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Analysis of the differences in bitter and astringent substances in the pelli-

cle of different walnut varieties
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Abstract: [Objective] The pellicle is the key part that causes the bitter and astringent taste of walnut
kernels. In order to find out the main bitter and astringent substances in walnut pellicle and find variet-
ies with light bitter and astringent taste, we compared the differences in bitter and astringent substances
in walnut pellicle among different walnut varieties.[Methods]Sensory evaluation was conducted on the
taste quality of fresh walnut kernels and pellicle in the early stage, and the water extract of pellicle was
tested using electronic tongue. In this study, fruits of five walnut varieties (‘Zhonglin 3, ‘Jing 861°,
‘Xiangling’, ‘Bokexiang” and ‘Nonghe 1) were selected as the test materials at mature stage. The to-
tal tannin content was determined by the Folin colorimetric method, and the content of bitter and astrin-
gent substances such as phenolic acids, flavonoids and alkaloids were determined by HPLC. The ob-
tained data were processed using SPSS 23.0 software for correlation analysis and principal component
analysis was conducted using SAS 8.0 software. [Results] The total tannin content was highest in
‘Zhonglin 3’ and lowest in ‘Nonghe 1’. The tannin content in ‘Zhonglin 3’ was 2.62 times that in

‘Nonghe 1’. The content of different phenolic acids was in a descending order of gallic acid > caffeic
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acid > chlorogenic acid > ferulic acid > vanillic acid > ellagic acid > p-coumaric acid > syringic acid,
and total phenolic acid in ‘Zhonglin 3’ was significantly higher than the other varieties (p < 0.05). The
content of rutin in ‘Xiangling’, ‘Zhonglin 3’ and ‘Jing 861 was significantly higher than in the other
varieties (p < 0.05); catechins from high to low were catechin, epigallocatechin, epigallocatechin gal-
late, gallocatechin, gallocatechin gallate, epicatechin and epicatechin gallate. ‘Zhonglin 3’ and ‘Jing
861’ had a significantly higher content of catechins than the other varieties (p < 0.05), and the total
amount of catechins and ester catechins in ‘Nonghe 1’ was the lowest. As for alkaloids, theobromine
was not detected in any varieties, and the content of caffeine was significantly higher than that of the-
ophylline in all the varieties. The caffeine content in ‘Bokexiang’ was significantly higher than in the
other varieties (p < 0.05). The content of theophylline in ‘Zhonglin 3" was significantly higher than
that in the other varieties (p < 0.05), and the content of caffeine and theophylline in ‘Nonghe 1’ was the
lowest. Correlation analysis showed that all bitter and astringent substances were positively correlated
with bitterness and astringency, and there was a significant positive correlation between gallocatechin
and bitterness, and coumaric acid, epicatechin, and epicatechin gallate were significantly positively cor-
related with bitterness. Total tannins, epicatechins and astringency are significantly positively correlat-
ed. These indicated that all the bitter and astringent substances tested in this study contributed to bitter-
ness and astringency. Among them, gallocatechin, coumaric acid, epicatechin and epicatechin gallate
contributed more to bitterness, while total tannin and epicatechin contributed more to astringency. The
result of principal component analysis showed that the cumulative contribution rate of the two principal
components was 83.08%, which contained 83.08% of the bitterness and astringency index. The first
principal component could be interpreted as the “total bitterness” factor. All bitter and astringent sub-
stances contributed to the first principal component, among them, the contribution of epicatechin, total
tannins, chlorogenic acid, ellagic acid, ferulic acid, epicatechin gallate, epigallocatechin gallate and the-
ophylline were greater. The second principal component could be interpreted as a “bitter structure” fac-
tor, which included coumaric acid, gallocatechin, epigallocatechin, and caffeine. According to the score
of the first principal component, the taste could be divided into two categories: lighter and heavier bitter-
ness and astringency. ‘Nonghe 1’ and ‘Bokexiang’ had lighter bitterness, and ‘Zhonglin 3°, ‘Jing
861’ and ‘Xiangling” had heaver bitterness and astringency. According to the score of the second prin-
cipal component, the varieties with astringent taste greater than bitter taste were ‘Nonghe 17, ‘Xian-
gling’ and ‘Jing 861, and the varieties with bitter taste greater than astringent taste were ‘Bokexiang’
and ‘Zhonglin 3. From the results of the principal component analysis, it could be seen that the total
tannin, chlorogenic acid, ellagic acid, epicatechin, gallocatechin, epigallocatechin gallate, caffeine and
other substances basically contain bitterness and astringency information of walnut pellicle. [Conclu-
sion] Total tannin, chlorogenic acid, epicatechin, gallocatechin, epigallocatechin gallate and caffeine are
the main substances that affect the bitter taste of walnut pellicle. In terms of taste intensity, ‘Zhonglin
37 is the highest, ‘Nonghe 1’ the lowest. This provides inspiration for future research on the taste quali-
ty of walnut pellicle and the selection of walnut varieties with lower bitterness and astringency. ‘Nong-
he 1’ has the lightest bitterness and astringency, so it can be used as an important material for walnut
breeding and can be promoted to meet the needs of consumers.
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B 60% (@) I 2 B2V W, 50 °C A8 75 I il B 32 B 30
min, 10 000 r-min 50> 10 min, 2 X EH , & 3F ik
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AN, 23NN 0.5 mL AR ARE AN 1 mL A AR
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£ 725 nm KN E SRR OGRE 3 IRE
5o brdE 2 B #EN = 0.079 9x + 0.000 3,
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123 BEassseynle SRS CHES N
% MR E M. 3% 2%+ - K H Hypersil GOLD C18
column (250 mmx4.6 mm, }i4% 5 pm) 3% 4. sl
A N R (0.02% , viv) , B A B BE A (100%
@)o FEIR:25 C L% 0.8 mL-min”, BEFE R 10 L,
R i K : 280 nm 320 nm. P B BEE N : 0~5 min:
90%A~80%A ; 5~10 min: 80%A~65%A ; 10~20 min:
65%A~60%A ; 20~35 min: 60%A~25%A ; 35~40 min:
25%A~10%A ;40~45 min: 10%A~10%A .
124 FTAHEHMNE SRIEECF LR
EME M. ik 2% 1 : K H Hypersil GOLD C18 col-
umn (250 mmx4.6 mm, 745 5 pm) 3% A, BN



524

ANCBIEW(0.2%,¢), BN MW (100% ,
@) o ML :25°C, % :0.8 mL-min', FEFE & : 10
ul, A6 % K : 360 nm.o PEEAR BN : 0~4 min: 92%
A~92%A ; 4~10 min: 92%A~79%A ; 10~15 min: 79%
A~T1%A;15~16 min: 71%A~71%A ; 16~23 min: 71%
A~60%A ;23~28 min: 60%A~60%A ; 28~32 min: 60%
A~92%A ;32~35 min:92%A~92%A .
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[ Fo Wisht AN BRI 0.5%, ), B A LIEHE
M (100% » ) » C 9 HBE 5 W (100% 5 @) o I -
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ANNE RN ANE] SRR ] ) 22 57 835 (p < 0.05) .
Different small letters indicate significant difference at p << 0.05.
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Fig. 1 The total tannin content in the pellicle of different
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A, BANLEy EATR I F o

BT SR TR M Y o B vk, 3
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EEERE TR, RIKMET &R, MERAH &
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FHIR> BB S NHER> T HR. AFRZkS
FIESAMIRA > A — B ER  BE TR
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mg-100 g', ‘58617 L B TR & & W& m T HAh
anffi(p < 0.05); SRR B B A KAE N 363.60mg- 100 g7
B/ME N 114.60 mg-100 g, FFAK 3 5 (4% JE R &
BEESTHAMSMp <0.05); FEKBSERK
fH4178.75 mg- 100 g ft/ME 4 89.51 mg-100 g,
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Table 1 Contents of bitter and astringent substances in the pellicle of different walnut cultivar (mg-100g™)
LR k3 861 ¥ WA RiZ15
Bitter and astringent substances Zhonglin 3 Jing 861 Xiangling Bokexiang Nonghe 1
Ty R AT Gallic acid 916.51+71.55¢ 1171.26+17.89a 1081.06+22.99b 431.44+19.38¢  631.81+18.61d
Phenolic acids %% J5i#; Chlorogenic acid 363.60+5.19 a 177.74+1.58 ¢~ 24524+2.38b  152.47+£0.98 d 114.60+3.12 ¢
B Vanillic acid 147.67+7.06 b 13540+1.25¢  178.75£3.20a  105.66+1.08 d 89.5144.50 ¢
T %W Syringic acid 37.99+0.50 a 39.95+0.69 a 28.17+0.88 b 20.09+0.66 ¢ 27.99+2.26 b
WHEER Caffeic acid 32422434542 33457+9.71a  206.39+1.70c  263.75+1.93 b 184.26+31.55 ¢
Xf 75 5% P-coumaric acid 48.60+0.02 a 48.46+0.04 b 48.18+0.02 ¢ 48.51+0.02 b 47.99+0.02 d
FIBEER Ferulic acid 219.05+9.81 a 180.24+1.80 ¢ 204.48£0.38b  124.78+1.13 ¢ 143.68+4.04 d
#E1EIR Ellagic acid 131.47+£7.50 a 59.7743.39 ¢ 98.02+2.61 b 37.97+2.96 d 40.60+5.54 d
E TS 7T Rutin 295.83+72.32a 2254144750 ab 301.55+63.72a 122.33+2233b  200.87+61.42 ab
Flavonoids JLEEC 1842.75£196.69 b 2 143.23+64.68 a 1749.90457.43b 695.81437.59d 1 068.88+63.78 ¢
FILKEEC 147.8143.44 a 123.07+18.95b  119.48+7.75b  111.29+2.68 b 72.57£2.53 ¢
BETILREGC 364.58+42.04a  231.88+4.99b  178.22+6.62b  362.26£64.03 a 97.67+16.55 ¢
KHETILEZEEGC 2242.78+135.83a  782.38+56.57 ¢ 197.66+13.05d 1424.45£104.36b 754.74+78.59 ¢
FIRFEE B TRIEEECG 90.22+7.64 a 80.5143.63 b 73.67£1.94 b 78.3742.06 b 52.62+6.52 ¢
WETILRRK TR GCG 141.28421.14ab 161.03+1.83a  129.21+7.35b 72.83+1.35d 95.62+9.84 ¢
KRG TILEZRETIRIEEGCG 512.48+61.95a  347.02426.64c  447.22+62.81 ab 386.62+51.38 bc  193.38+22.45d
A=k MHER Caffeine 605.32+37.71b  475.24+29.65¢  693.85£77.02b 956.77+76.03a  246.03+34.26 d
Alkaloids 7] A Theobromine - - - - -
Z58, Theophylline 23.4342.04 a 9.43+1.57 ¢ 13.19+2.21 b 11.87+1.42 be 4.96+1.02 d
% & Total content 8 455.59 6 726.59 5994.24 5407.27 4067.78
WV FRIORRAH R P EUE P B AR AR 22 5 W) — AT T AN RN S R UE 2 R 2 5 (p < 0.05) .
Note: “-” means not detected; the values in the table are the average + standard deviation; the values with different lowercase letters in the same

column have significant differences (p < 0.05).

0.05); T &R & B NN 39.95 mg- 100 g #e /)
fE°920.09 mg-100 g', ‘AR 3 5 F 5861 I T #
R T A SRR (p < 0.05) s WNHERR 5 =
B KA N 334.57 mg - 100 g Fe/ME N 184.26 mg -
100 g, Ak 35 AT 5T 8617 (K MNHERS & B T 2
THAMMSF (P <005 WEHEERSEHRKMEN
48.60 mg- 100 g' i /ME N 47.99 mg-100 ',  FF Ak
3 MNFCREREEE S T HAMAMMG <
0.05) ; Bl 2R R 7 & A KAE M 219.05 mg - 100 g F />
{9 124.78 mg- 100 g, ‘AR 3 5 (R BRIR & & 2
FZE T HAM R (p < 0.05) ¥R S ER AN
131.47 mg-100 g"\f/ME ¥ 37.97 mg- 100 g, “ HAk
39 BAETIR AR R E T HAL SRR (p < 0.05),
DALt , ARy R AL 53 5 bR, <k 357 I e i ik
5ER JEE 2 v T F A M

FOT B S EA R H R A B SR
B R AE . B AT, S T S AR A
Pk N R EGFEESR . AT SERKNERN
301.55 mg- 100 g+ /IME  122.33 mg- 100 g “ F
By ARSI MO861 I T SR R T A
M. GEIRERM, WAET EE LR, CEFRT Ak

3957 AN 8617 [ v U A 5 A N 3 v T LA R
JUZEF BA W, A Ee A LA 52 5 & vk
3 B B AL LR # H 0 EGCG /2 5] kg i Ik
FISSEEYI R . 3R LAl an, Rk Rl R 72 ) LA R A
OB EAEES, LRRAS TS ERS
(142 C, B2 ECG, LA R 40 & St 2N
C>EGC>EGCG>GC>GCG>EC>ECG. A [
MM PR R A BRAEZER, LRR S EH T
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AAZ15 . AFEFFRES S LA R AEERE S LA
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M35 > FRL > 861" > HRE > K
S ARER A LR R SR B k3 5 >
A >861 > RIS >/ AF
mn P EGCG & & A7 7E 2 7, EGCG & &2 H =1 3
A FHR3IET > FH > MR E > 1861 >
RIS R8617 I C A R R E T A AL R
(p < 0.05), ‘35 HEC.EGC.ECG & & ¥
T AR (p < 0.05), R3S R AT
GC HEREm T HASF(p < 0.05), ‘HH35’
1) GCG & & W&y T HABL S (p < 0.05), 1k 3
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SOMCERIE M EGCG R R m T AR R (p <
0.05). Ft, )LZEFEHAD I, 35 HE, R
%15 A, A 3 AN M . 4R, LR
ForE bokUL, PR35 A U861 I IR R R A
22 1 T H AR s

OB B A B — PR P R A, BB AU, Bk
PO A2k PR T R DR AR . AR R
WK, AH 55 W HERRAR LU R AR 55 . FHER 1 AT, Bk
ot F AE A DT 23 1 B EAFAE IR 22 7, &/ i ol
2 i = T A R T A (I3 = R S N = )
956.77 mg- 100 g\ f/ME 4 246.03 mg- 100 g'o 7%
Tl 25 B e K N 23.43 mg - 100 ' B /M N 4.96
mg- 100 g'o TR IRMNHEERR & & 3 T Al
Fh(p < 0.05), Wbk 357 Bm S & B 3 T HA
i (p < 0.05) o ASIE] L FR I AR VDB S B AE AR 2
LAY EH SRR R E > H/R >
R3S >861T > RIZ 1S SRR,
AW BRI, AR 3SR ST I R
o 2 T A R, R LS I R AR R
2.3 ZHEAFEEIRERYRS O BTN R HE X%
S

T RFE R RS DURGEAN GRBR GR O
2 [ B AH I, B FH Pearson FH 5< & EU6 Ha 47 AH 5
P, 5 AR 2 R . A 5 TR R 5 7k
TR 2 TR] 35 SR AR AR OG , R B BE 5 P v T R o 2
SR, IR 2 G . GC 58k R )
i F A, X G \EC.ECG 5k & 2. 2 1E A
K, RKWBEH GC IR EC.ECG & & 13,
TR 2 B0 5 S CEC TR MR 3 IR AR,
KB LSBTV BC & &I IN, Rkt bE 2 3
T0e B R, AR S B RS WU £ P A R R A S T
TR TR, Hodh GC A B R JEC Il ECG *t
TR IR DT RR AR, S HL T A EC KRR I DTRR K
24 ZHERMEEZRYRBER S D

X6 5 ANAZAR R A R R 18 ST R ) A R
HEAT E RS o0 BT 5 5 1 3 B FRFAE(E R 11.070 9,
TUHRZE N 58.27%, AREK T FT A e i WA 51 1Y) 58.27%
15 2 565 2 F A HIRRIEAA v 4.713 8, STk %N
24.81% , RAATTHRH N 83.08%. 2N F 4 Bt
TTHR R N 83.08% , $E3IT 85% Cy FH RIAED , 65 1 7%
TR TR bR 83.08% 1115 2., R L T 56 1 5 Bl oy A 2R
2 T AE N E A AN A it P P ol o R R

F2 EIERYRSOBIENEBEXED
Table 2 Correlation analysis between bitter and astringent

substances and taste evaluation

SN TR SN PUR

Bitterness Astringency Bitterness Astringency
S 0.813 0.943* c 0.206  0.818
Total tannins
SRR IR 0.709 0.865 EC 0.896*  0.945*
Chlorogenic
acid
R 0.369 0.756 GC 0.959%*  0.496
Vanillic acid
THER 0.218 0.741 EGC  0.740 0.379
Syringic acid
Wi 0.760 0.747 ECG 0.957* 0.861
Caffeic acid
WEERR  0.954%  0.669 GCG 0215 0.812
P-coumaric
acid
Rl B R 0.376 0.870 EGCG 0.863 0.824
Ferulic acid
AR 0.550 0.838 IHERE 0.676 0.170
Ellagic acid Cafteine
WETR  0.069 0.721 2Bk 0.858  0.798
Gallic acid Thepp-
BT 0.122  0.696 hylline
Rutin

TR 0.05 KT BRI, *+3R0R 0.01 7K BRI
Note: * indicates significant correlation at p << 0.05 level, ** indi-

cates significant correlation at p << 0.01 level.
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TT. Total tannins; CHA. Chlorogenic acid; VA. Vanillic acid; SA. Sy-
ringic acid; CA. Caffeic acid; PCA. P-coumaric acid; FA. Ferulic acid,
EA. Ellagic acid; GA. Gallic acid; R. Rutin; C. Catechin; EC. Epicate-
chin; GC. Gallocatechin; EGC. Eepigallocatechin; ECG. Epicatechin
gallate; GCG. Gallocatechin gallate; EGCG. Epigallocatechin gallate;
CAF. Caffeine; TP. Theophylline.
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