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Correlations between physical properties and major chemical compo-

nents of shells in apricot
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Abstract: [ObjectiveJKernel-using apricots (Prunus armeniaca L.) are unique apricot resources in Chi-
na, and they are often used as the main economic tree species in arid and semidesert areas in Northern
China due to their excellent characteristics of cold and drought resistance and barren tolerance. Difficul-
ty in opening the shells and low kernel-yield-rate are two major concerns both for growers and breed-
ers. The evaluation of the physical properties and the chemical components of the kernel-using apricots
would be valuable for speeding up the selection of new variety.[Methods]The physical characteristics
of kernel thickness, hardness, and breaking force were investigated using TMS-Pro physical property
analyzer (Food Technology Corporation in USA). The contents of cellulose, hemicellulose, and lignin
in the kernel of different germplasms were determined using general detection methods such as Klason
lignin method and Kurschner-Hoffer method. [Results] The order of the mean value of the shell thick-
ness were ansu apricot (P. sibrica L.) population (1.37 mm) < Fresh-using apricot (P. armeniaca L.)
(1.74 mm) < Kernel-using apricot (P. armeniaca L.) (2.00 mm); the average value of breaking force
were ansu apricot population (149.57 N) < Fresh- using apricot (149.57 N) < Kernel- using apricot
(209.65 N); the average value of kernel hardness were ansu apricot population (613.26 N) < Kernel-us-
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ing apricot (733.73 N) < Fresh-using apricot (873.62 N). Analysis of variances showed that there were
significant differences in the thickness, breaking force, and hardness of the apricot shells among differ-
ent types of apricot germplasms. There were abundant genetic variations in apricot shells, but the genet-
ic variation of the kernel-using apricot was smaller than other types. In the process of artificial selec-
tion, there were some undesirable traits such as the kernel thickness and hardness of shell in the kernel-
using apricot, however, some germplasm such as Lve, Luren, You No.1, and Xin No.4, exhibited great
utilization potential for improving the kernel yield in apricot. The main components of apricot shell
were cellulose, hemicelluloses, and lignin, and their contents were 19.08%, 47.55%, and 28.78%, re-
spectively. The mean content lignin in kernel-using apricots, fresh-using apricots and ansu apricot popu-
lation were 28.22%, 30.2%, and 28.34%, respectively. Analysis of variances showed that the mean con-
tents of cellulose, hemicellulose, and lignin were not significantly different among different types of
apricot germplasms. The variation coefficient of lignin content was larger than that of holocellulose,
which indicated that lignin content varied obviously with different accessions. It was found that shell
thickness and hardness (» = 0.544**), breaking force and hardness (» = 0.600**), cellulose and hemicel-
lulose (» = 0.976**), acid-insoluble lignin content and the total lignin content (» = 0.999**) were ex-
tremely significantly and positively correlated. Among the physical properties and chemical composi-
tion of the apricot shells, there was only one correlation, that is, the correlation between the shell hard-
ness and the total content of lignin (» = 0.343*), and the contents of cellulose and hemicelluloses, which
were the cell wall framework materials, were not significantly correlated with shell thickness. It indicat-
ed that the lignin content of shell had the greatest impact on the hardness of the apricot stone. [Conclu-
sion] There were abundant genetic variations in thickness, breaking force, and hardness of the apricot
shells among different types of germplasms. The apricot shell was mainly chemically composed of cel-
lulose, hemicelluloses, and lignin; the proportions of these compositions showed no significant differ-
ence among different types of germplasms. The hardness of the shell was correlated with thickness and
lignin content of the shell in apricot.
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Tablel list of the tested apricot accessions
Giics Tt B
Population Accessions
1 BPY45 Xin No.4

Kernel-using apricot #JM Huangjianzui
yihihr Kelala

C11-2-6

79C13

— /i Sanganqi

H % i Chuanlingbian
fIi— Youyi

4= Guoren

% F i Longwangmao

M & Jw Baiyubian

80A03

JUIEJE Jiudaomei

£/~ Fengren

BB ARNA Zhuolu muguaxing
1= Chaoren

— 5 ¢ Yiwofeng

80B05

K3 1 5 Changcheng No. 1
[#i% 1 %5 Weixuan No.1
BODO05

FE AT Saimaiti

.5 85 Longken No.8

Jmi % Bianxing

5 2E #H{~ Yesheng tianren
B2-1-2-3

Hi 41 Chuanzhihong

B ERET A Xinjiang yexing
HURF Kaite

2. 7 Hongyu

6 B K%Y Huaxian dajiexing
HiVE R4 Jinxi dahongxing

B AT

Fresh-using apricot

4~ Louren
LAty A4 Chuizhixing
Prunus sibrica 11#5 15 Shanxing No.15
K1li4 Dashanxing
B1-10-2-1

JRIE LA Sulian shanxing
#4111 45 Tianren shanxing
K111 J& Dashanhou

1L Liaomei

fi& 1 11145 Xiongyue shanxing
B3-14-3-1

S Lie

B3-14-4-1
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Table 2 Variation analysis of physical characters of the apricot shells among different germplasm types

FlFi %Y Germplasm types M/n X1/mm X18 X1C/%  X2/N X28 X2C/% X3/N X3S X3C/%
{=HI4 Kernel apricot 21 2.00 0.23 11.60 209.65 72.88 3476 733.73 18529 2525
i £ 75 Fresh apricot 12 1.74 0.41 23.71 195.13 79.15  40.56 873.62 33547 3840
WL Prunus sibrica 12 137 0.28 20.46 149.57 4405 29.45 61326 19878  32.41
Mt Total 45 1.76 0.39 22.41 189.64 7124 37.57 73891 25077  33.94

ML FERRE XL AR P IE S, dRifEZE  C. A8 ARG X2, I ALRIER I 1 M s X3, AR P P 1

Note: M. Number of samples; X1. Average thickness of apricot kernel; S. Standard deviation; C. Coefficient of variation; X2. Average breaking

force of apricot nucleus; X3. Average hardness of apricot kernel.

BEE L&, BEEN LA RL R RSN
23.71%F120.46% , 1M1 A~ FH AL A 11.60% , 1% 3 B 7E
B E T T A AR /N T HAD A B . 7EILA
FhoE i 2 AR )R FE AR 1.01 mm, 1] B3-14-3-1
4 )5 B 24 1.89 mm; B £ A5 o it o 1) 8 A A% I
Y JE R JLF-N 0 mm, 1ff 40 K 5 5 8 2.28 mm; {~ H
A5 b Bl A A — A% B 1.59 mm, 1T K R 1)
P8 M 2.36 mm.

SRR )5 AT A 56 A PR (A
ZRARE, WEMRNER I EERTLCASS
A A, AN R 149.57 N5 F IR O £ 45 5 42 FH 25 P e
RAZIBEZE ) 5 N 209.65 N. WNE R RBURE ,
Ll A AT A A B A 1) 23 ) O 29.45% 4 34.76%
40.56% , 1X F B AN [A] A5 -2 AE BT A A% 7 T A8 = R
FE. EEEEH P, BOE RS NN,
KA I 2L 759 353.64 N A= FH 25 i 5 o (1 397 4
SR S8 111.31 N, 1 80D05 HI i 2 11N
338.62 N.

12 2 ] DU, A [ 25 o [ Fr SR A il A
SN RAZHEE RN B RO LA (613.26
NO<AZ F A5 (733.73 ND<fif & 45 (873.62 N) , B 7 &
Ol N B R AR RN A A (25.25% 0 < 1 A
(32.41%)<BEE 7 (38.4%) . FERER AT, HRPE K4
A5 (%8 B KR 1 305.42 N, 1T 78 A 45 10 SR k% fif
I /MU 167.65 N, IF H R Z#EZE 1) 1°F- M 0.

2.2 AEIMREE B EZH D HIE L

MEEAR KT, AN A R A A% 32 AL o)
BIRA 43 R Y R ORI R AN, TS &
AR 19.08% « 47.55% F 28.78% , 7% 4k 3 [ 43 5 N
11.2%~31.9%133.9%~55.8%F1 22.9%~33.2%.

U FAE NI B RE ) E By, A AR
S oy BRI TUE R CHA R
A5 FH L A TR SR A 4 2R S AR 66% A0 A7, A K
ZHFRMEARRGEES TAERSE. £~
FIMBR R MR A AR T EERAR, LR REUNL
1.29%~2.09% , 1] £ 4 = - LF e R S BB R R
B9y AIAE 32.31%~36.29%F1 11.97%~15.28% . XK
B EAF P R B I A A% TR SR A 4 R 3 B R
EL LR AR LETETMHRK., Hp, 2
P I 25 2 31 2 2 T 35 (8 M v T FE A SR B )
T 5 B Y PR ~F 33 2 27 4 31 2 B g e T oA 2 A 2R
A,

AR 2 FBAFAE T ARG I A A g B vpr,
g A YR AR BACHE — T, ARSI S AE )
P B P KL SR FE . IR 3 W] LA Y, 75 A%
WK R B AN PR AR R A (L) 28% /8
F0, AR R & BEK R A K AZHA
M £ A5 R0 Ly A 00 R 5T 2R 1 38 B 0 il A 28.22%
30.2%F128.34%. JHIL it Bk, B A A
JRE S EE T AA LA (H = R E R ARIA



10 4 B A I RAZ YR S A A AL 3 AR DGR 43 AT 1721
F3 FEMREREERIZERE DRSS
Table 3 Composition and variability of apricot shell among different populations

Fi5i 252 Germplasm types X4/% X5/% X6/% X7/% X8/% X9/%
A “FI4{E Average 20.07 46.57 66.63 1.16 27.06 28.22
Kernel-using apricot bR % Standard deviation 6.48 6.38 1.40 0.13 2.90 2.89
Ap S Z2 80 Coefficient of variation 32.31 13.69 2.09 10.77 10.71 10.24

iy SFEIMH Average 17.12 4934 66.54 1.07 29.13 30.20
Fresh-using apricot F#ME2 Standard deviation 5.99 5.90 0.86 0.11 228 227
45 53 Z ¥ Coefficient of variation 35.01 11.97 1.29 9.95 7.82 7.52

(IR I Average 19.18 47.63 66.76 1.06 27.28 28.34
Prunus sibrica bR % Standard deviation 6.96 7.28 1.14 0.14 2.60 2.49
A5 5 251 Coefficient of variation 36.29 15.28 1.71 13.49 9.54 8.77

Bk P48 Average of total 19.08 47.55 66.64 1.11 27.67 28.78
Total it 2% Standard deviation 6.45 6.45 1.18 0.13 276 272
A S 2280 Coefficient of variation 33.79 13.56 1.78 11.87 9.97 9.44

X4 YER R XS, AR S X6 YRR SR XT. BRI TEAR R R 5 & X8, BRI AR RS X9 AR R S

Note: X4. Cellulose content; X5. Hemicellulose content; X6. Holocellulose content; X7. Acid soluble lignin content; X8. Acid insoluble lignin con-

tent; X9. Total lignin content.
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Table 4 Correlation analysis between hardness and chemical composition of apricot shell

T H Ttem X1 X2 X3 X4 X5 X6 X7 X8 X9

X1 0.00 0.00 0.252 0.673 0.354 0.020 0.337 0.387
X2 0.600%* - 0.015 0.195 0.425 0.176 0214 0.647 0.686
X3 0.5447%% 0.359% 0.687 0.564 0.493 0.391 0.126 0.111
X4 0.175 0.197 -0.062 0.005 0.725 0.267 0.517 0.544
X5 0.065 -0.122 0.088 0.976%* - 0.937 0.997 0.646 0.641
X6 0.142 0.205 0.105 0.054 0.012 0.016 0.167 0.198
X7 0.346% 0.189 0.131 0.169 0.001 0.356* 0.021 0.046
X8 0.147 -0.070 0.231 -0.099 0.070 -0.210 -0.343* 0.000
X9 0.132 -0.062 0.241 -0.093 0.072 -0.195 0.300% 0.999%* .

RN AR A OC R E A B AR KCE, MIRAR S [FIR 2 AR 3. #*3R0RAE 0.01 K EAERME G2+ RORTE 0.05 /K- LAH

PSERTE

Note: The lower left corner of the table is the correlation coefficient between characters; The upper right corner is the significant level. The abbrevi-

ations of characters are the same as those in Table 2 and table 3. **. The correlation is significant at 0.01 level; *. The correlation is significant at 0.05

level.
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