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Abstract: To better understand the influence of altitude on fruit characteristics of bog bilberry (Vaccinium uligino-
sum L.), here we investigated the adaptation of its fruit morphological and chemical traits to the environment at six
growing positions along an altitudinal gradient (706, 957, 1 226, 1 315, 2 000 and 2 190 m) on the northern slope
of Changbai Mountain, China. Fruit longitudinal diameter, fruit transverse diameter and fruit weight decreased
significantly with increasing altitude. Vitamin B; content reached its highest at 2 190 m, while both vitamin B,
and vitamin C contents reached their highest and lowest at 1 226 and 706 m, respectively. Anthocyanin content
and DPPH (1,1-diphenyl-2-picrylhydrazyl) free radical scavenging ability initially decreased and then improved
with increasing altitude. We observed a highly significant (P < 0.001) negative correlation between external fruit
quality traits (fruit length, diameter and weight) and internal fruit quality traits (vitamins B,, B,, C and anthocy-
anin), and found that environmental factors significantly influenced fruit characteristics. Taken together, we con-
cluded that on the northern slope of Changbai Mountain, bog bilberry fruits were larger at low altitudes, fruits
at mid altitudes contained higher vitamins B, and C, while high altitude (especially at 2 190 m) was beneficial for
vitamin B,, anthocyanin, and DPPH free radical scavenging ability.

Keywords: altitude; fruit antioxidant capacity; fruit appearance characteristics; fruit vitamin content; Changbai
Mountain Vaccinium uliginosum L.

The bog bilberry (Vaccinium uliginosum L.)
is a perennial deciduous shrub in the family of Eri-
caceae, and is widely distributed in China, Mon-
golia, Japan, South Korea, North Korea, Europe,
North America and elsewhere. It is an important
economic forest understory plant in high-latitude
areas of the northern hemisphere. In China, wild
bog bilberries are mainly found in the Daxing’anling,
Xiaoxing’anling and Changbai Mountain areas, mak-
ing them the most widely distributed and abundant
wild blueberries (Su et al. 2016; Wang et al. 2022b;

Zhang et al. 2023). The ripe fruit is blue-purple,
covered with white frost, and the flesh is white and
juicy. It tastes sour, sweet, and slightly astringent,
is rich in functional active components (24 antho-
cyanins, 32 flavones, 24 organic acids, 28 aromatic
components) and a variety of nutrients (e.g. min-
eral elements, vitamins and amino acids) (Su et al.
2016). Therefore, bog bilberry fruits have powerful
antioxidant, anti-ageing, anti-inflammatory, anti-
cancer, vision health properties and cardiovascular
disease and cerebral nerve ageing prevention quali-
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ties, which have attracted much attention in food
science and medicine (Kopystecka et al. 2023). They
are one of the most promising small berries for de-
velopment and utilisation in Northeast China, and
artificial management of their resources has also
become an important industry for the development
of the Changbai Mountain area forest economy.
However, due to irregular harvesting and environ-
mental variability for many years, wild bog bilberry
resources have decreased in area, their yield has
declined, and quality fluctuated, which has affected
their long-term production and management (Wei
et al. 2023). Habitat conditions are the basis for fruit
quality development. Therefore, an in-depth under-
standing of habitat effects on bog bilberry fruit qual-
ity and fruit yield is imperative for the development
of the industry and is important for future utilisation
and promotion of the fruit.

Altitude directly determines tree growth environ-
ment and is one of the important ecological factors
affecting fruit quality and yield. Different altitudes
have large differences in light, temperature, mois-
ture and soil, which in turn have significant effects
on plant growth and fruit development (Kergunteuil
et al. 2018; Naryal et al. 2020; Fischer et al. 2022).
Many studies have shown that fruit quality and
yield vary with altitude; for example, Karagiannis
et al. (2020) found that the high-altitude environ-
ment suppresses apple redness and colour index.
Wen et al. (2023) revealed that the total anthocya-
nin content of fruits of six highbush blueberry varie-
ties improved with an increasing altitude, as did the
amino acid content of fruits of four highbush blue-
berry varieties. Fischer et al. (2007) discovered that
cape gooseberry fruit number, dry matter content,
and sucrose content decreased significantly at high
altitudes, and Naryal et al. (2020) found that for every
100 m increase in altitude, apricot fruits showa 0.5 g
decrease in fruit weight, a 1.9% decrease in water con-
tent, and a 1.2° Brix increase in soluble solids. Veg-
etation distribution in the Changbai Mountain area
varies significantly with changes in slope, with the
northern slope having a complete vertical spectrum
(Wang et al. 2022a). Therefore, environmental het-
erogeneity at different altitudes will likely lead to dif-
ferences in fruit development and quality formation.

Anthocyanins are the main antioxidant compo-
nents in bog bilberry fruits (Zeng et al. 2020). Aging
and many chronic diseases (including cancer) are
related to the excessive production of free radicals,
and antioxidants can effectively overcome the harm
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caused by both. Therefore, antioxidants are one
of the most important functional demands in the
current market and one of the main healthcare re-
search and development directions. Finding anti-
oxidant-active substances from plant sources has
become a hot research topic today (Taruscio et al.
2004; de Oliveira et al. 2007; Rangkadilok et al. 2007;
Wang et al. 2023). Vitamins B, B,, and C are wa-
ter-soluble, and although human demand for them
is not high, they play an important role in main-
taining normal human metabolism and physiologi-
cal functions. These vitamins cannot be synthe-
sised in the human body due to their physical and
chemical properties, so must be supplied from food.
However, they are easily affected by external condi-
tions, making them nutrients that humans often lack
(Said 2011; Song et al. 2012; Paunovi¢ et al. 2020).
In this study, we focused on wild bog bilberry fruits
continuously distributed on the northern slope
of Changbai Mountain and compared their ap-
pearance quality (fruit longitudinal diameter, fruit
transverse diameter and fruit weight), vitamin (vita-
min B,, vitamin B, and vitamin C) contents, as well
as antioxidant capacity [anthocyanin content and
DPPH (1,1-diphenyl-2-picrylhydrazyl) free radical
scavenging ability]. Furthermore, we explored the
following three patterns: (i) changing patterns of ex-
ternal and internal fruit quality with altitude, (i) in-
trinsic correlation between fruit quality indicators
and their relationship with altitude, and (iii) domi-
nant habitat factors affecting fruit quality.

MATERIAL AND METHODS

Study area overview. Changbai Mountain (41°23'-
42°36' North longitude, 126°55'-129°08' East
latitude), located in the southeastern Jilin Prov-
ince, on the boundary mountain between China
and North Korea, is the highest mountain on the
east coast of the Eurasian continent. Its north, west,
and south slopes are located in China, and its high-
est peak is the Baiyun Peak, which reaches 2 691 m.
The Changbai Mountain National Nature Reserve
(1 964.65 km?) is one of China’s key protected for-
est areas and is listed on the IUCN Nature Reserves
“Green List” (2022). The Changbai Mountain area
has a north-temperate continental monsoon alpine
climate. Annual precipitation reaches a maximum
of 1 400 mm and a minimum of 700 mm, while
summer precipitation accounts for > 70% of annual
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precipitation. It is relatively humid throughout the
year, with an average relative humidity of 70%. The
annual average temperature can reach as low as 2 °C,
and the annual average temperature difference
between the top and the foot of the mountain
can reach more than 10 °C. Annual sunshine time
is not more than 2 300 h; the frost-free period
is 3 to 4 months and only about 2 months at the top
of the mountain. The vegetation in the Changbai
Mountain area, from the temperate zone at low alti-
tude to the frigid zone at high altitude, can be divid-
ed vertically into coniferous and broad-leaved mixed
forest, mountain coniferous forest, subalpine Betula
ermanii forest, and the alpine tundra zone. Soils are
also vertically differentiated into dark brown forest
soil, brown coniferous soil, mountainous herba-
ceous forest soil, and mountain tundra soil (Qi et al.
2022; Wang et al. 2022a).

We conducted a comprehensive survey of the
wild bog bilberry resources in Changbai Mountain
Nature Reserve and found that the northern slope
of Changbai Mountain at altitudes 700—-2 200 m
has a continuous and concentrated distribution
of wild bog bilberries. Therefore, we established
an altitudinal transect for bilberry sampling. Typi-
cal sample plots were located at 706, 957, 1 226,
1 315, 2 000, and 2 190 m and environmental con-

ditions at each altitude were determined (Table 1;
Hao et al. 2003).

Sampling methods and trait determination.
Three typical sample plots were established at each
altitude, and in each plot (30 x 30 m), 20 plants
(replicates) of healthy and close to 10-year-old
bog bilberries were randomly selected, approxi-
mately 20 g mature fruit samples were manu-
ally collected in the middle and upper periphery
of the canopy of each sample plant, and fruit traits
measured in the laboratory. Fruit longitudinal di-
ameter (FLD, mm) and fruit transverse diameter
(FTD, mm) were measured by vernier callipers
(accuracy — 0.01 mm), and fruit weight (FW, g)
was measured with an electronic balance (accu-
racy — 0.001 g). Vitamin B, (VB;, mg/100 g) and
B, (VB,, mg/100 g) contents were determined ac-
cording to GB 5009.84-2016 National Food Safety
Standard for Determination of Vitamin B, in Foods
and National Food Safety Standard for Determina-
tion of Vitamin B, in Foods, respectively. Vitamin C
(VC, mg/100 g) content was determined according
to GB 6195-86 Determination of vitamin C in veg-
etables and fruits (2,6-dichloroindophenol titration
method). Anthocyanin (ACN, mg/g) content was
determined using the pH differential method (Song
et al. 2013), and DPPH free radical scavenging abil-

Table 1. Wild bog bilberry habitat conditions at different altitudes

Altitude (m)

Type Environmental factors
706 957 1226 1315 2000 2190
AAT 2.83 1.29 0.27 ~0.75 ~3.82 —4.84
>5°CCT 245977 197249 170253  1469.52 944.97 815.97
Jan. AT ~17.33 ~18.27 ~18.89 ~1952  -21.40  -22.03
‘ Jul. AT 19.63 17.95 16.84 15.73 12.39 11.27
Meteorological AAP 679.18 755.19 810.53 869.92 107553 1 154.34
condition
Jun. ~ Sep. P 483.02 537.07 576.43 618.67 764.89 820.94
FES 121.00 108.12 100.31 93.06 74.31 68.94
SCD 130.79 151.16 164.73 17831 219.04 232.61
DI 0.67 0.56 0.50 0.44 0.31 0.28
oM 4.93 4.96 2.49 2.92 1.21 0.68
4 - SAN 663.02 819.94 451.68 532.24 273.31 244.54
Soil condition
SAP 35.68 27.26 41.55 18.86 261 5.79
SAK 122577 122848 731.45 542.67 296.02 335.76

AAT - annual average temperature (°C); > 5 °C CT — > 5 °C cumulative temperature (°C); Jan. AT — average January

temperature (°C); Jul. AT — average July temperature (°C); AAP — average annual precipitation (mm); Jun. ~ Sep. P —

precipitation from June to September (mm); FFS — frost-free period (days); SCD — days of snow accumulation (days);

DI - drying index; OM — organic matter (g/kg); SAN — soil available nitrogen (mg/kg); SAP — soil available phosphorus

(mg/kg); SAK - soil available potassium (mg/kg)
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ity (DPPH, %) measurement followed the method
of Zhu et al. (2019).

Data processing. Significant differences in fruit
traits across altitudinal gradients were analysed us-
ing one-way ANOVA, multiple comparisons were
performed by Fisher’s LSD (least significant differ-
ence) method (a = 0.05), and data were expressed
as mean * standard error (SE). Pearson correla-
tion analysis was performed using two-tailed sig-
nificance tests. The relationship between fruit traits
and environmental factors was studied using step-
wise regression and principal component analysis
(PCA). Analysis of variance, multiple comparisons,
correlation analysis, path analysis and stepwise re-
gression analysis were performed using R studio
version 4.1.1, while PCA was implemented using
Canoco version 5.0.

RESULTS AND DISCUSSION

Fruit appearance characteristics. Environmental
factors vary along altitudinal gradients, and there-
fore, plant growth, development and physiological
characteristics will also vary regularly (Kergunteuil
etal. 2018; Abbas et al. 2022). Plants growing at high
altitudes experience different combinations of light,
temperature, and moisture compared to those at low
altitudes because the growing season is shorter,
plants have less access to resources, carbohydrate
accumulation is significantly reduced, and plants
tend to be smaller, with a consequent reduction
in fruit size (Korner et al. 1989; Soethe et al. 2008;
Li et al. 2017; Wen et al. 2023). On Changbai Moun-
tain, bog bilberry FLD, FTD and FW decreased
with increasing altitude. FLD at altitudes 957 m
(P = 0.003), 1 226 m (P < 0.001), 1 315 m (P < 0.001),
2 000 m (P < 0.001) and 2 190 m (P < 0.001) were
significantly lower than at 706 m. FLD at 2 190 m
was 17.01% lower than at 706 m (Figure 1A). Signifi-
cant differences were found between the FTD of bog
bilberries at 706 m and at altitudes 1 315-2 190 m
(P = 0.014, P < 0.001, P < 0.001), and the FTD
of bog bilberries at altitudes 2 000 and 2 190 m were
significantly lower than at other altitudes, with the
FTD at 2000 and 2 190 m being lower than at 706 m
by 15.82 and 24.93%, respectively (Figure 1B). The
FWs of bog bilberries at altitudes 957-2 190 m were
significantly (P < 0.001) lower than at 706 m, and
those at 2 000 and 2 190 m were significantly low-
er than at other altitudes, with those at 2 000 and
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2 190 m being 66.52 and 77.88% lower than at 706 m,
respectively (Figure 1C).

Fruit vitamin contents. As the altitude increased,
VB, and VB, contents showed an increasing-de-
creasing-increasing pattern, and both of them en-
tered the decreasing inflexion point at altitude
1 315 m. VB, content at altitude 2 190 m (Figure 1D)
and VB, content at 1 226 m (Figure 1E) were sig-
nificantly (P < 0.001) higher than at other alti-
tudes, the former of which was 35.49% higher than
at 1 315 m, and the latter which was 37.75% higher
than at 706 m. At altitudes 706—1 226 m, bog bil-
berry VC content increased with increasing altitude.
VC content (130.13 mg/100 g) at altitude 1 226 m
was significantly higher than at other altitudes, and
VC content at altitude 2 000 m (121.40 mg/100 g)
was second only to altitude 1 226 m. VC contents
at 1226 mand 2 000 m were 7.86 times (P < 0.001) and
7.34 times (P < 0.001), respectively, greater than that
at 706 m. VC contents at altitudes 1 315 and 2 190 m
were similar (95.59 mg/100 g and 96.62 mg/100 g;
P = 0.67) (Figure 1F). VB, and VC contents reached
the highest and lowest values at altitudes 1 226 m and
706 m, respectively, suggesting that the mid-altitude
section with sufficient light and the suitable tempera-
ture was more favourable for VB, and VC synthesis.
Relatively higher temperatures and less precipitation
at low altitudes (Table 1) may have restricted the ac-
cumulation of the two within the fruits.

Fruit antioxidant capacity. Bog bilberry ACN
content initially decreased and then increased
with increasing altitude. ACN content at altitudes
2 000 and 2 190 m was significantly higher than
at other altitudes (1.89 mg/g and 2.27 mg/g), which
was 19.34% (P = 0.002) and 33.03% (P < 0.001) high-
er than at 1 226 m (1.52 mg/g) (Figure 1G). Bog bil-
berry DPPH initially decreased and then increased
with increasing altitude. DPPH at 1 315 m was sig-
nificantly (P < 0.001) lower than at other altitudes.
DPPH at altitudes 2 190, 2 000, 1 226, 957 and 706 m
was 3.51 times (P < 0.001), 3.22 times (P < 0.001),
2.87 times (P < 0.001), 3.26 times (P < 0.001), and
3.33 times (P < 0.001) higher than at 1 315 m, re-
spectively (Figure 1H). Overall, anthocyanins and
DPPH free radical scavenging ability at mid-al-
titudes (1 226—1 315 m) were relatively low, while
bog bilberry antioxidant capacity at high altitudes
increased. It reveals that harsh environmental con-
ditions at high altitudes (especially strong light and
UV) lead to the production of a large number of free
radicals in bog bilberries, inducing the synthesis
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of flavonoids mainly composed of anthocyanins.
The bilberry cytoplasmic membrane structure and
the antioxidant enzyme system changed to protect
various organs and enhance its ability to resist ad-
versity (Zeng et al. 2020; Wang et al. 2022c).
Correlation between fruit traits and between
altitudes and fruit traits. There were different
degrees of intrinsic correlations between bog bil-
berry fruit quality characteristics. FLD, FTD, and
FW showed a highly significant (P < 0.001) positive
correlation with each other, and there was a highly
significant (P < 0.001) negative correlation between
the FLD, FTD and FW and VB, content, VB, con-
tent, VC content and ACN content (Figure 2). VB,,
VB, and VC contents showed a highly significant
(P < 0.001) positive correlation with each other, in-
dicating that the three synergistically regulated fruit
formation quality. Antioxidation is an important
healthcare function of bog bilberries, and anthocya-
nins are the main functional components of its fruits
(Hakkinen, Torronen 2000; Zoratti et al. 2015).
The negative relation between ACN and fruit size
(i.e. FLD, FTD and FW), as described above, may
be that smaller fruits have a higher concentration
of ACN than big ones. However, we found a highly
significant positive correlation between ACN and
DPPH (P < 0.001), indicating that anthocyanins
are important contributors to the DPPH free radi-
cal scavenging ability of bog bilberries. There was
a highly significant (P < 0.001) positive correlation
between ACN content with VB, (P < 0.001) and VB,
&
FP Lo o

Altitude

FLD
FTD
FW
VB,
VB,
vC
ACN

DPPH
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content (P < 0.01), a highly significant positive cor-
relation between DPPH and VB, content (P < 0.001),
and a significant positive correlation between the
DPPH and VB, content (P < 0.05), indicating that
VB elements were able to effectively synergise
the scavenging of DPPH free radicals and antioxi-
dant activity, with the synergistic effect of VB, being
stronger than that of VB,

There were highly significant (P < 0.001) nega-
tive correlations between altitude and FLD, FTD
and FW, and highly significant (P < 0.001) positive
correlations with VB,, VB,, VC and ACN contents,
suggesting that higher light and UV radiation, cooler
temperatures, and greater diurnal temperature dif-
ferences at increased altitude promotes VB, and an-
thocyanin accumulation in bog bilberry fruits and
enhances the DPPH free radicals scavenging effi-
ciency. Additionally, the correlation coefficient be-
tween altitude and FW (-0.85) was the highest, fol-
lowed by ACN content (0.78), and the lowest was
with DPPH (0.11) (Figure 2). The absolute value
of the path coefficients can be directly used to com-
pare the importance of the role of altitude on fruit
characteristics, where the direct and indirect path
coefficients reflect the magnitude of direct and indi-
rect effects caused by altitude, respectively. The path
analysis results (Table 2) show that the direct ef-
fects of altitude on FLD, FW and VB, were all nega-
tive, while on VC, ACN, and DPPH were positive.
The indirect effects of altitude gradient on VB,
VC and ACN were all negative, while on FLD, FW,

&
QQ
1.0
Figure 2. Pearson correlation coefficients
0.8 () between bog bilberry fruit traits and
between altitude and fruit traits
06 Colours and numbers indicate the strength
04 of the correlation (red — negative corre-
lation, blue — positive correlation), the
0.2 darker the colour, the closer the correlation.
Numbers represent the Pearson correlation
0.0 -
coefficient (r)
0.2 FLD - fruit longitudinal diameter; FTD
— fruit transverse diameter; FW — fruit
04 weight; VB, — vitamin B1 content; VB, —
vitamin B2 content; VC — vitamin C con-
06 tent; ACN — anthocyanin content; DPPH
_0.8 — DPPH free radical scavenging ability
* e ***significant levels at P < 0.05, 0.01,
-10  0.001, respectively
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Table 2. Path analysis of bog bilberry fruit traits and altitude

. Correlation Direct path Indirect path coefficient
Fruit trait . .

coefficient coefficient FLD FW VB, vC ACN  DPPH total

FLD -0.63 -0.055 - -0.028 0.022 0.026 0.023 0.004 0.047
EW -0.85 -0.163 -0.083 0.106 0.119 0.086 -0.024 0.204
VB, 0.63 -0.502 0.201 0.326 - -0.442 -0.141 -0.126 -0.182
VC 0.65 0.983 -0.472 -0.718 0.865 - 0.108 -0.177 -0.394
ACN 0.78 0.703 -0.295 -0.373 0.197 0.077 — 0.309 -0.085
DPPH 0.11 0.239 0.019 0.036 0.060 -0.043 0.105 - 0.177

FLD - fruit longitudinal diameter; FW — fruit weight; VB, — vitamin B, content; VC — vitamin C content; ACN - antho-
cyanin content; DPPH — DPPH free radical scavenging ability

and DPPH were positive. Moreover, altitude had
maximum direct and indirect effects on VC while
minimum direct and indirect effects on FLD. The di-
rect effects on FLD, VB,, VC, ACN and DPPH were
higher than the indirect effects, while the indirect ef-
fect on FW was higher than the direct effect. It can
be inferred that a great direct effect did not neces-

<
—

PC2 (2.83%)

©
T

-15 PC1 (96.04%)

sarily lead to a great indirect effect, and altitude had
greater effects on VC, VB, and ACN.

Effects of environmental factors on bog bilber-
ry fruit traits at different altitudes. Principal com-
ponents (Figure 3) and stepwise regression (Table 3)
analyses jointly showed that climate and soil factors
have a significant impact on bog bilberry exter-

Figure 3. PCA analysis of bog bil-
berry fruit characteristics and envi-
ronmental factors

PCA - principal component analysis;

1.5 PC1,2 - principal components

Table 3. Stepwise regression analysis of bog bilberry fruit traits and environmental factors

Model normalisation factor Rr? F p
FLD = 0.536 x DI + 0.476 x SAK + 7.583 0.993 368.185 < 0.001
FTD = -0.981 x Jun. ~ Sep. P + 12.620 0.954 158.574 <0.01
FW =6.904 x >5°C CT + 5.923 x DI + 0.827 0.988 208.394 <0.01
VB, = -3.475 x SAK + 0.365 0.769 14.775 0.018
VB, = -0.876 x SAK + 0.533 0.709 13.182 0.022
VC = -0.883 x SAP + 72.631 0.724 14.100 0.020
ACN =7.812 x Jun. ~ Sep. P + 6.970 x SCD + 0.120 0.846 17.677 0.014
DPPH =0.877 x >5°C CT + 88.375 0.711 13.307 0.022

FLD - fruit longitudinal diameter; FTD — fruit transverse diameter; FW — fruit weight; VB, — vitamin B, content;

VB, — vitamin B, content; VC — vitamin C content; ACN — anthocyanin content; DPPH — DPPH free radical scavenging

ability; > 5 °C CT - > 5 °C cumulative temperature; Jun. ~ Sep. P — precipitation from June to September; SCD — days

of snow accumulation; DI — drying index; SAP — soil available phosphorus; SAK — soil available potassium
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nal and internal fruit quality, and different degrees
of influence. The cumulative explanation of the first
two axes of the PCA plot was 98.87%, and the ex-
planation ratios of the first and second axes were
96.04 and 2.83%, respectively (Figure 3). FLD, FTD
and FW showed positive correlations with VB,, VB,
VC, and ACN content but not AAP, Jun. ~ Sep. P, and
SCD. The drop point distribution of low altitudes was
relatively closely related to FLD, FTD and FW, indi-
cating better appearance quality of bog bilberry fruits
at low altitudes (especially at 706 m). However, the
drop point distribution of high altitudes was closely
related to fruit VB,, VB,, VC and ACN content. FLD
was more likely to be affected by DI and SAK, with
a 99.3% explanation value, while Jun. ~ Sep. P affect-
ed FTD, with a 95.4% explanation value (Table 2).
FW was mainly affected by the > 5 °C CT and D],
with a 98.8% explanation value, while SAK had more
obvious effects on both VB, and VB, contents, with
explanation values of 76.9 and 70.9%, respectively.
SAP had more obvious effects on VC content, with
a 72.4% explanation value, while ACN content was
most affected by Jun. ~ Sep. P and SCD, with an 84.6%
explanation value, and > 5 °C CT had an explanation
value of 71.1% on DPPH (Table 3).

CONCLUSION

We investigated the effects of altitude on bog bil-
berry fruit appearance, vitamin content and anti-
oxidant capacity. The high nutrient content and an-
tioxidant capacity within bog bilberry fruit indicate
that it is a high-quality raw material for functional
food processing. Altitude effects on bog bilberry fruit
quality reflect the combined effects of various envi-
ronmental factors. Fruit appearance quality decreased
with increasing altitude, meaning that fruits at low alti-
tudes were bigger. Although changing patterns of indi-
vidual internal fruit quality indicators with increasing
altitude were inconsistent, environmental conditions
at mid to higher altitudes were more favourable for
the formation of bog bilberry fruit internal quality.
Specifically, fruit at mid altitudes had higher VB, and
VC contents, while at high altitudes, the fruit had rela-
tively higher VB,, ACN, and DPPH radical scavenging
ability. Moreover, the highest anthocyanin level was
found in bog bilberry fruits at 2 190 m. Addition-
ally, we demonstrated that habitat conditions along
an altitudinal gradient are closely related to their fruit
development. Except for the meteorological and soil
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factors as covered in Table 1, vegetation is also an im-
portant indirect factor as the canopies of higher trees
at the lower altitudes will create a shadow effect and
also have an impact on the light quality that will again
influence the quality of the berries. The above results
can provide a point of reference for the precise cul-
tivation, development and utilisation of wild bog bil-
berries on the northern slope of Changbai Mountain
to obtain high benefits for market needs, as well as the
protection of natural habitats.
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