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Abstract: Walnut pellicle is a layer of film wrapped around the surface of the walnut kernel. The walnut pellicle is rich in
tannin compounds, which can react with salivary proteins to produce a bitter and astringent taste, affecting the taste of
walnuts. Consequently, the walnut pellicle is typically discarded as waste during food processing. The paper reviews the
composition of polyphenolic compounds in the walnut pellicle, mainly including more than 110 kinds of phenolic compounds
such as tannins, flavonoids, and phenolic acids; as well as the progress of research on the functional activities in various
fields, including inflammation protection, hypolipidemic, antimicrobial, antitumor, and anti-aging, and other five aspects of
bioactivity; and finally, elaborates on the interaction between the polyphenolic compounds of the walnut pellicle and walnut
proteins, and the possibility that de-phenolization might reduce the structural properties of walnut proteins during

processing.
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1 Introduction

Walnuts are among the four highly consumed nuts in the
world". China is one of the world’s largest walnut producers,
accounting for around 25% of the world’s output”. Many clinical
studies have shown that eating walnut kernels can reduce the
prevalence of cardiovascular diseases, coronary heart disease,
hypertension, cognitive impairment, and cancer”. Its beneficial
biological properties mainly come from the abundance of
unsaturated fatty acids" and phenolic compounds®. Numerous
studies have highlighted that the walnut pellicle is a crucial source
of phenolic compounds'®.

The thin layer that surrounds the kernel of a walnut is called the
walnut pellicle. It typically has a yellow or light yellow color, but
can also be purple or other shades. Within this layer, you can find
a variety of nutrients including phenolic acids, flavonoids, lipids,
tannins, amino acids, organic acids, alkaloids, lignans, and
coumarins. Researchers, such as Rong Ruifen and colleagues, have
conducted analyses on the nutrients found in walnut pellicles.
They discovered that within every 100 g of walnut pellicles, there
are 11.03 g of protein, 7.74 g of carbohydrates, and 20.20 g of fats.
Mineral elements such as phosphorus, zinc, and calcium are also
present in the pellicles with contents of 442.00, 29.20 and
23.20 mg/100 g, respectively. Interestingly, the contents of VB,
phosphorus, and zinc in pellicles were 1.37, 1.50, and 13.46 times
higher than those found in the kernel, respectively. Research
shows that over 90% of the polyphenols and flavonoids in walnuts

are primarily concentrated in the walnut pellicle”, and the total
phenols and flavonoid contents were 1.038 and 0.744 g/100 g
respectively, which is 12.51 and 1.78 times higher than the
contents found in the kernel. it is shown that walnut pellicle has
high nutritional and health values. Figure 1 shows the main
biological activities of the walnut pellicle.

Trandafir et al¥. investigated the antioxidant activity of walnut
kernels and walnut pellicles of 12 genotypes and showed that the
total phenolic content of the walnut kernel is between 11.31 and
2892 mg GAE/g, and the total phenolic content of the walnut
pellicle is between 115.25 and 338.33 mg GAE/g. Anderson et al”.
demonstrated that the total phenol content of walnut in 50 g was
approximately equivalent to 240 mL apple juice, and 150 mL red
wine. From this, it can be seen that walnut pellicles are rich in
phenolic species and high in content. It is easy to extract phenolics
from walnut pellicles. Studies have shown that 80% methanol and
70% ethanol can extract most of the soluble free phenolic acids,
soluble esterified phenolic acids, and insoluble bound phenolic
acids in the walnut pellicle.

The antioxidant properties and bioactivity of walnut pellicle are
widely recognized by researchers. Studies have shown that the
polyphenol extract derived from walnut pellicles can aid in the
prevention of diseases such as obesity, hepatic steatosis, and
diabetes. This is achieved by regulating ecological imbalances,
reducing inflammation, and boosting energy expenditure.
Moreover, the extract is effective in inhibiting colitis. Seong-Joon
Koh’s evaluation of the extract, using cellular and mouse models,
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Figure1 Different parts of the walnut.

demonstrated a significant reduction in NF-kB signaling in two
models of colitis. These positive findings indicate that walnut
pellicle extract holds immense potential for treating inflammatory
bowel disease!"”.

During food processing, the unpleasant taste of walnuts is
caused by walnut pellicle phenols reacting with salivary proteins
which produce a bitter and astringent flavor. As a result, walnut
pellicles are often removed as waste material. It is necessary to
explore the exploitation of walnut pellicles due to their nutritional
activity and extraction efficiency of phenolic substances. However,
a comprehensive understanding of the compound makeup and
functional properties of walnut pellicles is currently lacking. As a
result, this paper seeks to consolidate information on the chemical
composition of polyphenols and the associated biological activity
of walnut pellicles. By doing so, this paper aims to establish a
foundation for the development and proper utilization of walnut
pellicle resources.

The walnut pellicle is the part of the walnut with the highest
content of phenolic compounds!'"’. The total phenolic content in
the walnut endodermis is 2—3 times that in the walnut blossoms
and partition wood”. In addition, Table 1 shows the types of
polyphenol compounds contained in the walnut pellicle. Table 2
shows more than 3,000 times that of the walnut shell, more than
140 times that of the walnut green peel, 12 times that of the kernel,
and 6 times that of the leaves”.

The current study identified over 110 phenolic compounds in
walnut pellicles”, including tannins, flavonoids, phenolic acids,
and quinones™”. The extraction method used significantly affects
the polyphenolic composition of walnut pellicles, leading to
potential deviations in identification results. Table 3 displays the
variation in polyphenol and flavonoid levels among various
extraction techniques. The data reveals that different organic
solvents, material-liquid ratios, and extraction durations can lead
to significant differences in the types and amounts of extracted
compounds.

2.1 Tannin compound

Tannin compounds in walnut pellicles are classified into
condensed and hydrolyzed forms"®. Hydrolyzed tannins can be
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classified as gallotannins and ellagitannins. Gallotannins mainly
consist of polyols like gallic acid or intermediate metabolites of
gallic acid such as catechuic acid and triterpenes; ellagitannins are
a type of ester tannins that are created when two gallic acid
monomers are linked by a C-C bond and combined with a
polyol. Essentially, ellagitannins form when two gallotannic acid
monomers combine to create ester tannins, and they have a
unique chemical structure that sets them apart from other
tannins!"”,

The walnut pellicles contain a large amount of ellagitannins,
which are a type of tannin compound. Regueiro™ conducted a
study using HPLC to analyze the phenolic compounds found in
walnut kernels with pellicles. He identified 120 phenolic
compounds and 89 ellagitannins and their glycosides. It was
confirmed that ellagitannins are the most abundant compounds
found in walnut kernels. Medic"” used HPLC to identify that the
walnut pellicle contained 19 ellagitannins, while the kernel had
only one type of condensed tannin.

Qualitative analysis of tannins typically involves identifying
neutral losses of glucose and ellagic acid groups'®. The structures
of some ellagitannins are shown in Fig. 2. Zhang et al.”' identified
a total of 12 tannins in walnut pellicles by HPLC-MS/MS, and all
of them were ellagitannins ((+)-catechin, mono-galloyl-glucose,
methylgalloyl-hexyl glucoside, HHDP-glucose isomers, digalloyl
galloyl-glucose, epigallocatechin, galloyl-HHDP-glucose, trigalloyl-
glucose, bis-HHDP-glucose, tetragalloyl-glucose, galloyl-bis-
HHDP-glucose, and trigalloyl- HHDP-glucose); and two species of
bis-HHDP-glucose were identified in walnut pellicles by Medic"”,
galloyl-HHDP-glucose3, tri-galloyl- HHDP-glucose4, bis-galloyl-
HHDP-glucose3, castalagin3, bis-HHDP-glucose derivative, and
two galloyl-bis-HHDP-glucose. The results of the characterization
of the two individuals in the tannins were different, which may be
mainly due to the different extraction conditions. Zhang et al.”’
used 70% methanol and ultrasonic enzyme-assisted extraction of
the compounds from walnut pellicles, while Medic"” used pure
methanol vortex extraction. From the results, the latter extraction
was significantly higher than the former, especially for vescalagin
up to 30 mg/g, but with less variety of compounds extracted. The
reason for this may be due to the similar solubility of the
compounds. The organic solvent selected later is less polar, so it
has good solubility for less polar tannins, but large polar tannins
may not be solubilized.

Numerous studies have revealed that ellagitannins undergo
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Table1 Phenolic compounds identified and quantified in walnut pellicle

Measured

Found Retention

Phenolic

Formula mass (m/2) time (min) MS/MS fragments Compound identification contents (ug/g) Reference
Phenolic acids
C,,HO, 153.019,6 3.15 109.03, 81.03 Protocatehuic acid 4.10 [5]
CyHO, 179.035,2 4.26 135.01, 107.01 Caffeic acid 6.40 [5]
CoH 05 197.045,7 8.87 182.02, 167, 153, 138.87, 123.01 Syringic acid 15.48 [5]
C,,H¢Oq 300.999,3 12.17 300.01, 284.02, 257.03, 179.05, 151 Ellagic acid 1094.96 [5]
C,;H(O4 168.99 0.939 125,79.1 Gallic acid 17.67 [6]
CgH O, 163.040,1 9.14 119.05, 93.04 p-Coumaric acid 4.51 [5]
CioH,00, 94.057,91 7.03 193.051 Ferulic acid isomer 211.43 [5]
CyH,40, 355.01 1.426 180.9, 145.1 Chlorogenic acid 45.82 (6]
C,;H,,05 222.99 1.916 208.1, 149.1 Sinapic acid 2.26 [6]
C,H,,0¢ 191.056,1 0.79 117.04, 93.03, 85.03 Quinic acid 44.53 [5]
Ci6H 504 337.092,7 8.78 173.04, 163.04, 119.05, 93.03 Coumaroylquinic acid 12.11 [5]
C,0H 40y, 433.041,4 11.58 301.02, 300.01, 257.03, 229.03 Ellagic acid pentoside isomer 240.47 [5]
CoH;s0,  481.062,1 1.02 301, 275.01, 257.07, 229 HHDP-glucose isomer 195.93 [5]
C,sH,,046 615.099,6 11.48 301, 300.08, 271.04, 169.01, 125.02 Quercetin galloylhexoside isomer 3.36 [5]
CgH O, 167.034,27 1.361 123.044, 139.003 Hydroxymandelic acid - [13]
C13H 604 331.067,60 2.073 169.014, 125.023, 271.046, 211.025 Gallic acid hexoside - [13]
Ci3H 600 315.072,81 2.699 108.021, 152.011 Protocatechuic acid-O-hexoside - [13]
CHyO,  169.049,51 3.749 111.044, 6155 '?.?)93’;2953'.%63% 169.050, Isovanillic acid - [13]
C¢H 504 353.088,32 3.971 191.056, 135.044, 179.034 Neochlorogenic acid - [13]
C3H,50 299.077,67 4.470 137.024 Hydroxybenzoyl hexoside - [13]
CHO;  137.023.48 4911 93.033, 108.021, 137.024 p-Hydroxybenzoic acid - [13]
CHpOy  321.025,39 4.930 169.014, 125.024 M-Digallate - [13]
CsH0, 167.034,27 5.102 152.011, 108.021, 123.044 Vanillic acid - [13]
C6H s0g 337.093,44 5.175 163.039, 119.049, 173.045, 93.033 3-p-Coumaroylquinic acid - [13]
C;sH,504 325.093,41 6.177 265.072, 1221(()):91” 11?35%;99’ 205.050, Coumaric acid hexoside isomer - [13]
CiH,0,  163.075,30 6.185 131.049, 103.055, 163.075 Methyl cinnamate - [13]
CH,05 225.075,91 6.205 175.039, 91'033:7.111091'049’ 147.044, Sinapinic acid - [13]
C,H 304 329.088,35 6.571 167.034, 123.044 Vanillic acid hexoside - [13]
CyHsO013  463.052,98 6.953 300.999, 301.072 Ellagic acid hexoside isomer - [13]
CoH,,0, 181.050,02 7.085 166.027, 151.003, 123.008 Syringaldehyde - [13]
CyHgO4 163.039,32 7.135 119.049, 93.033 O-Coumaric acid - [13]
CoH4,0p,  433.041,99 7.527 299.992, 301.000, 229.014 Ellagic acid pentoside isomer - [13]
CoH 05 167.070,22 7.874 167.070, 123.044, 149.096, 121.029 Ethyl paraben - [13]
CyH,,0; 165.054,98 7.878 121.029, 108.021 Hydroxyphenylpropionic acid - [13]
CyoH,,04 193.050,16 8.356 175.039, 147.044, 178.027, 131.049 Ferulic acid - [13]
C, Hi3s013  477.060,06 8.502 299.992, 315.016 Methyl ellagic acid hexoside - [13]
C,5H,004¢ 359.098,94 12.186 197.045 Syringic acid hexoside - [13]
- 391 301, 257, 229, 185 Ellagic acid derivative 1 84+03 [17]
- 907 14.59 783,301, 257, 229, 185 Ellagic acid derivative 2 20.3+0.1 [17]
- 935 16.9 633, 301, 257, 229, 185 Ellagic acid derivative 3 31.1+£0.8 [17]
- 446 17.89 301, 257, 229, 185 Ellagic acid derivative 4 12.1£0.2 [17]
- 485 18.07 301, 257, 229, 185 Ellagic acid derivative 5 154+0.3 [17]
- 466 18.58 301, 451, 257, 229, 185 Ellagic acid derivative 6 375+0.7 [17]
- 542 21.3 451, 466, 301, 257, 229, 185 Ellagic acid derivative 7 179+ 0.4 [17]
- 529 22.53 467, 457, 391, 301, 257, 229 Ellagic acid derivative 8 149 £ 0.5 [17]
- 542 24.19 466, 301, 257, 229, 185 Ellagic acid derivative 9 9.2+0.3 [17]
Flavonoid

CysH33015 865.199,52 5.199 125.024, 289.072, 407.078, 151.039 B-type procyanidin trimer isomer - [13]
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(Continued)
Formula Measured Fou.nd Rete.ntlon MS/MS fragments Compound identification Phenolic Reference
mass (m/z) time (min) contents (ug/g)
123.044, 125.024, 203.071, 137.024, . .
CsH,40¢ 289.072,24 6.342 30 > 0151 0(3); 071, 157.0 (-)-Epicatechin - [13]
CyuHp0,  465.104,03 6.920 285.041 Quercetin-3 1‘; (g)itcrtof’ yranoside - [13]
C,H ;305 441.083,65 7.384 245.082, 125'022045’ 323'071’ 151.039, (-)-Epicatechin 3-O-gallate - [13]
CyHy013 479.083,34 7.696 316.023, 317.031 Myricetin-O-hexoside - [13]
C,;Hy;0y3  481.097,05 7.802 319.045, 153.018, 85.029, 91.039  Myricetin-3-O-f-D-galactopyranoside - [13]
.028, 301.036, 271.025, 169.014, . sq s
CysH,,046 615.100,04 8.121 300028, 30 013265 OZ 4 025,169.0 Quercetin galloyl hexoside isomer - [13]
CyHyO,  463.089,39 8.779 271.025, 151.003, 178.998 Myricitrin . [13]
CyHp,0,,  449.109,10 9.040 125.023, 107.013, 303.051, 178.998 Astilbin isomer - [13]
CsH,0O¢ 287.054,99 9.116 153.018, 121.029, 241.050 Kaempferol - [13]
CsH,,O¢ 285.040,68 9.153 175.039, 133.029, 151.003 Luteolin - [13]
175.039, 169.014, 271.047, 125.023
23H2»0p,  489.104,64 9.742 313.057, 229.051 3'-O-Acetylquercitrin isomer [13]
300.028, 301.036, 271.025, 255.030
C,Hy01, 447.094,02 9.910 151.003, 243.030, 178.998 Quercitrin [13]
C, H,0,,  433.115,14 9.960 271.062, 151.003, 119.049, 177.019 Naringenin-7-oglucoside isomer - [13]
C, H,,04 449.109,95 10.423 287.057 Eriodictyol-O-hexoside - [13]
CHoO 58311023 10.676 300.028, 271.025, 255.030, 301.035, Quercetln—O-(p—hy.droxy)benzoyl— ) [13]
151.003 hexoside
C,Hy01, 463.089,51 10.904 301.036, 151.003, 178.998 Quercetin-O-glucoside - [13]
CpoH 0, 431.099,12 11.015 285.041, 255.030, 284.033, 227.035 Kaempferol-rhamnoside - [13]
i hin-(4, 8')-3'-O-galloyl-
CyHyOy  729.149,72 11.085 125.023, 169.014, 407.078, 289.072 (P Catechin-(4 8)-3-O-galloy - [13]
(epi)catechin
CsHp0s  287.056,40 11.812 135.044, 151.003 Eriodictyol . [13]
CiHpOs  299.056,61 14.630 256.039, 227.035, 284.033 Quercetin - [13]
CsH 05 271.061,80 13.474 119.049, 107.013, 151.003 Naringenin - [13]
CsH,0¢ 299.056,61 14.630 256.039, 227.035, 284.033 Kaempferide isomer - [13]
CyH50; 373.128,14 17.493 343.081, 183.029, 271.059, 297.075 Tangeritin - [13]
Cy;H30046 609.510,74 21.734 255.233,271.047 Rutin - [13]
Hydrolysable tannins
Pedunculagin/casuariin isomer (bis-
- R 1,481, 257,229, 1 5+0.2 1
783 8.06 301, 481, 257, 229, 185 HHDP-glucose) 1 9.5+0 [17]
Pedunculagin/casuariin isomer (bis-
- 783 10.37 301, 481, 257, 229, 185 HHDP-glucosc) 2 4.1 [17]
Strictinin/isostrictinin isomer (galloyl-
- +
633 9.41 301, 257, 229, 185 HHDP-glucose) 1 1.9+£0.0 [17]
Strictinin/isostrictinin isomer (galloyl-
- +
633 10.08 301, 257,229 185 HHDP-glucose) 2 7303 [17]
- 951 9.65 783,301, 481, 257, 229, 185 Trigalloyl-HHDP-glucose isomer 1 5.7+0.2 [17]
- 951 11.02 783,301, 481, 257, 229, 185 Trigalloyl-HHDP-glucose isomer 2 3.0+0.2 [17]
- 951 12.8 783, 301, 481, 257, 229, 185 Trigalloyl-HHDP-glucose isomer 3 39+0.1 [17]
- 951 14.3 783, 301, 481, 257, 229, 185 Trigalloyl- HHDP-glucose isomer 4 ~ 21.6 +0.7 [17]
- 785 11,52 301, 483, 633, 257, 229, 185 Tellimagrandin 1 isomer (digalloyl- ¢, , ) [17]
HHDP-glucose) 1
- 785 13.64 301, 483, 633, 257, 229, 185 Tellimagrandin 1 isomer (digalloyl- -, 5 , [17]
HHDP-glucose) 2
- 785 16.56 301, 483, 633, 257, 229, 185 Tellimagrandin 1 isomer (digalloyl- -, 5, ¢ [17]
HHDP-glucose) 3
- 1067 11.81 765,721, 631 Pterocarinin A isomer 2.8+0.1 [17]
- 933 15.05 451, 631, 301, 257, 229, 185 Castalagin/vescalagin isomer 1 20.7£0.6 [17]
- 933 20.46 451, 631, 301, 257, 229, 185 Castalagin/vescalagin isomer 2 30.6+0.8 [17]
- 933 22.03 451, 631, 301, 257, 229, 185 Castalagin/vescalagin isomer 3 11.7+0.3 [17]
783,301 . -
- - - +
860 16.02 301, 765, 481, 257, 229 185 bis-HHDP-glucose derivative 22.6+0.5 [17]
Casuarin/ casuarictin isomer (galloyl-
- +
935 17.39 633, 301, 257, 229, 185 bis-HHDP glucose) 1 30.9+04 [17]
- 935 19.59 633, 301, 257, 229, 185 Casuarin/ casuarictin isomer (galloyl- 5 |, | [17]

bis-HHDP glucose) 2

) 725w | Sci@pen
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(Continued)

Formula rlr\l/z:s(ur;i; FoiﬁieR(i;eiit)ion MS/MS fragments Compound identification conIt)iertr;O(IC; /%) Reference
CsH,,0¢ 289.072,1 6.31 245.01, 203.05, 151.09, 125.8, 109.75 (+)-Catechin 1094.96 [5]
CisH 504 337.092,7 8.78 173.04, 163.04, 119.05, 93.03 Monogalloyl-glucose 17.94 [5]
CpoH;s0p  481.062,1 1.02 301, 275.01, 257.07, 229 HHDP-glucose isomer 259.17 [5]
CyH,0014 483.078,2 6.59 313.02, 271.09, 211.06, 169.08, 125.04 Digalloyl-glucose 16.80 [5]
Cy;Hp0p8 633.073,7 5.19 301.04, 275.04, 257, 229, 125 Galloyl-HHDP-glucose 23.93 [5]
C,;H,,045 635.089,5 10.47 313.04, 169.05, 125.08 Trigalloyl-glucose 44.42 [5]
CyHy0,  783.069,6 3.43 300.1, 275.02, 257.01, 229.01 bis-HHDP-glucose 380.87 [5]
C3,H,50,, 787.100,5 12.81 617.08, 465.07, 313.06, 169.01, 125.02 Tetragalloyl-glucose 3.36 [5]
CyHy50,6 935.080,3 7.99 301.00, 275.02, 257.02, 229.01, 125.01 Galloyl-bis-HHDP-glucose 5.54 [5]
CyHy0,; 951.075,4 5.78 301.00, 275.02, 257.01, 229.01 Trigalloyl-HHDP-glucose 18.03 [5]
Ci3H 604 331.067,60 1.162 169.014, 271.046, 211.025, 125.023 Monogalloyl-glucose isomer - [13]
Ci5H,004 359.098,97 4.270 197.045, 153.055 Dimethyl galloyl hexoside - [13]
CyoH;0014  483.078,86 5.099 169.014, 132153(())%;;’) 237311(();;’ 211.025, Digalloyl-glucose isomer - [13]
CyH,0,;  481.099,24 6.387 169.014, 125.024, 300.999 Galloyl methylig:ilrz):rdexoyhexo“de - [13]
C,;H,,049 649.069,03 7.299 300.999 Valoneoyl-glucose - [13]
C,;H,,045 635.090,70 7.460 483.079, 313.057, 465.068, 211.025 Trigalloyl-glucose isomer - [13]
C3,H,50,, 787.102,97 8.718 617.080, 465.069, 313.057 Tetragalloyl-glucose isomer - [13]
CyH3,05, 551.039,61 10.131 301.000, 169.014, 125.023, 275.020 Calamanin A isomer - [13]

Quinones
C,oHeO;5 173.023,76 4.930 173.024, 145.029, 117.034 2-Hydroxy-1, 4-naphthoquinone - [13]
CoH,(0; 179.070,21 5.266 133.065, 147.044 Juglanoside isomer - [13]
C,,HgO;5 177.054,47 5.951 131.049, 121.065, 159.044 5-Hydroxy-1, 4-naphthaoquinon - [13]
CisH, 504 339.107,48 6.400 177.055, 145.028, 321.097, 117.034 Trihydroxynaphthaline glucoside - [13]
C0HeOs5 175.075,20 6.546 119.086, 147.080, 129.070 Juglone - [13]
C,HO, 161.059,65 8.704 133.065, 105.070, 115.054, 91.055 Naphthalened iol isomer - [13]
Dihydroxynaphthol-O[O-
C,sH,604, 517.136,23 10.909 175.039 (dimethoxyhydroxybenzoyl)] - [13]
glucopyranoside
Cy3H,001, 489.102,69 11.014 327.050, 265.049, 237.055, 309.039 Jugnaphthalenoside A - [13]
Ci6H,000 355.104,28 11.231 175.040, 134.036, 160.016 Juglanoside D isomer - [13]
C,oHgO, 189.018,77 23.493 161.024, 117.034 Dihydroxynaphthoquinone isomer - [13]
Other phenolic

CoHyO4 163.038,88 4.090 163.039, 107.049, 95.050 7-Hydroxycoumarine - [13]
CgHgO4 183.029,30 4.448 168.006, 124.016 Methyl gallate - [13]
C5H»,0;5 281.139,80 5.887 237.150, 171.118, 123.080, 189.129 Dihydrophaseic acid - [13]
C,oH,40;3 177.055,04 5.927 177.055, 159.044, 149.060, 131.049 Isosclerone isomer - [13]
CgHgO4 151.039,22 6.344 136.016, 108.021, 123.045 Vanillin - [13]
C, H,(Oy3 469.005,40 6.743 425.016, 301.000 Valoneic acid dilactone - [13]
CoH,40, 187.097,17 10.167 125.096, 97.065, 168.888 Azelaic acid - [13]
CosHysNOy;  592.205,20 11.312 241.108, 403.162, 343.140 Glansreginin A - [13]
CyH,0,  435.130,80 11.813 123.044, 273.078, 119.049 Phlorizin - [13]
CisH 1,05 273.077,48 14.008 125.024, 167.034, 123.044, 119.049 Phloretin - [13]
CoH,,0, 149.059,92 14.024 149.009, 105.070 Hydrocinnamic acid - [13]
C,0H,,O 149.096,18 14.582 149.096, 105.070, 79.055, 65.039 Cuminaldehyde - [13]

continuous hydrolysis via lipid bonds to produce ellagic acid
under acidic conditions in the stomach and small intestine™*";
Ellagic acid is not easily absorbed and utilized in intestinal
tissues™ . However, it can be utilized by colonic microorganisms
such as Elagibacter and Enterocloster in colonic tissues to
decompose into the bioactive substance, urolithin®?), Studies

showed that urolithin is the main active component of
ellagitannins after metabolism i vivo™. Urolithin plays important
roles in antioxidant®, anti-inflammatory®, antibacterial®,
anticancer™”, anti-obesity™ and anti-aging. The biological
activity and mechanism of action of ellagitannins will be
specifically described in Section 3.
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Table2 Contents of polyphenols and flavonoids in different parts of walnut

Extraction part Extraction mode Solid-liquid ratio Extractlf)n time Total phenolic Flavonoids (mg/g) ~ Reference
(m/V) (min) compounds
Walnut pellicle 85% ethanol 1:30 55 536.80 mg/g 282.18 [12]
Walnut leaf 85% ethanol 1:30 55 (189.33 £ 13.76) mg/g 189.33 [12]
Shell of walnut 50% methanol 1:20 45 0.54-1.33 mg/g 0.34-1.01 [13]
Defatted walnut flour
0, .
With pellicles 70% ethanol 1:20 60 4.62¢/100 g No [14]
Defatted walnut flour
0, .
without pellicles 70% ethanol 1:20 60 0.19g/100 g No [14]
Walnut husk 85% ethanol 1:30 55 21.71 mg/g 22.16 [12]
Table 3 Contents of polyphenols and flavonoids in walnut pellicles by different extraction style
Extraction part Extraction mode Solid-liquid ratio (m/V) Extraction time (min) Total phenolic compounds ~ Flavonoids  Reference
Walnut pellicle 85% ethanol 1:30 55 536.80 mg/g 282.18 mg/g [12]
Walnut pellicle 70% ethanol 1:20 60 4.6g/100 g No [14]
Walnut pellicle 50% methanol 1:20 45 26.02 mg/g No [13]
Walnut with red pellicle Methanol 1:6.67 60 1,709.52 mg/100 g 115.62 mg/100 g [8]
Walnut with yellow pellicle Methanol 1:6.67 60 1,861.11 mg/100 g 119.80 mg/100 g [8]
OH
HO
on
HO 0 HE
HO
OH
OH

(+)-Catechin

Galloy-HHDP-glucose

Figure2 Typical tannin compounds.

2.2 Flavonoids

The pellicle is rich in flavonoids derived from the walnut. The
ultra-high performance liquid chromatography-quadrupole-
orbitrap technique was used by Sheng et al™ to identify 110
phenolic constituents in walnut pellicles, of which a total of 28
flavonoids were identified. Shen et al.®” determined the contents of
phenolic compounds in the walnut kernel and its pellicle using
ultra-performance  liquid  chromatography-tandem  mass
spectrometry (UPLC-MS/MS), and the results showed that
dihydroquercetin was the highest content of all flavonoids in the
walnut pellicle (112.76 pg/g), and the remaining fractions, in order
of priority, were 4, 5, 7-trihydroxyflavanone (108.33 pg/g),
dihydrosorbenzoin (1247 ug/g), syringic acid (12.09 pg/g),
quercetin (9.69 pg/g), trichothecenes (2.52 pg/g), kaempferol
(2.44 ug/g), and rutin (0.19 pg/g). Figure 3 shows the structural
formula of the major flavonoid compounds.

A variety of plants have been implicated in the formation of
their pellicle color concerning the synthesis of flavonoid
compounds”>**), Flavonoids are the key compounds affecting the
color of the walnut pellicle®™*. A recent investigation by
Wang et al™ delved into the diverse hues of walnut pellicles
(ranging from light to dark) originating from the same area and
measured the primary substances present within them. The results
of the study showcased that dark walnut pellicles possessed an

) 727w | Sci@pen

abundance of flavanols, flavonoids, and flavanols compounds,
specifically catechins and epigallocatechins. These two compounds
were found to be present in extraordinary amounts, with 40.7 and
25.8 ug/g, respectively, which exceeded the levels of other free
phenolic compounds by 2-153 times. Fang et al.* analyzed the
compositional differences of walnut pellicles with varying colors
using broadly targeted metabolomics. The study found that the
flavonoid biosynthesis pathway, as well as the flavonoid and
flavonol biosynthesis pathway, plays a significant role in
determining the color of walnut pellicles. The study also suggests
that a higher content of anthocyanin metabolites, which exhibit
greater variation, could be one of the key factors affecting the color
of walnut pellicles.

The color of the outer covering of walnuts, known as pellicle,
varies greatly among different varieties of walnuts®™. The
inconsistent expression of key genes in the synthesis pathways of
flavonoids, anthocyanins, and other compounds is the main
reason, and two authors. A study was conducted by Zeng et al.””
and Persic et al™ to compare the color variations of the outer
layer of five types of walnuts: Shajiwuren, Hongguowuren,
Songguowuren, Lara, and Fernor. The researchers analyzed the
color variations in Fernor’s pellicle and delved into the synthesis
pathways of related compounds as well as the expression of key
genes. The study’s findings suggest that the biosynthetic pathways
of phenylpropanes and flavonoids are closely linked to the
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Figure3 Typical flavonoid compounds.

differences in color between different types of walnut pellicles.

2.3 Phenolic Acids

A total of 11 phenolic acids were identified in walnut pellicles in
Zhang’s study”, ellagic acid, quinic acid, coumaroylquinic acid,
azelaic acid, p-coumaric acid, hydroxymandelic acid, ferulic acid
isomer, protocatechuic acid, caffeic acid, and two types of
hydroxybenzoic acid, p-hydroxybenzoic acid and butyric acid. The
walnut pellicles had the highest levels of ellagic acid, with
concentrations reaching 934.59-1,094.96 pg/g, and relatively high
concentrations of ferulic acid ranging from 204.93 pg/g to
21143 pg/g, with similar results identified by Regueiro,
Medic"”, Shen et al.. Figure 4 shows the structural formula of the
major phenolic acid compounds.

Ellagitannins are the most abundant polyphenolic compounds
present in walnut pellicles’”. After oral administration,
ellagitannins can be first hydrolyzed by tannin acyl hydrolases in
the stomach and small intestine to produce ellagic acid®*”. Ellagic
acid is not easily absorbed by the human gastrointestinal tract,
making its bioavailability very low.

It has been found through various studies that certain
microorganisms present in the colon, such as Gordonibacter and
Ellagicobacter, can break down and use ellagic acid to produce a
highly active and easily absorbed metabolite called urolithin***' .
However, the efficiency of this conversion process can be affected

0]
(0] OH

HO O HO
(0]

Ellagic acid

Ferulic acid

by the levels of individual Gordonibacter and Ellagicobacter
present!™!,

Ellagic acid undergoes a multi-step metabolic process in the
colon. First, it removes a lactone ring to form Uro-M5. Then, a
hydroxyl group is removed from a different position to produce
tetrahydroxyuranocortin (Uro-D, Uro-M6, Uro-E, and Uro-M6 R).
This is further metabolized to trihydroxyuranocortin (Uro-C, Uro-
M7, Uro-M7 R, and Uro-CR) and undergoes a dihydroxylation
reaction to produce dihydroxyuranolites (Uro-A, iso-Uro-A, and
Uro-AR). Finally, iso-Uro-A (or Uro-A) undergoes keto-enol
interconversion isomerization to yield secondary alcohols and
quinones, which drive dehydration and lead to monohydroxy-
urolithin (Uro-B). The urolithin metabolite is absorbed and
utilized through the colonic mucosa and undergoes phase II
metabolism (methylated glucuronide and sulfonation) via human
cellular enzymes to produce glucuronic anhydride and sulfate
conjugates. These conjugates reach the plasma and systemic
tissues within 3-4 days of ingestion to produce biological
functions. Ultimately, they bind to the liver and are excreted in the
urine!™’,

Several studies have indicated that urolithins and their
derivatives possess significant antioxidant, anticancer, anti-
inflammatory, and bacteriostatic effects* . Urolithin A is
commonly regarded as the most biologically potent among the
urolithins®™; Tn recent years, there has been a lot of emphasis on
the anti-aging effects of urolithin A. The ability of intestinal
microorganisms to break down ellagic acid has been closely

associated with its anti-aging effects®™"*”.

Quunic acid

Figure4 Typical phenolic acid compounds.
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The composition of intestinal flora varies between individuals,
resulting in unique metabolites and these phenotypic differences
may be closely related to individual differences as well as to the
composition of the intestinal flora™.

In summary, the impact of ellagitannins on the body is
influenced by the presence of colonic microorganisms. If walnut
pellicles contain colonic microorganisms that can break down
ellagic acid, individuals may experience enhanced bioactivity after
consumption. Furthermore, the amount of Gordonibacter present
is linked to the level of ellagic acid converted to urolithin A. As
such, adjusting the composition of intestinal flora can alter the
metabolism of ellagic acid, resulting in improved bioactivation of
ellagitannin-rich substances.

The paper provides a comprehensive review of the bioactivities
of walnut pellicles in five areas: anti-inflammatory effect,
hypolipidemic activities, antimicrobial, antitumor, and antiaging,
and were briefly explained in Fig. 5. The studies reported in the
literature are summarized to present a clear understanding of the
potential health benefits of walnut pellicles.

41 Anti-inflammatory effect

Several studies have demonstrated that polyphenolic
compounds present in plants have remarkable protective effects
against inflammation®™, Kim et al®™ conducted a study to
investigate the protective effects of walnut polyphenol extract
(WPE) on neuroinflammation induced by Ap1-42 in mice. The
results of the study showed that WPE improved behavioral and
memory deficits, regulated related enzyme activities and protein
expression, improved mitochondrial function abnormalities, and
alleviated neuroinflammatory symptoms in mice.

The protective effects of walnut polyphenolic compounds
against inflammation are influenced by multiple pathways.
Extracts from the endocotyledon of walnuts can reduce
neuroinflammation caused by oxidative stress by upregulating
PKA/CREB/BDNF signaling. Additionally, walnut pellicle
endocotyledon polyphenol extracts can also regulate the
expression of proteins called zona occludens band-1 (ZO-1) and
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occludin, which are important for the function of the blood-brain
barrier (BBB). These effects are achieved through the Akt
pathway, which is activated by AP. Overall, walnut polyphenols
have anti-inflammatory effects that can be beneficial for health™.

The anti-inflammatory effect of walnut polyphenolic
compounds may depend on the ellagitannin metabolite urolithin.
It can significantly inhibit the levels of inflammatory factors such
as anti-tumor necrosis factor-a (TNF-a), interleukin-1p (IL-1pB),
interleukin-6 (IL-6), and interleukin-12 (IL-12)*% and enhance
the production of the anti-inflammatory factor IL-10°*¥"*, A
large number of studies have shown that the conversion of
ellagitannins to urolithins can exert their anti-inflammatory effects
through a variety of pathways.

Xian et alP! investigated the effects of ellagic acid on
D-galactose-induced senescence in rats, in this study, ellagic acid
ameliorated cognitive deficits and hippocampal damage,
significantly  increased the levels of two inhibitory
neurotransmitters,  y-aminobutyric acid (GABA) and
5-hydroxytryptamine (5-HT), as well as suppressed inflammation
and oxidative stress in senescent rats, in addition to the finding
that the intestinal Clostridium strictoides, Lactobacillus and
Zoarotrichum flora abundance was significantly increased.

Urolithin A reduces inflammation in pro-inflammatory cells by
altering the production of inflammatory arachidonic acid from
leukocytes. This is achieved through the modulation of the
5-lipoxygenase and cyclooxygenase-2 pathways'®!,

In a study conducted by Xu et al, the anti-inflammatory
effects of urolithins A and B on lipopolysaccharide (LPS)-induced
microglia were examined. The results of the study demonstrated
that both urolithins A and B effectively reduced the levels of NO
in LPS-treated microglial cells. Moreover, these compounds were
found to inhibit the mRNA levels of various pro-inflammatory
genes, including TNF-a, IL-6, IL-1B, iNOS, and COX-2, thus
corroborating the findings of a prior investigation. The
compounds Urolithins A and B have been discovered to reduce
the levels of phosphorylation in Erkl/2, p38 MAPK, and Akt
prevent the phosphorylation and degradation of IkB-a, and hinder
the phosphorylation and nuclear translocation of the NF-kB p65
subunit in LPS-stimulated microglia. These findings indicate that
Urolithin A and B could potentially have an anti-inflammatory

Anti-inflammatory effect

Anti-bacterial activity

-

*Inhibition of coagulase \w\’

negative staphylococcus and !;» -
herpes simplex virus activity .

Hypolipidemic activity
*Reduce the concentration of TG,
TC and LDL-cholesterol (LDL-C)
*Fatty acid oxidation increased and

fat production decreased

Figure 5 Schematic diagram of the potential biological activities of walnut pellicle.
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effect by impeding the activation of NF-kB, MAPKs (p38 and
Erk1/2), and Akt signaling pathways®®’. From the results, both
urolithin A and B showed significant anti-inflammatory effects,
but the levels of inflammatory factors in 3 pm urolithin A were
almost the same as in 30 pm urolithin B, and the higher
concentration of urolithin A showed better anti-inflammatory
activity, so the anti-inflammatory effect of urolithin A is
significantly better than that of urolithin B. Therefore, we can
increase the level of Gordonella. by regulating the intestinal flora,
increasing the level of urolithin A, and better utilizing the anti-
inflammatory activity of walnut pellicle.

4.2 Hypolipidemic activity

Excessive energy intake can cause an excessive accumulation of
fat or abnormal body distribution®. This can lead to high blood
pressure, high cholesterol, and other related illnesses, which can
negatively impact quality of life and increase the risk of
mortality'®”. Polyphenolic compounds have functional activities
that help regulate lipid synthesis and metabolism.

It was shown that walnut pellicle polyphenol extract has potent
anti-obesity activity in high fat feed (HFD)-induced obese
mice’® ), Shi et al® conducted a study to examine the impact of
WPE on porcine pancreatic lipase. They utilized a fluorescence
burst method along with an enzyme assay and discovered that the
intensity of fluorescence emitted by porcine pancreatic lipase
decreased. This confirmed that walnut polyphenols can inhibit
lipase activity; in addition, the authors investigated the WPEs on
the therapeutic effects on high-fat feed-fed obese mice, and the
results showed that WPEs, significantly reduced triglyceride(TG),
total serum cholesterol (TC), and low density lipoprotein
cholesterol (LDL-C) concentrations, and elevated high density
lipoprotein cholesterol (HDL-C).

Palabiyik et al®' conducted an experiment on male rats to
study hyperlipidemia. The rats were given Triton WR-1339
through intraperitoneal injection to induce hyperlipidemia. Then,
they were treated with ethanol extract from the walnut pellicle at
doses of 150 and 300 mg/kg for five days. The results showed that
the walnut pellicle extract effectively reduced hyperlipidemia and
decreased the elevated levels of aldose reductase (AR), sorbitol
dehydrogenase ~ (SDH), butyryl cholinesterase  (BChE),
recombinant paraoxonase 1 (PON1), glutathione reductase (GR),
acetylcholinesterase (AChE), and glutathione transferase (GST)
enzyme activities, which were induced by the Triton WR-1339
injection. Additionally, the extract attenuated oxidative stress in
cardiac, renal, and hepatic tissues.

There has been limited research conducted on the lipid-
lowering mechanism of walnut pellicle polyphenol extracts.
However, it is believed that they may help by enhancing
mitochondrial ~activity and activating AMPK, reducing
hypertrophy and macrophage infiltration of subcutaneous and
visceral adipocytes, and enhancing signaling of hepatic lipid
metabolism®. Many studies have investigated the lipid-lowering
of urolithiomelanin, a metabolite of cholesterol. Lii et al.”” used
ellagic acid, a metabolite of pomegranate polyphenol, to establish
an in vitro model of L-02 hepatocyte steatosis. The authors
investigated the protein expression of the cholesterol metabolism
pathway and found that PPARy, ABCAI, and CYP7A1 protein
expression were up-regulated. Therefore, it was suggested that the
molecular mechanism may be through the activation of the target
gene PPARy, which then up-regulates the expression of the
downstream genes ABCAI and CYP7AI through the PPARy-
ABCA1/CYP7AL cellular signaling pathway, resulting in L-02 cell

cholesterol metabolism. PPARy was also shown to be an
important component of cholesterol metabolism in L-02
hepatocytes. The activation of PPARy is the most common
pathway that regulates lipids. In addition, ellagic acid promotes
adipocyte browning by overstimulating (3-adrenergic receptors
and activating p38-MAPK. It also regulates lipid metabolism
through an AMPK-dependent mechanism that leads to a decrease
in TG accumulation, an increase in fatty acid oxidation, and a
decrease in adipogenesis®. Each of these pathways may be
relevant to the lipid-regulating activity of walnut pellicles.

4.3 Anti-bacterial activity

As previously mentioned, walnut pellicles are rich in
polyphenolic compounds. Several studies have explored the
antimicrobial properties of walnut pellicles due to this reason.
Coagulase-negative staphylococci (CNS) are gram-positive cocci
that grow in clusters, and this genus has a high capacity to form
biofilms on both living and non-living surfaces. This makes them
more prone to causing infections linked with catheters, prostheses,
and other devices™. Acquaviva et al™ conducted a study to
evaluate the effectiveness of walnut pellicle extract against CNS.
They found that the extract demonstrated promising antibacterial
activity, with a minimum inhibitory concentration (MIC)
ranging from 3.60 pg/mL to 461.75 pg/mL, and a minimum
bactericidal concentration (MBC) ranging from 461.75 pg/mL to
> 461.75 pg/mL. Additionally, the extract was found to
significantly reduce the biomass of CNS biofilms and cell viability
in a dose-dependent manner.

Herpes simplex virus (HSV) is a common infectious virus that
causes severe nerve pain. A study conducted by D’Angeli et al.”"
found that walnut pellicle polyphenol extracts have antibacterial
and antifungal properties. These extracts were effective in
inhibiting the replication of HSV, as well as the growth of
medically important bacterial and fungal strains. The study used
microdilution to determine the effectiveness of the extracts.

The two authors analyzed the polyphenol and flavonoid
content in ethanolic extracts of walnut pellicles. They found high
levels of these compounds in the endodermis, which led them to
conclude that the antimicrobial activities observed could be
attributed to the elevated levels of phenolic and flavonoid
compounds present in the walnut pellicle contents.

There are various ways in which walnut pellicles exhibit
antimicrobial activity. Research studies have reported that the
main compound present in walnut pellicles, ellagitannin, is
responsible for its antimicrobial activity. Virtanen et al”
conducted a study to investigate the interaction between 12
different ellagitannins and pentagalloylglucose with lipid extracts
of Escherichia coli using high resolution magic angle spinning
nuclear magnetic resonanc spectroscopy. The study suggested that
the antimicrobial properties of ellagitannin may be due to its
interaction with lipid membranes.

Ellagitannins showed good antimicrobial activity against
Clostridium perfringens, E. coli, Lactobacillus plantarum, and
Staphylococcus aureus, and their antimicrobial activity may
depend on the molecular weight size of the ellagitannins, and
ellagitannins with small molecular weights may have better
antimicrobial properties™. In the previous paper, in the study of
Zhang et al.”), it was found that bis-HHDP-dextrose and HHDP-
dextrose were the two highest contents of ellagitannins in the
walnut pellicle. The walnut pellicle’s antimicrobial activity was
likely related to the small-molecule ellagitannins it contained, as
the molecular weights were on the lower side.
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44 Anti-tumor activity

Numerous studies have linked walnut consumption with being
beneficial for several chronic diseases such as cancer, mainly due
to the high amount of bioactive substances contained in the
walnut pellicle. For example, walnut polyphenols such as walnut
glycosides, walnut ketones, and the ellagitannin metabolite
urolithin are considered to be the compounds with the walnut
glycosides, walnut ketones, e most antitumor potential”.

The inactivation of tumor-infiltrating lymphocytes (TIL) is one
mechanism that weakens anti-tumor immunity during tumor
development and progression”. Yang et al”™ conducted a study
on the effects of WPE on the immunotoxicity induced by
4-pentylphenol and  3-methyl-4-nitropheno  in  splenic
lymphocytes of mice. The study found that the WPE significantly
enhanced the proliferation of splenic lymphocytes that were
exposed to PP or PNMC, reduced the activities of oxidative stress
enzymes, and effectively addressed the immunotoxicity of the
cells.

The anti-cancer mechanisms of plant polyphenols are complex
and varied, and the current research on the anti-tumor
mechanisms of walnut polyphenols is still in a scarce stage, so we
can only speculate on the possible anti-tumor mechanisms based
on the composition of their main compounds. Inhibition of tumor
cell proliferation is an important way to play an anticancer role, it
has been reported that ellagic acid can inhibit cell growth activity
by inducing VEGF-A and programmed cell death ligand 1PD-L1
down-regulation of VEGFR-2 expression”, Notch signaling
pathway”, PKC"™™ and other signaling pathways; in addition,
ellagic acid can also play an anticancer role by promoting
apoptosis of cancer cells. In addition, ellagic acid can also play an
anticancer role by promoting cancer cell apoptosis. Ellagic acid
can induce apoptosis and block the epithelial mesenchymal
transition process in tumor cells through the PI3K/Akt signaling
pathway™®), the JNK (cJun) signaling pathway®™", the
mitochondrial signaling pathway™ ™/, the Bcl-2/Bax signaling
pathway™, and the TGF-B/Smad 3 signaling pathway®. The
polyphenolic compounds of walnut pellicles are rich in
ellagitannins, ellagic acid, and other compounds, so we
hypothesized that the anti-tumor mechanism of walnut pellicles
may be related to these pathways.

45 Anti-aging activity

As society ages, there is a growing focus on researching anti-
aging substances. Research suggests that aging is often
accompanied by chronic diseases, including but not limited to
osteoporosis, Alzheimer’s disease, and cardiovascular disease®.

Superoxide produced by the mitochondrial respiratory chain
generates many reactive free radicals, which leads to the
stoichiometric oxidation of a large number of macromolecular
compounds®™ and causes oxidative damage at the site of free
radical production, thus accelerating the rate of senescence”'.
Polyphenolic compounds, however, can directly scavenge reactive
oxygen species through the provision of electrons or hydrogen
atoms to reduce oxidative stress-induced damage to neurons and
so on, and so are thought to have good bioactivity in delaying the
rate of senescence. It has good biological activity™”.

Tian et al®™ conducted a study on aging mice induced by
D-galactose to investigate the protective effects of polyphenol
extracts from defatted walnut kernels. The study found that the
WPEs were effective in reducing inflammation levels in the tissues
and serum of aging mice, ultimately slowing down the rate of
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aging. Emil Rusu is covered that extracts from walnut polyphenols
protected rat neurons from the effects of D-galactose-induced
senescence. Furthermore, it has been observed that the colonic
infusion of Uro-A (a metabolite of urolithin A) has anti-aging
effects. The study investigated the quantitative relationship
between colonic infusion of Uro-A and its anti-aging effects. The
results showed that both doses (3.0 and 15.0 mg/kg) of Uro-A
were effective in inhibiting D-galactose-induced increases in
oxidative stress levels, muscle atrophy, and neuronal apoptosis in
vivo. Colonic infusion of Uro-A could also attenuate D-galactose-
induced senescence in mice by inhibiting NF-kB and mTOR
targets, providing significant protection against motor and
cognitive function®. Rahimi et al.” investigated the D-galactose-
induced SH-SY5Y human adult neuronal cell tumor cell model.
The results showed that a low concentration (0.1-1 pmol/L) of
ellagic acid may offer greater protection against aging than high
concentrations of Uro-A. This is achieved through the
PPAR-y/HO-1 signaling pathway, and the anti-aging properties
provided by this method were superior to those of high
concentrations (10 pumol/L) and metformin (2.5 mmol/L).

Ryu et al® conducted an experiment where nematodes were
fed with standard concentrations of Urolithin A, Urolithin B,
Urolithin C, or Urolithin D from their egg stage until their death.
The lifespan of the nematodes was prolonged by 45.4%, 36.6%,
36.0%, and 19.0%, respectively, when treated with UA, UB, UC, or
UD. However, ellagic acid treatments at the same concentrations
did not affect the lifespan of the nematodes. The experiment
showed that there was a significant dose-response effect on the
nematode lifespan when the UA concentration was increased
from 10 umol/L to 50 umol/L. Moreover, UA helped to maintain
the normal activities of nematodes during senescence, including
motility and pharyngeal twitching, and preserved the ability of
mitochondrial respiration. A team of experts conducted a
comprehensive study on diverse strains with the capability of
generating urolithin A. They utilized ellagitannins as substrates to
examine the impacts of the fermentation products on nematode
models’ anti-aging properties. The results showed that the
metabolites could extend lifespan by enhancing mitochondrial
function and reducing reactive oxygen species levels, leading to an
increase in lifespan of up to 46.33%. These findings align with
earlier research in the field””. This result suggests that the anti-
aging activity of walnut pellicle polyphenol extract is most likely
dependent on the action of its metabolite urolithin.

Ryu et al® conducted two studies using mice models to
explore the impact of UA treatment. In the first study, he focused
on the preventive effect of UA treatment on age-related muscle
decline in male C57BL/6] mice who were fed a HFD and aged
16 months. The findings showed that after eight months of UA
treatment, there were notable improvements in muscle function
observed at 22 and 24 months of age. These included increased
grip strength and spontaneous exercise levels. In the second study,
aged male C57BL/6] mice (22.5 months) on a normal food diet
(NCD) were given UA treatment for six weeks. The study revealed
that UA significantly increased running endurance by 42%.

In conclusion, our research has revealed that the walnut pellicle
extract has various anti-aging benefits, including its ability to
scavenge free radicals, protect neurons, reduce inflammation
levels, and enhance muscle function. Additionally, our hypothesis
suggests that urolithin A, a metabolite present in the extract, may
play a pivotal role in producing these effects and potentially
extending lifespan.
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The defatted walnut meal, a by-product of walnut oil extraction,
typically contains over 40% protein, including the main nutrient
found in walnuts®. A multitude of studies have demonstrated
that walnut proteins and peptides possess a diverse range of
physiological functions, including but not limited to antioxidant,
antidiabetic, blood pressure reducing, and anti-fatigue effects” ",
In the process of manufacturing walnut oil, the elevated
temperatures utilized can trigger the oxidation of numerous
phenolic compounds that exist. Consequently, semiquinones and
quinones are formed, which have the capacity to interact with
different nucleophilic reagents. The particular protein side chains
that are most often impacted by this reaction are lysine and
cysteine™. These reactions may cause changes in the secondary
and tertiary structures of walnut proteins, as well as some of their
physicochemical properties*.

Understanding the interplay between walnut protein and
polyphenol is essential for advancing the field of walnut-
based cuisine. The dynamic interaction of these components
can vyield varying outcomes on protein structure and
physicochemical properties depending on the pH level. Research
by Labuckas et al'® has revealed that phenolic compounds
inherent in walnuts can impede the solubility of walnut proteins
under neutral conditions. Yet, when exposed to alkaline
conditions, the solubility of both de-phenolized and un-
phenolized walnut proteins proved comparable. In addition to
this, many scholars have studied the emulsifying and foaming
properties of dephenolized and unphenolized walnut proteins, as
well as the solubility of these proteins.

Wu et al' utilized ultrasound-assisted ethanol extraction
(UAE) to remove phenols from defatted walnut powder and then
compared the impact of this treated powder and untreated
powder on the solubility, emulsification, and foaming of walnut
isolate protein. The results revealed that the functionality of the
walnut protein isolate after UAE dephenolization was notably
enhanced, surpassing that of the untreated isolate. At pH 5, both
walnut proteins demonstrated the least functionality, with
solubility of 5.31% and 4.86%, and emulsification activity indices
(BAIs) of 24.95 and 19.91 m?/g, respectively. Similarly, at pH 11,
solubility was 82.35% and 73.55%, EAI was 46.35 and 37.28 m’/g,
and foaming power was 35.85% and 18.87%, respectively.

Wang et al."” used ultra-performance liquid chromatography-
Q-time of flight mass spectrometry (UPLC-Q-TOF-MS) to
establish the phenolic compound profiles of walnut meal and
walnut meal isolate. The functional properties of the walnut meal
isolates were evaluated under acidic environment after removing
phenolic compounds. It was found that phenol removal
significantly improved the water-holding capacity, oil-absorbing
capacity, foaming capacity, foaming stability, emulsification
stability index, and in vitro gastric digestibility of the isolates.

Researchers led by Su ef al."® conducted a study examining the
impact of walnut pellicle polyphenols on walnut proteins. Their
findings indicated that these polyphenols can alter the proteins'
secondary structure and amino acid composition, resulting in
enhanced inhibition of hydrolase and acetylcholinesterase (AChE)
enzymes.

Research suggests that in acidic conditions, there is a
noteworthy interaction between the polyphenols and proteins
found in walnut pellicles. This interaction impacts several
important indices, such as the water-holding capacity, oil-
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absorbing capacity, foaming capacity, foaming stability, and
emulsion stability of proteins. Additionally, it may even inhibit
certain enzyme activities.

Numerous researchers have delved into the relationship
between walnut pellicle extracts and proteins in alkaline
environments. Their findings suggest that walnut pellicle extracts
have the potential to improve the solubility of walnut protein in
such environments. Huang et al." conducted a study to explore
the impact of ellagic acid or epigallocatechin-3-gallate (EGCG)
conjugates on the emulsification properties and solubility of alkali-
extracted walnut isolate proteins. The study revealed that the
combination of walnut isolate protein with polyphenols
significantly reduced its surface hydrophobicity, increased its
surface charge, and enhanced its solubility.

A study conducted by Kong et al"'” delved into the interaction
between walnut proteins and walnut pellicle phenolic extracts.
Their objective was to enhance protein solubility under neutral
conditions by examining their interaction under alkaline
conditions. Through the use of SDS-PAGE and size exclusion
chromatography analyses, the researchers discovered that the
covalent interaction between walnut proteins and polyphenols led
to the creation of larger soluble protein aggregates. These
aggregates, in turn, boosted protein solubility. Additionally, the
study revealed that the primary covalent binding site in walnut
protein was lysine.

Under alkaline conditions, the interaction between the proteins
found in walnuts and polyphenolic compounds present in its
pellicle forms protein aggregates. These aggregates exhibit a higher
surface charge and lower surface hydrophobicity, resulting in
enhanced solubility of the walnut proteins.

Recent research has indicated that the use of walnut pellicles
can have a significant impact on the interaction between
polyphenolic compounds and proteins. As walnut oil is rich in
unsaturated fatty acids and is typically processed in an acidic
environment, high temperatures and acid levels can negatively
affect the solubility and foaming properties of walnut proteins. To
avoid this adverse effect, incorporating walnut pellicles into the
process can lead to the production of higher-quality walnut
proteins.

Walnut pellicle is a by-product of the walnut processing
industry that has good biological activity. However, it affects the
taste of walnuts during consumption, which is why many
enterprises choose to remove it during production and processing.
Unfortunately, this results in a waste of walnut pellicle resources.
There are a few reasons why walnut pellicles aren’t more
commonly used. Firstly, the technology used to separate them
from the seed kernels is often flawed and reliant on manual labor.
Secondly, there’s no complete industrial supply chain in place to
collect and make use of these resources, leading to pellicles being
discarded in the initial separation phase. Thirdly, there’s a lack of
available products on the market, which means that consumers
aren’t aware of the benefits of walnut pellicles. To make the most
of this resource, it’s important to develop an industrialized process
for the production of walnut pellicles and create products that are
both bioactive and appetizing.

The data used to support this study are available within the
article.
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