch MPSIMO MPOTHBOIOIOKHEIM. CozepikaHue OeaKka JOCTHUTIO MUKa B oOpa3nax ¢ 15 % kokocosoit myku. [Ipu Gomee
BBICOKMX KOHI[EHTPAIUIX KOKOCOBOW MYKH M CYXOTO MOJOKa B 00pa3lax CHIDKAIOCh KA4eCTBO XKHPa. DKCIEPUMEHTATbHBIE
00pasibl copepikanu OoblIe yriieBOAOB, YeM KOHTPOJIbHBIM 00pasen 1 KoMMepuecKkre o0pasibl apaxucoBbIX Macen. [t Bcex
00pa31oB OBLIO XapaKTePHO MCEBAOIUIACTUIECKOE TeUeHUE. Y POBEHb BSI3KOCTH 3aBHCEN OT KOHIIEHTPAIIMA KOKOCOBOH MYKH
u cyxoro Mosoka. O0pasisl pa3InyaInch Mo OTJEIEHUIO )KUPa, HaMa3bIBaeMOCTH U TBepaocTH. CamMble BBICOKHE MTOKAa3aTeNn
TBEPJOCTH U OTAEICHNUS KUpa ObLTH 3aduKcHpoBaHbI B 00pa3nax ¢ godasiaenueM 15 % xokocoBoif myku. Hanbonee 3ameTHbIC
M3MEHEHUS IBeTa MPOU30IIIN B o0pasmax ¢ godasnenuem 15 % cyxoro moinoka. HauBeicuryio opraHOIENTHYIECKYIO OIICHKY
TOTy4nII 00pa3el] apaxucoBoi macTsl ¢ 15 % cMecn KOKOCOBOM MyKH M CyXOT0 MOJIOKA, OJJHAKO BapuaHT ¢ 15 % cyxoro moioka
HMeEIl ONTUMAaNbHbIE IBETOBBIE XaPAKTEPUCTHKU.

[TpumeHeHue pe3ynbTaTOB HCCIIE0BAHHI IPU TPOU3BOJICTBE 00OTANIEHHOM apaXnCOBOM MacThl MO3BOJIMIO PACIIHPUTD CIIEKTP
(hyHKIMOHAIBHBIX MTPOAYKTOB, KOTOPBIE COOTBETCTBYIOT MEHSIOLIMMCS MPEIIOYTEHISIM NOTpeOuTeNel 1 COBPEMEHHBIM JTHETH-
YECKUM TPEOOBAHUSIM.

Karueblie c1ioBa. Macio, opexu, cyxoe MOJIOKO, 00OoTaleHHe, PeoJIoTHs, TEKCTypa, KaueCTBO, CEHCOPHAs OI[CHKa
Jast uurupoBanusi: PU3NKO-XMMHYECKHE CBOIICTBA apaxMCOBOM MACThI ¢ J0OaBIEHUEM KOKOCOBOI MyKH M CyXOT0 MoJIoKa /

M. Xan [u np.] / TexHnka u TeXHOJIOTHs MHUIIEBBIX Mpon3BoacTB. 2024. T. 54. Ne 4. C. 701-710. (Ha anrx.). https://doi.org/
10.21603/2074-9414-2024-4-2537
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Introduction

The quest for healthier and more sustainable food
products has led to increased interest in the modification
of traditional foods to improve their nutritional profile
and functional properties. One of the challenges of mo-
dern food items is meeting consumers’ expectations for
both taste and health [1]. Peanut butter, a widely consu-
med food in various global cultures, is valued for its
flavorful profile and substantial protein content. Over
time, there have been different adaptations of peanut
butter to improve its nutritional advantages and sensory
qualities. High in protein and low in calories, peanut
butter is a healthy alternative to dairy butter and is com-
monly used as a bread spread [2]. Although peanut but-
ter is more prevalent in western countries than in Asian
countries like India, its consumption is gradually incre-
asing. Peanut butter has a range of advantages, such as
aiding in weight loss and offering optimal nutritional
value [3]. It is available in ready-to-eat forms and is
also used in a range of applications such as breakfast
food, savory sauces, and smoothies.

Peanuts (Arachis hypogaea) are classified as both a
grain legume and an oil crop due to their high oil con-
tent. Peanut seeds are a valuable source of protein, lipids,
and fatty acids, providing essential nutrients for human
diet [4]. Roasted peanut kernels are an excellent source of
folate, niacin, and vitamin E, although they are deficient in
vitamins A and C, as well as calcium and iron [5]. Peanuts
are rich in micronutrients, phytochemicals, tocopherols,
and phenolic compounds, and the development of pea-
nut butter can potentially increase the uses of peanuts in
healthier, non-animal breakfast snack options [6]. The
production of peanut butter involves important stages
such as roasting and milling, which impact the product’s
texture, rheological characteristics, and overall quality [7].
Optimal amalgamation of components, such as nut paste,
sugar, vegetable oil, and protein sources, is imperative
to guarantee the steadfastness of peanut butter. Coconut
flour and milk powder can augment the attributes of peanut
butter, including its color, taste, flavor, and texture, thus
increasing its attractiveness to customers.

Coconut flour is an excellent source of dietary fiber
that may be effectively incorporated into food products
to enhance their physical, chemical, and nutritional cha-
racteristics [8]. Coconut flour may contribute to the fla-
vor, color, and mouth feel of peanut butter, as well as
improve its spread quality. Milk powder also plays a
significant role in enhancing the quality of peanut but-
ter, including its color, flavor, taste, and overall accep-
tability. Peanut products supplemented with milk deriva-
tives or comparable components have exhibited changes
in sensory qualities. This implies that milk powder may
modify the flavor, texture, and general consumer accep-
tability of peanut butter [9]. Coconut products, along
with milk powder, are well-known for their nutritional
advantages. They include a significant amount of dietary
fiber, healthy fats, and a variety of essential vitamins
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and minerals. In this study, we aimed to fill the gap in
existing literature by offering a thorough analysis of how
these supplements impact the physicochemical characte-
ristics of peanut butter.

Previous studies have touched upon the functional
properties of coconut flour and its effects on the texture
and sensory properties of baked and confectionery goods.
For instance, a work on coconut flour’s influence on
dough and cookie texture revealed significant improve-
ments in the product’s quality and healthfulness [10].
Similarly, an investigation into the effects of coconut
milk, tender coconut, and coconut sugar on ice cream
highlighted their potential for improving sensory experien-
ces through natural supplementation [11]. These findings
underscore the versatility of coconut-derived ingredients
in enhancing food products, providing a strong founda-
tion for their application in peanut butter. However, the
application of coconut flour and milk powder in peanut
butter poses unique challenges and opportunities. These
supplements may significantly alter the physicochemical
properties of peanut butter, such as its phase behavior,
moisture content, and oil binding capacity. They can
affect everything in peanut butter, from its nutritional
value to its storage stability and consumer acceptability.
Therefore, we sought to systematically investigate these
impacts, contributing valuable knowledge to the fields
of food science and nutrition.

To sum up, the supplementation of peanut butter with
coconut flour and milk powder presents a promising ave-
nue for enhancing the nutritional profile and sensory
qualities of this popular food product. By systematically
exploring the effects of these supplements on the physico-
chemical properties of peanut butter, we aimed to provide
valuable insights for food scientists, nutritionists, and
the food industry at large, potentially paving the way
for the development of healthier, more sustainable, and
more appealing peanut butter products.

Study objects and methods

Preparation of coconut flour. Coconut flour was
prepared according to the method of Ramya and Anitha
with a slight modification [12]. Freshly purchased fully-
grown coconuts were physically stripped of their shells,
had their outer layer removed and the coconut water
drained. The white coconut flesh was cleaned, mixed
with heated water, and then filtered to extract the milk.
The residual moist flour was dried in a cabinet dryer at
60°C for 4 hours. The dried substance was packaged
and placed in the refrigerator to avoid the development
of rancidity.

Preparation of peanut butter. Peanut butter was
prepared according to the method described by Mohd.
Rozalli et al. with few modifications [13]. Peanut butter
was made by combining roasted peanuts, sugar, coconut
flour, milk powder, and salt in varying amounts. After
mixing and homogenizing peanut butter, it was placed
in plastic containers and stored at room temperature.
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Table 1. Formulations of peanut butter with coconut flour and milk powder

Tabnuna 1. Penentypsl apaxucoBoii macTsl ¢ J0OaBICHHEM KOKOCOBOH MYKH U CyXOTO MOJIOKA

Sample Peanut, % Sugar, % Coconut flour, % Milk powder, % Salt, %
g
S, 94.5 5.0 - - 0.5
S, 89.5 5.0 5.0 - 0.5
S, 84.5 5.0 10.0 - 0.5
S, 79.5 5.0 15.0 - 0.5
S, 89.5 5.0 - 5.0 0.5
S, 84.5 5.0 - 10.0 0.5
S, 79.5 5.0 - 15.0 0.5
S8 89.5 5.0 2.5 2.5 0.5
89 84.5 5.0 5.0 5.0 0.5
St 79.5 5.0 7.5 7.5 0.5

Note: S, — Control sample; S, — Peanut butter with 5% coconut flour; S, — Peanut butter with 10% coconut flour; S, — Peanut butter with 15%
coconut flour; S5 — Peanut butter with 5% milk powder; S6 — Peanut butter with 10% milk powder; S7 — Peanut butter with 15% milk powder;
S, — Peanut butter with 5% mixture; S, — Peanut butter with 10% mixture; and S,/ — Peanut butter with 15% mixture.

[Mpumeuanne: S, — KOHTPONBHBIN 00pasern; S, — apaxucosas nacra ¢ 5 % KOKOCOBOH Myku; S, — apaxucosas nacta ¢ 10 % KOKocOBo# MykH;
S, — apaxucosas nacta ¢ 15 % KOKocoBoi MykH; S, — apaxucoBas nacta ¢ 5 % Cyxoro Moinoka; S, — apaxucosas nacra ¢ 10 % cyxoro Monoxa;
S, — apaxucosas nacra ¢ 15 % cyxoro Monoka; S, — apaxucosas nacra ¢ 5 % CMeCH KOKOCOBOH MYKH U CyXOI0 MOJIOKa; S, — apaxucoBas nacra
¢ 10 % cmecn KOKOCOBOIM MyKH M CYXOro MOJIOKa; S,/ — apaxucoBas nacra ¢ 15 % cMech KOKOCOBOM MyKH M CyXOro MOJIOKa.

Table 1 shows the formulations of peanut butter with Table 2. Composition of milk powder
various ratios of coconut flour and milk powder.
The composition of the milk powder is presented

Tabnuna 2. XuMHYECKUN COCTAB CyXOTO MOJIOKA

in Table 2. Component/parameter Amount
Proximate composition analysis. The coconut flour, Protein, % 27
peanut powder, and peanut butter samples were ana- Milk fat (min), % 28
lyzed for moisture, protein, fat, ash, and carbohyd- Lactose, % 38
rate contents according to the methods of AOAC and Minerals, % 6
Momin et al. [14, 15]. Moisture (max), % 3
Viscosity. Viscosity was measured with a digital ro- Energy (per 100 g), kJ 2100

tational viscometer (NDJ-5S) to assess the flow beha-
vior and consistency coefficient of the formulated pea-
nut butter. The power law model was used to represent

the viscosity of non-Newtonian fluids. The apparent Oil Separation = x100 2)
viscosity was determined as a function of spindle speed

using the following formula [16]: Spreadability and firmness were measured accor-

ding to the method of Mohd. Rozalli et al. with some

pa =K (1/n)" (4nN)D (1) modifications [13]. A TA.HD PLUS texture analyzer

(Stable Microsystems, Surrey, UK) used a load cell of
where pa is the apparent viscosity, Pa-s; N is the spindle 5 kg with a conical TTC Spreadability Rig (HDP/SR)
speed, RPS; K is the Consistency coefficient, Pa-sn; n attachment (Stable Microsystems, Surrey, UK). The

is the Flow behavior index, dimensionless. weight and height of the machine were calibrated for

The procedure involved connecting the spindle, im- 5000 g and 25 mm, respectively. The measurement was
mersing it in the fluid, and recording dial readings at carried out at a test speed of 1.0 mm/s and a penetra-
different speeds. The flow behavior index (n) and con- tion depth of 25 mm. Each operation was conducted
sistency coefficient (K) were calculated by analyzing in triplicate. The color of the peanut butter samples was
the In(pa) values plotted against In(4zN). evaluated with a Chroma Meter (CR-400/410, Konica

Physical properties. The oil separation was obser- Minolta, Japan). The measurements were taken under
ved following the method of Radocaj ef al. with some illuminants *C and D65 using the LAB color space.
modifications [17]. Pre-weighted filter paper (A) was The color system applied L*, a*, and b* values, where L*
put on top of each sample (B). After 24 hours, filter represents lightness (100: white, 0: black), a* represents
papers were collected and weighed (C) to measure the redness (+)/greenness (—), and b* indicates blueness (—)
separated oil as a percentage. or yellowness (+). The tests were conducted in tripli-
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cate. The value of AE* was calculated using the fol-
lowing equation:

Color change (AE) = (L,~L)* + (a,-a)* + (b,~b)*]  (3)

Sensory analysis. All the peanut butter samples were
analyzed according to the method of Huq et al. [18].
Consumer preference was determined on a 1-to-9-point
hedonic scale from “Dislike extremely” to “Like extre-
mely.” Sensory properties such as color, flavor, and ove-
rall acceptability were evaluated by 15 semi-trained pa-
nelists.

Statistical analysis. The collected data on various
parameters were statistically analyzed using IBM SPSS
Statistics (IBM Corp., Armonk, N.Y., USA). The means
for all the treatments were calculated and analysis of
variance (ANOVA) for all the parameters was performed
by F—test. The significance of difference between the
pairs of means was compared by the least significant
difference (LSD) test at 5% significance.

Results and discussion

Proximate composition of peanut powder and
coconut flour. The proximate composition of peanut
powder and coconut flour is shown in Table 3. The moi-
sture, protein, fat, carbohydrate, ash, crude fiber, and
dry matter contents for peanut powder were 7.5, 24.6,
45.4,16.6,2.4, 3.2, and 92.4%, respectively. These re-

sults are consistent with those previously published by
Ayoola et al. [19]. Conversely, coconut flour included
4.2% moisture, 14.1% protein, 9.6% fat, 49.9% carbo-
hydrates, 8.6% ash, 13.4% crude fiber, and 95.7% dry
matter. The results are consistent with the findings repor-
ted by Sujirtha and Mahendran [20].

Proximate composition of peanut butter. The pea-
nut butter samples, as well as commercial peanut but-
ter, were examined for their moisture, fat, ash, protein,
and total carbohydrate contents (Table 4).

Table 4 shows a progressive increase in the moisture
content of peanut butter, the highest value recorded in
the sample with 15% coconut flour. This rise in moisture

Table 3. Proximate composition of peanut
and coconut flour

Ta6nuua 3. [Ipubnnu3nTenbHbIil XUMUYECKUI cOCTaB
apaxucoBOW U KOKOCOBON MYKH

Components, % Peanut powder Coconut flour
Moisture content 7.50+0.12 4.20+0.15
Protein 24.60 +0.11 14.10+0.10
Fat 45.40+0.24 9.60+0.13
Carbohydrate 16.60 £0.10 49.90 +£0.32
Ash 2.40 +0.06 8.60 +0.12
Crude fiber 3.20+0.10 13.40 £0.10
Dry matter 92.40 £0.12 95.70 £0.15

Table 4. The effects of milk powder and coconut flour on the chemical composition of peanut butter

Tabnuna 4. BausiHue cyXxoro Mojoka 1 KOKOCOBOW MyKH Ha XUMHYECKHH COCTaB apaXxMCOBOM MacThl

Sample Moisture, % Protein, % Fat, % Ash, % Carbohydrate, %
C, 1.30£0.01* 25.10 £ 0.30* 51.10 £ 0.28* 2.50 +0.30° 20.10+0.11*
S, 2.30+0.02° 25.50 + 0.55° 46.30£0.19° 2.60 £0.55* 23.20£0.24°
S, 2.80+0.01¢ 26.40 £ 0.47° 4540+0.11¢ 2.80 +0.47¢ 23.30 +1.68°
S, 2.80+0.01¢ 26.70 + 0.36° 45.20 +£0.23¢ 3.10 £ 0.36° 23.20 +1.80°
S, 2.90 £ 0.02¢ 27.40 + 0.60° 44.40+£0.21¢ 2.80 = 0.60° 2340 £2.15°
S, 2.30+£0.01¢ 26.10£0.32% 45.60 £ 0.26¢ 3.50 £0.26* 23.50 + 1.84°
S, 2.30 +0.02¢ 26.90 + 0.30¢ 45.20 £ 0.29¢ 3.60 £ 0.30? 23.50 +£2.82°
S, 2.20+0.02f 27.60 £ 0.35¢ 4420 £ 0.22F 3.90+0.35° 23.50+3.07°
S, 2.60 +0.01¢ 25.50+0.31¢ 46.90 +0.07¢ 2.60 +£0.18° 22.90 +1.09°
S, 2.80+£0.01" 26.23 +0.40¢ 4730 +0.18" 2.80 + 0.40° 22.10 £2.29°
St 3.10+0.01 26.80 + 0.32¢ 47.90 + 0.04! 2.90 +0.32° 21.60 +3.13°

Note: Values are expressed as mean + standard deviation of three replicates. Values with the same superscript within column indicates no
significant difference (p > 0.05). C,— Commercial sample; S, — Control sample; S, — Peanut butter with 5% coconut flour; S, — Peanut butter
with 10% coconut flour; S, — Peanut butter with 15% coconut flour; S, — Peanut butter with 5% milk powder; S, — Peanut butter with 10%
milk powder; S, — Peanut butter with 15% milk powder; S, — Peanut butter with 5% mixture; S, — Peanut butter with 10% mixture; and
S,,— Peanut butter with 15% mixture.

IIpumeuanue: Bee 3HaUEHUS MPEICTABICHBI KaK CPEIHEE 3HAYCHUE TPEX MOBTOPHBIX SKCIEPUMEHTOB + CTaHJAPTHOE OTKJIOHEHHUE. [aHHbIE
C O/IMHAKOBBIM BEPXHUM HHJEKCOM B OJIHOM CTOJIOLE CYLIECTBEHHO He paszinuyatorces (p > 0,05).

C, — komMmepueckuii 00pasen; S, — KOHTPONBHBIN 00pasen; S, — apaxucopas nacta ¢ 5 % KOKOCOBoH Mykn; S, — apaxucosas nacta ¢ 10 %
KOKOCOBOH MykH; S, — apaxucoBas nacra ¢ 15 % KOKOCOBOH MyKH; S, — apaxucoBas 1macta ¢ 5 % CyXoro Mojioka; S, — apaxucosas nacra ¢ 10 %
CyXOro MoJjioKka; S, — apaxucosas nacra ¢ 15 % cyxoro moinoka; S, — apaxucosas nacra ¢ 5 % cMecu KOKOCOBO# MYKH H CYXOro MOJIOKa; S, —
apaxucosas nacra ¢ 10 % cmecu KOKOCOBOH MyKH M CyXOro MOJIOKa; S,/ — apaxucoBast nacra ¢ 15 % cMecr KOKOCOBOH MYKH M CYXOr0 MOJIOKA.
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can be ascribed to the elevated protein content, which
augments the water retention ability of peanut butter
with substantial amounts of coconut flour. The moisture
content of peanut butter exhibited a progressive drop
from 2.3 to 2.2% when the amount of milk powder ad-
ded increased from 5 to 15%. The combination of coco-
nut flour and milk powder in the peanut butter lead to a
progressive increase in moisture. The moisture content
in the commercial peanut butter (C) was 1.3%, which
was lower than that in the control sample (2.3%).

As can be seen in Table 4, incorporating coconut
flour into peanut butter (0 to 15%) enhanced the protein
content from 25.1 to 26.7%, with the lysine content also
increasing, thereby improving its nutritional profile. Ad-
ding milk powder (5 to 15%) to peanut butter incremen-
tally raised the protein level from 26.1 to 27.6%. A mix-
ture of coconut flour and milk powder in peanut butter
yielded a protein content between 25.5 and 26.8%, similar
to the control and commercial samples.

The fat content in peanut butter decreased as the
substitution level of coconut flour increased, ranging
from 46.3 to 44.4%. Similarly, the partial substitution
of milk powder decreased the fat content in peanut but-
ter from 45.6 to 44.2%. However, the mixture of milk
powder and coconut flour added to peanut butter incre-
ased its fat content from 46.9 to 47.9%. According to
our analysis, the commercial peanut butter (C,) had the
highest fat content at 51.1%, while the sample with 15%
milk powder (S,) had the lowest fat content at 44.2%.

The ash content, indicative of mineral content, in-
creased from 2.6 to 2.8% with coconut flour additions
and from 3.5 to 3.9% with milk powder supplementa-
tion. This upward trend may be attributed to a higher
mineral content in coconut flour compared to peanut.
The combination of coconut flour and milk powder rai-
sed the ash content from 2.6 to 2.9%. The commercial
peanut butter (C,) had the lowest ash content at 2.5%,
while the sample with 15% milk powder (S,) had the
highest ash content at 3.9%. The control sample had
an ash content of 2.5%.

The carbohydrate content varied with ingredient adjust-
ments, increasing from 23.2 to 23.4% with coconut flour
supplementation and rising slightly in the samples with
milk powder. However, the combination of coconut flour
and milk powder led to a decrease in total carbohydrates.
The peanut butter with 15% milk powder had the highest
carbohydrate content at 23.5%, whereas the commercial
sample had the lowest at 20.1%. These results align with
the research conducted by Mazaheri-Tehrani et al. on
peanut butter fortified with soy-flour, Ozcan and Seven
on peanut varieties from seven cultivars, and Yeh et al.
on peanut spread fortified with protein, vitamins, and
minerals [21-23].

Physical analysis. Flow behavior. We investigated
the flow behavior of the developed and commercial pea-
nut butter samples, focusing on the effects of coconut
flour and milk powder supplementation (Table 5).

Pseudoplasticity character was observed in all samp-
les. Statistical analysis revealed significant differences
(p <0.05) in the flow-behavior index (n) and consistency
coefficient (K) between treatments, control, and commer-
cial samples. The control peanut butter had an n value of
0.11, while the commercial sample had an n value of 0.06.
The increasing addition of coconut flour resulted in a rise
in the flow-behavior index (n), indicating an increase
in the pseudoplasticity of the peanut butter formulation.
In contrast, the inclusion of milk powder resulted in a
gradual reduction in the flow-behavior index, indicating
a drop in pseudoplasticity. The inclusion of milk pow-
der resulted in enhanced sensory qualities, as shown by

Table 5. The effects of coconut flour and milk powder
supplementation on the flow behavior of peanut butter

Tabnuna 5. BausiHie KOKOCOBOM MYyKH U CYXOT'0 MOJIOKa
Ha CBOMCTBA TEKY4YECTH apaxuCOBOW MaCTh

Sample Flow behavior Consistency
index (n) coefficient (K), Pa-s"
C, 0.06f 112.932
S, 0.11¢ 101.33¢
S, 0.17¢ 88.88¢
S, 0.19° 83.78f
S, 0.24° 77.43¢
S, 0.134 98.35¢
S, 0.11¢ 103.85¢
S, 0.10¢ 108.92°
S, 0.144 96.49¢
S, 0.16¢ 90.404¢
S, 0.19° 81.86"

Note: The values are expressed as mean + standard deviation of three
replicates. The values with the same superscript within a column have
no significant difference (p > 0.05). The same letters within the column
for the behavior index and consistency coefficient indicate no significant
difference (p < 0.05).

C, — Commercial sample; S1 — Control sample; S, — Peanut butter
with 5% coconut flour; S, — Peanut butter with 10% coconut flour;
S, — Peanut butter with 15% coconut flour; S, — Peanut butter with 5%
milk powder; S, — Peanut butter with 10% milk powder; S, — Peanut
butter with 15% milk powder; S, — Peanut butter with 5% mixture;
S, — Peanut butter with 10% mixture; and S, — Peanut butter with
15% mixture.

IIpumeuanne: Bee 3HaueHUs NPEACTABICHEI KaK CpeHEe 3HAUCHHC
TpeX IOBTOPHBIX SKCIIEPUMEHTOB + CTaHIapTHOE OTKJIOHeHHUE. JlaHHbIe
C OJIHAKOBBIM BEPXHUM HHJIEKCOM B OJJHOM CTOJIOLE CYIIECTBCHHO He
paznuuatotes (p > 0,05). CoBnagenue OykB B cTONONE Ui MHACKCA
TEKy4eCTH 1 KO3 (UIMEHTA COrITaCOBAHHOCTH YKa3bIBAIOT HA OTCYT-
CTBHE CyIIeCTBeHHOH pasHums! (p < 0,05).

C, — kommepueckuii obpasen; S, — KOHTpONbHBIN 00pasen; S, — apa-
XHCOBas macra ¢ 5 % KOKOCOBOH MyKu; S, — apaxucoBas nacra ¢
10 % xoxocoBoii Myku; S, — apaxucosas nacra ¢ 15 % KoKocoBoi
MyKH; S, — apaxucoBas 1macra ¢ 5 % CyXoro MoJoka; S, — apaxucosas
nacra ¢ 10 % cyxoro mosioka; S, — apaxucoBas nacra ¢ 15 % cyxoro
MOJIOKa; S, — apaxucoBas 1macra ¢ 5 % CMeCH KOKOCOBOH MyKH M
CyXoro mojioka; S, — apaxucoas nacta ¢ 10 % cmecu KOKOcOBOH
MyKH M CYXOr0 MOJIOKa; S/ — apaxucoBas nacra ¢ 15 % cmecu Koko-
COBOI MYKH U CyXOTO MOJIOKA.
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sensory evaluations. When a mixture of coconut flour
and milk powder was incorporated, the flow behavior
index values resembled those of the control sample.
The consistency coefficient (K) ranged from 77.4 to
108.9 Pa-sn for the formulated peanut butters, compared
to 101.3 Pa-sn for the control sample and 112.9 Pa-sn
for the commercial sample. Addition of coconut flour
decreased the consistency coefficient, while addition of
milk powder increased it. The combination of coconut
flour and milk powder resulted in gradually increasing
consistency coefficients with incremental additions of
the mixture. The data indicate that coconut flour intensi-
fies pseudoplasticity, improving its propensity to spread,
whereas milk powder reduces pseudoplasticity, which
may affect sensory characteristics. Coconut flour and
milk powder can be combined in an optimum manner
to obtain the appropriate flow behavior and consistency
in peanut butter compositions.

Texture and color. All the peanut butter samples
were evaluated for their textural properties (oil separation,
spreadability, and firmness), as well as color (Table 6).

As can be seen, the samples supplemented with coco-
nut flour (5 to 15%) exhibited a significant increase in
oil separation, from 2.1 to 2.3%. Conversely, the use of
milk powder lessened the rate of oil separation. Adding
a mixture of coconut and milk powder decreased oil se-
paration (Table 6). The results demonstrate that milk
powder has a superior ability to retain oil compared to

coconut flour. Aryana et al. supplemented peanut butter
with 0, 1.5, 2, and 2.5% palm oil and found oil separation
at 4.95, 4.86, 3.98, and 5.51%, respectively [24]. The
separated oil gets rancid and deteriorates the quality of
peanut butter. Our findings are consistent with those
reported by Ferdaus ef al., who assessed natural waxes
as stabilizers for peanut butter, and those reported by
Winkler-Moser et al., who evaluated beeswax, candelilla
wax, rice bran wax, and sunflower wax as alternative
stabilizers for peanut butter [25, 26].

According to Table 6, the use of coconut powder
(5 to 15%) resulted in increased spreadability and firm-
ness of peanut butter. The addition of milk powder resul-
ted in contrasting changes in spreadability and stiffness.
The combination of coconut flour and milk powder im-
proved the spreadability and firmness of the samples,
with an increase ranging from 7.3 to 7.4% and from
13.7 to 13.9%, respectively. The spreadability of the
experimental samples was greater than that of the con-
trol sample and the commercial peanut butter. These
results align with the findings of Ferdaus et al. in their
evaluation of natural waxes as stabilizers for peanut
butter, as well as with the research conducted by Mohd.
Rozalli et al. on the quality variations of stabilizer-free
natural peanut butter during storage [13, 25].

Finally, there was a noticeable variation in color ac-
ross the different samples. The AE color parameter was
assessed in relation to the commercial peanut butter. The

Table 6. Textural properties of peanut butter

Tabnuna 6. TekcTypHbIC CBOMCTBA apaXxuCOBOW MaCThI

Sample Oil separation, % Spreadability, NS Firmness, N Color AE

C, 1.90 £0.13° 7.10 £ 0.46" 12.90 £ 0.33% -

S, 2.10£0.17® 7.20 £ 0.34% 13.60 £ 0.62% 2.70 £ 0.23f
S, 2.10 £0.22%® 7.50 +£0.13%® 13.90 £ 0.95° 430+0.27«
S, 2.20+0.16® 7.70 £1.12% 1440 £1.21% 5.80 £0.42¢
S, 2.30 +£0.25° 7.90 +£0.13¢ 14.80 £0.71¢ 7.50 £0.61°
S, 2.10£0.17% 7.10 £ 0.78% 13.60 £ 0.62% 4.50 £ 0.85¢
S, 2.10£0.13® 7.10 £0.12b¢ 13.10 £ 0.33¢ 7.40 £ 1.12%
S, 2.10+0.37° 6.80 + 0.46° 1290 £1.21¢ 10.90 £ 0.85¢
S, 2.10 £0.22® 7.30 £0.53% 13.70 £ 0.95b 3.20£0.61¢
S, 2.10+£0.37% 7.40 £ 0.34® 13.70 £0.71% 5.20 £0.23%
Si 2.10 £ 0.09% 7.40 £0.78® 13.90 £ 0.62% 7.20 £ 0.42%

Note: The values are expressed as mean + standard deviation of three replicates. The values with the same superscript within a column have
no significant difference (p > 0.05). C, — Commercial sample; S — Control sample; S, — Peanut butter with 5% coconut flour; S, — Peanut
butter with 10% coconut flour; S, — Peanut butter with 15% coconut flour; S, — Peanut butter with 5% milk powder; S, — Peanut butter with
10% milk powder; S, — Peanut butter with 15% milk powder; S, — Peanut butter with 5% mixture; S, — Peanut butter with 10% mixture; and
S,, — Peanut butter with 15% mixture.

IIpumeuanue: Bee 3HaUEHUS MPEICTABICHBI KaK CPEIHEE 3HAYCHUE TPEX MOBTOPHBIX SKCIEPUMEHTOB + CTaHJAPTHOE OTKJIOHEHHUE. [aHHbIE
C O/IMHAKOBBIM BEPXHUM HHJEKCOM B OJIHOM CTOJIOLE CYLIECTBEHHO He paszinuyatorces (p > 0,05).

C, — komMmepueckuii 00pasen; S, — KOHTPONBHBIN 00pasen; S, — apaxucopas nacta ¢ 5 % KOKOCOBoH Mykn; S, — apaxucosas macta ¢ 10 %
KOKOCOBOH MykH; S, — apaxucoBas nacra ¢ 15 % KOKOCOBOH MyKH; S, — apaxucoBas 1macra ¢ 5 % CyXoro Mojioka; S, — apaxucosas nacra ¢ 10 %
CyXOro MoJjioKka; S, — apaxucosas nacra ¢ 15 % cyxoro mMoinoka; S, — apaxucosas nacra ¢ 5 % cMecu KOKOCOBO# MYKH H CyXOro MOJIOKa; S, —
apaxucosas nacra ¢ 10 % cmecu KOKOCOBOH MyKH M CyXOro MOJIOKa; S,/ — apaxucoBast nacra ¢ 15 % cMecu KOKOCOBOH MYKH M CYXOr0 MOJIOKA.
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control sample (S,) had a significantly lower AE value
of 2.75, which increased as more coconut powder was
added. Comparable patterns were observed for peanut
butter that was enhanced with milk powder, as well as
with a combination of coconut flour and milk powder.
The increased AE signifies a greater degree of color vari-
ation against the reference, indicating changes in sen-
sory properties. Larger quantities of coconut flour and
milk powder in the samples enhanced both their light-
ness and whiteness. Conversely, smaller amounts of these
supplements reduced the lightness and whiteness para-
meters. These findings emphasize the capacity of these
components to improve the visual characteristics of pea-
nut butter.

Sensory properties. The peanut butter samples sho-
wed significant differences in color (Table 7). Sample S
had the highest mean score of 8.0, suggesting that it was
‘liked very much’. There were no significant color dif-
ferences among samples S_, S,, S, S, S,, S,,and S,
with the scores ranging from 6.8 to 7.5 (‘like modera-
tely’). The control (S,), commercial sample (C)), and
sample S, (5% coconut flour) earned the lowest scores
of 6.6, 6.0, and 6.9, respectively, suggesting that they
were ‘liked slightly’.

Regarding flavor preference, significant differences
were observed among the samples (p < 0.05). Sample
S,, obtained the highest mean score of 8.0 (‘like very
much’). No significant differences in flavor were found
among samples S, S, S, S,, S, S, S, and S, with the
scores ranging from 6.4 to 7.6 (‘like moderately”). The
commercial sample (C)) obtained the lowest score of
5.7 (‘like slightly’). Sample S, (15% mixture) achieved
the highest mean score of 8.0 (‘like very much”).

No significant differences in overall acceptability
were found among samples S_, S, S, S_ and S,, with
the scores ranging from 6.7 to 7.5 (‘like moderately’).
Samples S, S,, S,, and S, obtained scores of 6.3, 6.4,
6.5, and 6.4, respectively (‘like slightly”). The commercial
sample (C)) was given the lowest score of 5.6 (‘neither
like nor dislike’).

Conclusion

We analyzed the chemical compositions of peanuts
and coconut flour, as well as the variations of peanut
butter developed using these ingredients. In particular,
we determined their moisture, protein, fat, carbohydrate,
ash, and crude fiber contents. According to the results,
the addition of coconut flour increased the moisture con-
tent in peanut butter, while the addition of milk powder
decreased it. The protein content increased in the samples
with a mixture of coconut flour and milk powder. The fat
content decreased with increasing coconut flour supple-
mentation but was unaffected by the mixture of coconut
flour and milk powder. The carbohydrate content incre-
ased in all the treatments. The ash content increased in
the peanut butter supplemented with coconut flour and
a combination of coconut flour and milk powder. The

Table 7. Sensory evaluation of peanut butter samples

Tabnuna 7. OpraHonenTuyeckas OneHKa 00pa3oB
apaxucoBOil macTel

Sample Flavor Color Taste Overall
acceptability
C, 5.74 6.0° 5.6¢ 5.6¢
S, 6.9 6.6 7.2 6.3
S, 6.9% 6.9% 6.4 6.5¢
S, 7.8 7.1%® 7.38e 6.6
S, 7.2 7.2 7.280¢ 6.4
S, 6.4 7.3%® 7.78e 6.7%
S, 6.8 7.5%® 6.9 6.7%
S, 7.2 8.0° 7.6 7.0v¢
S, 7.3%® 6.8 Tabe 7.5%®
S, 7.6 7.1%® 7abe 7.1%¢
Si 8.0 7.1%® 8.0° 8.0°
LSD 0.42 0.46 0.51 0.41

Note: The values are expressed as mean + standard deviation of three
replicates. The values with the same superscript within a column have
no significant difference (p > 0.05).

Cl — Commercial sample; S1 — Control sample; S2 — Peanut butter
with 5% coconut flour; S, — Peanut butter with 10% coconut flour;
S,— Peanut butter with 15% coconut flour; S, — Peanut butter with 5%
milk powder; S, — Peanut butter with 10% milk powder; S, — Peanut
butter with 15% milk powder; S, — Peanut butter with 5% mixture;
S, — Peanut butter with 10% mixture; and S/ — Peanut butter with
15% mixture.

ITpumeuanue: Bee 3HaueHNs NPEACTABICHBI KaK CPeHEE 3HAYCHHE
TpeX MOBTOPHBIX AKCIICPHIMEHTOB + CTaHIAapTHOE OTKIOHEeHHe. [laHHbIe
C OJMHAKOBBIM BEPXHHUM HHJCKCOM B OJHOM CTOJOLE CYIIECTBEHHO
He pasiuuatores (p > 0,05).

C, — KomMmepueckuii obpasen; S, — KOHTpoOJIbHBIN 00pasel; S, — apa-
XHCOBas macta ¢ 5 % KOKOCOBOH MyKH; S, — apaxucoBas nacra ¢
10 % xokocoBoit Myku; S, — apaxucosas nacra ¢ 15 % kokocoBoi
MyKH; S, — apaxucoBasi rmacra ¢ 5 % CyXoro MoJoka; S, — apaxucosast
nacra ¢ 10 % cyxoro mosioka; S, — apaxucosas macra ¢ 15 % cyxoro
MOJIOKa; S, — apaxucoBas nacra ¢ 5 % cMecH KOKOCOBOH MyKH H Cy-
XOro MoJioka; S, — apaxucosas nacra ¢ 10 % cMecn KOKOCOBOH MyKH
1 CyXOro MOJIOKa; S,/ — apaxucoBas nmacra ¢ 15 % cmecu KoKocoBOH
MYKH H CyXOro MOJIOKA.

sample with 15% mixture was the most highly accep-
table, while the sample with 15% milk powder had the
highest color preference score. The developed peanut
butter variations had superior color, flavor, and taste
compared to the commercial and control samples. Thro-
ugh systematic experimentation and analysis, our study
provides valuable insights into the formulation of fortified
peanut butter with improved nutritional quality and sen-
sory appeal. Such knowledge can empower food manu-
facturers to develop healthier and more appealing pro-
ducts that cater to evolving consumer preferences and
dietary requirements.
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3asgBJIeHHe 00 D THKE
[porieaypa opraHoIenTHYCCKOM OICHKH IPOBEICHA B
COOTBCTCTBUU C yCTaHOBHeHHbIMI/I STUYCCKUMU HpaBI/I-

JIaMu, a TakXKe MpeaycMaTpuBaja MPeJoCTaBIeHIe HHPOP-
MHPOBaHHOTO TTMCEMEHHOTO COTIIACHS OT Ka)KI0T0 y9acT-
Huka. B banrnazen s npoBeieHUs OpraHoJIeNTHYECKON
OIICHKH He TpedyeTcst 0M00peHns KOMUTETa 0 ATHKE [27].

Kpurepuun aBropcrBa

Bce aBTOpEI BHECIN paBHBIN BKJIAJ B HCCIICAOBAHNE
1 HECYT PaBHYIO OTBETCTBEHHOCTH 32 HH(OPMAIIHIO, OITy-
OJIMKOBaHHYIO B IAHHOW CTaThe.

Konduankr narepecon

ABTOpBI 3asiBUJIM 00 OTCYTCTBUHU IOTEHLIUAIBHBIX
KOH(JIMKTOB MHTEPECOB B OTHOILICHUH MCCIICIOBAHUS,
aBTOPCTBA ¥ / WJIM MyOJIMKAIK JAHHOM CTaThH.

BaarogapHocTH

ABTOpBI BBIPAXKAIOT OJIAr0IAPHOCTH Kadeape muiie-
BBIX TEXHOJIOTHI U CEJIbCKOXO035HCTBEHHON MTPOMBIIILICH-
HOCTU baHTnmanenickoro cebcKOX03sHCTBEHHOTO YHU-
BEepCHUTETA 3a MPEIOCTABICHHE Ja0OpaTOPHOro 000py-
JIOBaHMSI.
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